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Charl es Perry6s Solsticas@ealyzedahd its genetajvé geonetrical logic basea twisted toroidal

sweep is captured in a computer progn&ithn interactively adjustable control parameteFis program is then used to

generate other models of ribbed sculptures based on one or more interlinked torus knots. From this family@ssculp

rel at ed Solsticewee rdreyrdisve a broader paradigm for the generation
simpl e, mat hematically defined figuide rails, o whieh are thi
weight, transparent surfaces. With this broadened corasept few suitably modified and parameterized prograemsan

emulate many other ribbed sculptures by Charles Perry and also create new sculpture designs and mathematical
visualization models that piibfrom the semitransparent look of these structures.
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1. Introduction

The 28foot tall Solstice sculpture by Charles Pefgure 1) located in downtown Tampa, Florida is a prime
example ofthe fribbedsculptured to be discusseblere Ri bbed scul ptures offer a tr
indoor as well as outdoor settings. Because of the substantial open space between the ribs, they do not cast hars
shadows or block views completely. Moreover,ytlage reasonably cost effective to be constructed at a large
scalei much less expensive than large ffeam bronze sculptures, investment cast from many individual molds.

These ribbed sculptures may trace their roots to the pioneering work of sonrectomst artists as well as
to the mathematicaitringmodels of conic and bilineaurfaceghat one can find in science museums. The ribbed
approach to defining a shape in space is particularly valid and economical at an architectural scale, asse makes
of Naum Gabobs vision that space could be repres:
demonstrated this principle with more than two dozen versions oLihear Constructionmade of nylon
monofilament strung over transparent plastic #famSerious artists often implement many versionsoofie
worthwhile concept trying to find a perfect combination of the many variables that define a particular instance.
With the availability of interactive computer graphics tools, we now have the g do much of this
exploration and fineuning with virtual models, if we succeed in capturing our conceptual idea in the form of a
computer program with an appropriate set of adjustable control paransetehsirtual evaluation may bpist a
convenience wheresigningabletop sculpturesit becomes arucialtool in the design of architectural sculpture.

In this paper wediscuss ouiefforts to captue a variety of ribbed sculptures by Charles Pd#dlyin this
manner By extracting animplicit frameawork that underlies most dfis ribbed sculpturesve define a broad
approach thaenablesa wide variety of new ribbed sculpturaad mathematical visualization model§e will
start our discussion with an analysisSafigice, because it has a particularly compelling underlying representation
that lends itself tan eleganparametrization.

As one walks aroun® e r rSgisbicesculpture, one is amazed at the richnesdivdrseviews that present
themselves from differentiewing directions Figure 1). From some angles the sculpture looks like intertwined
organic formsother views inspire an associatioha roller coaster on steroids. But from a few privileged vantage
points, a wonderful symmetry is revealed, and theepatbecomes surprisingly regular. At this point an
inquisitive mind just wants to know what is going on and whether there might be a simple generative principle
that lies at the root of this elegant masterpiece. In the caSelstice this analytic taskvas made easy, since
Charles Perry was quite forthcoming with explanations of how he planned this sculpture and how he went about
constructing it. In a personabmmunicatiorhe wrote:

ifiThe perimeter of Solstice i esonarng adteedentoidofpl aci r
the triangle connects with the ring. The triangle is rotated bytlwds twists as it rotates around the
ring. The figure produced by the three vertices of the triangle is-¢hivets twist torus Moébius.

Intuition told meof the right diameter of the tube for the edge of the torus. | made a 12 inch model
and worked from that somehow. | found that there are four equal quarters going around the torus. | then
made a fulscale mockup of 1/4th of the edge. It looked like a&igraf a roller coaster in my clean
new studio. It was in three dimensions. | took this template to abeseer they had a skilled old man
who could bend the tube in compound curves to match the template. This was done in sections. In the
studio | mathed and welded these pieces. | had to cut off the excess ends. Now | had four equal tubes,
probably about fifteen feet long. | then determined where the cross tubes would be cleselstdther.

This part was done by referencing théoot model.

Now, these holes for the cross tubes had to be a variable distance from each other and had to rotate
around he edge tube as they progresdddsking tape, Magic Marker and a center punch for each hole
was the method. Certainly | had to measure the total lerigthch quarter edge antvide this into the
number of holesAll the cross tubes are equal. There are more than 600 cross tubes, and thus more than
1200 rotebroached holes, each at a different angle. The four equal edge pieces and the 600 tubes were
shipped separately to Tampa.l don't even know how | registered the four edge pieces when it was
assembled in Tampa.



Perryods descr i pSolsticefromaiffadtent iamglesigwse 1)oallow an easy construction of a
generating paradigm that cdwe captured in a computer program. Some of the crucial parameters in this
generative program can then be made into variables, and by setting these variables to new (somewhat)onstrainec
values novel scul pture desi gns Before any bfehese madified Keisignd d&re ¢ a r
sent to the machine shop, one has to make an artistic judgment, whether the new forms have enough aesthetit
merit to warrant an actual construction. If the answer is affirmative, then many more details will Heseve to
worked out about how exactly to bend the many ribs into their specified shape, and how to connect them to the
supporting tubular rails. Considerable engineering effort goes into working out those details.

In this paper we are mainly concerned with phignary design aspect of variations $dlsticeand of other
ribbed sculpturedy Charles Perry4]. We have generalized this paradigm and captured it in several small
computer programs that allow us to design a wide varieguofi sculptures. Our new designs are presented in
virtual form by means of computer graphics renderings. Most of the construction details and engineering issues
are ignored at this stage. As the reader will see, even the geometrical design phaseveffdrsnggguing
puzzles and programming challenges.

2. Geometrical Emulation of Solstice

Based on the information obtained directly from Che
on the surface of a torus. In the caseSofstice it forms a (3,2) torus knot, i.e., the guide rail runs three times
around the big loop of the torus and passes twice through its tunnel before it closes again offmuee[2a)

The thinner fAribso attached t oa rbtatihgsequiateialdriangle; atiaight ar e
edges would |l ook rather stiff. The ribs are plana
triangle composed of three inwab@nding concave circular arcs. Furthermore, the ribs do not form cthsesl

sided planaroops but rather form a spiral staircase. The two ribs that would end in the same triangle vertex have
been offset along the guide rail by half the distance between subsequent triangles, so that the ribs seem to land ol
the guide ra8 individually, withapparentlyuniform spacingFigure 2b) Of course, on the inside of the torus the
spacing is much denser than on the outside, since the truly relevant spacing paramefercisy u at or i al 0
around the torusStrictly speaking, tis forces the geometry of the many ribs to vary ever so slightly. However,

the geometrical deviations are small, and they are within the tolerances to which the actual tubular ribs can be
bent. Thanks to their curvature, the ribs can thus readily bedithettoroidal guide rail at assembly time.

To capture this constructive paradigm, we wrote a prograiuleto generate a guide raii the form ofa
sweep surface alongn arbitrary §§,q) torus knot. The parametric representation of this sweep llimg on a
torus surface with big radil®and small radius, is:

T = (R—I—rccns (ﬁb))cosqﬁ
r
Yy = (}E—I—rcos (E))Sinqﬁ
r
z = F sin (E)
p

where0 <A <2p’.

This loose frame ishen populaté with a parameterized set of ribs, which themselves are circular arcs. More
explicitly, the guide rail is specified by the integer constpraadq of the torus knot, by the radiR and r,of the

major and minocircles that define the torus on which this knot is embedded, and by the diameter of the guide rall
tube itself.



Next we specify the total number of ribs ahd offsetof the two rib endpointdom an exact crossectional
plane(cutting a minor circldrom thetube of the toru$. This offset is measured as an angle along the circular
sweep path that defines the major loop of the torus. An offset of zero keeps the ribs entirely in thectiorss
plane, and an offset of 1 degree would move oneettidpoints of the rib forward by that amount in the major
sweep direction. Actually, iour prograns this offset istypically defined as a fraction of the total sweep angle of
the torus knot guide rail. This makes it easier to interleave properly tle@dibgs on the guide rail. For a total
number of 500 ribs an offset of 0.1% would evenly stagger all rib endings with a minimal amount of helical twist.

The individual ribs themselves are circular arcs between their two end points on the guide railodifie am
of arching of each rib can be specified as the turning angle that this circular arch segment is bending through.
Alternatively, the amount of bulging can be characterized by the maximal distance of the arc from the chord
connecting the two rib endpag Different versions of our programs have used different approaches. In either
case,he amount of bulging is normalized so that(aa uni
least for small values of the offset paramgttris normaization varies with the variable. A fAbul ged o
always results in a straight rib, aadhegative bulge value indicatehat the arc is curving in tHaward direction
(Figure 2c)

Figure 2. Graphical illustration of the key desiganameters in th8olsticeprogram: (a) the torus knot formed
by the guide rall, (bairib-end offser e sul t i ng i n {i(® aregativhdge of haiodevidual ribis.b s

By tuning all the above mentioned parameters carefully, a rather fathfull | a t i o nSolstifescipturelisy 6 s

obtained. In the emulation shavn Figure 3 the program parametdéisted in Table lwere used(As far as the
number of ribs is concerned, we guess that Perryos

Tablel. Proggkm par amet ers used iSolsticesbupture mul ati on of

p 3

q 2

R 6.5
r 6.0
Guiderail diameter 0.15
Rib diameter 0.1
Number of ribs 300
Rib offset 1.8°
Rib bulge -0.5




Figure 3. Emulation ofSolstice ( a )sculptere im TadpgPhoto copyright C. H. Séquin, 2007]
(b) computer emulation shown from the same angle

3. Solstice Variations

With the basic generating paradigm captured in our program, it iS now easy to make variations of this sculpture.
In a firstexample we reduce the amount of twisting in the overall toroid to obtain a shape more closely related to
Hel aman Fer gus on6s UlbilioTomeNdi]ciuwhiphtthe toml twisholf thedridingular cross
sectionis only 120° Figure4a). This can be readily achieved by changing the paraétet, yielding a guide

rail in the form a (3,1) torus kndtwhich is actually not knotted at all.

Figure 4. Solstice variations: (a) emulating the (Xdjus knot of Helaman Ferguson;
(b) (4,3) torus knot variation; (c) (2,8)rus knot variation.

Alternatively we may choose to increase the twist in the toroidal sweep structure. Avoidoage{®3), where

the guide rail would break up into s&parate loopghe nextconnectedcandidate is the (3,4) torus knot. This
however looks too twisty for our taste; instead we explore the case of the (4,3) torus knot. This results in a
guadrilateral cross section that makes a 3/4 turn while travelingamooaed the toroidal sweepigure4b). This
configuration certainly has the potential for another lagme ribbed sculpture.



Another experiment is to simply swit¢he values op andq of the originalSolstice thereby generating a
(2,3) torus knot, \Wile leaving the rib specifications unchanged. Even though topologically the structure of the
knot has not been changed by this switch, the result now looks quite diffeigute@c). There are two main
reasons: First, the geometry of the guide rail t@as a totally different structure, even though it describes the

same mathematical knot; second, the behavior of the ribs has changed dramatically. There are now only two

passes of the guide rail through every minor circle of the torus, and this is noiestffo form a rib triangle.

Also, retaining the parameterized rib endpoint values of the ori§ivlaticeleads to an effective angular offset of
about 120°. This happens because the rib endpoints are specified by a parameter that relates tdehgtiwbble

the guide railWhile in the originalSolsticeone third of the length of the rail completed one sweep around the
torus, in this new variant with only two major loops in the guide rail, it brings the second rib endpoint only about
2/3 around théorus. Thus the new configuration of the ribs yields the looks of a puffed up cushion and adds more
Avol umeo to the appearance of the scul pture.

4. Other Ribbed Sculptures by Charles Perry

Charles O. Perry has created several oRibbed Sculpturef] that can be modeled with this paradigm. His
sculptures inspired us to extend and generalizgeherating paradigm of populating one or more guide rails with
a set of closely spaced ribs. First madea fewmodified versions oftte Solsticeemulation progranto capture

the geometries of sonmaher PerrysculpturesKeeping the programs separate, kept them-ligkight and easy
to-modify, and is preferably to a monolithic heawgight program in this early phase of exploration.

Ribbed Mace(1998) located in Falls Church, VAFgure5 a ) , is probably the si
structures, yet it is definitely ey@atching. It uses two separatemicircular guide railsn planes that stand at
right angles to each othdts 49 graight ribs form an elegant ruled surface that connects the twe gaild. In

our first emulationwe have slightly increagdghe numberof ribs and placed them evenly spaced onto the guide
rails (Figure 5b). Figure 5c¢ shows a variation with curved rilebjch seems to give the sculpture a more light
weight, winglike look.
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Figure 5. Ribbed Mace ( a) P e r [Pioto sopysighttd. Retryu 98
(b) emulation (differing rib density)(c) variation with curved ribs.

m



Harmony (1990), located in Hartford, CTHigure6a), also uses two separaemicircular guide railsHowever,
it comprises four distinct ribbed surfaces, each composed of 18 ribs of varying curvature. Figure 6b shows our
emulation of this sculpture, but with 2bsiin each of the four sets.

Figure 6. Harmony ( a) P e r [Pyoto® Pesry; 180] p(b) arr eenulation with higher rib density.

Early Mace (1971) located in Atlanta, GAKigure 7a), uses ribs in the shape of circular arcs eoting two

separate guide rails. In this case the rails are two pairs of (almost) great semicircles on an invisible sphere, held
together by two small semicircles at both ends; this gives the shapesome thickness. The ribs form inwards
bending quartearcs. Figure 7b shows an emulation of this sculptuhiie Figures 7c and 7d demonstrate what
happens when the ribs afest straightened and finally bent outward to follow the surface of the sphere,
respectively.

Figure 7. Early Mace (a) Perry sculpturgPhoto© Perry, 1971] (b) emulation (c)(d) rib variations.
























