From 1991 through 1992 | worked for the
artist Frank Stella on a series of “smoke
sculptures” that involved using the com-
puter to model sculptural forms derived
from smoke. The project began with
Stella’s interest in the forms of a smoke
ring as it is blown and then slowly drifts
and breaks up into a network of whaorls,
streams and eddies. | was asked to see
if | could model these forms using
three-dimensional computer modeling

techniques.
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Above: Frank
atella, Simming,
1992 S1aimless
steel, bronae and
alumimum, 16 x 13 x
12 in. The Bao
torms emerging
tream the boflom are
two of the smoke
sculplures
madaled on the

compuber.

Lefi: The smoke
seulptune illestrated
here, seen lrom $ix
different paints of
whew, i3 the same
Horm seen ol th
bottom right of figuee
1, This lgam was
madeled enteely
digitally.




Afver comsiderable experimentatson, we did, i fact,
cevelop a eechnigue o produce fooms thas proved
ineresting and ahich Stella vsed extensavely in his
“Fremch Mining Towns™ serics. An example of one of
thise peroes i ghewn an fgune 1. The digital version of
o of the smakie soulptunes wied i the picce 15 shown
in fgure 2.

The modding process for cach smoke form began
with photographs of the smoke. Six simulaneous
phatographs, one taken through each side of a specially
construcbed bas, were produced. One of these photcos i
shaowin in figure 3.

These photageaphs were scanned into the compurer
and then used as loese guides eo develop a three-di-
mensional line drawing that trsced through tee princi-
all lines of the smolor. 1 extruded a circular cones
section abong euch af these lines, producing a simple
pububar structure, as ([hstraved i figure 4.

The key tisue of this stage was deciding what, in
fact, constitueed ehe prancipal lines of ehe srooke. For
some al the simpler forms, the principal lines were
Eairly evident. Several of the smoke forms, however,
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larting poist lor

thvr digital form in
Tagura

A circular cress-
#hEthan was ox-
trudad along
“principal limes™ of
the smoke lorm.
Symmetrical
wiisorls warn
modeled st sach
ond using & tech-
niges that sime-
lobes o latha,

A plotied drwing
shewing ull of
the cross-
saciional curves,
a3 soen from ihe
toap. lor this ssoke

scilpture,

Anaihar, mone
comglen exampla
ol & degitally mod-
aled smoks sculp-
ture, The Eragular
swrinces of ihis
Torm wede dirwel-
oped fiom a simple
tubular struciure
aumilad 1o the one

in figure 4.

Above right: Framk
Stedla, Toul 1952,
Sinenless steel and
benaze, 18x 7 x 18
in. Thee snaking
feam ganimnding
across the tep and
e ther riight of the
piece is another
smpke form mod-
whed by the suther,
this time fabricated
uging o foam
chass-sectional
techmique. Phota:
Sterwen Sloman,

All images cour-
tesy Frank Soelle

figure 7

dexicling whar was imponang was quice demanding.
Figwre: & is anacher of che smoke sculpoures thar was
developed for chis serics, which illusceares dhe greater
coam plexicy char some of chern displaved. The prooess of
|:|:'-|.'i|:|i.|'..1'l which af the movements was imporrang fof
forms like chese was the same diffsouls process any artist
goes theough in absyracting @ meaning ful COHT pOSaL O
froem chie superzbundant comiplexiny of namee

Orace a basic mbular sorucoure had been developed,
its surfaces were pulled, pushed, rwisped and deformed 1o
:|'JI.'||.| a more inceresting and Huid paonern of surfaoes, soll
rEmElning faichiul, oweser, o che |'|ri:1|_'|l'q|: limes of the
original. Figure 2, which we have alresdy soen, illustrares
the resulis of chis kind of deformacion on che ol bar
structure of Figure 4. It is inferesting oo note here chear
what madde this scep {certaimdy one of the mose TR ERTEETIT
of the whale process) possible was a bug in the softwarne
|'n.|.|.'|u||:_:' | was using. It rumed ouc rhae if a surface was
stretched in A certain way and chen uncone, the surface
allicl war retiern, s i was supposed oo, i s |'rr|-:rn_-n'|'q-r|
farm, bt nstead sencled inro some lll'||'rl'-|;:|i|'r:kh||_' amd
wery irmegular deformanion I!i:,' ﬂul:ing rq'u-.m;ul e ool
rlm.l:ul,u_:md swing those “misakes.” which bnoled
g, the bonng, perfectly regular rube sonacruee was
transdrrmied mndor a misch more inrr-n*-:rmIH aficl irq-su,:lur
“wmoke” form.

Having digitally maodeled a form char was sarisfac-
ey, the nesr Srep wak somehdwr o BET A e claea caig of
the comiputer and into the real world—in orher words,
to build v, We used von processes.

The firse was the sre-rmlinrhnﬁrjph}' o, Thas
[Process uses a laser bexm o pﬂ]:,-rru;ri:.':; i I:h||,|ix|. |1|;:5:i¢,
vty extrernely chin cross-secrional I.i_,,u_-r; ol a :|i,|.:if.u|
meade]. "'hen all rhe cross secrions are sustably hardened
|:|:-.L::'|:|.'u'r. the resulr is a plasoc Mg of the 5..|_'|.:||E:r|!||r4|.
farm. We used chis techmague oo several of hie sroloe
forms. Once a plasric urn-n]ifl'u':gmlh:. MGl Wik
|'\INI|.‘|L'I\'.'E1.|. it was given o Scella’s !'m.lrulr:,- whiere @ mald
wis made and cast in various metals, The owo emoke
forms of Agure ¢ were produced chis way,

The .1.-.|r.1.n|:am— af the :l:un-ul.i:hu_umpl'::,- Process 18 that
1 prl:h:h.m:'s extremely accurare models VETY :||,|nq,!-; I:,-, The
oS works di rectly froim rhe :[i!;i 1l claca e [rpeci-
siom ol several decimal poines, and the cross-sectional
glabs are quite thin, y_m-ral]:.- the chickoness of a
ﬁng-l.'nuil. There are several s.i;.:nilimnr dh:,uh.—,_.:.:;xn.
however.

Chne |:|L1hc|1.u.|1m|q:' & saze. The Ijqninl |:u|§, stwef wisead i
the process is contmined in o ver, and the sise of the var
limits the size of the meodel VM CRIY |m-d|,;:'.,— Waes rensl
o e cubes between 10 and 20 inches, The models we
sl were ahout 10 inches in cheir I.-emp-.l.r dimension,
In primciple, it & possible to cur your data ing precees
afid form each piece in a separate var, gluing them o
et her afterwards oo [H'ﬂ:l:l.l.'l.' a larger model, Given the
complexity and delicacy of che forms we were dealing
with, however, this was deemed :'n'qu'url:i.:;.ll.

Anocher d |u}w|uu1u|:' 55 oo, A ade-imch moelel can
ot .1ng.'1~.']u:n: froem 81,000 oo g0, Cne n_-.'l'mi-:"u,- fog
o m“nl':g this cosc, however, is |.||.1i1:- sim|:|;. Thee comt
of a stercolichography model is lagely a funcrion of i
height within che vat. By roming your digical daga
arcund ro beave the shoroese jn':uih]r dimension of che
form extending along che vermical axis, you can minimise
the comt.

A ﬁl‘l.l] \.Ii'i..l.l'.'J.II.IJ;.:l.' |f ﬂh,' lel'l,'llllllﬂlﬂr.lldl}' ||r-|,:|_ T
is thar all forms mas: heve 2 corsistently defined inner
surface armd outer sweduce, 1§ we chink of the coeh of a

shire as being a surface, then a shir thag is either com-
i'ﬂ-i.'l.-l.'h fighe siche ot or completely inside our is fine,
Either Wiy, 1t% surface 15 consistent, Bur if the shim is
purned partly inssde out, its surface orienration is incen-
sisgent and will wreak steresdichagmphic havo

For a sculpeor, of courss, “parely inssde our” may
procluce ehe mone imtensting form, and in the case of
the smoke sculpeun:, this was definiely so, All of rhe
smioke forms we baalt with sterenlichography had o be
laborously remodeled to conform o the ropological
COPSErALNAS,

Seella'’s reaction to an antiface of che
seerendithography prooess 15 en interescing sidelighe oo
what happened during the production of these forms
In oecler wo hold these complicared formas in place while
they were still semi-liquid in the var, a recrangular
haneyoomb structure was buile by che laser beam
arownel each piece. After the pisce was cured, this
ll-lllrr}'-cnnh stucture was cut away. Scella liked che
receangular grid pattern that was left on che surfaces of
the forms as a result of chis process, and be requesied
thae ig be retained. This grid paccen is visible on boch
of the cant metal srmoke forms seen in figore 1.

In oeder to address the limdmarions of che
stereolithography process, we felr i was necessary 1o
develop an alternative proces. Afrer ancrher round of
experimentation, we developed a fabrication rechnigue
basedd, as was che stereclichography process, on the
concept of cross sections. The firss soage was o com-
pute the cros-sectional curves for o given smaoke sculp-
ture, which were then diginally plocced coro paper, An
EXAMPLE 15 50N 1N :ﬁpun.' 5. Registrarsn merks were
Lu.rlcl!'ull:.' caloubuted and esclisded in che plq.'rrn:-r cleasw-
inggs =0 thar each cross-sectional In:,'n:-r cokild be +I:pu,uj
with 1t :l-engllhx.-.. Seella’s sssiscanes chen g-nltrml
these drawings oo whatever scale cthey waneed, rrans-
fermed she patcerns ro indusorial sheers of foem, cus the
foswm pactemns out and glued chem mogether oo form &
large-scale foam maquerte of che smoke soulprure, The
largest of the models buile in chis way was appeosi-
mately 26 feet in lengrh. Figure 7 shows a smallee-scale
e of this ochnigue.

Thas foarm oross-secrional ne-.'hni;p,u; -mpml none
af the inner sudsce’outer surfsce resricrions of the
stercalithography process. This was imporens becsuse
it permitted a greacer freedom in the digieal medding
stage. Any foom thar could be madeled could also be
buile, pir matter how rwisted s surfaces mighe be, The
technique also had che advancage of being much
cheaper and peusable, and it bene imself w fabrication a
arry scale. The disadvantage of the cechnigue was chas
the cross-sectional slicing was cruder and very clearly
visible, Seella again ook advancage of chis by suming
the seriations of the foam models ine prominene de-
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