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ADDITIVE MANUFACTURING BEVICE
CLAIM OF PRIORITY
{0001} This application claims priority to U.S. Provisional Application Serial

No. 62/308,572, filed on March 15, 2016, and U 8. Non-Provisional Application
Serial No. 15/455 503, filed on March 10, 2017, the entire contenis of which are
hereby incorporated by reference.

TECHNICAL FIELD

[0002] This document relates to additive manufacturing devices, as well as
processes of using such devices and articles made by such processes.

BACKGROUND
{0603] Additive-manufacturing is a process of manufacturing whereby a build
piece is created by adding a manufacturing medium {(e.g., a metal) to a part, as
opposed to removing media to create the part. Examples of additive-manufacturing
include, but are not limited to, 1) additive metal manufacturing, sometimes calied
powder bed fusion, where a laser or other heat source sinters or melis a moetal
medium; 1t} stercolithography, where a light source cures a photopolymer; and 111)

fused deposition modeling, where a thermoplastic i1s extruded and cools to harden.

SUMMARY
{0004] In one aspect, a system includes an additive-manufacturing device.
The additive-manufacturing device includes a build chamber; and a build platform
adjastably coupled to the build chamber and comprising a first securing feature and a
second securing feature, The system further includes a first subplate detachably
coupled to the build platform by the first securing feature. The system further
mncludes optionally, a second subplate detachably coupled to the build platform by the
second securing feature. The additive-manufacturing device 1s configured to print a
first build piece on the first subplate when the first subplate is detachably coupled to
the build platform by the first securing feature.
{0605} Implementations can include any, all, or none of the following features.
The system includes the second subplate and the additive-manufacturing device s

configured fo print a second build picce on the sccond subplate when the second
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subplate is detachably coupled to the build platform by the second secunng feature.
The additive-manufacturing device is configured to pause the printing of the first
build picce on the first subplate to allow removal of the second build picce and the
second subplate from the second securing feature. The second build piece s a
calibration piece. The additive-manufactoring device is configured to modify the
printing of the first bwild piece on the first subplate based on measurements of the
second butld piece. Modifying the printing of the first build piece mcludes
terminating the printing before completion. Modifying the printing of the first build
piece inchides modifying a parameter of the printing based on at least one of the
measurcments of the second build picce. The first or second secunng feature includes
holes configured to receive fasteners. The first or second secunng teature includes a
recess in the build platform. The first or second securing feature inclades a ball detent
interface. The first subplate or the second subplate has an area less than an arca of the
build platform. The bwid platform further includes a third securing feature. The
system further optionally includes a third subplate.

{0005] In one aspect, a method includes providing an additive-manufacturing
device that includes a build chamber and a buiid platform adjustably coupled to the
build chamber, the build platform including a first securing feature and a second
securing feature, wherein the first securing feature ts configured to detachably couple
a first subplate to the build platform, and the second securing featare is configured to
detachably couple a second subplate to the build platforma. The method includes
printing first and second bwild pieces, the printing including 1) printing a first build
picce on g first subplate detachable coupled to the build platform by the first secunng
feature and 11} printing a second build piece on a second subplate detachably coupled
to the build platform by the second securing feature.

{0607} Implementations can include any, all, or none of the following features.
The method inchides receiving an indication that the printing has completed the
second butld picce and not completed the first build picce; and responsive 1o recciving
an indication that the printing has completed the second build piece and not
completed the first build piece, pausing the printing. The method includes removing
the second build piece and the second subplate. The method includes resuming, by
the additive-manufacturing device, printing the first build piece after removing the

second butld piece and the second subplate. Resuming printing the first build piece
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mclodes recetving an indication that the second subplate has been removed from the
second sccuring feature. The second build piece is a calibration piece. The method
mcludes modifying, by the additive-mamufacturing device, the printing of the first
build picce based on measurements of the second build piece. Modifving the printing
of the first build piece comprises terminating the prnting of the first build prece
before completion. Modifving, by the additive-manufacturing device, the printing
includes modifying a parameter of the printing based on at least one of the
measurements of the second build piece. The first secunng feature and the second
securing feature both include holes configured to receive fasteners. The first secuning
feature and the second securing feature both include ball detent mterfaces. The first
subplate or the second subplate has an area less than an area of the build platform.
The build platform further includes a third securing feature.

{0008} In one aspect, a method includes providing an additive-manufacturing
device that includes a build chamber, a build platform adjustably coupled to the build
chamber, and a first subplate, wherein the build platform mncludes a first securing
feature and the first subplate 1s detachably coupled to the build platform by the first
securing feature. The method includes printing first and second build picces, the
printing meluding 1) printing the first build piece on the first subplate and 1) printing
the second build piece on the build platform outside the first subplate.

{0609} Implementations can include one or more of the following advantages.
By pausing a printing when the first of two build pieces is printed, the completed
build piece can be removed and used, finished, or shipped without the need to wait for
the other build picce to finish printing. By printing on subplates, only the
comparatively smaller pint surfaces of the subplates need o be resurfaced before
reuse as compared to the larger build platform. By printing a calibration piece along
with a larger build piece, the prnnting of the larger build piece can be validated before
completion. This can allow carly termination of the printing of out of specification

pieces, or mid-printing adjustraents to calibrations of the additive-manufacturing

device.
DESCRIPTION OF DRAWINGS
{0610 FIG. 1 is atop view of an example build platform with two subplates

attached.
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EBRE FIG. 2 13 a top view of an example build platform with one supblate
attached.

{06012} FIG. 3 is an isometric view of an example subplate.

{6613} FIG. 4 15 a top view of an example subplate.

0614} FI(3. 5 s a canted side view of an example subplate.

{0615} FIG. 6 is atop view of an example build platform with four subplates

attached.

6016} FIG. 7 15 a top view of an example build platform with three subplate

attached.

{6617} FIG. 8 is a flowchart of an example process for printing build pieces on

subplates.

0618} FI(G. 9 15 a side view of an example build platform.

{0619} FIG. 10 1s a schematic diagram that shows an example of a computing

system.

{60201 Like reference symbols in the vanous drawings indicate like elements
BETAILED DESCRIPTION

{0621} An additive-manuafacturing device {e.g., a 3D additive-manufacturing

device) can be configured to print build pieces onto subplates that are detachably

coupled to the build platform, as opposed to or in addition to printing directly on the

build platform, for

mstance. In some cases, the additive manufacturing device can

complete the printing of a small build piece on a subplate betore a larger build picce.

In such as case, the printing of the larger piece can be paused, the subplate and the

smaller build piece

can be removed, and the printing of the larger build piece can be

continued. In some cases, the smaller build piece can be a calibration piece. This

calibration picce can be removed and measured to calibrate the additive-

manufactunng device, to determine if the calibration s accurate, etc.

[0022] FIG

. 118 a top view of an example build platform 100 with two

subplates 102 and 104 attached to the build platform 1090 through two securing

features. FiG. 2 1s

102 atiached to the

a top view of the exarmpie build platform 100 with one subplaie

buld platform 100 through a securing feature, and a securing

feature 202 without any subplate attached to &,
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{6023} The build platform 100 can be, for example, adjustably coupled to a
build chamber of an additive-manufacturing device that is configured to print a build
picce on the build platform 100 and/or the subplates 102 and 104,

0624} The subplates 102 and 104 can be detachably coupied to the build
platform 100 with an appropriate securing feature. In the example shown, the
subplates 104 is detachably coupled to the build platform 100 through securing
feature 202 and the subplate 1072 is detachably coupled to the build platform 100
through the same type of securing featore.  The sccuring feature 202 can include
holes 200 {c.g., tapped holes} configured to receive fasteners 106, As used herein, the
fastencrs 106 can include screws, bolts, studs, pins, ¢tc. In some other examples,
other types of securing features may be used. For example, FIG.s 6 and 7 show a
baseplate 600 with securing features that include a ball detent and a recess. Other
cxamples can inclade, but are not Hmited to, springs and cams. In some
cmbodiments, subplate 102 can be coupled to the build platform 100 through one type
of securing feature {¢.g., a ball detent and a recess) and subplate can be coupled to the
build platform throagh another type of securing feature {e.g., holes and fastencrs). In
some embodiments, the build platform 100 can include one or more subplates in
addition 1o the subplates 102 and 104, and one or more securing features n addition to
the securing features shown in FIG. 1

{0625} As shown in FIG. 1, cach of the subplates 102 and 104 can include a
hole (c.g., a screw hole) at cach of four comers of the subplate 102 or 104, To couple
the subplate 102 or 104 to the build platform, a fastener 106 can pass through the
holes m subplate 102 or 104 and secure the sabplate to the build platform. For
example, the fastener 106 can be machine screws that screw into holes 200 of a
securing feature 202 or an unshown securing feature corresponding to the subplate
102 m the build platform 100,

{0026} To remove a subplate 102 or 104, and a build piece on the subplate 102
or 104 if one 1s present, an operator (human, robotic, ¢tc.) can loosen or remove the
fastener 106 from the subplaie 102 or 104, Removing one subplate 102 or 104 does
not necessarily imply or require the removal of the other subplate 102 or 104, For
example, the additive-manufactuning device can begin a printing that includes
building a first build piece on the subplate 102 and a second build piece on the

subplate 104, In this example, the first build piece can be taller (1.e., requiring more

n
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layers to print) than the second build piece. When the second build piece’s printing is
complete, the first build piece’s printing can still have additional layers that are to be
printed. In this situation, the punting of the first build piece can be paused, the
subplate 104 can be removed from the secuning feature 202, and then the printing can
be resumed. Upon resumption, the additive-manufacturing device can continug to
print the first build piece on the subplate 102, regardiess of if the subplate 104 15
coupled to the build platform or not. This can allow, for example, a finished build
piece to be removed before the completion of the printing of ancther build piece.
[6027) FIG. 3 15 an isometric view of an example subplate 102, FIG. 4152
top view of an cxample subplate 102, FIG. S 1s a canted side view of an cxample
subplate 102,

{60628} As shown n FIG. 3, the subplate 102 mchides a print surface 300, The
print surface 300 can be printed uvpon as part of an additive-manufacturing process.
For exarople, in a direct metal printer or fused deposition modeling printer, the print
surface 300 can be a made of stainless steel. In many cases, the matenal may be
selected based on the matenial used to print a build piece. For example, materials may
be selected for having a similar coefficient of thermal expansion. As shown here, the
print surface 300 can be coplanar with other upper surfaces of the subplate 102,
However, in some other examples, the print surface 300 can be elevated or recessed.
After the subplate is used, the print sarface 300 can be modified. For example, to
prepare a used subplate for another print, the print surface 300 can be resurfaced.
Resurfacing can be carried out by, for example, grinding, sanding, and/or cleaning the
print sarface 300, In such embodiments, the subplate 102 can be manufactured with
the print surface 300 elevated, m which the print surface 300 is designed to be ablated
over the litetime of the subplate 102, Use of a subplate 102 can thus be beneficial
compared to printing directly on a build platform 100, because the print surface 300
can be much smaller than the build platform 100. Therefore, the resurfacing of the
build surface 300 can be much faster than resurfacing the entire build platform 100
Simularly, the amount of material ablated can be reduced, which can lead to increase
i econonnic efficiency

[3029] The subplate 102 includes four holes 302 that pass through the
subplate 102 so that the subplate 102 can be detachably coupled to a securing feature,

In this example, each hole 302 can be a screw hole and can inclade a shelf 304, This

&
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shelf 304 is configured to allow the head of a screw to contact the shelf 304 and exert
a coupling force on the plate when the screw is screwed into a securing feature such
as a tapped hole or nut. The screw holes 302 shown here are untapped. However, in
other implementations, the screw holes 302 can be tapped.

06361 FI(G. 6 1s a top view of an example build platform 600 with four
subplates 602, 604, 606 and 608 attached to the build platform 600 through four
securing features. FIG. 7 is a top view of an example build platform with three
subplate 602, 606 and 608 attached to the build platform 600 through three securing
features and ong securing feature 612 without any subplate attached to it

{6631} The build platform 600 can be, for example, adjustably coupledtoa
build chamber of an additive-manufacturing device that 18 configured to print a build
piece on the build platform 100 and/or the sebplates 602, 604, 606 and 608.

[0632] The subplates 602, 604, 606 and 608 can be detachably coupled to the
build platform 600 with an appropriate sccuring feature 610, 612, 614 and 616, In
this example, the securing features 610, 612, 614 and 616 are a ball and detent
mterfaces in recesses of the build platform 600, Ball and detent interfaces of the
securing features 610, 612, 614 and 616 a recess into which the subplates 602, 604,
606, and 608 are placed, and the securing featares 610, 612, 614 and 616 include a
spring loaded ball, or object of other shape, that is configured to mate with a detent or
similar feature 10 the subplates 602, 604, 606, and 608, When the subplates 602, 604,
606 and 608 arc detachably coupled to the build platform 600, the tension of the
spring-loaded ball contributes to holding the subplates 602, 604, 606 and 608 to the
build platform 600 until removed. In FIG. 7, the subplate 604 has been removed,
gxposing a portion of the ball 700 that is captured within the build platform 600, A
corresponding detent 702 m the subplate 604 would not normally be seen from this
view, but for clarity ts shown through the top of the subplate 604,

{0633} To remove a subplate 602, 604, 606 or 608, and a build piece on a
subplate 602, 604, 606 or 608 if one 1s present, an operator (human, robotic, ¢tc.) can
remove a subplate 602, 604, 606 and 608, for example by pulling with sufficient force
to overcome the ball and detent’s coupling. Removing one subplate 602, 604, 606
and 608 does not necessarily imply or require the removal of one or more of the other
subplates. For example, the additive-manufacturing device can begin a printing that

mehides building a first build piece on the sabplate 602 and a second build piece on

-2
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the subplate 604, possibly with additional build picces on subplates 606 and/or 608,
In this example, the first build piece is taller {i.e., requiring more layers {o print} than
the second build picce. When the second build piece’s printing is complete, the first
build picee’s printing can still have additional layers that are to be printed. In this
situation, the printing can be paused, the subplate 604 can be removed from the
securing feature 612, and then the printing can be resumed. Upon resumption, the
additive-manufacturing device can continue to print the first build piece on the
subplate 602, regardless of if the subplate 604 15 coupled to the build platform or not.
[3034] Although the baseplate 100 and the baseplate 600 are shown with the
same types of securing features (1.¢. tapped holes the baseplate 100 and ball and
detents in the baseplate 600), a single baseplate may include different types of
securing features. For example, a single baseplate may have one secuaring feature
with tapped holes and another securing feature with a ball and detent interface. In this
example, a large build piece may be built on a subplate held with the tapped holes,
while a smaller build piece {e.g., a calibration picce) may be printed on a subplate
held with a ball and detent interface. This may be desirably, for example, to allow the
smaller build picce to be removed without the use of tools that might impact and
damage the larger build picce while the larger build picce is held in place with a
securing feature that permits less play (e.g., movement in the securing feature).
{0035} FIG. 8 is a flowchart of an example process 800 for printing build
picces on subplates. The process 800 can be performed by, for example, an additive-
manufacturing device having the build platform 100, Therefore, the process 800 will
be described with reference to the FIGs 1 and 2. However, other devices or svstems
of devices can be used to perform the process 800 or other processes.

{8636} The process 800 includes a step 802 of providing an additive-
manufacturing device. For example, the additive-manufacturing device can melude a
build chamber and a build platform 100 adjustably coupled to the build chamber, the
build platform 100 comprising a first securing feature and a second securing feature
202, wherein the first securing feature 1s configured to detachably couple a first
subplate 102 to the build platform 100, and the second securing feature 202 1s
configured to detachably couple & second subplate 104 €0 the buld platform.

{6637} The additive-manufacturing device can be a direct metal printer, fused

deposttion modeling printer, stereolithography printer, or any other technologically
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appropriate addittve-manufacturing device. A print head or energy source, depending
on the printer type. can be used by the addiive-manufactunng device to iteratively
add successive lavers to, first, the subplates 102 and 104 and/or other arcas of the
build platform 100, then to the previous layer of matenial. In this way, the additive-
manufacturing device can additively manufacture one or more bwld pieces. By way
of comparison, a different process that 1s not additive manufacturing is called stock
rermoval, in which a larger piece of stock is cut, ground, or otherwise reduced in size.
6038} The process 800 includes a step 804 of printing a first build picce and a
step 806 of printing a second build picce. In some embodiments, the print head or
energy source of the additive-manufacturing device can begin printing the first layer
of a first build piece on the subplate 102, Afier the first layer of the first build piece is
printed, the print head or energy source can print the first laver of the second build
piece on the subplate 104, In some embodiments, the additive-manufactunng device
can print the first laver of the second build picce on the subplate 104 first and then
print the first laver of the first build piece on the subplate 102, In some embodiments,
the additive-manufacturing device can print the first layer of the first build piece on
the subplate 102 and the first laver of the sccond build picce on the subplate 104
simuitaneously.

{66391 The additive-manufacturing device can repeat this process with each
subsequent layer, for example, printing both second layers of both build pieces before
cither third laver, printing both third layers of both build pieces before printing etther
fourth laver, and so on. In some embodiments, the additive-manufacturing device can
complete the printing of one of the first and sccond build pisces before begin printing
the other build piece.

[6048] The process 800 includes a step 808 of complete the printing of the
second butld piece. For example, the additive-manofacturing device can receive an
indication that the printing has completed the second build piece and not compleied
the first build piece. For example, the second build piece can be shorter than the first
build prece. As such, the second build piece 1s made of fewer lavers than the first
build piece and can be completed before the first build piece.

[0041] The indication can take any technologically appropriate form. For
example, a controller of the additive-manufacturing device can determine that the fast

layer of the second build piece has completed. In another example, an operator can
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press an mput button or other control to send an indication to the additive-
manufacturing device that the printing of the second build piece has completed. This
control can be specifically designed to send a signal specifving cormpletion of a build
piece, or a general purpose control to pause a bwild for any reason, or take any other
technologically appropriate form.

{0042} The process 00 1nchudes a step 810 of pausing the printing (¢.g.,
pausing the printing of the first and sccond build picces). For example, responsive to
receiving an indication that the printing has completed the second build piece and not
completed the first build piece, the printing can be paused. For example, the additive-
manufacturing device can stop the printing functions (¢.g., encrgizing an encrgy
source, moving a print head, or moving the build platform 100). Once the printing 1s
paused, other parts of the additive-manufacturing device can be engaged or permitted
to be manipulated. For example, automated doors or curtains can open or be opened
bv a buman or robotic operator. The temperature of the build platform 100, a subplate
102 and/or 104, or another feature can be allowed to equalize or held at operating
temperature. For example, some types additive-manufacturing devices can heat
surfaces onto which build pieces arc printed, and the step 810 can include either
allowing those surfaces 1o cool, or to be held at the heated operating temperature. The
atmosphere within the additive-manufacturing device can be cyeled. For example,
some types additive-manufacturing devices can replace the natural atmosphere ina
build chamber with a controlled atmosphere for the primting process, and the step 810
can include evacuating that controlled atmosphere and replacing it with natural
atmosphere before allowing the build chamber to be opened. Output such as a user
display or messages to a remote destination can be issued. A print head or other
clement can move to allow operator access to a subplate.

0043} The process 800 includes a step 812 of removing the second build
piece. For example, a human or robotic operator can remove the subplate 104 and, by
cxtension, the second build picce on the subplate 104, fn this cxample, the four
fastener 106 on the subplate 104 can be loosened or removed. The subplate 104 can
then be Lifted and removed, taking with i the second build piece that has been printed
to the subplate 104,

{0044} The process 800 includes a step 814 of moditving the printing. For

example, the printing of the first build piece can based on measurements of the second

10
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build piece. For example, the second build picce can be a calibration piece that 1s
specifically designed to have surfaces that can be measured to calibrate or test the
calibration of the additive-manufacturing device. In this example, a human or robotic
operator can fest the actual printed geometry {¢.g., a length, a width, or an arca} of
these surfaces, input them to the additive-manufactuning device, and compare them to
a target geometry. For example, a measuring tool such as calipers may be used to
measure the distance between two surtaces of the calibration piece. In another
example, a computer vision system may record an image of the calibration piece and
measure the distance between pixels of features of the calibration piece.

[0045] This information can be used to determine if the additive-
manufacturing device 1s printing with proper calibration, and/or to calibrate the
addittve-manufacturing device. For example, the operator can test the distance
between sets of surfaces in the calibration piece, and ¢nter that data into a calibration
progran. This program can deternune if the additive-manufacturing device is
operating within calibration specification, and/or can generate new commands o
change the calibration of the additive-manufacturing device.

{0046} For example, modifying the printing of the first build picce can include
ternunating the printing of the first build piece before completion. In some cases, the
measurements of the second build piece can indicate that the partially printed first
build picce is unsavagably out of specification. In this caseg, the printing of the first
build piece can be terminated, saving the time and materials that can have otherwise
been used m building the entire out of specification first build piece.

6347} The process 800 includes a step 816 of continuing the printing. For
example, if the printing has not been terminated, the printing of the first build piece
on the subplate 102 can continue. This continued printing can use one or more
modified parameters that have been modified based on, for example, measurements of
the second build piece. For example, based on the calibration piece, it may be
determined that one or more setiings of the punting should be adjusted. If, for
example, the calibration piece is too wide or narrow in the X-direction, the control of

a stepper motor controlling travel in the X-direction be modified (e g, the number of

-ty
steps used to achieve movement of a particular distance may be tncreased or
decreased). In another example, lavers of the calibration piece may be printed with

different parameters (e.g.

=

print head speed, temperature). The calibration picce may

it
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be inspected, and a parameter giving the most desired result may be identified and
mnput to the additive-manufacturing device.

{0048} Although process 800 is described with a particular number, order, and
type of elements, other number, orders, and types of elements are possible. For
example, instead of printing a calibration picce, a process can print first and second
build picces that are both to be sold as products that can be used ¢ accomplish some
task or assembled into a single useful assembly.

06049} In another example, mstead of printing multiple buld pleces as
described, each build piece may be printed to completion before the next build piece
15 printed. Said another way, the printing may be picce-wise instead of layer-wise. In
this example, a first build piece can be printed onto a first subplate. When this first
build pisce 1s completed, an operator may remove the first subplate, taking the
completed first build piece with it. The printing can then be modified, terminated, or
contimued. If continued, the sccond build piece may be printed on the second
subplate.

HEERS ] FIG. 9 15 a side view of an example build platform 900, This viewis a
wire-frame view in which the edges of hidden geometry is shown through oceluding
faces. The build platform 900 includes a subplate 902 and a subplate 904. A build
piece 906 is being printed on the subplate 902, a build picce 908 1s being printed on
the subplate 904, and a build piece 910 15 being printed on the build platform 900
directly {i.c. not on a subplate). When completed, the build piece 908 will have a
final shape 912 and the build picce 910 will have a final shape 914

HEEI Y In this example, the subplate 902 1s detachably coupled to the build
platform 900 by a securing feature that includes a ball detent 916 and arecess 918, A
channel 920 allows an operator to use, for example, fingers or a tool to remove the
subplate 902 from the build platform 900,

{0652} In this example, the subplate 904 is detachably coupled to the build
platform 900 by a securing feature that includes fasteners 922 and 924 and a recess
926. An operator may use, for example, fingers or a tool to remove the fasteners 922
and 924 to remove the subplate 904,

[3053] Ag shown here, certain build pieces (e.g.. build pieces 906 and 908}
can be printed ondo subplates and certaim build picces (c.g., build piece 910} can be

printed on the build platform. In this example, the top surfaces of the build platform

PCT/US2017/022027
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500 and the subplates 902 and 904 are coplanar in the z-direction. In some
embodiments, the top surface of the subplate 902 or 904 can be above or below the
surface of the build platform 900 in the z-direction.

{0654} When the build piece 906 1s completed, the subplate 902 can be
removed and the printing of the buld pieces 908 and 910 can continue. When the
build picce 908 is completed, the subplate 904 can be removed and the printing of the
build piece 910 can continue. When the build picce 910 is completed, the build picce
914 can be removed from the build platform 900, The build platform 900 may then
be prepared and used for another print job. optionally with the subplates 902 and 904,
with different subplates installed, or with no subplates.

{0655} FIG. 10 15 a schematic diagram that shows an example of a computing
system 1000. The computing system 1000 can be used for some or all of the
operations described previously, according to some implementations. The computing
system 1000 includes a processor 1010, a memory 1020, a storage device 1030, an
mput/output device 1040, and an additive-manufactunng device 1060, Each of the
processor 1010, the memory 1020, the storage device 1030, the inpat/output device
1040, and the additive-manufacturing device 1060 are interconnected using a system
bus 1050. The processor 1010 15 capable of processing instructions for execution
within the computing system 1000, In some implementations, the processor 1010 is a
single-threaded processor. In some implementations, the processor 1010 is a muhti-
threaded processor. The processor 1010 s capable of processing instructions stored in
the memory 1020 or on the storage device 1030 to display graphical information for a
user mterface on the mput/output device 1040.

HEESEY The memory 1020 stores information within the computing system
1000. In some implementations, the memory 1020 1s a computer-readable mediam.
In some implementations, the memory 1020 is a volatile memory unit. In some
implementations, the memory 1020 is a non-volatile memory unit.

[0057] The storage device 1030 1s capable of providing mass storage for the
computing systemn 1000, In some nmplementations, the storage device 1030 1s a
computer-readable medium. In various different implementations, the storage device
1030 can be a floppy disk device, a hard disk device, an optical disk device, or a tape

device.

13
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EERY The mput/cutput device 1040 provides mput/outpud operations for the
computing systom 1000, In some implementations, the input/cutput device 1040
mchudes a kevboard and/or pointing device. In some implementations, the
mput/output device 1040 includes a display unit for displaving graphical user
mterfaces.

{0659} The additive-manufacturing device 1060 is a device that can
manufacture a part by additive manufacturing. Example additive-manufacturing
devices 1060 clements to deposit extrusions or bind granular materials according to
computer-readable instructions received from the computing system 1000,

[0068] Some features described can be implemented in digital electronic
circuitry, or in computer hardware, firmware, sofiware, or in combinations of them.
The apparatas can be tmplemented in a computer program product tangibly embodied
in an information carrigr, €.g., in a maching-readable storage device, for execution by
a programmable processor; and method steps can be performed by a programmmable
processor executing a program of mstructions to perform functions of the described
mmplementations by operating on input data and generating output. The deseribed
features can be implemented advantageously in one or more computer prograras that
are exccutable on a programmable system including at least one programmable
processor coupled to receive data and instructions from, and to transmut data and
instructions €0, a data storage system, at least one input device, and at least one output
device. A computer program is a set of nstructions that can be used. durectly or
mdirectly, i a computer to perform a certain activity or bring about a certain result. A
computer program can be written in any form of programming language, inclading
compiled or interpreted languages, and it can be deploved n any form, including as a
stand-alone program or as a module, component, subrouting, or other unit suitable for
use i a computing environment.

{0061} Suitable processors for the execution of a program of nstructions
mclude, by way of example, both general and special purpose microprocessors, and
the sole processor or one of multiple processors of any kind of computer. Generally, a
processor will receive instructions and data from a read-only memory or a random
access memory or both. The essential elements of a computer are a processor for
executing instructions and one or more memorics for storing nstructions and data.

Generally, a computer will also include, or be operatively coupled to commumicate
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with, one or morg mass storage devices for storing data files; such devices include
magnetic disks, such ag internal hard disks and removable disks; magneto-optical
disks; and optical disks. Storage devices suitable for tangibly embodying computer
program instructions and data include all forms of non-volatile memory, including by
way of example semiconductor memory devices, such as EPROM (crasable
programmable read-only memory), EEPROM (electrically erasable programmable
rcad-only memory}), and flash memory devices; magnetic disks such as internal hard
disks and removable disks; magneto-optical disks; and CD-ROM {compact dise read-
only memaory) and DV D-ROM {digital versatile dise read-only memory} disks. The
processor and the memory can be supplemented by, or incorporated m, ASICs
{application-specific mtegrated circuiis).

0062} To provide for interaction with a user, some features can be
implemented on a computer having a display device sach as a CRT {cathode ray tubc)
or LCD (liguid crystal display) monitor for displaving information to the user and a
kevboard and a ponting device such as a mouse or a trackball by which the user can
provide input to the computer.

{0063} Some features can be implemented in a computer system that includes
a back-end component, such as a data server, or that includes a middieware
component, such as an application server or an Infernet server, or that includes a
front-end component, such as a client computer having a graphical user interface or an
Internet browser, or any combination of thema. The components of the system can be
connected by any form or medium of digital data communication such as a
commumnication network, Examples of communication networks include, e g, a LAN
{local arca network}, a WAN (wide arca network}, and the computers and networks
forming the Intemet.

0064} The computer system can include chients and servers. A client and
server are generally remote from each other and tvpically nteract through a network,
such as the described one. The relationship of client and server arises by virtue of
compuier programs running on the respective computers and having a client-server

relationship to cach other.

[
v
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WHAT iI5 CLAIMED I

t.

b

(9]

W

A system, comprismg:
an additive-manufactunng device comprising:
a build chamber; and
a build platform adjustably coupled to the build chamber and
comprising a first securing feature and a second securing featurs;
a first subplate detachably coupled to the build platform by the first
securing feature; and
optionally, a second subplate detachably coupled to the build platform
by the second securing feature;
wherein the additive-manufacturing device 18 configured to print a first
build piece on the first subplate when the first subplate is detachably coupled

to the build platform by the first secunng feature.

The system of claim 1, wherein the system comprises the second subplate and
the additive-manufacturing device is configured to print a second bwid piece
on the second subplate when the second subplate is detachably coupled to the

build platform by the second securing feature.

The system of claim 2, wheremn the additive-manufacturing device s
configured to pause the printing of the first build piece on the first subplate to
allow removal of the second build piece and the second subplate from the

second securing feature.

The system of claim 3, wherein the second build mece 1s a calibration pisce.
The system of claim 4, wherein the additive-manufactering device is
configured to modity the printing of the first build piece on the first subplate
based on measurements of the second bwid piece.

The system of claim §, wherein modifying the printing of the first build piece

comprises terminating the printing before completion.

16
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7.

9.

10.

i1

12.

I3.

The system of claim 5, wherein modifying the printing of the first buald piece
comprises modifying a parameter of the printing based on at least one of the

measurements of the second build piece.

The system of claim 1, wherein the first or second securing feature comprises

holes configured to receive fastencrs.

The system of claim 1, wherein the first or second securing feature comprises

a recess i the build platform.

The system of claim 1, wherein the first or second sccuring feature comprises

a ball detent mterface.

The system of claim 1, wherein the first subplate or the second subplate has an

arca less than an arca of the buiid platform.

The system of claim 1, wherein the build platform further comprises a third
securing feature;

wherein the system further optionally comprises a third subpiate.

A method comprising:

providing an additive-manufacturing device comprising a build
chamber and a build platform adjustably coupled to the build chamber, the
build platform comprising a first securing feature and a second securing
feature, wherein the first securing feature is configured to detachably couple a
first subplate to the build platform, and the second securing feature is
configured to detachably couple a second subplate to the build platform; and

printing first and second build preces, the printing comprising 1)
printing a first build picce on a first subplate detachable coupled to the build
platform by the first securing feature and 11} printing a second build piecc on a
second subplate detachably coupled to the build platform by the second

securing feature.

17
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14.

i6.

17.

I8,

1.

20.

21

22

The method of claim 13, the method further comprising:

recetving an indication that the printing has completed the second build
picce and not completed the first build picce; and

responsive (o recelving an indication that the printing has completed
the second buld piece and not completed the first build picce, pausing the

printing.

. The method of claim 14, further comprising removing the second build piece

and the second subplate.

The method of claim 13, the method further comprising:
resuming, by the additive-manufacturing device, printing the first build

picce after removing the second build piece and the second subplate.

The method of claim 16, wherein resurning printing the first build picce
comprises receiving an indication that the second subplate has been removed

from the second securing feature.

The method of claim 13, wherein the second bwild piece is a calibration piece.

The method of claim 18, further comprising modifying, by the additive-
manufacturing device, the printing of the tirst build piece based on

measurements of the second build piece.

The method of claim 19, whercin modifving the printing of the first build
picce comprises termunating the printing of the first build piece before

completion.

The method of claim 19, whercin modifving, by the additive-manufacturing
device, the printing comprises modifying a parameter of the printing based on

at least one of the measurements of the second build piece.

The method of claim 13, whercin the first securing feature and the second

securing feature both comprise holes configured to receive fastencrs.

18
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23.

24.

The method of claim 13, wherein the first securning feature and the second

securing feature both comprise ball detent interfaces.

The method of claim 13, wherein the first subplate or the second subplate has

an arca less than an arca of the build platform.

25. The method of claim 13, wherein the build platform further comprises a third

securing feature.

. A method comprising:

providing an additive-manufacturing device comprising a build
chamber, a build platform adjustably coupled to the build chamber, and a first
subplate, wherein the build platform comprises a first securing feature and the
first subplate 15 detachably coupled to the build platform by the first securing
feature; and

printing first and second build pieces, the printing comprising 1)
printing the first build piece on the first subplate and 11} printing the sccond

build picce on the build platform outside the first subplate.

19
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