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[ TITLE OF DOCUMENT] ABSTRACT

[Abstract]

‘Problem] An object is to provide a configuration 1n which,
in a three-dimensional shaping method, the thickness of each
multilayer unit 1s apprepriately set according to the degree
of variation 1n the cross section of a shaped object 1n a
horizontal direction along a height direction.

[Solution Means] In order to achilieve the above object, a
three-dimensional shaping method 1s provided in which a step
of forming a powder laver and a step of sintering the powder
layer by the application of a moving laser beam or a moving
electron beam are alternately repeated to performamultilayer
operation within a container, where a plurality of equal-width
divided regions 2 are set inamultilayer region 4 along a height
direction, and then the number of multilayers N 1n each of
equal-width divided regions 2 which can reflect the degree of
variations, according to the degree of variations 1n the shape
of the cross section 3 of a boundary on the upper side and the
shape of the cross section 3 of a boundary on the lower side
in each of the equal-width divided regions 2, and furthermore,
the thickness of eachmultilayer unit ineach of the equai-width
divided regions 2 1s selected, and moreover the coordinates
of an outer periphery 6 1in each of the cross sections 3 of the

numper N are set.

[Selected Drawing. Fig. 4
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[ TITLE OF DOCUMENT] SPECIFICATION

[Title of Invention] THREE-DIMENSIONAL SHAPING METHOD

[Technical Field]

[0001]

The present 1nvention relates to a method of
manufacturing a three-dimensional shaped article in which when
a step of forming a powder layer and a sintering step using
a laser beam or an electron beam on the powder layer are
repeated, the thickness of each multilayer unit can be
selected.

[Background Art]

10002]

In a three-dimensional shaping method, the thickness of
each multilayer unit 1s constant in most cases.
[0003]

In actuality, in Patent  Document 1, although

consideration 1s given to the optimization of the thickness

of the outermost surface layer i1in three-dimensional shaping,

the thickness 1s not changed for each multilayer unit.

(G004 ]

However, Patent Document 2 discloses that, when 1in a
multilayer operation in a predetermined stage, a convex portion
exceeding the thickness of multilayers 1s detected, the
thickness of multilayers in the subsequent stage 1s set to
exceed the height of the convex portion.

10005 ]
However, 1n the setting of the thickness as described

above, the thickness 1s not selected based on unified criteria
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corresponding to the overall shape of a shaped object.
[0006]

In actual three-dimensional shaping, a variation in the
cross—sectional shape of a shaped object in a horizontal
direction, that 1s, a direction perpendicular to a height
direction 1in which a multilayer operation is performed and the
thickness of each multilayer unit are closely connected with
cach other.

10007]

Specifically, when the shape of each multilayer cross
section 1s significantly varied along the height direction,
the thickness of each multilayver unit i1s decreased such that
the original shape of the shaped object can be accurately
realized whereas when only a slight variation in the thickness
along the up/down direction 1s produced, even if the thickness
of each multilayer unit 1s set larger, the original shape of
the shaped object does not necessarily become inaccurate.
[0008]

However, 1n a conventional technigue, no consideration

13 given to the appropriate setting of the thickness of each

multilayer unit according to the variation conditions of the

cross section in the horizontal direction along the up/down
direction.

[Pri1or Art Documents]

| Patent Documents]

[0009]

Patent Document 1: Japanese Published Unexamined Patent

Application No. 2013-67030
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Patent Document 2: Japanese Published Unexamined Patent
Application No. 2015-112752
[Summary of Invention]

[ Technical Problem]
[0010]

An object of the present i1nvention is to provide, in a
three-dimensional shaping method, a configuration in which the
thickness of each multilayer unit 1s appropriately set
according to the degree of variation i1n the cross section of
a shaped object 1n a horizontal direction along a height
direction.

[Solution to Problem]

[(0011]
In order to achieve the above object, the Dbasic

configurations of the present i1nvention are as follows.
(1) A three-dimensional shaping method in which a step
of forming a powder layer and a step of sintering the powder

laver by application of amoving laser beam or a moving electron

pbeamare alternately repeated toperformamultilayer operation

within a contailner, where a plurality of equal-width divided
regions are set 1n a multilayer region to along a height
direction, and then according to followling processes, a number
of multilayers N 1n each of the equal-width divided regions
1s selected, for selecting a thickness of each multilayer unit

1n each of the equal-width divided regions:

1. a process with adopting Cartesian coordilnates, that
1s, (x, y) coordinates and calculating as follows:

1n respective cross sections forming boundaries of both
upper and lower sides in the equal-width divided regions of

a model which 1s to be shaped, from each coordinates position
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(X1, V1) o (Xi, Vi) .. (Xn, ¥n) forming an outer peripherv of each
Cross section.énd:mamxmﬁajjj1a.CAMcyraicomputer controller,
a center position (x5, yo) of each of the cross sections is
calculated according to '

[Formula 1]

4

[Formula 2]

yoz(hﬁﬂnyﬂ““}%%;

and regarding an average distance r from the center
position (Xg, yo) to each coordinates position (xi, Vi) .. (Xi,
Yi) - (Xn, ¥Yn) 1n the outer periphery, calculating and recording
with a CAM or a computer controller

[Formula 3]

= =30 ) + (- v,

, and then calculating

[ Formula 4]

r:@y%~+g+~~+7}/
h

and

calculating, for each of the equal-width divided
regions, an absolute value d of a difference between an average
distance of the respective cross sections in the boundary on
the upper side and an average distance of the respective cross

sections 1n the boundary on the lower side;

2. a process for, when 1t 1s assumed that d is 0, setting
a minimum number of multilayers N;, detecting a maximum value
D of d and setting a maximum number of multilayers N, in the

equal-width divided region where the maximum value D is formed;
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3. a process for settling an 1ncreasing number n as d

increases petween the minimum value N; and the maximum value

N,, and selecting a number of multilayers N when N = [n],

where [] 1s a Gauss symbol 1indicatingaunit of an integer;

4. a process for setting, when 1n each of the equal-width
divided regions i1n the above 1, equal-width division 1s further
performed with the number of multilayers N in the above 3 along
an up/down direction, coordinates of the outer periphery
corresponding to the model 1n the above 1 1n each of cross
sections of the number N; and

5. a process for controlling, 1n actual shaping, forming

and sintering of the powder layer based on the number of
multilayers N selected 1n the above 3 1n each of the equal-width
divided regions and movement of a cutting tool 1n which a
position of the coordinates of the outer periphery set 1n the
above 4 1s a final cutting position.

(2) A three-dimensional shaping method 1n which a step
of forming a powder layer and a step of sintering the powder
layer by application of amoving laser beam or a moving electron
beam are alternately repeated toperformamultilayer operation
within a contaliner, where a plurality of equal-width divided
reglons are set inamnmultilayer region along a height direction,
and then according to following processes, a number of
multilayers N 1n each of the equal-width divided regions 1s
selected, for selecting a thickness of each multilayer unit
in each of the equal-width divided regions:

1. a process with adopting Cartesian coordinates, that

1s, (x, y) coordinates and then calculating, 1n respective
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cross sections forming boundaries of both upper and lower sides
1n the equal-width divided regions of a model which is to be
shaped, a sumof maximumwidths of the respective cross sections
in a lateral direc‘tion and maximum widths thereof in a vertical
direction with a CAM or a computer controller and

calculating, for each of the equal-width divided
reglions, an absolute value d of a difference between a sum of
the respective cross sections 1n the boundary on the upper side
anc a sum of the respective cross sections in the boundary on
the lower side;

2. a process for, when 1t 1s assumed that d is 0, setting
a minimum number of multilayers N;, detecting a maximum value
D of d and setting a maximum number of multilayers N, in the
equal-width divided region where the maximum value D is formed;

3. a process for setting an 1increasing number n as d
increases pbetween the minimum value N; and the maximum value
N», and selecting a number of multilayers N when N = [n],

where [] 1s a Gauss symbol 1ndicatingaunit of an integer;

4. a process for setting, when in each of the equal-width
divided regions 1in the above 1, equal-width division is further
performed with the number of multilayers N 1in the above 3 along
an up/down direction, coordinates of the outer periphery
corresponding to the model 1n the above 1 in each of cross
sections of the number N; and

5. a process for controlling, 1n actual shaping, forming
and sintering of the powder layver based on the number of

multilayers N selected 1n the above 3 1n each of the equal-width

divided regions and movement of a cutting tool in which a
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position of the coordinates of the outer periphery set in the
above 4 1s a final cutting position.

(3) A three-dimensional shapiling method in which a step
of forming a powder layer and a step of sintering the powder
layer by application of amoving laser beam or a moving electron
beamare alternately repeated toperformamultilayer operation
within a container, where a plurality of equal-width divided
regions are set inamultilayer regionalong a height direction,
and then according to following processes, a number of
multilayers N in each of the equal-width divided regions is
selected, for selecting a thickness of each multilayer unit

1n each of the equal-width divided regions:

1. a process with adopting rotational coordinates, that

1s, (r, 0) coordinates and then calculating as follows:

1n respective cross sections forming boundaries of both
upper and lower sides 1n the equal-width divided regions of
a model which 1s to be shaped from coordinates position (rq,
01) ... (r;, 6i) .. (rnp, 6n) forming an outer periphery, and recorded
1n a CAM or a computer controller, a center position (rg, 8p)

of each of the cross sections 1s calculated by

( Formula 5]

) _(}‘1 ..._4_}'}4_....{."}1)/
Fy = 3

| Formula 6]

(@4~~+fﬂ+~~+@)

O = h

and regarding each distance from the center position (ryg,

8y) to each coordinates position (ri, 61) .. (ry, 8;) .. (rn, Bu)
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forming the outer periphery, shifting already set center point
(0, 0) 1n (r, 8) coordinates to said pésition,(r@, Gg) , and
calculating r{' .. r;' .. rn' from new center position (0, O)
grounding on the shift to each coordinates position of the outer
periphery, and selecting a maximum distance from calculated

each distance and

calculating, for each of the equal-width divided
regions, an absolute value d of a difference between a maximum
distance of the respective cross sections in the boundary on
the upper side and a maximum distance of the respective cross

sections 1n the boundary on the lower side;

2. a process for, when 1t 1s assumed that d 1s 0, setting
a minimum number of multilayers N;, detecting a maximum value
D of d and setting a maximum number of multilayers N; 1in the
equal-width divided region where the maximum value D 1s formed;

3. a process for settlng an 1ncreasing number n as d
increases between the minimum value N; and the maximum value
N,, and selecting a number of multilayers N when N = [n],

where [] 1s a Gauss Symbol indicatingaunit of an integer;

4. a process for setting, when i1in each of the equal-width
divided regions 1n the above 1, equal-width division 1s further
performed with the number of multilayers N 1n the above 3 along
an up/down direction, coordinates of the outer periphery
corresponding to the model 1n the above 1 in each of cross
sections of the number N; and

5. a process for controlling, 1n actual shaping, forming
and sintering of the powder layer based on the number of
multilayers N selected 1n the above 3 1n each of the egual-width
divided regions and movement of a cutting tool 1n which a

position of the coordinates of the outer periphery set 1n the
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above 4 1s a final cutting position.

|Advantageous Effects of Invention]
[0012]

In the present 1nvention based on the basic
configurations (1), (2) and (3), the number of multilayers (N)
1n each of the equal-width divided regions is set according
to a variation 1n the cross-sectional shape of each of the
equal-width divided regions in the boundary in the horizontal
direction, that 1s, the variation 1in the average distance from
the center 1n the case of the basic configuration (1), the
varliation 1n the sum of the maximum widths in the lateral
direction and the vertical direction 1n the Cartesian
coordinates 1n the case of the basic configuration (2) and the
varliation 1n the maximum distance from the center position in
the rotational coordinates 1n the case of the Dbasic
configuration (3), and the coordinates of the periphery of each
of the cross sections based on the appropriate thickness and
the number of multilayers (N) are set according to a variation
in the surface 1in each multilayver unit in the horizontal

direction, with the result that it is possible to realize the

accurate shape of the shaped object.
[Brief Description of Drawings]
[0013]

Fi1g. 1(a) 1s a cross—-sectional view, when in a basic
configuration (1), a center position and an average distance
from the center position to an outer periphery and the absolute
value d of a difference between the average distance in the

cross sections of the boundaries on upper side and the average



CA 02949819 2017-02-01

distance i1in the cross sections of the boundaries on lower side

are calculated, in the boundary of each of equal-width divided

regions which 1s a target of the calculation;

Fig. 1(b) 1is a flow chart showing, when 1n the basic
configuration (1), the center position and the average distance
from the center position to the outer periphery and the absolute
value d of a difference between the average distance 1n the
cross sections of the boundaries on the upper side and the
average distance 1n the cross sections of the boundaries on
the lower side are calculated, the order of the calculation;

Fig. 2(a) 1s a cross-—-sectional view, when 1n a basic
configuration (2), a sum of the maximum width 1n a lateral
direction and the maximum width 1n a vertical direction and
the absolute value d of a difference between the sum 1n the
cross sections of the boundaries on upper side and the sum 1n
the cross sections of the boundaries on lower side are
calculated, 1in the boundary of each of equal-width divided
regions which is a target of the calculation;

Fig. 2(b) 1s a flow chart showing, when 1n a basic

configuration (2), the sum of the maximum width 1n the lateral

direction and the maximum width 1in the vertical direction and
the absolute value d of a difference between the sum in the
cross sections of the boundaries on the upper side and the sum
in the cross sections of the boundaries on the lower side are
calculated, the order of the calculation;

Fig. 3(a) 1s a cross-sectional view, when 1n a basic
configuration (3), a center position and the maximum distance

from the center position and the absolute wvalue d of a

10
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difference between the maximum distance 1n the cross sections
of the boundaries on upper side and the maximum distance 1in
the cross sections of the boundaries on lower side are
calculated, 1n the boundary of each of equal-width divided
regions which 1s a target of the calculation;

Fig. 3(b) 1s a flow chart showling, when in a basic
configuration (3), a center position and the maximum distance

from the center position and the absolute wvalue d of a

difference between the maximum distance 1n the cross sections
of the boundaries on the upper side and the maximum distance
in the cross sections of the boundaries on the lower side are
calculated, the order of the calculation;

Fig. 4 is a cross-sectional view showing a state where,
in a model which 1s to be shaped, the equal-width divided
regions are set;

Fig. 5 shows a flow chart for detecting the maximum value
Dofdin the process of the 2 ineach of thebasic configurations
(1), (2) and (3);

Fig. 6 shows a flow chart of the processes of the 2 and

the subsequent numbers among the processes of the 1 to 4 in

cach of the basic configurations (1), (Z2) and (3); and
Fig. 7 shows a flow chart for detecting the order of the

size of d in K pieces of equal-width divided regions.

 Description of Embodiments]
'0014]
As shown in Fig. 4, the basic configurations (1), (2)

and (3) are common 1n that a plurality of equal-width divided

reglons 2 are set 1n the multilayer region 4 along the height

11
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region of the shaping.
' 0015]

By the setting of the equal-width divided regions 2
described above, 1t 1s possible to select the number ot

multilayers N 1n each of the regions and hence select the

thickness of the multilayer unit in each of the equal-width

11A
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divided regions 2.

[0016]

On both the upper and lower sides of each of the
equal-width divided regions 2, the boundaries are always
present, however, in each of the equal-width divided regions
2, as a larger variation 1s produced between the shape of the
cross section 3 of the boundary on the upper side and the shape
of the cross section 3 of the boundary on the lower side, a
large state of variation conditions 1s produced 1n the outer
periphery © along the length direction.

[C017]

Attention i1is focused on such a state, and 1n the basic
configurations (1), (2) and (3), the number of multilayers N
is selected according to the variation conditions described
-above.

' 0018]

Specifically, in the case of the basic configuration (1),

as described in the process 1, the average distance of the cross

section 3 1s selected as a parameter, in the case of the basic

configuration (2), the sum of the maximum width of the cross
section 3 in the lateral direction and themaximumwidth thereotf
in the vertical direction 1s selected as a parameter and 1in
the case of the basic configuration (3), the maximum distance

from the center position 5 1s selected as a parameter.

12
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L0019]

These parameters are selected based on the fact that,
1n each of the equal-width divided regions 2, a larger
difference of the each parameters 1s produced between the cross
section 3 on the upper side and the cross section 3 on the lower
side, a larger variation condition 1s produced amongrespective

parameters 1n the multilayer cross sections 3 along the height

direction.

[0020]
Consequently, 1n the basic configuration (1), as the

process 1, 1n the respective cross sections 3 forming the
boundaries of both the upper and lower sides 1n the equal-width
divided regions 2 of a model which 1s to be shaped, with a CAM
or a computer controller and adopting Cartesian coordinates,
that 1s, the (x, vy) coordinates, as shown 1in Figs. 1l(a) and
1(b), from each coordinates position (xi, Vi) .. (Xi, Vi) .. (Xn,
vn) O0f an outer periliphery 6, the coordinates position (xg, Vo)
of the center position 5 of each of the cross sections 3 1s

calculated by

| Formula 7]

“(%+““+%+““+%)/
X, = )

| Formula 8]

y :(y] Tt Y, “'+yh)/
0 h

and regardlng the average distance r from the center

position 5 to each coordinates position (X1, Vi) ... (Xi, Vi)

(Xn, Vn) ©f the outer periphery 6,

' Formula 9]

F, = \/(xf _xo)z +(y:‘ _y0)2

1s calculated and

13
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[Formula 10]

]_fq+m+n+~4n}/
- h

1s calculated, and

for each of the equal-width divided regions 2, the
absolute value d of a difference between the average distance
of the respective cross sections 3 1n the boundary on the upper
s1de and the average distance of the respective cross sections
3 1n the boundary on the lower side 1s calculated, and

1n the Dbasic confiliguration (2), the Cartesian
coordinates, that 1s, the (x, y) coordinates are adopted, and
then 1in the respective cross sections 3 forming boundaries of
pboth the upper and lower sides 1in the egqual-width divided
regions 2 of a model which i1is to be shaped, with a CAM or a
computer controller, as shown in Figs. 2(a) and 2(b), the sum
of the maximum widths of the respective cross sections 3 1n
the lateral direction and the maximum widths thereof 1n the
vertical direction are calculated and,

for each of the eqgual-width divided regions 2, the
absolute value d of a difference between the sum of the
respective cross sections 3 1n the boundary on the upper side
and the sum of the respective cross sections 3 1n the boundary
on the lower side 1s calculated, and

in the basic configuration (3), the rotational

coordinates, that is, the (r, 8) coordinates are adopted, and
then 1n the respective cross sections 3 forming the boundaries
of both the upper and lower sides 1n the egual-width divided
regions 2 of a model which 1s to be shaped, with a CAM or a
computer controller, as shown in Figs. 3(a) and 3(b), from
coordilinates position (ry;, 91) .. (ri, 8;) .. (rn, 6n), the center
position 5 (rg, 9g9) of each of the cross sections 3 is calculated

o)

14
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Formula 11]

m(n+~wwyw~+n)/
(e h

[Formula 12]
sz@fw~+9ﬁ~~+@9/
0 h

and

regarding each distance from the center position 5 to
cach coordinates position (r;, ©1) .. (xr;, B6;) .. (ry, Bn) of the
outer periphery 5, shifting center point (0, 0) already set
1n coordinates position (r, 6) to the position of said (rg,
Bo), and each distance r1' .. r;y"' .. ry' of distance from new center
position (0, 0 ) grounding on the shift to each coordinates
position of the outer periphery 6 are calculated, and the
maxlmum distance 1s selected from calculated distance and,

for each of the equal-width divided regions 2, the
absolute value d of a difference between the maximum distance
of the respective cross sections 3 1n the boundary on the upper
side and the maximum distance of the respective cross sections

3 1n the boundary on the lower side 1s calculated.

[0021]

Although the calculations of the parameters 1n the

respectlive cross section 3 are realized with a CAM or a computer
controller, when as 1n the basic configuration (1), the average
distance from the center position 5 1s selected as the
parameter, the parameter can reflect the shape of the cross

' section 3 extremely accurately, whereas when as 1n the basic
configuration (2), the maximum width 1in the lateral direction
and the maximum width 1n the vertical direction are selected
as the parameters and when as 1n the basic configuration (3),

the maxlmum distance from the center position 5 1s selected

15
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as the parameter, 1t is i1mpossible to deny the fact that the
basic configurations (2) and (3) are 1nferior to the basic
configuration (1) in the accurate reflection of the shape otf
the cross section 3.

[0022]

However, in order to calculate the average distance from
the center position 5, 1t 1s necessary to calculate the center
position 5 on all the point coordinates formed on the outer
periphery © based on a digital design in the respectlive Ccross
sections 3 and then to further calculate the distance from the
center position 5, whereas since 1n a normal three-dimensional
shaping method, the Cartesian coordinates, that is, the (X,
v) coordinates are adopted, 1t 1s 1nevitably necessary to
calculate the average distance based on the Pythagorean

theorem.

10023

Fven if the rotational coordinates, that is, the (r, 0)
coordinates are adopted, and thus 1t 1s not necessary to perform
the above calculation using the Pythagorean theorem, 1t 1s very
complicated to calculate the average distance.
[0024]

Hence, as compared with a case where the actual shaping
1s i1mmediately realized, the process 1 1n the basic
configuration (1) is suitable for a case where the shaping 1s

previously realized according to the model of each shaped

object 1.

16
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[0025]

By contrast, since 1t does not takemuch time to calculate

the sum 1n the basic configuration (Z2) and to calculate the

maximum distance 1n the basic configuration (3), 1n the actual
shaping, the calculation of d can be 1mmedlately realized
according to each shaped object.

10026]

The calculations of the process 1 of the basic
configurations (1), (2) and (3) are as shown 1n the flow charts
of Figs. 1, 2 and 3, respectively.

In the flow chart of Fig. 3(b), a size relationship

between

Fy

and r, 1s based on a criterion in which the cross section 1in
the boundary on the upper side 1s common to the cross section
in the boundary on the lower side, and this i1s because 1t 1s
naturally assumed that the number h of coordinates in the cross
section 1n the boundary on the upper side and the cross section

in the boundary on the lower side 1n each of the equal-width

divided regions 1s set such that the division which 1s so fine

as not to reverse the size relationship between

7
and r, in the cross section in the boundary on the upper side
and the cross section in the boundary on the lower side can

be performed.

10027

After each process 1 1s performed, the processes 2, 3

17
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and 4 of each of the basic configurations (1), (2) and (3) are

1dentical one another.

[0028]

Specifically, 1n the process 2, the minimum number of
multilayers N; with the assumption that d 1s 0 1s set, the
maxlimum number D of d 1s detected 1in the flow chart shown 1in
Fi1g. 5 and the maximum number of multilayers N, 1n the
equal-width divided region 2 where the maximumvalue D 1s formed
1s set;

1n the process 3, as d 1ncreases between the minimum value
N, and the maximum value N;, an increasing number n 1s set, and
then the number of multilayers N 1s selected by a general
formula of N = [n]; and

in the process 4, 1n the actual shapiling, the formation
and sintering of the powder layer based on the number of
multilayers N selected 1n the process 3 are performed in the
cach of the equal-width divided regions 2.

[0029]

Although 1n the process 2, with the assumption that d
1s 0, the minimum number of multilavers N; 1s set, this 1is
because in some shaped objects 1, a region 1s present in which
at a predetermined height and a predetermined width, the shape
of the cross section 3 1s not varied according to the height
direction.

[0030]
By contrast, 1n d of each of the equal-width divided

regions 2, the maximum value D 1s always present, and in this

13
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case, since the largest variation in the shape of the cross
section 3 within the egual-width divided region 2 1s produced,

the maximum number of multilayers N; 1s set.

0031 ]

Although 1n the process 3, the number of multilayers N
reflecting the size relationship between the minimum value Nj
and the maximum value N, 1s selected, this selection 1s not
particularly limited, and the order of the variations of the
shape of the cross section 3 needs to reflect the order of the

number of multilavyers.

[0032]

After the selection of the number of multilayers N which
1s a positive 1integer as described above, 1n the basic
configurations (1), (2) and (3), as in the process 4, each of
the equal-width divided regions 2 according to the process 1
is further equally divided along the up/down direction into
N regions, and then 1n the process 1 of the equally divided
N cross sections 3, the coordinates of the outer periphery ©
corresponding to a model which 1s to be shaped are set.

[ 0033]

The setting of the coordinates of the outer periphery
éScanlxarealizedkn/recordingtﬂmeshapecﬁfthenmmkﬂ_described

above 1n the memory of the CAM and then the respective
coordinates of the outer periphery regions 6 correspondlng to
the model described above 1n the cross section 3 by the further

equal-width division of each of the equal-width divided regions

2 into the N regions can be calculated with the CAM.
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[0034]

As a result of the process 4 described above, as 1n the
process 5, 1t 1s possible to control the performance of the
forming and sintering of the powder layer based on the number
of multilayers N, and the movement of the cutting tool such
that the coordinates position of the outer periphery 6 set 1n
the process 4 1s the final cuttling position.

[0035]

It 1s also possible either to previously prepare the
processes 1, 2 and 3 and thereafter perform the actual shaping
or to perform the actual shaping from the stage of the process
1, and 1n particular, the basic configurations (2) and (3) can

be extremely sultable for such a method as described above.

[0030]
The conditions of the processes 2, 3, 4 and 5 are

individually as shown 1in the flow chart of Fig. 6.

[0037]

As the selection of the positive integer N 1n the process
3, the most typical method 1s to adopt, as the number ot
multilavers N, the arithmetic mean between the minimum value
N: and the maximum value N, indicated below.

[Formula 1

Jd N L d N
3

D LD

i

)

: 3

P
Y g
:'\i' - 1 3 l
. -~ 1

r :

P

P

[00338]

As the selection of the number of multilayers N described
above, 1n addition to the arithmetic mean, the geometric mean
between the minimum value N7 and the maximum value N, 1ndicated

below can also be adopted.
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| Formula 2]

s ]

Even 1in the case of the geometric mean described above,
as 1n the case of the arithmetic mean, the variatlion 1in the
shape of the cross section 3 1n each of the equal-width divided
regions 2 can be accurately reflected.

10040]

As the selection of the number of multilayers N, a medium
value of the arithmetic mean and the geometric mean can also
be adopted.

(0041 ]

Specifically, preferably, a and b are positive numbers,

and moreover a + b = 1 1s selected, and then the calculation

of N = a - (N produced by arithmetic mean) + b - (N produced
by geometric mean) or the calculation of N = (N produced by
arithmetic mean)® - (N produced by geometric mean)b:may be
performed.

[0042]

Besides the arithmetic mean or the geometric mean
described above and a combination thereof, for d i1in each of

the K pieces of equal-width divided regions 2, the order of

di = d, £ ... £ di £ ... £ dg is detected in the flow chart of
Fig. 7, and then, a state reflecting the order of size of d
indicated below can also be adopted.

[Formula 3]
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10043]

A description will be gliven below according to Examples.

([ Example 1]

(0044 ]

—]

Example 1 is characterized 1n that the amount of laser
beam or electron beam applied per unit area 1s adjusted
according to the thickness of each of the multilayers.
[0045]

In the shaped object 1, the degree of sintering 1s
adjusted according to the function of each region as a matter
of course.

(004 6]

Hence, when the number of multilayers N 1n each of the
equal-width divided regions 2 1s variled, and consequently, the
thickness of each multilayer unit is varied, 1n the case where
the degree of the application of each beam 1s the same, as the
thickness of the multilayer unit in the multilayer unit 1is
decreased, the degree of sintering 1s 1ncreased, wilth the
result that disadvantageously, the requirement for the

function described above i1is inevitably not satisfied.

10047 ]

In Example 1, in order to avoid such a disadvantage, the

degree of sintering is adjusted according to the variation 1n

the thickness, it 1s made possible to satisfy the reguirement

for the function 1in each region.

[Example 2]
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10048]

Example 2 1s characterized in that when the cross sections

3 of the respective multilayer units are located in the same
positlion 1n a direction perpendicular to the height direction,
as the thickness of each multilayer unit 1s increased, the
amount of radiation applied per unit area 1is set larger.
10049]

In the case of the actual three-dimensional shaped object
1, some regions where the degree of sintering is the same are
present.
[0050]

In such a case, when in the basic configurations (1),
(2) and (3), the number of multilayers N 1in each of the
equal-width divided regions 2 and furthermore the thickness
of eachmultilayer unit are varied, the same degree of sintering
1s adopted, with the result that on the contrary, it 1is
1nevitably impossible to obtain a uniform degree of sintering.

[0051]

In Example 2, consideration 1s given to such a condition,
and as the thickness of each multilaver unit 18 increased, the
amount of radiation applied per unit area 1s increased, with
the result that 1t 1s made possible to realize a uniform degree
of sintering.

[ Industrial Applicability]

[0052]
As 1s clear from the above description, in the present
1nvention, 1t 1s made possible to set the appropriate thickness

of each multilayver unit according to the variation in the
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cross—sectional shape of the shaped object in the up/down

direction, and the present invention can be utilized for all
three-dimensional shaping.
[Reference Signs List]

[0053]

1: Object which 1s to be shaped

2: Egual-width divided region

3: Cross section in boundary of equal-width divided regions

4: Each multilaver region
5: Center position

6: Outer periphery

24



CLAIMS

[Clalm 1]

A three-dimensional shaping method in Which a step of ftorming
a powder layer and a step of sintering the powder layer by
application of a moving laser beam or a moving electron beam
are alternately repeated to perform a multilayer operation
wilthin a container,

whereln a plurality of equal-width divided regions are set
in a multilayer region along a height direction, and then

according to following processes, a number of multilayers N in

each of the equal-width divided regions 1is selected, for
selecting a thickness of each multilayer unit in each of the
equal-width divided regions:

1. a process with adopting Cartesian coordinates, that is,
(X, y) coordinates and calculating as follows:

ln respective cross sections forming boundaries of both
upper and lower sides in the equal-width divided regions of a
model which is to be shaped, from each coordinates position (x1,
Y1) ... (Xi, Vi) .. (Xn, yn) forming an outer periphery of each cross
section and recorded in a CAM or a computer controller, a center

position (xg, vyo) of each of the cross sections is calculated

according to

[ Formula 1]

on(x'erx"erx”)/k

| Formula 2]

yoz(%4ﬂnyﬂﬂu)%%;

and regarding an average distance r from the center position
(X0, Yo) to each coordinates position (X1, Y1) . (Xi, Vi) .. (Xn,
yYn) 1n the outer periphery, calculating and recording with the

CAM ©or the computer controller

25
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| Formula 3]

Vi = \/(x; —Ag )2 + (y,' — Vo )2

, and then calculating

[Formula 4]

,,:(”1+°"+7”,- +---+r,,)/

h

and

calculating, for each of the equal-width divided regions,
an absolute value d of a difference between an average distance
OL the respective cross sections in the boundary on the upper
side and an average distance of the respective cross sections
in the boundary on the lower side;

2. a process for, when it is assumed that d is 0, setting
a minimum number of multilayers Ni, detecting a maximum value
D of d and setting a maximum number of multilayers Nz in the
equal-width divided region where the maximum value D is formed:

3. a process for setting an increasing number n as d

increases between the minimum number of multilayvers N1 and the

maximum number of multilayers Nz, and selecting a number of
multilayers N when N = [n],

Gauss symbol indicating that N is an integer with a relation
of N-1<n= N;

4. a process for setting, when in each of the equal-width
divided regions in the above 1, equal-width division is further
performed with the number of multilayers N in the above 3 along
an up/down direction, coordinates of the outer periphery
corresponding to the model in the above 1 in each of cross

sections of the number N; and

>. a process for controlling, in actual shaping, forming

and sintering of the powder layer based on the number of

multilayers N selected in the above 3 in each of the equal-width
divided regions and movement of a cutting tool in which a position

Of the coordinates of the outer periphery set in the above 4

20
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1s a final cutting position.

(Claim 2]

The three-dimensional shaping method according to Claim 1,
wherelin as the number of multilayers is N, an arithmetic mean
petween the minimum number of multilayers N; and the maximum

number of multilayers Nz indicated below is adopted:

[Formula 5]

(o

L

wherein N indicates the integer with the relation of

- 1< (-G @]

[Claim 3]

The three-dimensional shaping method according to Claim 1,
wherein as the number of multilayers is N, a geometric mean
petween the minimum number of multilayvers N1 and the maximum

number of multilayers Nz indicated below is adopted:

[Formula 6]
N = [NI[‘“%) -Nz(%) |

whereiln N indicates the integer with the relation of
d d

n-1< [0, VB <y

[Claim 4

The three-dimensional shaping method according to Claim 1,
wherein as the number of multilayers is N, a medium value of

the arithmetic mean of Claim 2 and the geometric mean of Claim

3 1s adopted.

2
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[Claim 5]
I'he three-dimensional shaping method according to Claim 1,

wherein for d in each of K pieces of equal-width divided

reglions, an order of di =d; =... £d: £... £dx is detected, and

then, a state reflecting an order of size of d indicated below
1s adopted:

[Formula 7]

= Mo ()|

whereiln N indicates the integer with the relation of

[Claim o6]

A three-dimensional shaping method in which a step of forming
a powder layer and a step of sintering the powder layer by
application of a moving laser-beam Or a moving electron beam
are alternately repeated to perform a multilayer operation
wlthin a container,

wherein a plurality of equal-width divided regions are set
1n a multilayer region along a height direction, and then
according to following processes, a number of multilayers N in
each of the equal-width divided regions 1is selected, for
selecting a thickness of each multilayer unit in each of the
equal-width divided regions:

1. aprocess with adopting Cartesian coordinates, that is,

(X, y) coordinates and then calculating, in respective cross
sections forming boundaries of both upper and lower sides in

the equal-width divided regions of a model which is to be shaped,

a sum of maximum widths of the respective cross sections in a
lateral direction and maximum widths thereof in a vertical
direction with a CAM or a computer controller and

calculating, for each of the equal-width divided regions,

2.8
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an absolute value d of a difference between a sum of the
respective cross sections in the boundary on the upper side and

a sum of the respective cross sections in the boundary on the

Llower side;

2. a process for, when 1t is assumed that d is 0, setting
a minimum number of multilayers Ni, detecting a maximum value
D of d and setting a maximum number of multilayers N: in the
equal-width divided region where the maximum value D is formed;

3. a process for setting an increasing number n as d
1ncreases petween the minimum number of multilayvers Ni and the
maximum number of multilayers N2, and selecting a number of
multilayers N when N = [n],

Gauss symbol indicating that N is an integer with a relation
of N-1<nE N;

4. a process for setting, when in each of the equal-width
divided regions in the above 1, equal-width division is further
performed with the number of multilayers N in the above 3 along
an up/down direction, coordinates of the outer periphery
corresponding to the model in the above 1 in each of cross
sections of the number N; and

2. a process for controlling, in actual shaping, forming
and sintering of the powder layerl based on the number of
multilayers N selected in the above 3 in each of the equal-width

divided regions and movement of a cutting tool in which a position
of the coordinates of the outer periphery set in the above 4

1s a final cutting position.

[Claim 7]
The three-dimensional shaping method according to Claim 6,
wherelin as the number of multilayers is N, an arithmetic mean
between the minimum number of multilavers N; and the maximum

number of multilayers N» indicated below is adopted:

29
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[Formula 8]

[t

wherein N indicates the integer with the relation of

N—1< [(1-§)N1+(%)N2] =N

[Claim 8]

The three-dimensional shaping method according to Claim 6,
wherein as the number of multilayers is N, a geometric mean
petween the minimum number of multilayers Ni and the maximum

number of multilayers Nz indicated below is adopted:

[Formula 9]

N= [N,(“%] -Nz(%]}

[Claim 9]

The three-dimensional shaping method according to Claim 6,
wherein as the number of multilayers is N, a medium value of

the arithmetic mean of Claim 7 and the geometric mean of Claim

8 1s adopted.

(Claim 10]

The three-dimensional shaping method according to Claim 6,

wherein for d in each of K pieces of equal-width divided

regions, an order of di =dz =... =d; £... £dg is detected, and

then, a state reflecting an order of size of d indicated below

1s adopted:

30
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| Formula 10]

r -
N, = N +"é_(N2 ""Nl)]

whereln N I1ndicates the integer with the relation of

N—1< [Nl F L, - Nz)] <N

[Claim 11]

A three-dimensional shaping method in which a step of forming
a powder layer and a step of sintering the powder layer by
application of a moving laser beam or a moving electron beam
are alternately repeated to perform a multilayer operation
within a container,

whereln a plurality of equal-width divided regions are set
in a multilayer region along a height direction, and then
according to following processes, a number of multilayers N in
each of the equal-width divided regions 1is selected, for
selecting a thickness of each multilayer unit in each of the
equal-width divided regions:

1. a process with adopting rotational coordinates, that

1s, (r, 0) coordinates and then calculating as follows:
1n respective cross sections forming boundaries of both
upper and lower sides in the equal-width divided regions of a
model which is to be shaped from coordinates position (ri, 61)
(¥i, Bi) .. (rn, ©n) forming an outer periphery, and recorded
in a CAM or a computer controller, a center position (rg, Bo)
of each of the cross sections is calculated by

{Formula 11]

%_Jh+~~H;P~+?}g

[Formula 12]

QZJQ+~4%L%~+@)
0 h

and regarding each distance from the center position (ro,
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So) to each coordinates position (ri, 61) .. (ri, ©:) .. (rn, 6p)
forming the outer periphery, shifting already set center point
(0, 0) 1in (r, ©) coordinates to said position (ro, Bo), and
calculating ri1' .. ri' .. rn' from new center position (0, 0)
grounding on the shift to each coordinates position of the outer

periphery, and selecting a maximum distance from calculated each

distance and

calculating, for each of the equal-width divided regions,
an absolute value d of a difference between a maximum distance
of the respective cross sections in the boundary on the upper
side and a maximum distance of the respective cross sections
1n the boundary on the lower side;

2. a process for, when it is assumed that d is 0, setting
a minimum number of multilayers Ni, detecting a maximum value
D 0of d and setting a maximum number of multilayers Nz in the
equal-width divided region where the maximum value D is formed:

3. a process for' setting an 1increasing number n as d
increases between the minimum number of multilayers N: and the
maxlimum number of multilavers Nz, and selecting a number of
multilayers N when N = [n],

Gauss symbol 1ndicating that Nis an integer with a relation
of N-1<n= N;

4. a process for setting, when in each of the equal-width
divided regions in the above 1, equal-width division is further
performed with the number of multilaye.rs N in the above 3 along
an up/down direction, coordinates of the outer periphery

corresponding to the model 1in the above 1 in each of cross

sections of the number N; and

>. a process for controlling, in actual shaping, forming
and sintering of the powder layer based on the number of
multilayers N selected in the above 3 in each of the equal-width
divided regions and movement of a cutting tool in which a position

of the coordinates of the outer periphery set in the above 4

32
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1s a final cutting position.

[Claim 12]

The three-dimensional shaping method according to Claim 11,
wherein as the number of multilayers is N, an arithmetic mean
petween the minimum number of multilayers Ni1 and the maximum

number of multilayers Nz indicated below is adopted:

[Formula 13]

(e

wherein N indicates the integer with the relation of

N—1< [(z-%)ler(%)Nz] =N

(Claim 13]

The three-dimensional shaping method according to Claim 11,
whereln as the number of multilayers is N, a geometric mean
between the minimum number of multilayers N; and the maximum

number of multilayers Nz indicated below is adopted:

[Formula 14}
N= [N,(“‘g) -Nz(%)]

wherein N i1ndicates the integer with the relation of

Vg

4y (d
N—1<|vB) N(”)] <N

1 2 T

-
R

[Claim 14]

The three-dimensional shaping method according to Claim 11,

wherein as the number of multilayers is N, a medium value of

the arithmetic mean of Claim 12 and the geometric mean of Claim

13 1s adopted.
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(Claim 15]
The three-dimensional shaping method according to Claim 11,

whereln for d in each of K pieces of equal-width divided

1A

regions, an order of d; = ds . =d; =... £dg is detected, and

then, a state reflecting an order of size of d indicated below
1s adopted:
[Formula 15]

!
N =[N +—{N,-N
4 1 K(2 1:|

wherein N i1ndicates the integer with the relation of

N - 1 < [1’\{1 +%,(N1 - Nz)] gN

Claim 16]

The three-dimensional shaping method according to any one of
Claims 1, © and 11,

whereln an amount of the laser beam or the electron beam
applied per unit area is adjusted according to the thickness

of each of the multilayers.

[(Claim 17]
The three-dimensicnal shaping method according to Claim 16,
wherein when the cross sections of the respective multilaver
units are located in a same position in a direction perpvendicular
to the height direction, as the thickness of each of the

multilayer units is increased, the amount of radiation applied

per unit area 1s set larger.
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[Fig.1(a)]
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[ Fig.1(b))

( START )

Number of equal-width divided regions 1s
set to K, and then for each divided region
in position on uppermost side or on

lowermost side, k = 1 1s set

For each of boundary c¢ross section onn upper side and
boundary c¢ross section on lower side 1n each equal-width
divided region, center coordinates (xg, Vo) are calculated

wlth formula below
o (x x4 x)
Xo = /7
AL § SN L -y;y /
ol & /.2

Position where 1 = 1 1s selected

i—i+ 1

For the boundary cross section on upper side and
poundary cross section on lower side, formula below 1s

calculated and recorded

V= \/(x:‘ _xo)2 +(yi “J’o)z

i\
»)

NO
YES

For the boundary cross section on upper side and

boundary cross section on lower side, formula below 1s

i)/
N h

calculated

d ={r in boundary cross section on upper side
- r 1in boundary cross section on lower side|

k—k+1




[ Fig.2(a))

Maximum
wldth
1n vertical

direction
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[ Fig.2(b))

[ smam )

Number of equal-width divided regions Ig\ *l
set to K, and then for each divided 1 =1 1s set, and for respective

on lowermost side, k = 1 is set _/// side and lower side,
Ymax —~ Y1 18 set

| — - :

i = 1 is set, and for respective
poundary cross sections on upper

side and lower side,
NO | l | —
For respective boundary cross sections
_ on upper side and lower side,
I Ymax = Yn 1s obtained
For respective boundary cross sections | 1 = 1 1s set, and for respective
on upper side and lower side, | boundary cross sections on upper
¥max = X¥n 15 oObtained si1de and lower side,
l Ymin — Y1 1s set
1 =1 is set, and for respective
boundary cross sections on upper
side and lower side, No\yi <ymin
e . ~
Xml:n - XL lS Qet YES

I il

- . Syizfin
| C;i+1

For respectlve boundary Ccross secLions

- = on upper side and lower side,

NO

Ymin — Yn 18 obtained

YES l’

for respecllive boundary cross sections |
on upper siage and lower side, |
Ymin = Xp 18 oObtained

A= | (% v~ Reig ) H{y...~¥.+-} in cross section on upper side
- (X ) H{Y- T Yeiv ) 1N cross section on lower side|

END
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[Fig. 3(b)]

START

l

Number of equal-width divided regioﬁg\\
18 set to K, and then for each divided

region in position on uppermost side or
on lowermost side, k = 1 i1s set J///

For each of boundary cross section on upper side and boundary
Cross section on lower side in each equal-width divided
region, center coordinates (rqo, 8¢) are calculated with

formula below i
ro_(r,+,..+r,.+...+r,y

B h
p _(9,+...+91.+...+t9,1)/ /
0 h _

|

In the boundary cross section on upper side and boundary cross
section on lower side, center point (0, 0) of (r, 8)already set is
shifted to position of the (rg, 89) and r, -='r; --'r., of each distance
pbetween new center position (0, 0) grounding on the shift and each

coordinates position in the outer periphery is calculated

!

In the boundary cross section on upper side and boundary cross
section on lower side, £ = 1 is set, and also predetermined

coordinates position (r;, 8,) is selected, and m = 2 is set,
and coordinates position (r., 8,) adjacent along clockwise

direction 1s selected

rgg:
YES
r, 1s stored, and r, 1s r, 1s stored, and r, 1s
transferred to shift transferred to shift
reglster reglster
( m—m+ 1 ) ( 00+ 1
/I\\
rﬂ>hﬂf;> 0>h
NO T NO
YES YES

<Ey = Maxlmum value of £> (Eﬁ = Maximum value of é)

d =imaximum value of r in boundary cross section on upper side
- maximum value of r in boundary cross section on lower side|

k—k—+1

NO
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[Fig.4]

Ty NS s Dax SR

.-“--ﬂ_“-‘“mmmwmm“%wmﬂﬁmm**“h--ﬁ'“‘-*--'--‘ﬂ-

————m 2z




CA 02949819 2016-11-24

[Fig.5]

(: START :>
l

Number of equal-width divided regions 1s set to K
d in each equal-width divided region € 1is displayed as

d{(f), then equal-width divided region 1 is set and
\\\Mregion on uppermost side or on lowermost side 1s

selected

|

d in egual-width divided region m other than
equal-width divided region ¢ is displayed as
d{m), then m = 2 135 set and egqual-width divided
\jigion 2 adjacent to equal-width divided region

1 18 selected

/

N

/

-

- d(2) =d(m)
NO
\R .
YES

//f d(f)1s stored, ﬁ\\ d(m)is stored, x\\

and d(m) is transferred and d{(f) 1s transferred

\\h to shift register J// | to shift register #//

= CEr

NO T~ — - T NO

g END )
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[Fig.6]

( stamr
_L_D

(: ﬁaximum value D of d 1is

detected according to
the flow chart of Fig. 5

/<;1nlmum number of multilayers N; with \

assumption of D=0 and maximum number of
maltilayers N, 1n eqgqual-width divided

\\L region forming D are set —H//

k

—

In number K of equal-width
divided regions, for uppermost
end position or lowermost enﬁ//)

\ position, k = 1 1s set

é:rwhich 1s a value between N; and N, 1n eac;\\
equal-width divided region k and which
lncreases as d increases 1s set, and for

\Efﬁir of multilayers Ny, N, = [ny] 1s selected

When width of each equal-width divided region
1n height direction 1s set to T, for equal-
width divided region Kk,

\\\_ thickness t, = T/n, is calculated m“#//

In each egual-width divided region KX,
coordinates of outer perilphery corresponding to
model which 1s to be shaped 1n cross section
\\\jjrther divided along up/down direction of Ny

pleces 1s set

P e ——————————— PP mint

NO
YES

(e )
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[Fig.7]

<j START :)
l

//fNumber of equal-width divided regions 1s set to K,
number of equal-width divided regions compared 1n size
with each other 1s set to 1,
and then as initial condition, .//

\\\ 1 = K 18 set

By same method as the flow chart of Fig. 5,
among 1 pleces of equal-width divided
regions,

d; indicating maximum d is detected,
and the maximum d; in detection stage 1s

\\M_ stored in memory corresponding to 1 j//

Remove d; from comparlison
target
< | — i~ )

NO

YES

Fach d: 1s read
1n order of k, -, 1

l

dlédzg"'édié"'édk
1s detected

l

END

o
"
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