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Preface

[ greatly enjoyed writing my first boo< Marvelous
Modular Origami (2006, A K Peters, Ltc.), I was
not intending to write another so soon; although 1
hed a deluge of new origami designs locding my
mind by the time I had finished my first book. But
so many readers inquirec about a next book, that
was greatly motivatec to author arother. Here is
the product of my imagination anc your generous
ercouragement,

[ learned a great deal from my first writing at-
tempt and this book definitely reaps :he benefits,
now tha: I am not a novice author. This incluces
a detter anderstanding of what makes an effective
diagram, improved ohctography, greater atten-
tion fo details, and an increased passion for doing
a meticulous job overall. Thers are over 40 new
models and lots of hints and dues for the folder,
s¢ you can make models that arz wholly your own,
or variatiors. For the mathematics lover, | have
included the mathematical aspects of the cesign
process, wherever possible.

The drst chapter deals with crigami basics and
other material that kas some overlap with Mar-
velous Modular Origami, Without this material,
a modular origami book is peraaps not complete.
Ir addition to origami symbols and bases, | have
provided polyhedron chzrts and cclor distribution
charts for reference during the assembly phase.
Folding tips along with other matter important to
folding origami, particularly modular origami, has
been provided. The reletioaship between modu-
lar 0-igemi and mathematics has been discussed
as well.

We siart with simple models using windmill bases
and blintz bases aad then gradualy progress into
more in-ricate medels such as the decorative ico-

sahedra, the embellished Sonabe, and floral ball

models, and concluce with a chapter cn planar

origamri models. The planar model desigrs use a
moderate amount of mathematics, some or which
has been described in the chapter. A brief his:ory
and an exhaustive list of all p.anar mocels known
to date, as compiled by renowned origami artist
David Petty, has also been included. Some math-
ematical exercises have been provided at the con-
clusion of the book for those who would like to
test their memory of any aigh school level math-
ematics.

Diagramming origami models is a bittersweet ex-
perience. Some units that are quite simple and may
be taught easily :n minutes in a face-to-face meet-
ing can take hours to diagram. Easy moves may be
difficult to illustrate using abstract diagrammatic
me:hods. However, at the end of drawing a suc-
cessful diagram there undoubtedly is great satis-
factior and the “wrist-wrenching” experience of
working the computer mouse extensively seems
well worth the effort. A measure ofany good ori-
gami ciagram is that it should have prectically no
need for language. The universal international
origami folding symbols that have evolved over
time almost prove the language independence of
this ar. One can fold from diagrans explained in
any language without Faving an iota of knowledge
about the language itself. That is the beauty o7 the
language of crigam: symbols.

This book presents a combination of simple to
high intermediaze models with an emphasis on thz
latter and should appeal to a wide range of audi-
ences 12 vears and older, with or withcut a math-
ematical baccground. I hope that you will enjoy
this beok as much as my prev:ous one, if not more,
and spread the joy of origami.

Cupertino, California

February 2003




1 © Modular Origami Basics

Perhaps most origami enthusiasts already know
that the word erigami is based on two Japanese
words: oru (to fold) aad kami (paper). Although
this ancient art of paper folding startzd in Japan
and Chiza, origami is 20w a household word
around the world, Most people have probably
folded at least a paper hoat or airplene in their
childhood. Origami has now come a long way
from traditional models and modular origami,
or.gami sculptures, and esscllations are some of
the newer forms.

The origin cf modalar origami is a little hazy due
to the lack of proper documentation. It is general-
ly believed to heve taken off in the early 1970s wich
the Sonobe anis made by Mitsuncbu Sonobe, l-
though it may have existed earlier. Six Sonobe
units could be assembled iato a cube. Three of
those un:ts could be assembled intc a Toshie Taka-
hama Jewel [Tak74] with one additional crease
made to the units. With the additional crease di-
rection reversed, Steve Krimball first formed the
30-urit ball [Gra76]. This dodecahed-al icosahe-
dral formation, in my opinion, is the most valu-
able contribution to polyhecral modular origami.
It gave birth to the idea that an unlimited number
of origami mocels could be constructed based on
various undzrlying polyhedra. Later on, Kunihiko
Kesaharz, Tomoko Fuse, Mivuki Kawamura, Lew-
is Simon, Bennet Arnste:n, Rona Gurkewitz, Da-
vid Mitcaell, Francis Ow, and many cthers made
significant cortributions to modular origami.
Thomas Hul and Robert Lang added the natakle
family of the high'y mataematical polypolyhedra
(a term coired by Lang) that are essentially inter-
woven polygonal or polyhedral frames [HulOZ].
As Lang notes, these polypclyhedra have an “ua-
canny” teauty [Lan] and perscnally, [ fiad them
extremely challenging and enjovable to make.

Mbodular origami, as the name suggests, involves
assembling several usualy identical modules or
urits to form one finished model. Modular ori-
gami almost always implies polyhedral or geomet-

ric modular origami, although therz are a num-
ber of other modular models that have nothing
to do witk polvhedra. Dinosaur skeletons made
of several square picces of paper anc a traditicnal
Chinese modula: unit with which one can virtu-
ally construct any form are but a faw examgles.
Gererally speaking, glue is not required, but for
some models it is recommended for increased
longevity, and for some others glue might be es-
sential simply to hold the units together. The
models presented in th's book do not require any
glue except for wher they are intended to be rough

handled.

The symmretry of modular origami models is ap-
pealing to almost everyoae, especially te those
who have an appreciation for polyhed-a. While
an understanding of mathemaetics is useful for de-
signing these models, it is nct crucal ‘or merely
following poyhedra charts and instructions tc
construct the models. The beauty les in the fact
that even though mathematics is not one’ ferte,
one can still construct these models and perhaps
even have a different appreciation of the math-
ematical principles involved Like any multi
stepped task :ha: requires patience and diligence
the end resul: of one’s hard work is a reward wel
carned and enjoved Aesthetics and mathematics
briliantly come together in these wonderful ori-
gami structures.

Modular origami can be fit relatively 2asily intc
ones busy schedule Unlike other art forms, one
does not neec a long uninterrupted stretch of time
all 2t once. Upon mastaring a unit that takes very
little time, batches of it can be folded anywhere
anytime, including the very short free pericds :hat
one might have in between other work. When the
units are all folded, the asscmbly can also ke done
slowly over time. I have been a working mother
with lwo youag boys and I am quite aware of how
limited free tme can be. But as | have [ouad vut,
modular crigami can easily trickle into the ncoks
and crannies of ones packed day w:thout jeopar-




dizing much else. Those long waits at the doctor’s
office or anywhere else and those long rides or
flights do not have to be boring and unproductive

any longer. Just remember to carry some paper
and diagrams along and you are ready with practi-
cally no extra baggage.

Folding Tips and Tools

®  Use paper of the same thickness and texture
for all units that make up a model. This ensures
that the finished model will hold evenly and look
symmetric, Virtually any paper {rom color photo-
copy paper to gift wrap works. The origami paper
commonly available on the market that is colored
on one side and white on the other, usually referred
to as kami, works for most models. There is a host
of other fancy papers available: foil-backed paper,
duo, washi, chiyogami, e ephant hyde paper, etc.

@ Pay atlenlion Lo Lthe grain of the paper. Make
sure that when starting to fold, the grain of the
paper is oriented the same way for all units. 'Lhis
is important so as to ensure uniformity and ho-
mogeneity of the model. To determine the grain
of the paper, gently bend paper both horizontally
and vertically. The grain of the paper is said to lie
along the direction that offers less resistance dur-
ing bending,

®  Accuracy is particularly crucial to modular
origami, so your folds need to be as accurate as
possible. Only then will the finished models look
symmetric and neat.

@ Itis advisable to fold a trial unit before folding
the real units. This gives you an idea of the fin-
ished unit size. In some models the finished unit is
much smaller than the starting paper size, while in
others this is not so. Making a trial unit will give
you an idea of what the size of the finished units—
and hence a finished model—might be, starting
with a certain paper size. It will also give you an
idea about the paper properties and whether the
paper type selected is suitable for the model.

@®  After you have determined your paper size
and type, procure ALL the paper you need for the
maodel before starting. [f yon do not have all the

paper at the beginning, you may find, as has been
my experience, that you are aot able to find more
paper of the same kind to finish your model.

® If a step looks difficult, looking ahead to the
next step often helps immensely. This is because
the execution of a current step results in what is
diagrammed 1n the next step.

@®  Assembly aids such as miniature clothespins
or paper clips are often advisable, especially for
beginners. Some assemblies simply need them
whether you are a beginner or not. These pins or
clips may be removed as the assembly progresses
or upon completion of the model.

®  During assembly, putting together the last
few units, especially the very last one, can be chal-
lenging. During those times, remember that it is
paper you are working with and not metal! Pa-
per is {lexible and can be bent or flexed for ease of
assembly.

@®  After completion, hold the model in both
hands and compress gently 1o make sure that all
the tabs are securely and completely into their cor-
responding pockets. Finish by working around the

ball.

®  Many units involve folding into thirds. The
best way to do this is to make a template using the
same size paper as the units. Fold the template into
thirds using the method explained in the Origami
Symbols and Bases section of this chapter. Then
use the template to crease your units. 'This saves
time and reduces unwanted creases.

®  Procure the minimal basic handy tools list-
ed on the next page. These tools assist in sizing
paper, making neat crisp creases, curling paper
(used extensively in this book), and assembling
models.

2
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Left to right: Porteble photo trimmer with replaceable blades are great for trimming ocigami paper to size. Tweezers a“e use-
ful for accessing hard--o-reach plazes. Knitting needles, screwdrivers, or s milar objec:s, such as narrow pencils work well tor
curling paper [used extensively in this bock],

Miniature clothespirs may b2 uszd durirg model assembly as temporary aids to 10ld two adjacent
uni:s together. The clothespins may be removed as the assembly progresses or after complesion

A traditional bone folder (left) is used for making nea: and crisp folds Plastic milk jug handle cutouts. often founc at
grocers’ refrigerator iwith some luck) or objects such as discerded credit carcs work alimost as well.

Folding Tips and Tvols 3



Origami Symbols and Bases

This is a list of commonly used origami symbols and bases. While it covers all symbols and bases refer-
enced in this book, it is b}r no means a cnmplete list.

Valley Fold
An evenly dashed line represents
a valley fold. Fold toward you in
the direction of the arrow.

Mountain Fold
A dotted and dashed line represents
a mountain fold. Fold away from you
in the direction of the arrow.

An arrow with a triangular nead

means to unfold the paper in
the direction of the arrow.

direction of the regular head and then unfold in
the direction of the triangular head. The new
solid line shows the crease thus formed.

A

C An arrow with two heads means to fold in the

Ratate paper by the number of

degrees indicated in the
direction of the arrows.

/ | A
<> D:> Zoom-in and
- ZOOM-OUt arrows.
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Reverse Fold or
Inside Reverse Fold
Push in the direction of the
arrow to arrive &t the result.

==
-

Pull out pader. Equel lengths. Equal angles.

N

~ Repeat once, twice, or as
Figure is truncated for many times as indicated by
diagramming convenience. the tail of the arrow.

% : Tuck in cpening underneath.

i
I

orri |
i

Fold repeatedly to arrive
at the result.

Pleat Fold

An alternata mountain and valley fold to form a pleat. Two examples are showr.

Squash Fold
Turm paper to the right along the
valley fold while making the mountain
crease such that A finally lies on B,

Cupboard Fold
First fold and unfold the centerfold, also called
the book-fald, then valley fold the left and right
edges to the canter like cupboarc doors.

Origami Symbols and Bases



Blintz Base

Valley fold and unfold both
book-folds. Then valley fold

all four corners to the center.

Windmill Base
Please see the beginning
of the next chapter.

Waterbomb Base
Valley fold and unfold
diagonals, then mountain fold
and unfold book-folds. ‘Break’
line AB at the center and
collapse such that A meets B.

Preliminary Base
This is similar to the waterbomb
base above, but the mountain
and valley folds are reversed,
i.e., the diagonals are mountain
folded and the book-folds are
valley folded at start.

Petal Fold
The figure on the
left illustrates petal
folding on a flap of
a preliminary base.

113 e

. | :
| e B s 7 IS et
b i \. \\‘ \
| J / X [/ 4
Fold and unfold book-fold and one diagonal. Then fold and unfold diagonal of one
rectangle tc find 1/3 point. Fold and unfold the bottom rectangle into half.

Modular Origami Basics



Modular Origami and Mathematics

“Mathematicians often rhapsodize abcut the aus-
terz elegence of a well-wrought proof. But math
also has a simpler sort of beau:y that is perhaps
casier to appreciate: It can be used to create ob-
jects that are just plain prettv—and fascinating to
boot” This statement by Julie J. Rehmever [Reh08§]
echoes my own sertimen:s. In my opinion, poly-
hedra. modular origami is an inspiring example of
how mathematics, art, and beauty all came togeth-
er in a wonderful cross-poll:ination of disciplines
that all can understand and a»preciate without
the rigors of a proof. Tt perfectly demonstrates the
balance and symmeztry often found in mathemat-
ics in a hands-on intuitively grippirg way and can
be compelling to mathematicians and artists alike.
A mathematicians delight in pendering the sym-
metry of the palyhedra underlying the modzlIs is
just a difeerent spin on the same delight an artist
experiences when contemplating the beauty of the
exact same object. Huran beings instinctively
find symmeltry pleasurable aad >eautiful—studies
have even linked symmelry to our perception of
beauty in facial features, though it is not quite rel-
evant here, i: is worth mentioning.

Althougl most peaple view origami as child’s play
and libraries and bockstores tend to shelve ori-
gami docks in the juveni.e section, there is much
more to origami than generally perceived. Theze
is such a primal connection between mathematics
and origami that a separate :nternztional origarmi
conference, Orizami Science, Math, and Educaticn
(OSME) was spun off in 1989. Professor Kazuo
Hzga of the University of Tsukuba, Japan, appro-
priately proposed the term Origamics at 30SME
in 1994 [Hul02] tc refer to :his genre of origani
that is heavily relatzd to science and mathematics.
The mathematics of origami has been extensively
studied not only by crigami erthusiasts but also
by many ma:hematicians, scientists, and eagineers
as well as artists. These interests date back to at
least the late nineteenth century when Tandalam
Sundara Row of India wrote the book Geometric

Exercises in Paper Folding in 1883 [Rowé6]. He
tsec novel methods to teach concepts in Euclid-
ean geometry by simply using scraps of saper and
a penknife. The geometric results were so easily
attainable that it inspired quite a few other math-
ematicians to investigace the geometry of paper
fold:ng for the first t me.

As mentioned in the introduction, modular origa-
mi almost always implies polyhedral or geome:ric
modular origami, although there are some excep-
tions. A polyhecron is a three-d. mensional solid
that is >ound by polygonal faces. A polygon. in
turn, is a two-dinensional figure bound by straight
lines. Aside from the polykedra themselves, mod-
ular origami involves construction of a host of
other objects that aze based on the princioles of
polyhedra. Looking at the ex:ernal artistic, often
floral or ornamenta. appearance of modular ori-
cami models, it is hard to believe that there is any
matiematics at all involved. But in fact, for every
madel there is a hidden underlying pclyhedron.
It cculc be based on the Platonic or Archimedean
solids listed in the next section, or it could be
bascd on prisms, artip-isrs, Kepler Pcinsot sol-
ids, Johnson’s Solids [Jch66], rhombohedra, sym-
metrohedra [Kap01], or even rregular polyhedra.
~he most referenced polyhedra for origami con-
structions are undoubtedly the five Platonic solids,
followed by some of the Archimedean solids.

Assembly of the units that comprise a model may
ct first seem very puzzling to the novice, cr even
downright impossible. But understanding certain
mathematical aspects can considerably simplify
the process. First, one must determine whether a
unit is z face unit, an edge unit, or a vertex unit, i.e.,
whether a un:t identifies with a face. an edge or a
vertex respectively, of the underlying polyhedron,
Face units are the easiest to identify. The windmill
base models presented in the nex: chapter are face
units. There ere only a few known vertex units, an
example being David Mitchell's Electra [Mit00].
Most modular modeal units and all the rest of the

Modular Origami and Mathematics
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models presented in this book are edge units. For
edge units there is a second step involved—one
must identify which part of the unit, which is far
from looking like an edge, actually translates to
the edge of a polyhedron. Although it may appear
perplexing at first, on closer look one may find
that it is not an impossible task. Once the identi-
fications are made and :the folder can see through
the maze of superficial designs and perceive the
unit as a face, an edge, or a vertex, assembly be-
comes simple. It is then just a matter of following
the structure of the underlying polyhedron to as-
semble the units. With enough practice, even the
polyhedron chart need not be consulted anymore.

When designing a model, one might start with a
mathematical approach. Alternatively, one might
create @ model intuitively and later open it back
out into the flat sheet of paper it originated from
and then ponder the mathematics of the creases,
Iarther refinement of the deaign, if requited or
desired, can be achieved by studying the creases.
Either method of design is perfectly valid. Some
mathematical approack to designing has been
loosely illustrated in the last chapter, Planar Mod-

els. Various desired angles arrived at using origa-
mi methods have been explained and proofs for
the same have been provided.

Modular origami is also a great tool for studying
and teaching concepts in three-dimensional ge-
ometry. It is a wonderful engaging hands-on com-
panion to teaching theoretical concepts. While it
is one thing to look at pictures of polyhedra, it is
quite another thing to construct one. 'Lhat origami
simply requires easy methods and inexpensive
materials accessible to all, lends itself perfectly to
the classroom. Nothing can compare to the learn-
ing achieved when actually holding one’s created
polyhedron and studying it both during and after
construction. It can make the dull or confusing
mathematical principles leap to life from the page.
The spatial relationship among edges and verti-
ces and the duality among polyhedra stand out
clearly. Origami is also a wonderful tool for con-
strucling and studying crystal structures in physi-
cal chemistry classes. Presented next are polyhe-
dra and color distribution charts that usually turn
out to be handy for polyhecral modular origami
constructions.

Platonic and Archimedean Solids

Below is a list of Platonic and Archimedean solids commonly referenced for origami constructions.

Platonic Solids

Tetrahedron Cube Octahedron
6 edges, 4 vertices. 12 edgas, 8 verlices. 12 edges, 6 vertices.
Faces: 4x Faces: 6x[] Faces. 8x /\
Icosahedron Dodecahedron
30 edges, 12 vertices, 30 edges, 20 vertices.
Faces: 20x /\ Faces: 12x{)

Modular Origami Basics



Archimedean Solids

Faces: Faces:
8x /\ 6x [
6x ] 8x()

Cuboctahedron
24 edges, 12 vertices. Truncated Octahedron

36 edges, 24 vertices.

Faces
Bx&
= ’-B]{D

Rhnmbicubuctahgdrnn Truncated Cuboctahedron
48 edges, 24 vertices. 72 edges, 48 vertices.

~\ Faces:
) 20x A
12x OJ
Icosidodecahedron Truncated Icosahedron
60 edges, 30 vertices.

90 edges, 60 vertices.

 \ [aces:
20x /\ Faces:
12x()

Rhombicosidodacahedron
120 edges, 60 vertices.

Snub Cube
60 edges, 24 vetices.

Note that five cf tke thirteen Archimedean Solics have no: been shown: truncated tetrahedron, truncated
cube. truncated cuboctahedror, truncated icosidodecahedron, end snub dodecahecron.

Platonic and Archimedean Solids



Even Color Distribution

This scction illustrates a few polyhedra with even color distribution for their edges. For most modular
origami constructions, each edge of a polyhedron maps to a module or unit.

A

Three-color tiling of a cube Four-color tiling of a cube
(every vertex has three distinct colors) (every face has four distinct colors)

/-~

Three-color tiling of an octahedron Four-color tiling of an octahedron

(every face has three distinct colors) (every vertex has four distinct colors)
Three-color tiling of an icosahedron Three-color tiling of a dodecahedron

(every face has three distinct colors) (every vertex has three distinct colors)

10 Modular Origami Basics
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Five-color tiling of an icosahedron
(every vertex has five distinct colors and
every face has three dstinct colors)

Five-color tiling of a dodecahedron
(every face has five distinct colors and
every vertex has three distinct colors)

Six-calor tiling of an icosahedron
(every vertex has five distinct colors and
every face has three distinct colors)

It is implic.t that for an even color distribation,
the number of colors one chooses must be a fac-
tor of the number of edges or units in a model.
For example, “or a 30-uni: model one can use
three, five, six or ten colors. In all of these figures
each edge represents one origami unit. ‘lhe dot-
ted lines are invisible from the point of view. The

Six-color tiling of a dodecahedron
(every face has five distinct colors and
every vertex has three distinct colors)

number of units you need to fold per color is equal
lo the total rumber of edges divided by the total
number of colors. Even clor distr’bution makes
a rodel mcre appealing but for some models
the usz of a single color is more effective while,
for some others random coloring works equally
well.

Even Co.or Distribution



Tuberoses and Oleanders (top) and Tube , standalone and in a ball (bottora).

Windmill Base Models




2 © Windmill Base Models

The models in this chapter ere based on a trad:-
tional base called the windmill base. The windmill
base is very versatile and many different mode!s
can be foldec from it. The traditional Chrysanthe-
mum Kusudama and a host of other kusudamas,
induding those by Friedrich Froebel, Tomcko Fuse
[Fus02] and Kunihiko Kasahara [Ka<03] begin with

1. Valley fold both diagonals ard
book-folds and unfold, then fold
corners to center and unfold.

3. Cupboard fold.

4. Make the mountain

windmill bases. Shown below are instructions on
how to fold a windmill base. They will be used
throughout the chaprer. At the end of the chapter,
we will make a model with a pentagonal version
of the windmill base. All paper types incuding
photocopy paper are suitable for these models and
squares of sides 3"-5" are recommended

5. Repeal steg 4 on
the top, bringing top
edge to center.

and valley folds as

shown while Eringing
bottom edge ta center.

6. Valley fold the two faps
n the directions indicated.

Finished
Windmill Base

13



Sunburst

Start with a windmill base as diagrammed on page 13 and then continue with the following steps.

1. Squash fold the
flap shown.

3. Valley fold edges to
diagonal and unfold.

5. Repeat Steps 3 and 4
on the other three corners.

e,

? 2. Squash fold the
other three flaps.

rhw)/
J'. L
1 _yf:

4. VValley and mountain fold

taking the corner outwards.
This is also called petal fold.

6. Valley fold along lines
shown and unfold.

Windmill Base Models



7. Valley fold along lines shown and 8. Reinforce all the valley folds
unfold. Also, crease two diagonally along the diagonals and book-folds

Push center down to finish unit.

Finished Unit

* Note that the pockels
are the slts at the back.

Assembly

Position two units such that a tab faces a pocket and
ther insert the entire tab into the pocket. The tab

should get fully hidden as shown on the right

Sunburst 15



Six-Unit Assembly

*
Three-Unit Assembly
(_..-"'"
J s
3 /’—\ 3

Assemble five units as shown above.
Attach a sixth unit using the two free tabs
and the two free pockets marked with *

Six-unit and three-unit assemblies of Sunburst.

16 Windmill Base Models



Starburst

Start with a windrmill base as diagrammed or: page 13 and then continue as follows:

1. Squash fold the
flap shown.

/ N\
Fd ~
/ N
”
L
s b
7z

|

3. Valley fold the four
flaps as shown

s
o

6. Rotate 90°.

2. Squash fold the
other three flaps.

=

=

//‘f

S
A‘i‘i\(’/
e

\\ﬁ

|

4. Valley ‘olc as
shown and urfold.

j;/
S
b
™
b
-5

7. Unfold last step.

=
-

5. Collapse as skown
to bring the bottom
edge to the top.

=
!
i
\\\RH = -
x P
I b P )
N s
™

=
o
8. Valley fald flaps as
shown.

Starburst

17
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10. Repeat steps 3-5
9. Repeat Steps 3-8. of Sunburst model to -

petal fold ccrners. 11. Crease two diagonally
opposite corners to mark tabs.

Finished Unit

Tabh

* Note that the pockets
are the slits at the back.

12. Reinforce all the mountain
and valley folds within the square.

Asscemble three or six units like the Sunburet modael.

Starburst Unit Variation
Do Steps 1-0 of the Sunburst model.

1. Mark two diagonally opposite 2. Valley fold and open to
corners for tabs and turn over. bisect the 45° angles.

15 Windmill Base Models



4. Rotate 90°.

5. Unfold and
rapeat Step 3.

.
=g=—L
! I S \
| % \
i sax
S
| S
; s

e ~ Finished Unit

6. Reinforce the mountain
and valley folds as shown. Assemble six units like the Sunburst mcdel.

Tkree-unit essembly of Starburst and six-unit assembly of Starburst variation.

Sterburst

: L]



Ixora

Do Steps 1-5 of the Sunburst model on page 14 and then continue with the following steps.

1. Mountain crease
along lines shown. Also crease two diagonally opposite

2. Mountain crease along lines shown.

corners to mark tabs.

3. Reinforce the book-folds 4. Velley fold the

as mountain creases diagonal without fqlding
through all layers. the two tabs behind.

5. Unfold and repeat
the other diagcnal.

6. Dip down the center of

the square and reinforce

mountain and valley folds
to arrive at the finished unit.
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Finished Unit
Tab Pocket®

/ X3
/ Assemble three or six units

% B like the Sunburst model
presented in the beginning
of this chapter.

Pocket Tab

* Nole that the pockets
arz the slits at (he back.

Six-unit and three-unit assemblies of [xora.

[xora 21



Tuberose

- = 2. Pleat fold at A as shown.

1. Start with a finished
Ixora unit, flattened.

D S
~B
3. Fold tip A as shown such that the 4. Repeat Steps 2 and 3 at B, C,
marked angle Is approximately 45° and D. Earlier folds tend to
or a tad bit larger. Crease firmly. unfold; repeat folding if necessary

until all four corrers stay folded.

Finished Unit

* Note that the pockets
are the slits at the back.

Position two units such that a tab faces a pocket
and then insert the entire tab into the pocket. The
tab should be fully hidden as shown on the right.
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To make a standalone Tuberose, make a unit with tabs anmarked and curl the four petals with a narrow
pencil-like object.

Twelve-Unit
Assembly

To make a 12-unit ball, assemble as above. Assemr-  Assemble the test of the units such that for each end
blyis shown here in a three-color scheme. Assemble  every unit, two three-urit rings and two four-unit
seven units as shown starting wich the center unit.  rings lie diametrically opposite to each other

Tuberoses, standalone (left), and as a 12-unit ball (right).

b

luderose 3



Oleander

The Olcander model is an extrapolation of the
Tuberose model on to pentagonal paper. Fold-
ing with pentagonal paper is not uncommon in
origami. Philip Shen, Rona Gurkewitz, Bennett
Arnstein, and several other origami artists have
models folded from pentagons. Once, while play-
ing with a pentagonal piece of paper, I mapped the
folds of a traditional Lily/Iris from a square ontoa
pentagon and the resulting flower was very beauti-
ful and more life like. There are quite a few ori-

1. Pinch twao half
points on bottom
edge, then fold in half.

6. Croase tc drop a

perpendicular from corner to
new line. Refold to Step 5.

A Traditional Method for Obtaining a Pentagon from a Square

2. Pinch half point
on right edge.

gami modecls that can be translated from a squarc
to a pentagon, leading to pleasing end results.

There exist several techniques for obtaining a pen-
tagon starting with a square piece of paper. Below
is a widely used method [Kawai70] that I find easy
and elegant with minimal wastage of paper. The
resulting pentagon is not perfect but the error is
minimal and it works petfectly well for regular
scale origami purposes.

3. Valley fold
to match dots.

5. lnfold ta
Step 2.

4. Valley fold to
match edges.

8. Mountain fold.

matfch edces.

9. Cut all layers
along crease
made in Step 6.

10. Discard top piece \
and unfold bottom to 'V
arrive at pentagon.

[ discard

unfold
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1. Mountain and valley
fold along pre-existing
creases as shown.

3. Repeat Step 2 on
all other edges.

5. Repesat Step 4 on
all other comers.

7. Valley fold
and unfold.

2. Bring bottcm adge
to centar and crease
and unfold.

4. Vallay and mountain
fold s shown.

' 6. This is a penlagonal
windmill base. Valley
fold top flep to the right.

Oleander

25



9. Valley fold edges

to center and unfold.
10. Petal Told.

4 11. Repeat Steps b-
10 on all corners.

12. Turn over.

13. Pleat fcld at B i}
as shown. 14. Fold tip B as shown 15. Repaat Steps 13 and 14

such that the marked angle atC, C, E, and A. Earlier
is approximately 60°. folds tend to unfold; repeat
Creasc firmly. folding il necessary until all

five corners stay folded.
Finished Unit A x 1

For a standalone Oleander, curl all ten outer
and inner tips outwards to complete flower.
For a 12-unit Oleander ball, lock tabs and
pockets exactly as explained in the previous
model, the Tuberose.
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Assembly

Assemble with each urit lying along
the face of a dodecahedron and at
each vertex three units lockirg in a
ring as shown. Since the total number
of tabs and pockets per unit is odd
(fvel, the tab-pocket distribution per
unit will not be even across the model.

Oleander, standalone (left) and in a 12-unit ball.

Oleander



Periwinklz (top) and Chrysanthemum,Trillium in duo paper (bottom), both without inserts.
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3 © Blintz Base Bouquets

While playing with blintz bases | came up with a
bunca o: flower bouquets that are diagrammied in
this chapter. Blintz base modular origami models
are not new and some other =xamples that come to
mind are Donatella Cecconi’s Fetali [Cecc89] and
Mio Tsugawas Mosaic Box [Tsu] of 2003. These
models all vtilize repeated blintz felding.

As with most other modular models, the units can
be assembled into bouquets of 6, 12, or 30 units;
the 30-unit ones being the most attractive because
their five petal flowers seem more ratural. We
begin with mekirg the Basic Blintz Unit mod-
els. Then we will .ook into the possible variations
achieved by forming different flowers at the four
or five-point vertices anc the three-point vertices,
which are actually the faces of the octahedral or
icosanedral assemblies. We can focrm the follow-
ing flowers at the four or five-poirt vertices Tm-
petients, Periwinkles, and Chrysaathemuams. At
the three-point vertices cr feces, we can form Tril-
liums or Gypsophilas or simply leave them plain,
thus accentuating the flowers at the fve-point
vertices. Different combinations of flowers lead
to many different finished models or bouquets,
e.g., Chrysanthemum, Chrysanthemum Trillium,
Chrysanthemum Gypsophila, Impatient, Impa-

tiert Trillum, Impatient Gypsophila, Periwirkle,
Periwiakle Trilliam, and Periwinkle Gypsophila.
To further erhance the beauty of the models, use
contrasting colcrs between the flowers and the
background of the models. This can be achieved
by using a simple insert in every unit Another
way to obtain contrast is to use harmony paper.
There is & plethora of harmony papers available
these days, the use of which can yield dramatic
end results, Unlke regular karni, which is one sol-
id colcr, harmony paper may have various colors
blending intc one aaotaer on one sheet or various
shades of the same color on one sheet, A third way
to achieve contrast would be to use regular kami
and perform some additional steps to get the de-
sired color contrast. Tkis method, discussed at the
end of the chapter, would be a purist’s choice, but
the finished units g2t cne layer thicker due to the
additional folding. The thickness is manageable
and not a problem. For this no-insert method.
duo papet caa be very effective.

A note on asserrbly—the models arz sturdy with-
out glue but during assembly: aids such as minia-
ture clothespins are recommended, especially for
beginners. The clothespins czn be removed as the
assembly drogresses or at the end.

Recor nmi.'n.'..fﬂ tions

Paper Size: 3'-5" squares

Paper Type: Karai cr harmony pape-
Firished Model Size

3" squares yield 30-unit models that are

approximately 3.75" in heighl
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Basic Blintz Unit

Use contrasting color
for inserts and cut
into quarters,

&

Paper for inserts (optional).

Paper for main unit.
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1. Fold both diagcnals 2. Blintz fold the two 3. Valley fold each
and book-folds and corners skown and o
ice.
unfold. unfcld.

4. Valley fold corners. 5. Turn over. 6. Blintz fold three
| corners shown.,
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8. Valley fold top

ccrner and unfold. 9. Valley fold two
Unfold bottom correr. corners iwice as
S shown, then unfold the
7. Slide optional other two blintz folds.

insert all the wav into
the ‘envelope.”

—t—
10. Valley fold the other

= . 11. Vallay fold in half and 12. Blintz fold firmly
MR DR WSS unfold. (Skip this step for through all layers
a six-unit assembly. and unfold.
Finished Unit

Pocket

x6orx 12 orx 30

Front

Bac< Reinforce the blirtz folds
from Stegp 12. The finished
unit now becomes three-
dimensionél.

Basic Blintz Jnit ' 31



Six-Unit Assembly

Join five units as shown
starting with the one in
the center. Similarly, join
a sixth unit opposite to
the first unit to comglete
the cube. Each unit will lie
on a face of a cube and
each tab/pocket joint will
lie along an edge.

/5N
QhAQ

Twelve-Unit Assembly

Assemble four units in a ring to form a
vertex of an octahedron. Add a fifth
unit (shown in purple) to form a face.
Continue assembling in octahedral
symmetry to complete the model.

Note that for 12-unit and 30-unit assemblies, Step 9 is mandatory. The
crease made in step 9 will lie along the edges of the assembled polyhedron.
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Thirty-Unit Assembly

Assemble five units in a ring to
form a vertex of an icosahedron.
Add a sixth unit 1o form a face.
Continue asserrbling in
icosahedral symmetry to

complete the model.

Assemblies of the Basic Blintz Unit: six-unit assembly of karmony paper (left) and 12 unit assemb.y of karti with gold inserts.

]
i
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Impatient

Start with a completed and flattened Basic Blintz Unit.

Gently reinforce the last

2. Unfold last step set of blintz folds to arrive
gently to arrive at at the finished unit.
— — the finished unit.
1. Bring bottom edge Finished Unit Tab

to top while making the
mountain and valley
creases as shown.

Assembly

Assemble like s
Basic Blintz Units. (The pockets
are at the back.)

Thirty-unit assembly of Impatient in random coloring,
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Impatient Trillium Bouquet

Start with a completed anc
flattened Imgatient unit.

3. Valley fold and
unfcld along pre-
existing creases.

4

1. Unfold all the way
the two flaps shown

/ 2.Re-crease
the valley folds.

5. Unfletten back to the
criginal Impatiert unit,
4. Squash both corners. by reinforc ng the blintz

felds and the horizonta
Finished Unit fold at the center.

Pocket Tab

(behind) Assembly

Assemtle like the Basic Blintz
S x12 model. Remember that for the
—Q or octahedral or cosahed-al
3 x 30 assembly, PQ wil lie along the
edges of the polyhedron. After
assembly the squashed petals will

e open up automatically.
Tab Pocket

(behind)

Impatient Trilllum Bouquet 35



Twelve-unit and 30-unit assemblies of Impatient Trillium Bouquets.
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Impatient Gypsophila Bouquet

1. Start with Step 5 of the
previous model, the
Impatient Trillium Bougquet.

2. Valley fold and unfold.
(Make soft crezses.)

3. Equash the two sides
with soft creases.

4. Repeat Steps 2 and

3 on the bottom flap B.
Finished Unit
Pocket Tab
(behind) Assembly
|>J> | x 12 Assemble like -he Basic
= Q or Blintz model. Remember
x 30 that for the octahedral or

iccsahecral assembly, PQ
will lie along the edges of

: Y = the polyhedron.
Tab Pocket

Impatien: Gypsophila Bouquet 37



Six-unit and 30-unit assemblies of Impatient Gypsophila Bouquets.
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Chrysanthemum and Combinations

Start with a completed and flattened Basic Blintz Unit with Step “0 skipped.

2. Unfold last step
= / gently to arrive at Finished Unit  Tab

the fin shed unit.

1. Bring bottom edge to top

while making the moun:ain x 6
and vallay creases on flaps or
A and B and bringing points x12
A and B to the top. or
x 30
Assemble like Basic /Tab (The poceets
Blintz Units. are at the back.)

Shown below are Chrysanthemum Trillium and Chrysanthemum Gypsophyla units. Please
refer to respective Impatient Bouguet sactions for how to make these units.

Chrysanthemum
Trillium Unit
Pocket Tab
(behind)
Chrysanthemum
Gypsophyla Unit
Pocket Tab 7

(benind

Tab “— Pocket
(behind)

Ch ry santhernum ard Combinations

a9



Six-unit Chrysanthemum (top left}, 12-unit Chrysanthemum Gypsophila (top right), and 30-unit Chrysanthemum Trillium
b ¥ YE g ¥

(bottom).

40 Blintz Base Bouquets



Periwinkle and Combinations

Siart with a completed and flattened Basic Blintz Unit with Step 10 sk ppad.

Genlly reinforce the last
sel of blintz folds to arrive
at the firished unit.

1. Valley fold througn 2. Curl tips A and B in
all layers and unfold. the arrow directions. Finished Unit Tab
X6
or
x12
or
x 30

Assemble exactly like
Basic 3lintz Units. - —l
Tab (The pockets
are at the back.)

Shown below are Periwinkle Trillium and Periwinkle Gypsophyla units. Please
refer to respectiva Impatient Bouquet sec:ions for how to make these units.

Periwinkle Trillium Unit

Periwinkle Gypsophyla Unit

Tab

b (The pockels
i, are at the back.)

Tah (The pockets
are at the back.)

FPe-iw nk e and Combinations 41



12-unit assembly of Priwinkle with petals uncurled (top) and 30-unit assembly of Periwinkle Gypsophila (bottom).
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Blintz Base Models without Inserts

The units get thick, so only kami ot thinner paper is recommended. Use at least 4” squares.
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3. Valley fod the
two corners twice.

1. Fold and unfold both 2. Fold anc unfold two
diagonals and book-folds. corners.

6. Valley fold tcp

5. Valey fold as
and bottom comers.

4. Valley fold corners. snown.

7. Valley fcld the
two corners twice.

8. Valley fold the
two ccrners.

12. Valley fold in half

10. Blintz fold again.

11. Valley fold two
carners and unfold.

and unfold. (Skip for
& six-unit assemkly.)

Blintz Base Models without Inserts



Finished Unit

13. Blintz fold firmly through 14. Squash fold the
all layers and unfold. two corners shown.

* Docket

Reinforce the blintz
folds from Step 13. The
finished unit becomes
three dimensional and
the squash folds open
up a bit. Assemble like
Basic Blintz Units.

*Pocket

Back

Note that the unit shown ahove is a Periwinkle/Trillium unit with colored Periwinkles and
white Trillium (colorad insides). Try other flower combinations presented earlier in the
chapter with this non-insert version. You may slay with the coloring as well. Try these
other colorings illusirated below by simply reversing some folds from valleys to mountains.
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Impatient Gypsophila in duo peper (top) ard Chry:anthemum Trilliun: withoul inserts,

Blintz Base Models without Inserts 45



Icosahedron with Curves 2 (top) and Icosahedron with Waves (bottom ),
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4 ® Decorative Icosahedra

In this chapter, five decorative icosahedra are pre-
sentec. The first four models al. belong to a fam-
ily that I have named Icosahedra with Curves The
units are very simple and some involve inserts.
Contrasting insert colors produce visually stun-
ning results. For these models assembly aids such
as clothespirs are recommendec for beginners.

The last icosahedron cf the chapter. th2 Patterned
Iccsahedron, is based on Lewis Simon and Bennett
Arnstein’s Tr:angle Edge Module from the book 3-D
Geometric Crigami: Modular Polykedra by Rora
Gurkewitz and Bennett Arnstein. Cne pattern
variation has been presented but many other varia-
tions are possible. 1give much thancs to the above
mentioned people for allowing me to use their ba-
sic unit from wkich my patterns are derived.

All of the models in this chapter use half squares,
ie., 2:1 rectangles. The insert sizes fcr the Curved
[cosahedra vary but those sizes in turn a-e derived
from the paper for the main uniz. For all of the
Izosahedra with Curves models, color photocopy
raper works very well because the back side of the
paper is not exposed and the thickness is perfect.
However, xami or virtually any other papar can
be used. For the Patterned Icosahedron, kami is a
raust because the back side needs to be expased to

create the moflifs.

A note on assembly: It is important that the units
meet at the vertices during assembly. This re-
sults in the center of the model opening u> a bit
to generate a hollow space, which is perfectly
fne.

Recommenaations
Paper Size: 2"-3" wide rectangles

Paper Type: Photocopy or any other paper

Einished Model Size
2.5" wide rectangles yield 30-unit

models that are 3.5" in hzight approximalely
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Icosahedron with Curves

2. Valley fcld and 3. Valley fold
unfold top layer only. corner.

1. Start with 1:2
paper and fold in half.

4. Re-crease
fold from Step 2.

5. Valley fold left corner, 6. Turn over. 7. Valley fold
top layer only. Mountain corner.
fold right corner so flap

goes behind all layers.

9. Valley fold left corner. 10. Turn around.
Mountain fold right
corner and tuck flap in
the slit behind the fold.

8. Valley fold.

48
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thumb index finger Finished Unit

: ‘/ :

11. Gently apply pressure to the
corners with your thumb and index

% 30

finger to open up the top. Then curve Tab Pocket
tha top edges outwards with your nails.

Tetrahedral Assembly

To make a tetrahecron, assemble four units in a ring to form a vertex fol owing tha
sequence numbers. Insert a fifth unit to form a face by perfcrming Steps 5 and 6,
Continue assembling in this manner o form six vertices and eight faces to arrive at
the finished model. Assemkly aids such as miniature clothespins may be used and
they can be removed as assembly progresses or at the end.

Iccsahedron wita Curves 49



Icosahedral Assembly

One finished

vertex.

To make an icosahsdron, assemble five units in a ring to form a vertex following the
sequence numbers. Insert a sixth unit to form a face by performing Steps 6 and 7.

Continue assembling in this manner to form 12 vertices and 20 faces to arrive at the
finished model. Assembly aids suich as miniature clothespins may be used and they

can be removed as assembly progresses or at the end.
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Two views of Icosahedron with Curves (top and bottom left) made in a five-color scheme anc a tetrahedrl assenrbly ina
three--olor scheme (bottom right).

cosahedron with Curves

=



Icosahedron with Curves 2

For the inserts, use the same size paper as the main unit of a contrasting
color and discard one cuarter of the length. Cut the remainder into
halves. Valley fold the new rectangle into half to complete an insert. Note
that you may try other insert widths as well for a different look.

1:2 paper for
main unit.

3. Repeat Steps 2-10 of the
lcosahedron with Curves,
making sure that the insert
does not move from its
initial position and stays put.

b

1. Start with main 2. Place insert as shown

unit paper, fold as with open ends downwards
shown and unfold. and re-crease valley fold.
thumb index finger Finished Unit

=

Gently apply pressure to the corners with
your thumb and index finger to open up the
top as well as the insert. Then firmly curve

the top ecges outwards with your nails.
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Assembly

Insert tao into pocket. Assemble to
make an icosahedron as explained in
the Icosahedron with Curves model.

One finisked
vertex.

Icosahedron with Curves 2.

Icosehedron with Curves 2 s



Icosahedron with Curves and Waves

For the wave Insert, use the same
size paper as main unit of a
contrasting color, then cut it in half.
V/alley fold the square in half ta
complete the wave insert.

1:2 paper for
main unit.

3. Repeat Steps 2-10 of the
lcosahedron With Curves,
making sure that the insert

does not move from its

1. Start with man 2. Place insert as shown initial position and stays put.

unit paper, fold as with open ends upwards
shown and unfold. and re-crease valley fold.
thumb index finger 3 :
- Finished Unit
_,?'> x 30
Gently apply pressure to the comers with your
thumb and index finger to open up the top. Pocket

Then firmly curve the top edges outwards with
your nails. The insert will automatically take
the shape of a sine wave. Gently reinforce it.

Tab
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Assembly

Insert tab into pocket. Assemble to
make an icosahedron as explained n
the Icosahedron with Curves mode!.

One finished
veriex.

Icosahedron with Curves and Waves.

[cosahedron witk Curves and Waves



Icosahedron with Curves and Petals

For the insert, use the same size paper as
the main unit of a contrasting color, then
cut into four parts as shown on the left.

1. Valley fold.

1:2 paper for
main unit.

2. Valley fold and 3. Valley fold 4. Reverse Finished Insert
unfold both layers. and unfold. fold.

3. Repeat Steps 2—-10 of
Icosahedron Wth Curves,
making sure tha! the inserts
do not move from their

initial positions and stay put.

L Start wﬂh main v Plam twao inserls
unit paper, fold as as shown and re- th“""'b index ﬁﬁg&r

shown and unfold. crease valley fold. V

4. Gently apply pressure to the corners with your thumb and index
finger to open up the top. Then firmly curve the top edges outwards
with your nails. Open up inserts as well and curve them like petals.
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Finished Unit Top view of unit.

Focket =
i \ \\

Insert tab into pocket. Assemble to
make an icosahedron as expleined in

; One finished
the lcoszhedron with Curves model.

verex with
white pestals.

[cosahedron with Carves and Petals.

[cosahedron wich Carves and Petals 57



Patterned Icosahedron

The patterned icosahedron presented here is an adaptation of a unit called the Triangle Edge Module by
Lewis Simon and Bennett Arnstein (Gurkewitz & Arrstein, 1995). Thisadaptation merelyexposes the white
side of the paper to create interesting patterns on the finished faces and vertices of the icosahedron,

| | | | | |
| | | | | I

1. Starl with 1:2 paper 2. Pinch midpoint of top 3. Valley fold to
and make a book-fold. edge of top layer only. match dots and
unfold.

A
=
/A
g e ""))J
==

4. Valley fold botton 5. Re-crease 6. Tum over
edge to new crease. fold from Step 3. vertically.
7. Repeat Steps 8. Unfold toward 9. Valley fold edges
2-5 on this side. the left. to center.

58 Decorative lcosahedra



b
Wi

.-I d -.'ﬁl‘." :::If .
,M%J’ gl

T

.E-}_:_

r'l

11. Valley fold. 12. Mountain fold.

Finished
Unit

Pocket

T

E: Pocket X6
14. Repeat Steps 15. Unfold to or
11 and 12. Step 10. x 12
or
x 30
Assembly

13. Turn over
vertically.

Note that during
assembly, the line
PQ will lie glong
the edge of the
polyhedron keing
constructed.

Insert tab cf unit 2 into pocket
of unit 1 such thatline CD
algns with line AB, thus
lceking the units.

A face after a third
unitis introduced.

Patterned Icosahedron



Six-Unit
Tetrahedral Assembly

Connect three units in a ring to
form a vertex. Add another unit to
form a triangular face. Continue
assembling to form four vertices
and four faces to complete a
tetrahedron.

Twelve-Unit
Octahedral Assembly

Connect four units in a ring to form
a vertex. Add another unit to form
a triangular face. Continue
assembling to form six vertices and
eight faces to complete an
octahedron.

Thirty-Unit
Icosahedral Assembly

Connect five units in a ring to form
a vertex. Add another unit to form
a triangular face. Continue
assembling to form 12 vertices
and 20 faces to complete an
icosahedron.
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Thirty-urit Patterned Icosahedroa (left) end 12-unit Patterned Octahedron (right)
wita regular and reversz coloring, raspectively.

Two other passible pattern veriations shown n six-unit tetrahedral (12ft) and 30-uniticoza hedral (right) assemblies. Thece
variadions are minor and not diagranmed.

Patterned Iccsahedron 6l



Thirty-unit assemblies of Flowered Sonobe (top) and Geranium (bottor).
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5 © Embellished Sonobes

We will explore Sonobe-tvpe units in tais chapter.
The original Sorobe Unit was created by Mitsano-
bu Sonobe in the late 1960s and has remainec one
of the foundations of polyhedral modular origami
ever snce. There have been many Sonobe varia-
tions and enhancerients but they all lock together
the same way and have similar properties. The
following is an illustration of how Sonobe unis
lock together and how 12 or 3C urits are assem-

Diagrammatic represeniation of
a generic Sonobe unit. (Note
thal the pcckets may appear
different in Scnobe variations.)

tled based or an underlying octahedron or ico-
sahedron, respectively. Other assemblies based
cn cifferert underlying polyhzdra configurations
are possiblz as well but are not shown here. Matte
foil saper works best for the models that invelve
curling, while harmory osaper is effective for
tae others. Units made with rectargles 4" wide
yield 30-unit modes of approximately 4.75" in
keight.

Forming one pyramid.

Assembly of 12 Sonobe-Type Units

Assemble four unts in aring as shown following
the sequence numbers. Take a fifth unit and
perform Steps 5 and 6 to form a pyramid.
Continue adding three more units o form a ring
cf four pyremids. Complete model by forming a
total of eight pyramids arranged in an
cctahecral symmetry, The diagonals ab of a
unit will lie along the 2dges of an octahedron.

Assembly of 30 Sonobe-Type Units

Assemble five units in £ ring as shown
following the sequence numbers. Take a
sixth unit and perform Steps 6 and 7 to
form a pyramid. Continue adding four
more units to form aring of five pyramids.
Complete model by forming a total of 20
pyramids arranged in an icosahedral
symmetry The diagonals &b of a unit will
lie along the edgas of an icoszhedron.
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Sonobe with Fins

| | I iillE | '-\
i | 2l
|
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[ |
[ |
by
e o R e 4
1. Start with 2:3 paper, pinch 2. Fold in half and 3. Re-crease 4. Valley fold
ends of book-fold, then unfold, then valley cupboard folds. and unfold.
cupboard fold and unfold. fold corners.

5. Valley fold 6. Inside 7. Tuck flaps marked 8. Valley fold

and unfold. reverse fold. % in openings along existing
underneath. crease.

10. Valley fold
corner. top flap.

9. Valley fold

12. Repeat Steps
11. Valley fold. 9-11 at the back.
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Finished Unit
: Pocket l x12
: | : or
A x30

Tab
13. Pull tabs out
gently and reorient
as next figure.

Tab

Assembly T FrasKes

Insent tab into pocket. Assemble 12

or 30 units as explained in tre
beginning of the chapter.

A 30-unit asserably of Soncbe with Fins.
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Flowered Sonobe

Paper for main unit.

Folding the Insert

For inserts, use the same
size paper of contrasting
color and cut in half.

f/#
Y
Pz /O\
v
s
Fa
/.f
;/
/..-"
/ Finished Insert
Folding the Main Unit
—t—t— —+— —+—
| | I | |
[ | I |
| | i
| |
| |
| :
| \lj
[ |
LA
|
| |
| |
| |
'. | | |
| | | |
1. Cupboard fold It | f |

and unfold.

2. Pinch halfway
points as shown.

3. Pinch halfway
points as shown.
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|
e e
e . i 6. Repeat Steps

4. Pinch haliwey 5. Valley fold. 9-5 on the left.
points as shown.

Note that if you are good at folding by estimate, just fcld very narrow
strips on left and right edges without going through Steps 2-6.

i

0 s e

7. Turn over. 8. Valley fold comners. 9. Re-crease
cupboard fclds.

10. Valley fold 11. Reverse fold. 12. Tuck flaps markec %k
and unfold. in openings underneath.

Flowered Sonobe a7



15. Make the mountain
and valley creases like
a Sonobe unit.

13. Insert one end of 14. Tuck flap marked *
prepared insert as shown in opening underneath.

as far as it will go.

Finished Unit Pocket

Assembly

Insert tab into pocket. Assemble 12 or 30 units as
explained in the beginning of the chapter. For
“blossoming,” lift flaps marked a and b on the
finished unit, after completing model assembly.

Variation

If you do not want the white
strips, perform mountain
folds instead of valley folds
in Steps 5 and 6.
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Thirty-unit assemblies of Flowered Sonobe be‘ore and after blossoming (top left and right] and

Fowered Sonobe Vanaticn (bottom).

Flowered Sonobe
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1. Start with 1:2 paper.
Fold both book-folds

and unfold.

4, Valley fold and
unfold marked
diagonals.

\
8. Valley fold
as shown.

ol e
o
o -
N
e
"

5. Repeat for the

other two diagonals,

then unfold all.

2. Valley fold
and unfold.

6. Valley fold

corners.

9. Valley and matintain fold
following the sequence numbers.
Folds 7 and 2 involve two layers.

|
, ]
|
|
|
. e —_—_—_——.—— —— = — — —
1
|
]
|
= I
1

3. Cupboard fold.

7. Valley fold pre-
existing crease.

10. Repeat Step

¢ on the left.

Embellished Sonobes



11. Turn over,

E B
—+>
|
13. Repeat Step 9. 14. Repeal step
9 cn the left,

16. Valley fold and
tuck under the flap
marked ¥

19. Turn over.
18. Valley fold.

15. Reverse fold wo
corners. Make sure
the folds go into the
center of all layers.

17. Valley fold.

20. Repeat
Steps 16-18.

Dahlia
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W ¥
21. Pull down

flaps both in the
front and back.

Reorient unit as

22. Curl front tip toward shown below.
you and back tip away
from you with a narrow

pencil-like objecl.

Assembly

Finished Unit

- A

Insert tab into pocket. Assemble 12 or 30 units as
explained in the beginning of the chapter.

Variation

Curl tips in revarse direction,
i.e., toward each other instead
of away from each other, for a
different petal ‘inish.

Pocket
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Dahlias with petals curlec cutwards (102} and inwads (bottom..

Dahlia
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Geranium

This model is similar o the Dahlia model but has longer and pointicr petal tips, Start with any rect-
angle of proportion between 1:2.5 and 1:(14Y3), i.e., between 1:2.5 and 1:2.73. The diagrams below use

1:(1-|-\f3) paper.

2 X

Obtaining 1:(1+V3) Rectangle from A Square

-1 £ >
| : o
L | | 1

| 1 ! . ! 3. Valley fold.
1. Cut a square into thirds. 2. Book-fold and

open, then match
dois to crease.

% discard
,.4'./ 4
4 :
|
S S
4. Unfold 5. Valley 6. Cut along line 4 unfold
Step 2. fold. shown. 7. Discard excess
and unfold all.

Use the rectangle thus obtained as template to
size all the rest of the rectangles to be used in

your model. Using the template speeds up the
process and also eliminates unwanted creases.

s

-
=4
1

=

1:(14V3)
rectangle.

After sizing your rectangles as explained in the previous page, fold as follows to make the Geranium

units,
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1. Crease both 2. Cupboard fold. 3. Valley fold 4. Valley fold and unfold

book-folds corners, than as shown, then re-
and unfold. unfold all. crease cupboard folds.

——

A
S 3 :_'_'- d 7
5. Valley folc and 6. Unfold 7. Valley ‘old 8. Valley fold pre-
unfold marked to Step 1. corners. existing crease.

diagonals.

Geranium 19



9. Valley fold
as shown.

10. Valley and mountain fold 11. Repeat Step
following sequence numbers. 9 on the left.
(Note that folds 7 and 2
involve two layers.)

T

12. Tuck white 13. Mountain fold
corner marked * in and turn over.
flap underneath.

14. Repeat 15. Repeat 16. Reverse fold two
Step 10. Steps 11 and 12 corners. Make sure
on tre left. the folds go into the
center of all layers.
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18. Pull down

17. Perform steps flaos ooth in the

front and back.
p;f}fuosi::j‘z, 19, Curl front tip toward you

and back tip away from you
Ui with a narrow pencil-like object.

Reorient unit &s shown on Finished Unit
the right Insert tab into
pocket. Assemblz 12 or 30
units as explained in the
beginning cf the chapter.

Assembly

Variation

Curl tpsin revarse
direction, i.e.. towards
each other insiead of
away from each cther, for
a different petal finish.
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A 12-unit Geranium in regular curls (top) and a 30-unit Geranium in reverse curls (bottom).
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Zinnia

Harmony paper is recommended for Zinnia for contrast between petals and background.

I I
| |
| |
| |
| |
|
: i
| |
C L
v Sy :
|
: | |
3 | |
1. Start with 2.3 2, Cupboard

paper and cregse
both book-folds.

fold and unfold.

4. Valley fold 5. Re-crease
and unfold. valley fald.
! W
N
A R
| \ 3 /
7. Folc and unfold the 8. Valley fold

diagonals shown, using corners shown.

creases made in Step €.

Fa
e
Cd
#
-

g
/

3. Valley fold
and unfcld.

o

/ N
6. VValley fold corner,
then unfold all.

. A
]
‘f ; . '-f- ] N
P { %
e M T ]
M'-._ i \?t;\._\_;\ g
o L =N, /”f
o . .;"3..;‘
o [ N
LT ™
9. Valley and

mountain fold pre-
existing creases.

Zinnia

L
S /é’f\ Gl



10. Valley and mountain fold following
the sequence numbers. Steps 7 and
2 involve two layers of paper.

13. Valley fold. :
14. Inside

reverse fold.

12. Repeat Steps 9 and 10. Note
that it gets a bit difficult and you
need to reach into invisible areas.

18. Valley and
mountain fold.

15 GBI‘;t':}' tuck flaps 16. Turn over. 17. Valley fold. M N
marked in openings
19. Pull down
underneath, taking care it i tive

not to rip paper. front and back.
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20. CGently spread apart
openings marked by
arrows and give them a
curved shape. Vallay
fold tip partway.

Insert tab into pocket.
Assemble 12 or 20 units
as explained in the

beginning of the chapter.

21. Reorient like
the next figure.

Finished Unit
X 12

Pocket ‘l{
& or
X 30

T Pocket

Tab

Tab

Assembly

A 30-uni: assembly of Ziania made with harmony paper.

7innia

31



Layered Petunia (top) and Daisy (bottom).
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6 < Embellished Floral Balls

The models presented in this chapter have the
common droperty of locking together in a similar
fashion. These models are embellisaments of the
original Floral Balls in my first book Marvelous
Modular Origami [Muk07]. The models are each
made of 3) unitsand they have an icnsahedral/do-
decahedrel symmetry. Because the units get taick
and curlirg is involved in most, mate foil origami
paper is recommended although kami also works.
Foi -bzcked paper has the additional advantage of
producing firme: locks. Please note that like many
other modular models, the assembly will appear
spread out and unruly until the last flower is in
place.

For all of the models except the first two, waere
the back side of the paper is significantly exposed,

Pocxket

Teb

Tab Pocket
Diagrammatic
reprasentation of one

generic Floral Ball unit.

Assemble five units in a circle lo form ong
five-oetal flower, following the sequerce
numbers. Then insert a sixth unit,
performing Steps 6 and 7 to form one
hole. Continue building 12 flowers and 20
holes in an icasidodecahedral symmetry to
arrive a: the finished model,

Floral Ball Assembly Guide

some simple inserts caa ke employed to easily
simulate the effect o duo paper. Simulated duo
paper is often useful becaise duo paper is rot
readily evailable, especially in packages cf a single
pair of colcrs. The use of tae inserts is not being
diagrammed here and is left up to the reader to ex-
periment with them. The length of the irserts can
bz of about a quarte: to half cf the length of the
original rectangle. The width o the irserts should
remain the same es that of the original rectangles.

Explained delow is how a model is assembled.
Please use this guide to assemble any model in this
chapter. It is possible to make hexzagonal orna-
ments as well with the units. These six-unit orna-
ments are discussed at the end of this chaprer on
page 103.

Recommendaticns

Paper Size: 2"-3" wide rt.’t.'la|1g1-:5—~ leagtas vary with model

Paper Type: Matte foil paper or kami
Finished Model Size
3" wide rectangles yield models that are

approgimately 5.5 in height
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Daylily

| s \;"" = ! I
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1. Start with 1:2 2. Cupboard fold 3. Match dots to 4. Re-crease
paper. Crease both and unfold. form new creases. cupboard folds.
book-folds and unfold.
8. Valley fold
as shown,
5. Valley fold 6. Valley foid, 7. Valley fold pre-
| I\
| = \
/\\ &~ k‘\
v . Catl B d /
x\.k .’J,— \\ / [
it "///\\ ~ 2[ /;/
-\\fof TK\V,- _H
Nl e
; 4, 40k
|
I
9. Valley and mountain fold 10. Repeat Step 11. Turn over.
following the seguence numbers. 9 on the left.

Folds 7 and 2 involve two layers.
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13. Repeat Step 9. 14. Repeszt Step
9 on the left.

| 12. Valley
fold.

16. Valley fold and 17. Reverse fold.  18. Valley fold and

unfold top two layers, unfold along edge
| tracing the crease of white triangle
15. Reverse fold two made in Step 3.
comers. Make sure
the folds go into the Finished Unit

center o all layers.

O

21. Curl front tig towvard &y e
you and back tip away Note that the
19. Valley fold 20. Repeat from you with a narrow other tab-pocket
and unfald. Steps 16-2C. pencildike object. pair is at the back.

Locking

Firmly crease the two units together
toward the left as shown in the

enlarged insel, thus lockirg the units.

Insert tab into
pocket,
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Assembly Assemble 30 units in an
icosidodecahedral symmetry
as explained in the beginning
of the chapter. Assembly gets
difficult toward the end and
tweezers may be required.

: (Note that you may also try
Two units the hidden lock method of the
locked. next model, the \Waterlily.) One finished face.

‘Two views of Daylily made with duo paper (top) and kami (bottom).
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Waterlily

Stert with 1:3 rectangles. (Please see Origami Symbols and Bases in Chapter 1 to crease a squere into thirds
and thus obtain 1:3 rectangles.) The fclds and assembly are similar to Daylily bus the angles of the petal

tips are more acute

_______-_____-___E,________

_______g____*__“_.,,_______

1. Crease book-
fod, then cupboard
fold and unfold.

5. Vallay fold
both layers,
then unfold all.

@ ~ 1
e
| \

.

‘.\%

<L

2.
form new creases.

NS

Match dots to

i;;__;;;;

-\._x-\-\-l
—— ———
|

|
e e 1|
|
|
|
|

T S e e
e
=

]
o g; |
=il £ ]
e 3
Eh_—-_-_-ﬂ“"l-’—_—

\\
|63 0 W O
I /
¥ 4. Crease to match
dots as snhown.
3. Valley fold
into half.

7. Vallay fold and 8. Unfold all.

6. Re-crease
cupboard folds. unfold marked
diagonals.
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9. Valley fold pre-
existing crease.

12. Repeat Sep
9 on the lef.

N |4

|
|
b |
|
|
1

/ 7\ 2; /
el 5
“!//f .f!\\i’{fa
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10. Valley fold
as shown.

13. Tuck white
corner marked *in
flap underneath,

88

15. Repeat
Step 11.

16. Repeat
Steps 12 and 13.

11. Valley and mountain fold
following the sequence numbers.
Folds 7 and 2 involve two layers.

T

14. Mountain fold
and turn over.

17. Reverse fold two

corners. Make sure
the folds go into the
center of all layers.
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18. Valley “ald and unfold 19. Reverse fold. 20. Valley fold and
top two layers following the unfold along edge
crease made in Step 2. of white triangle.

Finished Unit

Pocket Tab

21. Valley fold 2. Rapgat 23. Curl front tl]:?. toward Note that the other
and unfold. Steps 18-21. you and back tip away a et oai
from you with a narrow i el
at the back.

pencil-like object.

Locking

Inser tab into
pccket.

Firmly mountain fold the two units
logether toward the left as shown in the
enlarged inset, thus locking the units.
Tuck the folded layers underneath.
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Two units locked. Assembly

Assemble 30 units in an
icosidodecahedral symmetry
as explained in the beginning

of the chapter.

Note that you may also try the exposed lock
method of the previous model, the Daylily.

One finished face.

Waterlily model made with gold and brown gift wrap paper.
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Layered Poinsettia

Obtaining 1:3.5 Rectangles

2 % X

3.0

s Thdabd e

discard
1. Cupboard fold and 2. Valley fold and [
unfold to divide paper unfold as shown, 3. Cul SN SeaRas
into fourths. Valley fold then cut along 1208 & Step 1 1o
and unfold one corner, new crease. obtain 7:3.5 strips.

: ! ” Su
Las | ;
| : | L = 3 ;;2
[ | ; >0 i A
| | g |
I I ; .
RIS | i !
R I
| I i
| | |
R '
38 L]
feanle. 1
T ks
| | 4 e [
| |
| |
| |
| E |
A \
&Sl o
| f |
] o +
- oW
i
] | g e
e { N s
| i | |
A } . r Sl
1. Crease both book- 2. Maich dots to 3. Valley fold 4. Valley fold along
folds, then cupboard pinch on the corners. referenca point
fold and unfold. book-fold. made in Step 2.

Layered Poinsettia 21



ik

5. Mountain fold
along pre-existing

crease.
' \
‘
8. Unfold as 9. Valley fold
shown. to match dots
and unfold.

»

R
L

12. Reverse fold

: 13. Valley fold
and turn over.

and unfold.

6. Turn over.

7. Valley fold to
match length of
layer underneath.

l“\’lJ>

10. Re-ciease
cupboard folds.

11. Valley fold
tracing crcases
at the back and

unfold.

P

15. Valley
fold corners
and unfold.

14. Mountain
fold along pre-
existing crease.
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Finished
Unit
x 30

T :
¥

16. Reverse fold. 17. Curl colored petal Tab Pocket
toward you with a Note that the
narrow pencil-like object. other tab-pocket
Repea: at the back. pair is at the back.

Locking

495

Insert tab Turn over.

into pccket.

Firmly valley fold the twa units
together toward the left as ____::>
shown in the enlarged inset, '-
thus locking the units.

AN

Two units locked.

Assembly

Assemble 30 units in an
icosidodecahedral symmetry
exactly as explained in the
beginning of the chapter.

g

One finished face.

Layerad Poinsettia X



Two views of Layered Poinsettia made with simulated duo matte foils.
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Daisy

The Daisy model is almost identical tc the Laye-ed Po:nsettia model, except that certain folds are in re-
verse. Do Stzps 1-12 of Layered Poinsettia on page Y1, but make sure to start with colored side of the paper
facing you. Cortinue with the rest of the steps below.

B

3. Valey fold 4. Reverse

C{:Iunrﬁr:;dand fold. Finished
: Unit x 30
1. Valley fold 2. Mountain fold
and unfald. along pre-
existing crease.
Pockat Tab

Note that the
cther tab-pocket
pair is at the back.

Locking

Inser: tad
into pocket.

Firmly mountain fold the ‘wo units
together toward the left as shown in the
enlarged irsel, thus locking the units.
Tuck the folded layars underneath.

Two units locked.

Daisy 95



Assombly

Assemble 30 units in an
icosidodecahedral symmetry
as explained in the
beginning of the chapter.

One finished face.

Daisy made with matte toil paper.
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Layered Passion Flower

Stert with 1:4 rectangles. Many steps are identical ‘o the Layered Poinsettia model on page 91 and vou
must “efer to it as cirected.

T | | $ b | -
| | 5 \\ ‘ /
| | | |
f I s ~'~)(~
r | ’ '\
| | 1 | \
| | ! ' '
| | FRRERT S I e R
I |
| |
T
| |
| |
| |
| | e (=5 " 45
| |
| |
| |
| |

Bell S
| |
| |
e | TNIR
S I LANe
LR T
{1 / \‘L |
| | 5 |
| L il =3 .

1. Creasg both book- 2. Match dots 3. Velley fold 4. Valley folc
fods, then cupboard to valley fold other two to bring tips
fold and unfold. comers. corners. to center.

4
V]

5. Turn aver. 6. Valey fold 7. Re-crease 8. Follow Steps
to match dots cupboard 11-14 of the
and unfold. folds. Layered Poinsettia
model.
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9. Valley fold along 10. Reverse fold. 11. Curl front tip toward you
edges shown and The corners will with a narrow pencil-like
unfold. overlap underneath. object. Repeat at the back.

One
finished
face.

Assembly

Lock and assemble 30 units
in an icosidodecahedral
symmetry exactly as
explained in :he Layered
Poinsettia model.

Note that the other tab-
pocket pair is at the back.

Layered Passion Flower Ball made with simulated duo paper using inserts.
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Layered Petunia

Start with 14 rectangles. Many steps are identical to the Layered Poirsettia model on page 51 and you

should refer to it as direczed.

a

L, S, E0 Feses Sre _Igr
|
|
l
|
|
|

|

I
|
|
|
|
o
|
|
|
|
|
|
W I
|
L
|
|
(
I
|
I
!

1. Pinch ends of 2. Pinch four marks
horizontal book-folds, glong book-fold as
then valley fold and shown, then cupboard
unfold as skown. fold and unfold.

5. Tum over. 6. Valley fold
to match dots
and unfolc.

3. Match dots
o valley fold

corners.

7. Re-crease
cupboard
falds.

4, Valley fold
other two corners,
then re-crease
folds frcm Step 1.

8. Follew Steps “1-
14 of the Layered
Paoinsattia model.

Layered Petunia
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Finished
Unit x 30
Tab & Pocket
e
10. Curl front tip Note that the other
toward you with a tab-pocket pair is
\ narrow pencil-like at the back.
object. Repeat at
the back.

9. Curve unit gently away

from you bringing top the
edge to the bottom making Assembly
sure not to form any crease.

Release curvz. Curve will

reappear during assembly.

0 One finished
Lock and assemble 30 units in an fal,?;

icosidodecahedral symmetry as explained
in the Layzred Foinsettia model.

Layered Petunia made with simulated duo paper using inserts.
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Dianthus

Start with 1:3 rectangles. (Pleese see Origami Symbols and Bases :n Chapter 1 to crease a square intc
thirds and taus obtain 1:3 rectangles.) Many steps will are icentical to the Lzyered Poinsettia mode. on
page 71 and you must refer to it as directed.

I
- TR
55

e

e
|

1. Crease koth bcok-

folds, then cupboard
fold and unfold.

5. Pinch at edges to
line up with laterally
opposite corners.

~

—-—
= I

T

2.

IMatch dots tc

pinch on tre
book-fold

*“::{1: k

|‘\

B.

Y

-]

Valley fold

corners atthe

pinch marks at 45°.

| I.. 4

P el )ﬂ
D 1¢)

s
_B/ | T

3. Maich dots to pinch
at the top and bottom
edges Note the
circled pivot points,

7. Follow the
Steps 4-14 of the
Layered
Poinsettia model.

|\q""‘
AN

5 ,~
Y

-\

4. Valley fold
corners at the
pinch points
at 45°.

8. Valley fold and

unfold corners at

45° at guidelines
shown.

Dianthus
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Finished Locking
Unit x 30

Lock units as
explained in the
Layered Poinsettia
model.

Note that the
other tab-pocket
pair is at the hack.

i

Tab  pocket

9. Reverse fold.

Assembly

Assemble 30 units in an
icosidodecahedral symmetry as explained
in the beginning of the chapter.

One finished face.

The Dianthus model made with matte foil paper.
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Hexagonal Ornaments

Daylily ornament. "c‘faterliy crnement
viith exposed locks.

Layered Painsettia Daisy omament in Dianthus ornamen:.
ornament in duo paper. duo paper.

Layered Petunia

Layered Pzssion ornament.
Flower crneament.

The figures show six-unit hexagonal arnaments made of each of the
models in this chapter. Connect six units in a ring. Then tum over and
connect the six unconrecied tabs and sockets to ccmplete the ornament.
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TUVWXYZ Stars (top) and QRSTUVWXYZ Stars (bottom) Planar Models
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7 © Planar Models

The mocels in this chapter are comprised of in-
tersecting planes, The first model in this genre of
origami was the XYZ modsl (three intersecting
planes) by Ed Sull:ivan [Ran69]. However, it was
not until Tung Ken Lam created his WXYZ model
(four intersecting plares) [Bos01] that a whole se-
ries of models witk larger numbers of intersecting
planes fcllowed. Suddenly, people from all over
the world begar. to create planar mcdels in the ear
lier part of tais decade.

The advent of >lanar models is quite interesting
and world renowned origami artist David Petty has
done extensive research on it. He trecked down
and pursued many planar model creators for an-
swers and missing links, He designed a few planar
models himselfand ercouraged me to create more
ofthese mocelsafter I nad designeda handful. Pet-
ty’s resea-ch. aleng with h s exhaustive list of model
drawings has, been presented in the next section,
the History of Planar Models, with his kind permis-
sion. Although there are over 40 models in this se-
ries, ciagrams for how to fold only the ten that are
my designs are presented in this chapter. Cf the

restof the models, mostarestill unpublished to this
date.

As meationed, David Petty is an origami artist
known worldwide. A scientist by profession, he
has created many origami models. He has contrib-
uted to origami exh:bit.ons around the world and
has taught origami in many countries. His work
can be found in several books and numerous ori-
garri society magazines ard pubications, includ-
ing those of the British Origami Society. Some of
his work can also be found on his website is http://
members.acl.com/ukpetd.

Photocopy paper werks best for these models. The
thickness :s perfect and the models end up being
sturdy. There is no requirement for a contrasting
coler for the back side of the pape- because the
back side does not get exposed, Kami works well
too butis not a requirement. The star class models
are made with square paper znd the rectangular-
arm class models are made with 2:1 rectangles.
For the latter, rectangles of larger aspect ratio may

also be used.

Recommendations

Paper Size: 4" squares for star cless, 3°x6" rectangles for others

Paper Type: Photocopy paper or kami

Finished Mode! Size (approximate,
Star Class: 4" squares yield models of height 5.6”

Other: 3"x6" rectangles yield models of height 6"
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History of Planar Models

David Petty

Planar Modular Pieces

The recent story begins with WXYZ which was
created by Tung Ken Lam. This piece was first ex-
hibited at the British Origami Society (BOS) con-
vention in April 2001; later diagrams appeared in
the BOS magazine (June 2001) and on David Pet-
ty’s web site [Pet]. Tung Ken told everyone that the
model was inspired by Ed Sullivan’s XYZ model
that had appeared in the 1970s along with a piece
it had inspired, the Omega Star by Philip Shen.
Along with these models, also included in the list
of figures on the following pages, are other earlier
models by Tung Ken Lam, Octahedral Cross and
Blintz Icosidodecahedron. These were his ante-
cedents. Good though they may be, neither had
the impact that the WXYZ was to have,

The cudgels were first tzken up by Francis Ow, who
produced a whole series of XYZ models as well
as other WXYZ variations and in 2001, the first
VWXYZ. Also in 2001, a number of other British
folders (Mick Guy, David Petty and Nick Robin-
son) came up with other XYZ models. A new vari-
ant of WXYZ, a four-unit version, was produced
by Daniel Kwan in 2000.

The first UVWXYZ appears to have come from
Japan (Satoshi Kamiya and Ushio Ikegami) or the
US (Daniel Kwan) in 2001. This was followed by
other UVWXY7 models from Mark Leonard, Jea-
nine Mosely, and Meenakshi Mukerji in 2002, The

first TUVWXYZ came from Leonard in 2003. '1his
was followed by two more from Mukerji.

An offshoot from the planar nature of the pieces
came from David Petty. Using Francis Ow’s unit
for XYZ., he produced a curious continuous spiral
form christened Tornado. This model was exhib-
ited at the BOS convention in 2002. A group of
British folders {(Mark Leonard, John McKeever,
and Martin Gibbs) spent some time investigating
the Tornado and eventually drew it to the atten-
tion of Robert Lang. Ow’s unit was subsequently
refined in 2003 by Lang, using computer modeling
techniques to give a better fitting unit. In its turn,
the folding method for Lang’s unit was refined by
Tan Harrison in 2003. That same year, Meenak-
shi Mukerji suggested an arrangement of colored
units for Tornado, to emphasize the spiral nature
of the piece. Also in 2003, Leonard, while search-
ing for a better version of the Tornado, came up
with a double spiral version and also a UVWXYZ.
QRSTUVWXYZ came from Mukerji in mid-2003.
This was quickly followed by STUVWXYZ and
RSTUVWXYZ from the sarie creator.

Other related models were the “3D solids” by Ian
Harrison. So, three years after it first appeared,
there are more than three dozen members of the
WXYZ-inspired family and it is still attracting
attention.

Names

The distinctive naming convention used for all
the planar modular pieces is based on geometric
principles. The number of letters of the alphabet
used denotes the numkter of planes, thus XYZ has
3 planes, WXYZ has 4 planes, and so on.

A secondary convention (though not strictly ad-
hered to) is that the number of letters of the al-
phabet used, less one, denotes the number of sides
of each plane, i.e., WXYZ has (4 - 1) = 3 for tri-
angular planes. Some later pieces have sometimes
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used less “igorously deqned shapes €.g., multipoint
stars or multiarmed crosses (the latter have »een
called rectangles in most cases). In each case, the
number of star points or arms cf the cross match
the numkter of sides.

Where the pieces have a nonplanar character, more
distinctive names have been used, e.g., Tornado.

The following is a complete list of all known planar
models, their predecessors. and their variants, as
compiled by David Zetty. 'lhe models in the list
appear -oughly ir chronological order.

1. XYZ
J intersecting sjuares
6 units

7. XYZ
3 intersecting ectangles
3 units

J intersecting rectangles
6 units

Frarcis Ow
(Singapore)

Ec Sullivan Mick Cuy

(USA) (LK)

2. Omega Star B-,:ﬁz"l ,

6 units 3 intersecting scuares
6 units

Philip Snhen ;

(Hong Kong) Frgncm Ow
(Singaaore)

3. Octahedral Cross B RXoed J

3 intersecting crosses g mt?tgsechng sRUdSs

12 units !

i Francis Ow

[JQ? S LA (Singanore)
10. XYZ-Radiometer

4. Blintz 3 intersecting olaces

lcosidodecahedron & unite

6 intersecling planes

30 units David Petty

“ung Ken Lam Vens

(UK
11. XYZ-NBE

S.IWXYZ : 3 intersecting sattsrned

4 intersecting squares

equilateral triangles 6 units

12 units
Nick Rabirsor

~ung Ken Lam (UK)

(UK
12. XYZ-Diamonds

6. XYZ 3 intersectng

diamonds
6 units

Frencis Ow
(Singapore)

History of Planar Models
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13. XYZ-Diamonds
3 intersecting
diamonds

6 units

David Petty
(UK)

18. Modified Tweaked
Tornado

Continuous single spiral
18 units

lan Harrison (UK)
Robert Lang unit
(USA)

14, VWXYZ
5 intersecting
crosses

20 units

Francis Ow
(Singapore)

19. Tornado 2
Two spirals
20 units

Mark Leonard (UK)
Robert Lang unit
(USA)

15. WXYZ-4 Piece
4 intersecting
equilateral trlangles
4 units

Daniel Kwan
(USA)

20. WXYZ-Rectangles
4 intersecting 3 arm
Ccrosses

12 units

Francis Ow
(Singapore)

16. Tornado

Continuous single
' spiral

16 units

David Petty (UK)
Francis Ow unit
(Singapore)

21. VWXYZ-Squares #1
S intersecting square
planes

20 units

Francis Ow
(Singaporc)

17. Tweaked
Tornado
Continuous single
spiral

18 units

Robert Lang
(USA)

22. VWXYZ-Squares #2
5 intersecting square
Planes

20 units

Francis Ow
(Singapore)
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23. VWXYZ-Squares

28. UVWXYZ-Rectangles

slar planes
30 units

Kamya Satoshi
Ushio Ikegami
(Japan)

5 intersecting square 6 intersecting
planes (distorted) 5 arm crossas
20 units 30 units
\ark Leonard (UK) Meenakshi Mukerjl
F-anzis Ow unit (USA)
(Singapore)
24. UVWXYZ- 29, TUVWXYZ.
Pentagons Rectangles
6 intersecting 7 intersecting
pentagonal 6 arm crossas
planes 42 units
30 units

Meenakshi Mukerii
\ark Leonard (USA)
(UK)
25. UVWXYZ-5tars 30. TUVWXYZ-
B intersecting 5 point Hexagons

7 intersecting
hexagonal planes
42 units

Meenakshi Mukerji
(USA)

26. UVWXYZ-Pentagons
6 intersecting pentagonal
planes

30 units

Danizl Kwan
(USA)

31. TUVWXYZ-Stars
7 intersecting

6 point siar olanes
42 units

Meenakshi Mukerji
(USA)

27. UVWXYZ-Stars

6 intersecting 5 point star
planes

30 units

Jeannins Mosely

(USA)

History cf Paaner Modzls

32. TUVWXYZ.
Hexagons

7 intersecting
Hexagoral planes
42 units

Mark Leonard
(UK)




33. STUYWXYZ-
Stars
8 intersecting 7

point stars
56 units

Meenakshi Mukeriji
(USA)

34. STUVYWXYZ-
Rectangles

8 intersecting 7 point
stars

56 units

Meenakshi Mukeriji
(USA)

38. RSTUVWXYZ-
Octagons
9 intersecting octagonal

planes
72 units

Mark Leonard
(UK)

39. QRSTUVWXYZ-
Stars

10 intersecting 9 point
stars

90 units

Meenakshi Muker;ji
(USA)

35. STUVWXYZ-
Heptagons

8 intersecting

' Heptagonal planes
56 units

Meenakshi Mukerji
(USA)

36. RSTUVWXYZ-
Stars

9 intersecting 8
point stars

72 units

Meenakshi Mukeriji
(USA)

37. RSTUVWXYZ-
Rectangles

9 intersecting 8 arm
crosses

72 units

Meenakshi Mukerji
(USA)

40.72° UNIT
= UVWXYZ
30 units

lan Harrison
(UK)

41.90° UNIT
20 units

lan Harrison
(UK)

42.120° UNIT
12 units

lan Harrison
(UK)
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UVWXYZ Rec

tangles

Starl with 1:2 paper and pinch ends ¢f book-fcld.

1. Cupboard fold and
unfold,

— |

_— i = = — —— —

—

et
s
:\
S

&

A

y
|
I
|

4. Re-crzase cupboard
folds from Step 1.

| |
e -
| | | 4
: : -H :. : i
| | <
| ] _ va:\
i | | ]
! J ' ' 3. Match dots to
2. Make 1/3 creases form new crease as
as shown. shown, then regeat

on the left.

‘;i S5

5. Mcuntain fold
into half.

6. Valley fold to trace
pre-existing c-ease
at the back.

UVWXYZ Rectangles
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7. Valley fold 8. Repeat Steps 6 9. Repoat Steps
along center line. and 7 on the left. 6—8 at the back.

Finished Unit

x 30

Use six colors,
five pieces each.

Each plane in the finished model will have a
shape as above. There will be six such
planes intersecting each other.
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Assembly

Open bottom flaps out slightly. Two flaps
lying on one edge of a unit :ogether form a
tab and the opening running at the center is

a packet. Insert tab inside pocket as
shown. Then gently slide secand unit to
align with the first uni: at the bottom.

Use fiva different colors io make a ring of
five. The tab of the first unit goes inside the
pockst of the fifth unit .0 complete the ring.
Extend each color to make six intersecting
plenes, the sixth color being addec halfway.

Hirt. During assembly think of an

icosidodecahedron. The completed model

has 12 rings of five and 20 rings of three.

UVWZXYZ Rectangles 113



TUVWXYZ Stars

r ' «- :
. o \ /
X | o \\ ’/.f
it} I - \ /
* | 4 ) \ b A,
\\ | /.-" "I.\ \\ // rf
Sl T
o S S & ._1\. ST ;r_ "
AN L
’ : b \ y I
J‘-“' | \‘\ T /
" e L obatiheny
s “ 7 N
i M
L | N & \
1. Fold like waterbomb 2. Crease to match dots, creasing
base and unfold. only the pzrts shown.

V\\ ///
Wil

Lt ; 4. Fold to bring edges
K / to center,

~ | 2N
L | N
5. Fold along pre-
3. Make a waterbomb existing crease from
base. Step 2.

8. Valley fold to match
edges at the back.

6. Turn around. 7. Repeat Step 4.
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Finished Unit

X 42

Use seven
colors, six

pieces each. Each planz in the finished

model wll have a hexagonal
star shape. There wil be
seven such planes
intersecting each other.
Assembly

Open botlom flaps out slightly. Two flaps lying on
ore edce of a unit together form a tab and the
opening running at the center is a pocket. Insert tab
insice pocket as shown. Then genty slide second
unit to align with the first unit at the bottom.

TUVHXYT Stars 5 b



Use six different calors to make a ring of six. The tah of the first unit goes inside
the pocket of the sixth unit to complete the ring. Refer to the color chart below to
complete the seven intersecting rings of six, with the seventh color (shown as
black) introduced about halfway during assembly. The seventh color is
diagrammed in both halves to illustrate the continuity of the assembly.

Upper half Lower half

—il— 5 the diagrammatic representation of one unit.
Due to the abstract nature of the chart, a unit may appear bent.
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TUVWXYZ Rectangles

Start with 1:2 paper end pinch ends of book-fold.

—

=
———--u——————————é————.q- e .

-—

Vo

L6 770 18 T
& N

L | €y

1. Cupboard fold 2 Malch dota to form 3. Re-crease
and unfolc. new crease ae shown, cupboard folds.

then repeat on left

>

5. Valley fold to

E,J;E,‘;’; i1 6. Valley fold
- at the back. along center line. axd
4. Mountain foid 7. Repeat Steps 5
intc half. and 6 on the [eft.
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Finished Unit

X 427

Use seven colors,
six pieces each.

8. Turn around. 9. Repeat Steps 5—
8 by matching
edyes behind.

Assembly

Assemble as TUVWXYZ Stars. Each
plane will appear as shown on the right.

118 Planar Models



TUVWXYZ Hexagons

2. Cut along dot:ed lina to obtain
2:\3 paper required for the units.
Follow all the steps of the previous
& ® model, TUVYWXYZ Rectangles, to

1. Pincn canter of top edge and then arrive at Step 4 below.
match dots to crease as shown.

Finished Unit

X 42

/' 4.Reverse

3. Valey fold \ J§/ Use seven colors,
and unfold. fold corners. six pieces eack.
Assembly

Assemble ‘ike other TUVWXYZ models. Each plane will be of hexagonal shape.

TUVXYZ Hexagons 19



STUVWXYZ Stars

(= T = o= o |
\\\ 1 f.-’ % \\\ ;,//
ND [ S N //
\\ ' / \-.\\ /zf-"
N . /s “ #
\.\ : f/ \\ //
PR L >|% __________ :).g"/\
Fd 4 ; I \-\ b9 / \\\
b | b / 3
f'/ | \\ f‘_/’/ \\
Fd | b - b
..r‘/ | \'\ -/ ‘ \‘\
kL . b | | Pl .|
1. Fold like waterbomb : : ,I 2. Pinch two halfway
base and unfold. : ' : points as shown.
&)
'\ ‘ //"
N . / ,"
\ ‘ o /
™ ' /// /
\\"\:\//r f"
Pl ‘\
i g ks
/_/ \\
4 T | N
o | b\
b ‘ N
3. Fold to match dots 4. Repeat Steps 2 and
and unfold. 3 on the left.
A
G '/I
\ b /
N .
l\l.l \\ i II."I
L e X b <>
/
)”\1
ar N
T | e 6. Crease edges to center.
.(f/ ‘ ! ‘ REPQET at the back. 7. Fold Elﬂﬂg pre-

5. Make a waterbomb
base.

existing creases.
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Finished Unit

x 56

8. Turn around. 9. Fold to match
edges at the back. Use eight colors,

seven pieces each.

Assembly

Open bettom flaps out slightly. Two
flaps lying on one edge of a unit
together form a tab and the opening
running at the center is a pocket.
Insert tab inside pocke: as shown.
Then gently slide second unit to align
with the first unit at the bottom.

Each plane in the finished model
wil have a heptagcnal star shape.
There wil be eight such planes
intersecting each other.
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Use seven different colors to make a ring of seven. The tab of the first unit goes
inside the pocket of the seventh unit to complete the ring. Refer to the color chart
below to complete the eight intersecting rings of seven, with the eighth color
(shown as black) introduced about halfway during assembly. The eighth color Is
diagrammed in both halves to illustrate the continuity of the assembly.

Upper half Lower half

——— g the diagrammatic representation of one unit.
Due to the abstract nature of the chart, a unit may appear bent.
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STUVWXYZ Rectangles

Start with 1:2 paper and pinch ends of book-fold.

1. Cupkoard fold and
unfold.

4. Match dots to form
new crease as shown,
then repeat Step 24

on the right.

L
|

/f\_.-/

—+—

2. Pinch halfway
ooint of bottom edge

as shown.

5. Re-crease

cupboard folds.

|
|
|
|
|

/—‘\_/

HH

3. Crease anolher
halfway paint as
shown.

6. Repeat Steps 4-6 of
TUVWXYZ Rectangles.

STUVWXYZ Rectangles



7. Crease 8. Fold in

Finished Unit

X 56

Use eight colors,
seven pieces each.

9. Repeat
Steps 7 and

8 on the left.

Assembly

Assemole as
STUVWXYZ Stars.
Each plane will appear
as shown on the right.

10. Turn around and
finisn the back like the
front by matching edges
in the front.
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STUVWXYZ Heptagons

X

1. Start with 8.5"x11"
standard US letter paper
and cut into quarters as
shown. Follow all the steps
of the previous model, the ;

STUVWXYZ Rectangles, 10 L | nmigiinniin | €
arrive at the next siep.

2. Valley fold
and unfold.
S
I |
Fl'ﬂﬁ::fd Assembly
' Assemble like
STUVWXYZ Stars.

Each plane will be of

%28 heptagonal shape.

Usz eight
3. Reverse colors, seven
fod corners. pieces each.

I-d
in

STUVWXYZ [eptagons 1



RSTUVWXYZ Stars

1. Make a waterbomb base.

Finished Unit

X T2

Use nine colors,
eight pieces
each.

2. Fold edges to center.
Repeat at the back.

Assembly

3. Fold bottom edges
to center and repeat
at the back.

Each plane in the
finished model will
have an octagonal
star shape. There
will be nine such
planes intersecting
each other.

Open bottom flaps out slightly. Two flaps lving on one edge of a unit together form a tab
and the opening running at the center is a pocket. Insert tab inside pocket as shown.
Then gently slide second unit to align with the first unit at the bottom.
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Use eight different colors to make a ring of eight. The tab of the first unit goes inside the
pocket of the eighth unit to complete the ring. Refer to the color chari below to complete the
nine intersact ng rings of eight, with the ninth coler (shown as black) introduced akout halfway
during assembly. The ninth color is diagremmed in beth nalves to illustrate the continuity of
the assembly.

Upper half Lower half

e |5 the diagrammatic representation of one unit.
Due to the abstract nature of the chart, a unit may appear bent.
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RSTUVWXYZ Rectangles

Start with 1:2 paper and pinch ends of book-fold.

| |
|

|
I
I
|
I
|
I
I
|

[

3. Valley fold to
bring bottom right
to center,

|
I
|
|
|
I
A
|
I
I
!
|
I
I
I
1

I
I
I
I
I
I
I
|

1. Cupboard fold and 2. Mountain fold
unfold.

into half.

4. Valley fold o 5. Unfold to 6. Valley and mountain
bring new edge Step 3. fold pre-existing
to center. creases as shown.
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Finished Unit
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Each plare in the finished model
will appear as shown on the left.
Thare will be nine such planes
intersecting each other. Assemble
like RSTUVWXYZ Stars.
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QRSTUVWXYZ Stars

T:‘\ I f}-
b | 4
LY . e
~ | -
X i #
ik
Moo b 42 X Vel
Nl
__________ ‘} l'% A SRt
R R
5 ol
s . ~
o | ~
o | e 2. Crease edges to center.
7 g0 3y Repeat at the back.
’ i) \ 3. Unfold all
ke S
the way.

6. Valley fold
along pre-existing
crease.
4. Fold and unfold to match 5. Repeat Steps 1 and 2.
dots. Repeal on left.
Finished Unit

-4

x90
7. Valley fold upper 8. Repeat steps 6 Use ten colors,
flap along center line. and 7 on the left nine pieces
and then match the each.
back to the front.
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Each plane in the fnished model
will have a nancgonal star
shape. Thers will be len such
plares intersecting each other.

Assembly
Open bottom flaps out slightly. Two flaps
lying on one edge cf a unit together form
a tab and the opening running at the
center is a pocket. Inszrt tab inside
pocket as shown. Then gently slide one
unit to align with the other al the bottom.

Use six different colors (o make a ring of six. The  gors and hexagons rotated to meet at their verti-
tab of the frst unit goes inside the pucket of the  ces. thus introducing rings of three :n tac process.
sixth unit to complete the rng. Continue assem-  The completed riocel has 12 “ings of five, 20 rings
bling like a truncated icosahedron with its penta-  of six and 60 rings of three.
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Mathematics of Planar Models

As painted out by David Petty, the first origami
planar model was the XYZ by Ed Sullivan [Ran6Y]
created in the late 1960s This planar construction
was a paper model of the familiar three intersect-
ing planes called the Cartesian planes. The model
of the next degree in this series came much later
in 2001 and was the WXYZ model by Tung Ken
Lam [Bos01] which consisted of four intersecting
planes. The naming scheme was such that each
letter of the alphabet usad represented one plane,

~
LD

UVWXYZ Rectangles

The mathematics of the planar models is rather in-
teresting. The two basic properties that have been
observed are: (i) every plane intersects every other
plane and (ii) all planes pass through one single
point, the center of the model. Let us take a planar
of degree n, which means that there are » inter-
secting planes. Since every plane intersects ev-
ery other plane, every plane intersects 1 — 1 other
planes,

Thinking in terms of origami, the lines where the
planes intersect are basically the lines where the
units mect and are attached together by means of
tabs and pockets. Therefore, for a plane to inter-
secl n - 1 other planes, there must be n - 1 joints
on the plane, which in turn means that the planes
themselves have to be made up of n - 1 units each
since the units meet in a circle. Theretore, it is no
mere coincidence that an origami planar model of
degree n has n — 1 units per plane and 1s therefore
made up of a total of n(n — 1) units. For exam-
ple, let us take the UVWXYZ model, which has
six intersecting planes. The total number of units
required to make a UVWXYZis 6 x (6 - 1) = 30

just like its Cartesian planess predecessor. Al
though the four plane model came much later, it
triggered a flurry of models of higher degrees con-
sisting of five, cix, seven, eight, nine and even ten
intersecting planes. The planes themselves were
being made of various shapes such as stars with
pointed tips. stars with rectangular arms, and vari-
ous polygons. Two examples of such planes are
illustrated below.

URSTUVWXYZ Stars

units. Similarly, the total number of units required
to make a QRSTUVWXYZ model which has ten
intersccting planes is 10 x (10 — 1) = 90 units.

Now, looking at each plane, all # - 1 units meet
at the center of the plane, which means that the
angle of each unit at the certer of the plane 8 =
360°/(n — 1) and this is true, obviously, regardless
of what shape we choose for the plane. Using the
same examples as the above paragraph, the units
of a UVWXYZ model would have 6 = 360°/(6 — 1)
= 72° and the units of a QRSTUVWXYZ model
would have 6 = 360°/(10 - 1) = 40°, Knowing the
value of 8 is crucial to desigaing any unit of the
planar class. In the designs we can be a fraction
of a degree off from the mathematical value of 0
but we must make sure that we err on the lesser
side of 6, rather than on the greater side, because
the latter will result in warped planes. Erring on
the lesser side actually is advantageous because it
allows for some correction due to the thickness ol
the paper. Also, the units themselves can open up
a bit from their flat original forms to compensate
‘or the negative error.
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Planar Properties Summary

® @

Every plane irtersects every other plane.

@®

r-1.

®

Total number of units is U = n(n - 1).

@  Angle at the base of the units is 6 = 350/(n - 1).

Every plane passes through the center of the model.

If a planar is cf degree r, i.¢., thers are n plenes, then the polygonal nature of each plaae is of degrez

@  Sum of number cf sides of all facial polygons in the assembly is 3.8 = 41,

Model Name Number Nature of Total Base Angle | Underlying Facial Polygons | Sum of
of Each Plane Number 0= Pclyhedron Or Rings in thz Sides
Planes (n-1) of Units U | 360/(7 - 1)° | Inthe Assemkly | Assembly LS=4U
(n) Palygon =n{n-1)
XYZ 3 Digonal (2) 3¢2=6 | 360/2=180° | Oclahedron /\\ 24
(Cartesian /8
Flanes)
WXYZ 4 Triangular(3) |4x<3=12 | 360/2=120" | Cubuciahedror /\‘ 24 + 24
/8 5 =43
| |
WVWXYZ2 5 Quadriateral 5x4=20 | 3B0/4=9) | Pentagonal /\\ 30 + 40
4) Gyrobicupola J21 :1|:| 10 t ;3
UVWXYZ B | Pentaconal (5) | 6«5 =30 | 360/ =72° | Icosi- /\,\ 60 + KO
dedecahedren /20 @ = 120
TUVWXYZ 7 | Hexagonal(6) | 7x6 =42 | 360/€ = 6)° | No rame f\\ 84 + 60
2 | ] + 24
J28\ \12 = 168
STUVWXYZ B | Heptagona Bx«7=568 | 3807 No rame 84 + 56
7) = 51.4° /53\\ 14 + g; 14
&)
RSTUNVWXYZ 9 | Octagonal (8) | 9x8=72 | 360/& = 45° | No name /\\ 96 + 36
32 24 +80 + 16
= 288
010,
QRSTUVWXYZ 10 | Nenogonal (9) | 10x9= | 360/9 = 40° | Truncated / ~ | 180+60
90 lcosaledron-ike 15”\ 12 + 120
= 360

(Note: For best results make each planz in one single color to emphasire the planes and also for ease of assembly.
Disclaimer: In some of the planar models, especially those of higher dezrees, the planes may nct be perfect plares,
i.e., they may be slightly distorted.)

ing. For those planar models that comprise of a
number of units that have some relationship with
the number of edges of a known polyhedron, the
lask is relatively simple, eg., the XYZ, the WXYZ,

Once the number of units in a model is deter-
mined, a planar assembly scheme needs to be
planned. For some models this has been a simple
task while for others it has been quite challeng-
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and the UVWXYZ models are based on an octa-
hedron, a cuboctahedron, and an icosidodecahe-
dron respectively. The VWXYZ solution was first
arrived at by Francis Ow. In this model the un-
derlying polyhedron is the Johnson Solid named
the Pentagonal Gyrobicupola (]31) [Joh66] which
15 nOt very common.

The first assembly based on an unusual poly-
hedron was the TUVWXYZ model and Mark
Leonard [Bos03] was the one to come up with a
solution. 'This assembly could possibly be based
on a “near miss polyhedron” [Kap(01] and has a
tetrahedral symmetry. The assembly solutions
for the rest of the planar models of higher degree
were first arrived at by me. The STUVWXYZ and
RSTUVWXYZ solutions were determined by trial
and error. For the latter, I was inclined to think
that it may have a relaticnship with the Archime-

dean solid rhombitruncated cuboctahedron (72
edges) but that solution did not seem to work. The
QRSTUVWXYZ solution was based on a truncal-
ed icosahedron with the pentagons and hexagons
resized and rotated if you will, such that the old
vertices transformed into new triangles. I later
came across this interesting solid as a “Near Miss
Pulyhedron” [KapO1].

Next, we will examine some of the planar mod-
els presented in this chapter and prove for each
of these models that the origami methods used to
achieve the desired s discussed earlier are indeed
what we were looking for in our designs. Under
standing this might help the readers in the design
of their own new planar models perhaps with dif-
ferent plane shapes, or in the design of new planar
models of higher degrees. Tte proofs utilize sim-
ple principles from geometryand trigonometry.

UVWXYZ Rectangles

Required angle of a unit at the center of each plane
8= 360/(6 - 1) = 360/5 = 72°,

So, required ¢ as marked in the diagram = 6/2 =
36°. Let the starting square be of side length a, so
the size of the starting rectangle is a x a/2.

Fold a unit as shown on page 111 up to Step 3 and
extend the new crease all the way to the edge at
C. Before unfolding, i.e., when B lies on Q, trace
the lines OQ and QC alceng the edges of the little
folded triangle. Hence, AOCQ = AOCB as one is
traced from the other.

In APOQ, OQ = OB = a/4
and OP = (a/2)/3 = al6

cos 8= (a/6)/(al2) = 1/3.
Hence, 8 = cus'(1/3) = 70.5°,

Since AOCQ = AOCB,
LQOC = LBOC = (180 - 3)/2 = 54.75°.

Also, LQOC = ¢ + (90 - ),

or 54.75 = ¢ - 90 - 70.5.

Therefore, ¢ = 35.25° = 36°, a close enough ap-
proximation for this model.

One of the six olanes.

P

5
0
FAY

AC
,Qﬁf'7
o
ﬁjy/
g
A ' i & B

One unfolded unit,
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TUVWXYZ Stars

Required angle of a unit at the center of each plane
8 =360/(7 - 1) = 360/¢ = b0°,

Cne of the seven planes.

So, required ¢ as marked in the diagrem = 6/2 =
30°. Let tae size of the starting square be of leagta
a.

Fold a unit as shown oa page 114 up to Step 2 and e
extenc the new crease all the way o the edge <l
C. Before unfolding, ie., when B lies on Q, trace
thelines OQand QT a.ong the edges of the folded
triengle. Hence, AOCQ = ADCB as one is traced
from the other, v

In AOPQ, cos(LPOD) = OPIOQ \
= {.IJ"Z”H = 1!2_

Hence LPOQ = cos'(1/2) = 60¢ and \ /;;
LQOB = 90 - LEFOQ =90 - 60 — 30°, ‘\/ /

Since AOCQ S AOCB, ) 4
LQOC = LBOC = LQOB/2 = 30/2 = 15¢ K ER

B,
C B

One unfclded unit.

Therefore, ¢ = 45 — LBOC A
=45 - 15=30-.

TUVWXYZ Rectangles

Required angle :s the same as above, ie., 7 = 60°. One of the seven planes.
Let the size of the starting rectangle be a x a/2.

Fold a unit as shown o1 page 117 up to Step 2 and
extenc the new crease all th2 way to the edge at '

C. Before unfolding, ie., when B lies on Q, trace

thelines OQand QC along tke edges of the folded e 7
triengle. Hence, AOCQ = ADCB as one is traced
from the other.

In APOQ.

OQ=0B=a/4and OP = a/8

] 4c
cosff = (a/8)/(ai4) = 1,2. ,%,7
Hence, p = cos'(1/2) = 60> ; |

Qv .

Since AOCQ = AOCB, i /
LQOC = LBOC = (180 - f)/2 = 60° B ‘
= (180 - 60)/2 = 60", A e 0 *B
Therefore, 8 = LQOC = 60°. One uniolded unit
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STUVWXYZ Stars

Required angle of a unit at the center of each plane
0 = 360/(8 - 1) = 51.43¢,

So, required ¢ as shown in diagram = 6/2 = 25.71°.
Let side of starting square be a.

Fold a unit as shown on page 120 up to Step 3 and
extend the new crease all the way to the edge at
C. Before unfolding, i.2., when B lies on Q, trace
the lines OQ and QC along the edges of the folded
triangle. Hence, AOCQ = AOCB as one is traced
from the other.

In ACPQ, OQ = aand OP=a/2 + a/8 = 5a/8
cos f# = OP/OQ = (5a/8)/a = 5/8.
Hence, ff = cos'(5/8) = 51.32¢,

LAOQ=f 45=51.32 45 =6.32°,
LOOB =LAOB - LAOQ = 45 - 6.32 = 38.68".

Since AOCQ = AOCB, LQOC= LBOC

= LOOB/2 = 38.68/2 = 19.34°,

Therefore, ¢ = LQOC + LAOQ

= 19.34 + 6.32 = 25.66° = 25.71°, a close enough
approximation for this model.

One of the eight planes.

\F
/K

One unfolded unit.

L

STUVWXYZ Rectangles

Required angle is the same as above, i.e., ¢ = §/2
= 25.71°, Let the size cf the starting rectangle be
axal?

Fold a unit as shown on page 123 up to Step 4 and
extend the new crease all the way to the edge at
C. Before unfolding, i.c., when B lies on Q, trace

the lines OQ and QC along the edges of the folded
triangle. Hence, AOCQ = AOCB as one is traced

from the other.

[n AOPQ,

0Q =a/4 and OP = a/8 + a/32 = 5al32.

cos ff = OP/OQ = (5a/32)/(ul4) = 5/8.

Hence, f# = cos'(5/8) = 51.32¢.

Since AOCQ = AOCB, LQOC = LBOC

= LQOB/2 = (180 - §)/2 = 64.34°,

Also, LQOC = ¢ + (90 - B)

or 64.34 = ¢ + 90 - 51.32,

Therefore, ¢ = 25.66° = 25.71¢, a close enough ap-
proximation for this medel.
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One unfolded unit.

Planar Models



RSTUVWXYZ Stars and RSTUVWXYZ Rectangles

Shown on the right are single planes of RSTU-
VWXYZ Stars (top) and RSTUVWXYZ Rectan-
gles (bottom).

For these two modzls
6 =360/(9-1) = 360/8 =45°-.

Since this angle can be obtained by the simple ori-
gami method of fo.ding a right angle into ha'f, ro
proof will be shown.

32
=

QRSTUVWXYZ Stars

Required angle of a unit ar th2 center of each plane
0 = 360/(10 - 1) = 360/9 = 40°. So, required ¢ as
merked in diagram = 0/2 = 20°. Let the side of the
starting squere be of length g,

Fo.d a unit as skown on page 130 up tc Step < and
extend the new crease al. the way to the edge at
C. Before unfoldirg, i.e., wken B les on Q, trace
the lines D0 and QC along the edges of the folded
triangle. Hence, AOCQ = ADCB as one is traced
from the other.

In AOPQ, OQ = a and half diagonal OF=a/\2, and
LCOPQ = 80-1APQ

= 180 - 22.5= 157.5.

Applying simple principles of trigonome:ry, OP/
sin(LOQP) = 0Q/sn(LOPQ),

or (a/{2)!sin(LOQP) = a/sin157.5,

or LOQP = sin"{(sin157.5)/¥2) = 15.6%°.

Hence, f = 180 - (157.5 + 1569 = 6.81°.

LQOB = 45 + =45 +6.81 =51 .81~

Since AOCQ = AOCB. LQOC = LBOC

= T0OR2 =51 81/2=2591%

‘Therefore, ¢ = LQOC - 5 =25.91 - 5.81

= 19.1° = 2(°, a close enough approximation for
this model.

Cne of the ten planes.

%

X

Ore unfolded unit.
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Afterword

Exercises

1. 'The figurz on the right shows the creases for the
traditional methoc of folding a square sheet of pa-
per irto thirds as presented in Chapter 1. ABCD is
the starting square—E and F are rridpoints of AB
and CD, respectively. The line GH runs through
the intersection point of AC and DE parallel to AB,
Prove that AG is AD/3.

2. On page 24 there is a methed showing how to
ottain a pentagon from a square piece of paper.
The fgure on the right shows the original square
and the resulting pentagon. Prove that the penta-
gen arrived at is c.ose enough to a regular penta-
gen. If the starting scuare has a side length a, de-
te-mine the side length of the resulting penzagon
in terms of 2. The shaded part shcws the origiral
square. (Answer: a sin 3€°)

3. Far Biintz Base Mcdels without Inserts on page
43, try cut the various colarings of the different
flowers in @ model as illusirated at the end but
not diagrammed. Hint: Reverse scme blintz folds
from mcuntains to valleys.

4. The figurz on the rightshows the repeated lintz
folding used in the Bintz Base Bouquets chapter.
The starting square is S, Wken blintz folded once,
the resulting square is §,,when blintz ‘olced again
the resulting square is S, and so on until blintz fold-
ec n times resulting in the square § . If the lzngth
of a side of the starting square is a, prove that the
leagta of a side of the nth square is a/ (V21"

5. The Fatterned cosahedron model on page 58
is based on Lewis Simon and Bennell Arnstlein’s
Triangle Edge Module [Gur95). Pattern 1 cn the
right illustrates one finished face of the original
Triangle Edge Module model. Pattern 2 illustrates
one finished face of tae Patterred Icosahedron in
this book. Make minor variations to the Patterned
[cosahedron unit to arrive at the finished faces
skown in Patterns 3 and 4.
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6. On page 74 there are diagrams showing how to
obtain a rectangle of aspect ratio 1:(1+V3). Prove
that the rectangle obtaired by the folding method
used is indeed of the said aspect ratio.

7. For the last five models in the Embellished Flo-
ral Balls chapter that starts on page 83 (Layered
Poinsettia through Dianthus), find a way to cm-
ploy inserts to simulate duo paper. Derive the
insert size from the size of the rectangle used for
the original unit. (Hint: “or the Layered Poinsettia
model on page Y1, the :nsert may be introduced
in Step 5.)

8. The figure below shows a flattened generic Em-
bellished Floral Ball unit from Chapter 6. Points

A generic Embellished Floral Ball unit.

A and B of the unit end up a: the center of the as-
sembled flowers. Prove that in the folding method
uscd, the angles marked 6 are 60° angles.

9. Prove that for the planar model TUVWXYZ
Hexagons on page 119, the folding method used
to obtain the desired rectangle from a square is in-
dced of ratio 2:V3. Also prove that cach assembled
plane is a hexagon.

-

10. For the STUVWXYZ Heptagons model on
page 125, prove that each assembled plane is ap-
proximately a heptagon.
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About The Author

Meenakshi Mulkerji (Adhikari) was introduced to
origami in early childhood by her metallurgist ma-
ternal uncle Bireshwar Mukhopadhyay. She redis

covered origami in its modular form as an adult,

quite by chance in 1995, when she was living in

Pittsburgh, Pennsylvania. A friend, Shobha Pra-
bakar, took her to a class taught by Doug Philips,
and ever since she has been folding modular ori-
gami and displaying it on her very papular webhsite,
http://www.origamee.net. She has many designs to
her credit. In 2005, Origami USA presented her
with the Florence Temko award for generously
sharing her modular arigami work. In April 2007,
A K Peters Ltd published her first book, Marvelous
Modular Origami, which became an origami best-
seller within the year.

Meenakshi was born and raised in Kolkata, In-
dia. She obtained her BS in electrical engineering
at the prestigious Indian Institute of Technology,
Kharagpur, and then came to the United States
to pursue a master’s degree in computer science
at Portland State University, Oregon. After suc-
cessful completion of her studies. she joined the
software industry and worked for more than a
decade. She is now at home in California with
her husband and two sons to enrich their lives, to
creatc her own origami designs, and to author orni-
gami books. People who have provided her with
much origami inspiration and encouragement are
Rosalinda Sanchez, David Petty, Francis Ow, Rona
Gurkewitz, Robert Lang, Rachel Katz, Ravi Apte,
and the numerous viewers of her website.

Other Sightings of Author’'s Works

® The San Jose Mercury News and the community
newspapers The Cupertino Courier and The Sunny-
vale Sun featured an article about the author’s work
titled “Ancient Japanese Art of Origami is Growing
in Popularity,” in their May 21, 2008 issues.
® Exhibition of Mathematical Art Catalog, American
Mathematical Society and Mathematical Associa-
tion of America Joint Mathematics Meetings, San
Diego, CA, 2008: author’s Poinsettia Floral Ball
photo was published and was also featured on the
catalog cover.

@® Marvelous Modular Origami: the author’s first book
was published by A K Peters, Ttd., in 2007.

® Meenakshi’s Modular Mania, (http://www.origamee.
net): Maintained by the author for the past decade
or 50, the website features photo galleries and dia
grams of her own works as well as others’ works.

@ Papiroflexia Y Geometria by Eduardn Gil Maoré,
published hy Miguel A Salvatella, Spain, 2007:
The author’s Plain Cube unit and adaptations were

published.
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Ultrapassando Fronteires com o Origari (Exceeding
Borders with Origarai) by Bruno Ferraz, published
by Editora Ciéncia Moderra, Brazil, 2007: author’s
Whirl Cube model was published.

Model Collection, BOS 40" Aaniversary Coaven-
tion 2007, British Origami Society: Dicgrams of the
authar’s Flowered Sonobe were publisied on CD.

Model Collection, Bristol Conven‘ion 2006, Brit-
ish Origami Society: Diagrams of the author’s Star
Windows were published on CD.

The Eacydopediaof Origamiby Nick Robinson, Run-
ning Press, 2004: A full page photo of the autho-’s
QRSTUVWXYZ Stars modzl appears on page 131.

Readers Digest, June 2004 issue, Australia Edition:
A photo of the authcer’s QRSTUVWXYZ Stars
model appears on page 17.

Reader’s Diges, June 2004 issue, New Zealand Edi-
tion: A photo of the anthors QRSTUVWXYZ Stars
model appears on page 15.

Quadrato Magico #71, August 2003 issue (a publi-
cation of the Ttalian Origemi Saciety, Centro Diffu-
sione Origami): Ciagrams of the author’s Primrose
Flo-al Ball appear on page 56.

Daves Origarii Emporium  (hitpy/membersaol.
com/ukpetd/): This website by David Petty features

the authors P.aner Series diagrams in the Special
Guests sccrion (May-Aug 2003).

Scafold, Vol. 1Issae 3, April 200): Diagrams of the
author’s Tkatch Cube model appear on dage 4.
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18 step-by-step instructions, learn how to fold individual pieces and then
\ use them as building blocks to create a variety of three-dimensional
geometric models. You will marvel at the creativity and stunning

nature of Muker|i’s designs.
The haok is aimed at intermediate folders, but the origami basiecs

ORNAMENTAL f
ORIGAMI /»

EXPLORING 3D GEOMETRIC DESIGNS

MEENAKSHI MUKER]I

Explore the world of modularorigami with this beautifully illustrated collection
of over 40 modular origami models, With easy-to-follow diagrams and

included at the start of the book make 't accessible to beginners. Fans
of Meenakshi Mukerji's work wil! find variations on o'd favorites and
soon-to-be new favorites within these pages!

Praise for Mukerji’s previous book, Marvelous Modular Origami

“Without doubt, this is a must have for modular enthusiasts and well worth

investigating for others.” _ i o
—Dawvic Petty, British Origami Society

“This first book from one of the latest creative stars on the origami scene |

's an excellent book, with interesting, well-diagrammed models, Mudularantl
kusudama fans will certainly want to add this book to their collection, And
non-modular folders cut there might just find that this is the hook that P
hooks thern on this origami specialty!” 1éf

—Anne LaVin, Origamil/SA

“This book contains come of the best and most functional origami Ef

Y
patterns ever developed. The end results are spectacular and the |
directions are very easy to follow.”

—Charles Ashhacher, Journal of Recreational Mathematics

Meenakshi Mukerji was awarded the 2005 Florence Temko Award by
OrigamiUSA for her contributions to origami. This baok is preceded by

her well-received first book, Marvelous Modular Origami, and her papular

modular origarni webs te, www.origamee. net.




