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(57) ABSTRACT

A vending machine for creating a three-dimensional object

having an enclosure having an exterior andinterior. The inte-
rior receives and houses at least one three-dimensional

printer. An interface for accepting an instruction associated
with an object to be printed and transmitting the instruction to

the printer. A storage section for storing a printed object that
provides access to the printed part but limits or prohibits

access to the interior.
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1
3D PRINTING VENDING MACHINE

CROSS-REFERENCE TO RELATED

APPLICATIONS

This application claimsthe benefit U.S. Provisional Appli-

cation No. 61/787,093, filed Mar. 15, 2013 and herein incor-

porated by reference.

STATEMENT REGARDING FEDERALLY

SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

INCORPORATION-BY-REFERENCE OF

MATERIAL SUBMITTED ONA COMPACT DISC

Not Applicable.

BACKGROUNDOF THE INVENTION

Field of the Invention

The present invention relates generally to an automated
and modular vending machine deploying a 3D printer that

may be customized using printer modules and other hardware
and software.

BRIEF SUMMARY OF THE INVENTION

The invention comprises apparatus and a methodthatpro-

vides a free standing, modular 3D printer machine or auto-

matedor point-of-sale device. The invention includes printer
modules and commoninterfaces that reduce down time and

maintenance costs. In addition, the modules that can be
assembled and configured to create an automated vending

unit having interfaces makingit an interactive retail display of
any size that may be linked to users over a numberofinter-

faces.

BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWINGS

FIG.1 illustrates an embodimentofthe present invention.
FIG. 2 shows a build material filament changing mecha-

nism of the present invention.
FIG. 3 illustrates a wiper removal mechanism of the

present invention.

FIG.4 illustrates pusherremoval mechanism ofthepresent
invention.

FIG.5 illustrates a vacuum suction mechanism thatretains
a disposable build sheet for use with the present invention.

FIG.6 illustrates a lifting post mechanism that retains a
disposable build sheet for use with the present invention.

FIG.7 illustrates a rotating tab mechanism that retains a

disposable build sheet for use with the present invention.
FIGS. 8A-8Billustrate a part storage and retrieval mecha-

nism of the present invention.
FIG. 9 is a block diagram of a preferred process used with

the present invention.
FIG.10 is a schematic ofanother embodimentofthe inven-

tion.

DETAILED DESCRIPTION OF THE INVENTION

This description is not to be taken in a limiting sense, butis

made merely for the purposeofillustrating the general prin-
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2
ciples of the invention. The scope of the invention is defined
by the appendedclaims. Ina preferred embodiment, as shown

in FIG. 1, the present invention includes a modular vending

machine 100 for creating a printed three-dimensional object
101. The vending machine includes an enclosure 102 having

an exterior 103 and interior 104. Interior 104 is adapted to
receive and house a plurality of modular three-dimensional

printers 111-114 in predetermined locations. Each of the
modular printers are interchangeable in each ofthe predeter-

mined positions. This permits printers to be easily located,

removedand installedin the device. To facilitate removal and
installation of a printer, the vending machine may use a com-

mon wiring interface and a common mounting interface at
each of the predetermined positions

Atleast one interface 120 is provided. The interface may be
in communication with and or include a processor or other

electronics for receiving a build design ofan object 101 and to

transmit build design instructionsto at least one ofthe modu-
lar three-dimensional printers. As shown in FIG. 2, one or

more build materials 201-212 are located in the device. To
feed the build materials to the printers, at least one manipu-

lator 220 is provided which is in communication with build
materials 201-212. Manipulator 220 is adapted to feed the

build materials to the modular three-dimensionalprinters in

accordancewith the received build design instructions. Once
the printing of object 101 is completed, it may first be placed

in a section of the device for storage. One method of storing
one or more printed objects is to provide one or more storage

bins 130-133 that are adapted to receive and store printed
objects. The storage section or sections of the device are

spaced apart from the one or moreprinters and prevent users

from accessing the printers. This reducesthe risk of injury to
the user. As shown,the bins may be doorsor receptacles that

swing openor pivot to allow access to a part while at the same
time blocking accessto the interior.

As shown in FIGS. 8A and 8B, a manipulator 800 is pro-

vided for positioning one or more storage bins 810-812 in a
position to receive a printed object from the printers and to

position a bin in theinterior for storage. Manipulator 800 may
be a gantry or other known mechanical systems of moving

objects and is further adapted to move and manipulate a
storage bin into a position in which the printed object is

placed into a retrieval bin 820 for removal by the user.

The system and methodare also designed for and capable
of (1) accepting user input with a human-computer interface

(HCI)or by networking with a local area network, Intranet or
Internet-based application, (2) transferring data from the HCI

to an additive manufacturing system 111-114 (which may be
“three-dimensionalprinters”, “3D printers” or simply “print-

ers”), (3) changing build material 201-212 based on user

input (e.g., from translucent PLA plastic to green ABSplas-
tic), (4) producing a three-dimensional solid physical model

of the user-selected digital part file, (5) providing remote
monitoring of the build process and notification of comple-

tion, (6) removing the completed part from the build location
to allow the nextpart in the part order queue to automatically

begin, (7) depositing the completed part in a secure storage

location to await pickup, and (8) providing the user access to
a part for pickup.

Additional features include the ability to (9) calculate cost
from the selected digital part file based on several factors

(e.g., material consumption, material color, build time, etc.)
and accepting payment before printing, (10) providing the

user with a meansofensuring the security oftheir completed

part with a randomly generated passcode, user-selected pass-
code, physical token, key, etc. at the start of a build or via the

remote monitoring application that may be provided to
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retrieve the completed part, (11) accept a user’s digital part
file via removable memory (e.g., SD card, USB drive, etc.)

and either require that the removable memory beleft in the

system during the build or download the selected file to a
digital storage location within the system to allow the user to

removetheir media, (12) allow users to perform a 3D scan of
a physical part that may then be replicated using the system or

provide access to a part file to the user for editing, (13)
provide visually-appealing industrial design, including dis-

play locations for example parts, (14) print either a user-

designed part from removable memory or another source of
file submission (e.g., online interface, Bluetooth from phone

or PC, etc.) or allow the user to select from alistofparts (with
physical models likely displayed in the case) includedin the

system memory, (15) network with several installed systems
to allow usersto print from and controla printer on a separate,

networked system regardless of the location from which a

part file is uploaded, (16) use an easily disconnected interface
for power, HCI input signals, and part data transfer, (17) the

ability to remove and replace individual 3D printers for ser-
vice with minimal delayin service for a single printer and no

delay in service for the entire system,(18) provide easy access
to all systems for maintenance personnel, (19) provide a

storage location (either concealed or visible) for maintenance

tools, exampleparts,etc., (20) provide redundancyby includ-
ing multiple 3D printers to ensure continuous service, and

(21) provide a stable, free-standing housing that is safe for
users (e.g., no access to high temperatures, mechanical com-

ponents, chemicals, etc.) and can be constructed on-site and is
as mobile as possible without sacrificing stability.

The system 100 is controlled through a HCI or HCIs that

maytake one of several forms, including a text-based screen
with physical buttons, a touchscreen with an intuitive graphi-

cal user interface (“GUI”) that can be easily manipulated by
maintenance personnel, users and others according to the

printer type. An online interface that mirrors the simplicity of

the touchscreen interface, a smartphone/tablet application
that replicates the on-system touchscreen interface and

includes remote monitoring, may also be used.
Theinterface may be a simple system with options only for

file selection and build process start/stop. Another embodi-
ment provides additional configurations which includes

printer control options locked for maintenance personnel

only (e.g., control of nozzle, printhead, build platform, etc.
movements, nozzle temperature, platform temperature, build

material, support material, part removal mechanism, part
storage and distribution mechanism,etc.).

In yet another embodiment, the invention includes user
optionsfor setting a user-defined passcode, randomly gener-

ating a passcode, accepting a passcode for part retrieval,

intuitively navigating through file systems(e.g., from exter-
nal media, preloaded part files stored in the system, online

databases ofpart files, etc.), selecting an appropriate file for
printing, selecting whether to downloadthe part file to the

system memory or leaving external media connected during
the build, viewing a preview ofthe digital model, selecting a

material type and color, calculating the material use andesti-

mated build time, making a payment accordingto the calcu-
lated cost (e.g., cash, credit, debit, PayPal™, etc.), taking a

surveyor poll (e.g., user satisfaction, recommended improve-
ments, etc.), and learning new information on how additive

manufacturing works, recent advancesin the field, and recent
and scheduled upgrades to the system(s).

Theinterface mayalso include optionsfor users to access

and purchase discounts (physical couponreading and produc-
ing, coupon codes, sweepstakes, etc.) for printing services.

Deal purchasing may include options such as buying several
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4
prints up-front for a discountedtotal rate (possibly including
an expiration date on the discount), special event or holiday

discounts, employee discounts, sales on certain materials

types or colors, etc. The interface may be specific to a single
printer or be a single interface that communicates with all

printers in the system.
Theinterface also has the additional capability of queuing

several part orders (may also be handled by cloud-based
application that communicates with the interface). Depend-

ing on use, the part order queue may include options for

charging more during peak hours or immediate start printing
and less for prints that take place during slow times (e.g.,

between 10 PM and 7 AM). The interface mayalso include
features to pull up order-specific information mid-build or

pre-build once a part order has been placed(e.g., location in
queue, estimated start time, estimated build length, required

pickuptime,layer color settings, material consumption,cost,

etc.).
Using a user-specific passcode also allows for changes to

the build prior to the start of a buildif there is no significant
time increase (e.g., color, scale, etc.). The interface may allow

usersto select the desiredstart ofbuild time orthe desired end
of build time, (e.g., to ensure that the user is able to conve-

niently access the build upon completion as their schedule

allows). This option maybe integrated with a visible calendar
function that displays anticipated printer availability over

time and allows the user to select an open window in the
schedule to fit their build.

The HCI facilitates transfer of digital model data from
external mediaor internal storage to the printer(s). This func-

tion may be as simple as communication with the printer

which is in direct control of the inserted external media to
start a build. A more complex version includes features such

as the direct manipulation of basic part files (e.g., STL,
.PART, AMF,etc.) to allow the user to make simple changes

to the intendedpart (e.g., scale, density, layer thickness,etc.)

and then convert the part file given the selected manipulations
into the required formatfor printing (predetermined toolpaths

for each layer specific to the type ofprinters installed).
As shownin FIG.2, the build material or spools ofmaterial

201-212 may be changed via a mechanical system forfila-
ment-based 3D printers, in whichthe selected printer’s nozzle

automatically heats until the filament may be removed, a

moving filament manipulator 220 which may be a clamp,
adhesive pad, magnet, or some other device for engaging a

filament on a mechanical arm, which may be moved by any
conventional means(e.g., in predefined tracks, along a mul-

tiple axis belt and/or rod system, a simple multiple axis
motor/pulley system, etc.), grasps the end of a filament and

removesit from theprinter, then movesto and collects the end

of a selected filament andinserts it into the printer. To facili-
tate reliable service, a tail 230 of a material spool 201 may be

held in pre-determined locations by clamp 235.
In operation, spools 201-212 may also be mounted with a

motorto retract excess loose filament. This may be followed
by the ejection of excess material from the printer for a

predetermined time (by running the filament motor on the

printer, then disposing ofthe excess material by the standard
part removal method into a material recycling container) to

ensure the old filament properties (e.g., material, color, etc.)
have been evacuated from the system.

Additionally, the system may be integrated with a digital
model manipulation system to change colors during the build,

in which the user wouldselect, before the build, which layers

of the model should be built from which colors. The colors
mayalso be changeable on-the-fly during the build, assuming

that the changes were restricted to the original user (e.g.,



US 9,418,503 B2

5
restricted by the retrieval passcode or token, logged into
smartphone application, etc.). The system is also useful for

managing available materials, ensuring continuous use by

automatic changeout ofempty material cartridges/spools and
the ability to stock large numbers of material cartridges/

spools to reduce service needs such that removal of empty
material cartridges/spools and replacement by maintenance

personnel can be donein large, infrequent batches.
The system mayuse any type of3D printer, although there

are more maintenance considerations for nearly every poten-

tial system other than standard desktop filament-based fused
deposition modeling printers. This includes additive manu-

facturing processes such as stereolithography, selective laser
sintering, selective laser melting, binderjetting 3D printing,

material jetting 3D printing, electron beam melting, and other
similar systems.

Remote monitoring is included to provide users the ability

to observe the build during printing andto notify them that the
build is complete. The monitoring may be in the form of

internet-connected cameras mountedto the printeror the case
that would stream videoto an onlineinterfacevisible to users,

which mayalso be includedas part of an internet-connected
application (e.g., for smartphone, tablet, video game con-

soles, etc.).

A notification for build completion or the status may take
the form of an email, sms text message, smartphone/tablet

application notification, rss feed, etc. Said notification may
include additional information about the build (e.g., time

limit for part retrieval before purchaseis forfeit, retrieval bin
number, etc.). The user mayset the notification to alert them

at a selected durationprior to the estimated build completion

time (e.g., to allow for user transit time to the system).
Monitoring and notification services may charge an extra

fee and may berestricted such that only the initiator of the
build may view them. Videos or still images may also be

stored so that users can view them at a later date or download

them, which maybe kept for personal use, educational pur-
poses(e.g., presentations), to assist in part file troubleshoot-

ing (e.g., ifthere are interior features and a users needsto see
howtheprinter treats them), etc.

Removalofthe part from the build platform may be done in
any of several ways. The build platform itselfmay be a con-

veyor belt that will automatically eject the part from the

printer as is knowninthe art. In an alternate embodiment, as
shown in FIG.3, a single-axis rotary wiper arm 310 of any

material may be used to push the part 312 off the build
platform 314. As shownin FIG.4, a pusher arm 410 deploy-

ing but not limitedto, two leadscrewsforhorizontal motion or
two guiderails and a single leadscrew of any material may

also be used to push the part 412 off the build platform 414.

Either of these part removal arms may include a blade or
acute angle to help detach the part from the surface of the

build platform. The arms maytake any shape, including flat as
shownor a curve to help ensure the part does notfall off the

side and instead moves toward the center ofthe platform. The
arms maybe of any height and may include padding on the

faceto assist in avoiding damaging more delicate parts during

removal. The arms mayalso include arigidbasewith a softer,
net-like or cushion-like fitting higher up to catch a part from

falling backward overthe end ofthe arm during part removal
and help protect more fragile features of the part typically

located higher.
Disposable build sheets 510 may also be used in combina-

tion with a removal arm to ensure smooth operation during

the removal process without requiring the removal arm to
overcome any adhesion of the part 512 to the build platform

514 as shownin FIG.5. The sheet may be dispensed from a
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stacked storage location in a similar manner to how paper
printers move paper sheets. As shown, the build sheet 510

maybeheld in place by one or more vacuuminlets 511 in the

build platform 514 that are disabled once the build is com-
plete. The vacuumpump mayeven bereversed to help the part

glide along the surface of the build platform during removal.
As shown in FIG.6, build sheet 610 for holding part 612

mayalso be held in place with mechanicalfittings 620-623,
suchasposts in four corners that extendupwardthrough holes

in the sheet. The posts may have feet that open once through

the build sheet to hold the sheet firmly against the build
platform 614 (restricting vertical motion rather than only

horizontal motion).
As shownin FIG.7, the build sheet 710 for holding part 712

may also be held in by tabs 715-718 located outside the
perimeter of the build sheet that rotate around to cover the

build sheet 710, then press down onto the build sheet or that

are raised as the build sheet is dispensed, then clamp down-
ward onto the sheet without rotation.

Upon removalfrom the build platform, the part maytravel
to a storage location via a vertical drop,a solid slide, a rolling

slide (similar to those used in package handling), a powered
conveyorbelt, a water-powered conveyor, a mechanical arm,

etc. The parts may be deposited into a storage bin 813 thatis

then moved to a location within the system to be kept until the
part is ready for retrieval, as shown in FIG.8.In this embodi-

ment, a mechanical manipulator or gantry 800 grips the bin
via electromagnetism, permanent magnets, a mechanical

grip, etc. then deposits it where appropriate such as ona shelf.
The system may also provide tiered costs based on required

storage length or pick-up time, giving the users the option of

paying morefor a wider pick-up window.
The locations of each part may be linked to the user’s

retrieval passcode such that entry ofthe passcode will activate
the mechanical manipulator 800, which will retrieve the

appropriate part (e.g., from a bin, shelf, mechanical clasp,

adhesivestrip, etc.), and make the part accessable to the user
such as by depositing the part into a retrieval bin 820 or,

pushing a bin through door 132 as shown in FIG.1, so a part
can beretrieved directly.

The system mayalso include the optionto place parts that
have not been picked up within the required window into a

concealed location for later recycling as new build material.

This feature mayprioritize the recycling ofparts that are the
furthest outside their pickup window, use the mostor least

build material, require the longest or shortest build time, were
the mostor least expensive, etc.

The 3D printers themselves may also be used as storage
locations, either allowing the part to remain on a stationary

printer until the user is prepared to retrieve it through a win-

dow 130 or the printers themselves are part of a moving
system thatassists in the depositionofparts (e.g., each printer

is affixed to a mechanical arm, conveyorbelt, etc. that can
moveindependently, allowing the printer to moveto the front

to print where passersby may observe, moveto the rear for
storage to await the user, then moveto the retrieval bin to

deposit the part upon the user’s arrival)

The system mayalso include 3D scanning functionality. A
3D scanneror scanners may be integrated with printing func-

tionality or act independently, wherein users may scan a
physical part they bring to the system and either immediately

replicate the part (or a scaled model of the part in user-
selected material, coloring, density, etc.) using the system’s

3D printing capabilities or they may choose to keep a copy

(via SD, USB, Bluetooth, email, Dropbox,etc.) of the scan-
ner-generated part file that they may edit later, or both. The

scanner may have a different pricing system than the 3D
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printing, including optionsfora fixed fee regardless ofsize,
duration-basedpricing, size-based pricing, etc. Additionally,

there may be a combined chargeat a discounted rate when the

scanner is used in combination with an immediate print job
(wherein the total cost of use is less than the sum of an

individual scan and an individual print). This may also allow
the user to pay a combined charge up-front and provide a

redemption token or code for a future print that may or may
not expire within a given duration.

The system may be enclosed with no visibility of printer

functionality for passersby (e.g., for a minimalist system that
may externally appear to be no morethan a interface screen

and a part retrieval bin in an otherwise normal wall), may
allow for high visibility with largely transparent casing, or

may include any variation between. The system may include
display locations for many purposes, including example

parts, information on how to use the system, educational

material on additive manufacturing systems, etc. These loca-
tions are aesthetically contiguous with the rest of the system

and do notsignificantly obscure visibility ofthe functionality
of the printers. The locations may take the form of somesort

of shelving or may include display materials suspended from
aboveor held from below.

The system may be networkedwith other installed systems

(on any scale, from a physically hardwired network within a
single building or short distance to a cloud-enabled global

network). This network allows for full control (the same
provided in-person or with the online interface) of any net-

worked system at any other networked system, including
systemsthat contain different types of 3D printers and those

with differing capabilities or systems with different material

options. The network mayalso berestricted if desired such
that maintenance personnel or those granted additional net-

work access may accessany installed system, where common
users can only access a specific set of systems(e.g., visitors to

a facility may only access those systems in the visitor-acces-

sible spaces or have no network printing capabilities, while
employees may access any system in the building, regardless

of the location used).
A process that may be used with the various embodiments

ofthe invention is shown in FIG. 9. The steps performedin the
processare as follows: step 901, auser connects their physical

media to the system (e.g., SD or USB); step 902, the HCI

reads and indexes information on physical media; step 903,
the HCIreads indexedfiles for knownfile types; step 904, the

HCI determines if compatible files were found; step 905, if
compatible files were not found, HCI displays error message

(e.g., “No compatible files were found, knownfiletypes
include .STL, AMF, .PART, ...”); step 906, if compatible

part files were found, HCI displays compatible part files for

user selection; step 907, the user uses HCI to select which
compatiblefile should be printed; step 908, the HCI performs

checks on the submitted part to ensure it is printable (e.g.,
format of data matches filetype expectations, there are no

impossible features, etc.); step 909, the HCI determinesifany
ofthe printability tests failed (errors were found); step 910,if

errors were found, HCI displays error message (e.g., “The

selected part does not meet one or more printability require-
ment(s), as described below . ..”’); step 911, ifno errors were

found, HCI copiesthefile to a local or remote server; step 912,
the HCI communicates with all networked systems and

requests available build configuration options; step 913, net-
worked systemsidentify their available build configuration

options(e.g., material types, available colors, maximum print

size, available schedule openings,etc.); step 914 networked
systems respond to HCI with available build configuration

options; step 915, the HCI displays available build configu-
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ration options to user; step 916, a user makes selections for
build configuration (e.g., color, size, location for pickup,

etc.); step 917, the HCI simultaneously provides on-the-fly

feedback on howselected options affect the build cost and
whereselected optionsare/are notavailable (e.g., by greying-

out pickup locations that have small printers when a large
buildis selected, greying-outcertain colors or materials when

a specific pickup location is selected, etc.); step 918, a user
confirms the configuration options selected and associated

price; step 919, a user pays for the build (e.g., cash, credit,

PayPal™, etc.); step 920, a HCI verifies that payment is
acceptable, displaying an error message if not; step 921, a

HCI uploads the build configuration options to a local or
remote server and passes it to the appropriate networked

system (may be the current system); step 922, a HCI contacts
user with an invoice including print details and provides a

passcode for part retrieval via email, sms, etc.; step 923,

networked system addsthe part to the print queue according
to the selected timing options selected; step 924, networked

system prints the part; step 925, networked system stores the
completed part in system storage; step 926, a user enters

retrieval passcode; step 927, networked system retrieves
stored part from system storage; step 928, the networked

system dispenses part for user retrieval; and step 929, net-

worked system provides survey/poll (e.g., satisfaction sur-
vey).

The system also includes common mounting and wiring
interfaces for quickly switching a machine in and out. The

interfaces are used with each 3D printer in the system and
provide a simple connection point to connect and disconnect

the printer power, input signals from the HCI, and data trans-

fer of the part file Gf not handled natively by the HCI).
With the use of a physical and wiring interface and com-

mercial off-the-shelf3D printers, the system allowsfor rapid
removal and replacement of a 3D printer for service needs,

ensuring zero full-system down times (given that several

printersare installed) and keeping single-printer down times
to no more than a few minutes (assuming spare printers are

available). This modular printer redundancy ensures continu-
ous service because the entire system will never need to be

powered down. The system provides easy access for mainte-
nance personnel with doors located such that reaching into

the system is safe, convenient, and not ergonomically taxing.

Additionally, maintenance will be simplified with the inclu-
sion of a storage location (either concealedorvisible) for the

most commonly required maintenance tools as well as addi-
tional display materials that may be seasonal, for special

events, etc. Use of custom printers may allow for quick-
change components that would accelerate maintenancepro-

cedures, particularly if spare parts are kept in stock (e.g.,

quickly disconnect a printer nozzle that has clogged and
immediately replace with a spare nozzle, rather than requiring

that the entire printer be removed or maintenance to occur
within the system).

Previously printed parts may be saved onboard the system
or via an external networkedstorage location such that a user

may access previousparts they or others(ifthe original user

granted public use permission) have printed, including the
printer settings used (e.g., material type, color, layer thick-

ness, part density, etc.). These settings may be recalled and
edited for a new part without requiring that all settings be

selected again.
The interface may also be adapted to communicate on a

network with interfaces of other like-systems for remote con-

trol. Interface can control any other networked systems as
though their printers are just as available as those in the

current system. Network may be Internet-based, intranet
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(within a company), or even just a hardwired local area net-

work with no wireless functionality Interface may also

included functionality and software that is adaptedto intelli-

gently manage any numberofprinters regardless ofthe maxi-

mum system printer capacity. For example, the system may

have one, or missing, or inoperative printers; yet still be able

to print objects by adapting to the loss of printing capacity,

thereby eliminating down-timefor the entire system.

The enclosure andinterface mayalso be adaptedto restrict

physical user-access to the three-dimensional printers. This

avoids user contact with high temperature, toxic, moving

parts, etc. that are typically required when using 3D printers.

Theinterface also performsfile conversion from standard

3D modelfiletypes provided by the user to the build instruc-

tions expected by the printers such asuserbuild settings(e.g.,

scale, density, etc.). The interface may also send a series of

commands to the printer(s) for material or color changing.

This includes heating the nozzle to allow the manipulator to

removethe old filament, then running the motor once the new

filament is in to ensure that all the remnants ofold filament

have been evacuated, then pushing the excess material that
wasjust evacuated off of the build platform and disposing of

it. In addition, the manipulator is adapted to automatically

load an identical material into a printer whose material has
run out or is soon to run out.A sensorthat is in communication

with the manipulator on each spool would perform this func-
tion.

The interface may be further adapted to restrict access to
system services based on a passcode or login. Suchrestric-

tions would cover giving accessto users for their own remote

video monitoring as well as giving maintenance personnel
access to higher-level system functions.

For stored parts, the manipulator mayalso retrieve stored
parts and provide them directly to the user, without the use of

an intermediate retrieval bin. A part would be pulled off the

build platform, then placed on a shelf to wait with no “bin”
ever being involved, for storage or conveyance. For instance,

a grabber arm picks up the part, then movesthe part out of a
doorwayto directly handtheuserthe part, rather than dump-

ing it into a retrieval bin like a soda vending machine.
The device may further include a material recycler that

produces usable material from discarded parts and other

waste material. For instance, an extruder that would melt the
parts down andextrude them for a filament spool that can be

loaded into the machine. The printing units may also auto-
matically move within the enclosure to perform tasks like

movingto the back to await printing instructions whennot in
use or inoperable.

The interface may also store (either locally or on a net-

work) previous and partial print information forlater recall.
This would allow a user to access an account andreprint a part

they printed in the past with all the build settings saved, also
giving them the chance to make changestothe buildsettings,

like changing the color. “Partial” meaning that a user could
make changes to their part and start putting in their build

settings, but realize they have no money with them or need

more information and wantto save their progress. The system
mayalso be adapted to includeelectrical efficiency and time

efficiency options. The system may manage functionality
intelligently based on usestatistics over time or as directed by

maintenance personnel. This includes features such as
improving electrical efficiency by completely powering

down unusedprinters or turning off HCI screen during off-

peak hours until woken, reducing build start time by keeping
someor all nozzles or build platforms heated whennotin use,

etc.
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FIG. 10 shows another embodiment of the invention in

whichthe device is a modular system.In this embodiment, an

enclosure and printer form a modular unit 1000 which may be

a single unit including someorall of the features described
above. The top and bottom sections or panels 1002 and 1003

of each modular unit are interconnectable so that a vertical
stack of units 1010 may be assembled. In addition, the side

sections or panels 1004 and 1005 mayalso be interconnect-
able to form horizontal blocks of units 1020 and 1022. A

combination of vertical and horizontal stacks 1030 may also

be configured. This allows the system to be easily configured
to adapt to a location. It also allows for the addition or sub-

straction of units depending on the printing demands of a
particular location. Each modular unit may have its own

interface as described above or have a commoninterface.

Whatis claimedis:

1. A vending machine for creating a three-dimensional
object comprising:

an enclosure having an exterior and interior, said interior
adapted to receive and house at least one three-dimen-

sional printer, said interior further sized to allow said
printer to move vertically and horizontally to deposit

material on a build platform to print an object layer-by-

layer;
an interface for accepting an instruction associated with an

object and transmitting said instruction to said at least
one three-dimensionalprinter;

said build platform positioned to cooperate with a movable
arm, said moveable arm adaptedto dislodge and remove

an object from said build platform; and

at least one storage section for storing a printed object.
2. The vending machine of claim 1 wherein said storage

section is a receptacle that pivots to allow access to an object
while preventing access to said interior.

3. The vending machine of claim 2 wherein a plurality of

receptacles are provided.
4. A vending machine for creating a three-dimensional

object comprising:
an enclosure having an exterior and interior, said interior

adapted to receive and house a plurality ofprinters, said
interior further sized to allow said printers to move ver-

tically and horizontally to deposit material on a build

platform to print an object layer-by-layer;
an interface for accepting an instruction associated with an

object and transmitting said instruction to said printers;
said build platform positioned to cooperate with a movable

arm, said moveable arm adaptedto dislodge and remove
an object from said build platform; and

at least one storage section for storing a printed object.

5. The vending machine of claim 4 wherein each of said
printers is independently operated and removable.

6. The vending machine of claim 1 wherein a manipulator
removesan object from a printer and places it in said storage

section.
7. The vending machine of claim 1 wherein said interface

allows a user to upload an instruction whichis a printfile,

transmitssaid printfile to said printer, and monitor the status
of the printing.

8. A vending machine for creating a three-dimensional
object comprising:

an enclosure having an exterior and interior, said interior
adapted to receive and house at least one three-dimen-

sional printer, said interior further sized to allow said

printer to move vertically and horizontally to deposit
material on a build platform to print an object layer-by-

layer;
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an interface for accepting an instruction associated with an

object and transmitting said instruction to said at least

one three-dimensional printer;

said build platform positioned to cooperate with a movable

arm, said moveable arm adapted to dislodge and remove an

object from said build platform; and

plurality of storage bins adapted to receive and store said
printed objects and a manipulator for positioning said

storage bins in a position to receive a printed object from
said at least one printer andto position said storage bins

in said interior for storage.
9. The vending machine of claim 8 further including a

second manipulator for moving said storage bins into a posi-

tion in which said printed object is placed into a retrieval bin
for removal from said enclosure.

10. The vending machine of claim 4 wherein said printers
are located in a plurality of predeterminedlocations, each of

said printers interchangeable in each of said predetermined
positions.

11. The vending machine of claim 1 further including a

plurality of build materials located in said interior, and an
manipulator adapted to feed said build materials to said at

least one printer in accordance with associated printing
instructions.

12. The vending machineofclaim 1 whereinsaid interface
is adapted to communicate with a scanner which scans an

object for printing and to generate instructions.

13. The vending machineofclaim 1 whereinsaid interface
is networkedwith a local area network, Intranet or Internet to

receive a print file for an object to be printed.
14. The vending machineofclaim 1 whereinsaid interface

is adapted to provide a user with available build times of the

vending machine andto select a desired time.
15. The vending machineofclaim 1 whereinsaid interface

is adapted to send a user a noticeas to the status of a build.
16. The vending machine of claim 15 wherein said inter-

face is adapted to send a user a passcode to access a prede-
terminedretrieval bin in which a printed object is stored.

17. The vending machineofclaim 1 whereinsaid interface

permits a user to manipulate a design to be printed.
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18. The vending machineofclaim 1 wherein said interface

permits a user to select one or more colors or materials to be
used with print.

19. The vending machineofclaim 1 wherein said interface
includesa storage and transmission means adaptedto store a
plurality ofprint files and to transmit said printfiles to said at

least oneprinter.

20. A vending machine comprising:
a plurality of modular enclosures, each enclosure having

top, bottom and side sections that interconnect with the
top, bottom andside sections of other enclosures;

each enclosure having an exterior andinterior, said interior
adapted to receive and house at least one three-dimen-

sional printer, said interior further sized to allow said

printer to move vertically and horizontally to deposit
material on a build platform to print an object layer-by-

layer;
an interface for accepting an instruction associated with an

object and transmitting said instruction to said at least
one three-dimensionalprinter;

said build platform positioned to cooperate with a moveable

arm, said moveable arm adapted to dislodge and remove an
object from said build platform.

21. The vending machine ofclaim 11 wherein said manipu-
lator is adapted to provide a plurality of different colored

build materials to said printers.
22. The vending machine of claim 1 wherein said build

platform includes a removable build sheet upon which an

object is printed.
23. The vending machine of claim 1 wherein said build

platform includes a clampfor retaining said build sheet.
24. The vending machine of claim 1 wherein said build

platform uses a vacuum for retaining said build sheet.
25. The vending machineofclaim 10 wherein each of said

printers includes a commonwiring interface that is adapted to

be used at each of said predeterminedpositions.
26. The vending machineofclaim 10 wherein each of said

printers includes a common mounting interface that is
adapted to be used at each of said predeterminedpositions.

* * * * *


