
Printing: 
This poster is 48” wide by 36” 
high. It’s designed to be printed 
on a large-format printer. 
 

Customizing the 
Content: 
The placeholders in this poster 
are formatted for you. Type in 
the placeholders to add text, or 
click an icon to add a table, 
chart, SmartArt graphic, picture 
or multimedia file. 
To add or remove bullet points 
from text, just click the Bullets 
button on the Home tab. 
If you need more placeholders 
for titles, content or body text, 
just make a copy of what you 
need and drag it into place. 
PowerPoint’s Smart Guides will 
help you align it with everything 
else. 
Want to use your own pictures 
instead of ours? No problem! 
Just right-click a picture and 
choose Change Picture. 
Maintain the proportion of 
pictures as you resize by 
dragging a corner. 

Flexible Dermal Armor Inspired by Nature Designs 
	
  Irene Chen, Wen Yang, Prof. Marc A. Meyers 
 
Materials Science and Engineering Program, University of California, San Diego 

MOTIVATION	
  
•  Develop flexible dermal armor (bulletproof ballistic vest)  
•  Offers more flexibility and maneuverability 
•  Interlocking and compliant mechanisms 
•  Revolutionizes traditional rigid ballistic vest designs (too stiff, too rigid 

and too heavy) 
•  Acts as an impact absorbent materials 
•  Hierarchical designs: layered by layered makes nature materials 

stronger 
•  Optimal strength (strong) with less material (lightweight) 

BACKGROUND	
  
•  Dragon skin failed! Why? 
•  After ballistic testing, plates clustered together 
•  Dragon skin wasn’t able to sustain ballistic testing 

SUTURE	
  DESIGN	
  
•  Interlocking and compliant mechanism 
•  Yields more degrees of freedom 
•  Sharpey fibers proposes flexible connectivity 

 

HIERARCHICAL	
  STRUCTURE	
  	
  

•  (a) Cross sectional view of the carapace showing laterally oriented osteons (in the 
papillary dermis layer) 

•  (b) 2000X view of the osteon with approximately 150-200 µm in diameter which 
includes a dense collagen network in its surroundings 

•  (c) Non-mineralized Sharey fiber of 4µm in diameter found between the tiles 
•  (d) Mineralized collagen fibers found on the tiles 

MECHANICAL	
  PROPERTIES	
  

CONCLUSIONS	
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STRUCTURAL	
  CHARACTERIZATION	
  

•  XRD: Hydroxyapatite (Strong bone minerals)-found in all osteoderms (image on left) 
•  X-ray fluorescence images taken on (a) the hexagonal tiles. The bright green color 

corresponds to calcium. Calcium is not found between the tiles, indicating that the 
Sharpey fibers are not mineralized and (b) the rectangular tiles. The yellow is an 
indication of calcium on the tiles. (images on right) 

•  The dried armadillo carapace (Jernigan’s Taxidermy, Texas) specimens were cut 
into a dumbbell shape using laser cam. Each specimen was tested in a 500N 
universal testing system (Instron 3342, Norwood, MA) with a strain rate 10-3 s-1  . 
Ten of each hydrated (in distilled water for 24 hrs) and dry samples were 
performed under tensile load.  

•  Two types of failure modes were observed: (1) transtile; (2) intertile; Transtile 
failure is where the fracture failure occurred through the tile. Intertile is where 
fracture failure occurred between the tiles. Hydrated samples have the tendency to 
have intertile failure. 
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