9 Design Inspired by Nature: The Bat Brolly
CLINT PENICK AND PRASAD BORADKAR

In industrial design, which focuses on creating physical products, the reigning
paradigm promotes user-centeredness and stresses design as an activity that
addresses the needs of people. This emphasis on designing for people can be traced
to the publication Designing for People, in which designer Henry Dreyfuss (1955)
paves the way for user-centered design, as well as for human factors and ergonomics
in industrial design. He reminds us that the objects that we design are “ridden in, sat
upon, looked at, talked into, activated, operated, or in some way used by people
individually or en masse” (Dreyfuss 1955: 1); therefore, according to Dreyfus,
considering people’s physiological and psychological needs should be central to the
design process. Since then, industrial designers have taken this task of designing for
people seriously, which has given rise to user-centered design, human-centered
design, participatory design, and empathic design (Brown 2009; Cagan and Vogel
2008; Dreyfuss 1955; Hanington 2012; IDEO 2011; Liedtka 2011; Norman 2013).

Anthropocentrism in design, however, has encouraged a myopic and self-centered
conception of our goals as designers. Clearly, the things that we design employ
diligent user research, and with the utmost care for people, these designs do not
impact people alone. The consequences of design activity —human-centered or
otherwise —reach far beyond humans. We are, after all, one of several million species
who live on this planet. Why, then, should our design be so anthropocentric? Can we
design products and services keeping people in mind, while also considering other
species and entire ecosystems? Can we envision the potential impact of our design
on people, but also on the other inhabitants of our biosphere? We would like to
suggest that it is time to re-examine our anthropocentrism in design in order to
progress towards a more sustainable future.

When we shift from purely anthropocentric thinking and human-centered design
to biocentric thinking and life-centered design, our solutions certainly demonstrate
relevance beyond people. This in no way suggests that we reject human-centered
design; instead, it recommends that we re-imagine our goals and adopt new methods
that acknowledge the other millions of species who are our neighbors. Of course,
sustainable design, green design, ecodesign, and other similar practices do address
issues of the environment. What we need, however, is an essential expansion and
unambiguous reframing of who we identify as “target users.” How can we extend our
conception of target users beyond people to include all living beings?
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In addition to being “neighborly” to other species by including them in our design
goals, we can also learn from them. This is where biomimicry can help. Biomimicry is
an emerging discipline that seeks to emulate nature’s strategies to create sustainable
solutions to human challenges. Humans have looked to nature for inspiration since
our earliest history, but a formal methodology for biomimicry, drawing on peer-
reviewed biological research, has only evolved over the past several decades. In her
seminal book, entitled Biomimicry: Innovation Inspired by Nature, Janine Benyus
writes:

Unlike the Industrial Revolution, the Biomimicry Revolution introduces an era
based not on what we can extract from nature, but on what we can learn from
her. This shift from learning about nature to learning from nature requires a new
method of inquiry, a new set of lenses, and above all, a new humility.

1997: 2

In recent years, biomimicry has been used to create faster bullet trains (McKeag
2012), more efficient wind turbines (Fish, Weber, Murray and Howle 2011), and
sustainable factories (McNeal and Benyus 2015).

In the following essay, we provide a general overview of the “biomimicry thinking”
framework as outlined in the Biomimicry Resource Handbook (Baumeister et al.
2014), which presents a philosophy and a methodology to practice innovation
inspired by nature. We illustrate this process by applying biomimicry thinking to the
redesign of an umbrella, and we start with a simple challenge: how might we design
an umbrella that resists inversion in the wind? And, as is typically done in biomimicry,
we explore how organisms in nature deal with similar challenges and identify deep
principles in nature that can be applied to the design of this product. The final step is
to evaluate the biomimetic designs using Life’s Principles (Fig. 5.1). This entire process
helps to guide us away from anthropocentric thinking and human-centered design to
biocentric thinking and life-centered design.

Introduction to Biomimicry Thinking

Biomimicry is the practice of learning from nature, and of emulating natural forms,
processes, and ecosystems ' drder to create more sustainable designs. Strategies
in nature are not truly “desigr.c<,”’ but like design they have evolved through a process
of trial and error—one that has occurred over millions or billions of years. Strategies
that “work” in evolution get passed on to the next generation, while those that fail
lead to extinction. In the words of evolutionary biologist Richard Dawkins, “Natural
selection is the blind watchmaker, blind because it does not see ahead, does not plan
consequences, has no purpose in view. Yet the living results of natural selection
overwhelmingly impress us with the appearance of design as if by a master
watchmaker” (Dawkins 1996: 29).

Biomimicry (or biomimetic design) differs from related design methodologies such
as biophilic design, bioutilization—which directly uses organisms or biological
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materials—or biomorphic design. The focus in biomimicry is on emulating the
functional properties of organisms and ecosystems rather than copying their aesthetic
features or incorporating biological materials. A biomimetic design may therefore look
nothing like the organism that inspired it, but it must function like the organism.
Likewise, biomimetic products are not always made from natural materials. The
Japanese bullet train, for example, was inspired by the aerodynamic shape of a
kingfisher’s beak, but it is manufactured with steel and aluminum rather than keratin.
Whether or not a biomimetic design is constructed from natural or synthetic materials,
the goal is to create a design that is more sustainable.

Biomimicry thinking provides a framework for integrating biomimicry into the
design process. Describing biomimicry thinking, Baumeister et al. explain that:

[O)ver the years we've created and tested different versions of what we formerly
called a biomimicry methodology. Experience has made us wiser, and we now
know that there is not just one methodology, start to finish, that works for all
industries and all applications . . . As a result, we no longer teach a methodology
per se, but rather share a framework with which one can learn how and when to
incorporate biomimicry thinking into design”.

2014: 5-86

The biomimicry thinking framework is therefore not a linear set of instructions,
but is instead a system that provides multiple points of entry for biomimicry into
design.

There are four phases of the biomimicry thinking framework during which
biomimicry can be incorporated into the design process: scoping, discovering,
creating, and evaluating. The sequence in which these phases are completed
depends on the project, but each stage provides a mechanism to identify principles,
patterns, strategies, and functions in nature that can inform design. The scoping
phase focuses on defining a design problem as well as defining the context under
which a solution to the problem must function. The discovering phase seeks to
identify an appropriate natural model that could inspire a design solution to the
problem defined in the scoping phase. The creating phase translates the
principles learned from the natural model during the discovery phase into features
that can be incorporated into the proposed design. And, finally, the evaluating
phase looks to assess how well the proposed design addresses the original
problem and how well it meets what are called Life’s Principles (Fig. 5.1), a common
set of strategies found in the natural world that represent nature’s strategies for
sustainability.

The steps of the biomimicry thinking framework are not necessarily linear, as
noted above, and the order varies depending on the path taken during the design
process. In biomimicry, there are two main paths for connecting natural models
with an appropriate design problem (Fig. 5.2). The first path, “biology to design,”
starts with a specific biological insight, and then tries to connect that insight to a
relevant design challenge. Many famous examples of biomimicry have started with
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Fig. 5.1 Life’s Principles are a common set of strategies found in the natural world
that represent nature’s strategies for sustainability. These principles are based on
the recognition that all life on Earth is subject to the same operating conditions
(indicated in the gray outer ring), including primary energy and material inputs
(sunlight, water, and gravity), limits and boundaries, cyclical processes (day/night
cycles, annual cycle, etc.), and the fact that all systems on Earth are in a state of
dynamic non-equilibrium. The six primary principles and their associated sub-
principles surround the aspirational goal and emergent property of these principles
stated in the center that “life creates conditions conducive to life.” The Life’s
Principles diagram was created by Biomimicry 3.8.

a surprising discovery in biology that later sparked innovation in design or engineering
when applied to a specific problem. The discovery of the adhesive properties of
gecko feet, for example, led to years of research into adhesive nanostructures
that have now been developed into dry adhesives for medical and engineering
applications (Autumn and Gravish 2008). The second path, “challenge to biology,”
starts with a design problem, and then tries to find a natural model that provides
insight into solving that problem. For our work on the bat umbrella, we followed
the challenge to biology path because we started without having a clear natural
model in mind.
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Biology to Design Challenge to Biology

Fig. 5.2 There are two paths for biomimetic design as outlined in the biomimicry thinking
framework. (A) The “biology to design” path begins with a specific biological insight and
then tries to connect that insight with an appropriate design challenge. (B) The “challenge
to biology” path starts with a design challenge and then tries to find a biological model
that provides insight into solving that challenge. Both paths progress through the same
four phases (scoping, discovering, creating, and evaluating), but they do so in a different
order. For the bat brolly, we followed the challenge to biology approach. © 2013
Biomimicry 3.8.

Scoping: Defining the Problem

The scoping phase of the biomimicry framework begins by defining a clear design
challenge or problem. For our umbrella design, we focused on the challenge of designing
an umbrella that does not invert in the wind. Umbrellas generally fail when a gust of wind
forces the canopy to invert, causing the ribs to bend or ¢« eak (Fig. 5.3). This situation
is especially damaging to compact umbrellas, which have two additional hinges along
each rib that can easily break when an umbrella is inverted. Although the basic design of
an umbrella is simple, a compact umbrella can have more than 150 individual parts,
making it difficult to repair or recycle. Therefore, damage to an umbrella almost always
results in its disposal. Sc e astimates suggest that up to 1.1 billion umbrellas are thrown
away each year (Holley 2018). Creating a more robust umbrella that resists breakage in
the wind would significantly reduce the waste created by damaged umbrellas, and it
also aligns with the sustainability goals of biomimicry.

The earliest reference to a collapsible umbrella dates to the year 21 AD when
Chinese Emperor Mang Wang had an umbrella built for his personal chariot (Needham
1986). The basic design of Mang Wang’s umbrella would be familiar today—it had a
circular canopy supported by thin ribs with articulating joints that allowed the umbrella
to open and close. Over the years, inventors have developed a range of solutions to
improve umbrella performance in windy conditions, evidenced by thousands of
patents filed since the year 2000 for wind-resistant and wind-proof umbrellas.
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Fig. 5.3 The most common way an umbrella fails is when a gust of wind forces the canopy
to invert. Once inverted, the umbrella can no longer function as an effective rain shield,
and the thin ribs and mechanical components are often bent or damaged in the process.

One simple solution to the umbrella inversion problem is to use stronger materials,
such as temper-hardened steel or carbon fiber. B« while these materials increase
strength, they also raise the cost as well as the wc ... of the product, which makes
carrying it more burdensome. A second approach has been to add vents to the
canopy that allow wind to escape rather than to turn the umbrella inside out. This
approach has been commonly used for large golf umbrellas that would otherwise
trap strong winds, although excessive winds can still invert these umbrellas. Finally,
more recent designs, like the Senz umbrella developed by Gerwin Hoogendoorn in
2006, have explored changing the entire shape of the umbrella to increase stability in
the wind (Holley 2018). The Senz umbrella moves away from the traditional circular
shape to produce a more aerodynamic profile, and it ranks among the strongest
umbrellas to-date.

We wondered, though, if there were strategies in nature that we could uti"-c ‘o
improve umbrella design further while also reducing material waste. Once the prczicm
has been defined, the next step in the scoping phase is to describe the function and
general context under which the design must function. An umbrella should obviously
shield its user from the rain (the function), but it must also be lightweight, compact,
foldable, and strong enough to withstand heavy winds (the contexts under which it
must function). Although these functional requirements are identified in the design
process regardless of whether the designer is applying biomimicry, for us they were
used first to identify and then to narrow down natural models that could potentially
inform our design. In nature, organisms that feature structures with a large surface
area, such as leaves or wings, experience stress from wind similar to that which
damages umbrella canopies. This is particularly true for organisms that live in areas
with high winds, such as coastal regions that are located in hurricane zones. In
addition, organisms that fly must also contend with rapidly shifting air currents that
could damage their wings. Moving to the discovering phase, we used these criteria
to narrow down our search for appropriate organisms that might inspire our umbrella
design.

118 Design and Science

38543.ndb 118 @ 11/07/2022 10:01


clintpenick
Sticky Note
Delete "But"

clintpenick
Sticky Note
Change "utilize" to "use"


Discovering: Identifying a Natural Model

The goal of the discovering phase is to identify natural models and key design
principles that could provide solutions to the problem outlined in the scoping phase.
In ord ) enable the transition between the scoping phase and identification of an
appropriate natural model, authors of the Biomimicry Resource Handbook
recommend “biologizing the challenge,” which they characterize as “a term we made
up that describes the process of turning a human challenge into a question that
might appropriately be asked in biology” (Baumeister et al. 2014: 108). Therefore,
instead of asking how would nature prevent an umbrella from inverting in the wind,
the question that is ed is: How would nature prevent a structure with a large
surface area from bucning under force? First, this particular question allows us to
consider any structure in nature with a large surface area as a potential natural model,
and second, it opens up the solution space and inspiration to come from organisms
that deal with any type of strong force, including wind, ocean currents, or other
physical forces that could damage a fragile structure.

We first considered plants with large leaves as a potential source for design
inspiration, particularly those that are exposed to strong winds. Fan palms, for
example, have leaves that may be larger than a meter in width and must be able to
withstand hurricane-force winds in coastal areas. To add strength, the leaves of the
fan palm are pleated. However, in very strong winds, the leaves tear along the pleats
to allow wind to pass through and prevent further damage to the tree. Although we
would not want to create an umbrella that tears apart in the wind, in some ways this
is analogous to placing vents in the canopy of an umbrella to allow wind to pass
through rather than to exert force on the canopy as a whole. Other large-leafed plants
rely on intricate vein patterns to support their leaves. The floating leaf pads of the
Amazonian water lily, Victoria amazonica, are supported by ‘"tricate network of
veins. Writing about the vein structure of the Amazonian watc. ...y and the leaves of
other plants, architect Michael Pawlyn suggests that, “the principle of using ribs to
stiffen a thin surface may very well have inspired engineers to design similarly efficient
structures” (2016: 14).

We ultimately shifted our focus, though, to bats as the biological model that best
matched our criteria for creating a stronger umbrella. The bone structure of bat wings
was a better analog to the rib structure of current umbrellas, and the ability of bat
wings to fold down into a small size matched our desire to create a compact umbrella.
Bats evolved flight independently from birds, and while birds rely on feathers to define
their wing shape, the wings of bats feature a thin bilayer of skin that is embedded with
bone to provide a support structure. In o to remain lightweight for flight, the
bones inside a bat’s wings are reduced to u w1 ribs. In spite of this reduced bone
mass, the wing structure as a whole must be robust when faced with high gusts that
apply force across the wing membrane. A combination of thin, structural ribs
supporting a large wing surface area makes bat wings similar in construction to
modern umbrellas.
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The bones that compose bat wings are homologous to those in the human hand,
and compared to bird wings, which are relatively stiff, bat wings are dexterous and
flexible because of the large number of joints. For comparison, bird wings each
contain only three joints, while bat wings contain more than forty active and passive
joints (Ramejani et al. 2017). This allows bats to perform remarkable feats, including
their ability to develop lift in flight on both the up and downstroke of each wingbeat.
Mimicking bat flight has been a “holy grail” of aerial robotics, and interest in bat flight
biomechanics dates back to Leonardo Da Vinci, who in 1508 wrote a note to himself
stating, “Dissect the bat, study it carefully, and on this model build the machine”
(MacCurdy 1908: 152).

Our focus for developing the bat-inspired umbrella was not based on the detailed
mechanisms of bat flight, but instead on how structural properties of bat wings could
allow bats to deal with strong winds. Like modern umbrellas, bat wings are jointed (as
described above), which creates weak points where damage is most likely to occur.
For this reason, bats are particularly sensitive to hyperextension of wing joints. From
an evolutionary perspective, bats are extremely successful —they evolved around 50
million years ago and comprise the second largest order of mammals (Chiroptera),
with more than 1,200 described species (Neweiler 2000)—and bats have found
effective ways to prevent their wings from getting badly damaged in the wind.
Moreover, large bats, such as flying foxes, have wingspans reaching nearly two
meters and are roughly equivalent in surface area to a common umbrella (Nowak and
Walker 1999). Th Iggests that bats and umbrellas face similar forces across their
wing and canopy suifaces, respectively.

Drawing on the similarities between bat wing anatomy and the structure of modern
umbrellas, we focused our final research in the discovering phase on the anatomical
features of bat wings that add stability to the wing and prevent joint hyperextension.
We describe the outcomes of this research in the following section (the creating
phase), where we break down each feature of bat wing anatomy relevant to our
functional requirements and explain how these features were incorporated into our
umbrella design.

Creating: Incorporating Lessons from the Natural Model

Integrating biomimicry thinking at the creating phase means distilling lessons that
were learned during the discovering phase into concrete ideas that can be
incorporated into a final design. Our research on bat wing anatomy revealed three
features that could be applied to strengthen umbrella design. The first two of these
features relate to the skeletal structure of bat wings, which can be applied to the
support mechanics and ribs of a collapsible umbrella. The third feature relates to the
integrated wing membrane, which is analogous to the umbrella canopy. We
incorporated aspects of all three components into the final umbrella design (Fig. 5.5).

As noted above, the bones of the bat wing are homologous to those of the human
hand, but there are also some differences (Fig. 5.4). First, the “finger bones” of bat
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Bat wings are composed of a skin
membrane supported by thin bones

The wing bones are
homologus to those of the
mammalian hand.

The wings are foldable
and compact.

Fig. 5.4 The anatomy of a bat wing. Bat wings are composed of a skin membrane
supported by thin bones homologous to those of the human hand. The combination of
thin structural bones supporting a large wing surface makes bat wings similar in
construction to modern umbrellas. Likewise, bat wings are designed to fold up into a
compact form when resting, similar to a closed umbrella.

wings are inextricably linked to each other through the webbing of the wing membrane.
Whereas the movement of each human finger is more or less independent from its
neighbors, the bones inside a bat wing can exhibit tension on their neighbors through
the connecting membrane (Norberg 1972). In addition, the joints of the bat wing are
turned at slightly different angles from one digit to the next (Riskin et al. 2008). In the
human hand, all joints in the fingers articulate in more-or-less the same direction, but
the joints in the bat wing are turned so that each neighboring joint is slightly rotated
(Fig. 5.4). Therefore, when a heavy gust threatens to hyperextend one joint, the
neighboring joints resist bending in the same plane and add stability. Taken as a unit,
the entire wing is stronger as a whole than each individual digit.

In our project, we mimicked the joint angles in the bat wing by rotating the ribs of
a traditional umbrella so that the joints in neighboring ribs were slightly offset. Unlike
a traditional umbrella, where the ribs extend radially from the crown to the edge of the
canopy in a radial design, the ribs of the bat umbrella also bend laterally (Fig. 5.5A).
Each neighboring strut in our design is turned to a slightly different angle, like the
joints in the wing of the bat, which allows neighboring joints to buffer each other so
that adjacent ribs don’t bend in the same plane. Because the joints are the weakest
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I. Offset joint angles

The joints of the bat’s wings are turned at slightly
different angles. If a heavy gust threatens to hyper-
extend one joint, the nieghboring joints provide
support to offset the force.

Il. Bone flexibility

Near the wrist, the cross-sectional area of the wing
bones is larger and more oval-shaped, with the long
side perpendicular to the force generated during
flight to increase stiffness. The cross-section of the
bones at the tip of each wing is more circular, which
allows them to flex without breaking.

lll. Integrated wing membrane

The bone structure is integrated within the wing
membrane, and tension across the wing can diffuse
strain. The wing itself is filled with muscles and
elastin fibers that create variable tension across the
wing.

Fig. 5.5 Principles of bat wing design. (A) The joints that connect the bones
within the bat wing are turned at slightly different angles from their neighbors;
this creates added strength and stiffness across the wing to prevent
hyperextension at individual points in response to strong winds. (B) The
flexibility of bat wing bones varies over the length with increased stiffness near
the wrist because of a larger and more oval-shaped cross-sectional area, while
the cross-sectional area of the bones is decreased and more circular near the
wing edge to allow the bones to flex without breaking. (C) The bones of the bat
wing are embedded in a skin membrane that is filled with muscles and
connective tissue; the wing membrane creates variable tension across the wing
and adds strength and stability where needed.

part of a traditional umbrella canopy, turning the joints slightly out of plane adds
strength to each joint so that they resist inversion without having to add additional
materials as reinforcement.

The next feature of the bat wing that we mimicked was the flexibility of individual
wing bones as they extended from the wrist to the outer edge of the wing. Near the
wrist, the wing bones have a larger oval cross section and the long side of the oval is
perpendicular to the force generated by flapping during flight (Swartz et al. 2012)
(Fig. 5.4B). It is a common feature of bones in vertebrates to have an ovular cross
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section to resist bending, which adds stiffness along a single axis of a bone without
adding material as reinforcement (Vogel 2003). At the tip of the bat wing, the cross-
sectional area of each bone becomes circular, which allows for bending in any
direction (Fig. 5.4B). The bones at the tip of the wing also lack full mineralization,
which further increases their flexibility relative to the bones near the wrist joint (Swartz
and Middleton 2008). This allows the bones to bend equally in all directions so that
the bones deform rather than break under stress. In our umbrella design, the tips of
each rib have a circular cross section to mimic the bones at the tip of the bat wing
(Fig. 5.5B). The ribs are also designed to be constructed from a flexible material to
allow them to bend at the tips and let wind pass through rather than create resistance
at the edge of the canopy. In contrast, the cross section of the canopy ribs becomes
ovular shaped near each joint to increase stiffness along the longitudinal plane. This
shape adds strength around the joints and encourages bending in a lateral motion
perpendicular to the angle that would cause the canopy to invert.

Finally, the bat wing membrane forms an integral component of the structure that
adds stability and support. The wing membrane is dynamic and filled with muscles
that run along both the longitudinal and horizontal wing axes (Fig. 5.4C). The bat can
control tension within each wing quadrant independently, and different regions of the
wing hold different levels of tension (Swartz et al. 1996). This also allows bats to
distribute force across the wing so that some areas remain taut, while others deform
to release tension. Traditional umbrellas are composed of six to nine uniform sections
of fabric that have to be cut to the shape of the curve of the canopy. The canopy is
attached to the midpoint and tip of each rib, and it provides tension to bend the ribs
into the general shape of an umbrella. In this sense, traditional umbrellas are already
similar to bat wings in that the canopy is integral to providing tension across the
support structure. In the bat-inspired design, the canopy is composed of eight pieces
of fabric that are not completely uniform. In addition to creating tension longitudinally
to cause the ribs to bow, the shape of each panel also applies lateral pressure on the
ribs to form the irregular profile of the bat umbrella (Fig. 5.6A). The canopy is therefore
integral to bending the tines to align with the offset joint angles that were inspired by
the joint placement in bat wings.

By integrating the three components described above, the final bat-inspired
umbrella was designed to resist inversion in the wind through two mechanisms.
First, the overall shape and offset joint angles of the umbrella should add stiffness
and increase the strength of the canopy without adding material as reinforcement.
This strength is augmented by the oval-shaped cross section of the ribs near the
joints and center of the umbrella. The second mechanism that improves umbrella
performance in the wind was added flexibility at the edge of the umbrella. This
was achieved by tapering the cross section of the ribs of the umbrella to have a
circular cross section where they meet the canopy edge. Combined, these features
provide additional strength that resists inversion from heavy gusts of wind, while
small gusts would pass through the umbrella because of added flexibility at the
canopy edge.
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Traditional umbrella Bat-inspired umbrella

Fig. 5.6 Bat-inspired umbrella design. (A) Compared to traditional
umbrellas, which feature ribs that are straight from the crown to the edge,
the ribs of the bat umbrella also bend laterally. Each neighboring rib is
therefore turned to a slightly different angle like the finger joints in the bat
wing. This design balances tension among ribs so that adjacent ribs don’t
bend in the same plane when they are blown by a gust of wind. (B) The
ends of each rib vary in cross-sectional area like the wing bones of bats,
so that the end closest to the joint has an oval shape that resists bending
in plane with the joint; the distal tip of each rib has a circular cross-
sectional area that allows flexibility in all directions to allow small wind
gusts to blow through with minimal resistance.

Evaluating: Comparing to Life’s Principles

The ultimate goal of biomimicry is to create designs that are sustainable, and it is at
the evaluating phase that a proposed design is compared to Life’s Principles (Fig.
5.1). First and foremost, the design must also function as intended, therefore,
evaluation is a built-in part of the standard design process. For our bat umbrella, the
design is at the conceptual phase; we are currently in the process of building and
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Fig. 5.7 Bat brolly prototype. (A) Side view showing the operating mechanism for raising
and lowering the canopy with flattened ribs that prevent bending towards the joint; (B)
Demonstration of how the ribs bend in tandem when they are connected together at the
distal tip; the rib shape allows the ribs to bend from side-to-side but not backwards
towards the joint. Prototype and photos supplied by Nathan Carmichael.

testing individual components of the design, as well as completely assembled
prototypes, with industrial designer Nathan Carmichael (Fig. 5.7).

Further work will be required to validate all components of our proposed design
and to assess our design against Life’s Principles. Describing Life’s Principles,
Baumeister states:

Life has evolved a set of strategies that have sustained over 3.8 billion years.
Life’s Principles represent these overarching patterns found among the species
surviving and thriving on Earth. Life integrates and optimizes these strategies to
create conditions conducive to life. By learning from these deep design lessons,
we can model innovative strategies, measure our designs against these
sustainable benchmarks, and allow ourselves to be mentored by nature’s genius
using Life’s Principles as our aspirational ideals.

Baumeister 2016

As we develop our bat-inspired umbrella further, we will evaluate our design
decisions against Life’s Principles. We will ensure that the product is functionally
innovative, since it mimics the anatomical structure of the wings of the bat, and that
it is also sustainable because it follows the principles of all life. Our bat-inspired
umbrella already incorporates several features of Life’s Principles. First, the umbrella
is designed so that it “adapts to changing conditions,” namely, changes in wind. It
does so by varying the joint angles of each rib and provides redundant support by
relying on neighboring ribs to buffer strong forces (i.e., it “embodies resilience
through variation, redundancy, and decentralization”). To “be resource efficient,” our
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umbrella relies on changes in shape rather than the addition of new or heavier
materials (i.e., it “fits form to function”). This also allows our umbrella to be
manufactured from standard umbrella components, which means that it “uses readily
available materials.”

Because the bat-inspired umbrella is designed to resist damage in the wind, it has
the potential to reduce the waste that is generated globally by broken umbrellas. But
further application of Life’s Principles to our material choices and manufacturing
processes could push the sustainability envelope even further. We could look for
canopy and rib materials that break down into benign constituents at the end of life
to apply “life friendly chemistry.” We could analyze umbrella manufacturing and
distribution processes to develop low energy alternatives for production and
shipment, which would “be resource efficient (material and energy).” Finally, an ideal
umbrella would be one that is “self-healing” and could “maintain integrity through self-
renewal.” A self-healing umbrella would negate throwing away damaged umbrellas,
which would significantly reduce waste from discarded umbrellas.

Although addressing all of Life’s Principles within a single design seems unfeasible,
that is exactly how nature operates. Bat wings are constructed of organic materials
that break down and return nutrients to the soil when the bat dies or is digested by a
predator. The wings themselves are built using a limited set of elements (primarily
carbon, hydrogen, oxygen, and nitrogen) that are organized into tissues with
properties ranging from stiff bones to the elastic membrane of the wing structure.
And, of course, bat wings heal themselves when they are damaged, often growing
back stronger with reinforced bone or scar tissue. The ultimate goal of biomimicry is
to create human-made products that match these same features.

Conclusion

The research and design efforts on the bat brolly are currently ongoing. What we have
presented here is some of the early research into the problem of umbrellas inverting
in the wind, the potential of bat-wing structure to inspire a biomimetic solution, the
methodology of biomimicry, and an initial biomimetic design solution. Early prototypes
are promising, but are also challenging to build. The properties of available materials,
and limitations of current manufacturing processes, present difficulties for accurately
mimicking the functional capabilities of the bat’s membranous wings and articulating
joints. It is clear that several iterative rounds of designing and prototyping will be
essential to developing an umbrella that is capable of withstanding high winds and is
also environmentally sustainable. Examined closely, bats—and other organisms and
ecosystems that have been evolving over millions of years—can reveal remarkable
adaptions to aid our problem-solving efforts. Although this project serves as a case
study, our larger goal is to develop and explore further the idea of life-centered
design. This approach is an alternative to the current focus on humans; it is a means
of generating fully sustainable solutions to the environmental challenges that we face
today.
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