
Feather + Platypus
Waterproof Jacket



Agenda

Overview 

Problem 

Bio Exploration 

Research 

Ideation 

Prototyping 

Discussion



Overview 

Problem 

Bio Exploration 

Research 

Ideation 

Prototyping 

Discussion 

Q&A

Overview



Agenda

Overview 

Problem 

Bio Exploration 

Research 

Ideation 

Prototyping 

Discussion 

Q&A

Many finishes—including waxes and silicones—will 
lower the surface tension of a fabric enough to cause 
water to bead up and disperse rather than saturate. 
However, they are easily contaminated by dirt and oil 
and rapidly lose their effectiveness, reducing the 
effective lifetime of a garment.

DWR COATING

CURRENT STATE

Bio & Synthetic Coatings
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Water sits and sheds off 
the garment keeping the 
person dry.

COATING VISUAL 

Newly Applied 
DWR Coating

Old or Dirty 
DWR Coating
Water seeps through outer 
layer causing the garment 
to fail and be trashed.
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Perfluorinated Chemicals (PFC) a forever 
chemical that has been linked to cancer. 
These chemicals have been banned by 
the EPA and phased out of many products 
around 2013.

CURRENT DWR

Long-chain (C8)  
fluorocarbon-based treatment

Perfluoroalkyl or polyfluorinated 
substances were thought to be a 
replacement for C8. However, they still 
contain trace amounts of non-polymer 
PFOAs and are still a hazard. 

Shorter-chain (C6)  
fluorocarbon-based treatment

A type of DWR made from 60% renewable 
resources and is designed to work with 
existing fluorinated finishes. This helps to 
lower the carbon footprint but not 
eliminate it. 

Teflon  
EcoElite

Bad Better Best
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KEY QUESTION

Is a treatment or a  
material structure better?
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FUNCTIONS NEEDED

Hydrophobic 
Properties

The structure, material, or 
coating should cause water 
to “stand” or “bead” and 
quickly shed without 
soaking into the material.

Integration with 
Many Materials

The structure, material, or 
coating should work with 
many materials to broaden 
the application and replace 
many coatings.

Renewal 
Properties

The structure, material, or 
coating should be cleaned or 
refreshed to prolong the life 
span of the product and 
minimize waste.

Consistent 
Biodegradation

The structure, material, or 
coating should breakdown 
naturally in the environment 
without additional 
processing. 
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MATERIAL FUNCTION MATRIX

Organism Mountain Goat  Copepod  Platypus Mantis Shrimp Pistol Shrimp

Function

Allowed to endure great 
impacts in the horns from all 
directions /any impact 
location 

Can penetrate silica body with 
its teeth when eating 

They remain warm and dry in 
water despite hours of 
foraging sometimes in near 
freezing temperatures

Punch with speed that allows 
cavitation upon impact

Shoot out a cavitation bubble 
from its claw

Mechanism

Isotrotropic properties arise 
from radial collapse of 
laminated, longitudinal 
tubules 

Silica cap on teeth followed by 
a secondary under-cap of 
resilin that allows for durability

A layer of thin, long guard 
hairs protect the dense layer 
of fur underneath

Alike the pistol shrimp, the 
mantis shrimp utilizes energy 
amplification by flexing its 
muscles to store energy, and 
then releases the stored 
energy through similar locking 
mechanisms in order to force 
the entire claw of the mantis 
shrimp to punch with great 
force, producing a cavitation 
bubble

By utilizing energy 
amplification, the pistol shrimp 
flexes its muscles to store 
energy, and then releases the 
stored energy through 
releasing locking mechanisms 
and then releasing its top 
portion of claw in order to 
shoot water out of the plunger 
at high speed and pressure

Underlying 
Principle

Energy/Stress absorption  Impact/stress adsorption / 
crystal structure 

The two-layer coat traps an 
insulating layer of air to keep 
their body temperature stable

Cavitation is utilized by 
creating a high velocity, 
lowering pressure. This creates 
a vapor bubble. The 
surrounding pressure of the 
water collapses the vapor 
bubble, which creates a large 
explosion causing high 
temperatures and sound 
signature.

Cavitation is utilized by 
creating a high velocity, 
lowering pressure. This creates 
a vapor bubble. The 
surrounding pressure of the 
water collapses the vapor 
bubble, which creates a large 
explosion causing high 
temperatures and sound 
signature.

Koan
Strong but everywhere  Strong but deformable Waterproof but furry Small size of shrimp with 

extremely large power
Small size of shrimp with 
extremely large power
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PLATYPUS — FUNCTIONAL MATRIX

https://museumsvictoria.com.au/article/the-platypus-a-unique-and-vulnerable-australian/

Function
They remain warm and 
dry in water despite 
hours of foraging 
sometimes in near 
freezing temperatures

Mechanism
A layer of thin, long guard hairs 
protect the dense layer of fur 
underneath

Principle
The two-layer coat traps an 
insulating layer of air to keep 
their body temperature stable

Koan
Waterproof 
but furry
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FEATHER — FUNCTIONAL MATRIX

https://northamericanreview.org/open-space/fiction-sharon-hashimoto

Function
Feathers keep birds 
warm and dry while 
maintaining a surface-
to-weight ratio needed 
for flight. 

Mechanism
The feather is made up of a two 
important components: barbs 
and barbules. The barbs are the 
larger, longer stripes of material 
that give a feather its visible 
structure. The barbules are tiny 
and fill in the gaps between the 
barbs. In tandem, they are able 
to create surface tension for 
many sizes or water droplets and 
even full submersion. 

Principle
The structure and material of 
the feather create surface 
tension, causing water to “float” 
on the surface and quickly shed 
off without penetrating into the 
bird's down-insulating layers. 

Koan
Light but 
waterproof.
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FUNCTIONAL DECOMPOSITION
Keeps water from interior organism

FeatherPlatypus fur

Composed of 
two layers

Undercoats are 
fine and tightly 
packed together

There are about 
15,000 to 20,000 
hairs per square 
inch of skin

Long guard hairs 
protect the dense 
fur underneath

The fur traps an 
insulating layer of 
air to keep body 
temperature stable

Pockets of air 
are released by 
the platypus fur 
as he swims

Allows them to 
maintain body 
temperature up to 
12 hours if 
submerged

Ridges and 
Valleys 
(penne) within 
the feather

Network of barbs 
and nodules 
forming the 
feather vane

Contact angles of the 
barbs support the  
water droplet by 
means of trapped air 
within the network of 
barbs and nodules

Insulation from the 
elements (including 
water proofing of the 
interior animal)

Preen oil (preen wax) 
is a hydrophobic 
substance that gets 
spread over the 
feather during 
preening (grooming)

Creates surface 
essential for flight

Surrounds 
exterior of 
organism

Keep water off person 
(e.g., Gore-Tex)

Exterior

Aids in 
maintaining the 
body’s natural 
temperature

Provides 
warmth

Provides 
comfort

Fabric Flexibility

Stretched and 
woven PTFE 
polymer (Teflon)

Nodes and 
interconnected 
fibrils

Hydrophobic  
polymer coating

External water 
stays out, internal 
water can be 
wicked away 

Interior

Hydrophilic  polymer 
coating

Designed to 
overlay clothing
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HYDROPHOBICITY RESEARCH

Initial Findings
Bormashenko et. al. modeled the 
hydrophobicity of the feather structure by 
removing preening oil from the feather, and 
placing water droplets on the feather to 
measure contact angles. Droplets are 
supported by the air pockets trapped 
underneath the droplet through the 
systems of barbs and barbules.

Contact Angle
There exists a contact angle of the droplet 
interfacing with the feather, which is a 
measure of hydrophobicity. Generally, the 
more obtuse the contact angle, the more 
hydrophobic the surface is. The 
experimental contact angle found for the 
feather structure  was approximately 120°.

Bormashenko et. al.
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FEATHER MEASUREMENTS

Super Magnification
With this magnification, you can see 
the barbs and their relative size to the 
spine of the feather. You can also take 
out the interlocking nature of the 
barbules. The distance between the 
barbs is roughly 300µm-550µm.

Insane Magnification
With this magnification, you can 
more clearly see the barbules and 
start to understand how fine these 
interlocking fibers are. At this 
distance, we can measure the barbs 
at approximately 65µm in width. 

Ludicrous  Magnification
Finally, at ludicrous magnification, 
you can see the intricate nature of 
the barbules and how small they are 
relative to the barbs. The distance 
between the barbules is roughly 
10µm~15µm, but their orientation is 
more varied than the barbs.
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SKETCHING
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RAPID PROTOTYPING
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LASER ABLATION PROTOTYPE 1

Process
Hojin Seo created test plates from glass 
slides and Polydimethylsiloxane 
(PDMS), specifically SYLGARD 184 
silicone elastomer from DOW 
Chemical, to give us something to 
ablate with a precise laser. This process 
involved spinning the material onto the 
glass plates so it coated them evenly.  

Next, we ablated the material in a 
pattern similar to the barbs of a feather 
and tested the results with water.

Hojin Seo !

Learnings
• Understanding the Process 
• Initial design feasibility 
• Correct settings for power and 

speed

Challenges
• Fidelity did not match the feather 
• Burning of the polymer 
• Skipping of the polymer
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LASER ABLATION PROTOTYPE 1 — WATER

Tranches & Water
With this magnification, you can see 
the trenches (black) the laser made 
are larger than the barbs (yellow). The 
trenches are about 101µm across 
while the distance between the 
barbs is roughly 200µm.

Tiny Air Pocket?
When we look through the water 
droplet we see evidence of a 
possible air bubble forming at the 
edge of the trench and the barb. This 
is a promising sign.

Water on SYLGARD 184
SYLGARD 184 (not radioactive) is a 
hydrophobic material but doesn’t 
create strong surface tension with 
water. Can see the water pull out on 
the silicone here.  

Hojin Seo !
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LASER ABLATION CAD

Adjustments
• Adjusted spacing to better model 

feather behavior 
• Higher power, faster speed to avoids 

burning of polymer 
• Lower detail to provide property 

without the risk of losing fidelity 
• Easier to manufacture

Hojin Seo !
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LASER ABLATION CAPTURING RESULTS

Hojin Seo !
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LASER ABLATION MEASURING RESULTS

Hojin Seo !

Super Magnification Insane Magnification Ludicrous Magnification
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LASER ABLATION FINAL PROTOTYPE

Hojin Seo !

Tilting Untextured Surface
When we tilt the water droplet on the 
untextured surface, we can see the 
material has some amount of surface 
tension that creates a modest contact 
angle, as evidenced by the small 
bubble with the water droplet. 

Tilting Textured Surface
When we tilt the water droplet on the 
textured material, we see evidence 
that the surface tension has 
increased by the extreme contact 
angle the water droplet creates with 
the textured surface. 

Direct Comparison
When we compare the structured 
material to the unstructured material 
front to back, we can see further 
evidence that the surface tension is 
greater on the structured material, as 
evidenced by the contact angle.
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MACRO VISUAL
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POTENTIAL APPLICATIONS
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NEXT STEPS

Test with 
Different Liquids

Current DWR demands 
results with a variety of 
liquids and oils, from 
consumer applications to 
industrial applications. 
Effectiveness across 
multiple substances would 
help ensure adoption.

Replicate Results 
with Other Materials

To bring this finding to 
commercial applications, it’s 
essential to replicate and 
even improve the results on 
fabrics, plastics, glass, 
fiberglass, and metal.

Consistent 
Biodegradation

One of our core product 
visions was to ensure 
biodegradability while 
providing a design whose 
lifetime was more than 
comparable to competitors.

Improving 
Hydrophobicity
Our prototype is meant to 
demonstrate the structure, 
scale, and uniformity of our 
ideal design. 

Refining the spacing and 
material choice until sufficient 
water resistance is achieved. 
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BIO-INSPIRED DESIGN TAKEAWAYS

Iteration 
Improves Results

Inspired Design takes a lot 
of iteration and ideation to 
achieve good results. Had 
we stopped at the first 
attempt we wouldn’t have 
discovered we were on the 
right track. 

Interdisciplinary 
Skills Are Key

Effective prototyping would 
not have been possible 
without the help of newfound 
friends in the nano-tech labs! 

Thanks Hojin Seo! 

Find Multiple 
Organisms

Each organism may contain 
part of the functional 
solution for solving the 
complex problems we face. 
Also, organisms may solve 
the same problems in 
different ways that may be 
useful to understand for 
manufacturing flexibility.

Evolution  
Optimizes
Nature has solutions for many 
of the problems we face. 

Nature optimizes, but it does 
not perfect. 

That said, it took the use of a 
6–figure machine to create 
the structure of our organism.
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BIO-INSPIRED DESIGN TAKEAWAYS

Problem 
Definition
Bio-inspired design can help 
define and explore the 
problem in different 
contexts based on the 
creature’s adaptations.

Solution  
Exploration
Nature has optimized for so 
many problems and 
outcomes. It’s a great asset 
to help the ideation process 
to add solution sets to our 
more mechanical frame. 

EMPATHIZE

DEFINE

IDEATE

PROTOTYPE

TEST
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FABRICS — COTTON

Hojin Seo !

Super Magnification Insane Magnification Ludicrous Magnification
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FABRICS — HEAVY NYLON

Hojin Seo !

Super Magnification Insane Magnification



Overview 

Problem 

Bio Exploration 

Research 

Ideation 

Prototyping 

Discussion 

Q&A

FABRICS — POLYESTER

Hojin Seo !

Super Magnification Insane Magnification Ludicrous Magnification
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FABRICS — SHEER NYLON OR POLYESTER

Hojin Seo !

Super Magnification Insane Magnification
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