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bed (104, 304) onto which powder layers can be deposited, at least one laser
module (1, 2, 3, 4) for generating a plurality of laser beams for solidifying
the powder material deposited onto the powder bed (104, 304), a laser scan-
ner (106a, 106b, 106¢, 106d, 306a, 306b, 306¢, 306d, 306e) for individually
steering each laser beam to solidify separate areas in each powder layer (104,
304), and a processing unit (131). A scanning zone (la, 2a, 3a, 4a, 201a,
201b, 201c, 201d, 301a, 301b, 30lc, 301d, 301e) for each laser beam is
defined by the locations on the powder bed (104) to which the laser beam
can be steered by the laser scanner (106a, 106b, 106¢, 106d, 306a, 306b,
306¢, 306d, 306¢). The laser scanner (106a, 106b, 106¢, 106d, 306a, 306b,
306¢, 306d, 306e) is arranged such that each scanning zone la, 2a, 3a, 4a,
201a, 201b, 201¢, 201d, 301a, 301b, 301c, 301d, 301e) is less than the total
area of the powder bed 104 and at least two of the scanning zones la, 2a, 3a,
4a, 201a, 201b, 201c, 201d, 301a, 301b, 301c, 301d, 30le) overlap. The
processing unit (131) is arranged for selecting, for at least one of the powder
layers, which laser beam to use to scan an area of the powder layer located
within a region in which the scanning zones (la, 2a, 3a, 4a, 201a, 201b,
201¢, 201d, 301a, 301b, 301c¢, 301d, 301e) overlap.



WO 2014/199134 PCT/GB2014/051775

10

15

20

25

30

1

SELECTIVE LASER SOLIDIFICATION APPARATUS AND METHOD

The present invention relates to selective laser solidification and, in particular, to a
selective laser melting process and apparatus in which multiple laser beams are
used to solidify the layers, separate areas of a layer solidified by different laser

beams.

Background

Additive manufacturing or rapid prototyping methods for producing objects
comprise layer-by-layer solidification of a material, such as a metal powder
material, using a laser beam. A powder layer is deposited on a powder bed in a
build chamber and a laser beam is scanned across portions of the powder layer
that correspond to a cross-section of the object being constructed. The laser beam
melts or sinters the powder to form a solidified layer. After selective solidification
of a layer, the powder bed is lowered by a thickness of the newly solidified layer
and a further layer of powder is spread over the surface and solidified, as required.
In a single build, more than one object can be built, the objects spaced apart in the

powder bed.

It is known from DE102005014483 A1l to use four laser beams, each laser beam
solidifying powder in a different quadrant of the powder bed. Such an
arrangement may increase build speed because different parts of an object or
different objects located in different quadrants can be built simultaneously with
different laser beams. However, the lasers may be underutilised during the build
if, for any one of the lasers, the area to be solidified is larger in one of the
quadrants than in the others. For such a layer, the lasers of the other quadrants
will be off whilst the laser for the quadrant comprising the largest area to be
solidified completes solidification of that area. Therefore, there is a limit on the
speed of the build set by the time it takes the laser of the quadrant with the largest
area to be solidified. As the laser modules are a very expensive part of the

apparatus, significantly increasing the cost of the apparatus by increasing the
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number of lasers but, at the same time, not using some of the lasers for large

durations of the build is undesirable.

US2013/0112672 Al discloses an additive manufacturing assembly for producing
a plurality of laser beams for melting layers of material in an additive
manufacturing process. Each laser beam is separately and independently directed
to different regions within the workspace. Each region comprises overlapping
areas within adjacent regions. The overlapping extension of each of the laser
beams provides a consistent melting of powdered metal at the boundaries
separating the regions. The overlapping portions and melting provided by
adjacent beams in adjacent regions prevents undesired incomplete melting, or
possible knit lines, within the completed part. In other words, each laser beam is
capable of being directed to the overlapping region such that the part fabricated
will include a complete melting and coverage of the metal powder during
formation of the part. Like DE102005014483 Al, there is a limit on the speed of
the build set by the time it takes the laser with the largest area of powder to be
solidified to solidify this area. During this time, the other lasers will be

underutilised.

JP2009006509 discloses a method of manufacturing a three-dimensional article
with a plurality of laser beams. Each optical beam can be scanned by a dedicated
module across the entire powder bed of the build area, with an area of powder to
be solidified in the powder bed assigned to the lasers such that area to be scanned
by each laser for each layer is equal. JP2002144437 and JP2000263650 disclose
similar arrangements. US5536467 discloses apparatus for producing a three-
dimensional object, wherein multiple laser beams are used to cure light curable
resin. Each laser beam may be directed to predetermined regions of a layer to

solidify those regions.

In all these arrangements, the fixed optical modules for scanning the laser beams
must be spaced apart such that, for each module to be capable of directing the

corresponding laser beam to any location in the powder bed, each optical module
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must be configured differently based on its location. This may require a sub-
optimal arrangement of the optical module and/or non-utilisation of the full range
of the optical module across which the module provides an acceptable

performance.

DE19953000 discloses a device for rapid production of bodies by selective
sintering of powder layers. The device uses two laser beams that may be
delivered together for sintering the powder, the first laser beam is brought to a

small focus and the second to a large focus.

Summary of Invention

According to a first aspect of the invention there is provided a selective laser
solidification apparatus, comprising; a powder bed onto which powder layers can
be deposited, at least one laser module for generating a plurality of laser beams for
solidifying the powder material deposited onto the powder bed, a laser scanner for
individually steering each laser beam to solidify separate areas in each powder
layer, a scanning zone for each laser beam defined by the locations on the powder
bed to which the laser beam can be steered by the laser scanner, the laser scanner
arranged such that each scanning zone is less than the total area of the powder bed
and at least two of the scanning zones overlap, and a processing unit for selecting,
for at least one of the powder layers, which laser beam to use to scan an area of

the powder layer located within a region in which the scanning zones overlap.

By overlapping the scanning zones of the laser beams the same area can be built
using different laser beams. In this way, there is flexibility in choosing which
laser beam to use, allowing the processing unit to select a laser beam based on
specified criteria. For example, the laser beam may be selected based on a total
length of time each laser beam is used for solidifying areas in the powder layer.
The laser beam may be selected to reduce or eliminate any difference in the total
length of time each laser beam is used for solidifying areas in the powder layer.

In this way, periods of non-utilisation of the laser beams are reduced or even
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eliminated. The selection of the laser beam may be a balance between competing
factors, such as to reduce periods of non-utilisation of a laser beam balanced
against solidifying areas in the powder layer that are upstream in the direction of

gas flow, as described in our co-pending US patent application No:61/791,636.

Performance of a scanner tends to vary for different positions of the laser beam.
For example, if the scanner comprises rotatable mirrors, an accuracy of the
mirrors may vary dependent on angle. Furthermore, as the spot is moved away
from a position in which the laser beam is perpendicular to the powder bed, the
spot will become more elliptical. As the optics for individually steering each laser
beam have to be physically spaced apart, a scanning zone over which a particular
performance is achieved for each laser beam is likely not to coincide with the
corresponding scanning zone for the other laser beams. By arranging the scanner
such that each scanning zone is less than the total area of the powder bed, areas in
which the scanner can direct a laser beam with a particular performance that do
not overlap with corresponding areas for the other laser beams may be utilised
whilst flexibility is retained for scanning areas of the powder bed that do fall

within overlapping areas.

More than 10%, 20%, 30%, 40% or 50% of one scanning zone may overlap with
another scanning zone. The laser scanner may be arranged such that each
scanning zone overlaps another scanning zone, and preferable all adjacent
scanning zones. The laser scanner may be arranged such that each scanning zone

overlaps with every other scanning zone.

Each scanning zone may be an arc or a circle. For example, the powder bed may
have a rectangular shape and the laser module may be arranged to generate four
laser beams each having an arc shaped scanning zone, a circle centre of each arc
shaped scanning zone located substantially at a different corner of the rectangular

powder bed, the radii of the arcs being such that the scanning zones overlap.

Alternatively, each scanning zone is substantially a rectangle. For example, the
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powder bed may have a rectangular shape and the laser module may be arranged
to generate four laser beams each having a rectangular scanning zone, each

scanning zone aligned with a different corner of the powder bed.

The processing unit may be arranged to select the laser beam to use to scan the
area of the powder layer within the region in which the scanning zones overlap
based upon a parameter indicative of an angle of the laser beam to the powder

layer when scanning the area.

The selection of the laser beam to use to scan an area of an object located within a
region in which the scanning zones of the laser beams overlap may be carried out
before the object is built. The processing unit may be arranged to determine a
length of time each laser beam scans each powder layer based on a selection of the
laser beams to use in scanning areas in each powder layer for a planned location
of one or more objects to be built and to change the planned location of the one or
more objects in the powder bed based on the determined lengths of time. For
example, the object may be relocated to reduce or eliminate differences in the

length of time the lasers scan areas in each layer.

According to a second aspect of the invention there is provided a method of
selecting which one of a plurality of laser beams to use to scan an area of a
powder layer in a selective laser solidification process, in which one or more
objects are formed layer-by-layer by, repeatedly, depositing a layer of powder on
a powder bed and scanning a plurality of laser beams over the deposited powder to
selectively solidify at least part of the powder layers, wherein each laser beam is
individually steered to solidify separate areas in each powder layer, a scanning
zone for each laser beam defined by the locations on the powder bed to which the
laser beam can be steered, each scanning zone is less than the total area of the
powder bed and the scanning zones for at least two of the laser beams
overlapping, the method comprising selecting, for at least one of the powder
layers, which laser beam to use to scan an area of the powder layer located within

a region in which the scanning zones of the laser beams overlap.
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The method may be a computer-implemented method.

According to a third aspect of the invention there is provided a data carrier having
instructions stored thereon, the instructions, when executed by a processor, cause

the processor to carry out the method of the second aspect of the invention.

According to a fourth aspect of the invention there is provided a selective laser
solidification apparatus, comprising; a powder bed onto which powder layers can
be deposited, at least one laser module for generating a plurality of laser beams for
solidifying the powder material deposited onto the powder bed, a laser scanner for
individually steering each laser beam to solidify separate areas in each powder
layer and a processing unit for selecting a location in the powder bed of an object
or objects being built based on how scanning of the object or objects is divided

between the plurality of laser beams.

According to a fifth aspect of the invention there is provided a method of selecting
which one of a plurality of laser beams to use to scan an area of an object in a
selective laser solidification process, in which one or more objects are formed
layer-by-layer by, repeatedly, depositing a layer of powder on a powder bed and
scanning a plurality of laser beams over the deposited powder to selectively
solidify at least part of the powder layers, wherein each laser beam is individually
steered to solidify separate areas in each powder layer, the method comprising
selecting a location in the powder bed of an object or objects being built based on

how scanning of the object or objects is divided between the plurality of lasers.

The method may be a computer-implemented method.

According to a sixth aspect of the invention there is provided a data carrier having

instructions stored thereon, the instructions, when executed by a processor, cause

the processor to carry out the method of the fifth aspect of the invention.
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According to a seventh aspect of the invention there is provided a selective laser
solidification apparatus, comprising; a powder bed onto which powder layers can
be deposited, at least one laser module for generating a plurality of laser beams for
solidifying the powder material deposited onto the powder bed, a laser scanner for
individually steering each laser beam from spaced apart locations onto each
powder layer, a scanning zone for each laser beam defined by the locations on the
powder bed to which the laser beam can be steered by the laser scanner, the laser
scanners arranged such that at least two of the scanning zones overlap or are
coterminous, and a processing unit for selecting, for at least one of the powder
layers, which one of the laser beams to use to scan a point on the powder layer in
a region of the powder layer in which the scanning zones overlap/ are coterminous
based upon a parameter indicative of an angle of the laser beam to the powder

layer when scanning the point.

In this way, a quality of the spot produced by the laser beam when scanning the
point may be taken into account when selecting the laser beam to use to solidify
the point in the powder layer. For example, favouring a laser beam that is at a
smaller angle to the powder bed when scanning the point than another of the lasers
may result in a better quality spot (more circular, smaller radius) being used when
possible. Furthermore, crossing of the laser beams may be limited/avoided by
favouring the laser beam that is at a smaller angle to the powder bed when
scanning the point. It may be desirable to avoid crossing of the laser beams
because of the thermal lensing effects produced by each laser beam and the effect

such thermal lensing has on the other laser beam.

In this aspect of the invention, the laser scanner may be arranged to steer each

laser beam over only part of or the entire powder bed.

According to an eighth aspect of the invention there is provided a method of
selecting which one of a plurality of laser beams to use to scan a point on a
powder layer in selective laser solidification process, in which one or more objects

are formed layer-by-layer by, repeatedly, depositing a layer of powder on a
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powder bed and scanning a plurality of laser beams over the deposited powder to
selectively solidify at least part of the powder layers, wherein each laser beam is
individually steered from spaced apart locations onto each powder layer, a
scanning zone for each laser beam defined by the locations on the powder bed to
which the laser beam can be steered by the laser scanner, the laser scanners
arranged such that at least two of the scanning zones overlap or are coterminous,
the method comprising selecting, for at least one of the powder layers, which one
of the laser beams to use to scan a point on the powder layer in a region of the
powder layer in which the scanning zones overlap/ are coterminous based upon a
parameter indicative of an angle of the laser beam to the powder layer when

scanning the point.

According to a ninth aspect of the invention there is provided a data carrier having
instructions stored thereon, the instructions, when executed by a processor, cause

the processor to carry out the method of the eighth aspect of the invention.

The data carrier of the above aspects of the invention may be a suitable medium
for providing a machine with instructions such as non-transient data carrier, for
example a floppy disk, a CD ROM, a DVD ROM / RAM (including - R/-RW and
+R/ + RW), an HD DVD, a Blu Ray(TM) disc, a memory (such as a Memory
Stick(TM), an SD card, a compact flash card, or the like), a disc drive (such as a
hard disk drive), a tape, any magneto/optical storage, or a transient data carrier,
such as a signal on a wire or fibre optic or a wireless signal, for example a signals
sent over a wired or wireless network (such as an Internet download, an FTP

transfer, or the like).

Description of the Drawings

Embodiments of the invention will now be described, as examples only, with

reference to the accompanying drawings, in which:-

Figure 1 is a schematic view of a laser solidification apparatus according
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to one embodiment of the invention;

Figure 2 is a schematic view of the laser solidification apparatus from

another side;

Figure 3 is a plan view of the laser solidification apparatus shown in

Figures 1 and 2;

Figure 4 is an illustrative example of areas to be solidified in a powder

layer and the scanning zones of the lasers

Figure Sa is a schematic cross-section of laser solidification apparatus

according to a further embodiment of the invention along the line A-A;

Figure 5b is a plan view of the scanning zones of the laser solidification

apparatus shown in Figure Sa;

Figure 6a is a schematic cross-section of laser solidification apparatus
according to another embodiment of the invention comprising movable

optical modules;

Figure 6b is a plan view of the scanning zones of the laser solidification

apparatus shown in Figure 6a; and

Figure 7 is a cross-sectional view of an optical module for use in the laser

solidification apparatus shown in Figures 6a and 6b.

Description of Embodiments

30  Referring to Figures 1 to 3, a laser solidification apparatus according to an

embodiment of the invention comprises a build platform 102 for supporting an

object 103 built by selective laser melting powder 104. The platform 102 can be
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lowered in the chamber 101 as successive layers of the object 103 are formed.
Layers of powder 104 are formed as the object 103 is built by dispensing
apparatus 108 and a wiper 109. For example, the dispensing apparatus 109 may
be apparatus as described in WO2010/007396. Laser modules 1, 2, 3 and 4 each
generate a laser beam for melting the powder 104, each laser beam directed as
required by corresponding optical modules 106a to 106d under the control of a
computer 130. The laser beams enter the build chamber via a window 107. Each
laser beam can be independently steered to solidify separate areas of the powder
bed 104. The range of locations to which each laser beam can be steered on the
powder bed 104 defines a scanning zone, illustrated in Figure 4 by dotted lines 1a,
2a, 3a and 4a. The scanning zone for each laser beam overlaps the scanning zones
for the other laser beams such that for certain regions in the powder bed, more

than one laser beam is capable of solidifying an object to be built at that location.

An inlet 112 and outlet 110 are arranged for generating a gas flow across the
powder bed formed on the build platform 102. The inlet 112 and outlet 110 are
arranged to produce a laminar flow having a flow direction from the inlet to the
outlet, as indicated by arrows 118. Gas is re-circulated from the outlet 110 to the
inlet 112 through a gas recirculation loop 111. A pump 113 maintains the desired
gas pressure at inlet 112 and openings 5, 6. A filter 114 is provided in the
recirculation loop 111 to filter from the gas condensate that has become entrapped
in the flow. It will be understood that more than one inlet 112 may be provided in
the build chamber 101. Furthermore, rather than extending outside of the build
chamber 101, the recirculation loop 111 may be contained within the build

chamber 101.

Computer 130 comprises a processor unit 131, memory 132, display 133, user
input device 135, such as a keyboard, touch screen, etc, a data connection to
modules of the laser sintering unit, such as optical module 106a to 106d and laser
modules 1 to 4, and an external data connection 135. Stored on memory 132 is a
computer program that instructs the processing unit 131 to carry out the method

described with reference to Figures 4 and 5.
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Geometric data of objects to be built, such as in the form of an STL file, are
received 201 by the computer 130, for example over the external data connection
135. The processing unit 131 receives 202 information on the location of the
objects on the build platform 102. This location information may already be
defined in the STL or the user may select, using the user input device 135, where

each object should be located on the build platform 102.

The processor unit 131, for each layer, identifies areas of the powder bed to be
solidified and the laser beams 1,2,3,4 to use for scanning these areas. In the
example shown in Figure 4, the areas to be solidified comprise a number of
islands 5, 6 and 7. Different sections of the islands 5, 6 and 7 fall within the
scanning zones of different laser beams 1, 2, 3 and 4. For example, for island 5,
one section can only be scanned by laser beam 1, another section by laser beams 1
or 2, a further section by laser beams 1 or 4 and final section by laser beams 1, 2
or 4. Based on the laser beams 1, 2, 3 4 that can scan each section and the areas of
the sections, the processing unit 131 selects a laser beam 1,2,3,4 to scan a section
such that the total length of time each laser beam 1, 2, 3, 4 scans the bed is
approximately equal or at least as close as possible given other constraints on the
system. As shown for island 5, the island may be split into sections based upon
how the island 5 is bisected by the scanning zones la, 2a, 3a and 4a, the
processing unit 131 selecting the laser beam to be used to scan each section. In
the example, laser beam 1 is used to scan the two uppermost sections, laser beam
4 the lower left section and laser beam 2 the lower right section. Island 6 is not
only sectioned along the bisecting lines of the scanning zones la, 2a, 3a and 4a
but the processing unit 131 has introduced an additional sectioning indicated by
dotted line 9. Such additional sectioning may be used to obtain the required scan

times for each laser beam 1, 2, 3, 4.

Using the borders of the scanning zones 1a, 2a, 3a, 4a as a first means of dividing
up an island into different sections may be beneficial as these lines demarcate the

sections where different laser beam options are available. However, even if an
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island is not bisected by a border of a scanning zone, the island may still be
sectioned to obtain the required scan time for each laser beam 1, 2, 3 and 4 if it
falls within an overlapping region of two or more scanning zones. This is
illustrated by island 7, which is divided into two sections along line 8, one section
scanned by laser beam 3 and the other by laser beam 4. An interface between
sections scanned by different laser beams 1, 2, 3 and 4 has a wavy or stepped
shape to key the adjacent sections together (as illustrated by the magnified section

of line 8). Similar formations may be used between the interfaces of all sections.

By selecting the sections such that the total area allocated to each laser beam is
approximately equal, the scan time for each laser beam should be approximately
equal. However, there may be other factors to take into account in determining

scan times, which may depend on the layer being built.

For example, in the known “shell and core” method for forming an object, a core
of an object may be solidified by scanning with a large diameter laser spot and a
shell (outer periphery) of the object formed using a small diameter laser spot.
Such a method is disclosed in US5753171, WO91/12120 and EP0406513. A
similar technique can be used in this method. Varying the spot size when forming
the core and shell of the object may affect the scan speed of the laser beam for
these different regions. Accordingly, the processing unit 131 may take these
different scan speeds into account when allocating a section to different laser
beams. This may mean that determining the division of sections between the laser
beams purely based on area may be insufficient and the length of an outer edge of
the section (which, in the final object, forms a surface of the object) may be taken
into account when determining a scan time of the laser beams. For example, in
Figure 4, island 5 is an irregular shape. The section in the top left corner has a
small area relative to the length of the edge when compared to other sections of
island 5 and other sections of the other islands 6 and 7. Accordingly, it will take
longer to scan this section than for sections of similar area due to the longer time
in forming a shell with a small diameter laser spot. Therefore, in one

embodiment, when determining a scan time for a section, a length of the edge
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included in the section is taken into account.

In a further embodiment, the shell around a single island 5, 6, 7 may be formed, if
possible, by a single laser beam rather than forming the shell for different sections
of the island with different laser beams allocated to these different sections. This
may avoid the need to knit together the shell at the interfaces of the section.
However, the time it takes in forming the shell may have to be taken into account
when determining the scan time for the laser beam allocated the task of forming

the shell.

The bottom and top layers of the object may not be formed using the shell and

core method and therefore, such calculations may not apply to these layers.

The shape of a section may also affect the time it takes to scan the section. For
example, a long thin section may take longer to scan using a raster scan that scans
across the entire section (so called “meander” scan) than a wider short section
even if the areas of the sections are the same because the scanning of the laser
beam slows as the direction of the scan is changed. If there are many changes in
direction, as would be the case for a long thin section, then this will slow the scan
relative to only a few changes in direction, as would be the case for a wider
section. This may be taken into account when determining the time it takes to
scan a section. However, there may be scanning strategies that mitigate the
impact of changes in direction due to the shape of the section, such as
chequerboard or stripe scanning, as disclosed in EP1441897 and EP1993812,
respectively. For sections that are much larger than the width of a stripe or square
of the chequerboard, the number of changes in direction is not dominated by the
shape being scanned but by the number of stripes or squares of the chequerboard

that fit within the section (which will be dependent on the area of the section).

A further place where changes in direction could affect scan speed is at the edges
when forming the shell in the shell and core method. In particular, for an edge

with a large number of changes in direction the scan speed will be slower than for
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the same length edge but with few changes in direction. Again, this may be
factored into the calculations of the processing unit 131 when determining the

length of time it takes for a laser beam to scan a section.

A further factor that may be taken into account when selecting a laser beam to
solidify an area of the powder bed that falls within an overlapping region is a
shape of the spot produced by the laser beam at that location. Typically, the
optical modules 106a to 106d are arranged to generate a circular spot when the
laser beam is directed perpendicularly to a plane of the powder layer. Directing
the laser beam away from the perpendicular produces an elliptical spot, wherein
the greater the angle, the greater a radius of the spot. Variations in the spot size
and shape may vary the properties of the solidified material. Accordingly, the
processing unit 131 may select the laser beam 1, 2, 3, 4 to use to solidify an
area/point within an area that falls within an overlapping region based upon an
angle of the laser beam when solidifying the area/point. A distance of the
area/points from a reference point (illustrated by points 251a to 251d in Figure 5b)
of each scanning zone at which the laser beam is perpendicular to a plane of the
powder layer may be used as a value representative of the angle. For example, a
quantity of the area of powder to be solidified in a layer by each laser beam 1, 2, 3
and 4 may be divided, as far as possible, equally between the lasers 1, 2, 3 and 4,
but lines along which the area(s) are divided between the laser beams 1, 2, 3 and 4
may be based on a distance of each point in the area(s) to be solidified from the

reference point of each scanning zone.

On completion of the selection of the laser beams 1,2,3,4 to use in scanning the
areas of each powder bed to be solidified, the results may be displayed to a user
for review. Using the input device, the user may be able to adjust the location of
the object(s), the processing unit 131 re-selecting the laser beams to be used to
scan the areas for the new location(s) of the object(s). This may enable a user to

minimise a scan time of the object(s) being built.

In one embodiment, the processing unit 131 automatically re-adjusts the



WO 2014/199134 PCT/GB2014/051775

10

15

20

25

30

15

location(s) of the object(s) in the powder bed to minimise the build time.

On activating a build, the processing unit 131 sends instructions to the optical
modules 106a to 106d to control the laser beams to scan the powder layers in the

manner selected.

It will be understood that in another embodiment, rather than each laser module
providing a single laser beam to solidify the powder bed 104, the laser beam
generated from one or more laser modules may be optically divided into more
than one laser beam, each part of the divided laser beam individually steered on to
the powder bed. Such an arrangement may be appropriate with a high powered
laser module, for example a IKW nd-YAG fibre laser could be divided into four
separate laser beams, each laser beam having sufficient power the melt metal
powder. In a further embodiment, the optics may be arranged such that the
number of parts into which the or each laser beam is divided can be reconfigured
in response to a selection by the user or by the computer. Such an arrangement
may be appropriate when the apparatus is to be used with different materials,
which require different laser powers to melt powder of that material. For
example, for a material with a high melting point, the laser beam(s) may be
divided into fewer parts (or not divided at all), whereas for materials with lower

melting points, the laser beam(s) may be divided into a greater number of parts.

Figures 5a and 5b show an alternative arrangement of scanning zones 201a, 201b,
201c and 201d for apparatus comprising a scanner with four optical modules
106a, 106b, 106¢c, 106d. In this arrangement, the optical modules are arranged
such that the scanning zone 201a, 201b, 201c, 201d for each laser beam 1, 2, 3, 4
is substantially rectangular. For example, the optical modules 106a, 106b, 106c,
106d may comprise two rotatable mirrors for directing the laser beam, the mirrors
rotatable around perpendicular axis to scan the beam in two-dimensions in a plane
of a working surface of the powder bed 204.  Each optical module 106a, 106b,
106¢, 106d is substantially the same and generates a scanning zone 201a, 201b,

201¢, 201d at the same location relative to the optical module 106a, 106b, 106c,
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106d. Accordingly, as the optical modules 106a, 106b, 106¢, 106d are physically
spaced apart, as shown in Figure 5a by a distance, D, the scanning zones overlap,
but are not coterminous, with regions 210 to 217 of the powder bed 104 to which
one or more, but not all, of the laser beams 1, 2, 3, 4 can be directed and a central

region 218 to which all four of the laser beams 1, 2, 3, 4 can be directed.

In a similar manner as described with reference to Figure 4, in regions 211, 213,
215, 217 and 218 in which scanning zones of the optical modules overlap, the
processing unit 131 selects which one of the plurality of laser beams 1, 2, 3, 4 to
use to scan areas of the powder bed 104 to be solidified that fall within these
regions. For example, the processing unit 131 may select the laser beam in order
that, as far as possible, each laser beam 1, 2, 3 and 4 is used for a substantially

equal length of time to solidify areas within each layer of powder.

Now referring to Figures 6a and 6b, a further laser solidification apparatus is
shown. In this apparatus, the laser scanner comprises optical modules 306a to
306e mounted on a member 340 movable along track 341. In this way, the optical

modules 306a to 306e are movable within the build chamber.

Figure 7 shows an optical unit 306 in more detail. Each optical module 306
comprises a sealed housing 345 containing a lens 339 for focussing the laser beam
and an optical element, in this embodiment a mirror 349, for steering the laser
beam through window 307 onto the powder bed 304 along a line (represented by
the arrows in Figure 6b) perpendicular to the direction of movement of member
340. The mirror 349 is mounted on a shaft 343 for rotation about an axis under
the control of a motor 344. The housing comprises a connection 346 for
connecting the housing to an optical fibre 336 that carries the laser beam. Each
optical module 306 may be separately removably mountable onto the member
340. In this embodiment, each module 306 is capable of steering a laser beam

over similar length lines.

The combined movement of the optic element 349 and the member 340 enables
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each laser beam to be directed into a respective scanning zone 301a to 301e. The
optical modules are arranged such that each scanning zone 301a, 301b, 30lc,
301d, 301e overlaps with an adjacent scanning zone(s) 301a, 301b, 301c, 301d,
30le. Like the first embodiment, each optical module 306 is controlled by a
processing unit, the processing unit arranged to select which one of the plurality of
laser beams to use to scan areas of the powder bed 304 to be solidified that fall
within regions in which the scanning zones 301a, 301b, 301¢, 301d, 301e overlap.
The processing unit may make the selection in order to maximise a velocity at
which the member 340 can be moved over the powder bed and/or to minimize a
number of passes of the member 340 over the powder bed 304 required for

solidification of the specified areas of each powder layer.

In a further embodiment, the optical modules 306a to 306e comprise movable
optics for directing the laser beams over an area rather than a line (i.e. the laser
beam can be moved in a direction of movement of the member 340 by the optics
as well as by movement of member 340). This may provide for greater flexibility
when selecting which laser beam to use to solidify an area of the powder bed that

falls within overlapping regions of the scanning zones.

Alterations and modifications to the above described embodiments can be made
without departing from the scope of the invention as defined herein. For example,
the laser scanner may be capable of steering each laser beam over the entire
powder bed and the processing unit 131 may be arranged to select which one of
the laser beams to use to scan areas of a powder layer to be solidified such that
each laser is used for approximately an equal length of time during solidification
of the areas with the areas to be solidified divided between the lasers based upon

an angle of the laser beam to the powder layer when scanning the areas.



WO 2014/199134 PCT/GB2014/051775

10

15

20

25

30

18

Claims

1. A selective laser solidification apparatus, comprising; a powder bed onto
which powder layers can be deposited, at least one laser module for generating a
plurality of laser beams for solidifying the powder material deposited onto the
powder bed, a laser scanner for individually steering each laser beam to solidify
separate areas in each powder layer, a scanning zone for each laser beam defined
by the locations on the powder bed to which the laser beam can be steered by the
laser scanner, the laser scanner arranged such that each scanning zone is less than
the total area of the powder bed and at least two of the scanning zones overlap,
and a processing unit for selecting, for at least one of the powder layers, which
laser beam to use to scan an area of the powder layer located within a region in

which the scanning zones overlap.

2. A selective laser solidification apparatus according to claim 1, wherein the
processing unit is arranged to select which one of the laser beams to use to scan an
area based on a total length of time each laser beam is used for solidifying areas in

the powder layer.

3. A selective laser solidification apparatus according to claim 2, wherein the
processing unit is arranged to select the laser beam such that a total length of time
each laser beam is used for solidifying areas in the powder layer is approximately

equal.

4. A selective laser solidification apparatus according to any one of the
preceding claims, wherein the laser scanner is arranged such that each scanning

zone overlaps another scanning zone.

5. A selective laser solidification apparatus according to claim 1, wherein

each scanning zone is an arc or a circle or a rectangle.

6. A selective laser solidification apparatus according to claim 4, wherein the

laser unit is arranged such that each scanning zone overlaps with every other



WO 2014/199134 PCT/GB2014/051775

10

15

20

25

30

19

scanning zone.

7. A selective laser solidification apparatus according to claim 6, wherein the
powder bed has a rectangular shape and the laser module is arranged to generate
four laser beams each having an arc shaped scanning zone, a circle centre of each
arc shaped scanning zone located substantially at a different corner of the
rectangular powder bed, the radii of the arcs being such that the scanning zones

overlap.

8. A selective laser solidification apparatus according to any one of claims 1
to 7, wherein the processing unit is arranged to determine a length of time each
laser beam scans each powder layer based on a selection of the laser beams to use
in scanning areas in each powder layer for a planned location of one or more
objects to be built and to change the planned location of the one or more objects in

the powder bed based on the determined lengths of time.

9. A method of selecting which one of a plurality of laser beams to use to
scan an area of a powder layer in a selective laser solidification process, in which
one or more objects are formed layer-by-layer by, repeatedly, depositing a layer
of powder on a powder bed and scanning a plurality of laser beams over the
deposited powder to selectively solidify at least part of the powder layers, wherein
each laser beam is individually steered to solidify separate areas in each powder
layer, a scanning zone for each laser beam defined by the locations on the powder
bed to which the laser beam can be steered, each scanning zone being less than the
total area of the powder bed and the scanning zones for at least two of the laser
beams overlapping, the method comprising selecting, for at least one of the
powder layers, which laser beam to use to scan an area of the powder layer located

within a region in which the scanning zones of the laser beams overlap.

10. A computer-implemented method comprising the method of claim 9.

11. A data carrier having instructions stored thereon, the instructions, when

executed by a processor, cause the processor to carry out the method of claim 9.
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12. A selective laser solidification apparatus, comprising; a powder bed onto
which powder layers can be deposited, at least one laser module for generating a
plurality of laser beams for solidifying the powder material deposited onto the
powder bed, a laser scanner for individually steering each laser beam to solidify
separate areas in each powder layer and a processing unit for selecting a location
in the powder bed of an object or objects being built based on how scanning of the

object or objects is divided between the plurality of laser beams.

13. A method of selecting which one of a plurality of laser beams to use to
scan an area of an object in a selective laser solidification process, in which one or
more objects are formed layer-by-layer by, repeatedly, depositing a layer of
powder on a powder bed and scanning a plurality of laser beams over the
deposited powder to selectively solidify at least part of the powder layers, wherein
each laser beam is individually steered to solidify separate areas in each powder
layer, the method comprising selecting a location in the powder bed of an object
or objects being built based on how scanning of the object or objects is divided

between the plurality of lasers.

14. A computer-implemented method comprising the method of claim 13.

15. A data carrier having instructions stored thereon, the instructions, when

executed by a processor, cause the processor to carry out the method of claim 13.

16. A selective laser solidification apparatus, comprising; a powder bed onto
which powder layers can be deposited, at least one laser module for generating a
plurality of laser beams for solidifying the powder material deposited onto the
powder bed, a laser scanner for individually steering each laser beam from spaced
apart locations onto each powder layer, a scanning zone for each laser beam
defined by the locations on the powder bed to which the laser beam can be steered
by the laser scanner, the laser scanners arranged such that at least two of the
scanning zones overlap or are coterminous, and a processing unit for selecting, for

at least one of the powder layers, which one of the laser beams to use to scan a
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point on the powder layer in a region of the powder layer in which the scanning
zones overlap/ are coterminous based upon a parameter indicative of an angle of

the laser beam to the powder layer when scanning the point.

17. A method of selecting which one of a plurality of laser beams to use to
scan a point on a powder layer in selective laser solidification process, in which
one or more objects are formed layer-by-layer by, repeatedly, depositing a layer
of powder on a powder bed and scanning a plurality of laser beams over the
deposited powder to selectively solidify at least part of the powder layers, wherein
each laser beam is individually steered from spaced apart locations onto each
powder layer, a scanning zone for each laser beam defined by the locations on the
powder bed to which the laser beam can be steered by the laser scanner, the laser
scanners arranged such that at least two of the scanning zones overlap or are
coterminous, the method comprising selecting, for at least one of the powder
layers, which one of the laser beams to use to scan a point on the powder layer in
a region of the powder layer in which the scanning zones overlap/ are coterminous
based upon a parameter indicative of an angle of the laser beam to the powder

layer when scanning the point.

18. A data carrier having instructions stored thereon, the instructions, when

executed by a processor, cause the processor to carry out the method of claim 17.
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