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FOLDING BICYCLES

A. PREFACE

The Folding Bicycle has many practical and potential uses in recreation and
daily life, and it may be the fastest growing category in the bicycle industry.
Today, of all the hundred million bicycles produced annually, a whopping
~10%, about 10 million units, are folding bicycles. This article attempts to
present a comprehensive and unbiased recent history of the Folding Bicycle,
and a technical review of the dazzling supply of diverse product s on
market with their various international supply chains. It hopes to be a guide for
the millions of committed or interested consumers, as well as the thousands of
inventors, engineers, businessmen, advocates and regulators everywhere.
Credits are given where due. Ample pictures are included (for general readers),
as well as references and links for the studious. (Corrections and suggestions
are sincerely welcome.)
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B. DEFINITION

A Folding Bicycle is defined as a two-wheeled vehicle, with pedals, which can be
folded up or otherwise reduced into a more manageable shape/size package or set
of packages for ease of storage or portage. That includes take-apart bikes. Some
Folding Bicycles are also electrically empowered (Folding E-Bicycle). A Folding
Bicycle (or Folding E-Bicycle) is legally defined as a bicycle (or Electric Bicycle,
respectively) in all nations, having to comply with all relevant safety standards to be
roadworthy.



C. GROWING MARKET

Most any gadget can become more useful if it is foldable. People around the world
are increasingly concerned with health and pollution in recent years. The bicycle itself
is already a most useful and popular gadget with a market of about 100 million
units/year. The Folding Bicycle is one of the fastest growing bicycle categories
because of its many practical and conceivable uses in recreation and personal
mobility. Typical consumers would include owners of Rvs, boats and planes, as well
as car owners who wants to hit the bike trail out-of-town; urban commuters,
sometimes in conjunction with the car or public transit; or average citizens who want
to be green, convenient, heal thy or even,
Bicycle clubs have sprung up in some countries, drawn together by shared interests.
About 10 million units of Folding Bicycles are estimated to be sold annually, in Asia,
Europe and elsewhere (in that order). As a relatively young category, the Folding
Bicycle is still not a part of general bicycle statistics in most countries, despite its
booming market share. But there are various other sources for the estimated sales
volumes in various markets, and these are presented in Appendix 1, which shows the
annual production of main suppliers of folding pedals.

(See Appendix 1)

The growth trend is expected to continue, in a world of growing health and
environmental awareness. In some cities in Asia, it appears that every fourth bike on
the street is a small-wheeled folder. Many are seldom ever folded. Almost all
manufacturers now carry some models of Folding Bicycle by market demand.
However, engineers and manufacturers everywhere are still being challenged to
close the gap with regular bicycles in performance and safety.



D. SUPPLY CHAINS

Having largely developed during the first half of the last century, the manufacturing of
the bicycle is surprisingly sophisticated, despite its affordable prices. The center of
gravity of bicycle manufacturing, which is relatively labor-intensive, has moved, since
the end of the last world war, from Europe and North America to Japan, then to

Tai wan, and t hen, in recent decades, to Chi na.
Worl do) was overwhel mi ng, partly because of ti
and know-h o w, and partly due t o Chniarket.drsrecenvn mas si \

years, however, due to rising costs, China is losing some orders to its neighbors in

South-east Asia, including Thailand, Bangladesh, Indonesia, Vietham and Cambodia,

t hanks partly tdampirig hpelicieg dd&signed aosténsibly to help

developing countries but mainly to protect their own thinning bike industry.

Manufacturing technology has been slowly transferred to Asia. Indigenous

technologies are sprouting up in recent years in areas where intellectual property

protection has gradually become more serious, particularly in Taiwan, under intense

pressure from the US in the 90s. The Taiwanese now seem to manage the lion's

share of Asian bicycle factories, especially t
record limits the cooperation with and technological transfer from the outside, quite

unbeknownst to the Chinese authorities.

Developed countries, while gradually losing their bicycle manufacturing capacities,

have continued to excel in designing and marketing. The twain must find ways to

work together in this fast shrinking and competitive world 1 to take advantage of geo-

economics while protecting themselves. That is particularly true with inventors and

entrepreneurs who seek relevancy and business success.

Over 100 Folding Bicycle brands are on the market, and the number is growing.

Folding Bike Manufacturer Directory - The Folding Cyclist. 2015. Folding Bike

Manufacturer Directory - The Folding Cyclist. [ONLINE] Available at:
http://www.foldingcyclist.com/folding-bike-manufacturer-directory.html. [Accessed 25

November 2015].

Di fferent brandsp law ec ldaiff estemat déigsi es o0 behind
fundamentally affect their products and services. A supply chain may be made up of

three | inks, namel y: design, production, and 1
engineering and product aesthetic design. It has to be a non-stop effort to improve,

l' i ke anything. A P olirg dmasstpioduction and muealityuadserancet o

AMar keti ngo includes pl anning and execution
different types of supply chains might be recognized (and nice to know):

1. International companies who manage all three links; design,
manufacturing and marketing. This type has the most vertical
integration and can theoretically supply the best products and
services for the costs; but economy-of-scale and geo-economy
can be serious challenges. (This type include: Di Blasi, Dahon,
Brompton, Oyama, Giant, bike Friday, Ubike, Jango.)

2. Marketers with Designs. Marketers who do their own designs,
place orders with original equipment manufacturers (OEM).
Theoretically better than 1 above in division of labor. (Montague,
Birdy, Raleigh, Tern, Allen Sport) Communication and shortage of
over-lapping expertise can bring nagging problems.

3. All _links independent. All three chain links are handled by
different companies. This type can theoretically be a nice
synergy between East and West and can produce good
innovative products. But problems mentioned for 2 above can be
exacerbated. (Birdy, Pacific, Ubike)
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Importers from OEM. Western importers who buy from Asian

OEM manufacturers with little designing from either party.

Copying is the key. They survive by aggressive pricing and

promation.

OEM manufacturers, mostly from China, who offer Folding

Bicycle with their own logos, and touting if act or gntheéi r ect o
Internet and other mass outlets. While typically new to quality

assurance and marketing protocols, they are most price

competitive. (Find them in Alibaba and Aliexpress). Again,

copying is the name of the game; legal entanglement is frequent.




E. RECENT HISTORY

The first Folding Bicycle patent was filed by an American inventor, Emmit G. Latta on
September 16, 1887. Since then, there have been innumerable inventors,
manufacturers and marketers from many developed countries, attempting to offer
improved compactness and/or ride for the bicyclist (including soldiers). Some patents
are more practical than others. The tide of Folding Bicycles has flowed and ebbed a
few times in various countries. The latest wave, started slowly since the 70s by the
likes of Diblasi, Raleigh and Bickerton, (continued by Dahon, Brompton and
Montague in the 80s; Bike Friday and Birdy in the 90s) has been growing unabated
to the millions sold annually world-wide nowadays. Dahon, the biggest producer, has
had the most influence on the market, with dozens of its 300+ patents having now
become commonplace in the industry.

(A list can be found in Appendix B)

There has been a number of well researched books on the history of the bicycle,
such as fAnScience of the Bicycled by Prof
ABicycle Designodo by Hadland and Lessngng,
Bicycle is briefly mentioned. A brief history of the Folding Bicycle, going back to its
inception over 100 years ago, has been given in The History of the Folding Bike -

The Folding Cyclist. 2015. The History of the Folding Bike - The Folding Cyclist.
[ONLINE] Available at: http://www.foldingcyclist.com/folding-bike-history.html.
[Accessed 25 November 2015]. , among others.

These are useful readings for the present in-depth article.
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F. TECHNICAL DISCUSSION

1. General Criteria for Folding Bicycles

a) Compactness i n t he if ol ded?d configuratio
objective of any Folding Bicycle. But there are several different
criteria about ficompactnesso, i ncl
popularity: a) the least volume, B) the least footprint while
standing erect, and C) the most manageable shapes/sizes (as
in the case of a take-apart Folding Bicycle). Each one has its
own merits for this fast developing category.

b) Convenience in folding/unfolding is an important selling point.

c) Strength, stiffness and durability are essential for safety and
riding efficiency. These criteria cannot be overemphasized, and
they remain the greatest challenge for Folding Bicycle
designers, especially those Folding Bicycles with many hinges.

d) Wheel size is a dilemma. Most Folding Bicycles have small
wheels for compactness, but this is more or less at the expense
of comfort and performance, if not safety. So it has to be a
compromise, depending on intended utility.

e) Being light-weight is needed for portage, obviously.

f) Cost effectiveness, of course.

g) Aesthetics is more important for commercial success than most
inventors think.

Unfortunately, most of these criteria are largely mutually conflicting even for regular

bikes, let alone for the Folding Bicycle with its many joints and transformations. And

they present serious challenges to engineers and manufacturers for a product that is

often compared with The Bicycle (sometimes cal
matter hod iAtunmayr bgem. | ndeed;wheeled faldere i r best,
still compromise something for compact foldability at this time in our technical history.

But the gap is closing. Folding Bicycles with bigger wheels have their own

disadvantages and attractiveness.

2. Six Design strategies
With a Alowo technical threshold (deceivingl.y
patents have been granted related to the Folding Bicycle since the late 19" century.
Only a small percentage have made it to the market, fewer lasted for long. Many of
these are concerned with the fundamental strategy in folding of the frame/handlebar
system itself, according to the optimal criteria perceived by the inventor; the rest of
the components are mostly stock items (correctly so, economically), except for
pedals, handlebars, cranks and accessories. These various strategies can roughly be
grouped into 5 to 6 main categories, with occasional hybridization. These are:
a) Mid-frame horizontal fold. (eg. ' Raleigh 19700s, Bi

Dahon 1980s, Oyama 1990s, KHS 2000s, Tern 2010s, etc.); this

approach is the most intuitive, and therefore comprises the vast

maj ority of todayés Folding Bicycl es
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Fig.2
Ral eigh Twenty in the 1970606s c(theads faosr stohliisd 2a0 or;
folds large, though) http://www.raleigh.co.uk/
Photo from: Sheldon Brown's Raleigh Twenty Bicycle Page. 2015. Sheldon Brown's
Raleigh Twenty Bicycle Page. [ONLINE] Available at:
http://www.sheldonbrown.com/raleigh-twenty.html. [Accessed 25 November 2015].
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Fig.4
Bickerton 1970s (ride is very soft, but folds smaller than Raleigh Twenty)
http://www.bickertonportables.co.uk/
Photo from: Bickerton (bicycle) - Wikipedia, the free encyclopedia. 2015. Bickerton
(bicycle) - Wikipedia, the free encyclopedia. [ONLINE] Available at:
https://en.wikipedia.org/wiki/Bickerton (bicycle). [Accessed 25 November 2015].
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Fig.6
Dahon 1980s (has as solid a ride as can be exp
www.dahon.com
Photo from: Dahon Classic Il 1988 folding bicycle Bootiebike. 2015. Dahon Classic
11l 1988 folding bicycle Bootiebike. [ONLINE] Available at:
http://bootiebike.com/dahon/dahon.htm. [Accessed 25 November 2015].
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KHS mid 2000s (has as solid a ride as
small) http://khsbicycles.com/

Photo from: KHS Latte | BikeShopHub Blog. 2015. KHS Latte | BikeShopHub Blog.
[ONLINE] Available at: http://www.commutebybike.com/2005/12/08/khs-latte/.
[Accessed 25 November 2015].
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Fig.10
Citizen 2010s (has as solid a r indderatelyg
small)
www.citizenbike.com
Photo from: Citizen, Tokyo i Folding Bike Review | The Folding Pilot. 2015. Citizen,
Tokyo i Folding Bike Review | The Folding Pilot. [ONLINE] Available at:
http://www.thefoldingpilot.com/folding-bike-review/tokyo-citizen-folding-bike-review/.
[Accessed 25 November 2015].

Fig.12
Tern 2010s (has as solidarideascan be expected for this
www.ternbicycles.com

Photo from:
Tern Verge X18 Folding Bike 2015 | Triton Cycles. 2015. Tern Verge X18 Folding
Bike 2015 | Triton Cycles. [ONLINE] Available at: http://www.tritoncycles.co.uk/urban-

bikes-c4/folding-bikes-c155/tern-verge-x18-folding-bike-2015-p11416. [Accessed 25
November 2015].

b) Vertical fold on horizontal axes,
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i. to achieve a small footprint, analogous to an upright pair of
scissors
etc.),

ii. to achieve folding speed (e.g.: Picnicker 1970s, Dahon
Jifo& EEZZ 2010s)

(e. g.

Bridgestoneds

Fig.14
Bridgest one Pi cni ca, 197

006s

(this 140 has a

Bickerton; folds upright quickly with a moderate footprint)
https://en.wikipedia.org/wiki/Bridgestone Picnica

Photo from: Twowheels+: Picnica. 2015. Twowheels+: Picnica. [ONLINE] Available
at: http://twowheelsplus.blogspot.hk/2012/04/picnica.html. [Accessed 25 November

2015].
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Fig.16
Strida1990s(t his 140 rides more solid than
Aspecialo. |1t folds up wowsridakény wi t h a
Photo from: Review: A Day with the Strida Folding Bike [Verdict: Wear a Cup] - Boing
Boing. 2015. Review: A Day with the Strida Folding Bike [Verdict: Wear a Cup] -
Boing Boing. [ONLINE] Available at:
http://gadgets.boingboing.net/2009/04/23/review-a-day-wthe-st.html. [Accessed 25
November 2015].

Fig.17

Fig.18
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http://www.strida.com/
http://gadgets.boingboing.net/2009/04/23/review-a-day-wthe-st.html

Dahon Jifo & EEZZ 2010s (has as solid a ride a
extremely quickly.) www.dahon.com

Dahon Eezz 2015 Folding Bike. 2015. Dahon Eezz 2015 Folding Bike. [ONLINE]

Available at: https://www.moorescycles.co.uk/dahon-eezz-2015-folding-bike.php#.

[Accessed 25 November 2015].

c) Flip fold of the rear triangle underneath (e.g.: DeBlasi 1970s,
Brompton 1980s, Dahon Curl 2010s).
i.  To attain optimal compactness by volume,
ii. To attain a fair folding speed.

Fig.21

Fig.22
Size: 68cmx64cmx21cm
DiBlasi (this pioneering design folds up very quickly (almost like the Dahon Jifo and
Eezz), but the ride is soft, thanks to the many small tubes connected together rather
simply. www.diblasi.de
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