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So you want to make a machine!

What does it do?

cut? mill? exfrude?

dispense
candy?




Depending on what you want fo move, you
may need different methods..

slow and
steady?

lots of force?

very precise?

superfast?
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If you want fo move something, you need to
select an appropriate drive frain, like
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fiming belt

rack and pinion




A frame holds your machine together, and you
could make one out of lots of different kinds of

materials!
routed ptasfic?\/

laser cut wood?

aluminum extrusion?
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t-slot nuts?
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The drive train's motion needs to be restricted in
the axes you want to move in. You can do this with
guide shafts, tracks, cable guides, linkages, and
many other ways
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h-bot
t serial kinematics

polar coordinafes

delta bot




Finally, how are you going to confrol the ma-
chine? There are different kinds of software to
stream machine code to machines with, how do
you want yours fo work?

Maybe a drawing
program inferfaces
directly to the ma-
chine

Maybe the ma-
chine is con-
trolled from a
browser..




| made my machine,
it is just right for me
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TOOLS THAT MAKE TOOLS

A lot of selective breeding
has gone into them since, but
basically they remain un-
changed. In 1902 a machine
100l was described as a non-

portable, power-driven tool
Portabanel metal by rerov-
ing surplus material in the
form of chips.

The first and oldest. ol these
tools was the lathe. 1902
amme{lemble versmncallcd

turret lathe was coming
into popularity. The next
was the drill, which was fine
for drilling holes in metal

enough

et Popular
1%02. F

inch, a boring machine was
used Taday drilling and
e words often used
miencluzngeably, but to the

Maine-tool shop of 30 years oga
presented maze of ov pulley:

g il s
SEPTEMBER 1952 o7

Forging shop at the firm's
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ROUND carly March this year, a few
newspapers announced casually that
the Air Force had been given the green
light on the purchase of 20 machine tools

t was just a small story and the editors
couldnt gt too excited about t, Not oven
a ze of ‘lvt machines, four stories
! their cost, $389,000,000! Stories

ike that are routine in this year of 1952

But what if that story, through some slip
in the time machine, had appearcd befors
issues

of Popular Mechanics in 18027 What about

it would be strange?
Not the words “Air Force,” though man
had yet to fly a power-driven aircraft. These

and
hat there would be an Air Foree, Not the
size of the machines. These editors were
dedicating their magazine to the convie-
e that the yoars to cone would produse
mechanical wonders beyond anything even
dreamed of at the turn of the century. To
anticipate these marvels and explain them
in words and pictures their readers could
understand was the job they had already

96

\ml for themselves. But we do \hmk
1

have been stunned by the
3,000,000
In 1902 that sum would have bought the
year's output of the entir ne-tool in-
Hustry, would have bought the indastey ae
well, ‘and there would have been enough
left over to put a little white fenee avound
the whole thing. In fact, the industry was
so small that few people had ever heard of
it, and fewer still knew what it was.
Yet this is the tiny industry that has made

re hands, with a standard of living ap-

proaching that of Colonial days.

hat are these machines that produce all
this magic? Well, they are a weird family.
They are the tools that make the tools lhat
make everything else. But, being a family,
they also make each other, This makes
them the only self-proereating race in the
machine world.

To understand_the huge. fantastic, al-
most-human machine tools of today, let’s
fake a look at their aneestors as the. firet
editors of Popular Mechanics knew them.

POPULAR MECHANICS




In an electronic lab at MIT,
engineers now are

Teaching
Power Tools
to Run
Themselves

Toa big yet for | shop, this MIT milling macl is run by computer-control at left,

By Hartley E. Howe
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Andreas Gursky




large format machining
structure fabrication E T '
1 composite tooling lasercutter
\ . i | 4 engraving 1
press fit assembly
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videoconference
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surface-mount assembly I g% 4 collaboration
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design
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molding and casting

1




(almost) anything




How to make something
that makes

(almost) anything
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Jonathan Ward and the MTM A-Z




IIan l\/oner (Wlth Max Lobovsky) and the MTM Multifab
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Maybe the form












Maybe something else
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G-code Functions G-code Functions
GO Rapid positioning GE3 Move in absolute machine coordinate system
G1 Linear interpolation G54 4 559 |Use fixture offset 1 to B, G59 to select a general fixture number
G2 Clockwise circular / helical interpolation GE1 Exact Stop mode
G3 Counterclockwise circular £ helical interpolation G4 Constant Welocity mode
G4 Dweell G73 Canned cycle - drilling - fast pullback
G10 Coordinate system origin setting GED Cancel canned cycle made
G12 Clockwise circular pocket GB1 Canned cycle - drilling
G13 Counterclockwise circular pocket GE2 Canned cycle - drilling with dwell
Gl5 Polar Coordinate moves in G0 and G1 GE3 Canned cycle - peck drilling
G16 Cancel polar Coordinate moves in GO and G1 G4 Canned cycle - right hand rigid taping (not yet implemented)
G17 XY plane select GES Canned cycle - boring, no dwell, feed out
G18 X7 plane select GEG Canned cycle - boring, spindle stop, rapid out
G19 Y¥Z plane select GEY Canned cycle - back baring (nat yet implemented)
G20 Inch unit GEs Canned cycle - boring, spindle stop, manual out
G21 Millimeter unit GBI Canned cycle - boring, dwell, feed out
G28 Return machine home (parameters 5161 to 5166) G0 Absolute distance mode
G30 Return machine home (parameters 5181 to 5186) G Incremental distance mode
G28.1 Reference axis G392 Offset coordinates and set parameters
G31 Straight Probe G321 Reset G52 offset and paramster
G40 Cancel cutter radius compensation G92.2 Reset G292 offset but [eave parameters untouched
Ga1 Start cutter radius compensation left G923 Recall G52 fram parameters
G42 Start cutter radius compensation right 93 Inverse time feed mode
G43 Apply tool lenght offset (plus) G54 Feed per minute mode
G42 Cancel tool lenght offset G295 Feed per revolution mode
G50 Reset all scale factors 1o 1.0 G958 Initial level return after canned cycles
G51 Sel axis data input scale factors [EEE] R-point level refurn after canned cycles

g-code is limited and needs to be interpreted




advanced file transport '
i.e. a usb stick
- " "” :




end mills

unsurprisingly
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Whatis Discover | Start
Kickstarter?

KICK

The Othermill: Custom Circuits at Your Fingertips

by Otherfab

Home  Updates @) Backers ETE]

Comments T3

f share <> Embed * Remind me

An easy to use, affordable, computer controlled mill. Take

all your DIY projects further with custom circuits and
precision machining.

AtOtherfab, we are interested in portable, accessible, computer-controlled machines,
‘and how they can help us design our world. With the ability to make custom circuitry, we
‘can now build our own smart objects - medicine botties that email reminders, shoes that
tell you how fast you went, and even glasses that know when you need to put on
sunscreen. The Othermill is our contribution to custom circuit design and the deskiop
manufacturing revolution,

9 San Francisco, CA & Hardware

465

backers

$220,060

pledged of §50,000 goal
days to go
$1 minmumplecge.

Fundingperioa
May 5, 2013 4un 42013 (30 daye)

projectny

Otherfab.
‘San Francisco, CA

[ Firstcreated - 1 backed
K Has not connected Facebook
Website: ofherfab.com

Whatis
Kickstarter?

start

FORM 1: An affordable, professional 3D printer

by Formlabs.

Home  Updates [E)  Backers EXXZ)  Comments EXIT]

9 Cambridge, MA@ Technology

f Share 2512 <> Embed

An affordable, high-resolution 3D printer for professional

creators.

Thanks for an amazing Kickstarter campaign! The
next chapter of 3D printing is just beginning.

Pre-order your Form 1 at Formlabs.com

Machines are becoming more affordable

which makes them more accessible

,2012.

2,068

backers

$2,945,885

pledged of $100,000 goal

0

seconds to go

Fundingperiod

5926, 2012-0c126,2012 30 days)
Projectby
Formiabs

formiabs [ESRNS

[0 Firstcreated - 4 backed
[i Has not connected Facebook
Website: formiabs.com

Pledge §5 o more

VIRTUAL HIGH FIVE: You get a STL



What about less

ordinary machines?



CT scanner, 1kW laser, wire EDM, 5-axis mill
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We want a playful
system for illegitimate

machine offspring.



ARCO Madrid ceiling, James Coleman
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24-bit Friendship Loom, llan Moyer




24-bit Friendship Loom,
















to make machines that make?



Tool
Head

Mechanical system

Sensors and actuators

Control system

Applications, interfaces




By Neil Gershenfeld,
Raffi Krikorian and Danny Cohen
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The principles that gave rise to the Internet are
now leading to a new kind of network of
everyday devices, an “Internet-0”

Scientific American 2004 ¢

76 SCIENTIFIC AMERICAN 0CTOBER 2004
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def initInterfaces(self):
if self.providedInterface: self.fabnet = self.providedInterface #provid
else: self.fabnet = interfaces.gestaltInterface( FABNET', interfaces.seriallnte

def initControllers(self):

self.xAxisNode = nodes.networkedGestaltNode( ' Axis', self.fabnet, filename =
self.yAxisNode = nodes.networkedGestaltNode('Y Axis', self.fabnet, filename =
self.zAxisNode = nodes.networkedGestaltNode('Z Axis', self.fabnet, filename =

self.xyzNode = nodes.compoundNode(self.xAxisNode, self.yAxisNode, self.zAxisNod

def initCoordinates(self):
self.position = state.coordinate(['mm", 'mm", 'mm']) #X,Y,Z

def initKinematics(self):
self.xAxis = elements.elementChain.forward([elements.microstep.forward(4), elem
self.yAxis = elements.elementChain.forward([elements.microstep.forward(4), elem
self.zAxis = elements.elementChain.forward([elements.microstep.forward(4), elem

self.stageKinematics = kinematics.direct(2) #direct drive on all three axes

def initFunctions(self):
self.move = functions.move(virtualMachine = self, wvirtualNode = self.xyzNode, a

self.jog = functions.jog(self.move) #an incremental wrapper for the move fu
pass

Initializing a MTM snap in pyGestalt
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Introduction
1.Start VM

PCB Milling

Before you can machine your PCB, you ||
need to specify the origin of your
artwork relative to the tool and the
PCB material.

This application considers the "zero" point to be
at the lower left corner of the artwork, and at
the top surface of the PCB.

X
Y
Z

mm
The coordinates in the "Origin Control" section
represent the current position of the tool.
Clicking "zero" will set an individual axis to
0.00mm. Alternately, you can set each axis
position to a specific value by clicking on the
current value and typing in a new value.

+Z

The jog keys to the left are active. Clicking on
the buttons in the "Jog" section will cause the
machine to move, one millimeter at a time. Or,
use the arrow keys on your keyboard. Page Up/
Page Down will jog in the Z axis. You can also
move to a particular position by entering its

+Y

-X +X

Web-based machine interfaces, Ilan Moyer

not move.

Follow the steps below to zero the
tool:
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" Gestalt virtual machine network node for stepper motors

atmega328p based, with allegra a4983 with adjustable current limiting




DAISY CHAINED! JUST ADD MORE!
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- MOTOR 3 MOTOR 2 MOTOR 1

Gestalt virtual machine network




Can the rest be
more modular too?





















Modular Machines that Make




Modular Machines that Make










Rapid prototyping of
rapid prototyping machines






