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•  Investigating bio-inspired multifunctional  
composite materials covering: 

•  Hierarchical organization of structure 
•  Controlled orientation of structural 

reinforcement 
•  Functionally graded properties 
•  Durable interfaces between hard and soft 

components 
•  Graceful Degradation through unique 

damage absorption 
•  Remodelling/ self-healing through 

inherent vascularity 
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expressed as part of any of the dark chromatic components
of Disruptive coloration, the resulting pattern would appear
mottled, which may be an inappropriate pattern on a rock
substrate.

The expression of papillae inXuences the way the edges
of a cuttleWsh’s body are perceived; papillae may function
to reduce the risk of detection by visual predators whose
eyes are sensitive to edges. Edge detection as a means of
distinguishing an object from its surroundings has been
shown in vertebrates (e.g., Burr et al. 1989; Osorio and
Srinivasan 1991) and hiding ones’ edges is an essential tac-
tic for eVective camouXage (e.g., Cott 1940; Cuthill et al.
2005; Stevens et al. 2006). When the Major lateral papillae
are expressed strongly, the body outline of the cuttleWsh
appears jagged, instead of a solid, continuous line. When
the cuttleWsh is viewed from above, these papillae provide a
blending mechanism for the edge of the animal to transition
into its surrounding substrate. When a Laplacian of Gauss-
ian edge detection algorithm was applied to top-view
images of cuttleWsh on natural substrates (Mäthger et al.
2007), the edges of the animals, particularly the sides of the
mantle where the Major lateral mantle papillae are
expressed, were very similar to the edges of the substrate
components, making the animal diYcult to detect. The
Small dorsal papillae may work in a similar way—albeit at
a diVerent scale—to break up the edge of the dorsal mantle
when cuttleWsh are viewed from lateral or oblique angles
(Figs. 1a, 4).

Although a statistical examination of the Major lateral
mantle papillae revealed a diVerence in expression between
cuttleWsh sitting on sand versus the other substrate types
(gravel and rocks), this result should be taken with some
caution as the distributions in this data set had a high degree
of variance across most substrates (Fig. 3b). The notion that
there is a relationship between Major lateral mantle papillae
expression and body pattern is not strongly supported in
this experiment.

Statistical tests of Major lateral eye papillae expression
revealed signiWcant main eVects of both substrate type
(sand, gravel, rocks) and substrate version (actual, covered
with glass, photograph) as well as a signiWcant interaction
eVect. However, a close examination of Fig. 3c suggests
that the data do not agree with this statistical result. The
Major lateral eye papillae were more strongly expressed on
the actual gravel than on any other substrate (Fig. 3c) but
had a degree of variance almost four times greater than any

Fig. 4 Examples of the diversity of papillae expression in benthic
cephalopods. a Gray octopus Octopus aculeatus; b hairy octopus;
c giant Australian cuttleWsh Sepia apama; d Xamboyant cuttleWsh
Metasepia pfeVeri
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Controlled Aligned Short Fibre Architecture 

•  Investigator: Marc Scholz (DTC10 PhD Student) 
–  Co-Investigator: Prof. Bruce Drinkwater (Mechanical Engineering, Bristol) 
–  Motivation: Collagen in tendon - alignment of staggered short ‘fibres’ for ductile failure 

•  Ultrasonic Trapping 
–  Traps are formed through ultrasonic standing waves 
–  Particles accumulate at nodes 
–  Frequency determines fibre separation 
–  Experimental results match theoretical predictions 

Fratzl / Current Opinion in Colloid and Interface Science 8 (2003) 32–39 Courtney et al. / Proc. R. Soc. A (2011) 

Scientific Vision: The development of a novel and highly ordered complex short fibre 
architecture, analogous to biological fibrous materials, through ultrasonic manipulation. 



Controlled Aligned Short Fibre Architecture 
Glass fibres ~50µm in length and 14µm in 

diameter suspended in solution 

Simultaneous trapping of multiple cylindrical objects 

Application of 
ultrasonic field 

 
•  Ultrasonic Trapping 

–  Through triggering the 
t r a p s i n a s p e c i f i c 
c o n f i g u r a t i o n f i b r e 
alignment can be achieved. 

–  The figures on the right 
illustrate 0-degree and 45-
d e g r e e i n s t a n t e n o u s 
trapping/alignment 



Highly Ordered Hierarchical Architecture by Innovative 
Manufacture 

Scientific Vision: The development of a novel, hierarchical and highly ordered complex 
architecture fibrous material for additive layer manufacturing (ALM) through ultrasonic 
manipulation and supramolcular self-assembly chemistry. 

DSTL Funding – 9 Month PDRA 
Bio-inspired Highly Ordered Hierarchical Architecture by Innovative 
Manufacture 
  
Dr Richard Trask1, Dr Wuge Briscoe2 and Prof Bruce Drinkwater3 
  
Department of Aerospace Engineering1, School of Chemistry2 and 
Department of Mechanical Engineering3 

•  Self-assembly 
•  Multi-materials 
•  Hierarchical reinforcement 
•  Controlled multifunctionality  

http://www.healthspablog.org/

Cellular: Tissue Remodeling Acellular: Autonomic and Intrinsic

Biological Healing

Question: How does nature create self-healing polymers?

Biomimetics: Extracting useful design principles from nature.
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Bio-inspired Highly Ordered Hierarchical Architecture 
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Scientific Vision: Extraction of skeleton topology optimisation design principles for the 
development of novel composite structures through finite element analysis and additive 
layer manufacture 

•  Investigator: Desi Bacheva 
(DTC09 PhD Student) 

–  Co-Investigator: Airbus UK 
•  Topology Optimization 

–  Load path design 
–  Damage tolerant philosophy 

•  Tailored Structural Connectivity 
–  The potential for active/

adaptive bonding/connectivity 
–  ‘Smart’ joints (phase change 

material working in tandem) 



Adaptive Camouflage: Field-Effect Smart Polyphenism 
Materials 
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Papillae - three-dimensional physical skin texture. 
Papillae morphology is unknown, it is likely that they 
rely on a muscular hydrostatic mechanism.  
 

Scientific Vision: Seek to develop biologically inspired smart polyphenic-material for develop 
texturized adaptive camouflage, focussed at the single unit-cell level  
MAST STC DSTL Funding – 6 Month PDRA 
Biologically Inspired Adaptive Camouflage: Field-
Effect Smart Polyphenism Materials  
  
Dr R.S. Trask, Prof. F.L. Scarpa and Prof I.P. Bond (Faculty of 
Engineering), Dr N.W. Roberts and Prof I.C. Cuthill (School of 
Biological Sciences), Dr D.F. Wass and Prof I. Manners (School of 
Chemistry) 

•  Investigator: Dr Stephen Daynes 

Octopus Vulgaris 



Concluding Remarks & Observations 

•  Research is on-going into the development of: 
1. Highly ordered complex short fibre architecture fibrous materials 

•  Ultrasonic manipulation of position and orientation 
•  Multi-materials, multi-length scale 
•  Feedstock for additive layer manufacturing 

2. Topology optimisation design principles for the potential for active/
adaptive bonding/connectivity 
•  Micro-CT & FEA of silica sea sponge (and horse hoof – DSTL PDRA funding) 

3. Smart polyphenic-material for develop texturized adaptive camouflage, 
focussed at the single unit-cell level 
•  Morphing soft-structures 
•  Colour changing (DSTL PhD DTC funding obtained – Jan 1st 2013 start) 

•  And the future… well, I will leave you with this thought! 
“Every change in the form and function of … bone[s] or of their function alone is followed 
by certain definite changes in their internal architecture, and equally definite secondary 

alterations in their external conformation, in accordance with mathematical laws.” 
J. Wolff as quoted by Keith 1918 
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