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REFLECTOR AND ADDITIVE MANUFACTURING SYSTEM

BACKGROUND

[6001] Additive manufacturing systems enable the generation of three-

dimensional objects on a layer-by-layer basis.

BRIEF DESCRIPTION OF THE DRAWINGS

FG002] Examples will now be described, by way of non-limiting exampie, with

reference to the accompanying drawings, in which:

[0003] FiG. 1 illustrates a 3D printer of an additive manufacturing sysiem

according to an example;

[0004] FiG. 2 illustrates a reflector according to an example;

[0005] FiGG. 3 schematically illustrates an energy source according to an ex-

ample that may be used in an additive manufacturing system;

[0008] FiG. 4 Hlustrates an example of an energy source as it may be used

in an additive manufacturing system described with reference to FIG. 1,

100077 FIG. 5(A) illusirates an isometric view of the energy source of FIG. 4

without the housing;
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[6008] FiG. 5(B) illustrates a side view of the energy source shown in FIG.
S(A);

[0008] FiG. 6 illustrates a graph illustrating a power density distribution for

the energy source of FIG. 3 having two lamps turned on,

100107 FiG. 7 illustrates a graph illustrating a power density distribution for

the energy source of FIG. 3 having one lamp turned on;

(0011} FiG. 8 illustrates an energy source in accordance with another ex-

ample including continuously bent reflector sections;

[0012] FiG. 9 illustrates an energy source in accordance with another ex-
ample in which the ellipses are inclined, and a graph representing the power

density distribution over the width of the energy source;

[0013] FiG. 10 ifllustrates the power density distribution for the energy

source of FIG. 9 when one of the lamps is activated;

[0014] FiG. 11 illustrates an energy source in accordance with an example
in which the ellipses are inclined but the second focal points are at a distance

from each other:

[0015] FiG. 12 illustrates an energy source in accordance with an example

including three lamps;

[0018] FiG. 13 illustrates an example of an energy source including three
radiating elements and reflector sections extending partly along inclined ellip-

ses;
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(00177 FiG. 14 illustrates a graph representing the power density over the
width of the energy source of FIG. 13 with all lamps activated;
[0018] FiG. 15 illustrates a graph representing the power density over the

width of the energy source of FIG. 13 with two of the three lamps activated, and

[0019] FiG. 16 illustrates a graph representing the power density over the

width of the energy source of FIG. 13 with one of the three lamps activated.

DETAILED DESCRIPTION

(00201 Three dimensional (3D) printing, also referred to as additive manu-
facturing, rapid prototyping or solid freeform fabrication, is a technology for
manufaciuring a vast variety of objects. Some additive manufacturing systems
generate three-dimensional objects through the selective solidification of suc-
cessive layers of a build material, such as a powdered build material. Some of
such systems may solidify portions of a build material by selectively depositing
an agent to a layer of build material. Some systems, for example, may use a
liquid binder agent to chemically solidify build material where the liquid binder

agent is applied.

[0021] Other systems, for example, may use liquid energy absorbing agenis,
or coalescing agents, that cause build material to solidify when suitable energy,
such as infra-red energy, is applied to build material on which an energy ab-
sorbing or coalescing agent has been applied. The temporary application of en-
ergy may cause portions of the build material on which coalescing agent has
been delivered, or has penetrated, to absorb energy. This in turm causes these
portions of build material to heat up above the melting point of the build material
and to coalesce. Upon cooling, the portions which have coalesced become solid

and form part of the three-dimensional object being generated.
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(0022 Other systems may use additional agents, such as coalescence mod-
ifier agents, in conjunction with coalescing agents. A coalescence modifier
agent is agent that serves, for example, to modify the degree of coalescence of
a portion of build material on which the coalescence modifier agent has been

delivered or has penetrated.

[06023] The production of a three-dimensional object through the selective
solidification of successive layers of build material may involve a set of defined
operations. An initial process may, for example, be o form a layer of build mate-
rial from which a layer of the three-dimensional object is {0 be generated. A
subsequent process may be, for example, to selectively deposit an agent 1o se-
lected portions of a formed layer of build material. In some examples, a further
subsequent process may be 10 supply energy to the build material on which an
agent has been deposited to solidify the build material in accordance with where
the agent was deposited. Repeating these processes enables a three-
dimensional object to be generated layer-by-layer, through selective solidifica-

fion of portions of successive layers of build material.

[0024] FiG. 1 is a simplified isometric illustration of an additive manufactur-
ing system 100 according to an example. The build material may be a powder-
based build material. A powder-based material may be a dry or wet powder-
based materials, a particuiate material, or a granular material. in some exam-
ples, the build material may include & mixiure of air and solid polymer particles,
for example at a ratio of about 40% air and about 60% solid polymer particies.
Other examples of suitable build materials may include a powdered metal mate-
rial, a powdered composite material, a powder ceramic material, a powdered
glass material, a powdered resin material, a powdered polymer material, and
combpinations thereof. In other examples the build material may be a pasie, a

liguid, or a gel.
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[0025] The additive manufacturing system 100 includes a coalescing agent
distributor 102 fo selectively deliver a coalescing agent {o successive layers of
build material provided on a support member 104, an energy source 106 and a
controller 108 to control the selective delivery of coalescing agent to a layer of
provided build material.

[0028] A suitable coalescing agent may be an ink-type formulation compris-
ing carbon black. Such an ink may additionally comprise an absorber that ab-
sorbs the radiant spectrum of ensrgy emitied by the energy source 108, For ex-
ample, the ink may additionally comprise an infra-red light abscrber, a8 near in-
fra-red light absorber, a visible light absorber or a UV light absorber. The sup-
port member 104 may be a fixed part of the additive manufacturing system, or
may not be a fixed part of the additive manufaciuring system, instead being, for

example, a part of 3 removable module.

[0027) The agent distributor 102 may be a printhead, such as thermal print-
head or piezo inkjet printhead. The printhead may have arrays of nozzles. In
cther examples, the agenis may be delivered through spray nozzles rather than
through printheads. In some examples the printhead may be a drop-on-demand
printhead. In other examples the printhead may be a continuocus drop printhead.
The agent distributor 102 may be an integral part of the additive manufacturing
system 100 or may be user replaceable. The agent distributor 102 may exiend
fully across the support member 104 in a so-calied page-wide array configura-
tion. In other examples, the agent distributor 102 may extend across a part of
the support member 104, The agent distributor 102 may be mounted on a
moveable carriage to enable it 1o move bi-directionally across the support mem-
ber 104 along the illustrated y-axis. This enables selective delivery of coalescing
agent across the entire support member 104 in a single pass. In other examples
the agent distributor 102 may be fixed, and the support member 104 may move

relative 1o the agent distributor 102.
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[6028] In some examples, there may be an additional coalescing agent dis-
fributor 110. The coalescing agent distributors 102, 110 may be located on the
same carriage, either adjacent to each other or separated by a short distance.
In other examples, two carriages each may contain coalescing agent distribu-
tors 102, 110. In some examples, the additional coalescing agent distributor 110
may deliver a different coalescing agent than the coalescing agent distributor
102

[602%) The additive manufacturing system 100 further includes a build maile-
rial distributor 112 to provide, e.g. deliver or deposit, successive layers of build
material on the support member 104. Suitable build material distributors 112
may include a wiper blade and a rolier. Build material may be supplied 1o the
build material distributor 112 from a hopper or build material store. In the exam-
ple shown the build material distributor 112 moves along the y-axis of the sup-
port member 104 10 deposit a layer of build material. A layer of build material
will be deposited on the support member 104, and subsequent layers of build
material will be deposited on a previously deposited layer of build material. The
build material distributor 112 may be a fixed part of the additive manufacturing
sysiem 100, or may not be a fixed part of the additive manufacturing system

100, instead being, for example, a part of a removable module.

[0034] in the example shown the support member 104 is moveable in the z-
axis such that as new layers of build material are deposited a predetermined
gap is maintained belween the surface of the most recently deposited layer of
build material and lower surface of the agent distribuior 102. in other examples,
however, the support member 104 may not be movable in the z-axis and the

agent distributor 102 may be movable in the z-axis.

[0031] The energy scurce 1086 applies energy 114 o build material to cause
a solidification of portions of the build material, for example to portions 1o which
an agent, e.g., coalescing agent, has been delivered or has penetrated. In some

examples, the energy source 1086 is an infra-red {IR) radiation source, a near
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infra-red radiation source, or a halogen radiation source. In some exampies, the
energy source 108 applies ensrgy in a substantially uniform manner o the
whole surface of a layer of build material, and a whole layer may have energy
applied thereto simultanecusly, which may increase the speed at which a three-
dimensional object may be generated. In cother examples, the energy source
106 applies energy in a substantially uniform manner {0 a portion of the whole
surface of a layer of build material. For example, the energy source 106 may
apply energy to a strip of the whole surface of a layer of build material. In these
examples the energy source 108 may be moved or scanned across the layer of
build material such that a substantially equal amount of energy is ullimately ap-
plied across the whole surface of a layer of build material. In some examples,
the energy source 106 may be mounted on the moveable carriage. in other ex-
amples, the energy source 106 may apply a variable amount of energy as it is
moved across the layer of build material, for example in accordance with agent
delivery control data. For example, the controlier 108 may control the energy
source 108 1o apply energy o portions of build material on which coalescing

agent has been applied.

[0032] The energy source includes a lamp or another radiation element o
add or supply the energy to the build material or powder. Two lamps side-by-
side may double the power per unit area. To produce the three-dimensional ob-
ject the energy is added to keep the powder at a desired temperature. Two
lamps may create hot spots at locations where the radiation profiles of the two
lamps overiap. At the ends of a lamp the radiation profile may be different than
along the length of the lamp causing an irradiation flux or radiation profile to be
lower at the ends when compared to the area between the ends of the lamp.
Some lamps may include tungsten and to avoid blackening of the lamp due to

tungsten condensation the lamp is operated above 300° C.

[0033] Examples provide a reflector for an energy source and having a

structure reducing hot spots, thereby keeping the radiation profile more uniform.
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FIG. 2 illustrates a reflector 200 according o an example. The reflector 200 in-
cludes a first reflector section 202a and a second reflecior section 202b. The
first refliector section 202a extends along a portion of a first ellipse 2044, and the
second reflector section 202b extends along a portion of a second ellipse 204b.
The second ellipse 204b intersects the first ellipse 204a at a first intersecting
point 206a and at a second intersecting point 208b. The major axes 208a, 208k
of the first ellipse 2042 and the second ellipse 204b are substantially paraliel to
each other, and the focal poinis F1 of the first ellipse 204a and the second el-
lipse 204b are on a straight line 210 being orthogonal {6 the two major axes
208a, 208b of the first and second ellipses 204a, 204b. The second focal points
F2 of the first and second eilipses 204a, 204b are spaced apart by a distance

that substantially corresponds to the distance between the first focal points F4.

[0034] The first reflector section 202a and the second refliector sechion 202b
are joined at the first intersecting point 206a of the first ellipse 204a and the
second ellipse 204b. The first reflector section 202a and the second reflector
section 202b may be directly joined at the first intersecting point 208a, .4,
without additional elements therebetween. In accordance with examples, re-
spective first ends of the first and second reflector seclions 202a, 202b are {o-

cated at the intersecting point 208a and the first ends are joined.

[G035] At the first intersecting point 208a a dip 212 is formed in the reflector
200. The reflector 200 is recessed with respect {0 the reflector paris st the re-
spective vertices V1 of the first and second eliipses 204a, 204b. In other words,
the intersecting point 206a of the first ellipse 204a and the second ellipse 204b
is located at a position between a first vertex Vi of the first ellipse 204a and the
second ellipse 204b and a first focal point Fy of the first ellipse 204a and the
second ellipse 204b. In accordance with the example of FIG. 2, the intersecting
point 208a is at a position that is closer {0 the vertices V1 of the ellipses 204a,
204b than to the focal points F1 of the ellipses 204a and 204b. In other exam-

ples, the intersecting point may be closer {0 the focal points than to the vertices.
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(00386 in the exampie of FIG. 2, each of the reflector sections 202a, 202b is
formed of a plurality of straight sections or elements a 10 e which are intercon-
nected with each other. The respective straight elements g of the reflector sec-
tions 202a and 202b are connecled with each other at the intersecting point
208a. The intersecting point 208a may also be referred {0 as the first end of the
first reflector section 202a and as the first end of the second reflector section
202e. The free end of the reflector elements e of the first and second reflector
sections 202a and 202b may be referred 1o as a second or free end 214a, 214b
of the first and second reflector sections 202a, 202b.

[0037] Examples provide an apparaius including two radiation elements or
lamps arranged beneath a reflecior, e.¢., a reflector having a structure as de-
scribed in the example of FIG. 2. FIG. 3 schematically illustrates an energy
source according to an example that may be used in an additive manufacturing
system. Elements shown and described in FIG. 2 are labeled with the same ref-
grence signs and will not be described again in detail. The energy source 216
includes the reflector 200, a first radiation element 2182 and a second radiation
element 218b. The radiation elements 218a, 218b may include elongated lamps
emitting a wavelength spectrum {0 heat a powder material used in an adhesive
manufacturing process, for example in a system as described above with refer-
ence o FIG. 1. The first radiating element 218z is located at the first focal point
1 of the first ellipse 204a, and the second radiating element 218b is located at
the firsi focal point F1 of the second ellipse 204b. The first ellipse 2043 and the
second ellipse 204b are arranged such that the first ellipse 204a intersecis the
second radiating element 218b, and such that the second ellipse 204b inter-

sects the first radiating element 218a.

[0038] The second ends 214a, 214b of the first and second reflecior sec-
tions 2023, 202b are located at a position below the first and second radiating
elements 218a and 218b. The reflector sections 202a and 202b extend from the

intersecting point 208a along the respective ellipses 204a, 204b such that the
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respective second ends 214a and 214b of the reflector sections 202a and 202b
are located on the minor axis 220 of the first and second ellipses 204a, 204b.
The second ends 214a and 214b are located atf the same position along a direc-
tion of the major axes 208a, 208Db, however, in accordance with other examples,
the second ends 214a, 214b may be at different positions. In accordance with
other examples, the second ends 214a, 214b may be localed above the minor
axis 220 to be closer to the radiating elements 218a, 218b or may be located
below the minor axis 220 to be further away from the radiating elements 218s,
218b.

[0039] The surfaces of the reflector seclion 20Za, 202b reflect radiation
generated using the radiating elements 218a, 218b, for example IR radiation or

radiation in the visible light.

(00407 FIG. 4 llustrates an example of an energy source as it may be used
in an additive manufacturing system described above with reference to FIG. 1.
Elements shown and described in FIG. 2 and in FIG. 3 are labeled with the
same reference signs and will not be described again in detail. FIG. 4 shows the
energy source 216 inciuding the two radiating elements or lamps 218a, 218k
and the reflector 200 having the reflector seclions 202a and 202b. The energy
source 216 further includes a housing 222 that may be mounted o a support
structure of the additive manufacturing system of FIG. 1, for example, {o a sup-
port structure provided in a 3D printer. The reflector 200 is mounted in the hous-
ing 222. The energy source further comprises a plate 224 that is transparent for
the wavelength spectrum emitied using the lamps 218a and 218b so that radia-
tion may be emitted through the plate 224 towards the support member 104 o
apply heat to the build material provided on the support member 104 as ex-
plained above with reference to FIG. 1. The housing 222 has lower ends 2263,
226b that are bent inwardly so as o provide a mounting location receiving the

opposite cuter ends of the plate 224,

10
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(00417 FIG. 5(A) shows an isometric view of the energy scurce 216 of FIG. 4
without the housing 222. The radiating elements 218a and 218b include slon-
gated lamps, for example halogen iamps, which are arranged side-by-side be-
neath the reflector 200 along a width W of the energy source 216. The lamps
218a, 218b exiend along the longitudinal direction or length L of the energy
source 216. When viewed along the length L, a8 cross-section of the reflector
200 has the above described structure including the first and second reflector
sections 202a, 202b extending along a portion of the two ellipses in the focal
points of which the lamps 218a, 218b are arranged, and the two reflector por-

fions 202a and 202b are joined with each other at the intersecting point 208a.

[0042] FiG. 5(B) shows a side view of the energy source 218 shown in FIG.
5(4). The energy source 216 further includes a first end reflector 228a and a
second end reflector 228b being located at the opposite ends of the lamps
218a, 218b s0 as to close a volume 230 defined by the glass plate 224 and the
reflector 222 in which the lamps 218a, 218b are located. Each of the end reflec-

fors 228a, 228b may include a fixture 232a, 232b for securing the plate 224,

[0343] In an energy source as described above, radiation is focused back
onto the lamps using the reflector, thereby increasing the efficiency and creating
a Gaussian-like radiation flux. The reflector profile having the two interconnect-
ed reflector sections extending along a portion of the respective ellipses reduc-
es hot spots, thereby keeping the radiation profile more uniform. In accordance
with examples, also the end reflectors 228a, 228b are provided at the ends of
the lamps, reducing cold spots, thereby maintaining the radiation flux at the
ends of the lamps to be simiiar 10 the radiation flux at the center, thereby provid-
ing for a more uniform radiation profile. In accordance with further examples, the
plate 224, for example a glass plate, is provided, thereby creating, together with
the reflector 200, also referred {0 as main reflector, and the two end reflectors
228a, 228b the enclosed volume 230 around the lamps 2183, 218b, keeping hot

air inside the volume and preventing the lamps from running oo cold.

11
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[G044] The reflector 200 provides an increased efficiency as the lamps are
kept hot due to the reflection of the radiation or energy from the lamps back into
the filament of the lamps. A Gaussian-like radiation flux is achieved and losses
at the lamp ends are reduced. Further, the reflector 200 allows to operate the
energy source at a reduced energy level while maintaining the filament tem-
perature, thereby keeping the desired selectivity with regard to the material to

be freated.

[0045] The radiation source or energy source may be considered & black
body which is held at a constant, uniform femperature using the reflector 200,
s0 that the radiation has a specirum and intensity depending on the temperature
of the body in accordance with Planclk’s law, i.e., as the temperature decreases,
the peak of the black-body radiation curve moves 1o lower infensities and longer
wavelengths, in an additive manufaciuring process in which part of the build
material is treated with an agent, which is solidified, the radiation is within a de-
fined wavelength range vielding a high absorption of the energy in the treated or
printed part of the build maierial layer. The non-printed or non-treated build ma-
terial has a lower absorption of the energy within the defined wavelength range.
For example, for solidifying the printed part in the build material laver a radiation
in the visible range may be provided. When the radiation in this range, the treat-
ad build material is heated due {0 the energy absorption at this wavelength,
while the non-treated build material is not heated. Shifting the radiation spec-
frum into the IR range may cause the non-treated build material t© be heated
while the freated or printed material is not heated. Thus, the filament tempera-
ture of the lamps is 10 be constant or substantially constant thereby maintaining
the defined wavelength range. In accordance with the examples above, the re-
flector having the two reflector sections causes a part of the radiation to be re-
flected back into the filament of the lamps, so that constant filament temperature
is achieved in each lamp. Also when using one of the two lamps the filament

temperature is maintained as in a situation when the two lamps are operaled,

12
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and this allows to maintain the selectivity with regard to the material treated

while reducing the power or ensrgy.

[0048] FiGG. 6 shows a graph illustrating a power density distribution for the
energy source of FIG. 3 having two lamps tumed on. The energy source de-
scribed in accordance with the example of FIG. 3 is represented on the right-
hand side, and the two lamps 218a, 218b are turned on as is indicated by the
filled circles. The energy source extends in the width direction from —x {0 +x In
the graph on the left-hand side of FIG. 6 the x-axis indicated the width in arbi-
frary units, and the y-axis indicated power density in arbitrary units. The graph
shows a Gaussian distribution of the power density 234a along the width of the

energy source.

100477 FIG. 7 shows a graph illustrating a power density distribution for the
energy source of FIG. 3 having one lamp turned on. The lamp 218a is activated
as is shown by the filled circle, while lamp 218b is deaclivated, as is shown by
the empty circle. The graph shows that the Gaussian distribution 234b of the
power density along the width which is substantially the same as in FIG. 6,
when the two lamps 218a, 218b are aclivated | howsver maximum is substan-
tially one half when compared to the situation in which both lamps, 218a, 2186
are activated. Thus, the reflector siructure 200 of the energy source 216 ailows
to switch on or switch off one of the lamps for changing the power density pro-
vided by the energy source 216, while maintaining substantially the same
Gaussian distribution of the power density along the width of the lamp, and
maintaining the same footprint along the width of the energy source, as may be
seen from a comparison of FIG. 6 and FIG. 7. Al the same time, as explained
above, the reflector structure causes a sufficient additional heating of the lamps
by reflecting back energy inio the filaments of the lamps so thal each lamp is

kept at a constant filament temperature.

13



WO 2017/197015 PCT/US2017/032007

100487 FiG. 8 shows an energy source 216 in accordance with another ex-
ample including continuously bent reflector sections 202a, 202b. Those ele-
ments already described with reference o FIG. 3 will not be described again,
and the same reference signs are used as in FIG. 3. When compared io FIG. 3,
the example of FiGc. 8 differs in that the reflector sections 202a and 202b are
formed by respective continuously curved sections extending from the respec-
tive first ends of the reflector sections 2023, 202b at the intersecting point 2083
o the respective second ends 214a, 214b. The ellipses 204a and 204b are ar-
ranged o intersect at the intersection points 206a and 208b, however, other
than in the FIG. 3 example, the first ellipse 204a does not intersect with the
second lamp 218b, and the second ellipse 204b does not intersect with the first
famp 218a. in accordance with the example of FIG. 8, the intersecting point
206a is at a position that is closer to the focal points F1 of the ellipses 204a,
204b than to the vertices Vi of the ellipses 204a, 204b. The lamps 2183, 218b
are arrangad at the focal points of the ellipses 204a and 204b. The energy
source 216 provides the same functionality and has the same properties as ex-

plained above.

[0349] in the examples described so far, the ellipses 204a, 204b, aiong
which the respective reflector sections 202a, 202b extend partly, have been ar-
ranged such that the major axes 208a, 208b are substantially paraliel to each
other so that the respective second focal points F2 of the ellipses 2043, 204b
are separated from each other by a predefined distance. FIG. 9 shows an ener-
gy source 218 in accordance with another example in which the ellipses 204a,
204b are inclined so that the second focal points Fz coincide. FIG. 9 shows in
the right-hand portion the energy source 216 corresponding substantially {o the
one of FIG. 3 except that the ellipses 204a and 204b are arranged such that the
respective main axes 208a and 208b are inclined s0 that the second focal
points Fz coincide. The graph shown in FIG. 9 represents the power density dis-
fribution over the width of the energy source 216 measured from - to + x along

the x-axis, and the power density is indicated along the v-axis in arbitrary units.
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The curve Z234¢ represents the power distribution over the width of the energy
source 216 assuming that both lamps 218a and 218b are actlivated, as is repre-
sented in FIG. 9 by the filled circles representing the lamps 218a, 218b. When
compared to FIG. 6, substantially the same power density is achieved as in a
situation in which the major axes of the ellipses are substantially parallel o each
other so that the second focal points F2 are separated from each other by a pre-
defined distance. Thus, keeping the major axes subsianiially parailel 10 each
other or arranged inclined with respect 10 each other so that the focal poinis
come closer together does not substantially change the properties of the energy

scurce 216 which is provided with the reflector 200.

[0050] FiG. 10 illustrates the power densily distribution for the energy
source 216 of FIG. @ when one of the lamps is activated. The first lamp 218a is
activated, and the second lamp 208 is deaclivated, as is represented by the
empty circle representing the lamp 218b. As may be seen from a comparison of
FIG. @ and FIG. 10, the power density distribution represented by curves 234¢
and 234d is substantially the same over the width, however, the power density
maximum, when using one lamp, is about one half of the maximum when using
both lamps. Thus, the energy source in accordance with the example of FIG. 9
and FiG. 10 has substantially the same properties as the previously described

axamples.

(00517 FiG. 11 shows an energy source 216 in accordance with an example
in which the major axes 208a, 208b are inclined but the second focal points F2
are at a distance d from each other. Elements already described earlier are ref-
erenced by the same reference signs. When compared {o the examples of FIG.
g and FIG. 10, the ellipses 204a and 204b along which the respective reflector
sections 202a and 202b exiend are inclined so that the second focal points Fz
are closer together than in the example of FIG. 3. The major axes 208a, 208b
are inclined such that there remains the distance d along the width direction be-

iween the second focal points F2. In the example of FIG. 11, the respective re-
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flector sections 202a and 202b are formed by continuously curved or bent parts.
In accordance with other examples, the respective reflector sections 202a and
202b may be formed by a plurality of interconnected linear elements, as de-

scribed with reference to FIG. 3.

[0052] in the examples described above, the energy source included two
radiating elements or lamps, however, in accordance with other examples more
than two lamps may be used. FIG. 12 shows an energy source 216 in accord-
ance with an example including three lamps 208a, 208b, 208c. In FIG. 12, those
elements aiready described with reference o FiG. 3 have associated the same
reference signs and will not be described again. In the energy source 216 the
reflector 200 includes the first reflecior section 202a, the second reflector sec-
tion 202b and a third reflector section 202¢. The reflective reflector sections
202a 1o 202¢ are formed by respective continuously bent element. In accord-
ance with other examples, each of the reflector sections 202a o 202¢ may be
formed by a plurality of interconnecied linear elements. The third reflector sec-
fion 202¢ extends along a part of a third ellipse 204c which intersects with the
second ellipse 204b at the intersecting poinis 206¢ and 206d. A third radiating
glement or lamp 218¢ is arranged beneath the third reflecior section 202¢ so as
to be located in the first focal poini F1 of the third ellipse 204¢. The radiating el
ements 218a, 218b and 234 are arranged on the straight line 214 being orthog-
onal 1o the major axes 208a to 208c¢ of the ellipses 204a to 204¢.The second
reflector section 202b and the third reflector section 202c¢ are connected with
each other at the infersecting point 206¢ at which the second and third ellipses
204b, 204c infersect. The major axes 208a to 208¢ of the three ellipses 204a 1o
204c are arranged substantially paraliel to sach other so that the respective
second focal points F2 are arranged at a distance from each other. The ellipses
2043 to 204c¢ are arranged s0 as to intersect each other without infersecting the
respective lamps 218a to 218c¢. In accordance with other examples, the ellipses

204a to 204¢ may intersect the respective lamps 218a o 218¢ in a way similar
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as shown in FIG. 3. The second ends 2143, 214c may be on, below or above

the minor axis 220 of the ellipses 204a o 204c.

[0083] FiG. 13 shows an example of an energy source 218 including three
radiating elements 218a o 218¢ and having reflector sections 202a to 202¢ ex-
tending partly along inclined eliipses 204a o 204c so that the second focal
points Fz coincide. When compared to the example of FIG. 12, the respective
reflector sections 202a 1o 202¢ are formed by a plurality of interconnected
straight parts or elements. The first reflector section 202a includes four straight
elements a to d extending from the intersecting point 208a at which the first and
second ellipses 204a and 204b intersect to the second end 2143 of the first re-
flector section 202a. The third reflector section 202¢ has substantially the same
structure including four linear elements a to d exiending from the intersecting
point 206¢ at which the second and third ellipses 204b, 208c¢ intersect o the
second end 218c of the third reflector section 202¢. The second reflector sec-
tion 2020 extends from the intersecting point 206a o the intersecting point 206¢
at which the respective reflector sections are connected with each cother. The
second reflector section 202b includes three siraight elements a to ¢ extending

from the intersecting point 2083 1o the interseciing point 210c¢.

[0054] FiG. 14 illustrates a graph representing the power densily over the
width of the energy source 216 of FIG. 13 with all lamps 218a to 218c¢ activated.
On the right-hand side, the energy source 216 of FIG. 13 is depicted with all
lamps 218a, 218b and 234 being activated, as is represented by the filled cir-
cles. The graph represents along the x-axis the width of the energy source 216,
and along the y-axis the power density as indicated in arbitrary units. The graph
shows a Gaussian distribution 234a of the power density over the width of the

anergy source 216 when all radiating elements are aclivated.

(0055 Fic. 15 illustrates a graph representing the power density over the
width of the energy source 216 of FIG. 13 when two of the three lamps 218a (o
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218¢ are activated. The first and third lamps 218a and 218¢ are activated while
the second lamp 218b is deactivated, as is represented by the emply circle. As
is shown in the graph, the power densily has the Gaussian distribution 234f
along the width of the energy source at 2/3 of the power density when com-

pared to a situation in which all lamps 218a to 218c¢ are activated.

10056] FIG. 16 illustrates a graph representing the power density over the
width of the energy source 218 of FIG. 13 when one of the three lamps 218a to
218¢ is sctivated. The lamb 218a is activated and the lamps 218b, 218¢ are
deactivated, as represented by the empty circles. The graph shows a Gaussian
distribution 234g of the power density over the width of the energy source 218

at a power level being about 1/3 of the power level when all lamps are actlivated.

[0057] The reflector 200 aliows to switch on/off the lamps in the energy
source while keeping a substantially Gaussian distribution of the power density
over the width of the energy source, thereby maintaining the footprint of the ra-
diation. In each of the radiating elements or lamps, due {o the refleciion of radia-
tion back into the lamp by the reflector, the filament temperature remains the
same, thereby maintaining the wavelength of the energy source and its selec-
tivity, thereby aliowing for a control or a change of the power density {o different

levels without changing the selectivity with respect io the material to be heated.

[0053] All of the features disclosed in this specification, induding any ac-
companying claims, abstract and drawings, and/or all of the method bocks or
processes so disclosed may be combined in any combination, except combina-
tions where at least some of the features are mutually exclusive. kach feature
disclosed in this specification, including any accompanying claims, abstract and
drawings, may be replaced by alternative fealures serving the same, equivalent
or similar purpose, uniess expressiy siated otherwise. Thus, unless expressly
stated otherwise, sach feature disclosed is an example of a generic series of

equivalent or similar features.

18



WO 2017/197015 PCT/US2017/032007

CLAIMS

1. A reflector, comprising:

a first reflector section; and

a second reflector section,

wherein the first reflector section extends along a portion of a first ellipse,
and the second reflector section extends along a portion of a second ellipse, the
second ellipse intersecting the first ellipse, and

wherein the first reflector section and the second refiector section are
ioined at an intersecting point of the first eliipse and the second ellipse.

2. The reflector of claim 1, wherein the intersecting point of the first
ellipse and the second ellipse is located at a position between a first vertex of
the first ellipse and the second ellipse and a first focal point of the first ellipse
and the second ellipse.

3. The reflector of claim 1, wherein each of the first reflector section
and the second reflector section is formed of a continuously curved section.

4 The reflector of claim 1, wherein each of the first reflector section
and the second reflecior section includes a plurality of straight sections, the
straight sections connecied with each other.

5. The reflector of claim 1, wherein a major axis of the first ellipse
and a major axis of the second ellipse are paraliel to each other.

6. The reflector of claim 1, wherein a major axis of the first ellipse
and a major axis of the second ellipse are inclined with respect to each other so
that a second focal point of the first ellipse and a second focal point of the sec-
ond ellipse are located closer to each other than a first focal point of the first
ellipse and a first focal point of the second ellipss.

7. The reflector of claim 6, wherein the major axes of the first ellipse

and the second sllipse are inclined with respect 1o each other such that the sec-
ond focal points coincide.
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8. An apparatus, comprising:

a reflector of claim 1;

a first radiating element; and

a second radiating element,

wherein the first radiating element is located at a first focal point of the
first ellipse, and the second radiating element is located at a first focal point of
the second ellipse.

8. The apparatus of claim 8, wherein the first ellipse and the second
gllipse intersect each other such that the first ellipse intersects the second radi-
ating element and that the second ellipse intersects the first radiating element.

10.  The apparatus of claim 8, wherein

each of the first reflector section and the second reflector section in-
cludes a first end and a second end,

the first ends of the first reflector section and the second reflector section
are joined at the intersecting point of the first ellipse and the second ellipse, and

the second ends of the first reflector section and the second reflector sec-
tion are located at a position below the first radiating element and the second
radiating element.

1. The apparatus of claim 10, wherein the second ends of the first
reflector section and the second reflector section are located at the same posi-
tion below the first radiating element and the second radiating element.

12. The apparatus of claim 8, comprising

a first end reflector located at a first end of the first radiating element and
the second radiating element;

a second end reflector located at a second end of the first radiating ele-
ment and the second radiating elemeni, the first end reflector and the second
end reflector arranged traverse to the reflector; and

a plate located below the first radiating element and the second radiating
element, the plate being transparent o a wavelength spectrum emitted by the
first radiating element and the second radiating element,
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whersein the reflector, the first end reflector, the second end reflector and
the plate are arranged o form an enciosed volume around the first radiating
element and the second radiating element.

13. The apparaius of claim 8, wherein

the first radiating slement includes a first elongated lamp to emit a wave-
length spectrum {o heat a powder matenal used in an additive manufacturing
pProcess,

the second radiating element includes a second elongated lamp to emit a
wavelength spectrum to heat the powder material, and

the first elongated lamp and the second elongated lamp are iocated be-
neath the reflector and extend side by side along the longitudinal direction.

14.  The apparatus of claim 8, comprising

a third radiating slement,

wherein the reflecior includes a third refleclor section,

wherein the third reflector section extends along a portion of a third b
lipse, the third ellipse intersecting the second ellipss,

wherein the third radiating element is located at a first focal point of the
third ellipse, and

wherein the second reflector seclion and the third refiector section are
joined at an intersecting point of the second ellipse and the third ellipse.

15. An additive manufacturing system, comprising:
a build moduile to build a 3D object from a build material; and
an energy source 1o apply energy to the build malerial 1o cause a solidifi-
cation of printed portions of the build material,
wherein the energy source includes
a reflector;
a first radiating element; and
a second radiating element,
wherein the reflector includes a first reflector section and a second
reflector section,
wherein the first reflector section extends along a portion of a first
ellipse, and the second reflector section exiends along a portion of a second
eliipse, the second ellipse intersecting the first ellipse,
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wherein the first radiating element is located at a first focal point of
the first ellipse, and the second radiating element is iocated at a first focal point

of the second ellipse, and
wherain the first reflector saction and the second reflector section

are joined at an intersecting point of the first ellipse and the second ellipse.
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