ORIGAMI
INSPIRATIONS

MEENAKSHI MUKER]JI




Origami Inspirations



Great Stellated Dodecahedron-like assembly of the Whipped Cream Star (top) and
Truncated Rhombic Triacontahedron (bottom). See pages 69 and 82, respectively.



Origami Inspirations

Meenakshi Muker;ji

A K Peters, Ltd.
Natick, Massachusetts



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2011 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Version Date: 20140703

International Standard Book Number-13: 978-1-4398-7105-8 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been made to publish reliable data and
information, but the author and publisher cannot assume responsibility for the validity of all materials or the consequences of their use. The authors and
publishers have attempted to trace the copyright holders of all material reproduced in this publication and apologize to copyright holders if permission
to publish in this form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may rectify in any
future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any electronic,
mechanical, or other means, now known or hereafter invented, including photocopying, microfilming, and recording, or in any information storage or
retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.copyright.com/) or contact
the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides
licenses and registration for a variety of users. For organizations that have been granted a photocopy license by the CCC, a separate system of payment
has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identification and explanation
without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



To Ratul, Rohit, Rohan, Riddhijit, and Rukmini






Contents

Preface

ACKNOWIEAGMENLES. ...ttt ettt seee
PROTO CIEditS...cucieveuieierieieieteieieteeeete ettt ettt ettt a ettt ss et ese st esess s ebensesessasesensesesensesenssesennas
1 © Introduction

Origami Tips, TOOIS aNd PaPer......c.ccoviuiiriricieiriicieiritcieiicicieiececteeeie ettt s sseaeaes

Origami Symbols and Bases ..........ccoccuieuieiniciniciiciicicieceeeieees e sesaese s

Platonic, Archimedean, and Kepler-Poinsot SOLids..........coeeeeveeueeceieeieieinininirirrirncececceenenenes

EVEN COlOr DSt IDUION ¢ttt ettt e et e et ee et eseeeeeeseesseessesaseseesseesseeesesneeseens

2 © Simple Cubes (Created April 2000)

Folding a

SQUATE INtO THITAS w..vevieiiieieieie ettt

PLAIN CUDC .ttt et et e e et e sae e aeesee e et esae st eeseesneesseesesneesstensesaseeeesseenseeans
PLAIN CUDE 2.ttt e e et e et e et e s ee e teeaee e et e saeeteeneeeneenseeaaeeneeeseeaseeasesneesseenseeans

Ray Cube

THALCH CUDC ettt et ea e e e e e sae e e eeseeeeeeseesseeeseesseesseeseentesseenseeesesseeeneens
TWHTL CUDE ettt et et e e et e et esee e e e eseeaeeeaeeeeeeseaaseeaseeaseseesseeaseeasesneeennens

Pattern VATIatIONS ...eeiiveviiiiiiieieieeeeeeteeeeetee et e sttt e e s eat e e s sateeeseatesssbtesssaaeessssessssstessssseessssessssssessnres

3 © Four-Sink Base Models (Created January-September 2009)

FOUT-SINK BASE .ttt ettt e e et e e et e ae e ae et e e et e seeete et eeneenseeaeeneeeseeasesaseeneesseenseeans

BUHEETTLY CUDE.......ceeiiiii ettt

FLOWET CUDE.....cueneeieieietete ettt bbbttt

FLOWET CUDE 2.ttt et bbb st s e s

FLOWET CUDE 3.ttt bbbttt

FLOWET CUDE 4.ttt bbbttt
4 @ Folding with Pentagons (Created October 2006)

Making a

Pentagon and Its Mathematics........cooueeuricueininiceiniceeceece e

Traditional and FIVE-POINt LILES ...c.veeueieeeeeeeteeeeeeeeeeeeeeeeeeeeteeeeeeteeeeeeeeeeeeeeessessseseesseesseeesesseesneens

FLOWET DOAECANEATON ..ottt e e et e e eete et e et e e e eeaeeeeseeesseeaaeeneesneenseeans

FLOWET DOAECANEATON 2.ttt ettt e et e et e st eeneeeaesse st essesesessnesaeesneeans

FLOWET DOAECANEATON 3.ttt e et et e et e e e eteeate et eeaeeeaeeneeseeessesenesseesseenseeans

FLOWET DOAECANEATON ..ot e e et e e et e et e et e e e eaaeeeeseeeaaeeaseeneesneesneeans

FLOWET DOAECANEATON 5.ttt et e e eae st e et e st eereseseste st esseseseeeesaeesseeans

Oleander

vii



5 @ Miscellaneous (Created November 2001 and February 2009) 63

Windmill Base CUDe........ccuviiiciiiiiiccccce ettt 64
Windmill Base CUDE 2.ttt 68
WHhIPPed Cream STAT ......ccceeueueieieieieieirieirirr ettt bbbt 69
StAr WIth SPITalS...c.c.ciuiuiiiieieieieieeie ettt 73
Whipped Cream Polyhedra ... saesns 75
WAVES ..o 78
6 © A Collection of Models by Guests 81
Daniel Kwan
Truncated Rhombic Triacontahedron............occevceinicninicccccrce e, 82
Four Interlocked Triangular PriSms ........cccooviceinininceiriniceiincccreeeieeceseesese s 84

Carlos Cabrino (Leroy)

Chrysanthemum LeTOy ... 88
Chrysanthemum Leroy Variation .........ccccvveeurinieueirinecuernineceenieeeisesesesesseesesessesesesessesescsenns 92
Carnation LErOY ... 94

Tanya Vysochina

CAMEIIIA .. 97
DIARLIA 1.ttt 100
LALY Of the NILE c...cvueiiieccicce ettt 103
CIYSEAL 1ttt 104
Aldo Marcell
Adaptable DodecahedIOn .....c.cccueiueuiuiiiiiirirr et 107
Adaptable DodecahedrOn 2.........cceuieuiiriririririre et 111
Appendix 113
Bibliography and Suggested Reading ...........ccevvieuririicirinicciniccieceeteeeeeiee e 113
SUGEEStEd WEDSILES ...ttt 115
About the Guest CONtIIDULOTS. .....c.cccueuriicieiriricieieecet ettt 116
ADOUL The AULROT ...t 118

viii Contents



Preface

I was certain that I was done after writing my first
two books Marvelous Modular Origami (2006,
A K Peters, Ltd.) and Ornamental Origami:
Exploring 3D Geometric Designs (2008, A K
Peters Ltd.), nearly back to back. But it seemed
the more I toyed around with paper, the more
this intrigued my imagination, and new modu-
lar designs kept emerging. With so many new
ideas and such kind readers’ encouragement, I
easily have enough new creations for yet another
book—and here it is.

The first chapter contains origami basics and
other material that simply must be included in
any modular origami book to be complete. This
might be the first book a new folder picks up, as
his or her interest just piqued, and certainly all
the tools to tackle the projects must be present. If
you are already familiar with these basics, please
feel free to skip ahead. I have provided polyhe-
dron charts and color distribution charts for ref-
erencing during the assembly phase. Folding tips,
types of paper, and other material important to
folding origami, particularly modular origami,
have been included.

The general structure of the book starts with
simple models, gradually progressing into more
complex ones, although there may be a few
exceptions. We begin with simple cubes and then
move on to more complicated and interesting
models such as the four-sink windmill base mod-
els and the decorative dodecahedra folded from
pentagons, just to mention a few. The mathemat-
ics of these models, of about high school level,
is discussed whenever appropriate for those who
might enjoy these things, such as myself.

Thanks to the amazing Internet making the entire
world available, I am able to interact with like-
minded modular origami designers worldwide.
Their beautiful creations just further my belief
that origami is a language spoken across the
globe. In the last chapter, creations of guest art-
ists Aldo Marcell of Nicaragua, Carlos Cabrino
(Leroy) of Brazil, Daniel Kwan of the USA, and
Tanya Vysochina of Ukraine are included. I have
enjoyed and followed their work for some time

and I am happy to debut their prolific creations
in my book. It was quite a difficult task to decide
which of their many fine models to include. I am
fortunate they share my philosophy that great ori-
gami is to be shared, not kept away in a closet. It is
my privilege to introduce them to a new horizon
of fellow origami enthusiasts. If you have not come
across their work already, you are in for a treat.

The diagrams in this book follow standard ori-
gami symbols. Each creator has his or her own
diagramming style. The styles of guest contribu-
tors have been preserved instead of changing them
simply for the sake of being uniform across the
book. Sometimes a different viewpoint on folding
can quite change the experience of creating a piece.
This is a big bonus in presenting a more global
selection of models. The origami diagramming
language is very powerful. Although there are
written descriptions provided with the diagrams
most of the time, their need is virtually nonexis-
tent except for certain special circumstances. To
keep the diagrams simple, I have refrained from
showing layers except when absolutely necessary.

This book covers a range of folding levels from
simple to high intermediate models. There is an
emphasis toward the latter, which should appeal
to audiences with or without a mathematical
background, age 12 years and older. While some
of the mathematics has been discussed, it is not
a requirement to understand the mathematics in
order to fold the models. It is just a bonus if you
enjoy it, but no knowledge of math is required to
produce these stunning objects. You will enjoy
the book no matter what your folding level might
be, particularly if you are a modular origami lover.
Sometimes the units or modules separately may
seem quite uninteresting, but I assure you that the
assembled finished model is always like a pleas-
ant surprise waiting to be cherished at the end. In
modular origami the sum of the whole is almost
always more than the sum of the individual parts.
And that is what keeps me going and I hope it does
the same for you.

Cupertino, California
January 2010
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1 ©® Introduction

The word origami is based on two Japanese
words: oru (to fold) and kami (paper). Although
this ancient art of paper folding started in Japan
and China, origami is now a household word
around the world. Most people have probably
folded at least a paper boat or an airplane in their
lifetime. Origami has evolved immensely in the
present times and is much more than a hand-
ful of traditional models. Modular origami, ori-
gami sculptures, and origami tessellations are but
some of the newer forms of the art. The method
of designing models has also evolved. While
some models are designed the old fashioned way
using mostly imagination and by trial and error,
others are designed with complex mathematical
algorithms using the computer.

Modular origami, as the name implies, involves
assembling several, usually identical, modules
or units to form one finished model. Generally
speaking, glue is not required, but for some mod-
els it is recommended for increased longevity,
while for some others glue might be essential
simply to hold the units together. The models
presented in this book do not require glue to stay
together, but if you intend to handle the models
frequently or to ship them, a bit of glue is a fine
idea for only those models that have relatively
weaker locks.

While an understanding of mathematics is use-
ful in designing these models, it is not crucial for
merely following instructions to construct them.
I think that even though mathematics may not be
one’s strong point, one can still construct these
models, and perhaps the process might impart a
deeper appreciation for the mathematical prin-
ciples involved. Like any multi-stepped task it
requires patience, diligence, and a bit of practice.
It is always a pleasure to see the finished model
at the end; the outcome is often greatly differ-
ent than the individual parts would have initially
suggested. Aesthetics and mathematics brilliantly
come together in these wonderful modular ori-
gami structures to satisfy our many senses.

Modular origami can be fit relatively easily into
one’s busy schedule if one can be a bit organized.
Unlike many other art forms, long uninterrupted
stretches of time are not required. This makes it
a perfect artistic endeavor given the hectic, fast-
paced life we all lead. Upon mastering one unit,
which usually does not take long, several more
can be folded anywhere anytime, including the
short breaks between other chores. When the
units are all folded, the final assembly can also
be done slowly over time. Modular origami is
great for folding during the inevitable waits at
airports, doctors’ offices, or even on long flights.
Just remember to carry your paper, diagrams,
and maybe a box for the finished three-dimen-
sional units.

Assembly of the units that comprise a model
may at first seem very puzzling to the novice,
or may even seem downright impossible. But
understanding certain aspects can considerably
simplify the process. First, one must determine
whether a unit is a face unit, an edge unit, or a
vertex unit, that is, whether a unit identifies with
a face, an edge, or a vertex, respectively, of a poly-
hedron. Face units are the easiest to identify. For
example, the four-sink windmill base models pre-
sented in Chapter 3 are face units. There are only
a few known vertex units, e.g., David Mitchell’s
Electra [Mit00] and Ravi Apte’s Universal Vertex
Module [Tan02]. Most modular units tend to be
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, actu-
ally maps 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 identifications 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 becomes simple. It is then just a matter
of following the structure of the underlying poly-
hedron to assemble the units.
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