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Figure 1. Carlo Séquin, Trefoil Sculpture Models, R00.

Sculpture Generator 1

The Sculpture Generator 1 (SG1) is a programdarguter-designing sculpture created
by Professor Carlo Séquin of the Department of QgdepScience, University of
California, Berkeley. It was motivated by the s¢uhps of Brent Collins that can be seen
to relate to Scherk minimal surfaces [1,2]. | fegperienced working with SG1 in 1997
at the Art and Mathematics Conference AM97 at thevérsity at Albany-SUNY. |
thought it was fantastic then and | think it ististic now. Carlo has been generous in
making the program available on-line and the pugpighis short article is to present
some of examples to whet your appetite to try urgelf. A set of sculptures by Carlo
Sequin, designed with SG1, are the Trefoil Scugpptodels, 2000, shown in Figure 1.
These models were displayed in the exhibit Art Bladhematics 2000 at Cooper Union
College, New York City. The models were also digpthat Art and Mathematics 2001 at
Berkshire Community College, Pittsfield, Ma.



Design Parameters for SG1.

The design parameters as they appear in the conppogram for SG1 are shown in
Figure 2. We will later discuss the sculpture cgpanding to the particular values of the
design parameters in Figure 2. The parameterseaseith sliders controlled with your
mouse. We will discuss the parameters below.

SCULPTURE GEOMETRY
# of saddle branches = 2 | L
# of holes/storeys = é | 11
Height of storey = 1.8 | 11
Width of flange = 1.3 [ L
Thickness of wane = 0.2s | L
Amount of rim bulge = 325 | 11
Cryerall asnal twist = 720 | 1
Turn around ams = 25 | 1
Bend towards arch = 30| 11
# of texture tiles = 10 | 11
Grid detail = 16 [ 11
Stretch X = I
Stretch ¥ = 10 [ 3
Stretch Z = 10 [

Figure 2. Design parameters.
Examples

We begin with a simple rectangle in Figure 3. Theameters are 1, 1, 5, 0.7, .09, 2.01, O,
0,0,5,16,1, 1, 1. The relevant parametersieréctangle are theeight of 5 and

width of flange of 0.7. The background has been sdilas. We now give the rectangle

a half-twist by increasing theverall axial twist to 180° as in Figure 4.



# of saddle branches = 1 (|
# of holes/storeys = 1 LT
Height of storey = 50 |
Width of flange = 07 L
Thickness of vane = nos [ L
Amount of itn bulge = 201 | |
Overall axial twist = 0 | JE |
Turn around axis = 0 [ |
Bend towards arch = 0 LT
# of texture tiles = 5 I JE |
Grid detal = 14 [ 11
Stretch X = L0 [
Stretch ¥ = NI
Stretch Z = T
COLOR SELECTION
& Set Color for Background ¢ Set Color for Sculpture
[T Facel [~ Face2 ™ Riml [~ Rim2 [ Rim3
Red = (T |
Greeen = 0 ||
Blue= 255 | 1
Figure 3. Rectangle, height 5, width .7.

# of saddle branches = 1 ||
# of holes/storeys = 1 |
Height of storey = 5.0 | 11
Width of flange = 07 [T
Thickness of vane = [U311= o I |
Amount of rim bulge = 201 | | ]
Owerall amal twist = 1800 | S|
Turn around axis = 0 | S|
Bend towards arch = 0 ||
# of texture tiles = 5 | O I
Grid detail = 16 |
Stretch X = 1 =]
Stretch ¥ = i [ =]
Stretch 7 = S |

COLOR SELECTION

& Set Color for Background ¢ Set Color for Sculpture
™ Facel [ Face2 [T Riml [ Rim2 [ Rin3

Red= 0 [ |
Cregen = ] I |
Blue = 255 |

Figure 4. Overall axial twist of 180°.



We next increase tHeend towards archto 180° to obtain the twisted arch in Figure 5.
In Figure 6 thébend towards archhas been increased to 360° to obtain a Mobius.band

# of saddle branches = 1 |
# of holes/storeys = 1 ||
Height of storey = 5.0 | S|
Tridth of flange = 07 [T
Thickness of vane = 008 [ 1
Amount of rim bulge = 201 | P
Owverall axial twist = 180 | P |
Turn around s = 0 | |
Bend towards arch = 180 [ |
# of texture tiles = 5 | |
Grid detail = 16 11
Stretch X = N
Stretch ¥ = I I |
Stretch Z = TR |
COLOR SELECTION
¢ Set Color for Background ¢ Set Color for Sculpture
[T Facel [~ Face2 [ Riml [~ Rim2 [ Rim3
Red = 0 I
Greeen = 0 ||
Blue = 255 |

Figure 5. Bend towards arch of 180°.

# of saddle branches = 1 [T
# of holes/storeys = 1 | T |
Height of storey = 5.0 I |
Width of flange = 07 [
Thickness of vane = IRICE |
Amount of pim bulge = 201 | R |
Overall axal twist = 180 I =
Turn around axis = 0 I |
Bend towards arch = 360 I |
# of texture tiles = = I | o
Girid detail = 16 11
Stretch X = wo T
Stretch ¥ = s
Stretch Z = o
COLOR SELECTION
& Set Color for Background ¢ Set Color for Sculpture
Im Face! [T Face2 I Riml [ Rim2 I Em3
Red = 0 | e |
Greeen = 0 (|
Blue = 255 [ == |

Figure 6. Mobius band, bend towards arch of 360°.



In Figure 7 we increase the overall axial twisb4®° to obtain a triple-twist Mobius
band.

# of saddle branches = 1 ||
# of holes/storeys = 1 [
Height of storey = 5.0 | L1
Width of flange = 0.7 [T
Thickness of vane = 003 =
Amount of rim bulge = 101 | |
Owerall axial twist = 540 | =
Turn around axis = i | L1
Bend towards arch = 360 [ |
# of texture tiles = & | |
Grid detail = 16 | |
Stretch X = T |
Stretch T = 10 [
Stretch Z = 10 [
COLOR SELECTION
& et Color for Background ¢ Set Color for Sculpture
[T Facel [T Face2 I Ranl [T Rim2 [ Rm3
Red= 0 L1
Greeen = a ||
Blue = 255 g |

Figure 7. Triple-twist M6bius band, overall axial twist of 540°.

We shall now introduce replace the rectangle byefctowers, which are towers of
saddle surfaces. A tower of three saddle surfacesawn in Figure 8. We say each
saddle surface has two saddle branches sinceahete/o branches going up and two
branches going down. For convenience, we willrrefea saddle of two branches as a 2-
saddle. Thus there are three 2-saddles in the IStheer in Figure 8.

When this Scherk tower is given an overall axiabtwf 270° and a bend towards arch of
360°, the ends come together and the result isahipture in Figure 9. Note that the
number of “outer holes” is 3 corresponding totlree saddles. Thhickness of vane
has also been increased to .15 andatheunt of rim bulge has been increased to 1.5 to
give the sculpture more mass. The ends would @stwedogether with an axial twist of
90°, but an axial twist of 270° results in a moreiesting sculpture.

The result of twisting a Scherk tower and bendtr860° to form a closed circular form

is referred to as theroidal closure of a Scherk tower This was a break-through idea
of Carlo Séquin. The idea of forming the toroidalstire of a Scherk tower was
motivated by a sculpture of Brent Collins, whicim@so be viewed as the central cross-
section of a Costa minimal surface. This relatdge8cminimal surfaces and Costa
minimal surfaces.



# of saddle branches = 2 (|
# of holes/storeys = 3 |
Height of storey = 4.5 I |
TWidth of flange = 34 | JT |
Thickness of vane = 0o [ L
Amountof rim bulge = 1.01 | L1
Owrerall axial twist = 0 [ JE |
Turn around axis = i | P |
Bend towards arch = i I |
# of texture tiles = 5 | |
Grid detail = 16 [ |
Stretch X = VR |
Stretch ¥ = 10 [ —J
Stretch Z = SV |
COLOR SELECTION
@ 3et Color for Background ¢ Set Color for Sculpture
[T Facel [T Face2 [T Rim! [~ Ren2 [ Rim3
Red= 0 [Cd
Greeenn = ] ||
Blue = 255 T

Figure 8. Scherk tower with three 2-saddles.

# of saddle branches = 2 ||
# of holes/storeys = 3 (|
Height of storey = 4.5 | L1
Width of flange = 3.4 | T
Thickness of vane = 0.15 | |
Amount of rim bulge = 1.5 | L1
Owerall axial twist = 27 = |
Turn around aziz = 0 | I |
Bend towards arch = 360 |
# of testure tiles = 1 ||
Grid detail = 16T =]
Stretch 3 = 17 | I
Stretch V= 0 I
Stretch 2 = 10 [
COLOR SELECTION
& Bet Color for Background € Set Color for Sculpture
[T Facel [T Face2 [T Finl [0 Rim2 [ FRim3
Red= T |
Greeen = a |
Blue = 255 I I

Figure 9. Toroidal closure of a Scherk tower with hiree 2-saddles.



One of Séquin’s brilliant ideas was to let the btswlards arch increase past 360°. As
this happens, the Scherck tower can be seen pabsiugh itself and then closure is
obtained again at 720°. An example is shown inrfeidw. We will refer to this as a
double toroidal closure Séquin has also considered triple toroidal clesur

# of saddle branches = 2 [T
# of holesfstoreys = 3 ==
Height of storey = 34 | | ]
Width of flange = 0.8 | |
Thickness of vane = pos | L
Amount of nim bulge = 101 | =]
Orwerall azaal twnst = 270 | =
Turn around a1z = = | s
Bend towards arch = 720 | I |
# of texture tiles = 1 | (P |
Grid detail = 16 | |
Stretch X = 1.0 ([T |
Stretch 7= 1 S e |
Stretch Z= T
COLOR SELECTION
& Bet Color for Background ¢ Set Color for Sculpture
[T Facel [ Face2 I Riml [ Rim2Z T Rim3
Red= 0 [T
Greeen = 1] L
Blue = 255 [ T |

Figure 10. A double toroidal closure of a Scherkawer with three 2-saddles.

So far, we haven’t mentioned the paramaien around axis, which simply rotates a
vertical Scherk tower around its central axis gginot change the overall shape of the
Scherk tower. However, once the Scherk tower isedpthe turn around axis can
dramatically change the shape of the resultingsserd. In this case varying the nturn
around axis parameter looks like “turning the tdabiclosure inside-out” resulting in a
variety of different sculptures. In Figure 11 wev@d@nly increased the turn around axis
from 5° to 60° and left the other parameters teesaNe also note that the double
toroidal closure sculptures in Figures 10 and 1haloself intersect. This can be seen by
hyperseeing the sculptures by moving them aroumdjube mouse.



Figurell. Double toroidal closure sculpture obtaind from Figure 10
by increasing turn around axis from 5° to 60°.

We have now considered some examples with 2-sadéi&sbranch saddle has three
branches upward and three branches downward aatkrsed to as a 3-saddle. An
example of a 3-saddle is shown in Figure 12. A@dkais also referred to as a monkey
saddle. The closure of a Scherk tower with threaddles is shown in Figure 13. The
double closure of a Scherk tower with three 3-sesldi shown in Figure 14.



Figure 12. 3-saddle.

# of saddle branches = 3 | 11
# of holes/storeys = 3 |
Height of storey = 4.5 | L1
Width of flange = 34 [ S|
Thickness of vane = (18117 [ |
Amount of rim bulge = 11| S|
Ovwerall asaal twist = 120 =
Turn around axis = i] | |
Bend towards arch = 360 ] L1
# of texture tiles = 5 [ |
Grid detail = 16 [ s
Stretch X = 10 [
Btretch T = [ I I |
Stretch 2 = L0 T
COLOR SELECTION
& Set Color for Backeround © Set Color for Sculpture
M Facel T Facel [ Riml [ Rim2 [ Rim3
Red= i |
Creeen= 0 [T
Blue = 255 [ =]

Figure 13. Toroidal closure of a Scherk tower witithree 3-saddles.



# of saddle branches = 3 | 11
# of holes/storeys = 3 (|
Height of storey = 4.5 | T
Width of flange = 34 | i
Thickness of vane = 007 [ L0
Amountof imbulge = 101 S|
Oiverall axial twist = 180 | |
Turn around axs = an | o
Bend towards arch = 360 | ]
# of texture tiles = 5 I T |
Grid detail = 16 | T |
Stretch 3 = 10 [ L1
Stretch ¥ = 0 s =
Stretch Z= T =
COLOR SELECTION
& Set Color for Background ¢ Set Color for Sculpture
T Facel I Face2 I Finl [ Rin2 [ Rim3
Red= 0 |
Greeen= 0 1L
Ttvates A T

Figure 14. Double Toroidal Closure with three 3-braches.

As promised, the sculpture corresponding to tharmpaters in Figure 2 is shown in
Figure 15.

Figure 15. Figure 2 parameters.



Warning

You can get addicted to SG1, leading to eyestmiarexcitement, and late nights. So
you have been warned. Its now 4 am and | just tkade one more!!

# of saddle branches = 2 ||
# of holes/storeys = 4 I |
Height of storey = 2.5 | P |
Width of flange = 13 [ |
Thickness of wvane = nzs |
Amount of nimbulge = 325 11
Overall axial twist = 360 ] [ |
Turn around axis = 20 I
Bend towards arch = 360 | |
# of testure tiles = 10 I L1
Grid detail = 16 [ S|
Stretch X = 10 [ —J
Stretch ¥ = /Y T |
Stretch Z = {1 T |
COLOR SELECTION
= Bet Color for Background ¢ Set Color for Sculpture
T Facel M Faced T Fanl [ Fm2 [ Fim3
Red= (TR |
Greeen = ] ||
Blue = 255 | [T

Figure 15. Last One.



