Why do we use digital fabrication
machines by presenting them
with oddly formatted files?
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Giant steel roll seoon to take its ploce in o U, S, : 1 [ AF
Steel rolling mill is mochined on @ 60-inch lothe in the i O SEP ~ Ve ~—
forging shop ot the firm’s Homesteod District works

.
Westinghouse photo

Hobbing machine cuts teeth in o geor over eight feet in diameter; chips pile wp beneoth the cutting tool

\H(‘)L'.\'D early March this vear, a few
4 newspapers announced casually that
the Air Force had been given the green
light on the purchase of 20 machine tools
It was just a small story and the editors
couldn’t get too excited about it. Not even
at the size of the machines, four stories
high: or their cost, S389.000,000! Stories

created for themselves. But we do think
they would have been stunned by the
SA89.000.000,

In 1902 that sum would have bought the
year's output of the entire machine-tool in-
dustry, would have bought the industry as
‘|” ,-.‘u‘l 1')«' ¢ WO lll have i_u,'-'l'. on l‘-lLL..'l
left over to put a little white fence around

A lot of selective breeding
has gone into them since, but
basically they remain un-
changed. In 1902 a machine
tool was described as a non-
portable, power-driven tool
that shaped metal by remov-

ing surplus material in the

like that are routine in this vear of 1952 the whole thing, In fact, the industry f(.);‘l';: 0{ Chlps(.l 1d { th
But what if that story, through some slip 5° small that few people had ever heard of elirst anc oldest of these

1 the time machine, had .Ag'n;w.au-(l before
the young editors preparing the first issues
of Popular Mechanwes in 19027 What about
it would be strange?

Not the words “Air Force,” though man
had yet to fly a power-driven aircraft. These
farsecing voung men were already con-
vinced that man would fly, and soon, and
that there would be an Air Force. Not the
size of the machines. These editors were
dedicating their magazine to the convic-
tion that the years to come would produce
mechanical wonders beyond anything even
dreamed of at the turn of the century. To
anticipate these marvels and explain them

t, and fewer still knew what it was

Yet this is the tiny industry that has made
possible our entire way ol life. Without it,
we would be living on the products of our
bare hands, with a standard of living ap-
proaching that of Colonial days.

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

To understand the huge, fantastic, al-
maost-human machine tools of todav. let's

tools was the lathe. By 1902
a more flexible version called
the turret lathe was coming
into popularity. The next
was the drill, which was fine
for drilling holes in metal
but not always accurate
enough for some of the close-
tolerance work required in
1902. For tolerances of .001
inch, a boring machine was
used. Today drilling and
boring are words often used
interchangeably, but to the

Machine-tool shop of 50 years ogo
fed © werheod pulleys.
Acme Compony

Popular Mechanics September 1952 ="
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In an electronic lab at MIT.,
engineers now are

eaching
Power Tools
to Run
Themselves
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By Hartley E. Howe Too big yet for home shop, this MIT milling machine is run by computer-control at left,
O JOE WORKSHOPPER figures he'd o tapes—one each for legs, arms, back engineering basis for Joe's Tapemaster
b like to turn out a set of dining-room 'm,'l_ seat. exists right now., 5“““1& up in the Servo-
chairs—and at the same time break _”MF night, he clamps a nice piece of  mechanisms Laboratory of the Massa-
in his new Model 100 Super Tapemaster. jmh into his Tapemaster, slips the tape  chusetts Institute of 'l‘(‘t-‘llll“l“'.!\' in Cam-
Punches in tape Joe whips down to the hardware store ito the control box, flips the switch, and  bridge, Mass., is a milling machine that

code size and and looks over photographs of different 8ts back with his pipe and the new issue  will turn out ans metal part at the com-

time of each cut. designs. He settles on a Swedish pattern g (j‘”'"!""’" Life. mand of a little roll of tape. Originally
popular ‘way back in 1955—delicate and Forty minutes later, the rumble of the a  standard. vertical 28 Cincinnati
handsome, but full of difficult reverse T..;w:‘:;.ut(-r stops and Joe takes a look. Hydro-Tel, it now has hitched to it
CUTVES. BUne leg is finished. So he clamps on  $50,000 worth of electronics.

wother picce of birch . . . To

That doesn’t worry Joe. He plunks : P!
dure it's a dream—in 1935, But the

down $10 for a week's rental of a batch

conceive, design and build the
MIT machine took some quarter-million

Tape is fed into com- Signals control three-dimensional movement of cutter head, time each cut.

puter where code
is converted to
electric signals,

——
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Popular Science August 1955




THE GERBER SCIENTIFIC INSTRUMENT (0.
’ HARTFORD, CONN.
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Gerber Scientific Variable Scale 1945




Computer downtime
could cost this user
his share of a
multi-billion dollar
market.

That’s why he depends
on Gerber Scientific
and Hewlett-Packard.

HEWLETT ;”.E PACKARD
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will . | OCCUPATIONAL CHANGE WITHI SKLLED WORKER GROVPS SINCE 130015
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CANPENTERS  MECHANCS  CRANEMEN  STATIONARY ENGINEERS
PLONBERS  CLECTRICIANS  TELEPONE & TELESRAPH LINENE |
Secretary of Labor "

to operate New York Central's electronic broin
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RAILROADING, right, wos nothing like this 50 A
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shoemakers were so important in Amer- ly six million from last year’s skilled wo!
ican industry they accounted for one out force still around in 1970.

of every four of the skilled work force. To- But by 1970, with our growing popul
day, the proportion is down to about one tion, we will need about 11 million skill
in 20. workers. Hence the five million which mu

Again, back in 1900, carpenters, mechan- be trained in time,
ics and repairmen, cranemen and station- - >
ary engineers, plumbers, electricians and Toolbox Security
telegraph and telephone.linemeg tote}lqc_i a Those of you engaged in the skill

FAMIUAR SIGHT by |ho moddlo of ﬂu coﬂ'wy

Popular Mechams ]auj/ 1962

POPULAR MECHANICS
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machine des:aner/desrﬁner/tool path writer/ machmlst -

. MTM Multifab 2009



MTMA-Z2010 | - x
machine designer/designer/tool path writer/ machinist




machines that make

themselves ® other machines * functional parts ¢ fun stuff

MACHINES . TOOLHEADS CONTROL PEOPLE

Jonathan Ward

Fab-In-A-Box . Spindle . Virtual Machines

Internet Zero

DO";J C.xv/ J'.J‘J‘l E

. Simple Sgepper

- ——l D N

Steffen Reichert



Machines that Make

The Machine that make project at the MIT Center for Bits and A seeks to develop low-cost machines that can be made using CNC equipment, like available in fab labs.

DIY EDM 5 Axis Timing Belt MTM POP Fab Multi-processes lathe

-}w
=
e
An entry level (under $500) EDM machine fo The additive lathe is a 3D printer that prints on
n entry level (unaer machine lor . S
Low cost 5 axis machining. : 3 X rotation obiects.
making carbide/HSS tooling and/or lead A suitcase milling machine, 3d printer, and )
vinyl cutter.
screws
Virtual Machine Network Timing Belt MTM Fab-In-A-Box MtM Snap-Lock

Maodular control for the MTM project, A design without lead screws, reducing cost.
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If CNC 1s so great, why 1s this how
I talk to 1t?
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Rapid prototyping for rapid biology

how you can make automated lab equipment in an afternoon

For ~$100000s
you can buy state
of the art bio
equipment like
liquid handling
robots:

For ~$100s you
can build faster,
better, custom-
ised, modular ma-
chines using:

1. Self-aligning 2. Custom rigid

structures

T

d./

motion stages

7! .ln_!
o |

e =y
P -

They are:

- cumbersome to program,

- hard to extend with new ca-
pabilities,

- difficult to integrate into
bigger automated experiments,
- impossible to retrofit to acco-
modate larger footprints,

- and really overpriced.

liquid handling briefcase

3. Application 4. Modular net- 5. Sensor control 6. Easy integra-
specific tool- worked machine with software tion from ma-
heads control interfaces chine to machine

Nadya Peek, peek@mit.edu, MIT Center for Bits and Atoms, February 2013



Virtual Machine Control

Each real machine part is directly controlled by a virtual
machine counterpart

No state in the machine
Integrated system for control

New behaviours for machine interaction



aa.gov/okeanos



http://oceanexplorer.noaa.gov/okeanos
http://oceanexplorer.noaa.gov/okeanos

Virtual Machine Control Benefits

Directly from CAD programs to machine control
Using all of a machine’s capabilities

Rapid prototyping of new, custom tools



n Barcelona about a century ago, Antons Gaudi proneered
a Hud building style that seamlessly integrated visual and
structural design. The expressive curves of his buildings
were not just omamental facades but also integral parts of
the load-bearing structure. Unfortunately, a similar unih
caton has vet to happen for the electronic infrastructure in
a bulding. Switches, sockets and thermostats are gratted on
as afterthoughts to the architecture, with functions fixed by
buned wiring, Apphances and computers arnve as after-the-fact
intrusions. Almost nothmg talks to anything else, as evidenced
by the number of devices in a typacal house or office with dffer
g OpIons as to the nme of day.

Ihese inconveniences have surprisi broad implications

for CONSIrUCTION eConomics, energy cthciency, architectural ex
pression and, ultimartely, quality of life. In the U.S,, building
butldings 1s a S 1-trillion industry. Of thar, billions are spentan

nually on drawing wiring diagrams, then following, fixing and

revising them, Over the vears, countless “smart home™ projects

have sought to find new applications for intellgent bulding in
frastructure—neglecting the enormous existing demand for fa
cilitses thar can be programmed by their occupants rather than
requiring contractors to ix their funcrionality in advance.

Any effort to meet that demand, though, will be doomed if
a hightbulb requires a skilled network engineer to install it and the

services of a corporate I'T department to manage it. The challenge

OF EMProving COnmectnary r:.||.ln\.h‘lrl):‘l s

« but rather the opposite: dramatic reductions in the

byte stor, I

cost and complexity of network installation and configuration,

: : :
Oner the years, a bewildering vanety of standards have been

| l ‘.!L'll\l. . Illg:qul'.l.: \l'

Internet

developed to interconnect housch

By Neil Gershenfeld,
Raffi Krikorian and Danny Cohen

LonWorks, CEBus, BACnet, ZigBee, Bluetooth, IrDA and Home

Plug. The situation 15 analogous to that in the 19605 when the

t, the Inter

Arpan

t's predecessor, was developed. There were
multiple types of computers and networks then, requiring spe
cial-purpose hardware to bridge these islands of incomparibiliry

I'he solution 1o building a global network out of heteroge
neous local networks, called mternctworking, was found mn two
big wdeas. The first was packet switching: data are chopped up
!

then recombined. This technique marked a break from the tra

into packets that can be routed independently as needed and
ditional approach, used in telephone networks, of dedicating a
static caircunt to each connection. The second idea was the “end-
to-end™ principle: the behavior of the network should be deter-
mined by what is connected to it rather than by its internal con
struction, a concept embodied in the Internet Protocol (1P

Gradually the Iternet expanded to handle applications rang

rom remote COmMpUter acoess o C<Commerce o interacuve
video. Each of these services introduced new types of data for

wers dad not ne

.
packets to carry, but en d to change the net

work's hardware or software to implement them.

These principles have carried the Internet through three
decades of growth spanning seven orders of magnitude in both
performance and size—from the Arpanet’s 64 sites to today’s
200 million registered hosts, They represent timeless insights
MO X \1 svstem de SIgn, '«Iu,i, g .I.ln ey contam no speait
ic performance requirements. With great effort and discipline,
technology-dependent parameters were kept out of the specih

cations so that hardware could evolve without requining a rewa

son of the Internet’s basic archatecture

Ihese same ideas can now solve the problem of connecting

— - — - — - - - 2

The principles that gave rise to the Internet are
now leading to a new Kind of network of

everyday devices, an “Internet-0”

76 SCIENTIFIC AMERICAN

EVEN SOMETHING AS SIMPLE as a IigMbulb could
be connected directly to the internet,

If sunably equipped with cheap circuitry that
sends signals along the elecirical wiring

OCTOBER 2004
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Virtual Machine Control Future

Standard real time machine node communication (busses,
asynchronous networks)

Open libraries of kinematics and control (ability to import
motor types, stages, alternate sensors/actuators, closed
loop control)

Calibration and heuristics for standard results across
machine families

Nadya Peek - peek@mit.edu
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