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FIG. 1

(57) Abstract: A system (2) for manufacturing a three-dimensional article (4) includes a resin vessel (6), a vertical movement mecha-
nism, and a light engine. The resin vessel (6) includes a lower opening (10) closed by a transparent sheet (12). The vertical movement
mechanism (18) is for positioning a support tray (20) which supports the three-dimensional article. The light engine (20) is disposed
below the transparent sheet and is configured to selectively harden layers of resin over a build plane (32) above the transparent sheet
(12). The light engine (26) includes a light bar (27) coupled to a lateral movement mechanism (29). The light bar (27) includes an array
(28) of light emitting devices and a device for impinging upon the transparent sheet. The impingement maintains a proper operating
distance H between the transparent sheet (12) and the build plane (32).
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SYSTEM AND METHOD FOR MAKING A THREE-DIMENSIONAL ARTICLE BY
ADDITIVE MANUFACTURING

Field of the Invention

[0001]  This non-provisional patent application claims priority to U.S. Provisional
Application Serial Number 62/714,119, Entitled “HIGH PRODUCTIVITY THREE-
DIMENSIONAL PRINTER” by Peter Scott Turner et al., filed on August 03, 2018,

incorporated herein by reference under the benefit of U.S.C. 119(e).

Field of the Invention

[0002] The present disclosure concerns an apparatus and method for fabrication
of solid three-dimensional (3D) articles of manufacture from energy curable
materials. More particularly, the present disclosure concerns a very high

performance three-dimensional printer.

Background

[0003] Three-dimensional printers are in wide use for manufacturing three-
dimensional articles. Some three-dimensional printer designs are optimized for
the use of photocurable materials. Typically these printers have been used for
low volume applications such as prototyping. There is an increasing desire to

utilize three-dimensional printers for manufacturing.

Brief Description of the Figures

[0004] FIG. 1 is a schematic block diagram of an embodiment of a three-

dimensional printing system for manufacturing a three-dimensional article.
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[0005] FIG. 2 is a diagram of an overlay between a build plane and a light bar.
[0006] FIG. 3 is a schematic of a portion of a three-dimensional printing system.
[0007] FIG. 4 is an alternative embodiment of a light engine.

[0008] FIG. 5 is a flowchart depicting an embodiment of a method for

manufacturing a three-dimensional article.

Summary

[0009] In a first aspect of the disclosure, a system for manufacturing a three-
dimensional article includes a resin vessel, a vertical movement mechanism, and
a light engine. The resin vessel includes a lower opening closed by a
transparent sheet having opposed upper and lower surfaces. The upper surface
of the transparent sheet is for contacting resin contained in the resin vessel. The
vertical movement mechanism is for positioning a support tray. The support tray
has a lower surface for supporting the three-dimensional article. A lower face is
defined by the lower surface of the support tray or a lower end of the three-
dimensional article. The light engine is disposed below the transparent sheet
and is configured to selectively harden layers of resin over a build plane above
the transparent sheet. The light engine includes a light bar coupled to a lateral
movement mechanism. The light bar includes an array of individually
controllable light emitting devices arranged along a first lateral axis. The light bar
includes a device for impinging upon the lower surface of the transparent sheet
to provide a proper operating distance H between the transparent sheet and the
build plane. The lateral movement mechanism is configured to scan the light bar
along a second lateral axis to allow the light bar to address the entire build plane.
The light emitting devices can include diode lasers, light emitting diodes (LED’s),

and/or vertical cavity surface emitting lasers (VCSEL's).
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[00010] In one implementation the light bar includes a light guide for directing light
from the light emitting devices toward the build plane. The light guide is the
device for impinging upon the lower surface of the transparent sheet and thus

provides a dual function of directing light and maintaining the proper distance H.

[00011] In another implementation the device for impinging includes two rollers.
The array of light emitting devices can transmit light upwardly and between the

two rollers.

[00012] In a further implementation the upper surface of the transparent sheet is
supported by a rim at a distance D above the build plane. D is greater than H. D
can be more than 1.5 times H. D can be more than 2 times H. D can be more

than 3 times H. D can be more than 5 times H. D can be more than 10 times H.

[00013] In a yet further implementation the system includes a controller that is
controllably coupled to the vertical movement mechanism and the light engine.
The controller is configured to (a) operate the vertical movement mechanism to
position the lower face proximate to the build plane, (b) operate the lateral
movement mechanism to scan the light bar along the second lateral axis, (c)
concurrent with scanning the light bar, operate the plurality of light emitting
devices to selectively harden resin across the build plane, and (d) repeat
operating the vertical movement mechanism, the lateral movement mechanism,
and the plurality of light emitting devices to complete fabrication of the three-

dimensional article.

Detailed Description of the Preferred Embodiments

[00014] FIG. 1 is a schematic block diagram of an embodiment of a three-
dimensional printing system 2 for manufacturing a three-dimensional article 4. In
describing the following figures, mutually perpendicular axes X, Y, and Z will be

used. Axes X and Y are lateral axes that are horizontal or nearly horizontal. Axis
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Z is a vertical axis that is generally aligned with a gravitational reference. The

direction +Z is generally upward and the direction -Z is generally downward.

[00015] The three dimensional printing system 2 includes a resin vessel 6 for
containing a photocurable resin 8 including a lower opening 10 closed by a
transparent sheet 12. The transparent sheet 12 has an upper surface 14 and an
opposing lower surface 16. The upper surface 14 of the transparent sheet 12 is
in contact with the resin 8. The upper surface 14 is supported around edges of

the opening 10 by a rim 15.

[00016] A vertical movement mechanism 18 is configured to support and vertically
translate a support tray 20. The support tray 20 has a lower surface 22 that
supports the three-dimensional article 4. The three-dimensional article 4 has a
lower face 24 which is in facing relation with the upper surface 14 of the

transparent sheet 12.

[00017] A light engine 26 is disposed below the resin vessel. The light engine 26
includes a light bar 27 and a lateral movement mechanism 29. The light bar 27
includes an array 28 of individually controllable light emitting devices and a light
pipe 30. The array 28 of light emitters can be diode lasers, light emitting diodes
(LED’s) or vertical cavity surface emitting lasers (VCSEL'’s) and/or other
individually controllable light emitters. The light guide is positioned above the
array 28 and directs light from the array 28 toward a build plane 32. The light
guide 30 also has an upper surface 34 that impinges upon the lower surface 16
of the transparent sheet 12. This impingement helps to maintain a proper
spacing or operating distance H between the upper surface 14 of the transparent
sheet 12 and the lower face 24. Thus, in the illustrated embodiment, the light
guide 30 has a dual function of mechanically maintaining the spacing H and for

directing light from the array 28.

[00018] In an alternative embodiment, a device for impinging upon the lower

surface 16 can be separate from the light guide 30. In another alternative
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embodiment, the light bar 27 includes a combination of one or more lasers and
scanning optics for scanning the beams emitted by the laser(s) across the build

plane.

[00019] The lateral movement mechanism 29 is configured to scan the light bar
27 along lateral axis Y, so that the entire build plane 32 can be addressed by the
light engine 26. Build plane 32 is further illustrated in FIG. 2. The light bar 27
extends along the lateral X-axis of the build plane 32 and scans along the lateral
Y-axis. As the light bar 27 scans, individual light emitting devices of the array 28
are activated to selectively harden layers of resin over the build plane and

accretively onto the lower face 24.

[00020] A controller 36 is controllably coupled to the vertical movement
mechanism 18, the light bar 27, and the lateral movement mechanism 29. The
controller is configured to (a) operate the vertical movement mechanism 18 to
position the lower face 24 proximate to the build plane 32, (b) operate the lateral
movement mechanism 29 to scan the light bar 27, (¢) concurrent with scanning
the light bar, operate the array 28 to selectively harden the resin across the build
plane, and (d) repeat (a)-(c) to complete fabrication of the three-dimensional
article 4.

[00021] The controller 36 includes a processor coupled to an information storage
device. The information storage device includes a non-volatile or non-transient
storage device storing software instructions. The software instructions, when
expected by the processor, operate various portions of system 2 including the
vertical movement mechanism 18, the light bar 27, and the lateral movement
mechanism 29.

[00022] FIG. 3 depicts a portion of the three-dimensional printing system 2 with an
exaggerated emphasis on the effect of the light bar 27 on the transparent sheet
12. The transparent sheet 12 is supported around the rim 15. Without the

impingement of surface 34 on transparent sheet 12, the transparent sheet 12
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would be a distance D from build plane 32 (or lower face 24). The upper surface
34 of light bar 27 pushes the transparent sheet 12 to an operating distance H

from the build plane 32. At this distance H, polymerization of resin can accrete
onto the lower face 24.

[00023] As the light bar 27 scans along Y, it forms a ridge in the transparent sheet
as it scans. This motion has two beneficial effects. First, it helps to replenish
uncured resin along the build plane 32. Second, this can provide a peeling force
to assure that the film 12 does not stick to the lower face 24. In the illustrated

embodiment, surface 34 is formed by light guide 30.

[00024] An alternative embodiment of the light engine 26 is illustrated in FIG. 4. In
this illustrated embodiment, a device 38 for impinging upon the lower surface of
the transparent sheet 12 does not function as a light guide 30. In the illustrated
embodiment there are two such devices 38. The devices 38 include rollers 40 for
impinging upon the transparent sheet 12 to maintain the proper operating
distance H. The array 28 of light emitters project light upwardly between the

rollers 38 and to the build plane 32. In one embodiment, the array 28 of light
emitters includes VCSEL's.

[00025] FIG. 5 is a flowchart depicting a method 50 for manufacturing a three-

dimensional article 4 using a three-dimensional printing system 2. Method 50 is
performed by controller 36.

[00026] According to 52, a resin vessel 6 is provided or loaded into the three-
dimensional printing system 2. The resin vessel 6 defines an opening 10 that is
closed on a lower side by a transparent sheet 12. The transparent sheet 12 has
opposed upper 14 and lower 16 surfaces. Resin 8 is poured or provided in the
resin vessel 6, and contacts the upper surface 14 of the transparent sheet 12.
The transparent sheet 12 is supported around a rim 15.

[00027] According to 54, a support tray 20 is positioned whereby a lower face 24
(initially the lower surface 22 of the support tray 20 but later a lower face 24 of

6
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the three-dimensional article 4) is positioned proximate to a build plane 32 and at

a distance D from the upper surface 14 of the transparent sheet proximate to the
rim 15.

[00028] According to 56, a light bar 27 is scanned under the transparent sheet 12.
The light bar 27 includes an array 28 of light emitting devices arranged along a
first axis X. The scan direction is along a second lateral axis Y. The light bar 27
defines an upper surface 34 that impinges upon the lower surface 16 of the
transparent sheet 12, pushing the upper surface 14 to a distance H from the
lower face 24 underneath the array 28 of light emitting devices. The distance D

is greater than H.

[00029] According to 58 — concurrent with scanning the light bar 27, the array 28
of light emitting devices is activated to selectively harden a layer of resin onto the
lower face 24. According to 60, positioning, scanning, and activating are

repeated until the three-dimensional article 4 is fabricated.

[00030] For method 50, variations are possible. The light bar 27 embodiment
discussed with respect to FIG. 3 or FIG. 4 can be used. According to the
embodiment of FIG. 3, a light guide 30 provides the upper surface 34 that
contacts the lower surface 16 of the transparent sheet. According to the
embodiment of FIG. 4, a device 38 provides the upper surface 34 that contacts
the lower surface 16 of the transparent sheet. Other embodiments are also

possible with other light bar 27 designs.

[00031] The specific embodiments and applications thereof described above are
for illustrative purposes only and do not preclude modifications and variations

encompassed by the scope of the following claims.
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What is claimed:
1. A system for manufacturing a three-dimensional article comprising:

a resin vessel including an opening closed by a transparent sheet, the transparent sheet
having opposed upper and lower surfaces, the upper surface for contacting resin

contained in the resin vessel;

a vertical movement mechanism for positioning a support tray having a lower surface for
supporting the three-dimensional article, the support tray or the three-dimensional
article defining a lower face;

a light engine disposed below the transparent sheet and configured to selectively

harden layers of resin over a build plane above the transparent sheet and including:

a light bar including at least one light emitting device, the light bar including a device
for impinging upon the lower surface of the transparent sheet to maintain a proper
operating distance H between the lower surface of the transparent sheet and the

build plane; and

a lateral movement mechanism configured to scan the light bar along a second

lateral axis to allow the light bar to address the entire build plane.

2. The system of claim 1 wherein the light bar includes a plurality of light emitting

devices arranged along a first lateral axis

3. The system of claim 2 wherein the light emitting devices are vertical cavity
surface emitting lasers (VCSEL).

4. The system of claim 2 wherein the light emitting devices are light emitting diodes.

5. The system of claim 1 further comprising a light guide for directing light from the
at least one light emitting device toward the build plane.
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6. The system of claim 5 wherein the light guide provides a dual function of
transmitting the light and providing the surface for impinging upon the lower surface of

the transparent sheet.
7. The system of claim 5 wherein the light guide includes a plurality of micro-lenses.

8. The system of claim 1 wherein the device includes a roller for impinging upon the

lower surface of the transparent sheet.
9. The system of claim 8 wherein the roller is two rollers.

10.  The system of claim 9 wherein the array of light emitting devices transmit light

upwardly and between the two rollers.

11.  The system of claim 2 further comprising a controller configured to control the
vertical movement mechanism, the light emitting devices, and the lateral movement

mechanism.

12. A method of manufacturing a three-dimensional article comprising:

providing a resin vessel including an opening closed by a transparent sheet, the
transparent sheet having opposed upper and lower surfaces, the upper surface for
contacting resin contained in the resin vessel;

positioning a support tray whereby a lower face defined by the support tray or the three-
dimensional article is a distance D from the upper surface of the transparent sheet;
scanning a light bar underneath the transparent sheet, the light bar pressing the upper
surface of the transparent sheet to an operating height H, D is greater than H;
concurrently with scanning the light bar, activating light emitting devices to selectively
cure a layer of resin onto the lower face; and

repeating positioning, scanning, and activating to complete the three-dimensional
article.
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13. The method of claim 12 wherein D is at least 1.5 times H.

14. The method of claim 12 wherein D is at least 2 times H.

10
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PROVIDE A RESIN VESSEL INCLUDING AN OPENING
CLOSED BY A TRANSPARENT SHEET, THE TRANSPARENT
SHEET HAVING OPPOSED UPPER AND LOWER
SURFACES, THE UPPER SURFACE CONTACTS RESIN

Y

Y

POSITION A SUPPORT TRAY WHEREBY A LOWER FACE
DEFINED BY THE SUPPORT TRAY OR THE THREE-
DIMENSIONAL ARTICLE IS POSITIONED AT A DISTANCE
D FROM THE UPPER SURFACE OF THE TRANSPARENT
SHEET AROUND ITS PERIPHERY

Y

SCAN A LIGHT BAR UNDER THE TRANSPARENT SHEET,
THE LIGHT BAR ENGAGING THE LOWER SURFACE OF
THE TRANSPARENT SO THAT THE TRANSPARENT SHEET
IS A DISTANCE H AWAY FROM THE LOWER FACE
UNDER THE LIGHT BAR, D IS GREATER THAN H

Y

CONCURRENT WITH SCANNING THE LIGHT BAR,
ACTIVATING LIGHT EMITTING ELEMENTS OF THE LIGHT
BAR TO SELECTIVELY CUFRAECIEESIN ONTO THE LOWER

Y

REPEAT POSITIONING, SCANNING, AND ACTIVATING
TO FABRICATE THE THREE-DIMENSIONAL ARTICLE

FIG. 5
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