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I was part of the engineering team that tested and produced the world's first 3D
fax machine. This test was done through a partnership between The University of
Texas (UT) Mechanical Engineering Department and Scientific Measurements
Systems (SMS) Inc. where I worked as a software engineer. At the time SMS had
the world’s best industrial X-ray Computed Tomography (CT) scanning system
capable of the highest X-ray scanning resolution at about 80 microns. UT
Mechanical Engineering had a research laser sintering machine capable of
producing (printing) 3D objects from CAD/CAM files. At SMS we produced 3D
computer models from X-ray CT scans, in either CAM/CAM files or as 2D slices
or 3D volumes. While working at SMS the engineering team produced many
digital 3D objects from X-ray CT volume scans. As far back as 1989 SMS sent
digital 3D objects from X-ray scans in STL format to Austin, Texas startup
company DTM via modem for 3D printouts, but these were always sent after the
X-ray CT scanning was finished. In addition to sending data files of 3D scans via a
phone modem some data were also driven by car and delivered to SMS on digital
media because of large size of files and time needed to send over phone lines.

What was unique about the project with UT Mechanical Engineering Dept. and
SMS was:

1. The X-ray CT machine produced a series of 2D slices that when completed was
the full 3D volume scan of object.

2. As each slice was completed the digital information of the slice was sent to laser
sintering machine via phone modem.



3. The Laser sintering machine produced one slice at a time of the overall object as
it was received via phone modem.

4. Information of each slice was sent as vectored outlined polygons.

5. Pixel information was also sent as a 2D images for each slice.

6. Information about the object edges were sent as both exterior and interior
surfaces.

7. The laser sintering machine did both exterior surfaces and interior surfaces.

8. The X-ray CT scanning, laser sintering, and communication via phone modem
were all automatic. Once started it did not require human intervention.

The target object that was scanned and reproduced at UT Mechanical Engineering
Dept. was a Ford engine piston. It was reproduced in a polycarbonate material, and
it took 2 hours to X-ray CT scan the object, send data via phone modem, and to
reproduce as a 3D object in polycarbonate material. Since all were done at the
same time it took only 2 hours. If the piston had 1st been scanned and then sent
via modem and then laser sintered it would have taken six hours or more. At the
start of the 1st full test of the "World's 1st 3D Fax Machine" a group of scientists
came to SMS to view the process. The scientists were at UT for the "Solid
Freeform Symposium"(1). What was witnessed was a Ford piston placed inside
the X-ray CT scanning chamber. Lead doors were lock and the X-ray CT
scanning process was started. The view of the X-ray CT scanning was viewed via
2 video cameras inside the X-ray chamber. When the scanning was about half
done the scientists drove from SMS Inc. to University of Texas Mechanical
Engineering Dept. about 9 miles distance. When the scientists arrived at the laser
sintering lab at UT they witnessed half of a polycarbonate piston being reproduced
in 3D. At the end of the test, the completed reproduced piston was taken out of the
laser sintering chamber and cleaned. The next day both the reproduced
polycarbonate piston and the actual Ford piston were shown together in the same
room.

Unlike most other 3D fax machines this one test simultaneously 3D scanned, sent
data via modem, and produced interior and exterior surfaces of a complex 3D
object from one continuous 3D X-ray CT scan. The first successful test was done
in August 1991, Austin Texas.



Article showing laser sintering machine at UT Mechanical Engineering Dept. (2)
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UT Austin engineers to attempt first manufacture
of solid object by long-distance laser sintering

By Robert Tindol

Researchers at UT Austin will join with
Scientific Measurement Systems Inc. this

week in trying to create a solid, theee-dimen-*

sional object by transaitting digital informa-

tion by telephone to a laser device.
Ifsuccessful, theexperiment will mark the

first time that the process — known as laser

sintering, a form of desktop munulacturing
— will have been employed in such a pan-
net.
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tion, whichin
tumkmd!o;wdealaemﬁmgor
sintering, a powdered material to make a
solid object, The process was invented by Dr.
Cu'lR.DcchNLafothTMnme—
dent, and is being
mhudbytheAmnnhde’l‘M

Corp.

Dr. Joe Beaman, whowas Deckard's gradu-
ale adviser at UT Austin and who now cone
ducts research on laser sintering, says the
process is an important breakthrough in
manufacturing because of the expense and
time involved in machiniog 2 custoendes
signed past.

Whereas a small metal part can tako as
etch as six months and cost as much as
$60,000 to make If it &5 a ove-ofeacking iteen,
Lager sintering can accomplish the same task
in a feaction of the time and cost.

Mot processes are associated with sub-
tracting maderial, 80 the reason you havea lot
olpubn\adcnnoyoumpuuhm\to-
gether,” Beaman says. “We're adding mate-
rial one layer at a time, regardless of how
complex the interior of the part is, and this
means that you don't have to woery about
how to get the milling tool inside to do intei-
alewofl:. A partisoftenstructured notonly
for a function, but also to address the limita-
tioew of current machining technology, so
Laser gintering will allow a way around this,

“The real impetus these days is how fast
duct to mazket,” B

is melted away and hot meetal is poured into
the ceramic ahell to make the final product.
In recent moaths, Beanua and his co-
woekers have experimented with sintering
ceramic and metal materials, Sintering wax
impressions requines only one tenth the time
of the traditional lost-wax process, while
making the object directly from metal with
the sintering process requires only one hune
dredth the time of the traditional method.
“We fisst thought that eurybe two or three
identical obyects would be the lisit,” says
Beasan, “Now we're thinking that Lusce
sintering might evien be feasdle for limited
production of hundeeds of the same object.”
Beaman saps that the only limit to the
mmhwmkwmmmwu
theability of the mat g the
SNlETing Process, Nmmdmtmmrd-
ers have already found a wide variety of
muﬁahdulwcki\&cm
Aug 13, SnmuﬁcMcmmm Ine,
will telephone on

According to mechanical engineering protessor Dr. Joo Beaman, "Laser sintering
might be feasible for Hmited production of hundreds of the same object.”

type to three years. It still takes American
auto manufacturess five years to sccoenplish
ﬂ\eameﬂ\hg.bu!l&adnmmuldkip

object i finished, and any pockets of Joose
powder are then blown away,

~wsThe pmksodebml:md precise that

us by allowing foe faster p

Lm:mkthsmhbydepoﬁmaﬁm
hyao(pwd«onaﬂaphklevﬂwhu»
floor of an oven chamber and then rapidly
passing a tiny but intense laser beam over
selocted arcas of the powder, In effect, the
powder on the plate becomes a thin slice of
the final object, with the laser fusing the
powder in any area where solid material is
calbed for by the design.

L there ks to be a hollow space in an area of
thatglice, the Laser does not fice when|
aver that ases, leaving a layer of locse pow=
dee on the same plane as the fused malerial.

Oncealayer has beencompleted, theplate
in the oven chamber drops slightly, th

ve made whatthey describeas
the first seamess toy whistle. In the tradi-
ticnal manufacturing process, two halves of »
a whistle are molded 50 that they can be
glued together around a ball that raltles in
the central chamber,

. I the hager sintering process, the ball is
formed on top of a layer of powder as the
entire whistle is built up, and when the object
isfinished, the solid ball istotally enclosed by
powderinside the whistle’s hollow chamber,
The powder is thenremoved, leaving the ball
to rattle free in the chamber.

The original powder materials used for
the lasee antem; process have been poly-
oess and Ament casting wax. When the

wbmobduudunhey‘\'emduadhm
froen market information concept to protos

d of powder is spread evenly, and the
hurunpmwwedmhwmmof
the plate. The process is continued until the

lalter is used, the wax impression of the
object s dipped in a cerasmic alurry, which is
thenallowed to harden. Alterwacd, the wax

dwdhmwsdamwmbhdcﬁvmﬂw
company’s headquarters at 2207 Donley in
Nocth Austin to a lab in UT Austin's Ergi-
neeting Teaching Center, where themedhani-
cal department and various re-
search facilities are housed.

Jerry Martin of Scientific Measurement
Systems says the data'lo be transmitted will
be obtalned by an X-ray inspection process
known as y,mwhch
Jt-nysmu«dtonumnboum\eamal
“ ternal ds -}

Jess of the object’s coenplexty. Data cbtained
as the turbine blade is being scanned with X-
rays will be transmilted by tedephone to a
laser sintering device oa the UT Austin canve

pus. .

If all goes well, a polymer reproduction of
the turbine blade will be conspleted about an
hour after Sclentific Measurement Systems
technidars begin transmitting the informa-
ton across tawn

Scientific Measurement Systems Inc. is a
leading supplice of computerized X-ray in-
spection systems foe the aeccspace, aircraf,
automotive and deferse industries.

Link to higher resolution image of UT news article:
http://hitechmex.org/self/3d fax1536.gif




Article showing X-ray CAT scanner at Scientific Measurement Systems Inc. (3)

Thursday, August 15, 1991 Austin American-Statesman

Statf photo by Mike Boroft

at Sclentific
ment Systems Inc., ‘scans an automobile piston in a 420,000-volt
scanner in the company’s North Austin plant. The Image was com-

byphom«oamommur's
there called
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WoRLD'S FIRsT ‘3-D Fax’
UT researchers take rapid prototyping a step further

By Kirk Ladendorf
American-Statesman Staff

| | only ]DH.B‘ called it the
worl

's first 3-D fax.

By linking two high-tech systems —
an X-ray scanning device and a com-
puter-driven laser — the

of UT’s h engi-
neering building.
The result of the first trial was im-

perfect, but it was rated a success.

t|onaor as it uhmore commonly called,
rapid prototyping.

YJT is considered a leader in the
ﬁeld Put of its mechanical .n‘ir::?il:d

“It worked ” uld uT hanical

ing | y came the p:
ing — using a

ing P: Joe B: “1
wouldn't call it a pretty part, but it
was deﬁmuly n. — '.he auto pmton

this week transmitted a 3-D copy of
an automobile piston over the tele-
phone line.

They joined with Austin-based Sci-
entific Measurement Sy-unu, which
makes high-tech mdunnal scannin, ng

and |cnled down to about one-third its
original size.

The copied part did not include all
of the detail of the actual piston, Bea-
man said, because only 60 scanned
cross sections were made to save dem-

devices, to put on the d
The automobile piston was scanned
in Scientific Measurement’s 420,000-

time.

d 4

The d ion was

laser

driven luer to fuse tonthar fine pow-
der of material into precise 3-D
prototypes made of polycarbonate.

DTM Corp., an Austin-based start-
up ovwnod by the B.F. Goodnch Co.,
has d of
laser lmunng devices targeted at in-
dustrial users.

For Scientific Measurement
Systemslnc. the “3-D fax” could create
important new marketing opportuni-
ties for its sophisticated scanning

volt scanner; the image was
ized and then transmitted by phono to
a computer-driven laser device in the

in conjunction with a UT- d

4 q

on
methodl for solid free-form fabrica-

which perf the indus-
trial version of a ho-plu! CAT scan
See UT, G2

UT researchers make gains in
3-D prototyping technology

Continued from G1

nology. Beaman

currently

on the human body.

“I see it as being a significant
impetus to cause our products to
start to take on more interest,”
said Jerry Martin, the company’s
vice president of marketing.

Potential users, l,e said, couldlbe

exploring techniques to produce
aluminum 3-D copies using the
sintering process.

Rapid prototyping is attracting
interest from manufacturers as a
way to short-cut the time-consum-
ing and expensive method of turn-

makers and even utility companies
that need to replace worn parts in
nuclear power plants where draw-
ings no longer exist.

Considerable interest in the pro-
cess has come from Japanese man-
ufacturers, Martin said.

For Beaman, the graduate advis-
er to Carl Deckard, who discovered

ing out f-a-kind prototypes
in maghine shops. A small indus-
trial part can take six months and
cost as much as $60,000 to make,
according to some experts.

Laser sintering can accomplish
the same task in a fraction of the
time and cost.

The demonstration was sup-

poned by the Texas Advanced
a state-

laser si the d ration
was just one more step toward ex-
panding the power of the new tech-

backed effon to show potenual
ial uses of

Link to higher resolution image of SMS news article:

http://hitechmex.org/self/3d faxSMS1536.gif




Reverse reference: This article was previously published at;

http://www tacc.utexas.edu/~reyes/tacc_personal/self/3D_fax.html
and was referenced by:

“Visualization Handbook” by Charles D. Hansen, Chris R. Johnson
Chapter 6 Isosurfaces and Level-Sets by Ross T. Whitaker

Also previously published at;

http://www .ices.utexas. edu/~reyes/self/3D fax.html

and was referenced by:

“Sensing and reproducing the shapes of 3D objects using claytronics”

by Padmanabhan Pillai, Jason Campbell

and

“A 3D Fax Machine based on Claytronics”

by Padmanabhan Pillai, Jason Campbell, Gautam Kedia, Shishir Moudgal, Kaushik
Sheth

Also previously published at;

https://webspace .utexas.edu/reyesr/self/3D_fax.html

and was referenced by:

“Scotty: Relocating Physical Objects Across Distances Using Destructive
Scanning, Encryption, and 3D Printing”

by Stefanie Mueller, Martin Fritzsche, Jan Kossmann, Maximilian Schneider,
Jonathan Striebel, Patrick Baudisch
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