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1. Report Summary

This report is the result of an ongoing investigation into the suitability of
recycled High Density Polyethylene (HDPE - used for 'milk bottles') as a
feedstock for a Rapid-Prototyping (RP) device. This itself required the Rapid
Development (RD) of a testbed, which became a prime example of how
relatively simple technologies can be used to pursue the goal of a self-
replicating RP machine. It is incomplete, in as much as it is only a portion of the
original goals, but is being shared under the spirit of the GNU Public Licence
(GPL).

Unmodified commercial Meccano components, long recognised as a rapid
prototyping system before the advent of computers, were used to construct a
turntable which automatically lowered itself as it rotated. As pointed out by Dr.
Adrian Bowyer (2004) in his introduction to The RepRap Project, turntable-
based systems are inherently more simple than X-Y plotters, and the turntable
design allowed the effect of changing the speed of deposited material to be
examined using only one motor.

The extrusion head was implemented from an inexpensive "glue gun" which
was fed conventional rods of hot-melt glue through a geared pinch-roller and
sprocket assembly. To simplify construction, the entire extrusion head and feed
mechanism remained fixed in position.

The original intent was, and still is, to extrude HDPE but as the method of
preparing HDPE stock from recycled material has not yet been developed, glue
sticks were used as a substitute for the development stage.

By regulating the rate of descent of the turntable with respect to its rotation
speed, and controlling the feed rate of the glue sticks, intact and regular hollow
cylinders of plastic were fabricated while some basic design methodologies and
constraints were determined.

The investigations into HDPE will be continued, starting with the creation of
well-formed HDPE stock and modifications to the extrusion head to enable it to
melt the more robust material. Computer controlled motion of the turntable
and extrusion head will also be added. The order in which these developments
will take place is unknown and subject to budgetary constraints.

"We don’t have the money, so we have to think." - Ernest Rutherford

1.1 GPL Summary
RepRap

The Replicating Rapid Prototyper Project

Copyright (C) 2005
Diamond Age Solutions Ltd.

http://reprap.org

Principal author:
Vik Olliver



Diamond Age Solutions Ltd.
72 Warner Park Ave
Laingholm

Waitakere 1007

New Zealand

e-mail: vik@diamondage.co.nz

RepRap is free; you can redistribute it and/or modify it under the
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RepRap is distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY; without even the implied warranty of MERCHANTABILITY or
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2.Glossary

This section defines some terms which are commonly used throughout the
report:

Contrate A gearwheel whose teeth extend perpendicularly to the face

Gear of the gearwheel.

EVA Ethylene Vinyl Acetate. A relatively soft, insoluble copolymer
with a melting point of around 85°C used in hot melt glue.

FDM Fused Deposition Method: a specific RP technique.

HDPE High Density Poly-Ethylene, or polyethylene, which is very
dense due to low molecular branching. "Society of the
Plastics Industry (SPI) Type 2" plastic milk bottles are made
from this material.

PET Poly-ethylene terephthalate. "Society of the Plastics Industry
(SPI) Type 1" plastic soft drink bottles are made from this
material.

Infill The RP process of filling the volume between critical surfaces
of components with structural material.

Meccano Metal construction toy common in the UK and mainland
Europe. The Meccano marks and logos seen here are
exclusive property of MECCANO S.N. For details see:
http://www.meccano.com

Rapid A technology which can create parts using fused deposition

prototyping
(RP)

modelling. Components are designed using 3D solid
modelling software package (e.g. SolidEdge or ArtOflllusion)
and then sent to the RP machine which will then
automatically manufacture the component.

RPEC Rapid Prototyped Electronic Circuits. The name of the
technology whereby electrical circuit inclusion is possible
with rapid prototyped components.

Wood’s Low melting point (70 °C) alloy. Also know as bend alloy.

metal



3.Introduction

In April 2005, The RepRap project headed by Dr. Adrian Bowyer of the UK's
Bath University suggested the concept of creating a fabrication device capable
of manufacturing the majority of its components using its own capabilities. By
releasing this under the GPL, the project is on its way to producing such a
device. Raw materials should be durable, recyclable, and relatively plentiful.
The author (Vik Olliver) reasoned that the wide availability of HDPE and PET
would make a reasonable choice, thanks to the widespread use the material in
recyclable plastic milk and oil containers.

A series of basic experiments was performed by the author to determine basic
working temperatures for the two materials, and HDPE was chosen primarily
because of the lower working temperature of approximately 150°C. Due to the
very limited funding available, 10W glue guns from the $2 Store and parts of a
childhood Meccano brand metal construction toy were pressed into service.

The glue guns reached only 110°C, and were unable to melt the HDPE samples.
Rather than modify the gun, the easier route of using 7mm hot-melt glue sticks
for pre-prototyping work was chosen, and the glue guns would be modified at
the end of the project, with 7mm HDPE stock preparation to continue as an
ongoing task during periods when testbed development was not possible.

Over a 6-day period in early April 2005, a testbed capable of creating well-
formed, regular, hollow cylinders by FDM over 40mm in diameter and 18mm
tall, with wall widths as fine as 0.85mm had been prepared.

After an e-mail conversation with Dr. Bowyer, it was decided that the
experiences to date should be published to demonstrate how useful work can
be carried out in this area by an amateur with very basic equipment.

Summary Of Work

A motley collection of Meccano was used to construct a slowly-rotating,
descending turntable powered by a stock Meccano 3V motor. A suspended glue
gun was added over the turntable, cleaned up, and tested manually. A
mechanism to automatically advance the glue stick using a pinch-wheel and
sprocket driven by a geared motor was added.

Adjustments were made to the feed rate of the glue stick, and rotation and
descent of the turntable, with periodic test cylinders being made.

Finally, the feed mechanism was stressed to its limit to determine the
maximum relative feed rate — and hence the deposition rate - possible with this
equipment.

Design Principles

The intention was to create a device suitable for use as a testbed, rather than a
fully-functional fabrication system. Turntables are fundamentally simpler to
manufacture than X-Y tables, and allow the deposition speed to be varied by
moving the extrusion head between the centre and perimeter of the turntable.

The turntable is supported at four points that slide vertically for stability. To
cause the turntable to descend, the axle supporting the turntable proper is
used to drive a threaded shaft. This screws itself into a threaded brass bushing
as the turntable rotates, driving the entire turntable downwards.



The extrusion head uses a very high gearing ratio and a pinch-roller to
gradually feed 7mm plastic glue sticks into a low-cost 10W 240V glue gun. An
arm supports the glue gun and feed mechanism, and the whole is supported in
a multi-position vice to allow the extrusion head to overhang the turntable.

No computer control was used in the system, though this can be added at a
later date and the extrusion head is easily repositioned under manual control
by moving the turntable assembly on the bench. Movement of the turntable is
preferred to moving the extrusion head since the turntable has to be
constructed solidly to provide even rotation.

Construction

he mechanisms (Figure 1) were all
constructed from the combined content of
several Meccano construction kits without
modifying any of the parts. Dimensions of

o 1 R Meccano parts given here without units

| - e il N refer to the number of holes, set at a %2 inch
I : (12.5mm) pitch, found in the larger face of
the part. The exact parts are not essential,
B0 no attempt is made to provide a

- complete component listing. However, it
should be possible to reconstruct the device
- from the images and descriptions given.

- It was important to construct rigidly, in

rder to avoid potential play in the structure
“'which would affect the accuracy of the final
‘extrusion. All static parts were braced.

Sy A P /«“AII axles were held at their ends by brass
;s collars rather than spring clips, and where
—_— B 5 - possible at least 2 washers were used. Care
Figure 1The asseméledMeccanofabricator with a WatS taken ;j? selec;c”url(_:larr‘?ageéj patLts Al
yellow builder's level marked in cm units for scale. nuts were or_oug y Ig ?ne YVI a
Photo taken just after the first successful cylinder ~ SPaNNer, and |Ight lubrication with WD40
was formed. was used.

Turntable

A 7x5 baseplate with flanges on the 5-hole side was used as the base for the
turntable (Figure 2). Two 3x3 flanged baseplates were stood vertically, toward
one unflanged edge. This was necessary to allow clearance for a worm drive
mechanism suspended from 5-hole strips attached to the flanges, which
overhung the edge of the main baseplate by 1 hole.

A large pulley wheel was attached to the top of the two 3x3 baseplates,
providing a stable bearing for the turntable wheel itself, which was a powder-
coated 50mm chain gear. The axle descended through the pulley into the
baseplate, where washers, a 38mm gear wheel and a 12.5mm pinion gear were
attached.



The larger gear
engaged with the
worm gear, and the
pinion gear was
latter used for a 3:1
reduction gear
mounted towards
the edge of the
baseplate to drive
the descent screw .

The axle bearing the
worm gear was
extended to one
side, and a contrate
gear attached. This
was then driven by
an 8mm pinion gear,|
attached to the
shaft of a 3V
ungeared motor
(part no. 700). By
sliding the contrate gear on the axle, it was possible to accommodate a variety
of pinion gears on the motor shaft. This was fortunate as the smallest available
gear turned out to give the right speed.

Figure 2Top view of turntable.

11 Hole lengths of angle iron were used to provide support for the turntable so
that it could move on 4 vertical shafts within its supporting framework.
Extended double angle strips were attached to the ends of the angle iron as
guides.

Once completed, the turntable rotated at a reasonably steady 12 RPM.

Fi 3 Geari dersid Figure 4 Underside of base, showing the vertical threaded
igure 3 Gearing on underside of turnta g, ;. o4 securely mounted in a large cylindrical brass collar.



Turntable Support

The turntable slides vertically along four 110mm axles, anchored firmly in four
pierced wheels fitted with collars. These were braced and held in an assembly
of two flanged 5x12 baseplates, capped with 9x5 flat plates. The flat plates
were reinforced with 11-hole strips (Figure 5).

vy’ / /g

Figure 5 Turntable support. Vertical eedrive rod isst to the left of the centre of the bracing.

A removable top brace was fitted, made from the remaining 3 pierced wheels,
a handy 3x3 flat plate and a collar.

As Figure 4 illustrates, a large brass collar with three rows of threaded holes
was used to provide an anchor point for the traction created by a threaded
drive rod. This rod is securely anchored by a similar collar on its top end, to the
bottom of the shaft that can be seen protruding to the right side of Figure 3.
When the turntable has completed 3 turns, the large gear completes one turn.
As this is connected to the rod on top of the drive rod, the entire turntable
assembly slides downward. The rate of descent is one thread width - 0.25mm -
for every complete revolution of the turntable.

An additional 5-hole strip was added from the centre of the white cross-braces
to add additional support to the drive rod.



Figure 7 The NZ$2 glue gun used for these
\ experiments. It takes 7mm glue sticks,

. consumes 10W 110/240VAC. Max. tip temp.
=]10°C, Imm nozzle exit.

Figure 6 The assembled extrusion head clamped in a multi-position vice,
showing glue gun and geared Meccano motor.

Extrusion Head and Support

After some consideration of screw mechanisms, it became apparent that more

volume was going to be required than could be supplied by one stick. So a gear
feed and pinch-wheel mechanism was designed, and a very low ratio reduction
gearbox was made. The yellow motor visible in these illustrations is a 20 year-

old Meccano design that provides selectable 3:1, 6:1, 12:1, 16:1, 32:1 and 60:1
gearing. Worm gears are the preferred method, as shown in the gearbox detail
in Figure 8. The remaining gears were all that were left in the set.

The glue gun (Figure 7), purchased for NZ$2 with NZ$2 of glue sticks, was
restrained to the gearbox in an improvised, braced cradle. Rubber grommets
held in place only with tight-fitting bolts proved effective in padding out the
slack. The whole was attached to a braced girder, that was packed with a
wooden block and securely held in a multi-position lockable vice (Figure 6) from
Dick Smith Electronics — a present from my daughter, Tamara.

Feedstock

The feedstock was constructed
from 7mm diameter sticks of
EVA. The free end of the stick in
the mechanism was heated with
a micro-blowtorch to melting
point, and brought square-on to
a similarly melted end of the
new stick. A little twisting
melded the sticks, and slight
tension reduced the bulge at the
join. Bad joins caused jams
against the manual feed
mechanism.

i T o TR

[T T T T ! iy h

= R Ras a m ‘ALL‘L&“"“"““”““ ulutibisu bt bttt
s+ 4 4

Figure 8 The internal WOrkings of the extrusion head reduction
gearbox. The worm gear on the left does in fact engage sufficiently.



4.Experimentation

Summary

Extrusion head, turntable and
support were assembled and
given a few dry runs. Any part
exhibiting excessive bending was §
braced. Aluminium blocks and a
keyboard rest were used to bring
the turntable and nozzle into light
contact, and the mechanisms
rotated in useful directions.

VRN

| 20 130
Lob

The structure was then bent,
aimed, tightened and gently = — _ :
abused until the correc’g mixture f;igure QHTurntable wheel removed from machine to allow
of battery voltage, ambient photographing against a millimetre and inch scale. The cylinder
temperature, flow rate of the day has 0.85mm thick walls, 19.5mm in diameter and is 18mm high.
presented itself. Attempts are still being made to establish controlled ambient
conditions of any kind, but a 70W domestic fan 1.2 metres away on 60% or
more power seemed to make the plastic cool in a well-formed way. The results
can be seen in Figure 9 and .

1/128 in.
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chronologically.



Apparatus

As pictured in Figure 11, the turntable, —;
support and extrusion head assembly were Vo' LS\
wired to battery packs and a fan aimed for ¢ ‘»)U\“‘,W
cooling. Note deployment of precision
counterweight. The 50cm 70W fixed fan is
situated immediately behind the camera
user.

i\

Method

Strategic screws were undone on the gears
to allow the turntable to freely rotate, and |
the feed mechanism to be manually |
operated. A chain of 3 glue sticks was fed
into the head, which was initially kept clear
of the turntable.

The glue gun was set to pre-heat, and
battery polarity was checked to ensure all
mechanisms rotated in useful directions. E
EVA was extruded under power until Figure 11 The author adjﬁﬁs the blocked feed.
bubbles ceased appearing in the stream. Flashing blue light is a reminder to reconnect the
The power was then shut off, the glue gun  @ive shaft after tinkering.

nozzle cleaned with a large craft knife and tissue, the turntable raised to a level
where it just contacted the nozzle of the glue gun and the screws were re-
tightened.

The fan was then turned on, and power (3V DC) applied to the feed
mechanism. As EVA bulged out around the nozzle, the power was turned on to
the turntable mechanism.

With a thread pitch of 0.75mm and a 3:1 gearing ratio on the drive rod, each
time the turntable rotated it had moved down by 0.25mm . Consequently, the
gearing and voltage on the feed head motor had to be adjusted to suit the
diameter of the hollow cylinder being deposited on the turntable. It was not
possible to test other ratios as no more gears were available.

Too much EVA resulted in thick walls being laid down. Too little would cause
regular skips in the cylinder wall, resulting to a sawtooth pattern and fine
filaments of EVA being draped around the workpiece.

Between each attempt, the nozzle was cleaned with a tissue, and the turntable
cleaned with boiling water and a scrubbing brush — a remarkably effective
method for removing excess EVA.

5.Discussion

The extruded EVA is not simply laid down in a coil, but is flattened by the
nozzle onto previous layers. Thermal conductivity by this thin layer partially
melts the underlying material causing the layers to fuse.

One key point to successful extrusion is the ambient temperature. Because the
layers of EVA need to be fused, significant heat is transferred into the
workpiece on the turntable. Unless this is removed by a fan or similar, the heat



builds up and melts the workpiece into a shapeless blob, as with the early
samples in Figure 10. If the extrusion speed is too high, the problem is
exacerbated.

6.Conclusions

If nothing else, the experiment shows what can be accomplished by a
newcomer to FDM in a relatively short time using commonly available
materials. This in itself bodes well for the outcome of the RepRap project.

It does appear that hot-melt glue guns are suitable for use in a RepRap.
Examining the final cylinders reveals that EVA itself is not suited to structural
components, but it may well have an application in producing moulds, where
its flexibility can be an advantage. It may be possible to replace it with ABS or a
low melting point polymer called 'Polymorph' and further experimentation is
required.

If improvements to the efficiency of the fan design are not possible, it may be
necessary to extrude more complex shapes in paths, rather than a raster-style
deposition to avoid unwanted heat build-up.

Though the apparatus was not originally intended as the basis for a fabricator,
it is interesting to note the work that needs to be done to convert it into one:

e Independent control of drive screw.
Mechanism to stop and restart extrusion/deposition.
Improved cooling.

Control of either extrusion head or turntable in an axis perpendicular to the
turntable's rotation.

Precise control of turntable rotation.
Larger turntable.

Controlling the tracking speed of the head across the turntable.

e Addition of another head to apply conductive material.

This illustrates the need for a standardised approach to the RepRap project, so
that different technologies can provide useful data. Ultimately, entirely
different systems should be able to independently model RepRap components.
Calculating the deposition speed

Given the rotation speed of 12RPM, or once every 0.2s, and the diameter of a
typical good-quality tube at 20mm, it follows that the head is moving at
(0.02m/0.2s) 0.1m/s

Calculating The Maximum Deposition Rate

Each layer in a good-quality cylinder is 0.25mm thick and 0.85mm wide, soin 1
second 100mm x 0.25mm x 0.85mm = 21.25mm? as the production rate for a
gear-fed mechanism.
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9.Appendix

GNU LIBRARY GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1991 Free Software Foundation, Inc.

675 Mass Ave, Cambridge, MA 02139, USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This is the first released version of the library GPL. It is
numbered 2 because it goes with version 2 of the ordinary GPL.]

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
Licenses are intended to guarantee your freedom to share and change
free software--to make sure the software is free for all its users.

This license, the Library General Public License, applies to some
specially designated Free Software Foundation software, and to any
other libraries whose authors decide to use it. You can use it for
your libraries, too.

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
this service if you wish), that you receive source code or can get it
if you want it, that you can change the software or use pieces of it
in new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid
anyone to deny you these rights or to ask you to surrender the rights.
These restrictions translate to certain responsibilities for you if
you distribute copies of the library, or if you modify it.

For example, if you distribute copies of the library, whether gratis
or for a fee, you must give the recipients all the rights that we gave
you. You must make sure that they, too, receive or can get the source
code. If you link a program with the library, you must provide



complete object files to the recipients so that they can relink them
with the library, after making changes to the library and recompiling
it. And you must show them these terms so they know their rights.

Our method of protecting your rights has two steps: (1) copyright
the library, and (2) offer you this license which gives you legal
permission to copy, distribute and/or modify the library.

Also, for each distributor's protection, we want to make certain
that everyone understands that there is no warranty for this free
library. If the library is modified by someone else and passed on, we
want its recipients to know that what they have is not the original
version, so that any problems introduced by others will not reflect on
the original authors' reputations.

Finally, any free program is threatened constantly by software
patents. We wish to avoid the danger that companies distributing free
software will individually obtain patent licenses, thus in effect
transforming the program into proprietary software. To prevent this,
we have made it clear that any patent must be licensed for everyone's
free use or not licensed at all.

Most GNU software, including some libraries, is covered by the ordinary

GNU General Public License, which was designed for utility programs. This
license, the GNU Library General Public License, applies to certain
designated libraries. This license is quite different from the ordinary

one; be sure to read it in full, and don't assume that anything in it is
the same as in the ordinary license.

The reason we have a separate public license for some libraries is that
they blur the distinction we usually make between modifying or adding to a
program and simply using it. Linking a program with a library, without
changing the library, is in some sense simply using the library, and is
analogous to running a utility program or application program. However, in
a textual and legal sense, the linked executable is a combined work, a
derivative of the original library, and the ordinary General Public License
treats it as such.

Because of this blurred distinction, using the ordinary General
Public License for libraries did not effectively promote software
sharing, because most developers did not use the libraries. We
concluded that weaker conditions might promote sharing better.

However, unrestricted linking of non-free programs would deprive the
users of those programs of all benefit from the free status of the
libraries themselves. This Library General Public License is intended to
permit developers of non-free programs to use free libraries, while
preserving your freedom as a user of such programs to change the free

libraries that are incorporated in them. (We have not seen how to achieve
this as regards changes in header files, but we have achieved it as regards
changes in the actual functions of the Library.) The hope is that this

will lead to faster development of free libraries.

The precise terms and conditions for copying, distribution and
modification follow. Pay close attention to the difference between a
"work based on the library" and a "work that uses the library". The
former contains code derived from the library, while the latter only
works together with the library.

Note that it is possible for a library to be covered by the ordinary
General Public License rather than by this special one.

GNU LIBRARY GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION



0. This License Agreement applies to any software library which
contains a notice placed by the copyright holder or other authorized
party saying it may be distributed under the terms of this Library
General Public License (also called "this License"). Each licensee is
addressed as "you".

A "library" means a collection of software functions and/or data
prepared so as to be conveniently linked with application programs
(which use some of those functions and data) to form executables.

The "Library", below, refers to any such software library or work
which has been distributed under these terms. A "work based on the
Library" means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a
portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language. (Hereinafter, translation is
included without limitation in the term "modification".)

"Source code" for a work means the preferred form of the work for
making modifications to it. For a library, complete source code means
all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation
and installation of the library.

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based
on the Library (independent of the use of the Library in a tool for
writing it). Whether that is true depends on what the Library does
and what the program that uses the Library does.

1. You may copy and distribute verbatim copies of the Library's
complete source code as you receive 1it, in any medium, provided that
you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any
warranty; and distribute a copy of this License along with the
Library.

You may charge a fee for the physical act of transferring a copy,
and you may at your option offer warranty protection in exchange for a
fee.

2. You may modify your copy or copies of the Library or any portion
of it, thus forming a work based on the Library, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices
stating that you changed the files and the date of any change.

c) You must cause the whole of the work to be licensed at no
charge to all third parties under the terms of this License.

d) If a facility in the modified Library refers to a function or a
table of data to be supplied by an application program that uses
the facility, other than as an argument passed when the facility
is invoked, then you must make a good faith effort to ensure that,
in the event an application does not supply such function or
table, the facility still operates, and performs whatever part of



its purpose remains meaningful.

(For example, a function in a library to compute square roots has
a purpose that is entirely well-defined independent of the
application. Therefore, Subsection 2d requires that any
application-supplied function or table used by this function must
be optional: if the application does not supply it, the square
root function must still compute square roots.)

These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Library,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote
it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Library.

In addition, mere aggregation of another work not based on the Library
with the Library (or with a work based on the Library) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

3. You may opt to apply the terms of the ordinary GNU General Public
License instead of this License to a given copy of the Library. To do
this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2,

instead of to this License. (If a newer version than version 2 of the
ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.) Do not make any other change in

these notices.

Once this change is made in a given copy, it is irreversible for
that copy, so the ordinary GNU General Public License applies to all
subsequent copies and derivative works made from that copy.

This option is useful when you wish to copy part of the code of
the Library into a program that is not a library.

4. You may copy and distribute the Library (or a portion or
derivative of it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you accompany
it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange.

If distribution of object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the
source code from the same place satisfies the requirement to
distribute the source code, even though third parties are not
compelled to copy the source along with the object code.

5. A program that contains no derivative of any portion of the
Library, but is designed to work with the Library by being compiled or
linked with it, is called a "work that uses the Library". Such a
work, in isolation, is not a derivative work of the Library, and
therefore falls outside the scope of this License.



However, linking a "work that uses the Library" with the Library
creates an executable that is a derivative of the Library (because it
contains portions of the Library), rather than a "work that uses the
library". The executable is therefore covered by this License.
Section 6 states terms for distribution of such executables.

When a "work that uses the Library" uses material from a header file
that is part of the Library, the object code for the work may be a
derivative work of the Library even though the source code is not.
Whether this is true is especially significant if the work can be
linked without the Library, or if the work is itself a library. The
threshold for this to be true is not precisely defined by law.

If such an object file uses only numerical parameters, data
structure layouts and accessors, and small macros and small inline
functions (ten lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is legally a derivative
work. (Executables containing this object code plus portions of the
Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the Library, you may
distribute the object code for the work under the terms of Section 6.
Any executables containing that work also fall under Section 6,
whether or not they are linked directly with the Library itself.

6. As an exception to the Sections above, you may also compile or
link a "work that uses the Library" with the Library to produce a
work containing portions of the Library, and distribute that work
under terms of your choice, provided that the terms permit
modification of the work for the customer's own use and reverse
engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the
Library is used in it and that the Library and its use are covered by
this License. You must supply a copy of this License. If the work
during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference
directing the user to the copy of this License. Also, you must do one
of these things:

a) Accompany the work with the complete corresponding
machine-readable source code for the Library including whatever
changes were used in the work (which must be distributed under
Sections 1 and 2 above); and, if the work is an executable linked
with the Library, with the complete machine-readable "work that
uses the Library", as object code and/or source code, so that the
user can modify the Library and then relink to produce a modified
executable containing the modified Library. (It is understood
that the user who changes the contents of definitions files in the
Library will not necessarily be able to recompile the application
to use the modified definitions.)

b) Accompany the work with a written offer, wvalid for at
least three years, to give the same user the materials
specified in Subsection 6a, above, for a charge no more
than the cost of performing this distribution.

c) If distribution of the work is made by offering access to copy
from a designated place, offer equivalent access to copy the above
specified materials from the same place.

d) Verify that the user has already received a copy of these
materials or that you have already sent this user a copy.



For an executable, the required form of the "work that uses the
Library" must include any data and utility programs needed for
reproducing the executable from it. However, as a special exception,
the source code distributed need not include anything that is normally
distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on
which the executable runs, unless that component itself accompanies
the executable.

It may happen that this requirement contradicts the license
restrictions of other proprietary libraries that do not normally
accompany the operating system. Such a contradiction means you cannot
use both them and the Library together in an executable that you
distribute.

7. You may place library facilities that are a work based on the
Library side-by-side in a single library together with other library
facilities not covered by this License, and distribute such a combined
library, provided that the separate distribution of the work based on
the Library and of the other library facilities is otherwise
permitted, and provided that you do these two things:

a) Accompany the combined library with a copy of the same work
based on the Library, uncombined with any other library
facilities. This must be distributed under the terms of the
Sections above.

b) Give prominent notice with the combined library of the fact
that part of it is a work based on the Library, and explaining
where to find the accompanying uncombined form of the same work.

8. You may not copy, modify, sublicense, link with, or distribute
the Library except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense, link with, or
distribute the Library is void, and will automatically terminate your
rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

9. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Library or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Library (or any work based on the
Library), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the
original licensor to copy, distribute, link with or modify the Library
subject to these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties to
this License.

11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you



may not distribute the Library at all. For example, if a patent
license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply,
and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

12. If the distribution and/or use of the Library is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries,
so that distribution is permitted only in or among countries not thus
excluded. In such case, this License incorporates the limitation as if
written in the body of this License.

13. The Free Software Foundation may publish revised and/or new
versions of the Library General Public License from time to time.
Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library
specifies a version number of this License which applies to it and
"any later version", you have the option of following the terms and
conditions either of that version or of any later version published by
the Free Software Foundation. If the Library does not specify a
license version number, you may choose any version ever published by
the Free Software Foundation.

14. If you wish to incorporate parts of the Library into other free
programs whose distribution conditions are incompatible with these,
write to the author to ask for permission. For software which is
copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our
decision will be guided by the two goals of preserving the free status
of all derivatives of our free software and of promoting the sharing
and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
LIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUME



THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS



10.Author's Footnote - Further Research

| intend to continue this research in the hope that it may be of use to other
people who wish to explore the implications of self-fabricating devices in a
world where, | believe, they will ultimately exist.

[ 25-May-2005 - A document you might consider for further reading is the
"Construction of PCBs Using Sliver Paint and EVA Hot-Melt Glue" by this author.
The device described here now has 3-axis movement.]
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