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Foreword
The 5th International Conference of Bionic Engineering is held in Ningbo University of
Nottingham during the period of 21-24 June 2016. The conference is the 5th of the series
International Society of Bionic Engineering (ISBE) conference which is held evry three years
and this time it is organized by University of Nottingham with ISBE. The conference is
sponsored by ISBE, Journal of Bionic Engineering (JBE), China Natural Science Foundation
Council (NSFC), Ningbo Science & Technological Asscoaition, RIPED Petro China, and also
the University of Nottingham, Ningbo University of Nottingham and Jilin University.
The conference has received more than 300 research papers from delegates of over 25
countries & districts. The topics of ICBE2016 include the following








Nature inspired designs and industrial applications
Biomimetic surfaces
Robotics, motion systems and artificial intelligent
Fluids flow and drag raductions
Mechanics in bionics
Biomimetic meterials
Sensors and signal processing

This book has collected 289 abstracts including 8 plenaries, 14 keynotes, 26 invited/session
keynotes, and 241 abstracts of ordinal papers. The conference proceedings of full papers will
be in electronic format within the conference welcome package.
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Abstract
Human infrastructure is not only complicated, but it is complex: components interact both directly, but
also indirectly through intermediaries. This complexity produces hidden and sometimes counter intuitive
interactions that require a systems level perspective. Ecological Network Analysis (ENA) is a set of tools and
approaches that have been used to analyse ecosystems, but which are appropriate for understanding any
system where components exchange material or energy. Many examples of human infrastructure, from water,
energy, or transportation grids, to collections of co-located industries (eco-industrial parks), to complex
manufacturing plants, are functionally analogous to ecosystems. All these examples of human infrastructure
can be described as consisting of producers and consumers that transfer some substance between them, similar
to food webs in an ecosystem. We propose ENA as a method to understand, model, and design human
infrastructure at a variety of scales. Using examples that range from single industrial process to collections of
industries, we show that: 1) ENA can be used to gain insight into the potential for material and/or energy
cycling in human systems; 2) ENA of biological food webs can provide a bench mark to assess the
performance of human systems; 3) many human systems are poorly organized for effective material
cycling, despite being expressly designed for this purpose; 4) ENA of biological food webs can be used to
identify key interactions or components missing from human infrastructure that when added, can increase
cycling; 5) ENA can be used a design tool to enable better organization of human infrastructure; and 6) ENA,
when used as a design tool, results in systems that minimize waste and costs as revealed by traditional
engineering analysis. We discuss future directions, in particular, how ENA can be used to examine the
resilience of human systems, and the trade-off between resilience and efficiency. ENA is a powerful tool to
promote sustainable, resilient infrastructure at all scales, and is being applied to systems ranging from steel
manufacturing to city-wide food-energy-water systems to regional economic networks.
Keywords: network analysis, sustainability, resilience

Paper ID: P02

Smart Interfacial Materials from Super-Wettability to Binary Cooperative
Complementary Systems
Lei Jiang*
Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China
School of Chemistry and Environment, Beihang University, Beijing 100191, China
*Corresponding author: Lei Jiang (jianglei@iccas.ac.cn)

Abstract
Learning from nature and based on lotus leaves and fish scale, we developed super-wettability system:
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superhydrophobic, superoleophobic, superhydrophilic, superoleophilic surfaces in air and superoleophobic,
superareophobic, superoleophilic, superareophilic surfaces under water. Further, we fabricated artificial materials
with smart switchable super-wettability, i.e., nature-inspired binary cooperative complementary nanomaterials
(BCCNMs) that consisting of two components with entirely opposite physiochemical properties at the nanoscale,
are presented as a novel concept for the building of promising materials.
The smart super-wettability system has great applications in various fields, such as self-cleaning glasses,
water/oil separation, anti-biofouling interfaces, and water collection system.
The concept of BCCNMs was further extended into 1D system. Energy conversion systems that based on
artificial ion channels have been fabricated. Also, we discovered the spider silk‘s and cactus's amazing water
collection and transportation capability, and based on these nature systems, artificial water collection fibers
and oil/water separation system have been designed successfully.
Learning from nature, the constructed smart multiscale interfacial materials system not only has new applications,
but also presents new knowledge: Super wettability based chemistry including basic chemical reactions,
crystallization, nanofabrication arrays such as small molecule, polymer, nanoparticles, and so on.

Paper ID: P03

Water, oil and droplets: New filter and separation systems based on bionic
functions
Thomas Stegmaier*, Volkmar von Arnim, Jamal Sarsour, Andreas Scherrieble, Cigdem Kaya and
Götz Gresser
ITV Denkendorf, Germany
*Corresponding author: Thomas Stegmaier (thomas.stegmaier@itv-denkendorf.de)

Abstract
Filtering and separation technologies are necessary tools in our industrial environment. Especially fiber
based materials and the total processes around offer a huge potential for innovations inspired by living organism.
The examination of water droplet separation in nature guides in our R&D work to

-

water droplet separation systems for fog harvesting and in dehumidification of humid air coming
from industrial cleaning processes

-

oil separation in gases by adapted filter systems with high potentials for efficient droplet separation
with low pressure drop for saving energy.

The separation of oil in water is a challenging task to save our environment from contamination with oil. Inspired
by a special species of a bee, the oil bee, innovative separation materials were examined and developed.
In further development special oil collecting systems for oil accidents on rivers and lakes are in the set up stage.
The combination of

-

oil absorption by nonwovens,

-

the intelligent flow of the contaminated water and

-

smart separation technologies

offers new ways to protect from environmental disaster.
The contact of water to a solid surface induces drag by friction, if the water flows around the solid surface.
Plants and animals show that air containing surfaces are able to reduce the friction coefficient to a remarkable
amount. This can be shown by fiber based materials. In further technological studies a self-renewable air
containing surface was engineered.
Keywords: droplets, filter, oil, water, friction, separation
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Paper ID: P04

Bio-inspired Lubrication and Beyond
Feng Zhou*
State Key Laboratory of Solid Lubrication, deputy director
Lanzhou Institute of Chemical Physics
18 Middle Tianshui Road
Lanzhou, 730000 China
*Corresponding author: Feng Zhou (zhouf@licp.cas.cn)

Abstract
Friction exists at the interface between two sliding surfaces. Sometimes, friction is desirable, for example
walking. But in most cases, friction is undesirable, which causes materials wear. A simple way to overcome this
is using lubricants, which have deeply captured the attention of engineers and scientists for many years.
Through evolution, biological systems in nature have developed adaptive friction and lubrication mechanisms
during its survival under specific environmental constrains. Learn from nature, can help us to understand
fundamental tribological mechanism in biology and then translate them into the development of functional
lubrication materials for engineering application. Based on this, a variety of bio-inspired artificial surfaces have
been well constructed, including developing low-friction coatings, creation of slippery surfaces with soft matter
(polymer brushes, hydrogels, natural macromolecules), building intelligent surfaces with friction control
property by integrating responsive polymer onto micro/nano structures. Even so, a number of problems always
exist on traditional bionic lubrication materials: such as poor bearing performance, poor antiwear performance
and the absence of self-healing property.
Research work in our group focuses on the study of biological tribology mechanism in nature, developing ultraslippery surfaces with soft matter and constructing intelligent devices based on friction-control. In nature, many
biological systems evolve specific tribology mechanisms during survive, regulated by interface chemical
interaction and microstructures. We are extremely curious to explore these mechanisms from the viewpoint of
tribology. Further, biolubrication system, for example, the joint, shows ultralow friction coefficient, remarkable
wear resistance properties under high hertzian contact pressure. Inspired by this, we develop a series of novel
lubrication materials from polyelectrolyte brushes and hydrogels, achieving superior lubrication property and
dramatic regulation of friction force from low to high in response to pH, temperature, ions, surfactants, and
proteins etc. By grafting these responsive polymer onto bio-inspired nano- and micro-structured surfaces, a
novel gecko‘s feet composite material is developed, presents fast friction-switching in aqueous solution.
However, both the polyelectrolyte brushes and hydrogels materials are poor bearing performance and antiwear
performance. Recently, we developed a novel soft/hard composite material which presents ultra-low coefficient
of friction (<0.01) at the MPa level of contact pressure in aqueous solution. This design concept provides a
theoretical basis for the development of new implantable joint lubricating materials.
Also, we are particularly interested in expanding the other applications of soft matter surfaces with low friction,
such as drag-reduction, antifouling, and deicing. Based on these fundamental research results, we are developing
novel bionic engineering materials.
Keywords: Bio-inspired; Friction; Lubrication

Paper ID: P05

Gangnam Style in Microbiorobotics: Biologically Inspired Microscale
Robotic Sytems
MinJun Kim
Drexel University, Department of Mechanical Engineering & Mechanics, Philadelphia, PA 19104
*Corresponding author: MinJun Kim (mkim@coe.drexel.edu)
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Abstract
One of the challenges in microrobotics is to find suitable and simplistic ways to swim in low Reynolds number.
For such work, magnetically controlled achiral microswimmers with the simplest possible body structures
were shown to swim in low Reynolds number environment. Most previous works on artificial
microswimmers had always focused on using chiral or flexible structures to generate non-reciprocal
swimming motions in low Reynolds numbers; this inevitably brings complicity to the swimmers‘ shapes
and structures. However, an achiral and rigid structure can swim under the proper conditions, as demonstrated
by this work. An achiral microswimmer consists of three magnetic micro-particles conjugated through avidinbiotin chemistry and magnetic self-assembly. A magnetic control system of approximate Helmholtz coils
was used to control the microswimmers. Both directional and velocity control were successfully
implemented to navigate the swimmers through low Reynolds number environment. Furthermore, multirobot manipulation, modular robot control, and PIV characterization had been employed. The implication of
the swimming phenomenon and the robust control demonstrated herein serves as great potential to revision
future developments of microrobots, especially for therapeutic targeting and minimally invasive surgical
procedures.

Paper ID: P06

Nature’s Multiscale Design and Manufacturing Strategies
Xiaodong Li*
Department of Mechanical and Aerospace Engineering, University of Virginia, Charlottesville, VA 22904-4746,
USA
*Corresponding author: Xiaodong Li (xl3p@virginia.edu)

Abstract
Recent discoveries in seashells unveil that nature uses multiscale design strategies to achieve exceptional
mechanical properties which are still beyond the reach of many engineering materials. The multiscale
hierarchical structure, ranging from micro lamellae down to nanoparticles, renders seashells multilevel
strengthening and toughening mechanisms such as crack deflection, interlocking, lamellae‘s deformability,
biopolymer‘s viscosity, nanoparticle rotation, deformation twining in nanoparticles, and amorphization,
jointly contributing to seashell‘s ultra-high mechanical robustness. To realize nature‘s performance in
engineering materials, we need to nature‘s multiscale design and manufacturing strategies. This talk will
present several case studies in which nature‘s multiscale design strategies and materials selection principles
are applied through manufacturing. The presentation is entirely from the previously published papers.
Keywords: seashells, hierarchical structure, design and manufacturing

Paper ID: P07

Bio-integrated Design – An alternative Approach to Architecture and
Biology
M. Hensel*
AHO Oslo School of Architecture and Design, OCEAN Design Research Association
*Corresponding author: Michael Ulrich Hensel (Michael.Hensel@aho.no)
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Abstract
From the onset it must be considered that architecture to its full extent may not appear to be the most suited field
for discussion in the context of Bionic Engineering. Although components and technologies of architectures
may be directly informed and suited for discussion of bionic design, this approach does no seem to satisfy the
overarching relation between a given architecture as a set of interleaved complex assemblies and the natural
environment, as multiple performance criteria across spatial and time scales must be considered and these
include not only the functional relation of a material object with its environment.
Architecture was influenced by the natural environment throughout history, but much more specifically from the
18th century onwards as it evolved as a formal discipline in parallel to biology. The way architects wrought a
disciplinary relation often was inspired and informed by the emergence of new concepts and approaches in
biology and their more or less adequate translation into architectural design. At the exclusively aesthetic end of
the contemporary spectrum biomorphism and zoomorphism appeared: things that look vaguely biological but do
not aspire to bio-inspired functionality. The latter is often constrained to engineered systems and parts of
architectures. However, there have emerged two possible developments that are promising and that warrant
careful observation: [i] eventually an integrated cross-scalar approach may be wrought from the many different
scale-related bio-inspired elements in architecture (indirect bio-inspired approach akin to higher-level bionic
design), and [ii] architectures may be more directly embedded in the natural bio-physical environment (a direct
bio-integrated approach of co-relating functionality). The second trajectory of development becomes
increasingly pressing as the built environment asserts mounting impact on the bio-physical and climatic
environment. This paper seeks to examine these two trajectories in some detail, drawing from various researches
in the field and various approaches across architectural history. In so doing the paper aims to seek out a
meaningful relation more specifically between bionic engineering and architecture on the one hand and more
generally between architecture and biology on the other.
While this paper does not fit into the present scope of bionic engineering it seeks to outline a productive alliance
between architecture and bionic engineering based on a conceptual repositioning of the relation between
architecture and biology.
Keywords: Bio-integrated Design, Embedded Architectures, Multi-scalar Approach

Paper ID: P08

Bionic Drilling Bit
Youhong Sun, Ke Gao*
Country College of Construction Engineering, Jilin University, Changchun, 130000, China
Key Laboratory of Drilling and Exploitation on Complex Condition,Ministry, Changchun, 130000, China
*Corresponding author: Ke Gao (gaokenm@jlu.edu.cn)

Abstract
Bionic drilling bit is an innovative research based on bionic theory and design-fabrication technology
(including Geological bit and Oil bit). In order to obtain drilling rate and service life of bit, combining bionic
prototype and bit structure, using especial sintering process and method fabricated bionic drilling bit for
adapting to different strata follow bionic coupling theories and similarity principle. The results of field test
shows that bionic bit performances well. Compared with common bits, the drilling rate and service life of nonsmooth bionic bit for extra-hard strata are improved by 63.8%-88.9% and 85.8%-86% respectively, and that of
abnormal shape bionic bit for slipping-hard formation are improved by 39%-52% and 122%-151%
respectively, and that of Bionic impregnated diamond oil bit for hard and highly abrasive strata are improved
15.7%-19.7% and 66%-288% respectively, and that of bionic oil drilling bit for medium hardness strata are
improved by 91.8%-163% and 47.4%-85.5% respectively. Bionic drilling bits have a remarkable
comprehensive effect for reducing drilling cycle and saving cost, which has a profound economic effect.
Keywords: bionic coupling theory, similarity principle, service life, drilling rate
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Keynote Papers
Paper ID: K01

Biomimetics on gecko locomotion：from biology through engineering to
applications
Zhendong Dai*, Zhouyi Wang, Yi Song, and Zhongyuan Wang
Institute of Bio-inspired structure and surface engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing, 210016, China
*Corresponding author: Zhendong Dai (zddai@nuaa.edu.cn)

Abstract
Excellent moving ability of gecko attracted the attention of biologists, mechanists, materialists and engineers for
years. Biologists tried to reveal the behaviour and bio-physics principles behind the wonderful locomotion
ability, mechanists tried to know how the mechanics play its role during motion, materialists discovered new
ways to fabricate the adhesive materials like gecko setae array and engineers has done their best to make geckomimicking robot moving as good as gecko. Here we report our recent studies on the biomimetic of gecko
locomotion. We designed an experiment facility and for the first time, synchronously detected the probable
contact charge and contact forces at the interfaces of geckos‘ setae and solids when gecko freely moving on a
vertical substrate. The results show that contact charge was found of magnitudes range from a few tenth of
nano-coulomb to a few nano-coulomb, while the shear force was found from tens to hundreds mN, and the
contact charge was found to rise with the increase of the shear forces. A positive correlation between the contact
charge and shear forces were also observed. The findings not only validated the practicability of our method, but
also provide us clear evidence of electrostatic interactions in the adhesion of setae.
We chemically stimulated the abduction behaviour of gecko toes and measured the detaching forces
simultaneously. The results show that the energy costed during detaching procedure by toe abduction is much
lower than that by peeling, which explained why more than 70% detachments were abduction.
In order to understand the locomotion behaviour and dynamics, we designed an experiment to study the
behaviour and reaction forces of gecko under of gecko under gravity-balanced circumstance. The results show
that gecko adhered on the substrate under micro-gravity and we developed a gecko-mimicking robot climbing
on a substrate under micro-gravity by using the role that gecko taken under micro-gravity.
We fabricated gecko inspired dry adhesive structures, which based on carbon nanotube array growth and micromodelling technology. Experiments show that CNTs based adhesive structure expressed stronger shear loadcarrying ability but modelling based structure did higher normal load carrying ability. We also show several
possible applications of adhesive structures for space station.
Keywords: Gecko, adhesive material and structure, gecko inspired robot

Paper ID: K02

Influence of bionics and nature in sports and ball aerodynamics
Rabindra D. Mehta
Sports Aerodynamics Consultant, Mountain View, California 94043, USA
*Corresponding author: rabi44@aol.com

Abstract
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A perfect example of a bio-inspired aerodynamic application in sports was the use of small longitudinal
grooves (―riblets‖) on the hull‘s underside surface of ―Stars and Stripes,‖ the America‘s Cup winning boat
in 1987. This riblet design, which was inspired by the skin surface on fast swimming sharks, resulted in
lower drag on the boat. The shape and flexibility of fish fins have also inspired new designs for swimming
and diving fins. The use of bionic limbs in sports can have huge implications. The ―blade runner‖ story of
Oscar Pistorius who used carbon- fiber prosthetic legs in the 2012 Olympic Games is well known. There was a
lot of discussion and controversy over how much of an advantage he gained by using these artificial legs.
What if an athlete has a limb bionically altered (in a subtle way) so that he/she gets an advantage in terms of
performance (speed or mobility)?
Aerodynamics plays a prominent role in defining the flight of a ball that is struck or thrown through the air in
almost all ball sports. The main interest is in the fact that the ball can often deviate from its initial straight path,
resulting in a curved, or sometimes an unpredictable, flight path. Lateral deflection in flight, commonly known
as swing, swerve or curve, is well recognized in many sports, including soccer, tennis, baseball and cricket.
In most situations, the lateral deflection is produced by spinning the ball about an axis perpendicular to the
line of flight, which gives rise to what is commonly known as the Magnus effect. A side force, which makes a
ball curve through the air, can also be generated in the absence of the Magnus effect. In particular, there is an
interesting variation whereby the ball is released or kicked with minimal spin imparted to it. In this case,
depending on the seam or stitch orientation, an asymmetric, and sometimes time-varying, flow field can be
generated, thus resulting in an unpredictable flight path (the ―knuckling‖ effect). It is particularly fascinating
that that not all the parameters that affect the flight of a ball are always under human influence; nature can
come into play. Weather conditions and altitude can affect the flight of the ball significantly by influencing
the properties of the air. Not all the effects are fully understood though; is cricket ball swing affected by the
weather?
The effect of weather on swing is by far the most discussed and most controversial topic in cricket, both on and
off the field. It is quite fascinating that this topic was discussed in the very first scientific paper on cricket
ball swing published in 1955. The one bit of advice that cricket "Gurus" have consistently passed down over the
years is that an overcast or humid/damp day is conducive to swing bowling. However, the correlation between
weather conditions and swing has not always been obvious and most of the scientific explanations put
forward have also been questionable. Of course, on a day when the ground is soft with green wet grass, the
new ball will retain its shine for a longer time, thus helping to maintain a ―laminar‖ boundary layer on the nonseam side. However, the real question is whether a given ball will swing more on an overcast or humid/damp
day. It has been recently proposed that with bright sunshine, the ground heats up and generates convection
currents which make ―the air rise off the cricket pitch that creates turbulence.‖ It is then theorized that since this
effect is absent on an overcast day, a bowler is able to produce more swing. However, there is no real
evidence or basis for this scenario, and even if it were the case, the turbulence scales (size of the turbulent
eddies) would generally be too large to have any significant effect on the flow regime over the ball. Could it
be a ―placebo‖ effect? Is it possible that on a day which is supposedly conducive to swing bowling, the
bowlers concentrate more on the optimum release for swing (seam angled and the ball spinning steadily
along the seam without wobble) rather than trying to bowl too fast or trying to extract that ―extra‖ bounce off
the pitch?
Drag measurements on non-spinning tennis balls (simulating a perfectly flat serve) revealed that, for the most
part, the flow over new tennis balls was ―transcritical,‖ with a relatively high value for the drag coefficient (CD
≅ 0.6), higher than any other sports ball. In the transcritical regime, the turbulent boundary layer separation
location has moved all the way up to the region of the ball apex, thus resulting in the relatively high drag. Since
almost all of the total drag on a bluff body, such as a round ball, is accounted for by pressure drag, it was
proposed that the maximum CD on a very rough sphere should not exceed 0.5. At first the high tennis ball drag
proved puzzling, but some clues were provided by reviewing data for drag on oil rig legs in the ocean. It was
found that vegetation such as seaweed would get wrapped around the legs and this increased the drag force on
the legs significantly. Similarly, on a tennis ball, apart from providing a rough surface, the felt cover is also a
porous (drag-bearing) coating since the ―fuzz‖ elements themselves experience pressure drag, just like the
seaweed on the oil rig legs. This additional contribution was thus termed ―fuzz drag.‖ Since the fuzz elements
come off as the ball surface becomes worn, the ball CD should also decrease, and that is precisely what was
observed in the testing.
Golfing legend has it that in about the mid-nineteenth century, a professor in Scotland discovered that a
(smooth) gutta-percha ball flew farther when its surface was scored. This was the beginning of a ball design
revolution in golf and it eventually led to dimples, which are an integral part of a golf ball cover design
even today. In golf ball aerodynamics, apart from the lift force (generated by the backspin imparted to the
ball), the drag and gravitational forces are also important. The lift force is generated due to the Magnus
effect which produces an asymmetric boundary layer separation on the ball. The dimples cause ―transition‖ of
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the boundary layer at relatively low speeds which results in delayed separation, a smaller wake and hence
lower drag. For the same driving conditions, a golf ball with a smooth surface will fly less than half the
distance compared to that of a dimpled ball.
Keywords: Sports Balls, Aerodynamics, Weather/Altitude Effects

Paper ID: K03

Architecture → Bio-mimicry → Bio-gimmickry
Robin Wilson*
Department of Architecture and Built Environment, The University of Nottingham, University Park,
Nottingham, NG7 2RD, UK
*Corresponding author: Lazrw@exmail.nottingham.ac.uk

Abstract
Architecture can be visualised as occupying the centre of an incredibly rich and complex web of complementary
and competing needs and considerations. This diversity is shaped by technical, social, cultural, political and
economic (to name but a few) forces. Architecture operates over a range of scales, from individual components
to megacities. Its product can be transient, designed to serve a need that exists for days or weeks, or permanent
with time horizons that encompass the lifetimes of landmark buildings that survive for millennia. The huge
diversity that we witness in our built environment serves as testimony to the geographical and temporal forces
that shape the decisions made by those involved in the process of ‗making‘ architecture.
Where does biomimicry fit within this rich and continuously evolving picture? This paper offers a survey
of architecture‘s ways of working, drawing out examples of where biomimicry is at play. At one extreme, its
influence is implicit, reflecting that architecture is our servant and as its master, we impose needs that
reflect our position within a wider biological system. At the opposite extreme, ‗bio-gimmickry‘ represents yet
another form of ‗green- wash‘: a skin deep aesthetic with fleeting appeal designed to sell a ‗look‘ rather than
offering substance. Between these two poles, biomimicry is shaping the way in which we approach design. It
offers strategies that are likely to become part of the standard toolkit used by designers as well as products and
components available as ‗off the shelf‘ solutions to project-specific need.
Keywords: Architecture, design, biomimetics

Paper ID: K04

New Energy Storage Technologies for Sustainable Future
T.S. Zhao
Chair Professor of Mechanical & Aerospace Engineering Director of the HKUST Energy Institute
Senior Fellow of the HKUST Institute for Advanced Study
*Corresponding author: metzhao@ust.hk

Abstract
The combination of energy shortage and climate change is one of the most complex challenges the world, as a
whole, has had to face. The next 50 years is a vital period for human civilization and it is imperative that we
revolutionize the way we produce and store energy and incorporate renewables as our primary source of
energy. This talk will provide a snapshot of the future of the sustainable energy landscape and identify
several game-changing technologies that will facilitate the widespread deployment of renewables. In particular,
we will highlight our recent advances in fuel cell and redox flow battery technologies achieved through an
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interdisciplinary approach that combines thermo-fluids science and electrochemistry. The scientific issues
and practical challenges pertaining to fuel cells and advanced batteries will be discussed, with a particular
emphasis on how the challenges can be addressed in a collaborative manner.

Paper ID: K05

Drag Reduction using Riblets with Application to Sports
Kwing-So Choi
Faculty of Engineering, University of Nottingham, Nottingham NG7 2RD, UK
*Corresponding author: kwing-so.choi@nottingham.ac.uk

Abstract
Riblets are longitudinal micro-grooved on the wall surface of turbulent boundary layers or channel flows,
whose skin-friction drag is lower than that of a smooth surface. In other words, the skin-friction drag of
―non-smooth‖ surface can be made lower than that of a smooth surface by using riblets, which surprises
many scientists and engineers since this contradicts with what the Moody chart indicates. Here, the nondimensional size of drag- reducing riblets is of the thickness of the viscous sublayer, suggesting that riblets
must be submerged within the viscous flow region to reduce the drag. A possibility of drag reduction by
riblets was initially suggested by marine biologists, who found that the scales of great white shark are semicircular shaped and their non-dimensional height is h+= h∙u*/ν ≈ 12. Here, h is the scale height, u* is the friction
velocity and ν is the kinematic viscosity of the fluid.
An extensive study of riblets was initiated by NASA during the oil crises in 1970s with a view to develop
passive drag reduction devices to save fossil fuels. Their results provided optimum parameters of riblets for
turbulent drag reduction, indicating that the slenderness and sharpness of riblets are important for drag
reduction. The DLR study that followed confirmed that the drag reduction of up to 10 percent is possible
with thin ―blade‖ riblets. It also showed that the skin-friction drag starts to increase as the riblets height
exceeds about h+ = 30, while the drag reduction vanishes as the riblets height gets very small.
A flight test of riblets was conducted in 1989 to confirm the capability of the passive device in reducing
turbulent skin-friction drag. For this test, fuel consumption of Airbus 320 aircraft was monitored during the
fight, and it was compared with that of an aircraft fitted with riblets. The results showed nearly 2 percent of
net drag reduction with riblets. This is equivalent to 6 percent reduction in skin-friction drag, considering
that only 70 percent of body surface was covered by riblets while the skin-friction drag is about 50 percent of
the total aircraft drag.
Application of riblets was made to many sport events, where races are often won or lost by 1/100th of a
second. In 1984 Los Angeles Olympics, the US coxed-four rowing team covered their racing shell with riblets
and won a silver medal. This was the first medal that US has won in many years, so the use of riblets was
credited for their success. Here, a thin plastic film bearing triangular-shaped micro-grooves was manufactured
by 3M, and it was attached to the hull surface. A similar successful application of the 3M riblets film was
made to Stars and Stripes, a 12 m class racing yacht for the US team skippered by Dennis Conner, which
won the completion in 1987 and brought the America‘s Cup back from Australians. Application of riblets
was also made to Formula-one cars and competition gliders using BMT‘s RIBCOAT, an in-situ technique to
transfer micro-groove patters to the body surface. Later on, Speedo developed Fast Skin II, a new swimsuit
incorporating riblets pattern, winning 47 medals in 2004 Athens Olympics.
Keywords: Drag reduction, Turbulence, Sports
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Paper ID: K06

Eccentric structure characteristics and mechanical roperties of tamarisk
(Tamarix aphylla)
Wei Yin1, Jiuqiu Zhang2, Chuping Sun2, Yu Tian1, Zhiwu Han2*
1

State Key Laboratory of Tribology, Tsinghua University, Beijing 100084, China

2

Country Key Laboratory of Bionic Engineering (Ministry of Education, China), Jilin University, Changchun
130022, China
*Corresponding author: Zhiwu Han (zwhan@jlu.edu.cn)

Abstract
Plants live in fixed locations and survive adversity by integrating growth responses to diverse environmental
signals. Tamarisk, a tree who thrives in arid and semi–arid regions, has adapted to blustery conditions by
evolving extremely effective and robust anti–erosion surface patterns. However, the details of these unique
properties and their chemical composition and structural basis are still unexplored. Here we researched the
structure, chemical composition, mechanical properties and erosive wear of the different zones of the tamarisk
interior were how to adapt actively to the environment of erosion. Histological observations indicated that the
development of culm was dominated by cell division. The surface wind–sand erosion will further promoted
the cell division. The windward rings were more extensive than that of leeside. The windward had excellent
mechanical properties because the inorganic salts content of the windward was higher than that of the leeside.
Anti–erosion property gradually improved accompanied by the mechanical properties increase. We envision
that fundamental mechanism for the growth processes in biological systems will provide new ideas in
bioinspired design of intelligent self–adaptive and self–repair materials.
Keywords: Eccentric structure, Chemical composition, Mechanical properties, Erosion, Tamarisk

Paper ID: K07

Mimicking antibody interactions on-chip for biomedical applications
P. Estrela
Department of Electronic & Electrical Engineering, University of Bath, Bath, BA2 7AY, United Kingdom
*Corresponding author: p.estrela@bath.ac.uk

Abstract
Biotechnology is in great need of low-cost intelligent biochips capable of massive parallel detection to be
used in portable instrumentation. The advent of aptamer-based technology opened the doors to a new class
of biosensor devices without the need of antibodies. Aptamers are synthetic DNA/RNA or peptide
sequences that mimic the function of antibodies in binding a wide range of analytes. Aptamers have many
advantages over antibodies due their ease of chemical modifications, surface immobilisation onto transducers
and low cost.
On the other hand, mature semiconductor technologies can be exploited for the development of biosensor arrays.
In particular, field-effect transistors can be used for the development of arrays of potentiometric
biosensors or as switching elements for other electrochemical biosensors. The coupling of semiconductor
devices with aptamers leads to highly promising biosensors for biomedical diagnosis and environmental
monitoring.
Field-effect transistors (BioFETs) can be used as biosensing transducers either with a metal gate configuration
where a biorecognition element is grafted to the gate (BioFET) or with the dielectric material exposed to the
electrolyte, becoming sensitive to pH variations (ISFET). In both configurations, the FETs act both as transducer
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elements and as elements in a switching array.
We have recently developed a range of aptamer-based BioFETs as well as a new application for ISFETs:
monitoring protein phosphorylation in the presence of kinases, allowing the rapid high-throughput screening of a
large number of kinase inhibitors, which can lead to the development of new drugs. The combination of
field-effect devices with localised surface plasmon resonance on the same chip has been used for on-chip
validation of the results.
Electrochemical impedance spectroscopy (EIS) is a very promising technique, which can be easily expanded
into arrays, e.g. using FETs as switching elements for easy, fast and on-chip sensor conditioning and readout. A
particular area where EIS has great potential is on the detection of biomarkers using DNA aptamers. Upon
aptamer-biomarker interaction there is a conformational change on the DNA, causing a change in the charge
distribution and therefore on the EIS signal. We here exemplify the use of aptamers for the detection of
prostate-specific antigen (a cancer biomarker).
A careful choice of surface chemistries needs to be made for each type of sensing technique and each type
of bioreceptor used, followed by a thorough characterisation of the biosensor under different conditions.
Examples of different approaches will be presented both in terms of bioimmobilisation strategies and thorough
characterisation in terms of sensitivity and specificity.
The integration of different electrochemical and nanoplasmonic sensing techniques on a single chip can easily
be achieved and examples will be given on how the 'engineering' of the biolayer enables different sensing
technologies to be implemented. The integration of the sensors with on-chip electronic circuitry and
microfluidics is essential for the development of future device prototypes.
Keywords: biosensors, aptamers, BioFETs, impedimetric biosensors

Paper ID: K08

The bionic mastoid process by nanosintering makes vapor chambers
independent of gravity
Jinliang Xu*, Xianbing Ji
North China Electric Power University
*Corresponding author: Jinliang Xu (xjl@ncepu.edu.cn)

Abstract
Some of the phase change processes are conflicted depending on a single channel size. For example, small pores
are helpful to generate large capillary pressure for liquid suction, but create large viscous force for fluid
transportation. Here the bionic mastoid process structure was formed by sintering hybrid micron or nano size
particles and Na2CO3 salt on the vapor chamber substrate. The salt is decomposed to form 10-100 m pores
for fluid transporation. The sintered particles form small pores (nm- m scale) depending on particle sizes used to
create ultra large capillary force. The mastoid process is just like that grows on plant leaf. The sintering
structure is ultra-hydrophilic. The tips of mastoid process directly contacted with the condenser surface. The
evaporator substrate, mastoid process and the vacuum space inside the vapor chamber generate a multiscalechannel-network (MCN) to modulate the gas-liquid phase distribution. Because liquid on the condenser
surface is continuously returned to the evaporator surface, the MCN ensures ultra-thin liquid film on the
condenser surface and prevents dry-out for the evaporator. We demonstrated the MCN based vapor chambers
operating at any inclination angles, in dependent of gravity. For the evaporator, the liquid film evaporation heat
transfer mechanism dominates over a large heat flux range, while the nucleation boiling mechanism occurs at
very small heat fluxes. The heat transfer performance is even better for the anti-gravity operation, due to larger
gas-liquid interface area within the mastoid process for the evaporation. Besides, the sintering structure was
treated by the thermal oxidization method to form nano-grasses on isolated particles, further improves the vapor
chamber performance. This study constructs a new way to design heat pipes for the anti-gravity operation.
Keywords: heat pipe, nanosintering, phase distribution
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Paper ID: K09

Bioinspired Hybrid Coatings Enhancing Performance of Implant Alloys
I. Demetrescu*, D.Ionita, G.Totea, M. Vardaki, and A.B. Stoian
Department of General Chemistry, University Politehnica of Bucarest, Bucarest, 011061, Romania
*Corresponding author: Ioana Demetrescu (ioana.demetrescu@chimie.upb.ro;
ioana_demetrescu@yahoo.com)

Abstract
Introduction
Bioinspired structures for implant coating are a guarantee for good biocompatibility and osseointegration. In
this approach the investigation is focused on the elaboration and characterization of hybrid coatings based on
hydroxyapatite and natural polymeric components on different titanium alloy substrata. The titanium implant
alloys have non alergenic and nontoxic elements components such as Zr and,Ta. A small amount of Ag as
component in the elemental composition or as a doping element in the modified nanostructured surface is
due to the need of improvement of the antibacterial activity of the implant in a time when bacteria are more and
more aggressive.
Materials and methods
The investigated alloys are TiZr and the new alloy Ti-20Zr-5Ta-2Ag.
The bioinspired hybrid coatings are chitosan + hydroxiapatite and are elaborated electrochemically using a
mixture of elctrolytes. The composition of the depositions electrolyte was a mixture of (NH4)2HPO4 +
Ca(NO3)2 + 0.5g/L chitosan solution in CH3COOH. In order to enhance antibacterial effect the
hydroxyapatite was doped with Ag nanoparticles. The structure identification was performed with a Perkin
Elmer FTIR spectrophotometer (Spectrum 100 Model) with an attenuated total reflection accessory (ATR)
and the topography associated with elemental analysis were evaluated by scanning electronic microscopy
(SEM). The surface characterization was completed with X-ray diffraction analysis to identify the crystalline
change and contact angle measurements permitted the establishment of the hydrophilic – hydrophobic balance.
The electrochemical stability was tested in various bioliquids performing open circuit potential measurements
and potentiodinamic polarization curves. Tafel plots procedures have permitted to discuss the corrosion rate
in a quantified manner, and to establish a range of stability of coatings as well. The alloy stability was
evaluated from ion release determinations with an inductively coupled plasma mass spectrometer ELAN DRCe Perkin Elmer SCIEX U.S.A. with the detection limit of 0.001 μg / g.
Coating effect on antibacterial activity was tested on both a Gram negative and Gram positive bacteria such
as Escherichia coli and Staphylococcus aureus (S. aureus, ATCC 6538),respectively.
Conclusion
Based on experimental data we can conclude that the new alloy with Ag content and covered with a
bioinspired coating with natural polymer has very good performance regarding its stability and antibacterial
properties.
Acknowledgement: This work was supported by UEFISCDI, Grant no. 242/2014, ―ALNANOBACT‖
Keywords: Ti-20Zr-5Ta-2Ag, bioinspired hybrid coatings, antibacterial activity

Paper ID: K10

Bio-Inspired Surface Materials and Droplet-Generation
Liqiu Wang1,2*, Pingan Zhu1,2, Xin Tang1,2, Ye Tian1,2
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Abstract
Tuning surface properties via geometrical structures is common in nature for generating some unique
functions effectively. Spiders develop their web with periodic knots for collecting water; micro/nano structures
on lotus leave are responsible for their superhydrophobicity; water-walking insects use retractable structures to
pass from the water surface to land. The first part of this talk is on our work of developing a series of
functional surfaces with tunable surface properties. Inspired by spider web with periodic knots and joints,
we have fabricated spindle-like knot microfibers with microfluidic technique. These engineered-microfibers
have a super capability of water collection: the maximum volume of water droplet collected by a knot is
almost 300 times that of the knot. With the microfluidic technique, we have also developed honeycomb-like
porous polymer films. The surface wettability can then be precisely manipulated by tuning surface
morphology of polymer films like sizes and shapes of pores. Inspired by retractable structures used by
meniscus-climbing insects, we have incorporated mobile wettable micropillars with a superhydrophobic
background for in-situ switching surface adhesion to water. The micropillar-regulated surface resembles a
mechanical hand which can capture, manipulate and deposit tiny water droplets in a precise and lossless
manner.
Mechanical vibration is often used by many animals like dogs, cats and birds to manipulate droplets‘ generation
for dispersing water effectively. In the second part of this talk, we will summarize our work on applying
mechanical vibration for precise controlling of droplets‘ generation in microfluidic co-flow systems. We
characterize the droplet generation quantitatively by predicting flow-rate fluctuations. We show the
correlation between the generation- frequency and uniformity of droplets and the frequency and
amplitude of vibration, the synchronized droplet generation, and the ability of vibration in promoting
dripping, suppressing jetting and shifting of jetting into dripping. These yield a better understanding of
mechanism underlining the vibration-driving generation of droplets widely used by animals and benefit the
engineering application of vibration-enhanced droplet generation in many fields including biochemistry,
biomedical engineering, food industry, pharmaceuticals, and material sciences.
Keywords: Bio-inspired surface materials, Microfluidic droplets, Superhydrophobicity

Paper ID: K11

Explore the Shear-Induced Adhesion Properties of a Bio-Inspired Fibrillar
Adhesive
Y. Li,1 B. D. Gates,2 and C. Menon1*
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*Corresponding author: Carlo Menon (cmenon@sfu.ca)

Abstract
Bio-mimetic fibrillar adhesives, inspired from gecko‘s feet, rely on van der Waals forces to attach on various
surfaces. Arrays of fibrils in the nano-meter scale can reach deeply into every corner of the contacting surfaces
and create strong adhesion through summation of van der Waals forces at every contact point. To ensure a large
number of fibrils hold grip on the contacting surfaces, geckos utilize a ―Load-Drag-Pull‖ (LDP) sequence of
movement to comb the hair of their feet onto the surfaces. The LDP movement inspired a measurement
method that can be implemented with a scanning probe microscope. This method measures the shear-induced
adhesion of the fibrillar adhesives and has been proven that the additional dragging movement increases the
adhesion forces. In this article, we expand the investigation of shear induced adhesion of bio-mimetic
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fibrillar adhesives in different configurations, including different fibril lengths and surface treatments. The
shear induced adhesion in twelve different configurations of fibrillar adhesives are measured using the
scanning probe technique. Four types of samples are prepared in terms of fibril lengths, i.e. fibrils lengths at
~0.1 m, ~0.5 m, ~1 m and ~2.5 m. Fibril diameters are non-uniform but all in sub-micron size. In the surface
treatment variations, the fibrillar adhesives are coated by silane molecules either with or without water in the
coating process. Together with the fibrils treated with no surface modification, three types of fibrils are
prepared in terms of surface treatments. Each of the 12 samples is measured at 4800 different locations using
the LDP method by a scanning probe microscope. Large amount of experimental measurements enable statistical
analysis of the trend among different sample types. The adhesion properties of such nano-fibrillar adhesive are
studied thoroughly to enlighten future developments of bio-mimetic fibrillar adhesives and their use in different
applications.
Keywords: dry adhesive, adhesion measurement, bio-mimetics

Paper ID: K12

Bio-inspired interfacial materials with enhanced droplet mobility:
Fundamentals and multifunctional applications
Zuankai Wang
Department of Mechanical and Biomedical Engineering, City University of Hong Kong, 999077, Hong Kong
*Corresponding author: Zuankai Wang (zuanwang@cityu.edu.hk)

Abstract
Billions of years of evolution have endowed the biological world with exquisite functionalities. Learning from
nature not only satisfies our innate curiosity for understanding the world, but also provides important
insights to drive a paradigm shift in technology. Historically, many leaps in human civilization are propelled
by drawing clues from nature, from the invention of the aircraft to the Shinkansen train, and from the
development of nacre-inspired super strong materials to medical robotics.
In this talk, I will mainly focus on the development of bio-inspired interfacial materials that mimic the
innate functionalities of natural surfaces. I will first discuss how to achieve enhanced droplet mobility
(bouncing, jumping and rolling) by controlling the structural topography, surface chemistry and external
physical stimuli (temperature, electrical field, etc.). Emphasis will be put on how to sustain droplet mobility in
demanding phase change environments for a wide range of applications such as thermal management and antiicing.

Paper ID: K13

Understanding Musculoskeletal System Design Using Simulations and Biorobotics
L. Ren*
School of Mechanical, Aerospace and Civil Engineering, University of Manchester, Manchester, M13 9PL,
United Kingdom.
*Corresponding author: Lei Ren (lei.ren@manchester.ac.uk)

Abstract
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A wide variety of physical movements can be achieved by the human neuromusculoskeletal system, from
normal walking to the skillful performance of a professional dancer. All these motor tasks involve the load
transmission and distribution through the body, balance and coordination. The quest toward understanding
how these tasks are achieved by the human body has been of interest to scientists for centuries. This talk
presents our recent attempts to explore the in-vivo working condition and also the mechanical design
principle of the human musculoskeletal system during different motor activities. This involves a range of
researches into the biomechanics and motor control of human motions at different system levels using an
integrated experimental, computational and bio-robotic approaches. Our long term aim is to gain
comprehensive understanding of the functions of musculoskeletal systems and the interactions between the
musculoskeletal and neuromotor systems. Such research will provide solid scientific foundation for the
development of novel preventative and rehabilitative programs and devices, clinical diagnostic and surgical
techniques, and also biologically inspired robotics and mechanisms etc.
Keywords: musculoskeletal system; mechanics; bio-robotics

Paper ID: K14

Head Stabilization in Birds –Why and How do they do it?
D. Weihs,1*with D. Berman,2 and G. Katzir2
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Abstract
Many species of birds stabilize their head while hovering,walking and while perched on moving strata such
as branches. We study the way they perform this feat, and examine the reasons for this stabilization in terms
of the aerodynamics involved,and the control system requirements. This study is based on laboratory and
field experiments (see example picture below). While among perched birds there are no specific weight
limitations, and walking birds have to perform saccadic motions to compensate for the horizontal motion,
kingfishers are of special interest as they perform head stabilization over bodies of water at heights of up to 10
m, in order to identify fish, as the sensing requirements for stabilizing over water are much more complex.
This means that map-fixing and map reading is not an option as the ripples and waves on the water surface
cause the mapped surface to change almost randomly, resulting in the need for an independent, internally based
position fixing mechanism.
Quantitative field observations show that the kingfishers adjust to both the position of the sun and to the
direction of the wind, by flapping into the wind, while tilting their head to minimize glare. This adds
complication to the aerodynamics, causing asymmetric effects on the wings which add to the internal
computation needs of the bird.
Some preliminary results show a preferential head tilt, which allows better vision at the high angles of
attack required for lift production in hovering (similar to the Concorde tilting the cockpit downwards during
takeoff and landing). This tilt also helps reduce the asymmetric effect of the wind, by having the wake from
the head move under the wings over much of the beat cycle.
Combining these results with previous work on Kestrels and various land-based perching birds point to
possible applications for hovering UAVs in natural situations.
Keywords: head stabilization, hovering, bird flight hovering, UAVs
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Topic: Biomechanics
Paper ID: 1042

Dynamic simulation in ostrich didactyl foot locomotion on sand based on
Discrete Element Method
Rui Zhang*, Qiaoli Ji, Songsong Ma, Dianlei Han, Gang Luo, Shuliang Xue, Jianqiao Li
Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130022, China
*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
The ostrich (Struthio camelus) is the largest extant and didactyl biped, with superior cursorial abilities in high
speed and exceptional endurance on sandy environment. These large birds live in native Africa and have
been filmed running steadily for 30 min at speeds exceeding 60km h-1 with step lengths of up to 5m.
Ostrich hindlimb and didactyl foot morphology provides the mechanical basis for this distinctive locomotor
performance. The unique joint structure and movement morphology of toe phalanges are essential to ostrich
locomotion on sand. The ostrich foot has only two digits, the third and fourth toes. The third digit is the main
toe and support most mass of ostrich body during locomotion. The fourth digit is smaller than the third toe.
Each digit has four phalanges. By analyzing the kinematics of ostrich foot on sand through the external field
experiment, we acquired the parameters of interphalangeal joints angle and the motion trajectories during
stance period and the five toe postures from foot touch-down to lift-off (0%, 25%, 50%, 75%, 100%),
respectively. Using three-dimensional laser scanner, we collected the point cloud data of the toe phalangeal
postures at different moments. Adopting the reverse engineering technology, we conducted the geometrical
modeling reconstruction of toe phalangeal postures. Using kinematics data of ostrich locomotion on sand as
the input parameters, the five phalangeal toe models were imported into EDEM software and carried out
dynamic simulation of ostrich toe locomotion on sand. The variation of particle motions, velocity fields,
contact force fields and displacement fields of sand particles under ostrich foot plantar surface were
analyzed. Combining Finite Element Method, we obtained the action forces under ostrich foot plantar surface
and the plantar pressure distribution. Finally, the optimal toe phalangeal posture traveling on sand were
extracted. This research would be helpful to further explore the traveling sand mechanism of ostrich foot
and provides a design method and theoretical basis for wheel-foot structure by imitating ostrich toe phalangeal
posture on sand.
Keywords: Ostrich didactyl foot, Discrete Element Method, Dynamic simulation

Paper ID: 1051

Synergy Between Microstructure and Material Properties in Foreleg
surface of Praying Mantis(Mantis religiosa Linnaeus) for Prey Function
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Abstract
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Insect legs have attracted broad attention due to their complexity and critical functions including crawling,
jumping, capturing, excavating and even perceiving, all of which are highly dependent on their
morphology and microstructure. The relation between the function and structure of insect legs can provide
valuable insights for bionic engineering and the development of new materials. As an excellent predator in
the insect world, the praying mantis has a pair of powerful tools, two sharp and strong forelegs. The shape,
microstructure and material of the foreleg of praying mantis play critical roles in capturing the prey, but
their functional importance is not fully understood. Herein, the morphology, microstructure and
nanomechanical properties of praying mantis‘ forelegs (Mantis religiosa Linnaeus) have been investigated by
CAD profiling, Matlab fitting, scanning electron microscopy and nanoindenter measurement. It has been found
that the profiles of apical claw are same in shape and comparable in size, showing an exponential fitted curve,
and the shape of the profiles is not closely related to the size of forelegs. The microstructure of the cuticle
on femur and tibia is squamous and the surface of spines on these two parts has arris. The Young‘s modulus
and hardness of the femur cuticle, tibia cuticle and the apical claw show variations, which are in line with the
observed microstructure. The analysis suggested that the foreleg shape of the praying mantis is critical for
the preying action, and the dense and well-aligned microstructure offer excellent mechanical properties to
the tibia and femur. It is conceivable that different microstructures caused different mechanical properties
and the mechanical performance of foreleg surface is further enhanced by its shape, thus, the shape and
microstructure of foreleg in praying mantis well accomplish the pray action and afford remarkable
physical properties to the powerful capture tool: tibia and femur. In general, this analysis proved that shape
and material are inseparable, and only a shape optimized for a material could lead to an efficient design
in bionic engineering, and vise versa. Thus it has been demonstrated that the prey function of praying
mantis is fitted and enabled by the synergy of morphology, microstructure and mechanical properties of the
tibia and femur. The insight gained is expected to provide inspiration to the design of new bionic highperformance materials and bionic functional structures.
Keywords: microstructure, material properties, prey function

Paper ID: 1068

A new strategy to join dissimilar materials by imitating the tendon-to- bone
attachment and applying multi-materials 3D printing technology
Che zhao, Luquan Ren, and Qingping Liu*
Key Laboratory of Bionic Engineering (Ministry of Education, China), Jilin University, Changchun 130022, P.R.
China
* Corresponding author: Qingping Liu ( liuqp@jlu.edu.cn)

Abstract
In engineering application, attachment of two (or more) dissimilar materials with very different mechanical
properties is always a fundamental challenge. An abrupt transition between materials would lead to high level
of stress concentration at their interface and such a stress concentration will always lead to material failures at
levels of mechanical loads that are too small to cause failure in either material. An effective biologic solution to
such problem may exist in some extreme ―bi-material interfaces‖ in nature
The tendon-to-bone attachment connects two highly ordered hierarchical tissues with two distinct structures
and compositions. Young's modulus of tendon is less than 0.4 GPa in the direction of muscle force and 20 GPa
for bone. It is facing three challenges from high level of stress concentration, overuse injuries and a big range
of motion. To meet such biological function the tendon-to-bone attachment of must achieve superior
mechanical properties, such as high strength, toughness and a long fatigue lifetime. From the clinical research,
surgical repair of tendon-to bone attachment at the rotator cuff is therefore prone to re-injury, with failure rates
up to 94% for rotator cuff reattachment. Depending on this, the special structure may play a key role in
improving its physical mechanical properties. The tendon-to-bone attachment has been categorized into four
zones: tendon (contains well-aligned collagen fibers), fibrocartilage, mineralized fibrocartilage (is demarcated
by the ―tidemark‖) and bone. The change in tissue composition and structure is continuous thus forms a
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―functionally graded‖. This feature is necessary to minimize stress concentrations and aid in the efficient
transfer mechanical loads across an interface with a nearly two order of magnitude stiffness mismatch and
with a large difference in material organization of load between tendon and bone.
Recent researches indicate that the proportion of collagen-mineral and the compliance of collagen fiber at the
micro scale are dominant factors in determining the tensile mechanical property of whole tendon-to-bone
attachment. Increasing mineral content of the collagen fibers in the tendon-to-bone attachment causes a
stiffening of themselves. When connectivity of mineral exists from one end of the fiber to the other, force
transferred through this mineral becomes significant relative to that transferred through the collagen, and so
the modulus of the fiber increases overall. Mechanically, the fiber orientation distribution is another
dominant factor determining the stiffness of the tendon-to-bone attachment and the fiber alignment decreases
across the tendon-to-bone insertion, reducing tissue stiffness precipitously.
In this paper, we imitated the construction of the tendon-to-bone attachment and constructed a biomimetic
functionally gradient materials through the multi-materials 3D printing technology. This new strategy may
shed some light on joining dissimilar materials with very different mechanical properties.
Keywords: tendon-to-bone attachment，functionally gradient materials，3D printing
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Abstract
Arterial stiffening occurs as part of the natural ageing process, and is thought to be related to the changes in the
extracellular matrix, namely accumulation of collagen and degradation of elastin. However, little is known about
how regional variations in arterial structure and mechanical properties contribute to arterial stiffening. This study
compared localised differences in the nano-structure and mechanical properties in the internal mammary arteries
(IMA) from two groups of patients; those with high and low pulse wave velocity (PWV). PWV is a widely used
in vivo technique for assessing arterial stiffening, where the speed of propagation of pulsatile flow of blood
along a length of an artery is measured. It is considered a gold standard‘ clinical technique but does not provide
information on localised changes within arteries.
In this study 6 internal mammary arteries (IMAs) were collected from coronary bypass operations and the
patients were grouped according to their carotid-femoral PWV; high (14.6 ± 1.4 m/s) and low (8.7 ± 0.5
m/s). The nano-topography and elastic modulus were determined by atomic force microscopy (AFM) operated
under the Peakforce QNM mode using 5 μm cryosections. The localised mechanical properties were mapped
across the different layers across the artery samples. Overall, IMAs in the high PWV group were
significantly stiffer than in the low PWV group (High; 2234.7 ± 72.3 MPa, Low; 2015.3 ± 58.4 MPa), (p <
0.0001). Although no significant difference was found in the intimal or medial layers, the adventitia was stiffer
in the high PWV group (High; 2597.6 ± 135.7 MPa, Low; 2215.6 ± 110.2 MPa), (p < 0.001). Furthermore, the
collagen fibrils in the adventitia of the high PWV group were found to have a smaller diameter (High; 118.44 ±
1.1 nm, Low; 123.81 ± 1.3 nm), (p < 0.01)).
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Overall, the nanomechanical data was found to associate well with PWV data. The high PWV group
exhibited higher nanomechanical stiffness alongside morphological alterations within the adventitial layer.
Keywords: arterial stiffening, atomic force microscopy, nanomechanics

Paper ID: 1075

Development of a Bipedal Walking Robot Inspired from Human
Musculoskeletal Biomechanics
Kunyang Wang and Lei Ren*
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*Corresponding author: Dr. Lei Ren (lei.ren@manchester.ac.uk)

Abstract
Biologically inspired robots (or bio-robots) are mechanical systems with structures and/or functions
mimicking biological organisms. Bio-robotics have made considerable impacts on a large variety of fields, e.g.
industrial automation and manufacturing, transportation, agriculture, deep space and sea exploration and
healthcare etc. Biologically inspired bipedal robots are normally designed to mimic human body shapes
and motions. They have great potential advantages over traditional wheeled robots in traversing uneven
terrains and obstacles, moving in confined spaces and performing challenging tasks in harsh environment.
The last decades have seen great progress and advance in bio-inspired bipedal robots, and a large number of
bipedal robots have been developed with varying complexities. However, very few of them were designed to
investigate and explore the fundamental mechanical principles underlying human musculoskeletal system.
Indeed, bio-inspired robotics provides a powerful research tool to examine the structure and function
interplay of the human body whilst complying strictly with physical rules.
The objective of this study is to develop a biologically inspired bipedal robot as a scientific tool to
investigate the mechanical design principles underlying human musculoskeletal system. A three- dimensional
(3D) whole-body musculoskeletal model of a healthy male subject constructed from the Visible Human
Project database was used as the biological counterpart to inspire the design of the robot. All the
anthropometric data for each major body segment was determined by analysing the 3D whole- body model
using computer aided design software. Those would provide key design parameters for each part of the biorobot. In vivo 3D whole-body gait measurements were conducted on a healthy male subject with a very
similar body configuration. The key kinematic parameters obtained for each major anatomical joint will be
used to inform the joint design of the bio-robot. In addition, the musculoskeletal geometry for each major
muscle group was carefully determined based on the 3D whole-body musculoskeletal model. Those
information will be used for the design of artificial tendon groups of the bio-robot simulating the mechanical
functions of major musculotendon units.
This project will lay a step stone towards the design and manufacture of bipedal walking robots inspired from
the human musculoskeletal system. The proposed framework would provide a powerful scientific tool to
examine biological hypotheses and fundamental mechanical principles of the human body in fields such as
biomechanics, neuroscience, physiology, rehabilitation science and engineering.
Keywords: Bipedal robot, biologically inspired, musculoskeletal system, biomechanics
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Experimental research in the adhesive characteristics of ostrich foot plantar
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Abstract
The ostrich is the fastest biped animal in the existing creature. On the sand environment, ostriches can run with
an spectacular speed and endurance. The ostrich plantar surface, as the sole part to contact sand, provides the
whole forward forces for its heavy body, which need the curved surface structures and unique papillae covers
to provide an enough large adhesive forces. In this article, we tried to measure this forces between the plantar
surface and five different substrates, namely the solid ground, the single-deck sand, 10mm thick sand, 20mm
thick sand and 30mm thick sand under 4 different normal load. In order to explore how the grain size to
affect the adhesive forces, we used sand with different diameters, the diameters were 1-2mm, 2-4mm and 46mm respectively. The experiments were done on the self-designed trial platform. We used the quickdrying concrete to fix the ostrich foot and thermoplastic to fix a particular toe posture. Data indicated that
the maximal adhesion coefficient were from the interaction between the plantar surface and the single-deck
sand. The minimum were from the interaction between the plantar surface and the solid ground. The
adhesion coefficient increased with the grain size of the sand. We found that the normal load did not
influence the adhesion coefficient observably. Those conclusions can contribute to the exploitation of ostrich
high speed locomotion on sand and provide a reference for bio-inspired design.
Keywords: plantar surface of ostrich foot; adhesion coefficient; sand surface
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Abstract
Corn is one of the most important crops in the world. The mass of corn stubble is a potential huge resource
because of its great percentage in the whole corn stalks. To well resolve the problems of harvesting and
smashing corn stubble, the mechanical properties of corn stubble were studied using the universal electronic
testing machine. The relations between the largest tensile resistance, the strength of extension stress and the
modulus of elasticity of single corn stubble with the diameter of the corn were found out in this study, the
related regression equations were obtained. Through experiments, it was found that the length tensile, speed
and sampling time are the three important factors that can influence the largest tensile resistance and
extensionstrength of single corn stubble. The research results show that with different length tensile, loading
speed and sampling time, the relation between the largest tensile resistance and the strength of extension of
single corn stubble with the diameter of single corn stubble is the power function, and the related regression
equations have been obtained. This study offers a theoretical guidance to the design and improvement of the
working parts of soil separation machinery, farming machinery and straw crushing machineries.
Keywords: Corn stubble;Mechanical properties; Power function
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Abstract
Giant pandas, who were named as ―living fossils‖, have lived on earth for at least 8 million years. As the world's
biodiversity conservation flagship species, giant pandas are the first class national protected animals, but the
research of mechanics and kinematics of pandas still lag far behind.
Giant pandas walk with an iconic pigeon-toed triangle gait. In order to further understand the gait of mechanics of
pandas, we analyzed the locomotion kinematics of over 88 complete strides from 12 adults (including 6 male and
6 female pandas, body mass 95-130 Kg) and 6 young pandas individuals (body mass 22-53Kg) using a 2×10
three-dimensional sensor array platform, 60 channels data acquisition and processing module, high-speed camera.
The study found that the reaction forces (RFs) in normal direction are obviously different between fore-limbs
and hind-limbs. In a complete gait, young pandas‘ normal RFs(N) of fore-limbs account for 73.2% of resultant
RFs(R) of fore-limbs, while 26.8% for fore-aft and lateral RFs, and fore-aft RFs are about 1.5 times of
lateral RFs; the normal RFs of hind-limbs are about 67.9% and fore-aft RFs are about 1.9 times of lateral RFs.
While the ratio of N/ R of adults are larger than baby pandas. The female pandas fore-limbs are about 75.4%
and fore-aft RFs are about
1.9 times of lateral RFs; hind-limbs are about 71.1% and fore-aft RFs are about 1.97 times of lateral RFs. The
male fore-limbs are about 77.4%, fore-aft RFs are about 2.3 times of lateral RFs; hind-limbs are about 74.4%,
and fore-aft RFs are about 2.1 times of lateral RFs. In addition, baby pandas‘ maximum normal RFs generated
by hind-limbs of baby pandas are about 63.2% of the fore-limbs, the maximum normal RFs of adult pandas‘
are about 72.9% and 78.3% of the fore-limbs for male and female ones, respectively. These results
reflect that there are obvious differences among young pandas‘, female and male pandas‘ distribution of
normal RFs. Nonetheless, the center of gravity is still located in the anterior part of body in general. We infer
that the big round head occupies quite a few proportion of body weight of giant pandas. Moreover, it
interesting that the ratio of hind-limbs and fore-limbs normal RFs showing a trend of rise first followed by a
decline as age increasing. The research shows that pandas‘ negative maximum fore-aft RFs of fore-limbs is
larger than positive maximum (forward RFs is positive), however the negative maximum fore-aft RFs of
hind-limbs is smaller than positive maximum ones. This reveals that fore- limbs are mainly used for braking
while hind-limbs for driving on the locomotion. By statistical analysis, the young pandas‘ movement cycle is
shorter than adult pandas, normalized stride length is longer than adults and fore-limbs duty factor is larger
than hind-limb(about 1.04 times of hind-limb), so under the same conditions, young pandas adopt higher
stride frequencies and relative larger stride lengths compared to adult pandas.
Keywords: Giant panda; Locomotion; gait
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Abstract
Quadruped can take the initiative to adjust their gait for adapting to different external environment. Its
superior coordination ability provides bionic design inspiration for the quadruped robot. The motion of
three German Shepherd Dogs on a treadmill was recorded using a three-dimensional motion capture system
VICON MX. The speed of the treadmill was respectively set at 4km/h·and 10km/h, and the slop was set
at 0 °and 20 °.
Workstation, Polygon and MATLAB were utilized for data processing to obtain the joint angles of the
German shepherd dog‘s forelimbs and hind limbs. The motion frequency of the dog increases, it indicates
that the joints move faster to adjust the speed of the treadmill. As the speed of the treadmill increases, the
cycle and the stance phase of each limb decrease, the percentages of the stance phase in total cycle are 68.0%,
49.0%, respectively for 4 km/h, 10 km/h at 0° slop of the treadmill and 65.6%, 47.1% for 20° slop of the
treadmill, it indicates that speed affected the time characteristics, while the slop had little effect on the time
characteristics. The joint angles of forelimb and hind limb show that movement of different joints between
different speeds and slops are various.
Keywords: dog, kinematics, joint angle
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Abstract
The male bovines generally have huge hones. Hones are their weapons to compete for territory, hunt for food and
get the opportunity to mate with the females. As a means of defense and attack, the sheep horns can
withstand the maximum impact force of approximately 3400N during their head-on collision. During bovines‘
life, the horn will not be sloughed off, so the horn needs to have sufficient strength and toughness when the
bovines fight. In the long-term evolution process, the bovine‘s horn has evolved into a kind of natural
composite material which has excellent structure and mechanical property. The microstructure and mechanical
properties of sheep horn living in northeast China are investigated in the paper. We make the specimens from
the base, center and tip of the horn sheath to do the quasi static tensile tests and compression tests. In the
tensile tests, the mechanical properties of the horn sheath can be divide into four stages: liner elasticity, plateau,
strengthen and local deformation, the longitudinal elastic modulus of the three parts are 1.68± 0.09GPa,
2.23±0.12GPa and 1.85±0.17GPa, respectively. Besides, the transverse and longitudinal contrast samples are
derived from the base. The maximum tensile strength of the transverse specimens are only half of the longitudinal
tensile strength and the ductility is far less than that of the longitudinal samples. In the compression tests,
the compression modulus and the yield strength of the longitudinal samples in center part are 2.14±0.19GPa and
68.52 ±3.58MPa , respectively. The results show the similar trend with the longitudinal samples of center part
in tensile test. The mechanical properties of the horn is closely related to the macro and micro structure, The
sheep horn is composed of the inner and outer layers in macrostructure, outer layer is mainly made up of
keratinized protein which possesses excellent load bearing capacity and impact strength, the inner layer is
loose and porous which has the function of buffering and absorbing. We select the damaged specimens in the
mechanical tests to carry out the SEM tests, and find that the convex hulls and pits on the rough surface, the
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cross-section microstructure of the samples with multi-layer structure and the tubular structure distributed
among the layer structure in the growth direction make a contribution to the energy absorption and slowing
down the rate of crack propagation. Through an initial research we find that the surface morphology, materials,
micro and macro structures influence the mechanical properties of sheep horn, and that provide the theoretical
basis on the design of bionic bumper.
Keywords: sheep horn, microstructure, mechanical properties
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Abstract
An online human-simulated pattern planner of humanoid robot considering full-body dynamics is proposed.
With motion captured from videos, General Preview Control is used to plan the translational and rotational
motions and Resolved Momentum Control is used to realize the (angular) momentums. To integrate the
vertical motion intrinsically, a constraint is added to the full equation of ZMP and this results in a model
consisting of Centroidal Angular Momentum plus extended Cart-Table Model, which is proposed in our
preceding paper. The General Preview Control is implemented to this model with ZMP and Centroidal
Angular Momentum as reference output. Tracking errors of ZMP and Centroidal Angular Momentum can
be compromised depending on whichever of stability and momentum to be priority. This can be dong easily
by manipulating preview control gains. The merits of the method are: 1) the human-like motions which are
physically feasible can be easily realized, 2) angular momentum, which is considered important to enhancing
the dynamic balance, is considered in motion planning, 3) full-body dynamics is considered distributing motion
to whole body, 4) vertical motion is incorporated intrinsically,
5) the stability can be enhanced by manipulating angular momentum and vice versa. The desired trajectories
of Center of Mass (CoM) and Centroidal Angular Momentum are realized by implementing Resolved
Momentum Control. The simulated Atlas robot is used to validate the effectiveness and advantages of the
proposed method.
Keywords: Humanoid Pattern Planner, Human-Simulated, Full-body Dynamics
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Abstract
The sclera is the dense outer coating of the eye which provides the structural framework that defines the
shape of the eye. It is mainly composed of collagen, elastin and interfibrillar proteoglycans. There is
substantial evidence that profound biomechanical changes occur in the sclera with conditions such as
myopia which are characterised by scleral weakening. Alongside biomechanical changes, a reduction of
proteoglycans has been found in myopic eyes. However, to date few studies have been conducted to
determine how proteoglycan content in the sclera affects its mechanical properties. In this study, in vitro
degradation of proteoglycans in the porcine sclera was conducted in order to determine how this affects
nano-scale changes in its structure and mechanical properties.
Porcine scleras (n=21) were treated with α-amylase solutions (100% α-amylase, 2mg/ml α-amylase in
ultra clean distilled water, 2mg/ml α-amylase in PBS. 100% ultra clean distilled water and 100% PBS
as control). The nano- topography and elastic modulus were measured before and after treatment by
atomic force microscopy (AFM) using the Peakforce QNM modality. Proteoglycan content was analysed
by dimethylmethylene blue assay before and after treatment.
Results from this study demonstrated that proteoglycan content was reduced after α-amylase treatment
(18.1%). The elastic modulus was reduced in all α-amylase depleted samples as compared to the control
group (distilled water): 18.8% decrease after 2mg/ml α-amylase in ultra clean distilled water
treatment (p<0.01), 47.9% decrease after 2mg/ml α-amylase in PBS treatment (p<0.01) and 24.7%
decrease after 100% α-amylase treatment (p<0.1). An increase in the elastic modulus (5%) was found in
the group treated with 100% PBS buffer.
These data demonstrate that proteoglycans play an important role in determining the nano-stiffness
of sclera. Although α-amylase only partially depletes proteoglycans in the sclera, the elastic modulus
decreased significantly with proteoglycan depletion.
Keywords: sclera, nanomechanics, proteoglycans

Paper ID: 10127

A preliminary research on the mechanism in bamboo weevil (otidognathus
davidis fair) piercing through the thick bamboo epidermis
Jun Zhou1, Zhouyi Wang1, Lei Cai2, Zhendong Dai1*
1

Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing, 210016, China
2

Biology Institute, Shandong Academy of Sciences, Jinan, 250014, China
*Corresponding author: Zhendong Dai (zddai@nuaa.edu.cn)

Abstract
As the largest group in the animal world, insects are active in almost every ecological niche. To survive and
prey, they have developed mouthparts with specific structures and functions to plunder food and even
struggle with competitors through evolutions. In order to drink the internal nutritious liquid of bamboo shoot to
survive, Bamboo weevils (otidognathus davidis fair) need to pierce through the thick bamboo epidermis by
mouthparts. Thus bamboo weevils have developed a kind of specific mouthpart applicable to piercing through
the bamboo epidermis, which has a high strength and longitudinal structure. The mechanism in bamboo weevil
piercing through bamboo epidermis was experimentally investigated to inspire the bionic design. At first, the
mouthpart was made into frozen sections to observe its microstructures by micro camera. Then, the interaction
forces between the insect‘s legs and substrates were measured by force sensor to calculate the pressures at the
contact points between mouthparts and bamboo shoots surfaces. Additionally, a model of the broken
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processes of bamboo epidermis was established to analyze the balance mechanism between the body and
mouthpart. The anatomic outcomes indicate that the mouthpart, which was a typical piercing-sucking
mouthpart, consisted of two zygomorphous lips, a pair of upper and lower jaws and a number of fibrous
needles in the center. During a bamboo weevil pierced through bamboo with its mouthpart, the two lips,
which were controlled by the muscle traction, closed and reduced the actual contact area between the mouthpart
and the bamboo skin to increase the contact pressure, benefiting to the damage to the bamboo shoots.
Furthermore, force measurements indicated that the maximum contact pressure between mouthpart and
bamboo skin correlated with the mass of bamboo weevil linearly (R2=0.706), demonstrating that the bigger the
bamboo weevil is, the easier can it damage bamboo shoots. Through the established model, the maximum
force which the weevil needed to break the bamboo shoots surface was 93.8 times its weight, much
smaller than the maximum force that acted between the weevil‘s feet and bamboo (219.3 times its weight). As
an organ equipped by the bamboo weevil, the mouthpart is able to break stiff bamboos easily whereas it‘s
quiet light, which will inspire new ideas and give guidance for drilling instruments designing. The model can
provide mechanical supports for the researches on the evolution of specific mouthparts of insects.
Keywords: bamboo weevil, mouthpart, epidermis-breaking.
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Abstract
Evolution has shaped geckos excellent abilities of adhering and climbing on steep inclines and even on ceilings,
and inspired people‘s curiosities about their adhesion mechanisms. It‘s widely believed that it‘s the Van der
Waals forces between the substrates and geckos‘ hierarchical setae that geckos use to adhere, however,
there still some issues beyond the capacity of Van der Waals force. For example, why there must be a relative
sliding between gecko‘s toe and the substrate before they attract each other? Actually, when two objects were
brought into contact and even sliding relatively, they may be electrified. Furthermore, the internal impurities
and defects of an object may also induce electric fields even its net charge is zero. These phenomena
enlighten us a new idea that whether the geckos‘ feet were also electrified during the indispensable sliding and
the corresponding charge may also help to adhere?
To clarify our conjecture, we carried out two experiments to investigate the trioelectrification of geckos‘ feet
and to evaluate the contributions of that. Firstly, we detected the possible electric field and the
corresponding potentials around geckos‘ feet through an electrometer. Secondly, we tested the tribo-charge
between geckos‘ feet and several materials (Teflon, Cu, silicon rubber and leaves) through a widely used
Faraday Cup.
When a gecko‘s toe was brought approach to a probe, we got significant voltages and the measured voltages
increased as the decrease of the distances. The result indicated that there‘s an electric field around a gecko‘s toe
and foot. Furthermore, we tested the charge of clean materials before and after being brought into friction with
geckos‘ feet respectively. The result indicated that the all materials got negative charge while geckos‘ feet
got positive charge, which agreed with the tribological sequence. Additionally, geckos‘ feet were charged
most (about 20nC) after contact with Teflon compared with the rest materials. Interestingly, a former research
found that geckos climb well on Teflon flat than the rest materials, indeed.
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Our experiments demonstrated that geckos‘ feet can be charged through the triboeletrification. The charge at
geckos‘ feet and substrate with opposite polarities will generate attractive forces, which may help gecko to adhere.
Keywords: Gecko, Adhesion, Triboeletrification
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Abstract
Hu man walking is the most fundamental and widespread motor activity of our daily life. This involves
delicate dynamic regulations of our bodies to achieve remarkable stability, agility and energy efficiency.
In this study, we examine simple biomechanical rules regulating the dynamic motion of the whole-body
centre of mass during level walking. The hypothesis is that the three-dimensional whole-body centre of
mass motion with respect to the foot contact point with the ground surface is highly regulated according to
some simple biomechanical rules. In order to test this hypothesis, three-dimensional gait measurements
were conducted to measure the whole-body motion using a specially design marker cluster system. The
time trajectories of the whole-body centre of mass and zero mo ment point were calculated in each gait
cycle. We found that the relative motion pattern of the whole-body center of mass with respect to the zero
mo ment point in a gait cycle can be very well defined using four planes in the three- dimensional space.
This would provide new insight into the fundamental principle modulating whole-body dynamics during
human walking, and also could offer alternative control scheme to regulate body motions and joint torques
for bipedal robots.
Keywords: whole-body dynamics, zero moment point, human walking
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Abstract
In spite of the cushion effect of paw pad, the rigid phalanxes of canine also suffer great impact with each stride.
And those phalanxes have to transfer the impact force to the body along the skeleton and maintain the stability of
the paw contacted with the ground. As is known, the German shepherd dogs have good running capability and
adapt to a wide variety of terrain. In this study, the phalanxes in forepaw were investigated to reveal the
mechanism of cushion, energy storage and adjustment, due to the fact that forepaw takes most percentage of the
ground impact during locomotion. Firstly, the forepaws of the German shepherd dogs were dissected to observe
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the geometric configurations of all phalanxes and the connection characteristic of each joint. Secondly, a pressure
plate system was used to investigate the regulations of the phalanxes of adjustment and adaptation, and collect
the pressure data of each phalanx bearing in the process of the paw contacting with the ground. Thirdly, the
computed tomography (CT) scan method was used to build the geometric models of forepaw, and the finite
element analysis method was employed to analyze its biomechanical contributions to cushion. The results
showed that the second to fifth phalanx were all consisted of three segments: proximal phalanx, middle phalanx,
distal phalanx, and the parts that bore and transmitted the force are proximal phalanx and middle phalanx, in
addition, the third and fourth phalanx had the same form, referred to the second and fifth had similar shape
feature; along with the increase of velocity, German shepherd dog made adjustment of force bearing region of
paw. Correspondingly, the force bearing region was shifted from the fifth phalanx and forth phalanx to third
phalanx, forth phalanx. A hypothesis was proposed that the third phalanx and forth phalanx had stronger impact
resistance than the other phalanxes; the finite element simulation also predicted that the third phalanx and forth
phalanx could absorb and store more energy than the fifth phalanx and second phalanx under the ground impact,
therefore the third phalanx and fourth phalanx may mostly contributed to resist the impact and store the energy
compared with other phalanx.
Keywords: Canine phalanx; Finite element analysis, Cushion
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Abstract
Head injury has become a primary threat to our life in transportation accidents, construction and sports.
However, birds can protect their brains from injury during their pecking. In order to reveal the underlying
secret, chicken and pigeon were chosen to test their pecking force and frequency. The kinetic energy
density, defined as the ratio of impact strength and brain mass, was calculated to compare the shock resistance
of the birds and human being. The result shows that the shock resistance of the birds is much higher than
human being. Finite element models of chicken head and pigeon head were established using reverse
engineering method to conduct the numerical analysis of their heads impact response. The numerical results
show that the stress wave in their heads propagates mainly through the lower beak rather than the upper beak
directly to back skull. This is because the skeleton structure of the upper beak is filled with viscoelastic soft
tissue, which can retard the propagation of the stress wave. The stress wave was directed by the propagation
path, avoiding the damage of the brain. The biomechanical design, setting a propagation path for stress wave,
may inspire new approaches to improve and design anti-impact equipment.
Keywords: stress wave; propagation path; biomechanical design
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Abstract
The mole crickets (Orthoptera: Gryllotalpidae) have a pair of fully specialized forelegs for digging and
excavating. In this study, a transparent gelatum was employed to imitate soil, and the motion characteristics of a
mole cricket in excavating motion were captured using a high speed camera. The results showed that there were
three stages in a whole excavating motion: digging, rotation, and forward. The digging motion was consisted by
longitudinal digging and lateral expanding, and the left and right forelegs expanding alternately and regularly.
The digging forces in a period of excavating motion were also recorded using a self-made experimental
equipment. The relation between the forward motion and digging force, as well as the expanding force and
amplitude were measured and fitted respectively. According to the results, the digging force of a mole cricket in
excavating can reach to 1.4N, and showed a correlative tendency with motion.
Keywords: mole cricket, excavation, kinetic characteristics
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Abstract
Falls and slips are the major causes of the patients‘ hip injury, and falls are regularly related to the floor
environment. The biomechanical analysis of people‘s walking on the different frictional surface of the
ground has a great significance for the study of human‘s stability and the falls prevention research. Therefore,
the purpose of this study was to investigate the relationship between biomechanical characteristics and the
different frictional surface of the floor during walking.16 healthy volunteers were recruited, 53 passive
reflective markers were attached, and a VICON 3D motion system was used to record the kinematic data of
the subjects. The floor state with different friction coefficient was set: PVC waterproof glass crystal film, Plastic
floor, timber floor and fiber plastic carpet. Walking posture was recorded when the subject walking on every
surface. The experimental order was randomly chosen across these gaits. Statistical analysis was used to analyze
the data, using one-way ANOVA method to test the effect of the floor environment to gait parameters and the
lower limb kinematics parameters. Studies have indicated that the floor friction degree has a significant effect on
walking speed, center of mass height, step time and joint angles, while it has no significance effect on step
width. When people walk on the PVC waterproof glass crystal film, center of mass height declines and toe
clearance increase in order to obtain the stability of walking and reduce the risk of falls. These results provide
insight into how frictional environment can affect the posture and stability in the real life.
Keywords: Biomechanical, 3D motion analysis, environmental parameters
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Abstract
Owl feathers have been investigated for silent flight characteristics. In order to establish the feasibility of bionic
application of the owl‘s special feathers with hierarchical branches, we present the study on the morphological
and mechanical characterization of branched rami at all levels of the long-eared owl primary feather.
Morphological feature of the owl‘s primary feather was obtained from the optical microscope and scanning
electron microscope images firstly, as seen in Fig.1. And dimensions of all the branches were determined. Then
mechanical characterization of the feather rachis and barb specimens was carried out based on the Instron 3345
single column material testing system (Fig.2), and barbule specimens on a developed micro-tensile tester
(Fig.3). Viscoelastic response of their stress and strain was described by the standard linear solid model. Finally
according to the morphological measurement and tensile experimental results, scaling relationships (y=a·xb) of
both the branching diameters (d) and mechanical properties, including the instantaneous elastic modulus(E1)
and viscous damping constant (η), with respect to the branching lengths (l) for the long-eared owl primary
feather were established based on the least-square linear regressions and reduced major axis (RMA) statistics, as
listed in Tab.1. Consequently, construction and biomimetic application of primary feather would have the
potential to be achieved based on the allometric scaling results as the following equations.

Keywords: Allometric Scaling; Mechanical Properties; Primary Feather
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In vitro Experimental Study on the Biomechanical Performance of HemiPelvis Reconstruction
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Abstract
A pelvic endoprosthesis was the primary means of pelvic reconstruction after internal hemipelvectomy. The
difference in biomechanical performance between intact and reconstructed human pelvis remains unclear. The
aim of this study is to investigated the detailed biomechanical performance of reconstructed and intact pelvis via
in vitro experiments. A pelvis speciman harvested from fresh-frozen human cadavers was placed in a standing
position on a tensile testing machine. The experiments started at the initial load of 50N, then continuously
increased the load to 600N. Digital image correlation (DIC) measurement technique was carried out to
investigate the biomechanical response of reconstructed pelvis with the hemipelvic prosthesis and intact pelvis.
Results showed that deformation and strain changed after pelvis reconstruction. The reconstructed pelvis
showed asymmetric displacement between implanted and healthy side under loading. The distribution of strain
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in the reconstructed pelvis was more uneven comparing to the intact pelvis. These results indicated that the
biomechanical function of the pelvic ring can be reestablished, although after reconstruction, stability between
the prosthesis and sacrum could not be recovered to the normal condition in intact pelvis. However, pedical
screw system applied to the lumbar 5 and prosthesis could improved these problems.
Keywords: Pelvic reconstruction, Hemipelvic prosthesis, Biomechanics, Digital image correlation
Paper ID: 10213

The simulation and analysis of erosion to layer structure of a single particle
Ping Liang, Yuhang Zhang, Yibo Xu, Luquan Ren
Key laboratory of bionic engineering (Jilin University), Ministry of education,Changchun,130022, China
*Corresponding author: Ping Liang (liangping@jlu.edu.cn)

Abstract
Laudakin stoliczkana lives in desert environment the whole life. Its dorsal scale has good performance of
particle erosion resistance. It‘s scales composed of protein "soft" layer and the covering of the cuticle "hard"
layer, show the characteristics of softness and stiffness composite structure; in this paper, we extract the layered
composition, establish the numerical model of single particle impact biomimetic layered structures to simulate
the impact process; based on the theory of stress wave propagation in solid body, through methods by
combination of theory and numerical simulation experiment analyze the mechanics of target erosion damage
and failure. The simulation test results show that the local high stress near the target surface collision point, at
the same time, the principal compressive stress wave conducts into the medium. After the principal compressive
stress wave, loading-unloading stress vibration is generated. The vibration may cause materials failure, and the
"soft" - "hard" layered bionic structure can effectively weaken the incident stress wave amplitude, to prevent the
failure of the whole structure.
Keywords: Bionic layer structure, Stress wave, Erosion
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The bionic design of agricultural mechinery
Yang Yuwan
Jilin University, China
*Corresponding author: 1576024691@qq.com

Abstract
In nature, there are many animals which are better at surviving, like birds, fish and so on. They always have a
unique structure to adapt different conditions. This capability will help researchers solve various daily problems
or confusions on the engineering design. In this paper, it expounds the application of inspiration from unique
body structures of soil cave animals—murine in agricultural machinery. The claws play an important role in
digging and foraging. During all the living behaviors, their claws have developed variable curves in order to
complete their survival movements more efficiently. Soil is their living environment, which decides their claws‘
shape. Agricultural machinery often contact with the soil. However, high power consumption and short working
lifetime are the problems to obstacle agricultural development. In order to improve these issues, changing
traditional designs is necessary. Learning from the geometric structure of claws of murine and applying these
merits to agricultural machinery have been determined a better way to solve some problems.
Keywords: claws, agricultural machinery and problems
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Self-repair behaviour of bone material: how bone regulates itself to keep its
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Abstract
Bone, by nature, is an optimised, light living structure. It is well known that bone undergoes adaptive changes
(remodelling) to keep its strength. However, it remains unclear how bone adaptation is mechanics regulated.
Small rodents offer a cost-effective and efficient way in the investigation of bone remodelling and the
development of in vivo high resolution microCT scanning of entire bone of small rodents offers a powerful
approach to quantify bone adaptation over space and time. The aim of this study was to explore two bone
mechanoregulation hypothesis: (1) there is a feedback loop, i.e. the higher the mechanical stimulus, the more
extensive the changes in bone mineral content (BMC) over time; (2) there is no feedback loop, i.e. high strain
produces micro-damage in the extracellular matrix and the changes in BMC are only due to the repair
mechanism.
Two groups of 14-week-old female C57BL/6J (BL6) mice were used: wild type (WT, N=5) and wild type
treated with an anabolic treatment (WT + PTH, weekly injections of PTH started at week 18, N=5). The entire
right tibiae of all mice were scanned 8 times at weeks 14, 16, 17, 18, 19, 20, 21 and 22 using an in vivo µCT
system (vivaCT 80) with a voxel size of 10.4 µm. A novel protocol was developed to quantify BMC in 40 local
compartments of mouse tibia over space and time. On the other hand, microFE models of all tibiae were created,
mouse-specific physiological loading condition was applied to each tibia and the mechanical variables, i.e. first
and third principal strains (e11 and e33), and the strain energy density (SED), were quantified in the same 40
local compartments. For each mouse tibia, the Age(ti), Compartment(ti), BMC(ti), SED(ti), e11(ti) and e33(ti)
over compartment and time were computed. One- way factorial ANOVA test was used, where the independent
variable was DeltaBMC and the recurring factors were Age, Compartment, BMC. Then the forth (mechanical
stimuli) factor - SED, e11, e33, log(SED), log(e11) and log(e33) were tested.
It was found in all analysis, BMC and Age always were significant in both groups (p < 0.0001). Compartment
was significant in the WT group (p <0 .0001), but not significant in the WT+PTH group. Mechanical parameter
e11 and log(e11) was significant in both groups (p = 0.02 and 0.01), SED, e33 and log(e33) were never
significant, but log(SED) was significant in WT group (p = 0.02). In general, in all analysis, the mechanical
stimulus was always less significant than BMC and Age. Our interpretation of these results is that hypothesis #2
is more likely than hypothesis #1. Understanding the remodelling mechanism of bone material will help us
design and produce bone-like, self-repair material.
This project was partially supported by the UK National Centre for the Replacement, Refinement and Reduction
of Animals in Research (NC3Rs, Grant number: NC/K000780/1), the EPSRC MultiSim project (EP/
K03877X/1) and the Chinese Fundamental Research Funds for the Central Universities.
Keywords: Bone mechanics, bone remodelling, mechanoregulation
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Abstract
The hind wing of ladybug is an incredible foldable structure. Such a membranous and fragile structure can be
perfectly folded underneath the forewing during the crawling or completely unfolded during the flying. The
bionic engineering research has always been fascinated by the amazing folding and unfolding capability of
ladybug hind wing. However the mechanical principle still remains a mystery. Measuring the morphology and
spatial distribution of the flexural stiffness of the ladybug hind wing is the first step to uncover the mystery.
In present paper, a simple but robust laser stripe triangulation is proposed to achieve the measurement. The wing
partly transparency, small in size and highly complex corrugated, precisely measuring the details by
triangulation is the most difficult parts in this work.
A setup, based on triangulation, has been built for this measurement. A 405nm wave-length laser which can
produce only 30um width light strip is employed to illuminate the wing surface. For recording the images, a 5
mega pixels CMOS camera is placed in the direction of 45° from the laser. In order to obtain high-quality
images, two reflectors, low-distortion telecentric lens and one 405nm narrow band filter are adopted in the
optical part of this setup.
Furthermore, there are two actuators in the motion part, one give the linear moving of the wing sample, the other
provide its rotation. Additionally, a self-developed system controls the laser, camera and motors.
During the experiment, the wing from the living ladybug is manipulated as follow: first, the a calibration plane
is measured to fix geometric parameter of the equipment; second, scanning the wing sample to measure its
shape; third, rotating the wing at 180° and measuring the other side of the sample; forth, a non-uniform rational
B splines (NURBS)is derived from double sides of the sample; fifth, by sewing up NURBS of double sides of
the wing, the 3D sample model is obtained. In this way, the morphology of the hind wing is acquired.
Scanning the wing sample takes no more than two minutes. The accuracy of such measurement is roughly 10
m , sufficient for approaching the flexural stiffness spatial distribution as well as the folding or unfolding
mechanical principle of the ladybug hind wing.
Key words: morphology, ladybug hind wing, laser stripe triangulation
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A new bioreactor for compound loading with torsion and compression
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Abstract
This paper presents a new type of multifunctional bioreactor, which is to provide cell tissue a mechanical
environment which is close to the real situation. This bioreactor is based on the concept of fatigue machine, add
torsion module to compress and tension module, with new design of both loading device and culturing device by
modern CAD technology. Driven by voice coil motor, step motor and a well designed mechanical structure, this
machine has excellent controlling performance and no accumulated error, easy to adjust operating height,
loading frequency, compressing stroke and torsioning angle. It has different loading modes, with compression or
torsion separately, or providing compound load with both torsion and compression. With a delicate culturing
device, the height and the limit of loading head is easy to adjust accordingly, it can also provide liquid
environment during the loading process, which is closer to biological characteristics and physiological
environment. After simple refit, it‘s also able to be used as a tension machine. This machine supplies different
mechanical environment for biomechanics research to make related experiments more effective and accurate.
Keywords: bioreactor, compound loading, torsion and compression
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Application and development of digital image correlation method in
biomechanics
Qiu Lulu,1 Zhang Chunqiu,2
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Abstract
With the rapid development of computer technology and electronic equipment, as well as the corresponding
improvement of algorithm, digital image correlation technology has attracted the attention of all walks of life.
The digital image correlation method possesses a series of advantages like simple optical path, high precision
and fast processing speed, which meets the demand of unique biomechanical properties and biological
organization environment. This paper analyses the development process through the research of digital image
correlation method and summarizes its application in biomechanical aspects.The study also presents the method
of digital image using in biomechanics aspects, showing the research progress and development trends about
digital image correlation method in biomechanics. Besides this paper suggests some difficult problem existing to
be solved and puts forward the corresponding solutions.
Keywords: Digital image correlation method , biomechanic , speckle
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Design and operation assessment for a coupling biomimetic spudcan
Wenxian Tang, Wenle Wu*, Jian Zhang, Chao Ma, Xilu Zhao
Jiangsu University of science and Technology, Jiangsu Zhenjiang 212003, China

Abstract
A coupling biomimetic spudcan based on the properties of egg shell and snail shell was designed and its
operational results were assessed in this paper. To overcome problems associated with insufficient space
utilization and difficulty of the penetration and pullout pile, sensitivity of upper and lower cone with respect to
the operation are discussed in the paper. First, pretreatment for the egg shell and snail shell were carried out.
This was followed by experiments to determine a mathematical model. Three different models were designed in
the ug software and simulation of the operation process for the jack-up platform was carried out in a finite
element software set (abaqus). Simulation results demonstrated that space utilization was improved
significantly, sensitivity of upper and lower cone was high and performance of the coupling biomimetic spudcan
improved significantly. Thus, we can conclude that coupling biomimetic spudcan is promising for use in a jackup platform.
Keywords: shell, biomimetic, spudcan
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An Experimental Study on the Unsteady Wake Vortices behind Tandem
Flapping Wings Pertinent to the Flight of Dragonflies
Anand Gopa Kumar, and Hui Hu*
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*Corresponding author: Hui Hu (huhui@iastate.edu)

Abstract
As defined by Defense Advanced Research Projects Agency (DARPA), Nano-Air-Vehicles (NAVs) refer to
‗‗airborne vehicles no larger than 7.5 cm in length, width or height, capable of performing a useful military
mission at an affordable cost and gross takeoff weight of less than or equal to 10 g‘‘. Aerodynamic design
challenges for NAVs are driven by a combination of very low Reynolds number physics and the requirement for
a multi-functional platform structure. As demonstrated by flying insects, flapping flight is advantageous for its
superior maneuverability and lifting capability at low Reynolds numbers, which is very attractive for NAV
designs.
Dragonflies, flying with two pairs of tandem wings, are notable for their powerful aerial maneuvers and
endurance during prey catching or territory flights. While most of insects such as flies, bees and wasps either
reduced their hinds wings or mechanically coupled fore and hind wings, dragonflies have maintained two
independent-controlled pairs of wings throughout their evolution. An extraordinary feature of dragonfly wing
kinematics is wing phasing, the shift in flapping phase between the fore and hind wing periods. High speed
imaging of dragonfly flight have shown complex maneuvers such as 90 degree turns being carried out in less
than three wing beats, making them very capable predators. These attributes make dragonflies a potential
inspiration for future NAVs as the mission profiles of such systems in a hostile urban environment requires high
agility and maneuverability characteristics.
While numerous studies were carried out on flapping flight, most of the previous investigations focused on the
wake characteristics behind single flapping airfoils/wings, very little can be found in the literature to examine
the evolution and interactions of unsteady wake vortices behind a pair of flapping wings in tandem with
different flapping phase angles between the fore and hind wings (i.e., as those used in the flight of dragonflies).
Considering more practical configurations used in future NAV designs with root-fixed three-dimensional (3-D)
flapping wings, the effects of spanwise variations in flapping amplitude and the existence of additional wingtip
vortices for root- fixed flapping wings on the evolution of the wake vortex structures as well as the resultant
aerodynamic forces (i.e., lift and thrust) have also not been fully explored. With these in mind, we conducted an
experimental study to characterize the evolution and interactions of the unsteady wake vortices behind a pair of
root-fixed 3-D flapping wings arranged in tandem with the wing size, stroke amplitude and flapping frequency
within the range of flight characteristics of dragonflies. The objective of the present study is to elucidate the
underlying physics for a better understanding of the unsteady aerodynamics of flapping flight of dragonflies and
to explore/optimize design paradigms for the development of novel insect-sized, dragonfly-inspired NAVs.
Keywords: Unsteady aerodynamics of flapping flight; dragonfly aerodynamics; unsteady vortices behind tandem
flapping wings.

Paper ID: 10250

Contact fatigue of tooth enamel in terms of cyclic nanoindentation
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Abstract
Cyclic microindentations were performed on the occlusal surface and axial section of tooth enamel, using the
Berkovich indenter. Under the action of a cyclic indentation load, the indenter continuously penetrated into the
tooth enamel and reached a quasi-steady state at which the penetration depth per cycle was a constant. At the
quasi-steady state, both the amplitude of the indentation depth and the penetration depth per cycle for the cyclic
indentation of the axial section are larger than those for the indentation of the occlusal section under the same
loading condition. The energy dissipation per cycle consists of two contributions; one is the plastic energy
dissipated per cycle due to the propagation of the plastic zone underneath the indentation and the other is the
energy dissipation due to the viscous flow during the cyclic indentation. Both the penetration depth and the
plastic energy dissipated per cycle at the quasi-steady state are independent of the maximum applied load and
increase with increasing the amplitude of the cyclic indentation load.
Keywords: cyclic microindentation; tooth enamel; anisotropy
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Gel with Similar Mechanical Performance to Brain Tissues
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Abstract
The ever rising concerns on traumatic brain injuries caused by impact loading conditions such as car accidents,
blasts, sports or even daily falls have stimulated the intensive mechanical modeling of brain tissue for the
development of protective method. However, the brain tissue is difficult to obtain and the property of brain
tissue depends on multiple factors such as post mortem time and sample preparation, to find a proper substitute
for the brain tissue is highly desirable. In this paper, we attempt to use agarose and guar gum with multiple
concentration levels to fabricate the gels. The mechanical properties of artificial gels were tested based on the
quasi-static tensile, compression and relaxation tests. The behaviors are compared with that of the brain tissue of
dog under the corresponding load conditions. The results show the mixture of agarose with a concentration of
0.2% and guar gum with a concentration of 0.4%-0.6% exhibit better mechanical characteristics, which are
proposed as the appropriate surrogates for the brain tissue.
Keywords: artificial gels, brain, biomechanics
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Abstract
The contact force, the required friction coefficient were tested when people walking on motion platform with
different accelerations by gait friction tester, forces acting on the body in different gait phase were analyzed, and
the effect of the platform acceleration on mechanical principle of slipping was discussed. The results showed
that the peak value of the required coefficient of friction (RCOF1) in landing phase increased with increasing of
platform acceleration when people walking on the platform with negative acceleration motion, which was easy
to slip; RCOF2 in taking off phase decreased with larger acceleration, and the slipping tendency decreased. The
required coefficient of friction could be decreased by adjusting the gait parameters to reduce the possibility of
slipping.
Keywords: Mechanical principle of slipping, Friction coefficient, Acceleration
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Topic: Bionic structures
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Analysis of Photoluminescent and photodegradation reaction in the male
damselfly
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Abstract
In the nature world, we can get very material about photoluminescence (PL).Damselfly Ischnura senegalensis
(Rambur, 1842) was the first found a strong emission of PL from the particular part-body portions. For example,
the eight and night abdominal segment of the tail was stimulated under the ultraviolet lights. Its wavelengths of
color were enhanced and changed from the PL emissions. Therefore, this process of mature mating could get
easier to distinguish females from males. Because they transform their wavelength, its mechanism rises their
proportion in reproduction. In other hands, this ability also reduces intrasexual to promoting that damselflies can
breed its spawn safely.
The PL emissions about color modifications are considered as the cuticle composition of damselfly. Since the
PL emissions intensity will exponentially decayed. This phenomenon is observed under visible and ultraviolet
lights. However, it can recovered their PL emissions density as possible when the environments is in a dark
room.
Those maxed intensity change results of wavelength and particular body portions photodegradation indicate
color body of insects to be a well material in eco-fluorescent using in light-emitting diodes (LEDs) and
biomarker making in immunoglobulin (Ig) to check its distribution, even applying in biosensors.
Keywords: photo-luminescent, wavelength modification, damselfly.
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Abstract
A bionic excavator bucket tooth was designed with the claw toe of the badger as the prototype.Handyscan3D
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scanner was used to collect 3D point cloud which was derived from the centre toes of the badger's right front
claws. The 3D point cloud was introduced into the reverse engineering software Geomagic Studio13, and the
fitting surface was obtained by processing. Then the fitting surface was imported Solidworks13 to generate in
the entity, and the entity was enlarged 20 times. The coordinates of the points around the outline of profile curve
were extracted for curve fitting by Origin8.0 software .Bionics bucket tooth model is set up in the end. The
wedging processes of the bionic bucket tooth and the 80 type bucket tooth were simulated by finite element
analysis software. In applying the same load conditions, the safety factor of the bionic bucket tooth was higher
than the 80 type bucket tooth. With the increase of the load, the safety factor of them was close. The maximum
equivalent stress, the maximum equivalent strain and the maximum equivalent deformation of the bionic bucket
teeth were less than the 80 type bucket teeth. The possibility of the bionic bucket teeth being damaged was
small, relatively safe. In this paper, the design of bionic bucket tooth can provide a reference for designing
excavator bucket teeth with better mechanical properties.
Keywords: bionic, safety factor, equivalent stress, equivalent strain, equivalent deformation
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Investigation of Boundary Friction Based on the Toe pad of Tree Frog
Liwen Zhang,1 Huawei Chen,1* and Pengfei Zhang1
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Abstract
Strong friction are always anticipated for interface of soft materials in wet conditions, such as tires in rainy day
and surgical grasper. However, the wet friction especially upon soft material has not been clearly studied yet
since it was coupled with liquid and solid. As the typical biological prototype, the toe pad of tree frog, which
can produce great friction under wet condition, was used to study the wet friction theory of soft materials. To
apply its strong wet attachable ability on man-made structure, we further characterized the structure and friction
of its toe pad, and discovered that it works in boundary friction status. The friction will be higher if the liquid
film is thinner. Under the inspiration of its toe pad‘s structure, a bio-inspired hexagon pillar surface was
fabricated. Its boundary friction was about 40 times higher than its dry friction. The surface wettability has a
strong impact on its boundary friction. It also demonstrated a steady and durable boundary friction compare to
smooth surface. This study can help people further understand the wet friction mechanism of soft material. It
will also be useful for the designing of stronger wet attachable surface.
Keywords: tree frog, boundary friction, bio-inspired surface
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Research on Static and Dynamic Behavior of New Combination of
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In addition to the advantages of light weight, resistant corrosion and ease of processing, aluminum is also
applied to the long-span spatial structures. However, the elastic modulus of aluminum is lower than that of the
steel. This paper combines the high performance aluminum honeycomb panel with the aluminum latticed shell,
forming a new panel- and-rod composite shell structure. Through comparative analysis between the static and
dynamic performance, the conclusion that the structure of composite shell is noticeably superior to the structure
combined before.
Keywords: Combination of aluminum honeycomb panel and rod, latticed shell and dynamic performance
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Lateral Compressive Buckling Performance of Aluminum Honeycomb
Panels for Long-Span Hollow Core Roofs
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Abstract
To solve the problem of critical buckling in the structural analysis and design of the new long-span hollow core
roof architecture proposed in this paper (referred to as a ―honeycomb panel structural system‖ (HSSS)), lateral
compression tests and finite element analyses were employed in this study to examine the lateral compressive
buckling performance of a new type of honeycomb panel for long-span hollow core roofs with different lengthto- thickness ratios. The results led to two main conclusions: 1) Under the experimental conditions that were
used, honeycomb panels with the same planar dimensions but different thicknesses had the same compressive
stiffness immediately before buckling, while the lateral compressive buckling load-bearing capacity initially
increased rapidly with increasing honeycomb core thickness and then approached the same limiting value. 2)
The compressive stiffnesses of test pieces with the same thickness but different lengths were different, while the
maximum lateral compressive buckling loads were very similar. Overall instability failure is prone to occur in
long and flexible honeycomb panels. In addition, the errors between the lateral compressive buckling loads from
the experiment and the finite element simulations are within 6%, which demonstrates the effectiveness of the
nonlinear finite element analysis and provides a theoretical basis for future analysis and design for this new type
of spatial structure.
Keywords: long-span hollow core roof, bionic structure and honeycomb panel structural system
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Abstract
In order to increase the efficiency of micro-topography preparation, the technical approach of bionic geometrical
structure was adopted to optimize the shape of toothed wheel. Based on the observation that some soil
burrowing animals with strong burrowing ability have special tooth-like structures on their digging organs. The
characteristics of these structures were studied, and their essence and commonality were abstracted. Then, the
tooth-like structures were simplified and represented by bionic serrated structures and were used for the design
of tooth cutting edge.
Toothed wheel that mounted with one type of conventional tooth and three types of bionic tooth were
manufactured, assembled and traction tests in soil bin were conducted. Taking required draft force, depth and
volume of prepared micro-basin as the indexes, operating efficiency and quality of different toothed wheel were
evaluated. Results showed that compared with traditionally used toothed wheel, bionic toothed wheel can reduce
required draft force up to 6.52%, increase depth of prepared micro-basin up to 13.25%, and expand volume of
prepared micro-basin up to 37.59%. It was found that the soil penetrating mechanism of bionic toothed wheel
behaved as saw cutting that similar to the digging behavior of soil burrowing animals. Results indicate that
compared with toothed wheel with conventional tooth, toothed wheel with specific bionic serrated structure
possess a better forward resistance reduction property against soil, meanwhile, can enhance quality of micro
topography preparation by increasing the depth and volume of micro-basin.
Keywords: micro-topography preparation; bionic serrated structure; water harvesting
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Effects of Living Conditions on the Morphology And Structure of Cattle
Hoof by Medical Reconstruction Analysis
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Abstract
Yak, buffalo and cattle live in different environments, after a long evolution, the great changes of different kinds
of cow hooves morphology and structure have taken place in different environments. In this study, we used the
CT and MRI technology, and then used MIMICS that a medical imaging control software to reconstruct scan
data. After that, the point cloud data and the 3D model can be got. Finally, the Geomagic Studio was used to
translate the point cloud data into the polygon. After a series of data processing, we analysed morphology and
structure of three kinds of different cow hooves. According to the analysis, we found that three kinds of
cow hooves are different in morphology and structure, and these differences are closely related to their living
environment. This study can explore different kinds of cow hooves relationship in different environment. In
addition, in order to provide theoretical basis for high-performance bionic walking mechanism design that
is aimed at different working environment, we can use different kinds of cow hooves as the biological
prototype, and apply them to engineering bionics technology in the future.
Keywords: cow hoof, CT/MRI, walking analysis.
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Design of a bionic chamber for electronic nose
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Abstract
Chamber plays a important role in the detecting process of electronic nose.A new bionic chamber for electronic
nose was designed by studying flow field and geometry features in mammal nose such as human nose.We
optimized the bionic chamber based on orthogonal experiment,and found both detection sensitivity and accuracy
of the electronic nose with bionic chamber had a great improvement compared with those without bionic
chamber. The fluid dynamic analysis of bionic chamber was carried out by creating a 3D model of the chamber,
showed distributions of flow field in the chamber were similar to those in mammal nose. Thus, this made
detected gas not only mixing more uniform in the chamber but can contact for a longer time with sensors. The
bionic chamber can improve performance of electronic nose exactly.
Keywords: Chamber for electronic nose；Bionic Engineering；Computational fluid dynamics
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The hierarchical structure and bending characteristics of honeybee wings
Yun Ma, Hui-Lan Ren, Jian-Guo Ning* and Peng-Fei Zhang
State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing, 100081,
China
*Corresponding author: Jian-Guo Ning (jgning@bit.edu.cn)

Abstract
The present work aimed to reveal the hierarchical structure and demonstrate the bending characteristics of
worker honeybee (Apis mellifera) wings. Honeybee wings including the forewing and hindwing, which are
mainly composed of veins and membranes, are a kind of typical hierarchical biomaterials. We investigated the
cross- sections of membranes, veins and wing hairs through Scanning Electron Microscopy (SEM). Based on
our experiments, the membrane has the multilayered structure and the vein is a thick-walled cylinder.
Furthermore, the wing hair, possessing the thread surface, has the multilayered structure as well. At the
vein/membrane conjunctive position, the membranes and veins are connected seamlessly, and the veins are
packed smoothly and tightly by the membranes into a whole, performing the flapping flight of honeybees.
Under this circumstance, we also conducted the cantilever bending experiment of honeybee wings to explore
their bending characteristics using the MTS Tytron 250 micro force tester. Experimental results showed that the
ability of honeybee wings‘ anti-spanwise bending transformation is better than that of anti-chordwise bending
transformation, and ventral load bearing ability is better than dorsal one along the spanwise and chorwise
direction of the wing. We concluded that the wing venation and wing configuration are relevant to the wing
biomechanical behaviour, i.e. the bending asymmetry of honeybee wings.
Keywords: honeybee wings, hierarchical structure, bending
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Self-Assembly of 2D MnO2 Nanosheets into High-Purity Sponge-like
Aerogels with Ultralow Density
Kongliang Xu, Ping She, Hang Sun and Zhenning Liu*
Key Laboratory of Bionic Engineering (Ministry of Education), College of Biological and Agricultural
Engineering, Jilin University, Changchun, Jilin 130022, P. R. China.
*Corresponding author: Zhenning Liu (liu_zhenning@jlu.edu.cn)

Abstract
Sponges are the simplest multicellular animals in the world, which have bodies full of pores and channels
allowing water to circulate through them. Likewise, the three dimensional (3D) porous structures play critical
roles in many chemical reactions. Inspired by nature, assembling inorganic nanoparticles (NPs) into such
macroscopic sponge-like 3D architectures is an important bottom-up strategy in nano-research, bridging the gap
between individual NPs and the structures intended for practical applications. The resultant structure usually
exhibit hierarchical structures with controlled crystallinity and composition, which can afford the chemical and
physical features of NPs in addition to typical properties of macro porous materials, and often integrate various
properties in one material.
Herein, we developed a method to synthesize single-layer MnO2 nanosheets via a redox reaction between
KMnO4 and sodium dodecyl sulfate (SDS). Then we have successfully self-assembled the monodispersed
organic-free 2D MnO2 nanosheets into a high-purity inorganic sponge-like aerogel via ice-templating. To our
best knowledge, it is the first reported case of achieving pure inorganic aerogel from preformed NPs without
using any functionalization or stabilization agents. The resultant MnO2 aerogels are also with extremely low
density (as low as 0.51 mg cm-3), being the lightest metal oxide aerogel to date. The successful formation of the
aerogel can be attributed to the enhanced van der Waals force between the 2D building blocks that have been
more closely and more orderly arranged by squeezing ice crystals during freezing process, demonstrating a
novel approach to construct inorganic aerogels only relying on weak interactions. It has also been shown that the
obtained sponge-like MnO2 aerogel can function as an effective absorbent for toxic reducing gas, owing to its
strong oxidation ability and high porosity.
Keywords: Self-Assembly; Sponge-like Aerogels; Ultralow Density
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Wind tunnel tests on the collection efficiency of particulate matter by
porous vegetation barriers at low wind speed
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Abstract
Vegetative barriers as porous medium are considered to be effective to purify air, including collecting
particulates matter (PM). A study was conducted to investigate the effect of porous structure and micro-scale
surface characteristics of vegetation barriers on the mitigation of particulate matter in the wind tunnel. Since lots
of particulate matters may emit from concentrated animal feeding operations (CAFOs) and affect the health of
residents and air quality in rural communities, leading to public concern, the emission sources of PM from
CAFOs were considered in this study. Dust and soil were collected from the pen and ventilation area of a
laying-hen house in Jilin Province of China and grinded into two levels of powder with 5% and 10% of fine
particles, which were used as the PM source for the wind tunnel tests. The concentrations of PM (PM2.5, PM10,
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and total suspended particulates or TSP) at upwind and downwind of the barriers were measured in the wind
tunnel at three wind speed of 0.8m/s, 1.6m/s and 2.7m/s. The velocity of airflow through vegetation barriers
were simultaneously measured at five points besides the two PM concentration-monitoring points using hot-wire
anemometers. At present, experiments were performed under three levels of surface area density with 198
leaves, 132 leaves and 66 leaves in the volume of vegetative barriers of mature syzygium aromaticum. In
addition, to decide critical micro-scale structures that affected particle collection efficiency, leaves samples with
more accumulated dust were observed via scanning electron microscope (SEM). There will be another two
species of plants tested for the comparison in the coming time. This study will provide basic information for
future bionic research on porous structure and micro-scale surface characteristics of vegetation barriers.
Keywords: particulate matter vegetation barriers wind tunnel tests

CAFOs
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The bionic research on biologic sonar in the odontocetes
Zixuan Zhang, Qijun Liu, Biru Hu and Wenjian Wu*
Department of Chemistry and Biology, College of Science, National University of Defense Technology,
Changsha, 410073, China
*Corresponding author: Wenjian Wu (wjwu67@126.com)

Abstract
The biologic sonar discovered in the odontocetes，especially in dolphins which are better developed, play
important roles in their daily activities including predation, communication and recognition etc. For decades,
artificial sonar produced by simulating the function of the biological sonar has got well development and been
widely used in people‘s nautical activities. However, in some performance, biological sonar has distinct
advantages. Numerous studies indicate that the sonar of dolphin has unique features including high stabilization
and accuracy, broad frequency band and strong recognition capability etc. Nowadays, the study on vocal
mechanism of biologic sonar and manufacture of bionic equipment attract people‘s attention. Actually, the
function and characteristics of biological sonar in the odontocetes are analogical and we have dissected four
species of odontocetes (pygmy sperm whale, cowfish, Chinese white dolphin and beaked whale). We can clearly
identify the phonic lips and air sacs in their heads which play important roles in biologic sonar after dissecting
and analyzing structure of their heads. The four species were submitted to CT scans to gain sectional image data
and the three-dimensional models of skulls, breathing tubes and air sacs were reconstructed. We analyzed
structures of phonic tissues and finished mechanical performance testing which helped us screen out compatible
bionic materials. Combining the data above, a hypothesis of phonic mechanism which was derived from
dolphin‘s sound source was put forward and the simple model equipment was designed. During the test
experiment, we had a further understanding on the sonar of dolphin and accumulated wealth for later research.
Keywords: biological sonar; odontocete; bionic
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Design and gait simulation of the bionic legged walking structure
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Abstract
In complex terrain environment, the research of the bionic legged walking mechanism and its gait is of great
significance to the development of the walking structure. The trajectory of the end of crab foot and gait timing
diagram of the crab was obtained by means of analysis of walking posture of Chinese Mitten Crab (Eriocheir
sinensis). A gait type legged walking structure was developed using the bionic design. The model of the legged
walking structure was established by the 3D modeling software CATIA, and the kinematics analysis of the
individual walking legs and the whole body were conducted by software ADAMS. After analyzing the
simulation video, the foot trajectory and simulation gait sequence diagram of the bionic crab walking structure
on the road surface was obtained. The results shown that it was very similar of the end foot trajectories of bionic
walking structure to those of Chinese mitten crab, and similarity degree was up to 75% in the case of no account
of the fourth legs of the crab. The presented bionic walking structure can be used as a test platform for soil
engaging components to optimize the leg bar size or the foot end form. It will provide essential research
equipment for improving the walking structure trafficability on the different sticky, soft and rough terrain.
Keywords: Bionic walking structure; Kinematics analysis; Crab; Trafficability
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Innovative biomimetic materials and structures for smart and sustainable
bioinspired building construction
Thomas Speck*
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Abstract
In more than 3.8 billion years of biological evolution nature has found answers for many engineering problems
which are of increasing interest also for many aspects in bioinspired building construction. Biological solutions
are cost-efficient, multi-functional and environmentally friendly. However, the aspect of sustainability has to be
tested for each biomimetic product separately.
During the last decades biomimetics has attracted increasing attention as well from basic and applied research as
from various fields of industry, architecture and especially from building construction. Biomimetics has a high
innovation potential and offers the possibility for the development of sustainable technical products and
production chains. The huge number of organisms with the specific structures and functions they have
developed during evolution in adaptation to differing environments represents the basis for all biomimetic
R&D-projects. Novel sophisticated methods for quantitatively analysing and simulating the form-structurefunction-relationship on various hierarchical levels allowed new fascination insights in multi-scale mechanics
and other functions of biological materials and surfaces. On the other hand, new production methods enable for
the first time the transfer of many outstanding properties of the biological role models into innovative
biomimetic products for reasonable costs. Within the framework of the new Collaborative Research Centre
CRC-TRR 141 ―Biological Design and Integrative Structures - Analysis, Simulation and Implementation in
Architecture‖ an interdisciplinary team of biologists, physicists, mathematicians, engineers, material scientists
and architects aims to explore the potential of biomimetics for a new smart kind of bioinspired architecture.
After a short introduction into the topic, the interdisciplinary approach and the different process sequences for
the development of biomimetic materials for building construction are presented using examples from CRC
TRR 141 141 and other current R&D-projects of the Plant Biomechanics Group Freiburg. Main focus is laid on
bioinspired light-weight and damping materials and structures as well as on self-x-materials. Examples for
light-weight materials with excellent mechanical properties are branched and un-branched fiber-reinforced
composite materials and jackets for concrete pillars inspired by bamboo, horsetails and branched stems of
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dragon trees and columnar cacti. Examples for structural materials with a high energy dissipation capacity
include fiber-reinforced graded foams and ultra-thin-layer materials which are inspired by fruit peels (pomelo,
coconut) and seed coats (macadamia). Also of interest for the application in building construction are
bioinspired high-load bearing adhesive as well as anti-adhesive materials and surfaces. For the development of
biomimetic self-x-materials characteristic functions of life, as self-adaptation, self-organization, self-repair, selfcleaning etc., have to be transferred into man-made materials, a task which still represents a major challenge for
material-science. Examples include self-repairing structural materials as well as the bioinspired façade-shading
systems flectofin® and flectofold inspired by the bird of paradise flower and the waterwheel plant, respectively.
Keywords: bioinspired architecture, smart materials, fibre-reinforced materials, damping materials
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Design of Bionic Walking Foot and Mechanical Experiments on Soil
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Abstract
Chinese mitten crab has the ability of walking through sand, swamp, wetland, and so on. It provides inspiration
for the design of walking mechanism that works on soft terrain. Four bionic walking feet were designed by
learning from the structure of the Chinese mitten crab Dactylopodite, which included cone foot, cone with
grooves foot, pyramid foot, cylinder with grooves foot, and cylinder foot was the prototype for comparison.
Through soil-bin test, the mechanic characteristics of bionic walking feet on different water-content soil were
compared with cylinder foot. And the performance of resisting settlement sinking, the energy loss, the
propulsive performance were studied by measuring the bearing force, in-soil force, pull-out force and propulsive
force. The experiments showed that the mechanic characteristics of bionic walking feet were superior to cylinder
foot. Compared with cylinder foot, the in- soil forces of cone-shape bionic walking feet were about
55.36%~92.62% lower and the pull-out forces were decreased by 45.88%~88.62%. While the forces of cylinder
with grooves walking foot were down 7.60%~38.55% and 23.03%~44.82% separately. The bearing force of
cylinder with grooves walking foot was 9.92%~47.98% higher than cylinder foot. The propulsive force showed
a 5.04%~20.39% improvement as well. That indicated bionic walking feet worked with less energy loss, better
performance of resisting settlement sinking and propulsion. The study provided theories for the design and
optimization of soil-contact parts of walking mechanism for soft land.
Keywords: bionic walking foot Chinese mitten crab mechanic characteristic
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Abstract
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A type of press roller desorption structure which was designed based on the Motion Characteristic of earthworm
segments was introduced in this paper. The transformation of segment for at head, middle and tail parts of
earthworm were recorded by curve fitting analysis of the micro-image, and descripted by sine- type equation.
Bionic desorption structure were designed based on the three sine-type equation and prepared by rubber and
ultrahigh molecular weight polyethylene. Part of bionic desorption structure has been deformed with lower
curvature to fit rigid roller body by press force, and the rest of desorption structure has been bulged by tension
of rubber, thus the curvature of bionic desorption structure appeared cyclic variation which similar to the motion
characteristic of earthworm segment. Experiment results shows that the soil adhesion of bionic desorption
structure which were designed based on the segment at head, middle and tail parts of earthworm decreased
60.1%, 52.5%, 57.6% respectively. Kinematic analysis results shows that segment at head of earthworm
produced the most significant curvature change which formed higher shear stress to the adhesion soil on the
surface.
keywords: Bionic Press Roller, Earthworm Segment, Desorption Structure, Kinematic analysis
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Abstract
Passive control technology for noise reduction in fluid filled pipes is widely used. It can effectively attenuate the
noise at high frequencies but with less effect on the low-frequency part. By researching on the waves as well as
the vibration energy carried by each wave in the fluid filled pipes, the method of active piezo-electric control
technology is employed for noise reduction. Finite element method ANSYS is chosen to analyze the noise
reduction effect. The simulation results show that the equipment is extremely effective on controlling the lowfrequency noise.
Keywords: low frequency noise, active noise control, fluid-filled pipes, double layer piezoelectric element
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Research on aerodynamic noise reduction of cavity using bionicnonsmooth method
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Abstract
In order to explore the method for reducing aerodynamic noise caused by the cavity structure, the typical cavity
model M219 scale model was chosen as the basic model. The maximum noise of the basic model and the flow
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inside the cavity can be obtained through the numerical simulation. Inspired by the bionic design, selecting the
bionic non-smooth structure by the following two ways: one is selecting the known bionic non-smooth structure
from the reference literature which has the good effect on the aerodynamic flow field of the bionic non-smooth
structure, such as the bionic v-shaped non-smooth structure and the bionics hemispherical structure; The second
is using the method of engineering bionics to select the structure that can realize the improvement of the cavity
flow field, which is according to the analysis for the cavity inside flow and cavity aerodynamic noise principle,
such as triangle structure and arc structure. In order to get the optimized plan for the cavity aerodynamic noise
reduction, for the same bionic non-smooth structure, it mainly considers the position of the structure, especially
on the front of the cavity and the bottom of the cavity and the after of the cavity. In the study on the location of
the process, this paper considered the different between the single factor and multiple factors on aerodynamic
noise reduction effect. In addition, I put the bionic non-smooth structure size for the cavity aerodynamic noise
reduction effect into account. Furthermore, for different bionic non-smooth structure, this paper also considers
the impact on aerodynamic noise reduction effect between each other.
The research mainly using a hybrid LES- Fw - H and SST-Fw-H method to obtain the sound pressure level
curve of the optimization structures, and then pick out the structure which has the best effect. So, we not only
won the location and size of the bionic non-smooth structure on the influence of the noise reduction effect, but
also through the establishment of comprehensive optimization model, obtained the principle of different bionic
non-smooth structure comprehensive noise reduction. For these reasons, the research can provides guidance for
the automotive and high-speed trains on reducing aerodynamic noise.
Keywords: Aerodynamic noise, Bionics non-smooth structure, Cavity noise reduction

Paper ID: 11232

Bionic Design for Scoop of Mars Sampling Inspired by Himalaya Marmot
Claw
Meng Zou
Jilin University, China
*Corresponding author: zoumeng@jlu.edu.cn

Abstract
Cave animals in nature have excellent digging and inverting function, and its claw toes have similarities with
sampling shovel on structure, function and loading. The article selected the claw toes of Himalayan marmot as
biological prototype of optimization design of sampling shovel on Mars, and then it use 3-D Laser Scanner to
obtain its characteristic point cloud data of the second front claw toe, building three-dimensional model of claw
toes, fitting the internal and external contour lines of claw toes with cubic polynomial. At last, we got 18
characteristic curve equations of the internal and external contours of claw toes. Then we refer to the structure
and size of the sampling shovel detector Curiosity, and design the shape of bionic sampling shovel through the
claw toe internal and external contour fitting curves. After taking verified-test on the scale-taken test-bed, the
results shown that when the penetration angle was 45°and the sampling speed was 0.33r/min, the sampling
shovel resistance torque was reduced by 49.6% than prototype sampling shovel. When the penetration angle was
60°and sampling speed was 0.22r/min, the bionic sampling shovel resistance torque was reduced by 28.8% than
prototype sampling shovel.
Keywords: Sampling Shovel, Structure Bionic and Marmot Claw
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A Novel Embryonics Electronic Cell Array(EECA) Structure Based on
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Functional Decomposition and Circular Removal Self-Repair
Tao Wang*, Jinyan Cai, Yafeng Meng, Fanqing Meng
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China, 050003
*Corresponding author: Tao Wang (wangtao920110@126.com)

Abstract
Along with the continuous development of China's aviation detection and deep sea exploration technology, etc.,
electronic equipment will be faced with increasingly complicated and harsh natural environment, such as high
temperature, high pressure, and fierce electromagnetic radiation. Therefore, electronic equipment should be
more reliable and adaptable. If the electronic equipment doesn‘t work well, it may damage the electronic
equipment or even cause serious casualties and property losses. Traditional circuit fault-repair methods based on
redundant fault- tolerant technology are easy to be implemented. However, there are some limitations in the
above methods, e.g. excessively consumed hardware or dissatisfied environmental adjustment. For this reason, a
novel structure of EECA based on functional decomposition and circular removal self-repair is designed and a
typical functional circuit with self fault-repairing capacity can be implemented, so as to gain higher reliability
with less hardware resource consumption. A complex functional circuit is decomposed to small and easy circuit
modules to complete the functions of the complex functional circuits the fault detection on functional modules is
based on the circuit‘s function, and the communication and data transportation between different modules are
completed by bus bar. The general structure of the EECA and all sub modules of the array are designed and
simulated. A new circular self- repair strategy is put forward based on characteristics of the designed EECA.
Through the successful simulation of a typical digital circuit implemented with the designed EECA and selfrepair strategy, the feasibility of the proposed theory is verified. A comparison with the classical EECA
structures is completed from circuit‘s reliability, the circuit implementation, fault detection, and hardware
resource consumption during self-repair by simulation. The results show that the proposed EECA and self-repair
strategy not only ensure the higher reliability of the functional circuit, but also effectively reduce the hardware
resource consumption.
Keywords: Embryonic electronic cell array; Functional decomposition; Fault detection; Circular removal selfrepair; Reliability; Hardware resource consumption

Paper ID: 11255

How do vein-joints influence the deformation of dragonfly wings?
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Abstract
Insect wings are specialized biological composite structures enabling insects to perform a versatile flight. The
flight ability of insects is highly dependent on the deformation that wings experience during strokes. How do
insects control the deformation of their wings? Most insects use both active and passive mechanisms for this
purpose. However, considering that there are no muscles within the wings, the passive wing deformations are of
high importance. We investigate the effect of vein-joints, serving as one of the passive mechanisms, on the
deformability of dragonfly (Odonata) wings. Based on the morphological data obtained from scanning electron
microscopy (SEM) and fluorescent light microscopy (FLM), we develop a series of finite element (FE) models
of the most common vein-joints found in Odonata. The mechanical behaviour of the models, including the stress
distribution and deformation pattern, is investigated under various loading conditions. The results show the
effects of the shape, presence of resilin patches, and spikes on the deformation exhibited by vein-joints. We
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further show how the combination of various vein-joints in different wings may influence their mechanical
behaviour. This study provides better insights into the complex structure-function relationship of dragonfly
wings and generates some idea for the next generation of micro air vehicles (MAV).
Keywords: Insect, biomechanics, vein-joints.
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Abstract
Nature provides a wide range of structures with different functions, which may serve as a study source of
machinery for the researchers. Based on the bionics principle, the bionic structure had been applied in the
specimens to compare the thermal fatigue behavior of bionic surface structures of steel. The bionic structures
were machined on the samples with a circular hole and a regular triangular hole in order to investigate the effect
of different structures on the thermal fatigue behavior. The result showed that the crack resistance of the sample
with structure of the circular hole was superior to that of the regular triangular hole. The Rockwell hardness and
microstructure around the structure and the plate have been measured before and after the thermal fatigue test.
The results showed that the hardness decreased sharply during the thermal fatigue test and that the shape of the
curves barely changed around the two structures and the plate. The observation of microstructures indicated that
the crack nucleation initiated in the grain boundary and the two structures were transgranular. The thermal
fatigue behavior of steel processed by bionic circular hole structure process got a remarkable improvement
compared to the regular triangular hole structure and plate.
Keywords: Thermal fatigue, Crack nucleation, Transgranular
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Topic: Biomimetic materials
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The microstructure and mechanical properties of the straight tendrils from
Virginia creeper
Shao-Yong Chen, Hui-Ming Huang, Hong-Ping Zhao*
Department of Engineering Mechanics, Tsinghua University, Beijing, 100084, People’s Republic of China
*Corresponding author: Hong-Ping Zhao (zhaohp@mail.tsinghua.edu.cn)

Abstract
In nature, plants have evolved various magnificent strategies to support themselves in order to bear different
kinds of external and internal loads from its living environment, e.g., rains, wind, snows, storms and even
the crushes from animals. Belonging to the Family Vitaceae, Virginia creeper (Parthenocissus quinquefolia [L.]
Planch.) is a well-known climbing plant and possesses effective tendrils with the adhesive discs at their tips as
described in Figure 1. The tendrils inevitably play a significant role in its attachment systems. However,
few studies on the mechanical properties of the tendrils have been found. In this paper, tension tests of the
straight tendrils were firstly performed using a universal test machine and the ultimate strength, elongation,
Young's modulus and strain energy density of the straight tendrils were obtained, as tabulated in Table 1. The
experimental results show that the tendrils exhibit an excellent ability to deform with elongation about 50%, as
given in Figure 2. Furthermore, the mechanical properties of the tendrils are highly dependent on moisture, also
shown in Table 1.In addition, the variations of mechanical properties, moisture and the mass ratio between the
core (the tendrils peeled off its cortex) and the tendrils in different location on the vines were measured both
in summer and winter respectively, as shown in Figure 3 and Table 2. From Figure 4, we can conclude that, on
one hand, the mechanical properties of the straight tendrils are closely related to its growth time and the level
of lignification; on the other hand, the variations of moisture of the straight tendrils from top to end
along the woody stems can result in corresponding variations of the mechanical properties. In conclusion,
not only does the mechanical properties of straight tendrils rely heavily on moisture, but also the factor of
growth is of importance to its mechanical behaviors to be considered. Finally, microstructure observations of
the tendrils were carried out by using SEM, and numerous G fibers, a typical spiral and helix structure, have
been found in the elementary tube-like fibers, which may make great contributions to the elongation and
toughness of the tendrils.
Keywords: Virginia creeper tendrils; Mechanical properties; Biological function
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Dynamic performance of spider web, Araneidae
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Abstract
When we talk about spiders, we will always mention their orb-webs. As a matter of fact, orb-webs are
indispensable parts of spiders with the complex biological and mechanical environment, such as wind load,
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insects impact and predator threats. In recent years, considerable researches have been conducted to
understand the mechanical mechanisms of orb-webs and material properties of spider silks in the webs to indicate
that spider orb-webs have many excellent mechanical properties due to their exquisite structures and
unexceptionable material property of spider silks. Among them, the authors have first found the mechanical
property distribution of spider web silk and studied the influences on the static mechanical properties of web.
In fact, the spider web is always in vibration. In this paper, we will discuss the dynamic mechanics performance
of orb-webs based on the experimental data of spider web silk. First, mechanical properties among all the orbwebs including radial silks and spiral capture silks were experimentally measured with dynamic pattern by
Agilent T150 UTM tester. The effect of frequencies of orb-web silks were also experimentally studied, and
dynamic mechanical parameters such as storage modulus and loss modulus were obtained. Moreover, a 2-D
model was developed based the experimental results and numerically solved by FEM, and the relationship
between the mechanical behaviors and its mechanical property distribution of silks was discussed.
Research results have shown that spiders design their webs in an economical manner while ensuring
excellent dynamics performance. This research will be helpful to understand the mesh structures and provide
novel ideas to manufacture excellent mesh structures.
Keywords: Spider web, Dynamic mechanical properties, Biomimetic, Mesh structures
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Influence of Sr(NO3)2 and Cr(NO3)3 doped to β-TCP biomimetic bone
material
Ma Yunhai1,2,3*, Fan Xueying1,2, Shang Wenbo1,2, Pei Gaoyuan1,2, Zhang Xin1,2, and Tong jin1,2
1

The College of Biological and Agricultural Engineering, Jilin University, Changchun, 130022, China

2

The Key Laboratory of Bionic Engineering (Ministry of Education), Nanling Campus, 5988 Renmin Street,
changchun, China 130022,

3

The State Key Laboratory of Soil-Plant-Machinery System Technology, Chinese Academy of Agricultural
Mechanization Sciences, 100083, Beijing, China
*Corresponding author: myh@jlu.edu.cn

Abstract
This work doped Sr(NO3)2 and Cr(NO3)3 to β-tricalcium phosphate (β-TCP) particles by sol-gel combustion
method.Ca2+ ions of β-TCP were substituted by Cr3+ ions and Sr2+ ions.The purpose of this study is to obtain high
density porous structure material for the development of medical biomimetic bone material by research the crystal
structure variation,biocompatibility and degradation properties in vivo of Sr,Cr - substituted β-TCP . We prepared
dense β-TCP compacts of four different compositions,i)pure β-TCP,ii)β-TCP with 1.0wt.% Sr(NO3)2,iii)β-TCP
with 0.2wt.% Cr(NO3)3,and iv)β-TCP with 1.0 wt.% Sr(NO3)2 + 0.2 wt.% Cr(NO3)3 ,by molded pressing and
multi - steps sintering at 1000 °C.Because of Cr3+ ions and Sr2+ ions doped in β -TCP at 1000°C muti-steps
sintering temperature, β - phase became more stable.The microstructure, mechanical and biological properties
were texted by X-ray diffraction(XRD), scanning electron microscope (SEM), attenuated total reflectance
spectroscopy (ATR - IR),sepctrex laser particle counter,universal testing machine and mineralization experiment
in vivo.The mineralization experiment was carried out on samples for 28 days in simulated body fluid (SBF) .It
shows great apatite growth on both undoped and doped samples. Both ion species and dose of dopant influenced
β - TCP samples degradation strength in SBF. The undoped β-TCP sample shows the maximum strength loss
during 28 days research as compared to Sr(NO3)2 and Cr(NO3)3 doped sample shows less strength loss. In the
event that Sr(NO3)2 and Cr(NO3)3 doped to β-TCP, strength loss become progressive and gentle. β-TCP
biomimetic material doped with 1.0wt.% Sr(NO3)2 and 0.2wt.% Cr(NO3)3 shows excellent ordered mesoporous
structure and mechanical strength. Microstructure analysis reveals that Sr(NO 3)2 and Cr(NO3)3 doped to β - TCP
promoted the rectangular particles formation as compared to undoped β-TCP.
Keywords: β-tricalcium phosphate,Sr(NO3)2 and Cr(NO3)3,doping
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Abstract
The synovial fluid in animal articular cavity are shear thickening fluids, has a effect on buffer energy
absorption. Using functional bionic principle, animal synovial fluid in the synovial joint cavity were taken
as biomimetic prototypes, corn starch dispersion system with quasi joint fluid properties were prepared. A
vacuum oven was used to impose gentle stir and vacuumize. A ultrasonic cleaner was adopted to remove air
bubbles. Rheological properties of corn starch were studied with rheometer. The steady rheological property,
dynamic rheological property and thixotropy of corn starch dispersions in pre-gelatinized starch solution were
tested. The influence of concentration, temperature and angular frequency on the rheological properties was
investigated. And the mechanism of shear rheology in the dispersions was explored by comparison analysis
method. The results indicate that the corn starch dispersion experiences two phases which are called shear
thinning and shear thickening. The viscosity achieves minimum when the shear rates or stresses reach the
critical value. It also shows that the higher the concentration, the greater the viscosity is. The viscosity reduces
with the increase of the temperature. With the increase of the angular frequency, the viscosity decreases. The
aim of the study is to provide a theoretical basis and technical support for bionic engineering.
Keywords: bionic, rheological, shear thickening
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Abstract
Ionic polymer metal composite (IPMC), a new kind of smart material, with remarkably large strain and stress
under low-voltage stimulation, has been extensively studied in recent years. In this paper, a new kind of
IPMC actuator was fabricated by sandwiching a Nafion film between two sulfonated carbon nanotube/Nafion
electrode films by hot-pressing method, and then plated gold electrode on the surface to overcome some major
drawbacks of conventional IPMC actuators. Firstly, sulfonated carbon nanotube was synthesized by coupled
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reaction of multi- walled carbon nanotubes and azo compounds and then doped into Nafion matrix to
prepare electrode films with different mass fraction by casting method. Subsequently, several key parameters
of the IPMC actuators, the water uptake ratio, the ion exchange capacity and the elastic modulus, were
revealed and the morphology of the electrode and the cross-section were observed by scanning electron
microscopy. Finally, the effects of the sulfonated carbon nanotube and the morphology of the composite
electrode on the electromechanical properties of IPMC actuators were evaluated experimentally and analyzed
systematically. The results of this study demonstrated that the novel method to prepare IPMC actuators with
carbon/metal composite electrode was effective and convenient.
Keywords: electro-active polymer actuator, carbon/metal composite electrode, hot-pressing method
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Abstract
Poplar has become one of the major fast-growing trees in China. But it is difficult to use because of its small
diameter and poor mechanical properties. Natural wood has fine porous structure and other characteristics. At the
same time it has a low density, high elasticity, excellent mechanical properties and other characteristics. Especially
for its anisotropy, the mechanical performance along the longitudinal direction is the best. Inspired by this
phenomenon, based on bionics, this paper studied and analyzed the feasibility of using poplar LVL for
manufacturing solid wood doors. Using modified phenolic resin, veneers were impregnated by vacuum and high
pressure and dried at low temperature.
Then the veneer mats was hot-pressed under a special high temperature pressure machine. By means of these
methods, the compression ratio of poplar LVL went up to 15%-40%. And its mechanical properties including
hardness, dimensional stability and bending strength were all better than common LVL, which showed a good
bionic effect. Taking it as a new wooden door frame material, we improved the structure design of new type of
wooden door. Instead of the usual impregnated paper veneer as the surface of the door, engineered veneer make
the door surface looks like natural wood with fine figures. Based on bionic-character of poplar LVL and bioniccharacter of engineered wood veneer, we managed to use inferior material to replace high-grade hard solid wood
in making wooden doors. It had a great significance for new technology for poplar.
Keywords: Poplar LVL; Engineered Wood Veneer; Bionics; Solid Wood Doors
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Effect of Bamboo Cellulose Nanowhisker Loadings on the Property of
Poly(lactic acid) Biocompoistes
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Abstract
To improve the mechanical and thermal properties of poly(lactic acid) (PLA) composites, a full
biodegradable natural nanofiller named bamboo cellulose nanowhisker (BCNW) was introduced into PLA
matrix. PLA/BCNW biofilms were fabricated by solution casting with varying BCNW loadings (0, 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5, 4.0 wt%). Characteristics of the biofilm was investigated by optical observation,
scanning electron microscopy (SEM), mechanical measurements, synchrotron radiation WAXS, and
differential scanning calorimetric (DSC) analysis. Results showed that the transparency of film decreased
with the increasing of BCNW loading. Uniform dispersion of BCNW in the PLA matrix and good interaction
via physical interfacial interlocks were achieved as shown in SEM images. The maximum Tensile modulus
and elongation at break of 427.7 2MPa and 22.27% were reached at 2.5% and 1.0% loadings, respectively.
Heterogeneous nucleation effects was confirmed by WAXS. Both homogeneity and stereocomplexed
crystallites were noticed in the composites. After the addition of BCNW, the size of crystallites remarkably
increased. DSC illustrated that PLA/BCNW composites had a better compatibility and larger PLA
crystallinity when 2.5% BCNW was loaded. The results provided basic data support for enlarging the
application of PLA.
Keywords: Poly(lactic acid); bamboo; nanowhisker; biofilm
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Abstract
This paper reviews the research progress made in China regarding the microstructures of the beetle forewings,
their modeling, and its mechanical properties. We focus on 1) the forewing microstructures can be classified
into six phases, the first three of which are characterized by sandwich, multilayer and fiber layer structures,
respectively. 2) The forewing colors are derived from three features: regulation of the structural parameters
of the internal optical structures, scattering on the three-dimensional surface of the bowl-shaped structure and
reversible color changes due to changes in the physical microstructure of fluffs. Their formation
mechanisms were clarified, and fibers with ecological biomimetic structural colors have been developed.
3) Beetles exhibit a lightweight sectional frame structure with a trabecular core structure. Both of the
joints on the left and right are concave-convex butt-joint structures with burrs, which provide an efficient
docking mechanism with high intensity. 4) The forewing of dichotoma exhibits a non-equiangular
layered structure, which results in anisotropy in its tensile strength; the structure of the trabeculae and a
proposed 3D model with an integrated trabeculae-honeycomb structure; 5) finite element analyses and
experimental results showing that the average anti-peeling strength in the presence of trabeculae can be
as much as approximately three-fold greater than that in the absence of trabeculae; 6) the strengthening
mechanisms of these structures and describe an optimized double thin-walled biomimetic structure that
possesses excellent absorption and buffering properties;7) the development of technologies to produce fully
integrated honeycomb plates with short fibers as a reinforced composite material and the verification that
these plates are strong and lightweight and exhibit good integrity. Finally, the authors note the shortcomings
in China in this field of research and propose potential new research directions for the next 20 years.
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Keywords: Beetle forewing trabeculae; structural color; biomimetic material.
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Origami Method
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Abstract
The beetles (Coleoptera) are known for the ability to effectively fold their hind wings beneath the stiff
protective elytra and unfold them immediately. These foldable hind wings have several significant
properties that can be explained by analogizing its structural designs to origami models. This study
reveals the relationship between folding-unfolding behavior and the mountain-valley fold creases
distributing on the wings. First, we examine the following origami properties: flat foldability, folding
directions and vertex concavity of single vertex crease pattern. We can then compare these structures with
some commonly used origami model, producing standard samples, and applying stretching test to determine
their fold-unfold trait. The orientation of micro-pleats distributed on the wing which can be described by the
order parameter which is related to mechanical properties of different parts of the wings. These features can
be used to improve the design of bio-inspired materials and thin films which possess space efficiency and
fatigue resistance.
Keywords: origami, beetle wings, bioinspired materials
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Abstract
The collection of fog water is a simple and sustainable technology to obtain fresh water as a drinking water
source for human and animal consumption. We report a novel kind of fog-collecting device fabricated from
metal foam as a three-dimensional extension of biologically inspired 1-D and 2-D materials. Such network
structure proved to be effective in increasing the contact area and the interaction time of the skeleton and fog
compared to traditional 2-D fog-collecting material. The inertial centrifugal force generated by a rotating
metal foam and the different surface wettability were mainly included in the research aspects of the fogcollecting performance. This research not only focuses on the application of metal foam in the fog collection,
but also provides a design method of such material used in the liquid-gas separation.
Keywords: fog collection, foam metal, wettability

55

5TH INTERNATIONAL CONFERENCE OF BIONIC ENGINEERING, 21-24 June 2016, Ningbo, China

Paper ID: 12113

Studying of copper alloy 3D-printing Based on FDM
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Abstract
As an important branch of 3D-printing technique, the rapid prototyping technology of the metal parts is new
additive manufacturing technique developed in recent ten years, which has made remarkable progress.
However, for solving the problem of costly material and equipment in existing direct rapid metal prototyping
technologies, we devote to developing new technology, which is based on Fused Deposition Modeling (FDM)
and Powder Injection Molding (PIM).
Fused deposition modeling (FDM), one implementation of AM, is widely used for manufacture in numerous
fields. It is very flexible and relatively inexpensive ,thus it gradually become a leading and dominant pattern
in AM field. Powder injection molding (PIM) is a near net shape manufacturing technique for the mass
production of small, complex and precision parts, its manufacturing method combines the traditional shapemaking capability of plastic injection molding and the material flexibility of powder metallurgy.
The new technology consists of the following four steps:

(1) Mixing the copper alloy/ceramic powder and organic binder. In the mixing step, the copper alloy
powder is mixed with a typical binder volume percentage of 35–50 vol %, to form a homogeneous feedstock.
(2) Fused deposition modeling (FDM). The binder imparts flowability to the mixture under FDM
conditions and strength under ambient conditions.
(3) Debinding to remove the binder in the component. The binder is removed in the debinding step. Binder
removal is one of the most critical steps in the FDM process because inadequate debinding can lead to
such defects as bloating, blistering, surface cracking and large internal voids. Various debinding methods
have been used, such as solvent-extraction and thermal decomposition.
(4) Sintering to consolidate the debound component. The debound part is sintered to yield the required
mechanical properties.
The experiments about various properties include homogeneity, Rheological properties, and mechanical
property. The homogeneity of the feedstock was examined by the binder burnout test and the density
measurement and microstructure observation of the feedstock. The homogeneity was also measured by
observation of the distribution of the powder and binder in the feedstock, which can be observed by SEM.
In mechanical property testing, the strength of the part was measured using a three-point bending test apparatus,
as recommended in ISO 3995.
The results of the study include mixing the metal/ceramic powder and organic binder, using FDM process to
print entities, debinding to remove the binder in the component, and sintering to consolidate the debound
component. The validity of measures was investigated through the comparison with various feedstocks and the
adjustment of process parameters. The ultimate purpose is that the new technique can be used to print the
complex structure with copper alloy materials and be applied in engineering.
Keywords: Fused deposition modeling , Powder injection molding , 3D-printing copper alloy
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Abstract
Fused Deposition Modeling (FDM) process is the most widely used 3D printing technology, its printing
material is geared about thermoplastic polymer. At present, there are few available materials in application,
and it is restricted that only a single material can be used in one time. However, there are many occasions in
engineering application and scientific research, where need to print multi-material. For instance, the handle
part of the wrench need soft materials, aimed to improve the performance of the holding, but the clamping
part need hard materials, in order to increase the clamping force.
Objective:
The purpose of this paper is to study the bionic customized multi-material 3D printing based on FDM
process, including the preparation of customized material and multi-material 3D printing. The main details
of the latter include the construction of multi-material three dimensional CAD modeling, the methods of
slicing, the study of multi-material 3D printing process and the construction of 3D printing platform.
Design/methodology/approach:
Considering plenty of substances in nature are composed of the similar composition, which the proportion
of different components is different, adopting Acrylonitrile Butadiene Styrene (ABS), polycarbonate (PC)
and thermoplastic polyurethane (TPU) as basic materials, taking ceramic powder, metal powder, carbon
fiber as the reinforced materials, and using the parallel twin screw extrusion equipment as the equipment of
materials developing, the preparation of customized materials was realized, through material blending and
filling modification.
In the process of studying multi-material 3D printing, though exploring 3D modeling methods and
establishing multi-material 3D model, then using multi-material slicing methods, which converts the
material and geometric information of 3D model into 2D information,and expressing it in G-code, which
drives the 3D forming device, multi-material entity is printed.
Results/Conclusion:
By adjusting the process parameters of parallel double screw extruder and the ratio of material portion,
different polymer modified materials was obtained, which have different tensile strength, modulus of
elasticity and optical properties, to meet the needs of customized 3D printing materials.
By using 3D modeling methods and multi-material slicing methods, the conversion between material
information and geometric information was realized. 3D printing device, which have more than one
extrusion head, was constructed, achieving multi-material 3D printing with customized materials.
Keywords: Fused Deposition Modeling，customized polymer composites，multi-material 3D printing
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An electro-active dry adhesive to imitate locomotion of gecko’s toes using
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Abstract
In this paper, an advanced electro-active dry adhesive, constructed of mushroom-shaped fibrillar dry adhesive
array actuated by the carbon nanocages (CNCs) reinforced ionic polymer metal composite (IPMC) artificial
muscle, was developed, in order to imitate the actuation style of the gecko‘s toe, and the electro-mechanical
properties of CNCs reinforced IPMC and electro-active adhesion performance were investigated on the homebuilt test apparatus. The surface morphology of the CNCs, CNC/Nafion membrane, IPMC and electro-active
adhesive were observed using scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). TEM observation shows that the average size and wall thickness of the nanocages are in the range of
~ 10-20 nm and ~ 5-8 carbon layers. SEM observation shows that carbon nanocages are uniformly dispersed in
the 0.1 wt% CNC/Nafion membrane, and there is no clear interface observed between the dry adhesive and
IPMC, indicating they are seamlessly connected. Tension test, X-ray diffraction and actuation measurement
revealed that addition of CNCs significantly improved the electro-mechanical performance of the IPMC.
Compared with recast Nafion, CNC/Nafion shows a significant increase in mechanical stiffness and strength.
The recast Nafion membrane failed at a maximum force of 22 N (15.7 MPa) while 0.1 and 0.2 wt %
CNC/Nafion failed at the maximum force of 30.7 (24.5 MPa), 36.3 N (27.9 MPa), respectively, increased 1.6,
1.8 times respectively. The force-displacement curves also show a considerable increase in strain with the
addition of carbon nanocages, which is attributed to the improved interfacial bonding strength and altered
micro-phase morphology of Nafion. Wide angle X-ray analysis shows that recast Nafion exhibits broad
diffraction maxima at 2θ values of around 17.48 °, and d-spacing of 0.55 nm. In case of CNC/Nafion, there
was a decrease in intensity of the broad diffraction peaks, indicating a decrease of the ratio between the
area of the crystalline peak and amorphous scattering. Both the displacement and blocking force of 0.1
wt% CNC/Nafion actuator are 1.6 to 2 times higher than recast Nafion actuator, which is attributed to the
increased water uptake and tensile strength of CNCs reinforced Nafion. The dry adhesive array is
structured in a hexagonal order, which consisted of mushroom-shaped pillars of about 80 μm in height, 60
μm in base diameter, 35 μm in middle diameter and 30 μm in diameter at the narrowed region just below the
terminal contact plates. These plates were of about 30 μm in diameter and 4 μm in thickness at the lip edges.
The as-fabricated CNC/Nafion-IPMC was employed to effectively actuate mushroom-shaped dry adhesive.
Results show that under the circumstance of no bionic leg trail, the loadings are 9.26, 18.4, 52.1 mN and the
normal adhesion forces are 7.85, 12.1, 51.7 mN at sinusoidal voltages of 1.5, 2.5, 3.5 V at 0.1 Hz, respectively,
while under the circumstance of bionic leg trail, the normal and shear force are around 708.8 and 1051.9 mN,
respectively, which can satisfy the required adhesion. The electro-active adhesion lays a solid foundation for
active, distributed actuation in a gecko robot.
Keywords: electro-active, IPMC, dry adhesive
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Abstract
There are a number of major challenges for underwater adhesive repair methods to successfully bond, primarily
due to the fact that the adhesive efficiency is limited by strength, water resistance, corrosion resistance
and other properties. In marine environments, barnacles have long been a scourge due to their ability to
successfully and permanently attach themselves to the underside of boats etc.This unique underwater
adhesion characteristic is possible by way of a biological cement protein secreted by the barnacles. The
paper focused on strong underwater adhesive that mimics the barnacle based biological adhesive curing
mechanism. Previous studies have obtained the key barnacle interfacial adhesion protein rBalcp-19k. However,
we intend to acquire alternative cement proteins and to reveal the adhesion curing formula. Specifically, we will
discuss the design and preparation of the corresponding strong underwater glue and carry out research into the
effectiveness of its underwater adhesive properties.
Keywords: barnacle cement; adhesive curing; underwater adhesive

Paper ID: 12142

HS-induced response of plant HSPs and its bionic application
Junyi Song1, Qijun Liu1, Biru Hu1, Wenjian Wu1,2*
1
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Abstract
To survive in ever-changing environments, plants have to correspondingly alter their development in response
to environmental cues or stresses. High temperature stress ( or heat-stress, HS) is one of the major
environmental impacts limiting plant growth. The accumulation of heat shock proteins (HSPs) is an essential
strategy that plants adopted to avoid or alleviate HS damages. Our previous studies shown that the mRNA
levels of various HSPs were markedly increased by hundreds folds under HS conditions.
For plants, it is a way to cope with the environmental stress. For the point of bionic, it is information
or signals we could use to monitor ambient temperature changes. We are attempting to employ
immunoprecipitation approaches and fluorescent quantitative techniques to detect both expression and
transcription levels of HSPs in tissue extraction of Arabidopsis. Under different temperature conditions,
the index of HSPs varies and outputs data following environment information. In this way, the container
which holds plants tissue extraction is a temperature sensor which occupy the capability to monitor and
report ambient changes.
Keywords: HSP, Arabidopsis, thermal-sensor.

Paper ID: 12164

Preparation and Characterization Of Biomimetic Porous Chitosan
Microspheres Using In-Situ Precipitation And Freeze Drying Technology
Lili Ren,1* Jiang Zhou,1 Xingguang Su2
1
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Engineering, Jilin University, Changchun 130022, China
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*Corresponding author: Lili Ren (liliren@jlu.edu.cn)

Abstract
Biomimetic porous chitosan microspheres (BPCM) with large specific surface area were successfully
prepared via in-situ precipitation and freeze drying technology. The effects of concentration of chitosan
solution, concentration of alkaline aqueous solution for precipitating chitosan, time of alkaline aqueous
solution treatment and freeze drying temperature on the physical properties of BPCM were investigated. Fourier
transform infrared spectroscopy, thermal gravimetric analysis and scanning electron microscopy were used
to characterize the preparation of BPCM. Results showed that BPCM possessed high surface area, good
mechanical stability, good hydrophilicity, and good adsorption of heavy metal ions such as Cu(II). The
biomimetic porous microspheres have good potentials in the applications of removing heavy metal ions from
waste water.
Keywords: Chitosan; porous microspheres; biomimetic structure; adsorption

Invited session keynote paper
Paper ID: 12187

Sustainable Biomimetic Nanotechnology: Inspiration from Nature for
Disruptive Micro - and Nanosystems
I.C. Gebeshuber1,2*
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Aramis Technologies Sdn. Bhd., Bandar Kinrara, 47180 Puchong, Selangor, Malaysia
*Corresponding author: Ille C. Gebeshuber (gebeshuber@iap.tuwien.ac.at)

Abstract
Microsystems and nanotechnologies are booming technological fields with important implications on
human life and the biosphere, on all scales. The micro- and nanoscale is an important realm for the
language of life. Living nature excels in sustainable ways to accumulate materials, manufacture
functional structures via ambient processes and use and dispose of their products in ways that make
them available as resources such as scaffolds, food or fertilizer for further organisms. The presentation
will address Nature‘s nanotechnology, including mining with plants, nanoparticle production in
organisms, biomineralization of microstructures comprising more than 70 different minerals, all
produced at ambient conditions, and counterintuitive ways of plants resulting in functions that are
of high importance in technical devices. Based on selected examples of already successfully
transferred interdisciplinary knowledge from our greatest teacher to engineering the talk will reveal
the underlying principles and provide food for thought for the development of a comprehensive
nanotechnology for the well-being of all.
Keywords: nanotechnology, microsystems, disruptive

Paper ID: 12194

The elastic property of the micro soft-core spring made with spirulina
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coated with silver by electroless deposition technique
Jun Cai1*, Yang Cheng1, Xinghao Li1, Yingying Shi1, Deyuan Zhang1
1
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*Corresponding author: Jun Cai (jun_cai@buaa.edu.cn)

Abstract
The spirulina was coated with silver by electroless deposition technique so as to fabricate micro soft-core
spring having light-weight and good conductive property. In order to further reveal the elastic property of
such micro spring particles, they were mixed into Polydimethylsiloxane (PDMS) uniformly, then the mixture
was spin-coated on the silicon wafer, during which the micro spring particles tends to align along the
peripheral direction. After the film was solidified, a strip was clipped and the tensile test was carried out with
the strip. The stretching phenomenon of the micro soft-core spring along with the strip was monitored in real
time by an optical microscope equipped with digital camera, until the spring particle showing breakage. The
results showed that the silver-coated spirulina had good surface quality and oriented well in the PDMS film.
The average deformation rate of the coated spirulina was about 25%, 6 times higher than that of raw spirulina,
which was about 4%. After heat treatment, the elastic property of the soft-core spring was even higher. It
indicated that the silver-coated spirulina could be aligned and used to fabricate flexible shielding patch.
Keywords: bio-template, electroless deposition of silver, elastic property
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Novel bioresorbable textile composite for biomedical applications
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Abstract
Conventional rigid medical implant devices can lead to poor clinical outcomes due to their stress shielding
effects. Bioresorbable phosphate-based glasses (PBGs) have huge potential for use as biomedical implants. In
previous studies, unidirectional phosphate glass fibres (PGFs) have been used to reinforce biopolymers such
as polylactic acid (PLA) using compression moulding. However, textile composites can provide more
advantageous benefits compared with unidirectional composites when experiencing biaxial loads and for
handling properties. In this study, PGF textiles were produced using PGF/PLA commingled yarns, and
then textile composites were manufactured using compression moulding. The aim of this study was to
obtain the optimum conditions for PGF/PLA composite production using textiles. The composites were
characterized for their flexural properties via three point bending tests, void content analysis and by
considering impregnation behavior. The effects of different processing conditions on the final composite
properties were investigated. At low temperature and with a short heating time the polymer matrix was not
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fully melted, which lead to higher void content and lower mechanical properties. However, a higher heating
temperature and longer heating time lead to more properties reduction due to thermal degradation of the
matrix. GPC was used to characterize the molecular weight of PLA matrix and it was determined that higher
heating temperature and longer processing times led to a more significant molecular weight loss of the matrix,
which decreased the composite properties. Therefore, the optimum processing procedures for PGF/PLA
composite production using compression moulding were fixed to preheating at 170 °C for 10 minutes
followed by pressing at 4 MPa for 10 minutes and then quenching to room temperature.
Keywords: phosphate-based glasses, textile composites processing conditions, commingled yarns

Paper ID: 12200

Preparation of Al2O3/ PEEN Toughening Composites with Nacre-inspired
Hierarchical by 3D Printing
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Abstract
Shells as one of natural biological composites, have realized perfect unification of their structure and
mechanical properties. Nacre has an elegant staggered ‗brick-and-mortar‘ microstructure consisting of mineral
platelets glued by organic macromolecules, which endows the material with superior mechanical properties
to achieve its biological functions. Nacre can sustain significant inelastic deformation and exhibits amazing
toughness, comparing with the man-made composition. Therefore, the preparation of nacre-inspires structure
composites has become one of the most important methods to improve the toughness‘s of ceramic. Now,
main preparation methods of nacre-inspires composites include in conventional method for bulk ceramic
materials, layer-by-layer deposition, electrophoretic deposition, freezing casting. Design method of layered
materials prepared by conventional method for bulk ceramic materials in just stay on the micron scale (greater
than 100 μm), the scale is much more than the nanometre thickness of aragonite layers (about 0.5 μm).The
layer-by-layer deposition can be fine control the geometry size of the layer, but the process is complicated, and
is necessary to constantly repeat preparation of the layer. The factors considered in the process of
electrophoretic deposition are quite complex, which is still in the research stage, and can not be used in the
practical application. The cost of freezing casting is quite high, the quality of the materials prepared is not
stable, and the process of the method is often accompanied by abnormal conditions. The advantages of 3D
printing include that the manufacture of complex goods does not increase the cost, product diversification
does not increase costs, needless assemble, zero time delivery, unlimited design space , zero skill
manufacturing, not occupy space, portable manufacturing, reduce the waste of by-products, unlimited
combination of materials and accurate solid copy. Therefore, 3D printing can accurately copy the structure of
nacre, even the layer size of nacre-inspired composites is unlimited close to the nanometer thickness of
aragonite layers, and the process is easy to realize. The 3D-Printing technique enables rapid freeform
fabrication of advanced structured materials and facilitates novel composites design. Polyarylene ether ether
nitriles (PEEN)resin is a kind of high performance thermoplastic engineering plastics, due to PEEN has
high heat resistance, high strength, high flexibility, strong toughness, excellent chemical corrosion
resistance , widely used in aerospace, machinery, processing and other fields of polymer materials . In this
paper, inspirited from the nacre we studied, the Al2O3/ PEEN composites with nacre-inspired hierarchical
complexity were prepared by 3D printing technique. And this paper took Al2O3 ceramics as stiff phase, and
PEEN as soft phase. To imitate the structure and properties of nacre, this article compared the proportion of
different PEEN, regulated the content of ceramic phase, introduced the structure of ceramic bridge, self
lock function and improves the integrated state of interface. The mechanical properties of nacre-inspired
composites were studied by 3-point bending test, compressive test and nanoindentation. We subjected the
composite samples to mechanical testing, which validated their computational models and simulation
process. Most importantly, the experiments confirmed the computational prediction of the nacre-inspired
composites exhibiting the largest fracture resistance.
Keywords: 3D Printing, Nacre-inspired, Al2O3/ PEEN Toughening Composites
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Novel Preparation of Biomimetic Raspberry - like PS/SiO2 Micospheres
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Abstract
Compared with regular spherical microspheres, biomimetic raspberry-like microspheres have some
attractive characteristics, such as unique morphology, designed surface properties, large surface area and
high light-scattering ability, and so on. Biomimetic raspberry-like microspheres with novel
characteristics may be expected to extend their usefulness in a wide variety of ways as functional
fine particles, such as for chemical, biological, and pharmaceutical industries. Biomimetic raspberrylike structures have been prepared by a self-assembled heterocoagulation based on a charge
compensation mechanism through the functional group or based on a hydrogen-bonding interaction. The
electrostatic self-assembly technique possesses the advantage of tunable chemical composition and
properties of the composite microspheres, which provides a potential approach to prepare various types of
composite microspheres with novel morphology and composition.
A novel, facile and low-cost approach was reported to prepare biomimetic raspberry-like PS/SiO2
microspheres via electrostatic self-assembly strategy. The SiO2 nanospheres prepared by Stöber process
were spherical shape with the average diameter of 350nm and -36±1.27mV zeta potential. Surface
modification was carried out to improve the hydrophilic property of the PS and to enhance the zetapotential of the PS microspheres. The biomimetic raspberry- like PS/SiO2 microspheres were fabricated
by absorbing negatively charged SiO2 nanospheres on the positively charged pre-deposited PS
microspheres. Formation mechanism of biomimetic raspberry-like PS/SiO2 microspheres was analyzed
in theory. The scanning electron microscopy (SEM) provided direct evidence for the formation of
raspberry-like PS/SiO2 microspheres（shown in Fig.1）. TGA curve showed that the weight ratio of
SiO2 in raspberry-like PS/SiO2 microspheres was 10.86%.
Keywords: biomimetic, raspberry-like, microspheres
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Preparation and Characterisation of Iron Doped Borophosphate Glasses
for Biomedical Applications
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Abstract
Traditionally, bone repair implants for use within the body have been mainly metals. A secondary surgery is
always needed to remove the implanted device after treatment, which can also lead to ―stress-shielding‖
effects. A number of studies have shown that resorbable implants could be a suitable substitute for conventional
metal implants. In this regard, polymers can be widely applied owing to their variety of properties (like
biocompatibility, biodegradability, density and structural compatibility) and forms (like porous, film, fibre
and powder). However, the mechanical properties of polymers are not sufficient to be used in higher load
bearing applications, such as repair of human tibiae. The modulus of cortical bone in longitudinal direction is
~17.7 GPa, whilst those of typical polymeric biomaterials are always lower than 5 GPa. For example,
semicrystalline PLA has tensile modulus of ~3 GPa,tensile strength of 50 - 70 MPa, flexural modulus of 5 GPa
and flexural strength of 100 MPa. A possible solution to this problem is to reinforce these polymers with high
modulus fibres. The structure of bone matrix is itself a composite and makes a major contribution to the
mechanical strength and flexibility of bone tissue. The bone mineral is mainly formed as hydroxyapatite
nanocrystals (Ca10(PO4)6(OH)2) and accounts for about 65% of dry bone mass. As such, phosphate-based glass
fibres (PGFs) containing calcium were used and their main advantage is that these materials are fully
biodegradable and possess sufficient mechanical strength for bone repair (tests at the University of Nottingham
demonstrated E ≈ 65 + GPa, directly comparable to E-glass). Based on Sharmin's research, this study focused on
the composition effects of Fe2O3 addition on the glasses in P2O5-B2O3-CaO-MgO-Na2O-Fe2O3 system. The glass
formulations were designed with fixed P2O5, B2O3 and Na2O contents, whilst Fe2O3 and CaO/MgO were varying.
The glass samples were produced by melt-quenching. The glass compositions were confirmed by ICP and XRD.
The thermal properties (like Tg, Tc and Tm) were obtained from DSC. The degradation test was conducted in
PBS at ~37 ℃. The experimental results mainly showed that Fe2O3 addition significantly decreased the
dissolution rate by improving the chemical durability of the glasses. This improvement was suggested to be due
to the replacement of P-O-P bonds in the glass by P-O-Fe bonds, and the strong cross-linking of the phosphate
chains by the iron ions. It was reported that the dissolution rate of PBGs has a direct influence on their
biological performance, as their biocompatibility is enhanced when the dissolution rate decreases. However,
Fe2O3 addition slightly decreased the glass thermal stability due to the shifting of glass transition temperature of
phosphate-based glasses.
Keywords: biomaterial, bone repair implant, phosphate-based glass
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Superhydrophobic Block Materials
Zhiguang Guo*
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Abstract
Herein we creatively prepared one kind of superhydrophobic recycled paper by waste paper, inspired by
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traditional papermaking thought. This novel superhydrophobic recycled paper not only has great water
proof ability for various liquid such as coffee, milk, tea and so on but also has wonderful self-cleaning and
anti-fouling ability to mud water or dust which benefits to expand the usable range of paper. It is worth
mentioning that the superhydrophobicity modification process will not impact paper‘s intrinsic quality. The
superhydrophobic recycled paper still has good writability, suppleness, foldability and tailorability to meet
our daily needs. Furthermore, this functional paper also can be used as adsorption of oil from oil-water
mixture no matter in our kitchen or oil spill situation in industry. More surprising, different from previous
surface modified superhydrophobic paper researches, this superhydrophobic recycled paper shows unique outand in- side uniform-superhydrophobicity, which means the inside of superhydrophobic recycled paper has
great water proof ability even the surface layer was get worn right away. This property overcomes the
shortage of low wear resistance of superhydrophobic paper. All in all, our work created one kind of
multifunctional out- and in- side uniform-superhydrophobic paper with self-cleaning, anti-fouling and oil
absorption abilities by secondary use of waste paper. This groundbreaking work will no matter longer the
service life but also expand the usable range of paper.
Keywords: Superhydrophobic; Paper; Block materials
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Study on the Lubrication Behaviour of Fish Epidermal Mucus
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Abstract
Fish mucus is multifunctional material, playing a major role in communication and protection. The mucus
secreted from fishes serves as a wall between the internal and external environment which is implicated
as a lubricant having mechanical protective system. Mucus is the slimy secretion consisting of mucins and
combination of other substances such as inorganic salts immunoglobulin and lipids suspended in water
giving it characteristic lubricating properties. The functional properties of mucus depend on its capacity to form
a gel on the epithelial surface. Skin mucus of fish is the first line of defense against pathogens and important
to protect fish against predator attack. Furthermore, the slippery mucus allows fish to swim faster because of
the low coefficient of friction (COF) of fish skin. To further study the characterization of fish skin mucus,
we conducted a series of experiments to investigate lubrication behaviour of epidermal mucus from different
fishes, including loach, carp and parabramis pekinensis. The results found that the COF of epidermal
mucus from loach, carp and parabramis pekinensis are related to the concentration of mucus. It showed
lower COF at the lower concentration and higher COF at the higher concentration. There were different
characterizations of epidermal mucus between scaled fishes (carp and parabramis pekinensis) and scaleless
fishes (loach). The epidermal mucus of scaleless fishes showed higher viscosity and concentration than that
of scaled fishes. Additionally, the adhesion behaviour of mucus was significantly effective when the
concentration was high. What‘s more, the material quality of contact surface affected the adhesion of
mucus, as the mucus showed better adhesion when contacted with metal. The nature of high hydrophilicity and
lubrication behaviour give fish skin mucus potential as excellent material for use in bionic design of underwater
vehicles and environmentally friendly water-based lubricants.
Keywords: fish, epidermal mucus, Lubrication behaviour
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Coupling characteristics of the structure and morphology of biomimetic
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unitsprocessed by laser under different processing parameters
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Abstract
Inspired by the coupling phenomenon in biological system, the biomimetic units coupling the structure and
the concave morphology were fabricated by laser remelting. The effects of laser processing parameters on the
structural and morphological dimension of biomimetic units were investigated and discussed. Optical
microscope and three- dimensional confocal scanning laser microscope were used to investigate the
structural characteristic and surface morphology of biomimetic units. The results indicated that the biomimetic
coupling units with the big structural and morphological size can be obtained by laser processing with twice
suitable laser parameters. Under the action of single laser processing, the electrical current is predominantly
significant factor for not only the diameter but also the penetration depth of biomimetic unit. Both electrical
current and pulse duration have considerable effects on the formation of concave. The formation mechanism of
corresponding biomimetic coupling units was discussed.
Keywords: biomimetic coupling unit, structural characteristic, concave morphology, laser processing parameters
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Mimicking the extracellular microenvironments to direct stem cell fate for
tissue regeneration
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Abstract
Regenerative medicine aims to develop living tissues and organs by harnessing the highly regenerative potentials
of various stem cells, such as embryonic stem cells, multipotent adult stem cells, tissue specific stem cells, and
induced pluripotent stem cells. There is a growing recognition of 3D matrix microenvironments on the fate
and function of stem cells. A key challenge facing regenerative medicine is to rationally design 3D
microenvironments that can recapitulate those in a developmental or healing program to maintain stemness,
to accelerate proliferation, or to direct stem cells to differentiate along one or more specific therapeutic
lineage(s). Our lab takes a biomimetic approach to design biomaterial-based 3D microenvironments on the
micro-, nano- and molecular-scales (matrix, supporting cells, and signaling molecules) to guide stem cells to
regenerate the desired tissues. This lecture will focus on the development of such multi-level biomimetic
microenvironments to direct stem cell fate and to facilitate tissue regeneration. Examples of regenerating
dental, craniofacial, orthopaedic, and cardiofascular tissues will be presented to demenstrate the effectiveness
of the biomimetic approaches in regenerative medicine.
Keywords: biomimetic materials, Tissue regeneration, stem cell
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Bionics Engineering of Osteochondral Scaffold: Grand Challenges
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Abstract
Osteoarthritis (OA) is degenerative joint disease, typified by a loss of quality of cartilage and bone at the
interface of a joint. It affects over 18% of population when they reach their mid-fifties. This figure rises to over
52% by the time they reach their mid-70s. Individuals with OA often experience joint pain and reduced joint
function unless appropriate treatment is adopted.When the loss of cartilage and bone has progressed to the
stage where there is no alternative but a joint replacement in an end-stage treatment.
Recent studies demonstrated that osteochondral tissue engineering, which promotes the simultaneous
regeneration of articular cartilage and underlining subchondral bone, may be a clinically relevant approach
towards impeding the progression of osteoarthritis (OA). In this approach, a conical hole is punched through
the subchnodral bone of the patient, an osteochondral scaffold with pre-defined size and shape is inserted
into the defect to recruit MSCs from bone marrow and provide the template to promote appropriate tissue
ingrowth. However, there are scientific challenges to control MSCs differentiation and generate discrete
cartilaginous and osseous regions within a single construct, as in the absence of an appropriate environment
then neo/repair tissue is poorly organised.
Osteochondral tissue has a heterogeneous, multi-layered structure comprised of non-calcified cartilage
(superficial, middle, deep zone), calcified cartilage, and subchondral bone.Bone and cartilage are two different
types of tissue, and they have very different mechanical properties and biological composition. The junction
between cartilage and bone is a progressively evolved ―multi-tissue‖ structure: fibrocartilage - mineralized
fibrocartilage - bone. These tissues have progressively increasing Young‘s moduli, which distribute the forces
generated in the cartialge onto the bone. A great challenge in repair and regeneration of osteochondral tissue
is to generate a functionally integrated stratified cartilage–bone structure. To achieve this, a biomimetic
scaffold that mimics the entire osteochondral structure of the osteochondral tissue is necessary, and it is
key for the success regeneration of cartilage defects. Osteochondral scaffold is usually designed as multilayered gradient structure to recapitulate the complex physical loading condition and hierarchical organisation
of osteochondral tissue. Such design is based on the recognition of the different requirements to regenerate the
cartilage and bone part of an osteochondral defect, and at the same timeprevents the risk of delamination of
different components.
Recently,we
have
invented
novel
biomimetic
osteochondral
scaffold
based
on
Titanium/PLGA/Collagen/Hydroxyapatite composite system. Prelinical study has demonstrated that
thisosteochondral scaffold can achieve improved mechanical stability and biological fixation, improved cartilage
fill and create hydrostatic pressure with the cartilage layer. It has the potential to lead to tangible and clinically
relevant results in a one-step surgical procedure for treatment of large osteochondral defects. It is anticipated
that this will create new treatments for early osteoarthritis.
Keywords: Tissue engineering, osteoarthritis, scaffold
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A boundary integral approach to study the effects of piezoelectricity on
bone
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Abstract
The way how piezoelectric properties of bone affect the bone modeling process and how the electric stimulation
can be used as a therapy in bone fracture healing and repair are described in this work. The Boundary Element
Method (BEM) for piezoelectric materials, considering the bone density into the governing equations, is used.
The electric potential due the effect of the mechanical loading and why the reabsorption process occurs in
zones with positive charge while the negative charge is associated to bone formation. It can be concluded that
the absence of mechanical stresses have impact in the absence of electric potential and, at the same time, the
bone modeling process does not occur, leading to a loss in bone density and its capacity of regeneration.
Keywords: piezoelectricity, bone remodeling, boundary element method
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Construction of functional materials with ordered structures inspired by
butterfly wings
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Abstract
Photonic crystals include two kinds of materials with different dielectric constant that were orderly arranged in
space. Photonic crystals existence in many forms in nature such as butterfly wings, skin of beetle shell, opal
gemstone etc. Synthetic microspheres and colloidal crystals were used to simulate the structure of butterfly wings
to prepare many kinds of photonic crystals, including the opal structure of silica and polystyrene; photonic
crystal of inverse opal structure of Ge, Si, Ni; oxides such as WO3, ZrO2, b2O5, Ta2O5, CeO2, V2O5 etc. Ge
photonic crystal was particularly fist synthesized at room temperature in the world, which conquered the problem
of lower filling rate, lower degree of order and higher energy consumption. Two sets of photonic crystal assembly
systems had been built, which can provide a variety of substrates with high order, fast and large area assembly,
offering technical support for their applications. Based on TRIZ theory in principle, butterfly wings mainly play a
role in maintaining body temperature constantly, self-cleaning and protecting color in the life. The opal and
inverse opal materials were constructed and studied in the fields of electrochromics, lithium battery and so on.
Related research results were published in Angew. Chem. Int. Ed. (Hot Paper), J. Mater. Chem,Sol. Energy
Mater. Sol. Cells,Phys. Chem. Chem. Phys. Opt. Express,Appl. Phys. Lett.and other renowned journals
internationally.
Keywords: bionic butterfly wings photonic crystal
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Session keynote paper
Paper ID: 12302

Bio-inspired Non - precious Metal-based Metalloporphyrin Frameworks as
Oxygen Reduction Electrocatalysts
Zhenning LIU
Key Laboratory of Bionic Engineering (Ministry of Education) Jilin University, Changchun, Jilin
Province,130022, P. R. China
Corresponding: liu_zhenning@jlu.edu.cn

Abstract
Over the recent decades, tremendous research efforts have been devoted to direct methanol fuel cell (DMFC)
and microbial fuel cell (MFC). Yet, the cathodic electrocatalyst for oxygen reduction reaction (ORR) in DMFC
and MFC is still the bottleneck limiting their practical applications. To date, Pt-based catalysts are still the
most widely used ORR electrocatalysts. However, the scarcity, high cost, and vulnerability to poison have
strongly hindered the industrialization of Pt-based catalysts. Therefore, it remains a grand challenge to
develop a non-precious metal catalyst with high efficiency and low cost to replace Pt-based catalysts for the
application of DMFC and MFC.
Natural coenzymes and cofactors with important biological functions have provided valuable insight to the
development of ORR catalysts. These coenzymes and cofactors often contain macrocyclic metals (e.g. iron or
cobalt porphyrins) and play critical roles in oxygen transportation and redox chemistry in many organisms.
Inspired by nature, a variety of macrocycle-chelated non-precious metal complexes have been explored for
their ORR catalytic activity. To this end, Fe and Co are the most commonly investigated non-precious metals
and macrocycles are often based on porphyrin, phthalocyanine and their derivatives. However, these discrete
complexes are prone to dissociation in solution, causing a stability problem for long-term DMFC or MFC
operation.
Covalent organic frameworks (COFs) are a class of relatively ordered covalent organic polymers with high
porosity and stability. Herein, in order to improve the stability of macrocyclic non-precious metal
electrocatalyst in solution, 2D and 3D COFs embedded with multiple macrocycle-chelated non-precious metal
complexes, inspired by the catalytic centers of natural coenzymes and cofactors, have been synthesized and
investigated as ORR electrocatlysts. First, a conjugated 2D Co-porphyrin framework (CoPEF) shows excellent
ORR catalytic activity in both acidic and alkaline media and is able to achieve the full reduction of O2 via 4electron pathway. Encouraged by this finding, a highly porous 3D Co-porphyrin polymer (CoPOP) was
constructed, which exhibited large specific surface area. The nitrogen-doped carbon material with
encapsulated CoNPs, obtained by pyrolysis of CoPOP at 800 °C, shows ORR performance comparable to
or even surpassing that of commercial Pt/C. A highly porous Fe- porphyrin polymer (FePOP) has also been
prepared and pyrolyzed to yield the composite of Fe-Nx/C, which displays excellent ORR activity in pHneutral medium. Furthermore, MFC using Fe-Nx/C catalyst demonstrates superior performance than that
with Pt/C, in terms of cell voltage, maximum power density and Coulombic efficiency. More importantly,
these electrocatalysts manifest better durability and methanol-tolerance than commercial Pt/C, indicating a
good potential for practical applications in DMFC and MFC.
Keywords:
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Topic: Biomimetic Surfaces
Paper ID: 1330

Laboratory study of surface textures used on plunger pump
S.B, Wei*, X.H. Pei, L. Chen, Y. Xie, B.R. Shi, T. Fu
Petrochina Research Institute of Petroleum Exploration, Beijing, 100083,China
*Corresponding author: Songbo Wei (wsbthu@163.com)

Abstract
Oil pumping units are widely used in oil fields around the world. Plunger pumps in the oil well usually undergo
high friction and severe wear when the produced fluids have high water content or sands. The problem of
eccentric wear also shortens the working life of plunger and barrel. In order to deal with above problems,
surface texturing technology was used in this study, and non-smooth surface was fabricated on the plunger.
Laser beam was employed to make surface textures on the plunger samples. The morphologies of surface
textures were characterized by using scanning electron microscope. The frictional properties of plunger samples
with surface textures were tested with the lubrication of oil-water mixture. The wear resistance of the plunger
sample with surface textures was also studied in comparison with the sample without surface textures. The
results indicated the plunger samples with surface textures exhibited lower friction and have better wear
resistance. Surface texturing technology has potential application prospect on plunger pumps.
Keywords: Surface texture; friction; plunger

Paper ID: 1332

Slippery surface of Nepenthes alata pitcher: the role of wax crystal and
lunate cell in restricting ant’s attachment ability
L. X. Wang,1* and Q. Zhou2*
1

School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang, 050018, China
2

Department of Mechatronic Engineering, China Agricultural University, Beijing, 100083, China
*Corresponding author: Lixin Wang (ck_021@tom.com)

Abstract
Slippery zones of Nepenthes pitchers have evolved particular surface architectures to allow slippery trapping
and an effective retention of prey. In this present study, we attempt to investigate how the slippery zone restricts
the ability of ant (Camponotus japonicus Mayr) to attach themselves, via behavioral observation, friction force
measurement, microstructure examination, and mechanical analysis. When the sippery zone was located in an
upward direction, experimental ants exhibited ineffective climbing behaviors and developed a relatively smaller
friction force (0.83±0.09 mN). Comparatively, when walked in the downward direction, ants effortlessly
climbed on the slippery surfaces, engendering much greater friction force (1.13±0.08 mN). These opposite
phenomena probably suggest the orientation generates a significant effect on ant attachment. Furthermore,
friction forces of intact, claw-removed and pad-destroyed ants were measured on intact and de-waxed slippery
surfaces, exploring the performed role of wax crystals and lunate cells in restricting ant attachment. As being
shown in Figure 1, on downward-directed slippery surfaces, greater forces were exhibited by intact and paddestroyed ants, also pad-destroyed and clawless ants presented slightly and considerably smaller forces.
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Somewhat different force was provided by clawless ants on upward and downward oriented slippery surfaces,
and slightly higher force was shown when ants climbed on wax- removed surface. These further results
indicated lunate cells contribute greatly to restrict ant attachment, whereas wax crystals perform a
supplementary role. Based on the strctural parameters, including surface structures of slippery zone and
attachment organs of ant, derived from the microstructure examinations with a scanning electron microscope
and a scanning white light interferometer, we propose a mechanical model to qualitatively analyze how the
forces involved in this interaction, as well as their final conduction. Mechanical analysis suggested the
directionally growing lunate cells possess a sloped structure that effectively prevents the claw‘s mechanical
interlock, decreasing the attachment ability considerably. This conclusion supports further interpretations of
slippery zone‘s anti-attachment mechanism, also provides theories to develop biomimetic slippery trapping plate
to mechanical controll agricultural pest.
Keywords: Friction behaviors; Slippery surface; Anti-attachment mechanism

Paper ID: 1344

The mechanically stable superhydrophobic aluminium alloy prepared by a
facile and simple spray coating method
P. Wang,* H. Han, X. Fan, H. Ding, and J. Wang
School of Energy Power and Mechanical Engineering, North China Electric Power University, Baoding, 071000,
China
*Corresponding author: Peng Wang (tapcick2004@163.com)

Abstract
Aluminium and its alloys have been widely used in electric power fields while contamination can cause serious
problems to their functionality. Many researches about superhydrophobic coating have been done in order to
solve this problem, but the challenge is to achieve the design principle (i.e. their requirement for micro- and
nano- structures) and the need for coating strength simultaneously. Here, a superhydrophobic aluminium alloy
was prepared by one-step spray coating of an alcohol solution consisting of hydrophobic silica nanoparticles and
bonding agents. The water contact angle and sliding angle on the superhydrophobic aluminium alloy were
160 1° and 2°, respectively. In addition, the superhydrophobic aluminium alloy showed excellent self-cleaning
property. Moreover, this kind of superhydrophobic aluminium alloy maintained their performances after the
damage of knife- scratch.
Keywords: mechanical stable, superhydrophobic, spray coating

Paper ID: 1346

Investigation of the anti-adhesion effects of slippery surfaces for soft- tissue
at high temperature
Pengfei Zhang, Huawei Chen*, Liwen Zhang, and Deyuan Zhang
School of Mechanical Engineering and Automation, Beihang University, Beijing, 100191, China
*Corresponding author: Huawei Chen (Chenhw75@buaa.edu.cn)
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Soft-tissue adhesion on the electrosurgical instruments, usually occurring in the duration of the soft-tissue
electrosurgical cutting, can induce many serious complications, such as failure of hemostasis and damage to the
surrounding soft-tissue. And the charred soft-tissue on the instrument may result in non-uniform temperature
distribution to deteriorate its cutting performance. To avoid adhesion of soft tissue on the surface of hightemperature electrosurgical instrument, i.e. anti-adhesion, is gradually becoming more necessary. Although
several relatively effective anti-adhesion methods such as adding agents, spraying cooling water, and depositing
films on the contact surface of the instruments, have been explored, they are also plagued with many problems
including short-term residence, fabrication process complexity and low efficiency. Recently, slippery surface
inspired by the pitcher plant Nepenthes has attracted considerable interests because of its remarkable selfcleaning and anti-adhesion capabilities. In this paper, we investigated the anti-adhesion effects of slippery
surface on the stainless steel for soft-tissue at high temperature. Surface on the stainless steel was textured by
photolithography-assisted chemical etching to hold the infused silicone oil with physiologically inert and hightemperature resistant. The anti-adhesion measurements for soft-tissue on the prepared slippery surface at high
temperature indicated that soft-tissue adhesion force could be reduced approximately 80% at 250°C. Besides,
the recycle testing of soft-tissue adhesion force and mass demonstrated the excellent stability of prepared
slippery surface on the stainless surface. The results show that slippery surface is of great promise for soft-tissue
anti-adhesion on the electrosurgical surfaces.
Keywords: anti-adhesion, soft-tissue, high-temperature slippery surface

Session keynote paper
Paper ID: 1365

LBM Modelling of a Single Droplet on Biomimetic Micro Structured
Surfaces
Y.Q. Zu*
Department of Mechanics and Engineering Science, Fudan University, 200433, Shanghai, P.R. China
*Corresponding author: Y.Q. Zu (yzu@fudan.edu.cn)

Abstract
Natural surfaces with super hydrophobic properties often have micro or hierarchical structures. In this study, the
wetting behaviors of a single droplet on the surfaces patterned with micro square-posts and hierarchical
structures with different geometrical parameters are investigated numerically using lattice Boltzmann method
(LBM). LBM is a mesoscopic method, and can model the interfacial dynamics of multiphase flow by
incorporating intermolecular interactions at mesoscopic level. In addition, the boundary treatment in LBM is
very simple and costs little in computational resource. These features make the LBM to be very useful for
simulating flows with complex boundaries. An improved lattice Boltzmann method for modelling and
simulation of droplet dynamics on both chemically heterogeneous and micro structured partial wetting surfaces
is developed and reported firstly. Applying the improved method, the effects of surface chemistry and
topography on motions of liquid drops are studied and analysed numerically. The obtained steady contact angles
are in good agreement with those of theoretical prediction. Moreover, based on the evolutions of phase
distribution and flow fields obtained from the numerical calculation, the corresponding mechanisms of droplet
dynamics on the micro structured surfaces including droplet spreading, migration as well as dynamic apparent
contact angle etc. are discussed and analysed.
Keywords: Lattice Boltzmann Method, Droplet, Biomimetic Micro Structured Surfaces
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Paper ID: 1373

Fabrication of biomimetic 3D hierarchical structures and their structural
colors of orientation dependence
Zhiwu Han, Zhengzhi Mu, Bo Li, Ze Wang, Shichao Niu*, Junqiu Zhang and Luquan Ren
Key Laboratory of Bionic Engineering (Ministry of Education), Jilin University, Changchun, 130022, P. R. China
*Corresponding author: Shichao Niu (niushichao@jlu.edu.cn)

Abstract
Although nanotechnologies attempt to mimic the hierarchical structures in butterfly wing scales, it remains a
challenge to precisely replicate them due to the exact combination of their three dimensional (3D) structures and
cuticle complex refractive index. In this work, the nanoscale 3D hierarchical structures inspired by the wing
scales of male butterfly Trogonoptera brookiana were fabricated successfully and their structural colors of
orientation dependence were studied. Firstly, the structural colors of the butterfly wings were confirmed reliably
by a discoloration experiment and the reflectance spectrum of the butterfly wings was measured. It indicates
that reflectance peak position is consisitent with the waveband of macroscopic color. Then, the 3D
morphologies of the hierarchical structures in wing scales were characterized in detail by field emission
scanning electron microscopy (FESEM). Afterwards, the SiO2 biomimetic replicas with 3D hierarchical
structures templated from the butterfly wing scales were obtained using a time-saving and efficient wet chemical
method combining sol-gel with selective etching. Meanwhile, 3D optimized models of the hierarchical
structures were built to illustrate the fabrication process. Subsequently, the parametric comparisons of the
feature structures between the original wing scales and the SiO2 biomimetic replicas were carefully conducted
and it confirms that the morphological characterizations of the bionic 3D hierarchical nanostructures are highfidelity. Finally, the fabricated SiO2 biomimetic replicas based on glass substrate demonstrate bright colors
when exposed to light in symmetrical directions at certain incidence angle. It provides macroscopic supporting
evidences that the SiO2 biomimetic replicas with 3D hierarchical structures inherited the structural colors from
original wing scales successfully. Moreover, the reflectance spectra of the SiO2 biomimetic replicas with
respect to different incident angles and rotation angles were measured to reveal the orientation dependence
characteristics of the structural color. On one hand, the reflectance spectra with respect to gradient incident
angles show that the reflectance spectra decrease gradually from 19.78 % to 0.66 % with the incident angles
changing from 0° to 90°. The relationships among incident angle, wavelength and maximal reflectance show
that the reflectance peaks significantly reduce and appear red shift from 387 nm to 548 nm with the incident
angles changing from 0° to 90°. One the other hand, the reflectance spectra with respect to gradient rotation
angles show that the reflectance spectra increase gradually from 7.72 % to 14.14 % with the rotation angles
changing from 0° to 90° and decrease gradually from 14.14 % to 7.99 % with the rotation angles changing from
90° to 180°. All these results demonstrate the structural colors of the SiO2 biomimetic replicas possess the
distinct orientation dependence characteristics and the changes of incident angles have a more dramatic effect on
the structural colors than that of rotation angles. In summary, the biomimetic fabrication method would be
enlightening to improve current nanofabrication techniques and orientation dependence characteristics of
structural colors in the biomimetic 3D hierarchical structures demonstrate a potential foreground applied in
military invisibility cloaks and optical devices in the foreseeable future.
Keywords: hierarchical structures, structural colors, orientation dependence

Paper ID: 1374

Microscopic Structure and Nanomechaics Properties of the Body Surface
of the Frog (Pelophylax nigromaculata) and the Big Toad (Bufo
gargarizans)
TONG Jin,1,2 B. CUI Yuxin,3 C. JIANG Shan,1,2 and D. WANG. Chaofei1,2,3*
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Abstract
The frog (Pelophylax nigromaculata) and the big toad (Bufo gargarizans) are typical amphibian`s species. In this
paper, the surface morphology and structural features of the frog and the big toad swere observed by stereo
microscope (SM) and scanning electron microscope (SEM). The differences and similarities of the surface
morphology and the microstructure in different parts between the frog and the big toad were contrasted and
analysised. The mechanical properties of the body surface of the frog and the big toad were measured by using
the nanoindentation systerm. The difference of nanomechanical properties of various parts of the body surface
were comparied between the frog and the big toad. The results show that the holding time have no significant
effect on the elastic modulus and the nano hardness. The influence of the loading force and the loading rate were
limited to the elastic modulus and the nano hardness, based on the load and the indentation depth curve. It was
found that there existed the creep effects.
Keywords: Frog (Pelophylax nigromaculata) Big toad (Bufo gargarizans) Microscopic structure Nanomechaics

Paper ID: 1382

Self-jumping of condensed microdrops on spray-coated superhydrophobic
surfaces
Shanlin WANG, Youfa ZHANG*，Xinquan YU
Jiangsu Key Laboratory of Advanced Metallic Materials, School of Materials Scienceand Engineering,
Southeast University, Nanjing 211189, P. R. China.
*Corresponding author: Youfa ZHANG (yfzhang@seu.edu.cn)
Abstract
Superhydrophobic surfaces with condensed microdrops self-jumping (CMDSJ) effect on metal substrate have
been developed because of their excellent application prospect in anti-frosting and dropwise condensation heat
transfer. Here, we reported sprayable nanochains to structure superhydrophobic film for observation CMDSJ
properties. Compared with growth process of nanorods, nanoneedles, or nanocone, there is advantage in
industrialization-scale production, irregular surface treatment, and maneuverability by spray nanochains. Asfluorinated SiO2 nanochains (F-SNCs) coating could be stable deposited onto various hard or soft materials to
fabricate transparent and porous superhydrophobic surfaces. The results show that condensed microdrops will
coalesce and leap their original position before their sizes growing to 50 μm, and these CMDSJ properties will
be maintained after multi-repetition condensation. Moreover, the CMDSJ effect did not always occur on all the
superhydrophobic surfaces by contrast of the condensed parameter of different porosity. The results suggest that
nanoporous structure formed by nanochains will be conducive to enhancement CMDSJ effect in
superhydrophobic films, while the effect couldn‘t present on nanospheres surfaces with non-nanoporous
structure.
Keywords: Superhydrophobicity; Silica; Spray; Condensation; Self-jumping
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Application of Bioinspired Superhydrophobic Surfaces in Two-phase Heat
Transfer Experiments
E.Teodori,1, A.S.Moita 1, A.L.N. Moreira1, Y.Bai2, X. Li2, Y. Liu,2*
1

IN+ - Center for Innovation, Technology and Policy Research, Instituto Superior Técnico, Universidade de
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2

Key Laboratory of Bionic Engineering (Ministry of Education),Jilin University, Renmin Street 5988,
130022,Changchun, P.R.China
*Corresponding author: Yan Liu (lyyw@jlu.edu.cn)

Abstract
Superhydrophobic surfaces are important in many industrial applications. Despite the variety of surfaces
available, they are not always designed to cope with the actual needs. Biological surfaces, in contrast, depict
high functionality, as they are optimized to perfectly fit to the desired functions. For instance the Lotus leaf is
still an impressive example of a superhydrophobic surface with high self-cleaning ability, which is strongly
related to its micro-and- nano roughness. Effective identification and transfer of the properties related to these
features is not easy and additional complexity arrives when the surfaces are subjected to demanding conditions,
which may compromise their durability. In fact superhydrophobic surfaces can play a vital role in enhancing
heat transfer in two-phase systems, but the durability of the superficial treatment is often reduced. Also, the fluid
dynamic and heat transfer processes occurring at the surface-two phase flow interface are highly complex, so
further research is required to define the optimal properties for the surfaces.
In this scope, this study addresses the potential of bioinspired surfaces to enhance heat transfer mechanisms in
two- phase flows, mostly in pool boiling and spray impingement systems. Particular emphasis is given to the
biomimetics of the Lotus leaf wettability and structure, due to its aforementioned characteristics. Besides
describing the role of the bioinspired features in the heat transfer mechanisms, which is performed based on an
innovative technique that combines high-speed visualization and time-resolved infrared (IR) thermography, one
also evaluates the fabrication methods, namely in terms of surface durability. The methods must then be
optimized in an iterative process. Water and a dielectric fluid, HFE 7000 are used to address the effect of the
liquid properties in the wettability. Then, water is used for pool boiling and for spray impingement systems
(simplified by single droplet impact), while HFE700 is selected in the context of a two phase pool boiling cooler
for electronic components. The method used in the fabrication involves two steps: construction of rough
structures (arrays of differently spaced cavities) and chemical modification with low-surface-energy materials.
For this, an aluminium alloy was laser etched and chemically treated with toluene (99.5%), DTS
(CH3(CH2)11Si(OCH3)3) and absolute ethanol.
The results show that when applying the surfaces in water pool boiling, their durability was quickly
compromised, as they are subjected to high temperatures (T>100ºC) during long time intervals (3-4h). The
fabrication technique was consequently not considered adequate for this kind of application and alternative
solutions were suggested. In experiments addressing boiling of HFE 7000, with much lower saturation
temperature (~34ºC), the structured surfaces lead to an increase in the heat transfer coefficient of 22.2%, when
compared to a smooth surface. In this case, the superhydrophobicity of the surface played a secondary role,
being the heat transfer enhancement governed by the topography. Droplet impingement was studied for surface
temperatures ranging between 60-100ºC. After impact the droplet rebounds from the surface after few
milliseconds, thus its treatment is not compromised. The reduced contact line pinning delays and precludes the
heat transfer between the droplet and the surface.
Keywords: Biomimetic surfaces, 2 phase flows heat transfer, Infrared thermography
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Anti-Erosion Mechanisms of Dorsum In Desert Scorpion
Zhiwu Han, Mingkang Yang, Daobing Chen, Kejun Wang, Honglie Song, and Junqiu Zhang*
Key Laboratory of Bionics Engineering (Ministry of Education, China), Jilin University, Changchun 130022,
China
*Corresponding author: Junqiu Zhang (junqiuzhang@jlu.edu.cn)

Abstract
Solid particle erosion, one of the most encountered modes of wear, is a destructive process that occurs in
different machine-parts which results in progressive removal of material from a surface by repeated impact of
hard and angular particles (e.g., sand, dust and volcanic ash) traveling at considerable velocities. It has been
recognized as a serious problem in various engineering applications, including helicopter rotor blades, pump
impeller blades, water turbines, aircraft engine blades, missile components, etc. In catastrophic failures, there is
also the possibility of loss of human life.
Nature is innovative. Numerous living organisms, especially for those subjected to impingement of solid
particles, employ peculiar surface structure to survive, resulting in property outputs far beyond the limits of
general engineering material. Desert scorpion (Mesobuthus eupeus), an typical animal that wander around upon
the dune and undergo strong impacts of wind-sand without its dorsum being eroded. Attempts to understand the
basic mechanism of the anti-erosion of creatures started in the past few years, but the exceptional properties are
still far from being fully revealed.
In the work presented here, we investigated the relationships among surface morphology, biomechanics, and
collision process between sand and Mesobuthus eupeus. Microscopic observations illustrates that the scorpion
dorsum is covered with numerous convex hulls on its tergums which are connected with groove-shaped films.
Furthermore, a large number of polygonal pits, the majority of which are hexagon, occupy the other places other
than convex hulls. Images also note that the convex hulls distribution is of characteristic. Macro and micro
mechanical tests indicate both the hardness and elastic modulus in the longitudinal edge of tergums are larger
than those in the middle, which exactly links with the fact that the side of the scorpion suffers more sand
erosion. To further explore the mechanism of erosion resistant of desert scorpion, a dynamic erosion observation
experiment, captured by a high-speed camera at rates of 2000 s-1 from its locomotion process, was carried out.
The results demonstrate the tergums can transform the impact energy of solid particles into the strain energy of
base material structure, thereby reducing the chance of the emergence of the cutting action of scorpion surface.
The convex hulls and grooves can also alter the flow field near the dorsum and then change the sand‘s motion
state, reducing the probability of collisions.
The study reveals the mechanisms of desert scorpion‘s distinct anti-wear property, which would provide a basis
for bionic design of anti-erosion components.
Keywords: Desert scorpion, Anti-erosion mechanisms, Dynamic erosion observation.
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Mechanical durability of superhydrophobic nanostructured copper foams
for oil-water separation
Haiyan Zhu, Lin Gao, Youfa Zhang,* and Xinquan Yu*
Jiangsu Key Laboratory of Advanced Metallic Materials, School of Materials Science and Engineering,
Southeast University, Nanjing, 211189, P. R. China
*Corresponding author: Youfa Zhang(yfzhang@seu.edu.cn); Xinquan Yu(101004070@seu.edu.cn)
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Superhydrophobic/superoleophilic three-dimensionally porous composites with good mechanical stability, high
efficiency and outstanding recyclability are promising candidates for application in the field of oil-water
separation. Hence, several robust superhydrophobic copper foams were fabricated via the in situ growth of
Cu(OH)2 nanoneedles or ZnO nanocrystals (e.g. ZnO nanocones, ZnO nanorods, and Cu nanoparticles-ZnO
nanorods), including the simple electrodeposition and low-temperature hydrothermal reaction, and followed by
chemically modification. All the as-prepared skeleton hierarchical nanostructured copper foams showed
efficient and selective oil-water separation ability. The mechanical durability of as-prepared copper foams were
evaluated by water induction, sand washing, ultrasonic concussion and continue oil-water separation test. And
the as-prepared samples
still kept great separation efficiency ( ＞95%). As expected, Cu nanoparticles-ZnO nanorods copper foam
exhibited
the best performance against various mechanical abrasion among the samples. Results could be interpreted by
the fact that Cu nanoparticles which electrodeposited on the surface of copper foam before growing ZnO
nanorods increased anchor points between substrate and ZnO nanorods. Therefore, the interfacial combination
of ZnO nanorods with matrix was improved, as well as the robustness of the copper foam surface.
Keywords: superhydrophobicity; copper foam; durability; oil–water separation

Paper ID: 13137

A DEM simulation for mechanism of drag reduction of biomimetic surface
of farm machinery riding on paddy field
QI sheng, and WU Li-yan*
College of Engineering, Shenyang Agricultural University, Shenyang, 110161, China
*Corresponding author: WU Li-yan (jiaozhibin1990@126.com)

Abstract:
Research on drag reduction of farm machinery riding on paddy field has important energy conservation
significance. This paper established the discrete element model of paddy soil with EDEM and the interaction
between the surface of machine parts and Saturated soil layer ,designed the surface of machine parts which
contact with soil by the bionic design method ,presented a simulation of the soil particles migration when soil
particles contact with the bionic surface and smooth surface respectively .The particle trajectory and the force
situation of the sample piece were obtained .The results showed that the bionic sample piece can reduce the
drag. This paper analyzed the mechanism of drag reduction of the bionic surface of machine parts that contact
with soil by the tribology theory. Finally, the drug of the two different sample piece was measured by self- made
soil bin experimental rig and a force sensor. The results showed that the bionic sample piece can reduce the drag
by up to 16.7%. This paper provided a reference for the research on mechanism of drag reduction of farm
machinery riding on paddy field.
Key words: farm machinery riding on paddy field; bionic drag reduction; EDEM;
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Study of the Energy Curves during the Wetting Transition for a Droplet on
Biomimetic Surface
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Abstract
Due to the water repellence property, biomimetic super-hydrophobic surfaces have been widely applied to green
technologies, in turn inducing wider and deeper investigations into super-hydrophobic surfaces. Theoretical,
experimental and numerical studies on wetting transition have been carried out by researchers, but the
mechanism of wetting transition between Cassie-Baxter state and Wenzel state, which is crucial to develop a
stable super- hydrophobic surface, is still not fully understood. In this paper, the free energy curves based on the
transition process are firstly presented and discussed in detail. The existing of energy barriers with or without
consideration of the gravity effect, and the irreversibility of wetting transition are discussed based on the
presented energy curves. Numerical simulations with lattice Boltzmann method are carried out to support the
theoretical analysis.
Keywords: wetting transition, energy curve, lattice Boltzmann method
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Bioinspired functional metallic surfaces and polymeric hierarchical
structures enabled by femtosecond laser writing
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Abstract
Multi-scale hierarchical structures are abundant in nature, and are the derivation of diverse functionalities. We
applied amplified femtosecond laser to scan metals surface for obtaining different functions, including structural
colours and water/oil wettabilities. For instance, periodic nano-gratings can be induced by linearly polarized
laser beam on stainless steel surface and the surface exhibits iridescent colours. High-absorbance Titanium
surface can be achieved by laser treatment and the wetting property can be tuned to be superhydrophobic.
Moreover, the laser treating operation can be run in liquid environments. By changing the liquids, the metal
surfaces can be tuned from superhydrophobic to superhydrophilic, and then be applied in oil droplet collection
and manipulation. Systematic parameter studies were performed on different metal surfaces in order to
ultimately provide a guideline for developing high-performance metallic functional surfaces.
Furthermore, two-photon polymerization induced by femtosecond laser can be used to produce building blocks
for capillary force driven self-assembly. A laser printing capillary-assisted self-assembly (LPCS) strategy was
developed by us to realize designable large-area hierarchical functional structures. Micro-pillars were fabricated
by localized femtosecond laser polymerization and were subsequently assembled into highly-ordered
hierarchical architectures with the assistance of controlled capillary forces in an evaporating liquid. These
hierarchical functional polymeric structures exhibited good adhesion properties to micro-object and can be
applied to selectively trap micro-particles in microfluidic devices. Anisotropic hierarchical structures can be also
prepared by femtosecond laser writing[5]. Pillars cross section, height, and spatial arrangement can be tuned to
guide capillary force, and diverse assemblies with different configurations were thus achieved. These
anisotropic hierarchical structures can be used to grow micro/nanoparticles in designed spatial locations through
solution-evaporation self-assembly.
Keywords: Functional surfaces, hierarchical structures, femtosecond laser
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Experimental Study on the Effect of LST on Tribological Performance of
Cast Iron
F. Yan, A. Chen, and S. Wang*
College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China
*Corresponding author: Shuwen Wang (Email: wsw@usst.edu.cn or shuwenwang66@163.com)

Abstract
To find out the best design of surface texture for the purpose of wear resistance and friction reduction, three
different designs of micro surface texture (circular, elliptical, groove) with 10% and 20% surface texturing are
designed and manufactured on cast iron specimens by means of laser surface texturing technique. The friction
and wear performance of the textured specimens is tested using a high-speed ring-block friction and wear testing
machine and a UMT-2 friction and wear tester under rich oil lubrication in the State Key Laboratory of
Tribology at Tsinghua University.
Experimental results show that the surface texture has significant effect on the tribological properties of cast
iron. Test results from the high-speed ring-block friction and wear testing machine demonstrate that, within the
three different surface micro textures, the circular dimples on the surface of specimens have the best
performance on wear reduction, and the 20% textured surface with circular dimples has smaller wear rate and
coefficient of friction than that of 10% textured surface. While the test results from the UMT-2 tester show that
elliptical surface textures have the most significant effect on wear reduction under reciprocating sliding with
rich oil lubrication. Both the 10% and 20% textured surfaces with three different dimples except the 10%
textured surface with elliptical dimples have significant friction reduction compared with those without surface
texture, and the 20% textured surfaces with elliptical dimples demonstrate the best tribological properties.
It may get the conclusion that laser surface texturing has significant effect on the tribological properties of cast
iron. The operating conditions, including the ways of contact and lubrication, the relative sliding speeds and the
loads applied on the frictional system should be carefully considered in order to optimal design the surface
microstructures of tribological contact pairs.
Keywords: Laser surface texturing; Nature inspired design; Friction and wear; Lubrication；Cast iron
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Wettability of Coatings Based on Poly (vinyl alcohol) and SiO2
Nanoparticles
Qian Wang, Lili Ren, Zhao Dong, and Jiang Zhou*
Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130022, China
* Corresponding author: Jiang Zhou (jiang.zhou@jlu.edu.cn)

Abstract
Superhydrophobic surfaces are often found in nature, such as plant leaves and insect wings. Inspired by
superhydrophobic phenomenon, a facile approach to produce superhydrophilic and superhydrophobic coating
surfaces was studied in this paper. The superhydrophilic surface was prepared by coating poly(vinyl alcohol)
solution on cover glasses and then dipping SiO2 nanoparticles suspension on the coating. Since surface
structure/roughness can influence the surface wettability. The effects of size and quantity of SiO2 nanoparticles
on the coating were investigated. The changes of coating wettability with SiO2 nanoparticles size and quantity
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were discussed. The wettability of the poly(vinyl alcohol)/SiO2 nanoparticles coating surface was characterized
by water contact angle measurement. The water contact angle of the obtained superhydrophilic coating surface
could reach to 3°. As surface wettability is also related to surface chemical composition, dodecafluoroheptylpropyl-trimethoxysilane was used as low- surface-energy component to modify the poly(vinyl alcohol)/SiO2
nanoparticles hydrophilic coating. Through dipping dodecafluoroheptyl-propyl-trimethoxysilane on the
superhydrophilic poly(vinyl alcohol)/SiO2 nanoparticles coating surface, superhydrophobic poly(vinyl
alcohol)/SiO2 nanoparticles coating surface was fabricated. The water contact angle of the obtained
superhydrophobic coating surface could up to 151°. The morphology and topographies of the superhydrophilic
poly(vinyl alcohol)/SiO2 nanoparticles coating surface and superhydrophobic poly(vinyl alcohol)/SiO2
nanoparticles coating surface were characterized by using scanning electron microscope (SEM) and atomic
force microscope (AFM). This work provides a facile and useful method to control surface wettability by
changing nanoparticles size, quantity and surface chemical composition.
Keywords: Poly(vinyl alcohol), SiO2 nanoparticles, hydrophilic/hydrophobic coatings
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Experimental Investigation on Anti-wear Properties and Numerical
Simulation of Spur Gears with Bionic Microscopic Concave Morphology
Lichun Dong,1* Zhiwu Han,2 Lei Zhang,1 Xingtian Qu,1 and Luquan Ren,2
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Abstract
The gear is the main component of transferring power, the quality of anti-wear properties dominates service
lives of gear directly. In this paper, the experimental optimization method was adopted to design test program.
Nine microscopic concave surface biomimetic morphology have been designed in the experiment of spur gears,
and laser texturing technology was used to process the surface biomimetic morphology of spur gears in this
paper. Wear testing machine of gear was used to carry out the comparative experiment between smooth spur
gears and bionic microscopic concave spur gears. The surface morphology parameters of the spur gear were
measured before and after experiment, and the curve of error and the error value were got. The comparative
analysis has been completed about profile error and tooth trace error before and after abrasion experiment, and
the qualitative and quantitative analysis have been completed about the quality of wear resistance. The graphics
software of CATIA was used to create three-dimensional model of spur gears. The three-dimensional model was
imported to ANSYS, and the finite element model of gears was created. In the same parameter settings, the
software of ANSYS was adopted to simulate three-dimensional contact problem between smooth spur gears and
bionic microscopic concave spur gears, the stress nephogram of the von mises stress and the contact stress were
displayed respectively. The comparative analysis of the von mises stress and the contact stress have been
completed. The maximum von mises stress and the contact stress appeare at the contact position of the large and
small spur gears as well, although the von mises stress of bionic concave microscopic spur gears was greater
than that of the smooth gear, the contact stress of bionic microscopic concave gear was less than that of the
smooth gear significantly.
Keywords: Bionic, Anti-Wear, Spur gear
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Superhydrophobic bilayer coatings on steel mesh by candle soot combined
with electrophoretic deposition
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Abstract
As the increasing demand for functional materials with excellent water-resistant ability, a good deal of research
interest has been focused on superhydrophobic surfaces for a range of applications, such as water proofing, selfcleaning, oil-water separation, anti-bacterial activity.
The carbon nanoparticles made of candle soot is proved a promising candidate to form superhydrophobic
surface despite of the weak adhesion strength to the substrate. In order to further improve both the adhesion
strength and the hydrophobicity of candle soot coatings, electroporetic deposition process (EDP), known as a
facile and versatile coating technique, was introduced to produce a polymer coating on candle soot-modified
surface. Nanocelluloses (NCs) have attracted significant research efforts as loading-bearing components because
of their abundance, low- density, nanoscale dimensions, high aspect ratio, and especially impressive mechanical
properties.Taking account of the unique nanofiber geometry of NCs as well as the availability of NCs layer
fabricated by EPD, the NCs coating could be deposited on candle root bottom layer by EPD. In this study, steel
mesh was applied as the substrate and a bilayer structure was produced, as schematically shown in Fig. 1 (seen
in the full paper). Briefly, the adhesion strength of the bilayer structure is significantly enhanced with the
presence of NCs layer. Furthermore, the cactus-like particle consisting of carbon clusters wrapped by NCs fibers
were formed, and a higher contact angle could be achieved.
To complement the excellence of the material combination and the simplicity of the coating technique used,
further study will refer to the fabrication of superhyrophobic steel mesh as tools for oil-water separation, selfcleaning, drag reduction, anti-bacterial activity and so on.
Keywords: superhydrophobic, candle soot, cactus-like, bilayer, electrophoretic deposition

Paper ID: 13207

Continuous Replication of Shark Skin Micro-riblets on Polymer Films
Chunfang Guo, Danyang Zhao*, Hairui Wang, Yujie Li, Tao Li and Minjie Wang
Key Laboratory for Precision & Non-traditional Machining Technology of Ministry of Education, Dalian
University of Technology, Dalian 116024, P.R. China
*Corresponding author: Danyang Zhao (zhaody@dlut.edu.cn)

Abstract
The shark skin micro-riblets have been validated to reduce the fluid drag and thereby replicated by researchers
on various substrates. However, the continuous replication of shark skin micro-riblets on polymer films with
large scale and low cost is still necessary. In this study, fresh shark skin was first pretreated and then used to
fabricate negative shark skin structures on polymethyl methacrylate (PMMA) substrates via hot embossing
process. Then the PMMA substrates were used as the embossing mold to replicate shark skin micro-riblets on
polyethylene terephthalate (PET) films via roller embossing process. Numerical simulations were
performed to explore the flow behavior of viscoelastic polymer during roller embossing process. After
calculation, the distributions and elements history of pressure, temperature, effective stress and effective plastic
strain were plotted and analyzed. The results indicated that roller embossing process using PMMA mold is an
economic and feasible method to continuously replicate shark skin micro-riblets on polymer films. Moreover,
the flow behavior analyses may help to understand and control the roller embossing process for high-quality
micro-structures replication.
Keywords: biomimetic, molding, simulations
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Functional microstructural surface manufacturing and assessment
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Abstract
Reduction of energy consumption is one of key issues for the sustainable development. Recent technological
development in manufacturing technology has enabled engineers to create surfaces with defined geometrical
structures. This paper will presents a review of the currently available literature surrounding the research of
functional structural surfaces in relation to the beneficial properties, such as frictional reduction and drag
reduction. Various manufacturing methods for the creation of microstructural surface will be compared in terms
of production efficiency and economic production scale. A particular focus will be put on grinding which
provides a new way for structural functional surface creation.
Many researchers have attempted to relate the measured parameters of micro-structured surfaces to different
functions. The paper will present some research results on the metrological parameters, which are currently used
in industry. The investigation results show that the commonly used surface roughness measure, for example, Ra,
may not be the best parameter for the functional surface quality control in terms of tribological performance.
With the investigation conducted, it would suggest that 3D measurement parameters could be better that those
2D parameters. It was found that some particular structures on functional surface possess beneficial functions
that could reduce energy consumption. Some recent investigations in LJMU will also be introduced to
demonstrate the benefits could be acquired from microstructural surfaces.
Keywords: microstructural surface, manufacture, assessment

Paper ID: 13223

Bionic technology research study based on the non-smooth surface
morphology of the mosquito mouthparts
Jingchuan Wang*, Luquan Ren, Yinwu Li
Jilin University, China
*Corresponding author: Jingchuan Wang (13844060515@139.com)

Abstract
Using the stereomicroscope and scanning electron microscope, the mosquito mouthpart was observed. The
surface morphology of its six mouth needles shows that the upper jaw and lower jaw in mosquito mouthpart,
which present typical non-smooth surface morphology, play a role in piercing skins and they are the main organ
to do this. The end of the upper jaw is broad like the shape of knife, and there are 25-30 thin saw teeth inside.
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The end of the lower jaw is narrow and like thin knife and there are 13-15 wide saw teeth in it. The non-smooth
morphology of the mosquito mouthpart reduces the contact area between needles and skins which avails to
reduce the resistance to pierce the skin. There is an air membrane in the gap between skin and needle surface,
which can reduce the friction coefficient and resistance. Non-smooth function leads the micro-shake between
needle and skin, which reduces the positive pressure and friction resistance. At the same time, the shake
accelerates the overflow of the body fluid and reduces the resistance. The non-smooth morphology model of
mosquito mouthpart was put in the rear of the injector model, and the rate of reducing resistance can reach as
much as 44.5% through Experience.
Keywords: bionic technology, non-smooth surface, mosquito mouthparts
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Bioinspired gradient surfaces with controlling of dynamic wettability
Yongmei Zheng*
School of Chemistry and Environment, Beihang University, Beijing, 100191, China
*Corresponding author: Yongmei Zheng (Email: zhengym@buaa.edu.cn)

Abstract
Biological surfaces create the enigmatical reality to be contributed to learning of human beings. They run
cooperate between of endlessly arranged various-style gradient micro- and nanostructures (MN) that greatly
provide with excellent functions via natural evolvement. Such biological surfaces with multi-gradient microand nanostructures display unique wetting functions in nature for water collection and water repellency, which
have inspired researchers to design originality of materials for promising future.
In nature, a combination of multiple gradients in a periodic spindle-knot structure take on surface of spider silk
after wet-rebuilding process in mist. This structure drives tiny water droplets directionally toward the spindleknots for highly efficient water collection. Inspired by the roles of gradient MNs in the water collecting ability
of spider silk, a series of functional fibers with unique wettability has been designed by various improved
techniques such as dip- coating, fluid-coating, tilt-angle coating, electrospun and self-assembly, to combine the
Rayleigh instability theory. The geometrically-engineered thin fibers display a strong water capturing ability
than previously thought. The bead- on-string heterostructured fibers are capable of intelligently responding to
environmental changes in humidity. Also a long-range gradient-step spindle-knotted fiber can be driven droplet
directionally in a long range. An electrospun fiber at micro-level can be fabricated by the self-assembly wetrebuilt process, thus the fiber displays strong hanging-droplet ability. The temperature or photo or roughnessresponsive fibers can achieve a controlling on droplet driving in directions, which contribute to water collection
in efficiency. Besides, a wettable gradient also appears along the exterior surface of papillae including nanohairs
on fresh lotus leaf to suspend up microdroplets in water condensation. A multi-gradient effect resulted from the
flexibly ratchet-oriented MN on butterfly wings triggers the directional water repellency and even lowtemperature superhydrophobic properties. Inspired by theses effects, the surfaces with ratchet MN, flexible
lotus-like MN are fabricated successfully by improved methods, which demonstrate that the gradient MN effect
rises up distinctly anti-icing, ice-phobic and de-ice abilities.
In summary, inspired by biological unique wettability resulted from micro- and nanostructures of surface, the
multifunctional materials can be designed and fabricated for promising applications such as water-collecting,
anti- icing, anti-frosting, or anti-fogging properties for practical applications in aerospace, industry and so on.
Keywords: Bioinspired gradient Micro- and nanostructure Dynamic wettability
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A Study on the Effects of Bio-inspired Superhydrophobic Coatings on Ice
Accretion Process over Airfoil Surface for Aircraft Icing Mitigation
Rye Waldman,1 Haixing Li,2 and Hui Hu3*
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*Corresponding author: Hui Hu (Email: huhui@iastate.edu)

Abstract
Aircraft Icing is widely recognized as one of the most serious weather hazards to aircraft operations. When an
aircraft flies in a cold climate, some of the super-cooled droplets will impact and freeze on exposed airframe
surfaces to form ice shapes. Ice accumulation can degrade the aerodynamic performance of an airplane
significantly by increasing drag while decreasing lift. The importance of proper ice control for aircraft operation
in cold climate was highlighted by many aircraft crashes like the Continental Connection Flight 3407 crashed in
Buffalo, New York due to ice build-up on its wings killing all 49 people aboard and 1 person on the ground as
the plane hit a residential home on February 14, 2009. Military aircraft are not immune from icing hazards
either. Military operates airfields across the world, many of which require de-/anti-icing to be conducted if
operations are to continue during cold weather. Icing has been found to cause military mission delays during
ground de-icing of aircraft and even mission cancellations and abortions because of forecast or actual in-flight
icing.
Inspired by the outstanding self-cleaning capability of lotus leaves and duck feathers, a number of studies have
been conducted in recent years to develop superhydrophobic coatings to make superhydrophobic surfaces, on
which water droplets bead up with a very large contact angle (i.e., > 150°) and drip off rapidly when the surface
is slightly inclined. One attractive application of such bio-inspired superhydrophobic surfaces, in addition to the
extraordinary water-repellency, is their potentials to reduce accumulation of snow and ice and to even
completely prevent formation of ice on solid surfaces. While superhydrophobic coatings have been suggested to
have great anti-icing potentials, no systematic studies have ever been conducted to assess the effects of surface
hydrophobicity on the surface water transport and ice accretion process over aircraft wings in either dry rime
icing or wet glaze icing conditions. In the present study, a comprehensive experimental investigation is
conducted to evaluate the effects of surface hydrophobicity on the surface water transport and ice accretion
process over airframe surfaces at different icing conditions. The experimental study was conducted in the Icing
Research Tunnel of Iowa State University (ISU-IRT). A NACA0012 airfoil/wing model coated with different
bio-inspired superhydrophobic coatings was installed in the middle of the test section of ISU-IRT for the
comparative study. The transient behaviour of the surface water runback, rivulet formation, and dynamic icing
process over the airfoil/wing model under controlled icing conditions were quantified by using a high-speed
imaging system and an infrared thermal imaging system. The icephobic performance and durability of various
bio-inspired superhydrophobic coatings were evaluated quantitatively at different icing conditions (i.e., ranged
from dry rime icing to wet glaze icing conditions). A better understanding about the important microphysical
processes pertinent to aircraft icing phenomena will enable us to develop more effective anti-/de-icing strategies
to ensure safer and more efficient operation of aircraft in cold weather.
Keywords: bio-inspired superhydrophobic coatings; aircraft icing mitigation; icing wind tunnel testing.
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Abstract
In recent years, nonferrous metals have been used wildly due to the rapid development of electronic, aerospace,
automotive, machinery manufacturing, precision equipment. Magnesium alloys as biomedical materials have
been researched for a long time, which have low density, high thermal conductivity, good machinability and
excellent strength to weight ratio. Moreover, the strength and elastic modulus of Mg are close to the bones,
which meet the desired implant requirements. However, its application and development are restricted due to
high metal reactivity and poor corrosion-resistant. In this paper, the biomimetic multi-functional
superhydrophobic surfaces were fabricated by anodic oxidation method on the TZ51 magnesium alloy according
to the typical hydrophobicity surfaces of the plants and animals in the nature, and the samples showed the good
corrosion resistance.
We have developed a facile and rapid two-step method to prepare superhydrophobic surface by anodic oxidation
on the TZ51 magnesium alloy. The water contact angle on the as-prepared surface is 0° after anodic oxidation
treatment. After being modified by stearic acid (SA) for 1h at room temperature, the as- prepared
superhydrophilic surfaces showed superhydrophobicity with a WCA as high as 163°. Additionally, the surfaces
showed excellent hydrophobic property below 200°C and different contact angles‘ surfaces could be obtained.
Interestingly, after annealing at 300 °C for 0.5h, the superhydrophobic (163.8±2°) surface became
superhydrophilicity (1~5°). The results demonstrated that, the change between superhydrophobicity and
superhydrophilicity can be controlled by annealing and remodification with stearic acid. Compared with the bare
TZ51 magnesium alloy, the results of the potentiodynamic polarization curves and EIS tests showed that the
superhydrophobic surface had low corrosion current densities and higher impendence value in Hank‘s
simulated body fluid (SBF).
Therefore, the superhydrophobic surface can effectively protect magnesium alloy from being corroded. This
method adopted here may offer some new insight in constructing large-scale superhydrophobicity coating on
engineering materials with reversible wetting transition between superhydrophobicity and superhydrophilicity,
or anticorrosive property. The anticorrosive performance of the superhyrophobic surface may shed some light
on overcoming the fast degradable problem of Mg in the field of clinical applications.
Key words: Magnesium alloy, Multi-functional, Biomedical implant materials
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Abstract
With the rapid development of science and technology, the usage rate of the energy efficiency has become a
national symbol of industrial technology level. Gas turbine is a kind of high efficient power plant, the usage rate
of energy efficiency is rising year by year. The cooling technology of high-temperature components has become
the key to the initial temperature of gas turbine thermal efficiency and the leaf.
In recent years, bionics is developing rapidly. Through the perspective of bionics structure, the thermal
protection problem has become a new hotspot. The papers remains lack, which introduced the literature of the
bionic structure about the heat transfer performance and the problem of material thermal fatigue on gas turbine
transition piece model. Based on the above background and the structural characteristics of a transition piece,
this study focus on the heat transfer on the target surface, referring to the surface of conch shell. The cooling
augmentation about difference surfaces was achieved through the numerical simulation about a series of
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impingement cooling patterns.
In this paper, we study on the convex hull, pits and rib bionic structure effect on the temperature of the target
surface. The study was achieved through Realizable k-epsilon turbulence model in the Fluent software.
Compared with the bionic nonsmooth target surface and the smooth surface, the paper will analysis the heat
transfer effectiveness, temperature distribution on the target surface and flow flied characteristics in the coolant
chamber. The Particle Swarm Optimization(PSO) was employed to research the impinging cooling performance
of the bionic structure parameters, such as detached space and diameter ratio. All the simulation results under
different conditions show that the bionic target surface has a good performance in enhancing cooling
effectiveness and protecting high-temperature components.
Key words: bionic structure, nonsmooth surface, numerical simulation, impinging cooling.
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Abstract
We present an exploration of the performance characteristics of squid-inspired suckers on non-uniform surfaces.
In earlier work, we developed passive squid-inspired suckers for use on an octopus-inspired robot. This initial
work considered only the adhesive interactions with ‗ideal‘ smooth surfaces. We investigated the effect of
sucker size
on adhesion on two types of surfaces- rough and curved. Suckers of diameters 3, 5, 8, 10, 12 and 15 mm were
tested. The ‗rough‘ surfaces were produced by the use of waterproof abrasive papers glued to metal blocks. A
variety of abrasives were used, having particle sizes of 764, 425, 269, 201 and 125 μm. These blocks were
immersed in water, the sucker attached and maximum adhesive force measured. In the second experiment, to
investigate the effect of curvature, metal cylinders, ranging from diameter of 1-50mm were fixed underwater
and measurements of maximum adhesion made.
Roughness (at any scale) appeared to have a greater effect on the suckers of lower diameter, with sucker
attachment forces being, in some instances, less than 10% of those on smooth surfaces. Even the largest suckers
performed poorly- with 125 μm particle size, the 15 mm suckers were producing attachment forces of only
around 80% of those on a smooth surface. When testing curved surfaces, adhesion was rapidly lost once the
diameter of the surface approached that of the sucker.
These data have important implications for the applications of the type of suckers we developed. First, the
dimensions of objects are important determinants of the size of suckers needed to manipulate them underwater.
Since sucking force is proportional to sucker area, the use of many small suckers rather than a single larger one
may be justified. Second, the relationship between surface roughness and adhesion is rather unclear. Larger
suckers generally appear to lose performance rather less than smaller suckers, probably due to the difficulty, in
the latter, in generating a sufficient seal to generate a pressure differential.
Keywords: sucker, adhesion, surface

Paper ID: 13278

Wettability of Coatings Based on Poly (vinyl alcohol) and SiO2
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Abstract
Superhydrophobic surfaces are often found in nature, such as plant leaves and insect wings. Inspired by
superhydrophobic phenomenon, a facile drop-coating approach was used to produce superhydrophilic and
superhydrophobic coatings in this paper. The superhydrophilic coating surfaces were prepared by coating
poly(vinyl alcohol) solution on cover glasses and then drppping SiO2 nanoparticles suspension on the coating
surface. The superhydrophobic coating surfaces were fabricated by using dodecafluoroheptyl-propyltrimethoxysilane as low- surface-energy substance to modify the prepared poly(vinyl alcohol)/SiO2
nanoparticles hydrophilic surfaces. Water contact angle was used to characterize the wettability of the
poly(vinyl alcohol)/SiO2 nanoparticles based coatings. The effects of size and concentration of SiO2
nanoparticles on wettability of the coatings were investigated. The water contact angle of the obtained
superhydrophilic coating surface could reach to 3° and the water contact angle of the obtained superhydrophobic
coating surface could be up to 151°. The morphology of the superhydrophilic poly(vinyl alcohol)/SiO2
nanoparticles coatings was observed by using scanning electron microscope. This work provides a facile and
useful method to control surface wettability by changing nanoparticles size, concentration and surface chemical
composition.
Keywords: wettability; hydrophilic/hydrophobic coatings; poly(vinyl alcohol); SiO2 nanoparticles
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Bionic technology research study based on the non-smooth surface
morphology of the mosquito mouthparts
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Abstract
Using the stereomicroscope and scanning electron microscope, the mosquito mouthpart was observed. The
surface morphology of its six mouth needles shows that the upper jaw and lower jaw in mosquito mouthpart,
which present typical non-smooth surface morphology, play a role in piercing skins and they are the main organ
to do this. The end of the upper jaw is broad like the shape of knife, and there are 25-30 thin saw teeth inside.
The end of the lower jaw is narrow and like thin knife and there are 13-15 wide saw teeth in it. The non-smooth
morphology of the mosquito mouthpart reduces the contact area between needles and skins which avails to
reduce the resistance to pierce the skin. There is an air membrane in the gap between skin and needle surface,
which can reduce the friction coefficient and resistance. Non-smooth function leads the micro-shake between
needle and skin, which reduces the positive pressure and friction resistance. At the same time, the shake
accelerates the overflow of the body fluid and reduces the resistance. The non-smooth morphology model of
mosquito mouthpart was put in the rear of the injector model, and the rate of reducing resistance can reach as
much as 44.5% through Experience.
Keywords: Piercing-sucking mouthparts, Bionic, Nonsmooth surface drag reduction
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Fabrication of hybrid super-wettability copper mesh with knife-likeflowers
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Abstract
The wettability of solid surfaces is very important to fundamental research and practical application. Inspired
from species in nature a variety of bionic surfaces with super wettability have been fabricated by lithography,
templating, plasma treatment and laser methods. Recent years, metal bionic materials used in heat transfer and
their enhancement mechanism have been promising topics, for example superhydrophilic surface was used in
boiling enhancement [1]dropwise condensation [2]and heat exchangers[3]and so on. But most metal
superwettability surfaces used in heat transfer field were uniform while hybrid wetting substrates always were
non-metal like silicon wafer.
In this paper, the porous metal that involved in the hot applications was chosen as substrate. Superhydrophilic
copper mesh (~0o) and superhydrophobic copper mesh (~150o) were fabricated by directly oxidation method
and functionalization by trichloro (1H, 1H, 2H, 2H-perfluorooctyl) silane respectively, whose wettability can be
interconverted by simple operation. After oxidation a layer of knife-like-flower oxide at thickness of 2μm
covered the mesh lines. Closed to the substrate several knife sheets interdigitate together and disperse on the top,
the gap between the knife sheets on the top of flowers is 100- 200nm. With functionalization by silane, mesh
wettability converted from superhydrophilic into superhydrophobic, while, the knife-like flower layer has littler
change but blunt edges. Then, a hybrid wettability mesh with inspired from Stenocara Beetle was prepared,
which has circle superhydrophilic spots surrounded by hydrophobic background. The hybrid wettability mesh
could be widely used in boiling enhancement, water harvesting, biological medicine and other practical
applications.
Keywords: copper mesh; knife-like-flower; hybrid wettability
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Mimicking the Stenocara Beetle—bumpy shell with hybrid wettability to
harvest water by modified foam coppers
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Abstract
For centuries, water has been a limited resource especially in arid regions, and nature has adapted to provide
survival methods for species inhabiting. Stenocara beetles can collect water from morning fog using its bumpy
shell, an array of hydrophilic bumps surrounded by hydrophobic background exactly. Dorrer et al, Lee et al and
other researches studied kinds of patterned superhydrophobic and superhydrophilc surfaces to prove which
bump surface has best water harvesting performance. Obviously, drainage, temperature difference, wind
velocity, surface pattern et al are all key factors, but most samples in their studies are solid substrates
with a layer microstructure. There are three common grounds: (1) with spraying of fluid almost condensate is
blocked on the surface to form a film which weaken the effect of surface pattern to condensation process. (2)
draining efficiency of condensate directly determines the performance of next generation, while, condensate
mainly relies on gravity and flows away along the substrate surface at a low velocity, (3) more attention is
focused on the microstructures on the surface with neglect of cooperation with macro scale of materials.
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In this paper, copper foam with the controllable pore structures is chosen to harvest water. After
superhydrophilic and superhydrophobic treatments copper foam with hybrid wettability is fabricated with
inspiring from the stenocara beetle. As previous reported porous metal with a superhydrophilic wettability could
absorb a droplet away instantly, this can be used in the drainage system during water collection. Cooperating
multi-layer cooper foams with different wettability and an independent drainage, a novel water collector is
designed. When wind blows through the porous structure with less pressure decrease a droplet is generated on
the surface of copper foam with certain temperature difference. Meantime, condensate is quickly sucked away
by latter superhydrophilica foam then collected. At last, the effect of pore parameters, thickness of foam copper,
wind velocity, incline angle of samples and the temperature difference on the water collect performance are
studied.
Keywords: harvest water; metal foam; drainage

Paper ID: 13297

Fabrication and properties of bioinspired superhydrophobic surfaces by a
simple submicron particle method
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Abstract
Surface wetting is an important properties of solid surface, and is also one of the most common behavior of
interfacial phenomena. By mimicking lotus leaf, which exhibits special wettability and self-cleaning properties,
man-made superhydrophobic surfaces could be prepared by the combination of micro- and nanoscale
hierarchical structures and a low surface energy material. Generally, biomimetic micro-nano hierarchical
structure can be constructed by various chemical or physical methods, and then superhydrophobic surface can
be prepared through surface modification with the low surface energy materials like fluorinated silane,
organosilicon, and long carbon- chain compounds. In this work, a simple one-step method for fabricating a
superhydrophobic surface with commercially available submicron poly(tetrafluoroethylene) (PTFE) powder is
reported. A film of particles on the surface was formed on the glass surface. SEM results show that the surface
was covered by protruding nubs from several microns to tens of microns with hierarchical microstructures,
which is like the structure of natural lotus leaf, and make the thin film formed by these PTFE particles show
superhydrophobicity. The contact angle and contact angle hysteresis of modified PTFE film were investigated.
A WCA of 157.5°and sliding angle of 2.4°could be obtained. The superhydrophobic surfaces also show
excellent self-cleaning properties, acid, and alkali stability.
Keywords: bioinspired superhydrophobic surface; poly(tetrafluoroethylene); submicron particle

Session keynote paper
Paper ID: 13303

Cross-Species Bioinspired Liquid Repellent Materials
Tak-Sing Wong *
Department of Mechanical and Nuclear Engineering, The Pennsylvania State University, University Park, PA
16802, USA
*Corresponding author: Tak-Sing Wong (tswong@engr.psu.edu)
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Abstract
Current biomimetic/bio-inspired studies have been focused on mimicking/learning from individual biological
mechanisms to create biomimetic/bio-inspired materials. However, applying a combination of natural wetting
mechanisms within a single material/coating has been rarely pursued in the fields of biomimicry and bioinspired engineering. It is evident that combining multiple natural mechanisms within a single material will lead
to novel bioinspired interfacial materials with unprecedented functionalities, which would not have been
achieved by mimicking a single biological species alone. In this talk, I will discuss a number of cross-species
bioinspired materials developed in my research group. The first example is known as X-SLIPS, which is an
omniphobic coating modelled after the slippery rim of a Nepenthes pitcher plant and the wax regeneration
property of plant leaves. X- SLIPS coating is capable to restore the omni-repellent surface property following
large area physical damages. Another example is Slippery Rough Surfaces (SRS), which combine the unique
surface architectures of lotus leaves and pitcher plants in such a way that these surfaces possess both high
surface area and a slippery interface to repel liquids in any wetting states. Perspectives on how these crossspecies bio-inspired materials may impact future applications in materials, energy, water, and health will also be
discussed.
Keywords: Slippery Surfaces; Cross-Species Bioinspiration; Omniphobic Coatings
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Durable superamphiphobic coatings with low sliding angle
J. Zhang,* B. C. Li, and L. X. Li
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*Corresponding author: J. Zhang (Email: jpzhang@licp.cas.cn)

Abstract
Superamphiphobic coatings repellent to both water and organic liquids have generated extensive attention.
Different from superhydrophobic surfaces, the creation of superamphiphobic surfaces is difficult because of the
low surface tension of organic liquids compared to water. Although various methods have been used, most
superamphiphobic surfaces only repel liquids with surface tension above 27.5 mN m-1 (n-hexadecane). In
addition, organic liquids often have high contact angles (CAs ≥ 150°) but adhere stably on the surface and
cannot roll off, which means lack of the important self-cleaning property. It is still very challenging to create
superamphiphobic surfaces on which liquids of low surface tension could roll off easily with low sliding angles
(SAs) because the liquid-solid interaction should be very weak. Both special microstructures (e.g., re-entrant
curvatures, overhang structures, silicone nanofilaments and fabrics) and materials of very low surface energy
(e.g., fluorodecyl POSS) are necessary to achieve low SAs. However, most methods are complicated, expensive
and limited to specific substrates, which hamper their applications. Moreover, the practical use of
superamphiphobic surfaces in real-life conditions is severely limited by durability issues. Most
superamphiphobic surfaces can be easily damaged by mechanical abrasion, harsh environment and corrosive
substances, etc. Here we report our recent progress about durable superamphiphobic coatings and nepenthes
pitcher inspired anti-wetting coatings based on organosilanes. The structure and properties of the coatings can
be tailored by many factors including the amount of reactive groups of organosilane, alkyl group structure and
reaction conditions.
Keywords: silanes; superoleophobic; palygorskite
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Topic: Fluids flow and drag reductions
Paper ID: 1414

Characteristics of earthworm mucus and bionic applications in agricultural
engineering
Dongguang Zhang,1,2 Yuxiang Chen,1,2 Yunhai Ma,1,2 and Jin Tong1,2*
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2
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*Corresponding author: Jin Tong (jtong@jlu.edu.cn)

Abstract
Earthworm mucus is an important part of the respiratory system and the immune system. Earthworm mucus is
the colorless and viscosity mixed liquid, which formed by body fluid and coelomic fluid. The mucus plays an
effective role in wetting the skin, dissolving oxygen and lubricating the interface between the soil and the skin
for earthworm movement. Earthworm mucus contains nitrogen, which provides good nutrition for soil
microorganism. Earthworm mucus plays an important role in reducing soil adhesion and friction resistance
during earthworm locomotion, burrowing, and feeding in soil. In this study, an electro-stimulation device
was designed for the extraction of earthworm mucus. The electro-stimulation device extracted and collected
approximately 5 g of mucus from 30 g of earthworms in 30 min. The rheological characteristics of earthworm
mucus were investigated. The apparent viscosity initially increased and then decreased with the increase in shear
rate. The earthworm mucus demonstrated thixotropic and viscoelastic behavior with the shear rate. The amino
acid composition of earthworm mucus was analysed, which contained 16 amino acids. Aspartic acid, glutamic
acid, and valine were the relatively high concentrations. A soil- surface contacting model was established to
elucidate drag-reducing mechanism for earthworm mucus. The apparent viscosity of mucus changed with
earthworm movement, which reduced the soil adhesion and friction resistance toward the earthworm body
surface. Earthworms penetrated the soil and provided nutrients to plants while feeding, casting, and building
burrows with concurrent mucus secretion. Based on the observation and imitation of secretion process of
earthworm mucus, the bionic fertilizing device with lubricating functions was inspired to develop. The bionic
fertilizing device was composed of the furrow opener and the liquid injection device. The furrow opener was
modeled the earthworm head curves with low soil-resistance properties. The liquid injection device was modeled
the earthworm body curves and the dorsal pore shapes with deep-root fertilizing effects. According to the
composition of earthworm mucus, the bionic liquid fertilizer was prepared and applied in the greenhouse.
The bionic liquid fertilizer could significantly improve the germination percentage of corn seeds, and promote
the growth of corn leafs and stalks. This study emphasises the need for potential bionic soil-tillage implements
and drag-reducing agents with lubricating and fertilizing characteristics.
Keywords: earthworm mucus; rheological behavior; drag-reducing; bionic fertilizer

Paper ID: 1418

Numerical Study of Polymer-induced Drag Reduction in Turbulent Pipe
Flow
J. Yang*
Department of Chemical Engineering, Imperial College London, London, SW7 2AZ, The United Kingdom
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Abstract
Polymer additive are often used to reduce friction drag of wall-bounded turbulent flows. The flow with a
polymer solution exhibiting viscoelastic property has been reported to reduce up to 80% frictional drag
compared to that the equivalent flow of the pure solvent. This decrease in friction drag by a small amount
of microscopic polymer molecules is reported to be accompanied with the appearance of thin filamentlike ―shear layers‖ that act as interfaces separating low-momentum flow regions near the pipe wall and highmomentum flow regions closer to the centerline. However, no clear evidence correlates this shear layer to
the drag reduction quantitatively. And the underlying mechanism of polymer-induced drag reduction in
turbulent flow remains elusive.
In this study, a viscoelastic non-Newtonian model, so-called, Finite Extendible Nonlinear Elastic- Peterlin
(FENE-P) rheological model, has been incorporated into a 3D transient CFD code in order to compute
turbulent pipe flow of solvent containing polymers at Reynolds numbers ranging from 3.5×104 to 2.1×105.
FENE-P model treats the polymer molecular as an entropic spring connecting two beads for the
hydrodynamic forces, and the solvent containing polymer as continuum. The extra-stress created by the
polymer elasticity, called elastic stress, has been taken into account as the momentum source term to the
Reynolds-averaged Navier-Stokes equations. The modelling of turbulence itself for turbulence is done by using
standard k-ε model. Other additional source terms, mean polymer stress and its influence on Reynolds stress,
have been addressed using simple closure models.
The present 3D CFD simulation results demonstrate that viscoelastic polymer solutions can indeed reduce
the friction drag of turbulent pipe flow significantly. Particular attention has been paid to the mean velocity
fields, as well as the three-dimensional vorticity and streamwise shear strain rate. The modelling results
demonstrate that the shear layers continuously formed close to the wall at a random frequency and move towards the pipe centerline until they eventually disappear, thus occupying or existing within a ―shear layer
region‖. It is found that the mean thickness of the shear layer region is correlated with the level of drag
reduction. The shear layer region thickness is increased by the presence of polymer additives when compared
to the pure solvent. The data leads to a mechanism that may be used to explain the observations of polymerinduced drag reduction.
Keywords: drag reduction, turbulent flow, viscoelastic polymer

Paper ID: 1431

Investigation of erosion resistance property of three shells
Yi Xie*, Xiaohan Pei, Songbo Wei, Li Chen, Bairu Shi, and Tao Fu
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*Corresponding author: Yi Xie (y-xie@petrochina.com.cn)

Abstract
In recent years, the friction and abrasion of downhole tools have been the focus of research interest because of
the severe environment of the downhole, including high temperature, high pressure and corrosion. The
friction and abrasion of downhole tools not only waste materials and energy, but also directly reduce the
reliability and life of downhole tools. So the erosion resistance of downhole tools can‘t meet the demands of
practical application. To solve this problem, it is necessary to find a novel way for the surface protection of the
downhole tools.
The development of bionic engineering provides an efficient method for the surface protection of the downhole
tools. As is well known, the erosion resistance ability of shells is excellent. Wear crack or fracture does not
appear in the surface of shells although shells exist in long-term erosion environment. It is indicated from
previous research that the excellent erosion resistance property of shells was not entirely dependent on the
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materials. Its internal structure characteristics and surface morphology also had important influence on the
erosion resistance property of shells.
In this paper, the erosion resistance property of shells is further studied to find a new method for the
surface protection of the downhole tools. Three common shells——Mactra veneriformis, Meretrix lusoria,
and Ruditapes philippinarum are selected as the research object. The abrasive slurry wear experiment
method was used for studying the erosion resistance property of three shells. Finally, the erosion resistance
mechanism of three shells has been explained from scanning electron microscopic (SEM) analysis of the worn
surfaces.
Keywords: downhole tools, erosion resistance, shells

Paper ID: 1440

Numerical Simulation on Flow Characteristics in the Realistic Human
Upper Airway with Obstruction
X.L. Liu,1 and W.W. Yan,1*
1College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou, 310018, China
*Corresponding author: Weiwei Yan (yanww@cjlu.edu.cn)

Abstract
Obstructive sleep apnea (OSA) is a common type of sleep disorder characterized by abnormal repetitive
cessation in breathing during sleep caused by partial or complete narrowing of pharynx. In this study, the large
eddy simulation (LES) approach is used to investigate the inspiratory and expiratory airflow characteristics
in the human upper airway for the purpose of identifying the probable locations of illness. The human upper
airway was reconstructed based on CT scan data. During 30 L/min respiration, the airflow characteristics in
unique sections were explored at the peak of inspiration and expiration. The injection phenomenon caused by
narrowing of pharynx was discussed based on the distribution of instantaneous velocity and static pressure in
typical points. At last, the distribution of temporal velocity and static pressure were also studied in different
respiration intensity. The present results would provide theoretical guidance for the treatment of respiratory
disease.
Keywords: Human upper airway, flow characteristics, larger eddy simulation
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Design of Bionic Shovel and Performance Analysis by DEM Simulation
Rui Zhang*，Dianlei Han，Songsong Ma，Qiaoli Ji，Jianqiao Li
Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130022, China
*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
The ostrich has a steady and enduring high-speed running ability. The toenail is one of the key parts of ostrich
foot and its unique morphology plays a crucial role in the process of inserting into sand and providing traction.
Through studying the structure and morphology of toenail, and furthermore reconstructing three-dimensional

94

5TH INTERNATIONAL CONFERENCE OF BIONIC ENGINEERING, 21-24 June 2016, Ningbo, China

model of the toenail by reverse engineering technology, the information of bionic curves was extracted. Based
on the principle of Bionic Engineering, a bionic shovel was designed by carrying on the optimization to the
traditional shovel. Discrete Element Method (DEM) was employed to establish the mechanical model between
shovel and soil. The processes of inserting into soil of bionic shovel and common plate were simulated. The
dynamic mesoscopic mechanical behaviors of the soil particles around the shovel surface, the contact force
field, the velocity field and the forces acting on the shovel surface were analyzed. Compared with the
common plate, the bionic shovel had the efficient inserting performance. The inner concave bending surface
of bionic shovel was the main reason for drag reduction. It was conducive for soil particles to climb along the
inner concave bending surface and the particle movement trend was consistent. At the same time, the
simulation results showed that the tip of the shovel was the stress concentration area. It was easy to produce
fatigue wear. Therefore, the tip will need to be considered firstly in the further design of bionic shovel. This
study provides a new theoretical basis and research method for the design of high performance and low
resistance shovel.
Keywords: toenail of ostrich foot，bionic shovel，numerical simulation by DEM

Invited session keynote paper
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Characterization of Bioflows as a Clinical Diagnostic Tool
A.S.Moita 1*
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Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal
*Corresponding author: A. S. Moita (anamoita@dem.ist.utl.pt)

Abstract
Biochemical markers have been widely explored in clinical analysis for early diagnostics of several diseases. On
the other hand, biophysical markers based on the description of particular morphological and mechanical
properties of cells have been still sparsely explored, although they have a high potential to be used in
diagnostic free label systems, particularly for the early detection of inflammation and rare tumours for which
there is still no consensus on the biomarkers to use. This potential can be further extended to the
characterization of bioflows. For instance, it is known that important progresses in understanding and
preventing ischemic heart disease (stroke) have been achieved from the characterization of the flow patterns
and shear stress distribution in biomimetic models of healthy and stenosed (constricted) arteries. More recently
particular ranges of the non-Newtonian parameters of blood are proposed to be related to leukemia. On the
other hand, particular phenomenon such as the evaporation of biofluids (e.g. droplets of blood serum) leads to
coherent patterns with quite well-defined morphology that can be related with diseases such as diabetes, breast
cancer or hepatitis. This idea was already suggested, but was never explored as a diagnostic technique.
In this context, this paper revises the state-of-the-art approaches used in the development of diagnostic free
label systems, particularly focusing on those addressing biophysical markers based on mechanical properties
and on the characterization of bioflows. This review shows that several of these free label systems are
not successfully implemented due to an incomplete understanding of the complex fluid dynamics, interfacial
phenomena and heat transfer processes occurring within bioflows, This often leads to the assumption of flow
properties (e.g. presence of a laminar flow in several micro-channel diagnostic systems) which are not
experimentally verified thus compromising the diagnostic system.
To cope with this, various case studies are presented (blood flow, serum drops, cell sorting and protein
solutions) in which the main processes governing fluid dynamics and heat transfer are identified and described
being afterwards related to the potential diseases that can be related to particular features observed.
Subsequently, suggestions are given to the implementation of these features in clinical diagnostic tools.
This analysis includes the most recent work developed by the author in the context of biofluids transport
for handling of biosamples in lab-on-chip systems for biochemical and clinical analysis.
Keywords: biomechanics, characterization of bioflows, clinical diagnostic tools
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Flow Control around a Bluff Body by Two Attached Filaments
A. Wu Jing,* B. Wu Jie, and C. Zhan Jiapu
College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016,China
*Corresponding author: Wu Jing (wujing_04@126.com)

Abstract
The passive flow control around a bluff body by two filaments symmetrically attached to the rear surface
is numerically investigated in this paper. The bluff body is fixed, and two filaments are arranged in parallel
form. The leading ends of two filaments are ﬁxed at the bluff body and their trailing ends are free to ﬂap.
An improved immersed boundary-lattice Boltzmann method (IB- LBM) is employed in numerical
simulation. The attachment angle between two filaments (α) varies from 0-90°. At the same attachment angle,
different flexibility of filament (wr) is considered. Compared with the single bluff body, the use of two filaments
can reduce both the lift coefficient and the drag coefficient. Moreover, the vortex shedding suppression also
can be achieved. It is shown that both the attachment angle and the filament flexibility have the effect on
the flow control. In particular, the maximum reduction of lift and drag coefficients occurs at α=90°.
Keywords: passive control, filament, IB-LBM.
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Effect of Motion Trajectory on the Flapping Foil based Energy Harvester
Chen Yongliang and Wu Jie*
1Department of Aerodynamics, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, China
*Corresponding author: Wu Jie (wuj@nuaa.edu.cn)

Abstract
The effect of motion trajectory on the flapping foil based energy harvester is numerically investigated in this
work. A NACA0015 airfoil placed in a two-dimensional laminar flow is employed to extract power from
the flow. It synchronously executes a rotational motion and a translational motion. In the traditional flapping
foil based power extraction system, the foil only translates in vertical direction. In the current study, however,
the foil can translate in both horizontal direction and vertical direction. At a Reynolds number of 1100 and the
position of the rotating axis at one-third chord, the effects of the amplitude of horizontal motion, the phase
difference between the horizontal motion and the vertical motion as well as the frequency of horizontal
motion on the power extraction performance are examined in detail. It is shown that compared with the
traditional flapping foil, the efficiency improvement of power extraction for the flapping foil with additional
horizontal motion can be achieved. Based on the numerical analysis, it is found that the enhanced power
extraction from the vertical motion, which is induced by the increased lift force under appropriate horizontal
motion, directly benefits the efficiency enhancement.
Keywords: motion trajectory, flapping foil, power extraction
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Lattice Boltzmann modelling of microflow dynamics over structured
surfaces
W. Zhou1*, Y. Yan2, and B. Liu1
1School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China
1Beijing Key Laboratory of Energy Saving and Emission Reduction for Metallurgical Industry,
University of Science and Technology Beijing, Beijing 100083, China
2Energy & Sustainability Research Division, Faculty of Engineering, University of Nottingham, University
Park, Nottingham NG7 2RD, UK
*Corresponding author: Wenning Zhou (wenningzhou@ustb.edu.cn)

Abstract
It is well known that surface structures play an important role on superhydrophobicity. Pervious researches
show that the hydrophobicity is determined by not only the wettability of the channel but also the surface
topography. In the present work, a lattice Boltzmann model was developed to investigate the effects of surface
structures on both wettabilities and flow dynamics in a microchannel. The theory of wetting transition was
discussed. Three types including triangular, rectangle and hierarchical shaped structures were constructed on
the surface to examine the effects on wettabilities and drag reduction effects. It was found that flow
behaviours were strongly affected by the wettability and topography of the channel. In particular, different
sizes of roughness were investigated on drag reduction effects. The simulation results indicated that
hierarchical structures can improve the hydrophobicity significantly while rectangular roughness can only
improve the hydrophobicity when the ratio of height and distance h/d of the roughness is below a critical value.
Keywords: surface structures, superhydrophobicity, lattice Boltzmann modelling

Paper ID: 14138

Numerical simulation and experimental study on drag reduction
performance of Surface Microstructure of Ctenopharyngodon idellus Scales
A. JIAO Zhi-bin,1 and B. WU Li-yan2*
1,2College of Engineering, Shenyang Agricultural University, Shenyang, 110161, China
*Corresponding author: WU Li-yan (jiaozhibin1990@126.com)

Abstract:
Fluid drag reduction research has always been a hot spot and front research, and the power consumption
is particularly acute when paddy field machineries move on the surface of mud. In this paper, combining the
theory of bionic drag reduction, characteristics of fluid drag reduction was analyzed about Ctenopharyngodon
idellus surface scales, the surface microstructure was observed by scanning electron microscopy (SEM),and
main characteristic parameters of micro unit body and 3D simplified bionic model was established and built.
By using Fluid dynamics software of finite element, scale ridge flowing field was simulated, the velocity
contours and the velocity vector diagram were figured out and analyzed comparatively the value of its shear
stress contrast to a smooth surface, and experimental verification of the numerical simulation results is done.
Results showed that, a stable state "trapped water" area at low speed was formed in front of the
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microstructure, forming vortex layer above the area. This area has an impact on the fluid lubrication. The best
drag reduction can be obtained when the flow rate is about 1 m/s, and the maximum drag reduction rate is
14.62%. This research lays the bionics foundation for drag reduction research of paddy mud layer, and
the drag reduction mechanism of mud mediums was carried on the analysis subsequently.
Keywords: Ctenopharyngodon idellus scales structures; drag reduction; numerical simulation;

Session keynote paper
Paper ID: 14143

Development of DEM-LBM Hybrid Model for Particles Flow at Low
Reynolds Number
T. Yamaguchi,1* D. Iwanaga,2 and S. Momoki1
1Division of System Science, Graduate School of Engineering, Nagasaki University, 1-14 Bunkyo-machi,
Nagasaki 852-8521, Japan
2Department of Advanced Engineering, Graduate School of Engineering, Nagasaki University, 1-14 Bunkyomachi, Nagasaki 852-8521, Japan
*Corresponding author: Tomohiko Yamaguchi (tomo@nagasaki-u.ac.jp)

Abstract
Many patterns of small particles flow are observed in nature. Pollen dust drugged by wind is a serious problem
for human because this is the cause of hay fever. Some insects spray liquid particles to protect themselves
against their enemy. It is important to understand the physics of particles flows in order to solve the
problem or take these physics in the industrial application. Since it is difficult to observe or measure the solidgas two phase flow in detail, the numerical simulation is needed to understand its physical phenomena.
Mass, momentum and heat transfer between particles and gas phase flow have to be solved
simultaneously in order to understand the physics of particles flow.
Discrete Element Method (DEM) is the one of the numerical methods to analyse the solid-gas two-phase flow.
The equation of motion is solved by Lagrangian approach for dispersed phase and NS equation is solved by
the finite difference method for continuous phase. Though many useful results of solid-gas two phase
flows have been obtained by DEM and published, there is a restriction about number of particles because of
computer memory and calculation time. In this manuscript, the finite difference method is substituted with
Lattice Boltzmann Method (LBM) in order to adapt to parallel computing. LBM is the simple model for
solving complex hydrodynamics phenomena and easy to parallelize on multi-core computers.
The flow patterns of plane Poiseuille flow calculated by DEM-LBM hybrid model were compared to the
same results by the ordinary DEM, and these results indicated good agreements. Some results of simulation for
more than a thousand particles in fluidized bed and spray into still air are shown in this paper.
Keywords: Lattice Boltzmann Method, Discrete Element Method, Solid-gas Two-phase Flow
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Study on water migration in plant xylem with NMR
Jiaju Hong,1* Sheng Liu,1,2 and Yuying Yan1
1Thermofluids Research Group, Faculty of Engineering, University of Nottingham, UK, NG9 2GZ
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Abstract
Plant can take water from soil up to several metres high. Learning from the water migration process in plants has
been attracting interests from scientist for over a hundred years.
The water migration in plant stem, especially xylem, involves various driving forces including capillary effect,
osmosis effect, marangoni effect and transpiration effect, etc. However, the mechanism by which water rises
against gravity occurs are still controversially discussed despite many water migration mechanisms that have
been proposed by different researchers. And also, there still lacks of a critical transportation model because of
the diversity and complex xylem structure of plants.
This paper mainly focuses on the water transport process within xylem of willow (salix flamingo), using
theoretical analysis and experiment (Nuclear Magnetic Resonance, NMR). As xylem system is simplified as
micro channel, a mathematic model is presented based on micro channel theory, with critical analysis and
simplification. With a simplified micro channel from xylem structure and the calculation using the model of
water migration in xylem, this paper identified the relationship between various forces and water migration
velocity. The velocity of water migration within the ring of xylem in willow stem is measured by NMR, and
then it is compared to the simulation result.
Keywords: water migration, xylem, NMR

Paper ID: 14160

Effect of micro electrical field on Oil-water separation in hydrocyclone
Sheng Liu* and Yuying Yan
Fluids & Thermal Engineering Research Group, Faculty of Engineering, University of Nottingham, University
Park, Nottingham NG7 2RD, UK
*Corresponding author: Sheng Liu (liush@hhu.edu.cn)

Abstract
Hydrocyclone has been widely used to separate two components of different densities with centrifugal force
created by the swirling flow. Recently, hydrocyclone has attracted great interest in the separation of dispersed oil
form water from petroleum industry.
However, hydrocyclone has the fatal drawback of low separation efficiency when the dispersed oil droplet
diameter is less than 15μm. The overflow also has a quite low oil concentration. In order to improve the
separation efficiency and overflow oil concentration of hydrocyclone, a new process of utilizing micro
electrical field on inner wall has been introduced to study its effect on separation efficiency and overflow
concentration.
The micro electrical field on the inner wall will change the surface tension of oil and water near the wall.
The separation efficiency will be affected with changed surface tension. The electro-osmotic also will be
generated near the wall. The oil water flow in the hydrocyclone is a multiphase flow with strong swirl. A
mathematic model will be proposed to describe the oil water separation process under micro electrical field
in hydrocyclone after serious analyses. Numerical simulations will be carried out with hydrocyclone under
micro electrical field condition. The Euler-Euler multiphase model is chosen to describe the multiphase flow
in the simulation. The effects of micro electrical field intensity, direction, location et al on separation
efficiency and overflow oil concentration.
Keywords: oil-water separation, hydrocyclone and micro electrical field
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Paper ID: 14176

Stabilization of pickering emulsions by surface active food-grade particles
Ran Wang,1*,2
1 Key Laboratory of Bionic Engineering (Ministry of Education), College of Biological and Agricultural
Engineering, Jilin University, Changchun, 130000, P. R. China
2 College of food production technology and biotechnology, Changchun Vocational Institute of Technology,
Changchun, 130000,P. R. China
*Corresponding author: Ran Wang (ranwang13@mails.jlu.edu.cn)

Abstract
Intact starch granules are a new source of particles for stabilizing food-grade Pickering emulsions. The size of
the starch particulates was reduced by ethanol precipitation, and then starch nanoparticles are modified by
octenyl succinic anhydride (OSA) to obtain surface activity. These pH-responsive amphiphilic starch-based
nanoparticles (APS NPs) of 100–500 nm were selected to prepare o/w Pickering emulsions because of their
good stability against coalescence. By Fluorescence Microscopy, it was observed that APS NPs were closely
packed and distributed at the surface of the emulsion droplets. By measuring water contact angles of APS NPs
films, it was found that under most conditions APS NPs present good partial wetting properties, but that at
high ionic strength the particles become more hydrophobic, resulting in less stable Pickering emulsion.
Moreover, the transitional inversion of such emulsions can be achieved by varied the oil/water volume ratio
and pH of aqueous dispersion, respectively. The results may provide useful information for applications of
APS NPs in environmentally friendly and food grade applications, notably in food, pharmaceutical and
cosmetic products.
Keywords: Pickering emulsion/ Starch nanoparticles/ Amphiphilic

Paper ID: 14177

Coupled Fluid-Structure FEM Analysis and Optimization of Bionic Nonsmooth Turbine Blade of Turbodrill
WANG Su1,2,LIU Bao-chang1,2,3,*,GAO Ke1,2,SUN You-hong1,2,3
1. College of Construction Engineering, Jilin University, Changchun, 130061,China
2. Key Lab of Drilling and Exploitation Technology in Complex Conditions, Ministry of Land and Resources,
Changchun, 130061,China
3. State Key Laboratory of Superhard Materials, Jilin University, Changchun, 130021, China
*Corresponding Author, E-mail: liubc@jlu.edu.cn

Abstract
As one of the crucial down-hole motors, turbodrill were widely used in oil and gas drilling and geological
drilling. The turbine blades provided the power for the turbodrill, so the cross-sectional profile of turbine
blade is the fatal design factor which is of great influence on the performance of turbodrill. In this paper,
the bionic non-smmoth turbine blade was designed and the coupled fluid-structure analysis was done by using
FEM software. The curve of turbine blade of turbodrill was designed by Matlab, and the 3D drawing was
created based on the curve. The drawing was imported into Ansys13.0 software for numerical Analysis.
Seven bionic non-smooth turbine blades have been designed. The stress and deformation of ordinary and
bionic non-smooth turbine blades, as well as the fluid field around different turbine blades were analized
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and compared. The results indicated that the optimum turbine blade profile is curved-groove shape with the
non-smoothness of 20.4%.
Keywords: turbine blades; coupled fluid-structure; bionic non-smooth

Paper ID: 14184

The effect of arterial wall elasticity on the flow through a stenosis
C. Alegre, D. McNally, KS. Choi and O. Tammisola1*
1Faculty of Engineering, University of Nottingham, Nottingham, NG7 2RD, UK
*Corresponding author: Outi Tammisola (Outi-leena.Tammisola@nottingham.ac.uk)

Abstract
Arterial stenosis is a medical condition that can lead to stroke or myocardial or renal infarction. It
consists of a local narrowing of the artery diameter due to the thickening of the artery wall as a result of an
accumulation of fatty substances (known as plaque) in the inner layer [1]. The plaque may rupture at some
point, inducing the formation of a blood clot, and move into the circulation. This can block the supply of
blood to the organs and become a life-threatening condition. Typical locations where plaque may appear
are the carotid artery (near the bifurcation), coronary arteries in the heart, and renal arteries.
Apart from the chemical and biological effects involved in the plaque rupture process, another
important factor is the shear stress caused by the blood flow when passing through the stenotic section [2].
Direct Numerical Simulations (DNS) of the full Navier-Stokes equations, describing the momentum and
mass conservation of the flow field, have been performed for an idealized stenosed artery geometry (see
Figure 1). Coupling the effect of the flow field and mechanical properties of the plaque permits the
study of the initial development of a rupture. Blood viscosity is considered to be Newtonian.
Fluid-structure interaction is an important part of the problem here [3]: the artery wall is elastic, and
then it is deformed by the fluid which, at the same time, is affected by the motion of the wall. A linear
elasticity model is implemented to model the wall deformation, so artery material properties are required as
well (i.e., Young modulus and Poisson ratio).
Two inflow velocity profiles are presented: on the one hand, a simple steady case and, on the other hand, an
unsteady pulsatile velocity (blood flow is naturally unsteady, due to its dependency of the heart rate).
In both cases, the velocity profiles are parabolic at the inlet cross-section of the artery. Results are
shown for an axisymmetric configuration, representing blood flow through an idealized stenosed carotid
artery.
Keywords: stenosis; fluid-structure interaction; DNS.

Paper ID: 14193

Contact Time Reduction of Impacting Drops on Superhydrophobic Porous
Substrate
Yahua Liu,1* Zuankai Wang2
1 Key Laboratory for Precision & Nontraditional Machining Technology of Ministry of Education, Dalian
University of Technology, Dalian, 116024, China
2 Department of Mechanical and Biomedical Engineering, City University of Hong Kong, 999077, Hong Kong
*Corresponding author: Yahua Liu (yahualiu@dlut.edu.cn)

Abstract
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Drop impact on superhydrophobic surfaces usually manifests an elastic rebound due to the negligible
viscous dissipation caused by the air pockets trapped underlying the impinging drop. During the impact
process, the drop first undergoes an inertia-dominant lateral spreading, retracts on the liquid-repellent surface to
minimize the surface energy, and finally takes off in the vertical direction. In strong contrast to the
conventional drop bouncing, we demonstrate here that the liquid drop can completely rebound from a
multilayered superhydrophobic porous surface without undergoing the lateral drop retraction and display a
pancake-like bouncing, allowing a two-fold reduction of the contact time compared to conventional drop
bouncing. This counter-intuitive phenomenon involves a delicate balance between the lateral drop spreading
and vertical liquid penetration on/within the hierarchical structure which allows for the drop penetration in a
localized region without the collapse into the sticky Wenzel state as well as a effectively reversible drop
release. Using an energetic analysis, we find that such a complex process is attributed to the hierarchical
structure endowing an adequate energy storage and effective energy release, thereby permitting the drop to
bounce off the surface directly. We believe that the discovery of the new impact scenario as well as the
contact reduction of impinging drops on the superhydrophobic porous surface may find promising
applications including dropwise condensation, self-cleaning and anti-icing.
Keywords: superhydrophobic surfaces, pancake-like bouncing, contact time reduction

Paper ID: 14204

Unsteady flow investigation on MIRA notch reference model by PIV
Yingchao Zhang,1* Zijie Wang,1 Zhe Zhang1,and Jie Li1
1State Key Laboratory of Automotive Simulation and Control, Jilin University, Changchun, 130022, China
*Corresponding author: yingchao@jlu.edu.cn

Abstract
The lasting high fuel cost has recently inspired resurgence in drag reduction research for road vehicles especially
sedan cars, which calls for a thorough understanding of the vehicle wake. The acknowledged MIRA
notchback vehicle model is characterized by similar real vehicle geometry, thus especially suitable for this
purpose.
An experimental investigation has been conducted to measure the near wake flow structure of the notchback
1/8 scale mode using Particle Image Velocimetry (PIV). The experiments were conducted at a Reynolds
number was 9.18×105 based on the model length and incident flow velocity. In order to capture accurately
the flow structure, PIV measurements were performed in three orthogonal planes, including the x-z plane at two
spanwise locations, the x-y plane at four transverse locations, and the y-z plane at five longitudinal locations.
The PIV data are processed to obtain not only the instantaneous flow field but also the mean flow by averaging
1200 instantaneous images. It‘s worth noting that the instantaneous flow shows many particular interest
and complexity vortical structures which can‘t be seen in the time-average flow.
Firstly, the time-average streamwise flow shows a pair of vortices between the A-pillar right below the upper
edge of the slant, but there is one row of vorticity concentrations, again alternately arranged in sign in
the instantaneous flow.
Secondly, the diffuser angle brings much interesting and worthy features of the flow structure, which have not
been previously reported. From the time-average flow we can see there are two most concentrated
longitudinal vortices extend from two side edges of the diffuser angle, which unveil a strong impact on
the C-pillar. Most important that, the formation of this two vortices much like the C-pillar, so we call that the
low C-pillar. Besides that, due to the shear layer developed over the diffuser angle entirely attached to the
slant and also the presence of the boundary layers formed on the wall and hence result in no obvious bubble
B vortices, instead there is one row of alternant small vortices on the upper side of the diffuser angle. From the
instantaneous flow we can see the C-pillar and the low C-pillar rotate and intersect mutually, and at last
separate much small vortices from each other which rotating along with the C-pillar.
Thirdly, the time-average transverse displays two highly concentration vorticity strips, called as side vorticity,
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along each side surface of the model, which originates probably from the shear layer developed over the side
surface of the model. And this vorticity strip merges with the low C-pillar to a big vorticity so rapidly that we
can not find it in the longitudinal flow structure. What‘s more, the bubble A structure is more like ―L‖ rather
than the horseshoe. The instantaneous transverse flow always displays one more vorticity strip than the mean
structure.
Finally, this study not only analysed the vortex shedding characteristics of turbulent near wake, but more
importantly provided insight into the complex characteristic three-dimensional features of the flow structure in
the wakes of MIRA notchback.
Keywords: MIRA notch, unsteady flow, PIV

Paper ID: 14212

Superhydrophobic surfaces: Self-cleaning, air retention and unexpected
functionalities of biological and biomimetic surfaces
M. Mail,1 and W. Barthlott1*
1Nees Institute for Biodiversity of Plants, University of Bonn, Bonn, Germany
*Corresponding author: Wilhelm Barthlott (barthlott@uni-bonn.de)

Abstract
Surfaces play an important role and surface functionalities are needed for several of today‘s technical
problems. Approximately 10 million species life on our planet and plants and animals interact via their
surfaces with their environment. Biological surfaces bear an almost endless diversity of structures,
chemistry, and functionalities. Biological surfaces are perfectly adapted to their various environmental
conditions. Their functionalities range from superhydrophilic to superhydrophobic surfaces, which play a crucial
role.
Based on our discovery of the Lotus effect we investigated many different biological superhydrophobic surfaces
to develop first prototypes of technical self-cleaning surfaces. Our recent work concentrates on another
functionality of certain superhydrophobic surfaces: The Salvinia effect – the ability to keep stable air layers
under water. Such air layers bear a great potential for drag reduction on ship hulls or as anti-fouling coatings
in marine applications. We determined the underlying principles of the long term air retention and developed
first prototypes of air retaining surfaces showing a drag reduction of up to 30 %. The analysis of the air
retaining elytra of the backswimmers Notonecta revealed some new and unexpected functionality.
Keywords: drag reduction, Salvinia effect, Lotus effect

Paper ID: 14217

Study on unsteady flow of torsional wave propulsion
Zhang Jun*, Bai Yaqiang, Ding Enbao and Zhai Shucheng,
China Ship Scientific Research Center, East Shangshui Road 222, Wuxi,China
*Corresponding author: Zhang Jun (zhangjuncssrc@163.com）
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The Gymnarchus Niioticus fish(GNF) cruises generally with high efficiency with long dorsal-fin torsional
wave propulsion while keeping its body for the straight line. It provides references for bionic propulsor design.
According to kinematic observations, the swing amplitude of GNF fins is usually in the 60° to 90°, and in
normal state of tour, its amplitude is close to 90°, only in the control of hovering or swimming at very low
speed, its amplitude is smaller (about 60°).
The flow field of torsional wave propulsion is computed using the immersed boundary technique to solve the
NS equations (2008, A.A. Shirgaonkar), to get surge, heave and sway force on fin surface in stationary water.
The swing amplitude of fin ray is up to 300.
The flow field of a fish-like body with two side fins of torsional wave propulsion is computed (2010, Md.
Mahbubar Rahman). A body-fitted moving grid is generated numerically using the Poisson equation at each
time step. The numerical computation was conducted for various aspect ratios, fin angles and frequencies. The
swing amplitude of fin ray is up to 450.
In the paper, the unsteady flow of torsional wave propulsion is numerical simulated by the dynamic grid
technique including spring-based smoothing model and local grid remeshing, which is adapt to the fin
surface deforming significantly. In the present numerical simulation, the swing amplitude of fin ray reaches 850.
The numerical method is validated by comparing the numerical results of thrust force with experiments
result(2012,Jiang et al.).
The fin generates a series of vortex rings attached to the fin surface on both sides, and their vortex axes are
located near the fin‘s mid-sagittal plane. Corresponding to these vortex rings, a central jet is prominently seen
along the fin axis. The frequency of thrust force and heave force are both 2 times of wave frequency
while the sway force frequency is the same as the wave frequency. As fin ray swings in the transverse plane,
the torsional wave travels from left to right, and the high and low pressure region generates on positive and
reverse sides, and thrust force is produced by the pressure gap.
Keywords: torsional wave, bionic propulsion, vortex structure

Paper ID: 14234

An Ingenious Strategy for Nectar Drinking of Honeybees
Jieliang Zhao, Shaoze Yan,* and Jianing Wu
Division of Intelligent and Biomechanical Systems, State Key Laboratory of Tribology, Department of
Mechanical Engineering, Room 3407, Building 9003, Tsinghua University, 100084, Beijing, PR China
*Corresponding author: Shaoze Yan (yansz@tsinghua.edu.cn)

Abstract
Flower-visiting insects use a variety of means to drink themselves by the nectar. To maximize their energetic
profits in nectar drinking, they must both contend with the fluid resistance and try to increase nectar intake.
An intriguing strategy is provided by honeybees, who use the millimeter-sized hairy tongues reciprocating
forward and backward through a temporary canal to dip floral nectar. We demonstrate that the mouthpart of a
honeybee is a highly-evolved natural micropump for transporting nectar in which its glossal hairs can erect
rhythmically, highly coordinating with the glossa movement. We found that the glossal hairs adhered to the
tongue body, were spear-shaped during tongue penetration into liquid. The hairs then erected into a brushlike configuration and became a volume-variable container to load liquid during tongue retraction. The
tongue penetrated rapidly with a natural quick-forward mechanism but retracted slowly at an almost stable
velocity. The thicker rings and the much folded membranes on the tongue body, were shortened and
lengthened by an elastic rod to synchronously erect glossal hairs during nectar feeding. This technique of liquid
uptake ensured the flexibility of glossa movement and contributed to a reduction of the viscous drag and
improved the rate of liquid uptake during feeding on nectar.
Our results not only uncover the coordinated movements between tongue body and the glossal hairs, but
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reveal the potential capability of reducing viscous drag and improving liquid uptake during feeding on nectar.
We believe our studies provide significant insights into the feeding strategies of insects and will be of
general interests to scientists from the research fields of insect ethology, theory of mechanism and microfluidic
transportation.
Keywords: honeybee; feeding behavior; glossal hair; dynamic tongue surface; erection mechanism

Paper ID: 14235

Effect of V-riblet bionic tire tread pattern on tire hydropalning
Zhou Haichao*, Wang Guolin, Yang Jian and Liang Chen
School of Automotive and Traffic Engeering, Jisangsu University, Zhenjiang,212013,China

Abstract
Tire hydroplaning is one of the main influencing factors of traffic accidents, and it has a strong influence on
vehicle driving safety. The tire model of 205/55R16 is chosen as the research object, a deformed half tire
domain for calculating the hydroplaning performance was built by virtual of Computational Fluid Dynamics
(CFD), and the water flow field characteristics was simulated by the Gas-liquid Two-phase Flows. The
results show that the predicting hydroplaning speed is in good consistency with the NASA hydroplaning
equation. In order to improve tire tread pattern draining capacity, and inspired by the idea that bionic nonsmooth surfaces (BNSS) can reduce water flow resistance, the effect of bionic V-riblet non-smooth structure
design parameters arranged in tire grooves surface on water displacement and flow resistance were
analyzed. From the wall shear stress, turbluent kinetic energy and vortex vector, the water drag reduction
mechanism was revealed. After then, the preferred type of V- riblet non-smooth structure with reduction drag
is arranged on the bottom of tire grooves for hydroplaning performance analysis. The results show that bionic
V-riblet non-smooth structure can effectively decrease the tread hydrodynamic pressure when driving on water
film and raise the tire anti- hydroplaning speed.
Keywords: bionic tread pattern; tire hydroplaning; V-riblet surface; drag reduction mechanism; CFD
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Optimization of okara polysaccharides extraction using subcritical water
technology and its antioxidant activity
Zhenya Zhang,1 Hongyi Sun,1*
1 Graduate School of Life and Environmental Sciences, University of Tsukuba, 1-1-1 Tennodai, Tsukuba,
Ibaraki 305-8572, Japan.
*Corresponding author: Hongyi Sun (shy407586091@yahoo.co.jp)

Abstract
Subcritical water technology (SWT) was employed to extract polysaccharides from okara (OP) and optimized
by using response surface methodology (RSM). According to the experimental design and analysis of the Box–
Behnken design (BBD), the experimental data were fitted to a second-order polynomial equation by multiple
regression analysis, achieving and the optimum SWT conditions for OP as follows: extraction temperature 148.3
°C, residence time 11.3 min and liquid-solid ratio 33.0 mL/g. Under these conditions, the experimental yield of
OP (18.76%) was close to the predicted value (18.71%). Antioxidation assays in vitro demonstrated that OP
possessed significant scavenging activities on ABTS (IC50 = 1.70 ± 0.055 mg/mL) and hydroxyl radicals
(IC50 = 0.75 ± 0.11 mg/mL). These indicated that SWT is a promising and efficient method for
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polysaccharides extraction from okara and okara can be further utilized as a potential antioxidant resource for
dietary supplements of functional foods and pharmaceuticals.
Keywords: Subcritical water technology; Okara; Polysaccharides

Paper ID: 14268

The effect of the size of sphere-like clusters of magnetic nanoparticles on
hyperthermia heating
Rong Fu1* and Yuying Yan1
1 Fluids & Thermal Engineering Research Group, Faculty of Engineering, University of Nottingham
Nottingham NG7 2RD, UK
*Corresponding author: Rong Fu (ezxrf3@nottingham.ac.uk)

Abstract
Much attention has been focused on magnetic hyperthermia due to its great potential to be a cancer
treatment. Different from other approaches developed to raise the temperature of the tumor, magnetic
hyperthermia heats the cancerous tissues through inductively heating the pre-implanted single-domain magnetic
nanoparticles. The particles convert the magnet work done by the field to the internal energy of the
particles via the mechanism called ―hysteresis losses‖. Consequently, the temperature of particles can be
increased rapidly. Then, the heat is released to the surrounding tissue to treat the tumor.
Colloidal clusters composed of multi magnetic nanoparticles have shown great potential in magnetic
hyperthermia heating. Different from the isolated particles, the hysteresis losses of the clusters are affected by
inter-particle dipole interactions. The role of dipole interactions is complex. Several evidences show that
the dipole interactions can improve heating performance when the shape of cluster is highly geometrically
anisotropic, such as in chain or cylinder. However, it is difficult to synthesize chain or cylinder-like clusters
of magnetic nanoparticles with controllable length. At present, the synthesis of anistropy-less clusters, such as
in sphere, has become mature. The cluster can be prepared to be with either ordered or disordered particle
arrangement, and the cluster size can be managed within a relatively wide range. Researchers find that
assembling particles into anistropy-less clusters could change the heating efficiency in different ways. And
it has been suggested that the size of cluster should be optimized in order to obtain the best heating
performance. However, the relationship between the cluster‘s size and heating efficiency remains uncertainty.
In this work, heating performances of Fe3O4 nanoparticle clusters of different sizes are investigated. Almost
mono- sized clusters are prepared by assembling 10 nm of oleic-acid modified Fe3O4 nanoparticles
through emulsion evaporation method. The as-prepared clusters are dispersed in water and stabilized by
surfactants. The average size of cluster can be tunable in the range of 50 – 150 nm, which are characterized
by TEM photography. An induction heating system is set up to magnetically heat the clusters in solution,
and the increase of fluid‘s temperature is monitored with using an optic fiber thermometer. The heating
efficiency of ferrofluid of isolated Fe3O4 nanoparticles is also measured and used as control. It is found that
the heating efficiency associates intimately with the cluster size and particle concentrations. The role of
dipole interactions will be discussed with Monte-Carlo simulations.
Keywords: clusters, hyperthermia, superparamagnetic paticles
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Solving the trade-off between flow separation and force generation in owl
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flight: acomputational study
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*Corresponding author: Hao Liu (hliu@faculty.chiba-u.jp)

Abstract
Owl is widely known for silent flight. Some speciescan smartly suppress the wing-induced aerodynamic noiseto
an extremelylowerlevel of frequencies below 2 kHz during gliding or even flapping flight, which is
completely undetectable by preys like mouse. Although it has been known that owlsvery likely achieve such
low noise owing to their unique wing structures, usually characterized by the serrated leading edge, the
fringed trailing edge and the velvety wing surface, theessentialnoise suppressionmechanisms are still
unclear.In this study, aiming at unveiling the novel mechanisms associated with the serrated wing-induced
aerodynamic noise, we investigate how serrations on a single feather feature flow separations and/or vortices
at leading edge, on upper wing surface and at trailing- edge, and how the flow structures correlates with
force-generation in terms of lift and drag forces.Based on the geometry of a real owl feather,we built up
asimplified owl-wing model with two leading edge configurations: a clean leading-edge model without
serrations and a serrated leading-edge model.With periodic boundary conditions, we carried out large eddy
simulations(LES) at a chord-based Reynolds-number of Re = 6,000 with angles of attackover a range
from 0 deg up to 20 deg.The simulated results are validated through comparison with reliable measurements
in terms of velocity distributions and the relationship between lift coefficient and angels of attack. For the
clean model, it is observed that the suction flow experiences laminar-turbulent transition and forms an
unstable separation bubble, which sensitively depends upon angles of attack. For the serrated model, however,
the boundary layerapparently remains laminar over most part of the suction surface, and the fluctuations in the
vicinity of trailing edge are significantly suppressed, particularly at larger AoA > 10 deg. Even though a
notable decrease in averaged lift coefficients is observed at lower AoA ≤ 10 deg, the serrated leading-edge wing
model seems to provide a novel solution to the trade-off between flow separation (hence noise suppression) and
force generation at relatively larger AoAs where owls commonly fly at.
Keywords: owl, noise, serrated leading edge, large eddy simulation (LES), lift
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Topic: Nature inspired designs
Paper ID: 1535

Investigation of Binderless Decorative Bark Particleboard
Peixing Wei1, 2＊, Brad Jianhe Wang2, Zheng Wang3
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212400, China.
2
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Ningbo Sino-Canada Low-Carbon Technology Research Institute Co.Ltd. Ningbo, 315600, China.

College of Materials Science and Engineering, Nanjing Forestry University, Nanjing, 210037, China.
*Corresponding author: Peixing Wei (wayne0448123@163.com)

Abstract
Bark is one natural biomass material but hasn‘t been fully utilized until now. It is well known that the xylem of
trees can be used to manufacture building and decorative materials.However, owing to lower density and weak
strength, bark was burnt directly as a waste. The bark is a whole, which just depends on the chemical component
of lignin. Inspired by this natural phenomenon, we tried to manufacture one new wood-based panel for
decoration which didn‘t include any formaldehyde-based adhesive. Thus, it was pollution-free and more suitable
for interior environment. In this work, the mashed bark particles from Masson pine were firstly softened by
cooking and then treated with NaOH solution or untreated. The bark particleboard was manufactured by
consolidating mats of mashed bark particles under heat and pressure for a certain duration of time. Under the
high temperature and humidity environment, the lignin produced cross-linking reaction and made the bark
particles integration. Additionally, the voids inside the mats reduced sharply and the density was increased
under pressure. The results showed that the binderless bark particleboard can achieve perfect bond and the
mechanical properties can meet the requirements of Chinese national standard of indoor decorative panels. And
the 2h thickness swelling of water absorption of binderless bark particleboard was even less than common
particleboard and the stability was better.
Keywords: Decorative Bark Particleboard; Lignin; Hot-pressing.
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Quantitative analysis of geometrical features of claws of Myospalax psilurus
Hongchang Wang 1,2*, Jin Tong 1,2,Donghui Chen1,2, Hubiao Wang 1,2, Zhongmin Wang 3
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Abstract
Zokor— Myospalax psilurus, which are typical soil-burrowing animal, live primarily underground and highly
adapted to that environment. The zokor were chosen as the research object in this work. The geometrical
characteristic of middle toe of fore claw of zokor was examined by stereo microscopy. The excavating activities
of zokor were observed using HD camera. The contour feature of middle toe of fore claw of zokor was extracted
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using digital image-processing functions in MATLAB software, the equations of contour curves of the middle
toe of fore claw were obtained and, then, the curvature of the curves was calculated and analyzed. The results
show that the fore claws which are sickle-shaped, are bigger and thicker than hind claws, especially the third toe
is the biggest and thickest; the excavating process of zokor included excavating, kicking soil, bulldozing, food
or obstacles processing, repairing the tunnel, etc. The change of curvature of the upper contour curves of the
middle toe is smaller and its surface is smooth, which assure smooth of surface of the inside surfaces of the
tunnel burrowed by zokor. The change of curvature of the lower contour curves of the middle toe is larger,
which facilitate excavating soil and make the soil slide easier during the process of excavating. A biometric
weeding blade and an arc weeding blade which used in intra-row weeding machine was designed, then the
weeding blade were simulated and the simulation result indicated that the biomimetic weeding blade can
withstand larger resistance than arc weeding blade.
Keywords: Myospalax psilurus, claw, weed control.

Paper ID: 1552

Visual Estimation of Tau-dot for Guidance of Approaching Flights of
Unmanned Aerial Vehicles
Wanchao Chi1, K. H. Low1*, and K. H. Hoon1
1School of Mechanical and Aerospace Engineering, Nanyang Technological University, 639798, Singapore
*Corresponding author: Low Kin Huat (mkhlow@ntu.edu.sg)

Abstract
Nowadays, applications of Unmanned Aerial Vehicles (UAVs) are becoming increasingly prevalent.
Biomimetic perching has been one of the interesting topics in the field of UAV-related research. As the
first stage of the perching procedure, approaching flight requires effective and efficient guidance to achieve
successful perching. Tau Theory has been found applicable to guidance of approaching locomotion in
humans, pigeons, insects and so on. Instead of adopting the classic assumption of a constant tau-dot of 0<
<0.5 in Tau Theory, varying tau-dots have been found in parrots‘ approaching flight during perching and
applied as a fuzzy control strategy for UAV perching flight in our previous research. The feedback of tau
information was realized through an indoor motion capture system, which is not applicable in general
scenarios. As such, the biomimetic estimation approach of tau information via visual cues for guidance of
approaching flight of UAVs is addressed in this paper. Firstly, the advantages of visual guidance for
approaching flight are discussed and the potential visual cues are covered. Secondly, a scale-dependent
expansion model (SEM) is proposed for tau-dot estimation, taking the visual cue of object scale into
account. Also, the classic pinhole camera model is utilized as the imaging model. Theoretical derivation
of the relationship between the tau/tau-dot and the identified object scale is presented. Thirdly, before
experimental evaluation of the model, visual identification of the object scale is further studied. Three
template-based identification methods, namely geometric matching, pattern matching and object tracking,
are implemented in LabVIEW, and their effectiveness and reliability are examined in three common flight
scenarios -- straight approach, bypass flight and circle flight. Results show that geometric matching
demonstrates the best overall performance of object identification, and therefore it is finally employed for
experimental validation of SEM. For simplicity and the best performance of the geometric matching, only
straight approach scenario is considered. The visual estimations of tau-dot from SEM during the
approaching flight are compared with the ground truth values calculated from measurements by a motion
capture system. Good agreement between the two sets of data verifies the effectiveness of SEM. The visual
estimation of tau-dot extends the applicability of the previous guidance controller of approaching flights of
UAVs to more general scenarios.
Keywords: UAVs, visual guidance, tau-dot estimation
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An Aco-Based Discrete and Continuous Optimization Algorithm For
Optimising Multi- Levels Truss Topological Design
Michael Menonye Nwaki, Shujun Zhang,* Kamal Bechkoum
School of Computing and Technology, University of Gloucestershire, the Park, Cheltenham, GL50 2RH, UK
*Corresponding authors: Shujun Zhang E-mail:szhang@glos.ac.uk

Abstract
Topological design truss problems are known to be difficult to solve to optimality, partly due to the inaccuracies
of computational strategies to evaluate theimpact of external forces acting on a specific edge (truss); which can
havesignificant resultant effect on other trusses, through the individual vertices (node) and the magnitude of
these resultant effects are difficult to accurately estimate due to the damping effect of the vertices (nodes).
Secondly the largeness of the search space can be an issue, which can only be resolved with superior
computational power and strategies. The complexities of these problems becomes exponentially larger when it
involves multi-level hierarchies. This paper proposes a variant of ant-colony metaheuristic algorithm (ACO).
The proposed algorithm includes a local search metaheuristic. The ACO will be used exploitatively to identify
high performances area of the search field, through the continuous interactions between the search agents (ants)
and then using the local search algorithms, such as hill-climber to localise the search solutions. The feasibility of
the structure of each combinatorial solutions, i.e. the discrete options and thecorresponding continuous design
variables will be evaluated using the Grubler‘s criteria (D.O.F), to determine the kinematic stability i.e.the
statistical and dynamic balancing of a solution (structure). From the computer simulation results, it has been
shown that the proposed algorithm can be used simultaneously, in searching across multi-level hierarchies for
solving trust topological design problems with both the discrete and continuous design parameters within a
given set of constraints. It is effective and more efficient than the existing algorithms for the similar problems.
Key Words: ACO, Algorithm, Trusses Topological Design, Optimum Design, Bio-inspired Algorithm
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Applying central pattern generators to control the robofish with the
biomimetic undulatory pectoral fin
Yangwei Wang, Yongcheng Yan*, Kai Yu
College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing, 210016, Jiangsu, China
*Corresponding author: Yongcheng Yan (yanyongchengwy@163.com)

Abstract
This paper aims to develop a robofish with the biomimetic undulatory fin, and control it to mimic the bionic
protype by central pattern generators(CPGs). First, the undulatory characteristics of the freshwater stingray were
analyzed quantitatively. Second, a robofish with undulatory pectoral fin was developed according to the bionic
morphology and kinematics. Third, the CPG network was created to mimic the freshwater stingray and
accomplish three-dimensional(3D) motions. Finally, the experiments were conducted to verify the authors‘
work. The results demonstrate that the CPGs is an effective method controlling the robofish to imitate the
freshwater stingray realistically. In addition, the robofish can accomplish 3D motions of high maneuverability,
and change among different swimming modes quickly and smoothly.
Keywords: robofish, undulatory pectoral fin, central pattern generator
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Stable Hovering Flight of a Flapping Wing Micro Air Vehicle Mimicking
Insect Flight
QV. Nguyen* and WL. Chan
Temasek Laboratories, National University of Singapore, Singapore 117411, Singapore
*Corresponding author: Quoc Viet Nguyen (tslnqv@nus.edu.sg)

Abstract
Vertical Take-off and Landing (VTOL), agile manoeuvring, and hovering flight are extremely desirable
characteristics of insect flight in development of Flapping Wing Micro Air Vehicles (FW-MAVs), which
enable an insect-inspired FW-MAV to retake off and fly in confined spaces for indoor surveillance. Moreover,
the FW-MAVs are more efficient at low Reynolds number regime, less noisy, and less dangerous than their
counter parts of fixed wings and rotary wings. These key features have led insect-inspired FW-MAVs to be
attractive flying models for modern micro air vehicles. This work presents the design and fabrication, flight
performance and measurement of flapping forces, power consumption, and wing kinematics of a hovering FWMAV mimicking insect flight. The unique design of gearbox using crank-slider mechanism enables only one
motor to simultaneously drive the four wings which sweep a cylindrical volume, and clap and fling at the
end of both upstroke and downstroke. With the thrust enhancement by the wing clap-and-fling effects, the FWMAV can carry a payload up to 5 grams at a relatively low flapping frequency range from 10Hz to 13.7Hz. The
flight control of roll-, pitch-, and yaw-motion is achieved using three control surfaces actuated by three servos at
the bottom of the prototype. The special design enables the FW-MAV weighing 16.6 grams with a wing span of
22cm to be inherently stable in hovering flight, and able to perform vertical take-off and landing (VTOL),
forward and backward flight (pitch-control), left and right flight (yaw-control), rotation around its body axis
(roll-control), and retake-off at ease. Powered by an onboard single cell LiPo battery (3.7V-70 mAh), the FWMAV can endure five minutes of hovering flight with an onboard camera (2.5g) for first-person-view
(FPV) control. Moreover, flapping forces, power consumption, and wing kinematics have been
synchronized and measured to characterize the flapping performance of the FW-MAV.
Keywords: flapping wing, clap-and-fling, micro air vehicle
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The hygroscopic behaviour of pine cones: An inspiration for façade design
Deborah Adkins,1* Tianqi Wang,1 and Patrick Pradel,2
1Department of Architecture and Built Environment, University of Nottingham Ningbo China, Ningbo,
315100, China
2Department of Mechanical, Materials and Manufacturing Engineering, University of Nottingham Ningbo
China, Ningbo, 315100, China
*Corresponding author: Dr Deborah Adkins (Deborah.Adkins@nottingham.edu.cn)

Abstract
In this paper, the hygroscopic behaviour of pine cones is analysed and a new façade design inspired by
the hygroscopic movement of pine cones is numerically simulated and reviewed. The adaptive mechanisms
implemented throughout the natural world have developed through billions of years of evolution. In order
to maximize the utilization of available natural resources, the shape, material, behaviour and structure of
plants have evolved to be adaptive and responsive to the environment.
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Biomimetics is the field that studies nature in order to provide better solutions for mankind through the
inspiration and inheritance of nature. The application of biomimetics to the built environment may result in
the reduction of impact on the environment as well as reduced energy consumption and the improvement of
indoor environmental conditions. Hygroscopic movement is a common mechanism employed in seed
dispersal. The amount of moisture held by hygroscopic materials is usually proportional to the relative
humidity. When exposed to higher humidity levels, hygroscopic movement causes the individual plates
(scales) of pine cones to bend with changes in humidity, enabling them to disperse or protect their seeds. A
building façade may be constructed using wooden veneers placed in sequence and as their porosity changes
then the veneers deform in response to the environment. The hygroscopic actuation of wood veneers enables the
building façade to adapt to environmental changes without complicated sensor and control systems used in
modern climate responsive building skins. By adjusting the layout of the elements, multiple types of design can
be developed, one which opens with the veneer curling to inhale the saturated air, and the other closing with
the curvature to provide shading. The simplicity and passive hygroscopic actuation enables the new building
façade to reduce energy consumption in the built environment, while intelligently maintaining the indoor
environmental conditions.
Keywords: hygroscopic movement, pine cones, façade design

Paper ID: 1571

Electrochemical and Antibacterial Properties of a Nanostructured New
Dental Alloy
A.B.Stoian,* C. Dumitriu,C. Manole, M. Andrei and I. Demetrescu
Department of General Chemistry, University Politehnica of Bucarest, Bucarest, 011061, Romania
*Corresponding author: Andrei Bogdan Stoian (andreibstoian@yahoo.com)

Abstract
Metal alloys have been used extensively for long-lasting oral restorations. Because of the constant and long term
contact with human tissue, corrosion and biocompatibility issues should be studied thoroughly in order to avoid
the discomfort of patients (metallic taste) or the appearance of more serious problems such as allergies, oral
lichen planus or oral lesions. The oral cavity is a perfect environment for the degradation of a metallic implant
due to the permanent presence of factors that influence corrosion such as: saliva, changes of pH values,
temperature fluctuations and mechanical stress. The multitude of factors brings difficulties in choosing a
restauration material that can withstand the passage of time with minimum degradation. In recent years, there
has been a special attention towards the use of Cobalt-Chromium alloys for metallic implants being comparable
in terms of biocompatibility and mechanical resistance to Titanium alloys. However, one reported problem is the
ion release form the implant, and although oral allergies to Cobalt are rare, this should be taken into
consideration. The mechanisms of biocorrosion of oral implants are not yet completely understood, however one
fact is certain: in order to develop, microorganisms need to first attach on a surface. The properties of a new
Cobalt-Chromium alloy (60Co-26.5Cr-4.5Mo-0.8Mn-6Nb-0.8Zr) designed specifically for dental restorations
were tested. The surface of the material was first modified with different nanostructures and then characterized
by Atomic Force Microscopy. The electrochemical parameters were determined in Carter–Brugirard artificial
saliva. The antibacterial effect was achieved by adding silver nanoparticles on the surface of the alloy which
was previously nanostructures in order to achieve better dispersion of the particles. For this work we selected
the nanostructure that gave the best antibacterial effect.
Keywords: CoCr alloy, nanostructures, antibacterial activity.
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Nanotextured replica templated from butterfly wing scales with light
trapping property
Zhiwu Han, Bo Li, Zhengzhi Mu, Ze Wang, Shichao Niu*, Junqiu Zhang and Luquan Ren
Key Laboratory of Bionic Engineering (Ministry of Education, China), Jilin University, Changchun, 130022,P.
R. China.
*Corresponding author: Shichao Niu (Email address：niushichao@jlu.edu.cn)

Abstract
Based on the brilliant property of butterfly Trogonoptera brookiana wings, the SiO2 replica of this bionic
functional surface was successfully synthesized using a simple and high effective synthesis method combining a
sol-gel process and subsequent selective etching. Firstly, the reflectivity of butterfly wing scales was carefully
examined. It was found that the whole reflectance spectroscopy of the butterfly wings showed a lower level (less
than 10%) in the visible spectrum. Thus, it was confirmed that the butterfly wings possessed a super light
trapping effect. Afterwards, the morphologies and detailed architectures of the butterfly wing scales were
carefully investigated using the ultra-depth three-dimensional microscope and field emission scanning electronic
microscopy (FESEM). It was composed by the parallel ridges and quasi-honeycomb-like structure between
them. Based on the biological properties and function above, an exact SiO2 negative replica was fabricated
through a synthesis method combining a sol-gel process and subsequent selective etching. At last, the
comparative analysis of morphology feature size and the reflectance spectroscopy between the SiO2 negative
replica and the flat plate was conducted. It could be concluded that the SiO2 negative replica inherited not only
the original super light trapping architectures, but also the super light trapping characteristics of bio-template.
This work may open up an avenue for the design and fabrication of super light trapping materials and encourage
people to look for more super light trapping architectures in nature.
Keywords: butterfly, superhydrophobicity, light trapping
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Paper ID: 15155

Bio-inspired Design for Aero/hydrodynamic Efficiency
Firoz Alam*, Harun Chowdhury, Hazim Moria and Justin Bell
School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University, Melbourne,
AUSTRALIA
*Corresponding author: Firoz Alam (firoz.alam@rmit.edu.au)

Abstract
A major emphasis has been put on green technology or efficiency. Despite having significant progress in the
reduction of aerodynamic drag of road and underwater vehicles, we have yet to design a vehicle with the perfect
blend of aero/hydrodynamic efficiency and mechanical competence. In the pursuit of higher aero/hydrodynamic
efficiency, researchers, engineers and scientists can look for the help from the nature as many natural fauna such
as boxfish, shark, tuna fish, eel and dolphin have been evolved to attain the highest aero/hydrodynamic
efficiency over millions of years. In order to replicate some of these animals‘ external shape characteristics for
achieving high aero/hydrodynamic efficiency, a series of experimental and computational studies has been
undertaken at RMIT University and elsewhere around the world. This paper provides a broad review of nature
inspired studies/solutions for achieving aero/hydrodynamic efficiency undertaken at RMIT University and other
locations around the world. Through reviewing the historical examples and reporting the current studies, the
possible future prospects are discussed. The achievement of high aero/hydrodynamic efficiency will not only
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reduce the fuel consumption but also lower the greenhouse gas emission and minimize environmental impact.
Keywords: 3 keywords
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Stroke-Plane-Change mechanism for attitude control in an insect-like
tailless flapping-wing MAV
H. V. Phan,1,2,3 and H. C. Park1,2,3*
1Artificial Muscle Research Center, Konkuk University, Seoul, 143-701, Korea
2National Research Laboratory for Biomimetics and Intelligent Microsystem, Konkuk University, Seoul, 143701, Korea
3Department of Advanced Technology Fusion, Konkuk University, Seoul, 143-701, Korea
*Corresponding author: Hoon Cheol Park (hcpark@konkuk.ac.kr)

Abstract
Unlike the flight principles of conventional aircrafts, insects generate aerodynamic forces in an unsteady
aerodynamics environment at low Reynolds number. Although both bird and insect flights are essentially based
on flapping wings, there are important differences from each other. For most birds except hummingbird, useful
aerodynamic forces are mostly produced during downstroke. On the other hand, insects produce lift and thrust
during downstroke as well as during upstroke. Moreover, birds use stabilizers located at the tail to control and
change their attitudes during flight. Insects change their attitudes by flapping their wings without any control
surfaces at the tail. In addition, insects flap their wings with larger flapping angles at higher frequencies than
birds. Insects also have ability to perform maneuverability at low flight speeds in confined spaces and
remarkable hovering capability. Therefore, an insect-mimicking FW-MAV is a more challenge to design than a
bird-mimicking FW- MAV because of these features In an attempt to adapt the flight of insects, we have been
developing an insect-mimicking flapping-wing system, which mimics flight of a beetle, Allomyrina Dichotoma.
The previous flapping-wing system of 10cm2 wing area could generate a thrust of about 10 gram at a flapping
angle of 140 degrees and flapping frequency of about 40Hz, which is close to the beetle‘s flapping frequency.
The system could vertically take off with an integrated battery and receiver. The passive wing twist placed in the
previous flapping-wing, which was proven to contribute higher thrust generation than flat wing, is also used in
this current flapping-wing mechanism. In this work, we designed and investigated the stroke-plane-change
(SPC) mechanism in our flapping-wing system for attitudes control. The mechanism is able to modify the
flapping tip path plane or stroke plane independently in left and right wings while maintaining the same
amplitude of flapping angle just like a real beetle. As a result, the direction of the resultant aerodynamic forces
in each wing can be changed to generate suitable control forces for flight. The flapping-wing mechanism
transferred the rotational motion from the installed motor to large flapping wing motions through a combination
of the four-bar linkage and pulley-belt mechanism. Firstly, we explain how we design and fabricate the
flapping-wing and control mechanisms. Afterwards, three-dimensional wing kinematics is measured by three
high speed cameras. The forces and moments produced by the system are estimated by the unsteady blade
element theory (UBET) based on the measured wing kinematics and confirmed by an experimentally measured
data using a load cell. Finally, we evaluate the moments generation ability of the flapping-wing system with the
stroke-plane-change mechanism.
Keywords: flapping-wing micro air vehicle, biomimetics, attitude control, beetle flight, stroke plane
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Bionic design for reducing adhesive resistance of the ridger inspired by
boar’s head
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Jilin University
*Corresponding author: Meng Zhou (zoumeng@jlu.edu.cn)

Abstract
The feature of the boar‘s head especially the forehead is used to root about for food, which is similar to the
ridger in terms of function, load and environment. In this paper, boar‘s head was selected as the biological
prototype for developing a new ridger. point cloud of the head were captured by 3D scanner, and the head
surface was reconstructed with 3D coordinate. The characteristics curves in front of the boar‘s head was
extracted, and then five curves of cross section and one curve of vertical section were fitted. According to fitted
curves, five kinds of bionic ridgers were designed. The resistances of the bionic ridgers and traditional ridger
were tested with different speed in indoor soil bin. The bionic ridger B had the best resistance reduction ratio
16.67% at 4.2Km/h velocity. In order to verify the bionic ridger, the bionic ridger and traditional ridger were
tested in field under the same working conditions. The results indicate that bionic ridger reduces resistance by
6.91% compared to traditional ridger, and the test result verifies that bionic ridger has an effect on reducing
resistance.
Keywords: Ridger, Soil adhesion, Bionic design and wild boar
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REVIEW ON APPLICATION OF BIOMIMETICS IN THE DESIGN OF
SOIL-ENGAGING IMPLEMENTS FOR AGRICULTURAL
MECHANIZATION
Benard Chirende,1* and Jianqiao Li 2
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Key Laboratory of Bionic Engineering (Ministry of Education), Jilin University, Changchun 130022, P.R.
China
*Corresponding author: Benard Chirende (benchirende@gmail.com)

Abstract
This paper aims at reviewing biomimetic works done on investigating the effect of non smooth surfaces on soil
resistance based on the functional mechanisms of living organisms which burrow the soil. These include wild
boar, dung beetle, mole cricket and earthworms being applied to such implements as ridger, mouldboard plough,
disc ploughs and cultivators. The characteristics of soil-burrowing animals for improved soil scouring and their
mechanism for reducing soil adhesion and friction are also discussed. From past research work, it can be
concluded that non smooth surfaces can indeed reduce soil resistance however the extent of reduction is still a
gray area. The main factors affecting soil adhesion like the nature and properties of the soil, the properties of the
soil-engaging component surfaces and the experimental conditions could be an explanation for inconsistencies
in the extent of soil resistance reduction. When applying the concept of non smooth surfaces in bionic
implement design, the general factors considered in distributing non smooth structures are distribution of normal
stresses, choice of non-smooth type and material, soil motion tracks during operation and choice of non-smooth
convex types. In general, there is still room for further research to determine the significance of the performance
and economic benefits through testing the bionic implements under actual field conditions so as to justify mass
production of such implements for economies of scale
Keywords: biomimetics, anti-adhesion, soil resistance
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Bionic design and simulation analysis of cushion packaging cardboard
based on bamboo structure
A. SHAO Qing,1 B. XU Tao,1 C. GUO Haotian,1 D. YAN Lei,1 and E. YU Zhenglei2*
1School of Mechanical Science and Engineering, Jilin University, Changchun, 130025, China
2Key Lab of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130025, China
*Corresponding author: YU Zhenglei (yuzhenglei@hotmail.com)

Abstract
Cushioning property is an important research aspect in product packaging field, especially for the transportation
safety of precision instruments. Generally, the products are packaged by the corrugated cardboard or
honeycomb cardboard. In order to improve the cushioning property of packaging cardboard, this paper used the
bionics principle to design the structure of the cardboard and analyze its performance to provide new methods
for structural cushioning design. Then the bamboo (Phyllostachy pubescens) structure was selected as a
prototype bionic creature through similarity analysis with the honeycomb cardboard structure. The structural
characteristic parameters which determined the cushioning property of the bamboo were applied to design the
structure of bionic cardboard. Therefore, a bionic element of core layer composed of bionic joints, bionic units
and bionic inner tubes was developed based on the bamboo structure. Afterward, the cushioning capability of
the bionic cardboard structure was analyzed by the nonlinear finite element software ANSYS/LS-DYNA by
comparison with the corrugated cardboard and honeycomb cardboard. The results showed that the structure of
bionic joints, units and inner tubes were the main load-bearing structure, and this bionic structure absorbed more
energy, had better cushioning property and performed in a more stable way than the other cardboard structure.
In summary, the design of bionic cardboard using the structural characteristic parameter of the bamboo can
provide a new idea and theoretical basis for the research of cushion packaging.
Keywords: bionic design, packaging cardboard, bamboo structure
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Melt-processed PLA/HA platelet nanoparticle composites produced using
tailored dispersants
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Ward1, A. Canciani1, G.Y.H. Choong1, D.S.A. De Focatiis1, E.H. Lester3, D.M. Grant3, D.J. Irvine2
1Composites Research Group, Faculty of Engineering, University of Nottingham, NG7 2RD, UK
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3Advanced Materials Group, Faculty of Engineering, University of Nottingham, NG7 2RD, UK
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Abstract
The structure of bone is one of collagen fibres reinforced with hydroxyapatite (HA) nanocrystals (nanoHA).
While monolithic HA is essentially non-resorbable, the body must presumably possess the functionality to
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resorb nanoHA and indeed studies have shown a faster rate of ‗biodegradation‘. In the present study, nanoHA
has been used as reinforcement for polylactic acid (PLA) to produce enhanced materials for medical devices.
This in itself is not new, however a novel hydrothermal process has been used to obtain nanoHA in a platelet
shape. This has enabled the scalable production of materials that make use of the unique properties seen in
intercalated clay nanocomposites but in a form that is fully resorbable. The materials have been made through
an industrially-relevant melt compounding process and medical grade PLA has been used to ensure appropriate
processing conditions have been identified. To improve dispersion during compounding, the hydrothermal
process allows for simultaneous nanoHA formation and coating using specifically designed molecular
dispersants. These dispersants are low molecular weight polymers, with functional head groups carefully
designed to link to the surface of the nanoHA and PLA chain structure tails to interact with bulk PLA. The
synthetic dispersants have been key to achieving not only improved dispersion of the nanoparticles in the
polymer but also to enhance the interaction of the polymer with the particles. Experimental data shows that the
addition of plates with a dispersant that is not intimately connected provides only limited improvements to
material characteristics. It is necessary for there to be intimate, bonded contact between platelet and dispersant.
Extensive characterisation has been undertaken in terms of thermal, physical and rheological studies through the
course of degradation , including microCT and micro-mechanical testing. The addition of nano platelets has
been shown to increase the composite viscosity and yield strength (offering creep resistance) and to have
dramatic effects on the diffusion properties (altering degradation behaviour). Specialist micro-mechanical tests
have ensured the best efficiency in the use of medical grade PLA, rheological studies have enabled molecular
weight characterisation and enhanced imaging techniques have elucidated greater understanding of the process
of degradation in PLA materials. Close contact with industrial partners has ensured that all the processes in use
are commercially scalable and a demonstrator product is under development, utilising identified beneficial
features of the nanocomposite materials.
Keywords: Nanocomposite, Hydroxyapatite, Polylactic acid
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A Method of Obtaining Deflection Angle of Farmland Image based on Frog
Vision Characteristics
Jiangtao Qi, Yang
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Abstract
The accurate extraction of agricultural environment information is an important requirement of autonomous
tractor based on machine vision. Frog‘s eyes focus on the movement of the target, and do not focus on the
target‘s detailed characteristics. So the calculation amount of visual information is reduced on the
premise of guaranteeing the visual task, which provides the prerequisite for rapid detecting the target.
In this paper, visual detection model has been simulated based on the frog eye combining with the
image processing. The motion information was obtained by frog visual detection model, and was applied to
the tracking of feature points. Deflection angle of farmland image was acquired on the basis of the
information. First, image feature points were selected and the interference background of the image
scene gradually became blurred through the way of filtering. Then, feature points of the target were retained
and became clear and highlighted gradually. And then the size of next image was made equal to the size of
corresponding image through image scaling. Finally, the deflection angle was obtained by comparing feature
points of the images between corresponding image and the next image. In- field experiments have been
conducted in agricultural experimental field of Jilin University to evaluate the method‘s accuracy in 2015,
which shows maximal relative errors of 7.87% and 8.94% and mean relative errors of 2.76% and 3.65% for
the speed of tractor are 4km/h and 8km/h respectively. Hence such a method can provide research
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foundation for the acquisition and application of farmland image.
Keywords: vision bionics, farmland image, autonomous tractor
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Bionic design of polypeptide for improving lubrication
H.X.Cang*
School of life science, Northwestern Polytechnical University, Xi’an, 710072, China
*Corresponding author: Huai Xing Cang (hxcang@nwpu.edu.cn)

Abstract
Protein is the construction unit of life bodies and the carrier of life activities, which is composed of amino acid
residues. Proteins of different number or sequence in amino acid residues may have different biological
functions, and often accompanying different physic-chemical properties, such as collagen & keratin.
Considering the special properties of various proteins, people want to artificially construct proteins of similar
properties to the natural ones. Among the 20 kinds of natural amino acids, some are hydrophilic, others are
hydrophobic. For the hydrophilic amino acids, some have positive electric charges, some have negative electric
charges, and some have no one. To study the lubrication property of small proteins which is called polypeptide,
six kinds of polypeptides were designed. There are a few differences among six polypeptides: (1) Number 2, 4
and 6 has a turn in their molecular chain, respectively; (2) Number 1 through 4 are hydrophilic, but 5-6 semihydrophilic; (3) Number 1-2 have positive electric charges, but 3-4 have positive & negative electric charges in
their single molecule; (4) Number 5-6 have more residue than 1-4. So, it is expected that the polypeptides with
the turn in their chain or more residues will have more complicated solution structure, and in return have better
lubrication property.
Keywords: Molecular bionics, amino acid, polypeptide

Paper ID: 15197

Design and Test of Seed-bed Bionic Cleaning Mechanism for WideNarrow Row Planting
Honglei Jia1, Haibo Yu1, Xuhui Fan2, Dongyan Huang1, Yang Li1, Jiangtao Qi1*
1 Key Laboratory of Bionic Engineering (Ministry of Education), Jilin University, Changchun, 130022, China
2Jilin Provincial Academy of Agricultural Machinery, 5988Renming Street, 130022, Changchun , China
*Corresponding author: Jiangtao Qi (Email address: qijiangtao@jlu.edu.cn)

Abstract
Seed-bed cleaning is the precondition for no-tillage planter of conservation tillage. According to the technical
requirements placed by the wide-narrow row planting (WNRP for short) in the northeast ridged cultivation
region on the stubble-cleaning appliance of no-tillage planter, the paper simulates the motion curve of animal
claws; designs a seed-bed cleaning mechanism with the structure of concave-wheel; analyzes the symmetricallydistributed installment method of cleaning mechanism and investigates the influence brought by factors such as
the curvature of evenly distributed tooth, the inclination angle of stubble-cleaning wheel and the working speed
on the effect of stubble cleaning. The key parameters of cleaning mechanism are determined through simulation
analysis and test in laboratory: the curvature radius of concave is 330mm, and the inclination angle of the
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cleaning mechanism ranges from 20º to 30º. In order to verify the effect of stubble-cleaning mechanism, it was
applied to the field test. The results showed that, compared with that of the traditional cleaning mechanism, the
coverage of straws is reduced by 15.3% and 8.2% for the speed of tractor are 6km/h and 9km/h respectively.
The test indicated that cleaning mechanism can not only reduces the jams of seed bed, but also improve the
sowing quality of no-tillage planter, which is especially suitable for the wide-narrow row work pattern.
Keywords: bionic cleaning mechanism of seed-bed, wide-narrow row planting, conservation tillage

Paper ID: 15211

Design of the Artificial Hip Joint Inspired by Turtle Shell
Shan Wei,1,2, Sam Wang, 3 Dongmei Wang,2 Yanping Lin 2* and Chengtao Wang2
1 Remanufacturing Surface Engineering Technology Research Center, School of Mechanical and Automotive
Engineering, Anhui Polytechnic University, Wuhu 241000, P.R. China
2 State Key Laboratory of Mechanical System and Vibration, Institute of Biomedical Manufacturing and Life
Quality Engineering, school of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
P.R. China
3University of North Carolina at Charlotte, Mechanical Engineering and Engineering Science, Charlotte, NC
28223-0001, United States
*Yanping Lin (ws1009@sjtu.edu.cn)

Abstract
The turtle shell structure, whose surface is divided into many smaller parts, as a multifunctional system designed
by nature. It can provides the animal with the optimal load-bearing capacity. Inspired by the surface shape of the
natural turtle shell, the discrete design principle is propounded. When a monolithic component made up of
brittle materials acts as mechanical parts , it is prone to crack or fracture; if it is scattered into many smaller
units, the material cracking or fracture is avoidable while mechanical strength is sufficient, which is the discrete
design principle. The liner of traditional artificial hip joint was a monolithic component .If its thickness was too
thin, ceramic liner easily resulted in cracking. This study utilized the discrete design principle to design a novel
the artificial hip joint with a greater range of motion. We take the initiative to smash the monolithic ceramic
liner to turn into smaller ceramic units before it cracked. Therefore the ceramic sheet would no longer be
broken. Furthermore, range of motion of the discrete artificial hip joint was evaluated with software. Finally,
mechanical strength was evaluated with experiment. Results showes that, Compared with the traditional
ceramic-on-ceramic artificial hip joint, discrete artificial hip joints can bear more mechanical strength to prevent
the ceramic fragments, reduce the thickness of the acetabular liner wall, and increase range of motion of
artificial hip joints. Consequently, the design is reasonable and can address the current contradiction between the
large range of motion and thin-walled liner.
Keywords: Conceptual design, the artificial hip joint, turtle shell

Paper ID: 15252

Research on Distributed Consensus Protocols of Multi-agent with Collision
Avoidance
Haozhe Cao, Yanxuan Wu*, Feng Zhou and Zhengjie Wang
1 Beijing Institute of Technology, Chinese
*Corresponding author: Yanxuan Wu (alexwyx@bit.edu.cn)
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Distributed consensus has a widely use in biological world such as swarm, fish. Current research on distributed
protocol didn‘t consider the case that the followers‘ state are overlapped or close, which will cause collision
between each other. Based on graph theory, matrix analysis and nonlinear analysis, we propose the static and
adaptive distributed formation protocol, respectively. The necessary condition is also obtained by using
Lyapunov method. Both the protocols can drive the position of the followers close to the convex hull formed by
those of the leaders with collision avoidance. The proposed distributed protocols are also shown to achieve
velocity matching.
Keywords: distribution, consensus and avoidance

Paper ID: 15262

Column Structure Bionic Design of Heavy Duty Machine Tool Based on
TRIZ Theory
Y. Li,* F. Wu, and H. Xun
1 College of Mechanical Engineering, Yanshan University, Qinhuangdao, 066004, China
*Corresponding author: Yongxin Li(liyongxin@ysu.edu.cn)

Abstract
Traditional design method of complicated parts of heavy machine tools always leads to poor performance and
high cost. The bionic design under guidance of TRIZ theory is conducted with the research object of the
columns of super-heavy CNC floor-type milling and boring machine. In view of the subjectivity and blindness
in bionic design, TRIZ theory is applied in the selection of bionic biological prototype, then two bionic structure
model of A and B are built. Based on ideal evaluation criterion in TRIZ theory, a ratio parameters ε is put
forward to evaluate the holistic performance of structures; so the A bionic model is selected with better ε.
Lastly, the optimized mathematical model is established, with the total mass, static deformation and first-order
natural frequency as optimization goals; the optimized structure weight loss rate of 8.03%, 5.65% higher than
that of parameters ε.
Keywords: bionic design; TRIZ Theory; ratio parameters;

Paper ID: 15264

Towards self-optimization platforms for organic, inorganic and
nanomaterial syntheses
Victor Sans1*, Lee Cronin2*
1Department of Chemical and Environmental Engineering, University of Nottingham, Nottingham, UK
2Country School of Chemistry, WestCHEM, University of Glasgow, Glasgow, UK
*Corresponding author: Victor Sans (Victor.Sanssangorrin@nottingham.ac.uk) and Lee Cronin
(lee.cronin@glasgow.ac.uk)

Abstract
The development of continuous flow platforms that integrate real-time analytics and feedback optimization that
self- adapts and evolves towards fitter conditions can be considered a biomimetic approach to chemical
manufacturing. This is highly advantageous compared to traditional conditions, since the inherent efficiency of
continuous-flow chemical processing is often limited by the tediousness of off-line process monitoring. This
introduces a lag time to optimize the reaction conditions and represents a limitation in terms of dynamic process
control. The addition of in- line analytics overcomes this limitation by generating real-time information
about reaction progress, catalytic activity, etc. Hence, this powerful combination allows reducing the waste
generated in synthetic processes by ensuring optimal conditions are achieved and maintained at all times.
Continuous-flow platforms equipped with in-line analytics, designed for complex chemical systems have
the potential to become a paradigm shift in the discovery of new nanomaterials, organic and inorganic products.
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Here will be presented several examples of fully automated flow platforms designed for the study of complex
nanomaterial synthesis and for the self-optimization of organic reactions employing a benchtop NMR. The
dynamic control over the synthesis of gold nanoparticles in aqueous media has been demonstrated employing inline UV-Vis and DLS. Furthermore a novel type of hyperbranched nanoassemblies has been discovered
employing this platform. A benchtop NMR with low field and high resolution capable of running 1H, 13C, 19F,
DEPT and 2D (COSY, HSQC, 19F-COSY) sequences was adapted to a flow plaform and employed to develop
a fully automated self-optimization platform for a catalytic organic transformation.
Keywords: self-optimization, synthesis, catalysis, real-time analytics, nanoparticles, continuous-flow

Paper ID: 15274

Investigations on growth and building
P.Gruber,1 B. Imhof,2,3
1Myers School of Art and Department of Biology, University of Akron, Akron OH 44325-7801, USA
2University of Applied Arts Vienna, 1010 Vienna, Austria
3Liquifer Systems Group, 1020 Vienna, Austria
*Corresponding author: Petra Gruber pgruber@uakron.edu

Abstract
A biological paradigm seems to underlie the current research interests and developments in architecture and
the arts. Based on the backgrounds of morphogenesis, evolutionary and algorithmic approaches to
architectural design, as well as an increasing interest to connect the worlds of science with art and
architecture, this paper presents the outcome of a 2,5 year interdisciplinary research project, which
investigated the transfer of growth principles from nature to the field of the arts and architecture. Growth
as a specified sign of living systems in contrast to man-made building and processing strategies delivered
the frame for the exploration. The methodology for the project was a strategic biomimetic approach to
transfer abstracted findings from biology to an artistic application, and integrated a tool from product
development called Quality Function Deployment QFD. In addition to literature search and expert
meetings a small biolab served as research platform. Both areas, growth in biology, as well as the
application field arts and architecture are vast. The starting point of the project was set by the designer's
dreams of the house of the future. In workshop settings, the most interesting aspects of a growing building
were identified and abstracted functions associated. Specific role models from nature with a functional
connection to the architectural targets were identified, the selection narrowed down by evaluation
processes and a variety of role models were investigated and chosen for cultivation and
experimentation in the Biolab. The mycelium experiments were targeted to deliver a cheap and easy
way to generate architectural objects by combining living organisms with a waste material like wood
chips, sawdust, straw or paper. Two different fungi, Pleurotus Ostreatus (Oyster) and Ganoderma
lucidum (Reishi) were used for cultivation. The shape of the objects was defined by scaffoldings and
soft containers. The experiments went from hard scaffolds out of 3D printed plastic or milled styrofoam
over basket structures to a fabric system, that delivered a promising way of generating small structural
shells. Within a few weeks, the mycelium connected the bulk material into a solid mass that could be dried
for stabilization. Material testing of cylindrical samples showed results close to soft wood material. The
experiments with slime mold extended the current knowledge of the explorative capacity of slime molds
into a 3D space grid. The findings of the slime mold experiments were transferred to an up scaled
architectural project for the existing structures of Fort Maunsell. Additional experimentation was carried
out into technology transfer with hydrogels to mimic fast volumetric increase by water uptake. 3D
printing as a production technology that allows for structures closer to material structures found in
nature was developed further by extending the movability of the print head in a 3D space. Cable
suspensions were used to control the position of the print head in space and extending the printable
area to a few cubic meters. Two prototypes of print heads were developed and tested in an exhibition
setting. As an overall outcome, the main experiments, produced prototypes and devices were shown in a
public exhibition, and described in a book publication.
Keywords: biomimetics, arts and sciences, transdisciplinary architecture
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Invited session keynote paper
Paper ID: 15276

An exploration of certain biomimetics prospect in helping to improve the
elderly welfare
C. S. Chen*
Center for General Education, National Tsing Hua University, Hsinchu, 300 Taiwan
*Corresponding author: Chu Shiang Chen (cschen@mx.nthu.edu.tw)
Abstract
The relative increase in the senior citizen population has become increasingly fast and the total elderly
population is large worldwide. They are more pronounced in our land on both sides of the Taiwan Strait. It is
thus important and to the benefit of all of us to continuously work hard on the improvement in our elderly
welfare. We have explored further applications of biomimetics to meet the pressing challenges. We have taken a
holistic view and have taken a top-down approach to examine several welfare issues associated with the daily
life of our elderly. We will discuss the biomimetic clothing for elderly comfort and fall prevention here.
Clothing is one of the closest contacts with our body. There are many constant interactions between our body
and the cloth we wear. Personal comfort will be one of the basic considerations, particularly for our elderly.
Clothing is also one of the best media to constantly monitor many vital signs of our elderly and to take the
proper measures needed. We have found that some characteristics of our skins are the good sources of
inspiration for our elderly clothing. Proper temperature and moisture regulation with proper surface
characteristics are very important for elderly underware. Moveable monitoring sensors and responding actuators
are more desirable for comfort and washing considerations. Some deterioration in mind and body with age
usually make the seniors physically weaker, more unsteady and slower in reactions. They are more likely to fall
and fall may lead to serious injuries and even death. Thus the detection of tendency to fall and the prevention of
fall are major safety issues for our elderly. We are exploring the integration of biomimetic clothing with other
major efforts in the smart socks, smart shoes, smart walking cane, and personalized airbag. We are also working
with the medical doctors, psychologists, and experts in gerontechnology in addition to physical scientists and
engineers for better collaboration. Through the biomimetic clothing, we hope to achieve a good prediction of
fall and to work out some better approaches to prevent fall. We also hope to achieve a real time guidance and to
increase the confidence of our elderly during movement. It is our hope that our total effort will help our elderly
to live a better, safer, more productive and happier life physically, physiologically, and psychologically.
Keywords: biomimetics, clothing, elderly welfares

Paper ID: 15293

Biological-inspired hybrid control methods based on genetic algorithm and
artificial neural network PID for piezoelectric actuator
Miaolei Zhou*, Jingai Zhang, Shanbo He, Yantao Tian
College of Communication Engineering, Jilin University, Changchun 130022, China
* Corresponding author: Miaolei Zhou (zml@jlu.edu.cn)
Abstract
Piezoelectric actuators have lots of superior performance such as physical unlimited resolution, high stiffness
response and are widely used in sophisticated manufacturing, micro electromechanical system and precision
positioning. However, piezoelectric actuators have the nonlinear characteristic of hysteresis and creep, which
result in the system oscillation and instability. The hysteresis nonlinearity is the leading cause of reducing the
positioning accuracy; therefore, the precise hysteresis models and the advanced controls are essential in
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improving the displacement accuracy control of piezoelectric actuators. Biological-inspired artificial intelligence
technology plays more and more important role in the subject of control science and engineering. So in 1ithe2i
current research, several different artificial neural network architecture and genetic optimization algorithm are
adopted to complete the precision positioning control. Firstly, the KP hysteresis model based on wavelet
neural network (WNN) is established to describe the hysteresis nonlinearity of the piezoelectric actuator.
The innovation of the proposed KP hysteresis model is that the density function υ(S1i,S2i)is identified by the WNN
network which has the advantages of fast convergent rate and self-learning, therefore, the KP hysteresis model
can realize the parameters online adjustment. Simulations results show that the maximum error rate of KP
hysteresis model is 0.65%. For the sake of eliminating the bad influence of hysteresis nonlinearity on precision
positioning, an inverse hysteresis model is designed by generalized regression neural network (GRNN) with
the advantages of the simple network structure, fast network training time and ease of implementation. In
addition to this, a feed-forward compensation controller is constructed on the basis of inverse hysteresis model,
then, the hysteretic system can exhibit excellent linear characteristic which can briefly formulated by u(t)=H [ H1
[u(t)] (t) ]=1. Furthermore, biological-inspired hybrid control methods based on genetic algorithm to optimize
the parameters of PID(GA-based PID) and neural network PID control are investigate respectively to further
improve the adaptive behaviours and positioning accuracy of piezoelectric actuator system. A large number of
simulations carried out in the last suggest that compared with the GA-based PID hybrid control algorithm, the
artificial neural network PID hybrid control scheme reduces the maximum position error rate from 1.26% to
0.57%, the corresponding displacement error from 0.62μm to 0.28μm, and the positioning precision is increases
by 54.8% which preferably validate that the biological- inspired hybrid control based on artificial neural
network PID is more effectively on the positioning accuracy control of piezoelectric actuator. The biologicalinspired hybrid control methods presented in this paper that combine the GRNN inverse feed- forward
compensation with the GA-based PID or artificial neural network PID feedback control put forward a new
thought for eliminating the hysteresis nonlinearity of all types of piezoelectric actuators .
Keywords: biological-inspired hybrid control, artificial neural network, genetic algorithm, KP hysteresis
model, piezoelectric actuators

Paper ID: 15294

Particle swarm and bat-inspired optimization algorithm-based parameter
identification of Krasnosel’skii-Pokrovskii model for piezoelectric
hysteresis
Rui Xu, Miaolei Zhou*, Yantao Tian
Department of control science and engineering, Jilin University, Changchun, 130022, China
*Corresponding author: Miaolei Zhou (zml@jlu.edu.cn)

Abstract
The piezoelectric ceramics is a kind of novel intelligent materials and possesses advantages of ultrafine
resolution, high stiffness and fast frequency response. It is an excellent choice as an actuator to be applied
widely to micro-nano positioning system. However, one of the drawbacks of the piezoelectric actuator is the
obvious hysteresis nonlinearity to limit the accuracy of positioning. The present study focuses on describing the
hysteresis nonlinearity between input voltage and output displacement of piezoelectric ceramics. In order to
investigate the hysteresis nonlinearity of piezoelectric ceramics, a series of models are presented, such as BoucWen model, Preisach model, Krasnosel‘skii-Pokrovskii model and so on. However, the main difficulty is how to
select an effective method to identify the unknown parameters of these hysteresis nonlinearity models. In this
paper, we propose a novel hybrid optimization algorithm of particle swarm and bat-inspired to identify the
density function of Krasnosel‘skii-Pokrovskii model. The proposed hybrid optimization algorithm has the fast
convergence of bat-inspired and the global search ability of particle swarm. During operation of the
optimization algorithm, we divided the swarm into two different parts randomly as the initial value. One set of
data is optimized by particle swarm algorithm and find the optimal value i.e. best1 , the other set of data is
optimized by bat-inspired algorithm and the optimal value is best2 . Then we select the bigger one between
best1 and best2 i.e. Gbest as the global optimal value of the two algorithms for the next iteration optimization.
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Before taking advantage of the optimization algorithm, an objective function is defined firstly. Then the density
function of Krasnosel‘skii- Pokrovskii model is identified by using bat-inspired algorithm and hybrid
optimization algorithm of particle swarm and bat-inspired respectively. The simulations show that the
displacement error of identification of Krasnosel‘skii-Pokrovskii model using bat- inspired algorithm is 0.59μm.
When the density function is identified by the hybrid optimization algorithm of particle swarm and bat-inspired,
the displacement error is 0.35μm. Obviously, comparing with the bat-inspired optimization algorithm, the
hybrid optimization algorithms of particle swarm and bat-inspired has better computational efficiency and
higher identification precision. The proposed hybrid optimization algorithm provides a detailed process for the
density function identification of Krasnosel‘skii-Pokrovskii model and has wide practical application in many
other complex hysteresis nonlinearity models with unknown parameters.
Keywords: particle swarm optimization algorithm, bat-inspired algorithm, Krasnosel’skii-Pokrovskii model

Paper ID: 15311

Biomimetic Design in Anti-icing Strategy
Siqi Yang1, Yuying. Yan1, 2
1Department of Architecture and Built Environment, University of Nottingham, Nottingham, UK
2Fluids & Thermal Engineering Research Group, Faculty of Engineering, University of Nottingham, UK
*Corresponding author: Yuying Yan (Yuying.Yan@nottingham.ac.uk)

Abstract
In cold regions, undesired atmospheric icing events are very common and they have become serious economic
and safety issues for human beings. Although research on anti-icing strategies has been processing for decades,
an efficient anti-icing strategy is still remaining to be developed. The concept of Biomimetic, or biologically
inspired, design is to employ analogous biological phenomenon and mechanism to provide potential solution for
engineering problems. Inspired by the mechanism of lotus effect and Ballistopre discharge, superhydrophobic
surface has been regarded as strong candidate for anti-icing and much effort has been put into it during the past
decade. After research, it is found superhydrophobic surface has some promising characteristics against icing,
but reliable application is still to be developed. Inspired by thermal buffering effect, the idea of this present
design is to employ the features of solid-solid phase change material (PCM) phase change and improve overall
anti-icing efficiency based on superhydrophobic surface. The designed icephobic coating involves two main
functional parts: superhydrophobic surface and phase change material. Before ice accretion, the
superhydrophobicity of the superhydrophobic surface can rebound impacting water droplet and self-remove
condensed water droplets. Meanwhile, the PCM is cooled by incoming fluids and induce phase change to store
elastic energy and cause strain of the coating. When ice accretion is inevitable, the freezing will cost the
superhydrophobicity of the system surface and releases latent fusion heat. The PCM absorbs the fusion heat and
induce reversed phase change, releasing stored elastic energy and return to origin shape. Consequently, icesubstrate bond is broke by the stress occurred in disappearance of shear strain, and immediate self-removal of
ice is achieved. The superhydrophobic surface then regains its superhydrophobicity and prevents water
accumulation. The cycle repeats and icing at surface can be eliminated permanently. This coating is designed to
significantly prevent icing, delay ice accretion or reduce the ice adhesion so it can be removed by gravity or
wind. However, because research in this topic is still in early stage, many assumptions and concepts are
employed to predict the behaviour of the designed coating exact fabrication and practical performance of the
designed coating remains to be investigated. Although the biomimetic application in anti-icing design is still
relatively young, the perspective can be anticipated. Current conventional technology defects can be surpassed
and a permanent passive system with high efficiency and performance can be presented. Future works are
expected based on the present work, and the investigations conducted will be utilized for further improvement in
redesign process.
Keywords: Biomimetic, Anti-icing, Conceptual design
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Invited Session keynote paper
Paper ID: 15319

Study of A Bionic System For Health Enhancements
Shujun Zhang1,3*, Michael Clark2, Donghui Chen3, Luquan Ren3
1School of Computing and Technology, University of Gloucestershire, the Park, Cheltenham, GL50 2RH, UK
2Magnacare Health Group, 20-22 Pemberton Street, Birmingham, B18 6NY, UK
3Key Laboratory of Bionics Engineering, Ministry of Education, Jilin University, 5988 Remin Street,
Changchun, Jilin 130022, China

Abstract
It is believed that the health of our body is totally dependent on the health of our cells. The cell is the basic
structural, functional and biological unit of all known living organisms. Cells consist of cytoplasm enclosed
within a membrane. The membrane pulses at a certain frequency with certain magnitudes. More cell pulse
activity there is, the more active, energetic and healthier cells are. Human and other animals live in an earth
environment of extremely low natural frequencies (ELF).The earth produces these both high in the atmosphere
(Schumann (7.83Hz)) as well as on and below the planet's surface (Geomagnetic (10 Hz)). Schumann and
Geomagnetic frequencies are vital to the wellbeing of all living things. It is believed that if we are in an
environment with bio-inspired electromagnetic signals generated by mimicking natural earth and body cells
frequencies (ELF's), then our cells will be more energetic and active, providing greater health. In this paper, an
innovative bionic system will be presented. This system can be used to generate bio- inspired electromagnetic
fields (BPEF) by mimicking natural Earth, body frequencies and strengths. This innovative bio-inspired system
has been applied for the health enhancement of humans, equines and pets etc. A number of case studies will be
present to demonstrate the efficiency and effectiveness of the system. Various experiments have been carried
out. The experimental results have shown that this innovative bio-inspired system works efficiently and
effectively in enhancing human and animal health. It has been proven that this bio-inspired system can be
effectively applied to many areas such as (1) human health enhancement and illness treatment, (2) pet health
enhancement, (3) equine health treatment and (4) reduction or elimination of 'jet lag'.
Key Words: Bionics system, health enhancement, bio-inspired electromagnetic fields

Paper ID: 15326

The Rapid Assembly Deployable Bamboo Foot Bridge
Sean C. Lu*
Department of Architecture and Built Environment, The University of Nottingham
*Corresponding author: Sean C. Lu (chunxiao.lu@nottingham.ac.uk)
Abstract
Nature provides tremendous recourse for architecture design, particularly biological mechanisms and structures
inherently present a number of excellent characteristics to adapt to local environment efficiently , presenting
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excellent structural performances in term of maximising span and minimising the embody energy.
A novel bidirectional scissors structure, as one of natural inspired deployable system, has been well developed
by a set of prototyping processes, and validated by a series of simulations, with intentions of providing portable
lightweight infrastructure, achieving rapid assembly construction and adapting to different site topography. As
a charity research project, this structure would be constructed as a 24 meter single-span bamboo foot bridge for
a primary school in a remote village of south China where lack sufficient infrastructure to support the
construction with large equipment and heavy transportation.
Key Words: Rapid Assembly, Deployable, Bamboo
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Topic: Industrial applications in biomimetics
Paper ID: 1612

Reducing Wear of Bulk Solids Handling Equipment Using Bionic Design
G. Chen,* D. L. Schott, and G. Lodewijks
Department of Maritime and Transport Technology, Delft University of Technology, Delft, 2628 CD,
TheNetherlands
*Corresponding author: G.Chen-1@tudelft.nl

Abstract
Bulk solids handling involves the processes of transport, transfer, transhipment and storage of bulk solids such
as iron ore or coal. During these processes, the bulk solids handling equipment (e.g., loading chute) surfaces can
suffer from severe abrasive wear due to particle sliding and rolling movements. As a consequence, aggressive
material loss emerges from bulk materials handling equipment surfaces, which reduces service time of the
equipment and adds maintenance cost. Therefore the abrasive wear loss of bulk solids handling equipment needs
to be minimized.
Bionic design is the application of nature‘s knowledge to the optimal design of modern engineering components
or systems. For instance, the biological function of reducing the soil resistance from the head of dung beetle
was utilized in designing soil engaging tools such as bulldozer. In view of the wear-resistant phenomena in
nature, such as the body surface of sand-dwelling lizard (sandfish), inspirations are obtained to minimize the
abrasive wear in bulk solids handling using bionic design. Based on the wear-resistant mechanisms and the
bionic design principles, a bionic model constructed with ellipsoids was proposed to predict the wear
consequence subjected to bulk solids handling conditions.
To verify the bionic model on the abrasive wear ability, the discrete element method (DEM) is utilized to predict
wear loss of the handling equipment with the implementation of abrasive wear equations. In the simulations, a
part of the transfer process in a belt conveying system is simulated. The abrasive wear loss respectively
for bionic models and a conventional model are predicted. This paper illustrates the application of bionic
design in the bulk solids handling systems. Moreover, the abrasive wear loss for bionic models and for a
conventional model of a bulk solids handling equipment is compared.
Keywords: wear reduction, biomimetics, biology to engineering
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Use the Model of human digestive system for designing the Best Total
Recycle system for urban wet wastes.
―Bionic Techniques for Recycling‖ ―BTR‖
Best Total Recycle
A. Nader Hashemi Talkhooncheh, 1 B.Esmaeil Khataminedjhad and C. Nader Hashemi
Talkhooncheh3*
1Department, University, City, Postal code, Country
2Pishtazan Management Contract co, Saadat-Abad st. 6alley,no13, Postal code:1998618369 , Tehran, IRAN
3Department, University, City, State (spell out full name), Zip code, Country
*Corresponding author: Nader Hashemi Talkhooncheh (naderhashemi@hotmail.com)
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Abstract
We believe that, the reason of invention is not human's needs, but dissatisfaction of current situation, makes
them inventor. Be unhappy from the urban waste, was the main motivation of our design. The God designed a
beautiful digestive‘s system for humans. Stomach acid, does not hole the stomach body. Mouth saliva
prepared the food for entering to the stomach when the food arrived. Uvula at the end of the pharynx and
epiglottis valve close the breathing way for making the safe way for moving the food in the right direction.
In the stomach, the Gallbladder adds the compounds to the food. Through this benchmarking, we were able
to design and build the Best Total Recycle (BTR) system for converting-recycling the wet urban waste. This
unique design, led to this process done in 45 minutes. In this process, there is no any environmental pollution
and at the end of this process, we obtain the solid seed and fine-grained powder that can make the mosaic,
concrete blocks, floors covering, etc. This design makes us proud again to bionic engineering. This design
was completed and patented on 2009 an industrial sample was built on march, 2015.
Keywords: Waste, Recycle, Digestive

Paper ID: 1627

KoMBi – Communication platform for biomimetic design
H. Hashemi Farzaneh1*, N. Gebhardt2
1Institute of Product Development, Technical University Munich, 85748 Garching, Germany
2Institute of Product Development and Engineering Design, Technical University Hamburg-Harburg, 21073
Hamburg,Germany
*Corresponding author:Helena Hashemi Farzaneh (hashemi@pe.mw.tum.de)

Abstract
Biology offers a multitude of solution principles that can be used for solving technical problems and for
optimizing technical products. In interdisciplinary cooperation, researchers increasingly use inspirations and
transfer analogies from nature to develop biomimetic products. However for researchers and practitioners
from biology and engineering, cooperation partners in the other discipline are hard to find: Searching and
understanding information from the other discipline poses a real challenge. One reason for this is the difference
in representing information in the two disciplines. Moreover, the aims of professionals in both disciplines are
different: biologists aim at describing biological systems, whereas engineers focus on the resolution of
technical problems and the development of technical products.
Therefore, a concept for a ―communication platform for biomimetic design‖ (KoMBi) has been developed
which enables biologists and engineers to build graphs of their knowledge on biological and technical
systems. The KoMBi approach is based on models from both disciplines and spans the differences in
representation and goals of the disciplines. The concept has been further developed and evaluated in
workshops with experts from mechanical engineering and biology to implement it in a web-based application.
In the workshops, theories and models from computer visualization research have been applied. The evaluation
by the experts from both disciplines is conducted using several cases from practice. Both technology-pull
(top-down) and biology-push (bottom-up) cases were conducted. The results showed that the KoMBi
platform supports searching for collaboration partners for biomimetic design project and to establish an initial
understanding of the other discipline.
Keywords: interdisciplinary collaboration, visualization, case study
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Paper ID: 1676

The Effects of the Bio-inspired Pulsed Electromagnetic Fields on ATP and
Health
Shujun Zhang,1,3 Michael Clark,2 Xuelei Liu,3 Luquan Ren3*
1School of Computing and Technology, University of Gloucestershire, the Park, Cheltenham, GL50 2RH, UK
2Magnacare Health Group, 20-22 Pemberton Street, Birmingham, B18 6NY, UK
3Key Laboratory of Bionics Engineering, Ministry of Education, Jilin University, 5988 Remin Street, Changchun,
Jilin 130022, China
*Corresponding authors: Shujun Zhang (szhang@glos.ac.uk)

Abstract
Health is an energy dance, the more energy our cells have the healthier we will be. The health of our body is
totally dependent on the health of our cells. The cell is the basic structural, functional, and biological unit of
all known living organisms. Cells consist of cytoplasm enclosed within a membrane. The membrane of a cell
pulses at certain magnitudes and frequency. More the cell pulse activity is the more active and energetic of the
cells are, or the cells are healthier. Besides, our human beings lives in the environment on the earth with the
extremely low natural frequencies (ELF) that the Earth produces both high in the atmosphere (Schumann
(7.83Hz)) as well as on and below the planet‘s surface (Geomagnetic (10Hz)). Schumann and Geomagnetic
frequencies are vital to the wellbeing of all living things. It has been found that if we are in an environment with
bio-inspired electro-magnetic signals generated by mimicking natural Earth and body cell‘s frequencies
(ELF‘s), then our cells will be more energetic and active, so that we are healthier. But it is difficulty to
directly and scientifically quantitate how the cells are energetic and healthier. There have been many
researches on the effects of man-made electro-magnetic singles on human‘s health. But the effects are mainly
the direct observation. This problem has seriously delayed the process of application of the man-made electromagnetic signals to human health‘s treatment and management.
All cells in the body need Calcium, Oxygen, Glucose, Potassium and Magnesium to correctly function.
Calcium, Oxygen and Glucose are essential for the production of ATP (Adenosine Triphosphate) the basic
‗fuel‘ needed to drive the mitochondria that are the cells‘ main energy producers. So it is very important that
cells to be able to produce enough ATP. More ATP produced, the healthier cells are, or healthier we are. If
ATP can be measured, then the cells‘ healthiness can be defined and evaluated. So it is both theoretical
important and practically valuable to investigate how to measure ATP, the effect of bio-inspired electromagnetic signals on ATP level and the relationships between ATP and cells‘ health (so as to human‘s
health). In this paper, cell health will be firstly defined using ATP as the main parameters, then the equipment
will be secondly used to create an environment with the bio-inspired signals generated by mimicking both
natural Earth and body frequencies and strength, after that, within this environment, the ATP of cells of
some persons will be measured before and after they stay in the environment for a certain period. The
experiment results have shown that ATP levels after the persons stay in the environment have significantly
increased (from 45%-65%) compared those before in the environment. So, the interaction between ATP and
bio-inspired signals are clear. The work and findings of this paper can be applied for human being‘s health
treatment and management and for identifying the effective and safe treatment methods of exploiting bioinspired electro-magnetic signals.
Keywords: Cells, ATP measurement, Bio-inspired signals, health
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Paper ID: 1679

Structural Design and Numerical Analysis of Walking Foot by Imitating
Ostrich
Rui Zhang,1* Haitao Wang,1 Runduo Pan,2 Qiang Wang,2 and Jianqiao Li1
1Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, 5988 Renmin Street, 130022,
Changchun, China
2Department of Radiology, the First Hospital, Jilin University, Changchun, 130022, China
*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
The paper broke through the traditional research ideas and methods, inspired by the excellent vibration damping
and cushioning performance of ostrich foot. The ostrich foot was selected as biological prototype, based
on reserve engineering (RE) technology, three-dimensional (3D) laser scanning and Magnetic Resonance
Imaging (MRI) technology, combined with the bionic engineering principle. The structure and material
characteristics of ostrich foot were used in the structural design and material biomimetic of walking foot,
and a new-style bionic walking foot with satisfactory vibration damping and cushioning performance was
developed. Walking process of the bionic walking foot was simulated through using Finite Element Analysis
(FEA) software ABAQUS, and the performance of bionic walking foot was elevated by comparison with
the conventional rigid spherical foot. Results show that the bionic walking foot device was able to reduce the
impact exerted by the ground effectively in the walking process and improve the service life of the walking
foot. The study will provide new bionic inspiration for the design of walking foot with high environmental
adaptability, and will be of great significance for the development and utilization of resources in the extreme
environment.
Keywords: vibration damping and cushioning, structural design material biomimetic, walking foot

Paper ID: 16100

Multi type mixed hydrocarbon gas identification based on electronic nose
technology
Zhi-yong Chang,1 Hong-yan Qi,2 You-hong Sun,3* Yun-hai Ma,1 Wei Guo,3 and Bao-chang Liu,3
1Key Laboratory of Bionic Engineering,Ministry of Education, Jilin University, Changchun, Jilin Province,
130022, China
2College of Biological and Agricultural Engineering, No.5988 Renmin Street Nanguan District, 130022,
Changchun, China
3College of construction engineering, Jilin University, Changchun, 130026, China
*Corresponding author: Youhong Sun (syh@jlu.edu.cn)

Abstract
In order to identify different types of mixed hydrocarbon gas and explore the application feasibility of
electronic nose system in oil and gas exploration field, this paper adopted low temperature thermal analysis
mixed hydrocarbon gas from the oil shale in two different areas and mixed hydrocarbons gas of artificial
ratio as gas samples, analyzed these 3 kinds of mixed hydrocarbon gases qualitatively and quantitatively by a
mass spectrometer. The analysis results showed that there was a large difference between the two regions and
the artificial mixture gas, which belonged to 3 different types of mixed gas. And then the electronic nose
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system was used to detect these 3 kinds of gas, using principal component analysis (PCA), RBF neural
network and support vector machine (SVM) for pattern recognition. The results showed that the electronic
nose system could recognize these 3 different types of mixed gas accurately. The recognition results of the
support vector machine was better than that of the principal component analysis and RBF neural network,
and the smaller the sample was, the more obvious advantage was, the most optimal identification rate could
reach 95%. This study lays a foundation for the application of electronic nose in the exploration and
development of oil and gas resources.
Keywords: Electronic nose; Mass spectrometer;Mixed hydrocarbon gas

Paper ID: 16135

Progress and bionic application of exogenous gene expression systems
Xiaoxia Yuan1, Xuefeng Wang1, Jing Wang1 and Wenjian Wu1,2*
1College of Science, National University of Defense Technology, Changsha, 410073, China 2State Key Lab on
NBC Protection for Civilian, 102205, Beijing, China
*Corresponding author: Wenjian Wu (wjwu67@126.com)

Abstract
Imitating specific features of organisms is one of the most important aspects of bionic biological science.
Such features are achieved by proteins expression, which are originally encoded by diverse genes. Thus, the
studies of gene functions are very important to bionic biology.
In recent years, associated with the development of gene function studies, numerous gene expression systems
have arisen. Since the direct process of most natural proteins acquisition usually remains limited, exogenous
gene expression systems are the main systems utilized to obtain targeted proteins.
In this paper, we introduce the classifications of commonly used exogenous gene expression systems. We
also analyse the advantages and disadvantages of cell-free expression systems, with a further comparison of
eukaryotic heterologous expression systems and prokaryotic heterologous expression systems. A major focus
for discussion in this paper is with respect to the current research progress, with an introduction of the
expected prospects of cell-free expression systems.
Through consulting lots of references, we find that cell-free expression systems have some advantages which
other systems do not have; for example: cell-free expression systems can express toxic proteins which are
harmful to cells, the expression conditions are easy to control, cell-free expression systems are low cost and
have a short cycle etc. However, cell-free reaction needs to add extra energy and its templates of expression
tend to be unstable. Consequently, all these disadvantages limit the effective usage of cell-free expression
systems.
In expressing the exogenous genes, various expression systems have both their intrinsic advantages and
disadvantages. Selecting the appropriate exogenous gene expression system, based on the characteristics of
the target protein and research purposes, is a priority in studying biological functions. By using appropriate
exogenous gene expression systems to obtain active proteins, it is possible to study universal protein
functions and make a biomimetic artificial molecule which can realize the biological function, such as
biological geomagnetic navigation and bionic olfactory.
This paper reviews the research progress and prospects of exogenous gene expression systems in the field of
bionic biology, whilst also providing a reference for choosing an efficient exogenous gene expression system.
Keywords: exogenous gene expression, cell-free expression system, bionic biology
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Paper ID: 16136

Bionic Design of Foreign Fibers Winding Roller in a Automatic Seed
Cotton Cleaning Machine
Zhao Ling1* and Mufu Cai2
1 liaocheng University
2Shandong Shenxian Dachang Cotton&Oil Co.,Ltd.
*Corresponding author: Zhao Ling (zhaoling@lcu.edu.cn)

Abstract
Foreign fibers in seed cotton are referred to trashes such as long hair, chemical fibers, Polypropylene(PP)
knitted bag pieces, plastic mulching film fragments, which are mixed into cotton during picking, packing,
processing and transporting. In China and India, foreign fibers are larger in quantity and harder to detect, which
will deteriorate the spinning quality and the market value of cotton in the current cotton grading system.
In order to improve the detection accuracy and vision-processing speed, most foreign fibers should be
removed at automatic pre-processing stage.
A claw is a curved and pointed appendage at the end of a toe or finger in most amniotes(cat, dog and bird).
Claws are mostly used to catch or hold carnivorous mammals, but they may also be used for such purposes as
climbing and grooming. To mimic the grooming function, a new winding roller is designed to extract the
long foreign fibers, which will play an important role in a seed cotton cleaning equipment.
Different types and parameters of bionic winding rollers are designed and tested to determine the optimal
structures. Compared with the present similar machines, this bionic rollers have increased the winding efficiency
greatly, which will reduce the quantity of data-collecting system and improve the machines processing speed.
This technology will help seed cotton processing corporations to decrease labour cost, increase market
competitiveness and profit ratio, especially in China and India.
Keywords: claw, winding roller and foreign fibers

Invited session keynote paper
Paper ID: 16152

Trade-offs, evolution and biomimetics
Julian Vincent
1University of Oxford
*Corresponding author: Julian Vincent (julian.vincent@zoo.ox.ac.uk)

Abstract
The idea of a trade-off goes back to the ancient Greeks, when Heraclitus pointed out that it was the basis of
defining a problem. Hegel called it the dialectic, Engels used the idea to model evolution and Marx applied it
to economics. At some point Pareto pointed out that it was something to do with optimisation, and Genrich
Altshuller used the same notion in his formulation of TRIZ (Theory of Solving Problems Inventively).
The Pareto set is being introduced into ecological theory to model adaptive evolution and (almost) to define
―ecological niches‖ as a series of mutually exclusive trade-offs, which can co-exist in any number. With such a
broad set of applications, it should come as no surprise that the trade-off can form the basis of a means of
equating biology and engineering, yielding a tool to describe and analyse biomimetics. I‘m doing this by
generating an ontology, based on TRIZ. Part of the outcome is a series of recommendations for making
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engineering ‗greener‘.
Keywords: trade-off, TRIZ and ontology

Paper ID: 16158

A Simulator for friction and wear testing of artificial hip joints
Fei Tang,1 Zikai Hua,1* Jiajia Chen,1 Haili Jia,1 Zhongmin Jin,2 Xiaojing Wang,1 Xin
Xiong,1 Yazhen Wang1
1

School of Mechatronics Engineering and Automation, Shanghai University, Shanghai , 200072,
P. R. China
2

School of Mechanical Engineering, University of Leeds, Leeds, LS2 9JT, UK
*Corresponding author: Zikai. Hua (eddie_hua@shu.edu.cn)

Abstract
Wear has been recognized as the key factor affecting the long-term performance of orthopaedic implants such as
hip, knee and spine prostheses. Joint simulators, such as hip and knee joint simulators, are used to
simulate the biomechanics of human joints and served as product-level wear tests for artificial joints. In
this study, a new Biotriboligical simulator (HSMS4203) was designed and built for the wear testing of
artificial hip joints. Friction measurement, as a new online monitoring in hip simulator wear testing, has been
set up and assembled in HSMS4203. Long-term validation tests were conducted with a module of a 28 mm
CoCrMo femoral head against conventional ultra high molecular polyethylene (UHMWPE) and cross-linked
UHMWPE acetabular cups. The performances of simulator together with the testing results are discussed.
Results show that the simulator can provide a valid and reliable methodology for the biotribological studies of
artificial hip joints.
Keywords: Biotribology, simulator, hip joint, friction, UHMWPE

Paper ID: 16195

Design and Experiment of Novel Bionic Corn-ear Snapping Mechanism
L. Zhang,1 Q. Zhang,1* and J.X. Wang Author1
1College of Biological and Agricultural Engineering, Jilin University, Changchun, 130022, China
*Corresponding author: Qiang Zhang (zhangqiang@jlu.edu.cn)

Abstract
So far the corn harvester made locally applied on the mature corn. For the foragers can not harvest corn during
the harvest season, a few manufactures offer the combines with the price above the average. Moreover the
kernels will easy to break when harvesting. In order to solve the above problems, the paper researched on
novel bionic snapping mechanism based on the bionics principle. Compared with traditional corn snapping
mechanism, the novel bionic snapping mechanism has great difference both in construction and working
principle. The traditional way adopt the method of tensile and extrusion to snap corn ear. The new device
design‘s inspiration is from artificially picking up corn ear which adopted bending and breaking. From the
mechanical properties of corn were tested with electronic tensile testing machine, we conclude that when the
straw moisture content was 80%, the blending force of breaking corn was 43.69N and the drawing force of
breaking corn was 459.24N; when the straw moisture content was 28.3%, the blending force of breaking corn
was 33.41N and the drawing force of breaking corn was 381.06N. The reason indicated that the blending
force of breaking corn was far less than the drawing force. The paper analysed that: when I held and fixed the
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corn straw and applied bending force on corn ear, the fracture location frequently occurred at the upper
connection position of stalk and straw by software ANSYS. Simulation results showed that researching on
novel bionic snapping mechanism based on the bionics principle was feasible. The new device is in the
testing process, it can castrated for the forager corns. It will not break the cobs residue collection, adaption
of variety of height issues. Study results in this paper can provide references to design ear snapping
mechanism and its parameters optimization.
Keywords: bionics principle, corn-ear snapping mechanism, corn snapping principle

Paper ID: 16214

Three-dimensional Dynamic Finite Element Analysis of Interaction
Between Soil and a Toothed Wheel
Zhang Zhihong1*, Zhang Guangkai1, Tong Jin2, 3, 4, Chen Donghui2, 3, 4, Lai QInghui1
1.

2

Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming
650500, China

.College of Biological and Agricultural Engineering, Jilin University (Nanling Campus), 5988 Renmin Street,
Changchun 130025, China;

3

The Key Laboratory of Bionic Engineering, Jilin University (Nanling Campus), 5988 Renmin Street, Changchun
130025, China;
4

Collaborative Innovation Center of Grain Production Capacity Improvement in Heilongjiang Province.);
*Corresponding author: Zhang Zhihong (zzh_0822@hotmail.com).

Abstract
This study aims to provide a three-dimensional (3D) finite element model to dynamically simulate soil and
toothed wheel interaction. Toothed wheel is a commonly used working tool in reservoir tillage system. For
reservoir tillage system, predicting the interaction behaviour between soil and toothed wheel is of prime
importance in helping to enhance operation workability and efficiency. Finite element method has been proved
reliable at analyzing soil and tillage tool interactions. However, previous finite element studies are mainly
focused on tillage tools such as mouldboard, blade, or disk plow. There are few available reports of 3D
dynamic models to predict interaction behaviour between soil and toothed wheel. In this study, using the
Drucker-Prager constitutive material model implemented in a commercial finite code ABAQUS. A 3D finite
element analysis of soil and toothed wheel interaction was carried out to investigate the behaviour of the soil and
toothed wheel interface and examine the effects of toothed wheel rolling speed, acceleration and implement
weight on toothed wheel rotational and vertical displacement downwards. To efficiently perform a large
number of loading increments and to simplify the treatment of contact, an explicit finite element scheme was
used. In order to mitigate solution convergence problems caused by element distortion, an Arbitrary
Langrangian–Eulerian (ALE) scheme was adopted to preserve the quality of mesh throughout the numerical
simulation. The results reveal the ALE technique prevents convergence problems cause by mesh over distortion
and allows the simulation to run continuously. The effects of toothed wheel rolling speed, acceleration and
implemented load on rotational and vertical displacement downwards were analysed and discussed.
Keywords: Reservoir tillage; dynamic soil–wheel interaction; Abaqus; Drucker-Prager; Arbitrary
Langrangian– Eulerian method.

Paper ID: 16221
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Into rude air: hummingbird flight performance in unpredictable aerial
environments
Robert Dudley*
Department of Integrative Biology，University of California, Berkeley，Berkeley, CA 94720 U.S.A.
*Corresponding author: Robert Dudley (wings@berkeley.edu)

Abstract
Birds, bats, and insects in the wild often fly through a variety of perturbed aerial conditions, including
turbulence and variable winds, rain, and transit through vegetation which presents both obstacles and voids
over a range of spatial frequencies. In the laboratory, such factors can either be eliminated or at least
minimized, facilitating the study of "clean air" flight performance. Although highly informative, many other
features of animal flight derive from various compensatory kinematics and aerodynamics that can only be
elicited via perturbations, using either impulsive or sustained mechanical and sensory cues. Such aspects of
performance are much less studied relative to steady-state horizontal flight or hovering, but are essential to
flight and survival in the natural world. Aerial maneuverability more generally is a topic under intense
current investigation, but specific aspects of axial and torsional agility used when flying under in the
aforementioned environmental conditions remain largely unstudied. Here, I review recent findings for animal
flight both in rain and under conditions of turbulent flow, with an emphasis on hummingbirds, but also discuss
emerging aspects of hummingbird flight performance relative to vegetational transit, mating displays, and
territoriality. Although of obvious biological importance, such capacities can also be relevant to the
survivability of microair vehicles in comparable environments.
Keywords: animal flight，aerial maneuverability，perturbed conditions

Paper ID: 16239

Biomimetics applied to factory layout planning: Fibonacci based patterns,
spider webs, nautilus shell and honeycombs as bio-inspiration to reduce
internal transport costs in factories.
D. Tinello
Institute of Logistics Engineering, Graz University of Technology, Graz, 8010, Austria
*Corresponding author: Daniel Tinello (daniel.tinello@tugraz.at)

Abstract
This paper presents a novel bio-inspired approach to assign operational resources (OR´s) like machines,
workstations and departments within factory layouts. We investigated the structures and growth processes of
the nautilus shell (nautilus macromphalus) and found that these biological principles and structures help to
enhance the allocation of operational resources within factory layouts. Furthermore, we investigated inputoutput-processes in nature, especially the webs of orb-weaver spiders (araneidae), to mimic the pattern for factory
layouts. In addition, the hunting behaviour of the spider was examined and imitated. Furthermore we investigated
the hexagonal structures of the honeycomb and found that this biological principle also helps to enhance the
allocation of operational resources within factory layouts. To prove the feasibility of the proposed
methodology, the first step was to collect material flow data from three Austrian factories. We implemented
the original factory layouts within our model as reference. As second step, we applied traditional logistical
methods for layout planning according to theory. In a third step, we applied our nautilus shell and spider web
layout approach to arrange the material flow system of the three factories. After examining 24 different
variants, we found that our bio-inspired approaches were able to keep up with traditional layouts, and in the 3rd
factory, one biomimetical approach could even beat the best traditional layout by 13,6%.
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A second part of the paper will discuss the following: Biomimetics and logistics have been discussed broadly in
the scientific literature with regard to their particular discipline. In this paper we will explore the amount and
structure of the scientific research on the interdisciplinary topic of biomimetics applied to logistics. With this
subject area, we performed a query of scientific online databases and conducted a bibliometric analysis to
explore the most influential works and their impact on logistics. However, the term bionics was introduced in
the late 1960s, and our analysis revealed a marginal scientific attention on the combined topic bionics &
logistics until 2003. Nevertheless, the interdisciplinary topic was increasing disproportionately until today
in comparison to their particular disciplines. Additionally, the results of our analysis indicate that some fields
of logistics benefit a lot from principles of nature (e.g. transport logistics from behavioural biology) while
other fields of logistics could not use this potential. Finally, our analysis presents a country ranking according to
the amount of publications, which is led by China with 57% on total publications. Furthermore, contents and
findings are briefly discussed to provide an overview of the previous academic research.
Keywords: logistics, material flow, bibliometric study

Session keynote paper
Paper ID: 16263

Effects of bionic units with different scales on the wear behavior of bionic
impregnated diamond bits
Zhaozhi Wang,1 Zhihui Zhang,1* Youhong Sun,2* Ke Gao,2* Yunhong Liang,1 Xiujuan Li1 and
Luquan Ren1
1Key Laboratory of Bionic Engineering (Ministry of Education, China), Jilin University
2College of Construction Engineering, Jilin University
*Corresponding author: Zhihui Zhang (zhzh@jlu.edu.cn), Youhong Sun (youhong_sun@hotmail.com) and Ke
Gao(Gaokenm@jlu.edu.cn)

Abstract
This research is mainly designed to determine the effects of bionic units with different scales on the wear
behavior of bionic impregnated diamond bits. Based on bionic theory, bionic impregnated diamond
samples with self- regenerated non-smooth surface were designed and fabricated. The bionic samples with
non-smooth surface had the same non-smooth ratio, while the bionic units on them have different scales. The
non-smooth surface is constituted by a certain amount of concave units that could continuously maintain
their shape and function during the whole working process. Non-smooth ratio refers to the percentage of the
non-smooth area that accounts for the whole sample. Abrasive ratio tests were carried out to investigate its
performance. The results proved that bionic samples function prominently in wear resistance and drilling
performance. Meanwhile, microscopic imaging and analysis were applied to observe and reveal that selfregenerated units played an important role in improving the wear resistance and drilling performance of
bionic samples. The bionic self-generated concave units could reduce, and even avoid factors that might
result in severe abrasions. The wear resistance and drilling performance of the bionic samples will change
according to the scales of bionic unit. The variation could also be brought about by the different abrasive
property of the stone.. This work can provide significant references for practical drilling.
Keywords: Wear behaviour, Abrasion mechanism, Wear
Impregnated diamond bits
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Session keynote paper
Paper ID: 16266

Current Status and Development Trend of Petroleum Engineering Bionics
Liu He,1* Yang Qinghai,1 Fu Tao,1 Pei Xiaohan,1 Shi Bairu,1 Wei Songbo,1 Chen Lin1
1PetroChina Research Institute of Petroleum Exploration and Development, Beijing, 100083, China
*Corresponding author: Liu He (liuhe@petrochina.com.cn)

Abstract
Since its birth, bionic has been advancing rapidly and has fully penetrated into multiple disciplines of life
sciences, robotics, materials science, surface engineering, etc. as well as multiple industries such as
chemistry, architecture, computer and industrial design, where petroleum engineering bionics has also emerged
accordingly. This paper has provided a detailed description of the research findings obtained in such fields
as drilling, sand control and oil recovery through the combination of bionics and petroleum industry, analyzed
the characteristics of and the method for studying petroleum engineering bionics, and pointed out that it is
necessary to gradually establish a bionic technology system covering exploration, development and
engineering by conducting tiered, staged and scalable application research focusing on technology demands in
production and aiming at improving the existing or creating a new technology system. This paper has,
according to the current status, requirements and characteristics of technologies in the petroleum industry
as well as the overall development level of bionics, pointed out that petroleum engineering bionics
should in the future focus on research in 4 areas including material bionics, surface bionics, information
bionics and engineering bionics, analyzed the specific content of these 4 areas, and finally forecasted 3
phases of development of petroleum engineering bionics.
Keywords: bionics, imitation, petroleum engineering bionics

Paper ID: 16271

Can biological strategies facilitate disruptive bionic innovation?
Denise K. DeLuca 1, 2, 3
1Sustainble Design, Minneapolis College of Art and Design, Minneapolis, 55404, USA
2Vibrant OS, 98115, Seattle, USA
3BCI: Biomimicry for Creative Innovation, 98115, Seattle, USA
*Corresponding author: Denise K. DeLuca (denise@vibrant-os.com)

Abstract
By emulating biological strategies, bionic engineering, along with biomimicry and biomimetics, has the
potential to generate the kind of radical and sustainable innovation needed to tackle the world‘s most
challenging problems. To realize this potential, however, bionic engineering needs to result in disruptive
innovation -- products, processes, and systems that are widely adopted and displace existing technologies.
The challenge is that the paradigms and practices found in conventional business, government, and academic
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organizations – the ―real world‖ -- are designed to support incremental innovation. They struggle to adopt
radical innovation, thus disruption is hampered and the full potential of bionic engineering is not easily
realized. One proposed solution is to emulate biological strategies within the organizations themselves with the
goal of creating the conditions necessary to facilitate disruptive bionic innovation and, in the process, result in
organizations that are more resilient, adaptable, and sustainable.
Keywords: disruptive radical innovation, biomimetic organizations, business inspired by nature

Paper ID: 16307

Characteristic studies on check valve of the piezoelectrically actuated
micropump
Jingshi Dong1, Weishuai Liu1, Wei Zheng1,4, Yue Wu1,2, Ruigang Liu1, Quanqu Chen1, Yang
Yang1, Zhigang Yang1*
1College of Mechanical Science and Engineering, Jilin University, Changchun, 130025, China
2Key Laboratory of Bionics Engineering (Ministry of Education China), Jilin University, Changchun, 130025,
China
3Department of Aviation Mechanical Engineer, Aviation University of Air Force, Changchun, 130022, China
*Corresponding author: Zhigang Yang, Email:yzg@jlu.edu.cn

Abstract
A new single vibrator piezoelectric micro-pump which integrated the check valve and the piezoelectric
oscillator into an overall is designed in this research. The micro-pump is mainly consists of a circular
piezoelectric vibrator, a polyethylene terephthalate (PET) check valve, two rubber sealing rings, upper pump
cover and lower pump cover. In this research, in order to study output performance of the single vibrator
piezoelectric pump, piezoelectric pump check valve theoretical analysis and experimental verification has
been carried by exploiting the method of check valves and vibrator mass separation. Experimental results
show that the opening of check valve is mainly caused by the pressure difference and the inertia force. And
the dominant factor of check valve opening is different under different drive frequency. Check valve
maximum opening displacement of 19.625μm is obtained when the micro- pump is driven by a sinusoidal
voltage of 60 V at 300 Hz.
Keywords: micro-pump; actuator; ring type piezoelectric vibrator; volume change

Paper ID: 16312

Design and Mechanism of bionic abnormal shape impregnated diamond bit
Meng Li1, 2, Yinao Su1,3,Youhong Sun1, 2*,Ke Gao1, 2*, Haidong Wu1, 2
1
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College of Construction Engineering, Jilin University, Changchun, 130000, China

Key Laboratory of Drilling and Exploitation on Complex Condition,Ministry, Changchun, 130000, China
3

Petroleum Corporation Drilling Research Institute,Beijing 102206, China

*Corresponding author: Ke Gao (gaokenm@jlu.edu.cn) Youhong Sun (syh@jlu.edu.cn)

Abstract
In order to improve drilling efficiency and service life of impregnated diamond bit, bionicbit wasdeveloped
inspired by natural non-smooth structure, and it possesses promising prospect. In this paper, combined with
bionic prototype of pangolin claw, highmatrix bionic abnormal shape diamond bit was designed and
manufactured by pressureless impregnation sintering method. The unit cutting tooth has a stair-step shape. The
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check calculation of height-diameter (width) ratio was conducted to ensure the strength of drill-tooth.
Finite element method was applied to analyze the stress between bit and rock and optimize the bit
structure. Besides, rock fragmentation mechanism of the bit was discussed. Field drill experiment results
showed that drilling rate of this novel diamond bit increased by 20% and service life increases improved by
80%. These increases can be contributed to abnormal shape and high matrix of bionic bit. This
significantly reduces drilling cycles, saves costs, and paves the way for further applications.
Keywords: bionic diamond bit, abnormal shape, pressureless impregnation

Paper ID: 16313

Design and test of self-adaptive bionic PDC bit
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Abstract
When animals' claws come into contact with hard objects, they can protect themselves from injury by
adjusting their toe joint. Usually, this characteristic of animals is called self-adaptability. Inspired by this, a
self-adaptive bionic PDC bit is designed. The bit can self-adjust the cutting teeth‘s working angle according to
strata‘s hardness so that it reduces the bit‘s fracture and spallation causing by impact. The drilling rate of
self-adaptive bionic PDC bit was compared to the conventional PDC bit whose caster angle is 15 and 20
degree respectively. As the result shows,when drilling in soft rocks, the speed of self-adaptive bionic PDC bit
is much higher than the conventional one, in medium hard rocks, the speed is the same and is slightly lower
in hard rocks. In complex stratum, the drilling speed of self-adaptive bionic PDC bit increases 10% than the
conventional PDC bit whose caster angle is 15 degree and increases 13% than the conventional one
whose caster angle is 20 degree. The self-adaptive bionic PDC bit, inspired by the self- adaptive
mechanism of animals' toe joint, remarkably improves the range of adapting strata and the comprehensive
drilling efficiency.
Keywords: self-adaptive bionic PDC bit,animals' toe joint, caster angle
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Low-load diamond bionic drill bits for subglacial bedrock sampling
Xuliang Zhang, Youhong Sun，Ke Gao*
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130000, China
*Corresponding author: Ke Gao (gaokenm@jlu.edu.cn)

Abstract
Electromechanical cable-suspended drilling technology is considered one of the most feasible methods for
subglacial bedrock drilling.The outstanding feature of this technology is that the bit load produced by the drill
weight is usually within the range 1.0-4.0kN while the recommended load for diamond drilling is 10-30kN or
even more. Therefore,searching for the diamond bits that can drill in extremely hard formations with minimal
load and acceptable rates of penetration and torque is the necessary step to prove the feasibility of
electromechanical subglacial drilling technology.
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A special test stand has been designed and constructed to examine the impregnated ,surface-set ,toothed and
specially manufactured bionic drill bits.The results of experiments with types of drill bits show that the toothed
diamond bionic drill bit has the highest penetration rate of 3.82 m/h in very hard and abrasive granite
under a 2kN load.The torque(26.5Nm) and power consumption(1.3kW) of toothed bionic drill bits are
acceptable for cable-suspended drilling.
Keywords: subglacial bedrock,glaciological instruments and methods,diamond bionic drill bit.
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Abstract
Many natural creatures have non-smooth body surfaces that offer naturally advantageous mechanical
properties, such as resistance reduction, anti-sticking, wear- proofing etc. Previous studies have proven that
diamond bit inspired by natural non- smooth structure possesses higher drill efficiency and longer service life.
However, it is rarely reported that researches have been carried out on flow characteristics of bionic
diamond bit. This study is to investigate flow characteristics and improve our understanding of the
mechanism of bionic non-smooth diamond bit. In order to observe and measure the flow distribution patterns of
bionic diamond bit, particle image velocimetry (PIV) was employed and the transparent wellbore simulation
device was set up. The flow velocity fields of 5 bits with different non-smooth level were obtained and
analysed. The results show that the velocity of flow on waterways is higher than that of crossflow on
bottom face, and the highest value exists on the middle of waterways. The vortexes appeared obviously
around the bionic structures. The bionic non-smooth level is an important factor affecting the velocity of
cross flow, while the amount and the size of waterways show great influence on the flow field on waterways.
With the increase of non-smooth level, flow velocity on bottom face varies as a parabolic trend. Bionic bit
with 11% non-smooth level exhibits lowest flow velocity on bottom face. Simultaneously, bionic bit with
11% non-smooth level showed longest service life in field drill experiment. Therefore, it is hypothesized that
bionic non- smooth structures would lead to reallocation and optimization of bottom flow of diamond bit.
Key words: non-smooth, diamond bit, flow characteristics, PIV
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Topic: Sensors and signal processing
Paper ID: 1725

Bat-like Harmonic Signal Analysis and Underwater Bionic Acoustic
Imaging
YANG ChangSheng, REN BingXu*, LIANG Hong, and WANG JunXiong
School of Marine Science and Technology, Northwestern Polytechnical University, No.127,Youyi West
Road,Xian,Shanxi,710072,P.R.China
*Corresponding author: Ren Bingxu (renbinxu@mail.nwpu.edu.cn)

Abstract
Animal sonar performance is quite better than man-made sonar system, especially in complex environment.
The harmonic structure sound used by big brown bat in forests situation played an important role in
hunting. Firstly, bat-like harmonic signal was analyzed by Auto-Wideband Ambiguity Function (WAF) and
Generalized Wideband Ambiguity Function (GWAF) respectively. The theoretic derivation and numerical
computation results showed that the joint range-velocity and range-azimuth resolution of nonlinear
frequency modulation signal with harmonic structure was better than the basic signal. For Hyperbolic
Frequency Modulation (HFM) signal, the range-velocity resolution was related to the fractional bandwidth of
the fundamental signal and second harmonic signal. Numerical simulation also proved the similar conclusion
for the Logarithmic Time Frequency Modulation (LTFM) and Exponent Frequency Modulation (EFM) signal.
Under the near field and far field, double element array and multiple element array respectively, GWAF
numerical simulation results showed that range-azimuth resolution depends on the signal bandwidth and
array shape. Increase the size of the array and the bandwidth of the signal can achieve better performance in
multiple targets situation. Secondly, bionic acoustic imaging of point target and volume target had been
accomplished. After well-designed bionic signals were transmitted, the received data from different
elements passed the matched filters. Then, the beam formers and envelope detectors were carried out. In
the simulation and experiment, different combinations of emission waveforms and array patterns were
compared. The numerical simulation and water tank experiment results showed that high resolution
acoustic imaging can be achieved using bionic harmonic waveform.
Keywords: harmonic signal, bionic waveform, acoustic imaging
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Analysis of bat ultrasonic pulse and ears motion with optic flow
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Abstract
Bats are well known for echolocation. Both FM and CF-FM bats use echo from self-generated ultrasonic
pulse. There have been some study on the local motion on their head (ears and noseleaf) which happens all the
time during flying and hanging. But it doesn‘t reach a general consensus among researchers why bats flap
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their ears. From the data acquired by high speed video camera and ultrasonic microphone in lab, we try to
find a relationship between motion of ears and ultrasonic pulse. After drawing the spectrogram of sound, we
use a threshold filter to get the graph of each pulse and parameterize each pulse. And we get the magnitude of
motion frame by frame using optic flow method. By the analysis of data, we find some correspondence between
acoustic pulse and motion.
Keywords: bat ear motion, ultrasonic pulse, optic flow
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Abstract
As one of the main causes of accidental injury death, falls not only brings a lot of health problems, but also
caused huge economic losses. And accidental falls are the main factors that endanger the health of elderly
people in modern society. Timely and effective fall detection and alarm can reduce the risk of falls. Through
the collection, research and analysis of the data of human‘ behaviour, study the fall detection and
prevention program to promote the standardization and scientific of prevention and treatment of falls. It has
far-reaching significance on protecting human's health and improving the overall quality of medical care.
Along with the increasing of the aging society, the design and development of the fall detection system
which is portable, accurate and real-time has gradually become one of the most urgent needs of the
community. At present the fall detection system has realized the functions of real-time detection in a
specific environment, but it still cannot meet the actual needs because of the disadvantages such as high cost,
limited monitoring scope, easy to be influenced by environment, and invasion of privacy, inaccurate and
inefficient, etc.. With the rapid development of mobile Internet, smart phones as another kind of wearable
device have become essential products of people's life. Smart phone is portable and flexible, and built in
various sensors which can be used to monitor human motion data. In order to promptly fall detect and
minimize the damage to the aged, a fall detection system based on Android phones is designed and implemented
and a fall detection algorithm for phones is proposed in the paper. Firstly, it collects real-time sensor data
through the phone's built-in sensors, analyses and processes the data and extracts data features. And then it
analyses these human motion parameters and movement characteristics, researches and builds a fall detection
model. By comparing and analysing the advantages and disadvantages of the linear Supported Vector Machine
(SVM) and the Decision Tree algorithm, it makes a concrete analysis of the question and proposes the two
detection algorithm based on SVM and Decision Tree algorithm to improve the accuracy and sensitivity of
detection. There are two steps to detect fall with this algorithm. The first one is used to detect the daily
behaviour by one dimensional model of SVM. If the result is falling, and then the second Decision Tree
detection to distinguish falls finally. While falls, the mobile telephone automatically alarms so that the
elderly people can get rescue in time. Comparing with stand-alone SVM and Decision Tree algorithm, it
simplified the dimension of the model. And it is better adapted to the mobile phone carrier, simplifies the
detection process of daily, and effectively improves accuracy and sensitivity of the system by two fall
detection processes. In this way, the elderly can detect falls without other equipment at any time.
Meanwhile, the system integrates the phone system function greatly, provides a good platform for humancomputer interaction in the detection, and provides remote alarm to help the elderly get timely rescue.
Keywords: fall detection; SVM algorithm; Decision tree
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Abstract
Accidental falls can cause physical injuries, fractures and other health complications, especially for elderly
people living alone. Delay or lack of timely assistance after the occurrence of a fall often results in injuries, or
even leads to death in some cases, it is also become a great burden to the national health insurance system due
to the continuous growth of aging population. The use of early pre-impact fall alarm and self-protective
control could greatly reduce fall injuries. This paper aims to develop an early pre-impact fall alarm system by
integrating a microcontroller, an inertial body sensor, a wireless communication module, an alarming unit, an
orientation module and corresponding embedded fall detection algorithms. The nine-axial (tri-axis
accelerometer, tri-axis gyroscope and tri-axis magnetometer) inertial body sensor module MPU9150 was
fixed to the body to measure the human motion data. The microcontroller was employed to distinguish
between falls, dangerous situation and daily activities based on the collected data from inertial sensors and fall
detection algorithm. When detected dangerous situations, alarming unit provide speech alarm to remind user to
adjust body angle so that the user can avoid from falling. Once the fall event been inevitable, the remote alarm
unit based on GPRS and SMS would deliver the alarm message to user‘s guardian for calling medical advice or
assistance, the alarming unit can also play a predefined voice calling for help from people nearby. With
extra airbag, the device can also protect the hip joint and other important join from being serious injury,
reduce fall-related injuries and medical cost greatly. Furthermore, wearable design making it convenient to
wear and easy-to-use, the most important thing is it can work well in both indoor and outdoor
environments. The results show that the device can recognize fall events early, detect the actual falls in good
season and response the fall immediately, including deliver alarm information, call for help from nearby
people, locate the site of the accidental fall and other necessary reactions. The terminal device have advantages
of small size and low power consumption, with high reliability and sensitivity on fall detection, making it
particularly suitable for the fallen person who cannot able to call for help, or medical aid cannot provided soon
afterward, it also suitable for the use in nursing facilities or hospitals or others likely scenarios.
Keywords: pre-impact fall alarming; inertial sensor; fall detection;
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Locomotion is an essential character of animals, and excellent moving ability results from delicate sensing
the reaction forces acting on body and modulating the locomotor behaviour to adapt to the motion
requirement. However, the moving ability of climbing robots still lags far behind that of climbing animal. A
primary cause is the insufficiency of our understanding of how animal govern their climbing locomotion.
To reveal the fundamental mechanism of climbing locomotion and also to develop the performance of
climbing robots, we have measured the reaction forces (RFs) acting on each individual foot of moving geckos
on vertical substrates and have recorded the locomotor behaviours by using high-speed camera associated
with the RFs. The coordinates of reference points, which were used to describe locomotor behaviours, were
regressed by curve fitting to analyse kinematic feature factors, meanwhile, the data of RFs were further
processed by fast Fourier Transform (FFT) to calculate power spectrum density (PSD), and by discrete
wavelet transform (DWT) to obtain wavelet signals. A good agreement was found between the reaction forces
and the inertia forces generated by locomotor behaviours in frequency domain. The results showed that the
locomotor frequency of trunk in fore-aft direction was twice that in lateral direction, and the locomotor
frequencies and phases of limbs in all directions had no obvious difference. This mechanism may be beneficial
for the enhancement of energy conversion efficiency and maintain lower energy consumption. Above
research will help to understand better the locomotion mechanism of climbing animals, and further inspire
the design of gecko-like robot with variable stiffness.
Keywords: reaction force; time-frequency domain analysis; locomotor behaviour;
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Abstract
Motion sensing game, as a kind of novel game, is operated by body movements. It is respected by the majority
of players of all ages because of its excellent interactivity. Currently, compared with the 2.4GHz wireless
transmission technology that mostly used by motion sensing game controller, the Bluetooth 4.0 technology has
the advantage of low power consumption, low cost and easy to connect to phone. So this technology has a
bright application prospect in the motion sensing game controller. The paper introduces a kind of wireless
transmission system with inertial sensor data based on Bluetooth 4.0 Technology which can be used in
somatosensory gaming devices with the achievement of the accurate control of the game. This system
includes three parts, which are data acquisition node, the wireless data transmission by Bluetooth 4.0
technology and PC upper monitor software that monitors data. The data acquisition node is responsiable for
acquisition the original data of acceleration, angular velocity and magnetic induction intensity. The hardware
system consists of five parts, namely MCU, inertial sensor, slave module(cc2540), power management module
and charging circuit. The original data is sent to the PC through Bluetooth 4.0 technology.The PC upper
monitor as the control centre of the system, sends command to data acquisition sensor node to control the
start, halt, configuration of it. The software system is divided into three parts: data acquisition, data
processing and data transmission. In order to ensure the real-time performance and accuracy of the data
transmission, data is transmitted according to the priority of MCU interrupt system. Upper-supervision
software takes VC++6.0 as its development tool. The PC calling the dynamic link library correspond with the
slave computer through serial port way, and collect and display waveform from six different channels by
using multi-threading technology. The result shows that packets and configuration commands can be
transmitted stably and reliably between PC and the node. The maximum transmission distance is 8.327m.
And the PC waveform matches with the real action, so it can be used in the body feeling game controller.
Keywords: inertial sensor; BLE 4.0; data transmission;
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Foot Position Tracking during Human Motions using an Integrated Sensing
System
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Abstract
Foot position parameters, e.g. foot placement, foot length and foot width etc., are vital biomechanical
variables indicating locomotor performance during human motions. Foot position tracking systems have
numerous potential applications, such as healthcare monitoring, falling prevention, lower limb prosthetic
stability control and navigation, emergency responder localisation as well as data collection for indoor layout
optimisation. Traditional methods for tracking foot positions normally involve the use of multiple cameras
within confined indoor environments. However, long-lasting continuous tracking in realistic daily life
environments is desirable in order to make this technique practically useful. Nowadays, prevalent portable
sensing systems are mainly based on inertial measurement units (IMUs). However, they are limited in
accuracy compared to camera tracking systems.
The objective of this study is to develop a wearable sensing system based on a sensor fusion approach.
By integrating several different types of low cost sensors, such as ultrasound, laser range finders and IMUs,
the foot position during our daily activities is accurately tracked. This allows the drawback of each individual
sensor to be mitigated by the efficiency of another type of sensor. The construction of the sensing system
starts with the testing of a low-cost IMU. The recorded data is transmitted via WiFi and hence can be seen by
WiFi capable devices. When using the IMU alone, a general purpose strap-down navigation algorithm gave
inadequate results after only seconds of use. Thus, an Extended Kalman Filter (EKF) was used to provide
corrections. When the user‘s foot was detected to be stationary, zero velocity as well as zero angular rate
updates were applied. In addition heuristic drift reduction and level ground updates were fed into the EKF to
provide corrections. In parallel with the IMU, an ultrasound tri- lateration system was added to calculate the
foot displacement at each step. Due to the noise associated with the range measurement of a single
transducer, an array of ultrasound transducers was used. The multiple range measurements were used to
find the position of the foot by a minimum mean squared error approach. The data collected from the
ultrasound and IMU/ EKF systems was integrated using a least square estimator to locate the foot position. Our
preliminary results suggested that this system can provide a reasonably accurate estimate of foot position.
However, its operating environment is limited because the ultrasound tri-lateration system requires direct line
of sight between the two feet.
Further development of the sensing system is ongoing by investigating the effect of environmental knowledge on
the accuracy of the system. The user‘s position was tracked by using a particle filter and should the
integrated ultrasound and IMU/EKF system predict that the user makes a physically impossible motion, for
example crossing a wall, the particles associated with wall crossing are assigned a weight of zero. Thereafter, the
most probable location of the user is re-calculated after re-sampling.
Keywords: Kalman filter, Inertial Navigation, Pedestrian Dead Reckoning.
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Abstract
Geckos, spiders and insects run and climb with exceptional speed, strength and agility for their size,
representing in many respects an ideal model system for the study of terrestrial locomotion. By measuring
the ground reaction forces generated by animals when walking upright, climbing vertically or walking on an
inverted surface, we can understand adhesion mechanism and locomotion dynamics. Two kinds of 3
dimensional force sensors in different range were made to measure the ground reaction forces generated by
animals such as geckos, spiders, insects etc. These two kinds of 3 dimensional force sensors were made
calibration before used to measure the ground reaction forces. A L-shaped force sensor which resolution is 10
μN in ±10 mN full scale range of three directions was used to measure the ground reaction forces created by
individual legs of the stinkbug Erthesina fullo when moving on the level and vertical surfaces. The legs of
insect generate adhesive forces to avoid overturning when climbing vertically. And another T-shaped force
sensor which resolution is 3 mN in ±1. 5 N full scale range of three directions was use to measure the ground
reaction forces generated by geckos Gekko gecko, lantern-fly Lycorma delicatula and the stroke force
generated by free swimming water striders. Most ground reaction force measurement systems, designed to
measure only single leg mechanics or whole body mechanics, were not capable of capturing
instantaneous reaction forces of multiple legs. To address this challenge, a novel animal locomotor
mechanics measurement system was developed to acquire instantaneous reaction forces of multiple limbs of
animals by forces measuring array, with locomotion behaviour recorded synchronously via high speed
camera. The system which can record coordinated motions and associated three-dimensional reaction forces
in mN-scale among different legs was composed with a 3x8 force sensors array testing platform, multiple
channels strain signal processing device and high speed camera. The combination of high speed camera and
force sensor make the motion behavior observation and corresponding force detection implement at the
same time. Synchronous of high speed camera is the basis to guarantee consistency between the target
image and the main control computer data. As the external synchronization, external triggering, and AC signal
decode are significant performance index in the synchronizing system design, the camera will start to work
after receiving the triggering signals outside. The rotatable platform can provide different crawling condition
from level ground to ceiling surface. Equipped with this system, researchers are able to achieve breakthrough
in understanding of synchronized leg movements for coordinated locomotion (running, climbing and
crawling) in animals like geckos, spiders and insects. Another type of a 3x8 force sensors array platform was
built to compose a hexagonal prism. We used it to study climbing animal‘s such as geckos and treefrogs
gripping forces and behavior.
Keywords: Animals, Ground reaction forces, Behavior
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Abstract
Rapid and early identification of crop stress and disease is essential for the effective management of crop
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and improvement of crop yield. In this study, we describe a paper-based microfluidic sensor for the rapid
and early identification of crop stress and disease. Our approach makes use of hybridization-meditated target
capture using a miniaturized colorimetric probe. The colorimetric probe enables visual identification of the
crop stress and disease without the need for sophisticated instruments or the multiple incubation. Quantitative
analysis is realized by recording the optical intensity of the target area. The sensor was used successfully for
the identification of drought stress and virus based disease in an early stage. The identification limit was
100μM and the measurement time was within 2 min. We believe that this simple, rapid, and sensitive bioactive
sensor has great potential for the early identification of crop stress and disease.
Keywords: Paper-based colorimetric sensor, Crop stress, Crop disease
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Abstract
RNAi (RNA interference) was discovered in recent years, which is a gene silencing phenomenon caused by
double- stranded RNA. It is a widespread phenomenon that exists from invertebrate to vertebrate and from fungi
to plants. RNAi technology has been widely applied to study a variety of organisms‘ gene function. Most of the
nematode‘s genes has already been identified with RNAi technology up to now. In insects, fruit flies, fungi,
plants, and also in mammalian cells, researchers have identified a large number of new gene functions.
Mosquitoes have an acute sense of smell. They can find the host accurately by detecting the host‘s odor to have
a blood-feeding. To find which odor receptors are necessary for mosquitoes to find the host is also the key on the
study of bionic olfactory sensors.
Although positive genetic method is very effective but it‘s limited to the first generation of transgenic insects, and
transgenic technology in the application of mosquito takes a lot of resources and time, so it‘s not widely used in
most laboratory. RNAi is a very effective method to study gene function in post-genome era, which is not only
simple and efficient but also a kind of environmental friendly experiment method. So it becomes a very important
method to study the function of mosquitoes‘ odorant receptors. There are already some researches to detect the
function of odorant receptors of mosquitoes (including Aedes aegypti、Anopheles gambiae etc.) This paper
mainly introduces recent progress of the RNAi using on mosquitoes and summarizes simply the RNAi method to
detect gene function of mosquitoes.
Key words: RNAi method; gene silencing; mosquito
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Abstract
Biologists found that weakly electric fish can hunt and navigate by receiving the electric field which is emitted
by itself in dark environment. This kind of capacities which can receive the electric field which is emitted by
itself to location, identifying or detection are called active electrolocation. Inspired by the research of
active electrolocation in biological, we put up a new method which is simulating the active eletrolocation
of weakly electric fish to detect pipeline defects. Our experiments have confirmed it can detect blockage in the
pipeline which are made of different materials (PVC, plexiglas, brass and galvanized steel). And the
simulations in ansoft maxwell also proved this method can detect defects of pipeline and locate it precisely in
fresh water and dehydrated crude oil environment. Besides, comparison on experiment results and simulation
results shows that the simulation model is correct. These previous experiments and simulations only used
fresh water and dehydrated crude oil as experimental medium. Pipeline transportation is widely used to
transport a variety of liquids. In order to research whether this detection method can also work in other fluid
transportation pipeline defects, we need to do some extended experiments with other experimental medium.
Potassium hydroxide solution(KOH), methanol aqueous solution, liquid carbon dioxide, liquid ammonia and
crude oil are some typical materials which are transported in pipeline transportation. But these materials are
dangerous and difficult to do experiments. In order to research whether this detection method can be used in
these transportation pipeline defects detection, we use ansoft maxwell to simulate the pipeline detection in
extended experimental medium in seamless steel tube. These experimental mediums are Potassium hydroxide
solution(KOH), methanol aqueous solution, liquid carbon dioxide, liquid ammonia and crude oil. And the
simulation model is the same with the simulation in pure water condition, as is shown in Fig.1. The model
contains a detector and a pipe with defect. The detector has four electrode, two emitting electrodes which
are numbered No.1 and No.4, and two receiving electrodes which are numbered No.2 and No.3. Assume the
left side of the No.3 electrode‘s coordinate as position variable PX. The tube‘s external diameter is 54mm,
internal diameter is 48mm and the length is 500mm. After simulation, we process the simulation data by FFT
and get the FFT amplitude value at the point of the excitation frequency. Draw the position curve with this FFT
amplitude value and the position variable. The FFT amplitude value as the vertical axis and the position
variable as the horizontal axis is plotted the position curve. By these simulations, we can draw a
conclusion that the fluid transportation defect detection based on active electrolocation can be widely used in
some typical material‘s pipeline detection.
Keywords: active electrolocation; finite element simulation; defect detection
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Abstract
The lateral line system, as highly sensitive flow sensors, can be found in most fishes. The lateral line system
consists of two types of sensitive flow receptors: superficial neuromasts (SN) and canal neuromasts (CN).
Cavefish usually lives in the dark karst caves for most of its time, and the eye of some cavefish are even
degenerated. As a result, the lateral line system of some cavefish plays an even more important role in their
life than normal fish. In order to elucidate the perception mechanism of lateral line system in cavefish, we
use two species of Cyprinidae fish, Sinocyclocheilus macrophthalmus and the Cyprinus carpio
haematopterus in this study. S. macrophthalmusis is a kind of endemic cavefish of Sinocyclocheilus and
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lives in the karst caves in China. The Cyprinus carpio haematopterus is a kind of aquarium fishes, with the
normal development of eyes.
In this paper, the morphology of the cupula and neuromasts in the lateral line canal is intensively studied. CN
are embedded in the hypodermic channel and contact with the external flow via a series of pores on the
lateral line scales, which is different from the SN. Between two adjacent pores, there exists a canal neuromast.
The lateral line canal is visible under optical stereomicroscope when stained with methylene blue. We use a
stereo fluorescence microscope to confirm the dimensions and distribution of CN. Contrary to the Cyprinus
carpio haematopterus, the separation distance of two adjacent canal neuromasts in S.macrophthalmus is
shorter. In order to exactly determine the shape and size of cupula in the lateral line canal, paraffin sections,
which is a kind of conventional histological sections, is prepared and observed using a microscope. The high
sensitivity mechanism of the S.macrophthalmusis is modeled using microfluidic analysis.
Keywords: lateral line; cavefish; canal neuromasts;

Invited session keynote paper
Paper ID: 17180

SENSORY SYSTEMS – A BIOLOGICAL VIEW and WHY
BIOMIMETICS NEEDS MORE BIOLOGY
Friedrich G. Barth
Department for Neurobiology, University of Vienna, Austria
*Corresponding author: Friedrich G. Barth (friedrich.g.barth@univie.ac.at)

Abstract
In my lecture I will try to convince you that more biology is needed in biomimetics.Biologists tend to be
under- represented at meetings on bionic engineering and sometimes they seem to be almost absent. This
has several reasons which will be addressed. Often the lack of biological analysis and/orof an adequate
appreciation of the complexity of the problems, a biologist‘s particular way of thinking and approaching
problems may be in the way and make the best possible efficiency in designing synthetic devices impossible.
A key role here plays the adequate appreciation of the fundamental process of evolution, the biologically
driven adaptive character of any biological ―design‖ and the necessity to clarify the biological context in
sufficient detail before engineering should start. Ideally, ―technical biology‖ should be in between biology
and engineering and mediate between the two. In the best of all cases biologists and engineers should work
together permanently in a particular research project. Such a situation could be made a more likely event
than it currently is by establishing university curricula bringing students of both disciplines together in a formal
way.
To illustrate the main points to be made regarding the interaction between biology and engineering,
selected examples from sensory biology will be presented, the field of my own particular interest. First
considering a true bio-sensor‘s basic principles of operation it will be argued that, independent of the form of
energy taken up by it, engineering may find particularly good starting points at the level of the processes
referred to as stimulus transformation. These occur at the very interface between the environment and the
sensory cells proper and in many cases nicely reflect the properties of those stimuli which are the truly
relevant ones for the organism. Stimulus transformation is a particularly productive playground for physics,
leading to the overwhelming functional diversity and adaptability seen in nature. Understanding the biological
relevance of the usually high selectivity and specificity of bio-sensors at this level of operation is a good start for
bio-technical cooperation.
Mechanically and, if time permits, visually sensitive sensors will be taken as examples to illustrate this.Such
sensors of course follow the universal laws of physics but in addition the particular needs of an animal. These
are at the core of a biologist‘s interest. Their relevance for both biology and engineering and thus
―biomimetics‖ will be illustrated taking a biologist‘s approach.
Keywords: sensory systems, basic principles, biotremology
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Paper ID: 17183

Progress in Cell Free Protein Synthesis System
Jianyong Li, Yahui Man,Qian Chen, Di Pei and Wenjian Wu*
National University of Defense Technology, Changsha, Hunan 410073, China
*Corresponding author: Wenjian Wu (wjwu67@126.com)

Abstract
Cell free protein synthesis system (CFPS) can express protein in vitro without live cells. There are eukaryotic
and prokaryotic cell free systems according to the origin of cell extract, of which E.coli cell extract system is
the most common. CFPS can take DNA or mRNA as template, using energies and enzymes provided by
cell extract to synthesis protein. CFPS has some advantages such as independence of live cells, costeffective and high-yield. Recently, CFPS is becoming a research hotspot in life science field. The basic
principles are that PCR products or plasmids are transcribed into mRNA under the action of T7 RNA
polymerase. The mRNA will be translated into protein with existence of ribosome, translational factors, amino
acids and energies. mRNA will be released and join in next cycle. CFPS can efficiently express insect and
vertebrate olfactory receptors, which is significant for bionic detecting based on olfactory receptors.
Keywords: cell free system, synthesis protein, bonics

Paper ID: 17227

Flight path modulation by microstimulation in field flying pigeons
H. Wang,1* JJ. Li, 1,2 YXY. Liu,1 AJ. Shi,3 WB. Wang,1 and ZD. Dai1
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College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016,
China
3

College of Science, Nanjing University of Posts and Telecommunications, Nanjing 210046，China
*Corresponding author: Hao Wang (haowang@nuaa.edu.cn)

Abstract
The bio-inspired micro air vehicles (MAV) can extensively serve for the military and rescuing purposes, but
the energy supply of batteries bottlenecks their continuous working period. The pigeon (animal) robot treats
the living pigeon itself as the robot-moving carrier, which figures out the problem of energy supply and
enhances the flight ability. Under operant conditionings, the desired motor behaviors such as turning walk
and taking off have been elicited by the electrical microstimulation on certain nuclei in the diencephalon,
medial part of the midbrain, and medulla oblongata. However, this mechanism of neuromodulation has not
been validated in field conditionings.
In our field flying tests, pigeons (N=8) were released 15 km away from their loft, bearing a custom
designed onboard stimulator and recorder. The flight paths in nature and under microstimulation were recorded,
respectively. The results showed that weak microstimulation (relative to the stimulation in the lightly
anesthetized pigeons) may significantly affect pigeons' flight paths. Besides individuals, the efficiency of
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modulation may also depend on the visual information and the flight state onsite.
Keywords: pigeon robot, microstimulation, field conditionings, flight path modulation

Paper ID: 17228

An Onboard Three-axis Magnetic Generator for Pigeon Field Tests
YXY. Liu,1 H. Wang,1* JJ. Li, 1.2 WB. Wang,1 AJ. Shi,3 and ZD. Dai1
1

Institute of Bio-inspired Structure and Surface Engineering, College of Astronautics, Nanjing University of
Aeronautics & Astronautics, Nanjing 210016, china
2

College of Automation Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016,
China
3

College of Science, Nanjing University of Posts and Telecommunications, Nanjing 210046，China
*Corresponding author: Hao Wang (haowang@nuaa.edu.cn)

Abstract
Many evidences have showed that some animals' navigation is affected by magnetic fields. However there is
less studies in field conditionings to test how this mechanism works. Here we introduce a custom designed
three-axis magnetic generator, which can be mounted on a flying pigeon and modulate the strength and
direction of the magnetic field on purpose.
The total magnetic field of the earth is a vector field. Besides the three orthogonal axes in the Cartesian
coordinate system, there are four parameters to represent the magnetic field: total intensity, horizontal
component, declination, and inclination. To simulate the magnetic field which similar to the earth's magnetic
field (30~60μT) around a flying pigeons, it is necessary to design a generator which can produce threedimensional magnetic field. The Helmholtz coils can produce a range of uniform magnetic field. Three pairs
of Helmholtz coils were constructed orthogonally, and the current intensity (0~4.5mA) and direction could be
varied by coding. This tool would be very useful for bird navigation and behaviour studies.
Keywords: navigation, magnetic generator, pigeon

Invited session keynote paper
Paper ID: 17273

Airflow sensing and response in flying insects
Taruni Roy Khurana1, Dinesh Natesan1,2,3 and Sanjay P. Sane1*
1

Department of Neurobiology, National Centre for Biological Sciences, Tata Institute of Fundamental Research,
Bangalore 560065, India

2

Dept of Computational Science and Technology, School of Computer Science and Communication, KTH Royal
Institute of Technology, Stockholm 10044, Sweden
3

Manipal University, Manipal 576104, India

*Corresponding author: Sanjay P. Sane (sane@ncbs.res.in)

Abstract
Insects fly under a variety of environmental conditions. In addition to routine flight bouts in still air conditions,
they are able to migrate over long distances in turbulent environments. To perform these aerial journeys, insects
use multiple sensory organs to acquire information about their own speeds, and to maintain their speed and
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orientation over long distances. This requires the simulatenous processing of sensory inputs from multiple
modalities, which the insect may then translate into a specific body speed. One way to measure body speed
during flight is viapurely optic-flow-based measurements of body speed, but these can be misleading for insects
which experience sideslip while flying in a crosswind. In such situations, sampling from other sensory cues
reduces the ambiguity arising from variability in feedback from single modalities. Insects are known to use their
mechanosensory organs for this purpose. Specifically, their antennae provide information about air speeds in the
lower range of airspeeds, whereas cephalic hair based systems in the higher airspeed range. To address these
questions, we studied airflow sensing in two set of insects. These include the honeybee, Apis mellifera and the
Oleander hawk moth, Daphnis nerii. Specifically, we studied how these insects use their antennal
mechanosensors to sense ambient airflows, and disambiguate ambient flow from their own airspeed. They
combine this information with visual feedback from their compound eyes, to maintain position of their
antennaewhich provided the key readout of the ability of these insects to measure airflow.Our results show that
the basic mechanisms which dictate the antennal positioning behavior in both moths and bees is the same. At the
onset of flight, insects move their antennae to a specific position, or set point, where it is then maintained in a
state of dynamic equilibrium via mutually opposing responses to mechanosensory and visual stimuli. Our results
suggests that insects use one sensory modality to cross-modally calibrate the other system. Through these
studies, we are able to gain insights into how insects are able to sense their own airspeeds during flight.
Keywords: Insect flight, Airflow sensing, airspeed

Paper ID: 17281

Cost Climate Survey Scale in Construction: Development and Empirical
Research
He Wei and Chen Song*
1

Department, University, City, Postal code, CountryCollege of Civil Engineering and Mechanics, ,Yanshan
University, China
*Corresponding author: Chen Song (chensong0510@163.com)

Abstract
To develop the cost climate survey scale(CCSS) that construction industry easy use, the design ideas,principles
and steps of CCSS are proposed,and a 7 dimension frames including 42 levels for cost climate are
preliminarily determined. After open-ended questionnaires and expert interviews preliminarily determined
314 items contents ,then after categorized merger and pre-test analysis, 16 CCSS survey scale items were
compiled. In order to verify validity of the scale,200 sample employees in Qinhuangdao construction
companies were tested ,then authors used SPSS21.0 to analyze the reliability,validity and reasonableness of
divided level,and used AMOS22 to analyze the model fit.The CCSS is considered to be an effective tool for
cost climate research in construction due to its originality and interactivity,which fills a blank about cost
climate in construction.
Keywords: cost climate, scale development and reliability

Paper ID: 17309

Influences Of Fingerprints And Working Conditions On The Mechanical
Responses Of Tactile Perception Using Finite Element Method
Wei Tang, Jiankai Zhang, Shaogang Zhang, Songyong Liu, Hua Zhu*, Shirong Ge
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School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou, Jiangsu 221116,
China
*Corresponding author: Hua Zhu (zhuhuacumt@163.com)

Abstract
Tactile perception plays an important role in our daily life and it is usually associated with mechanical
responses within the finger. In this study, based on a nonlinear, viscoelastic, and multilayered finite
element model of finger, the distribution of von Mises stress within finger under different working
conditions and the influences of fingerprints on the tactile perception of the finger were investigated. The
results showed that von Mises stress along the interface between the epidermis layer and dermis layer
increased with an increase in load. Von Mises stress decreased with an increase in depth from the contact
surface to the inside of the finger. Stress waves decayed through the layers of finger tissue. The maximum von
Mises stress was located 3.6 mm from the contact center and 0.2 mm from the central depth. The
periodicity of the variation of the contact area between the fingerprints and the feeling surface was more
clearly observed than that of the variation present without fingerprints. The fluctuation of von Mises stress was
more intense and the amplitude was more stable under the condition of a finger with fingerprints than that
without fingerprints. Fingerprints can enhance the sensitivity of tactile perception. The related mechanisms
were discussed.
Keywords: finite element; mechanical responses; tactile perception

Paper ID: 17310

Finite element simulations of tactile perception of finger skin under
different textured surfaces
Wei Tang, Jiankai Zhang, Shaogang Zhang, Songyong Liu, Hua Zhu*, Shirong Ge
School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou, Jiangsu 221116,
China
*Corresponding author: Hua Zhu (zhuhuacumt@163.com)

Abstract
Tactile perception is essential for humans to perceive the world, and it is usually associated with mechanical
responses within the finger. In this study, a nonlinear, viscoelastic, and multi-layered finite element model of
the finger was developed. The relationship between the mechanical responses within the finger and tactile
perception while the finger scanned different textured surface was studied. The results showed that the
sensitivity of tactile perception is affected by the peak value of von Mises stress. The peak value of von Mises
stress is influenced by the shape of textures. The peak values of the von Mises stress in descending order are
corresponded to a triangular texture, circular texture, and rectangular texture. The peak value of von Mises
stress is also influenced by the spacing of textures and it decreases with the decreasing spacing texture.
The von Mises stress varies periodically with time, which depends on the periodicity of the textures. The
displacement signals around Pacinian corpuscles have periodic variation. The period of displacement decreases
with an increase in the density of the texture. The spectral centroid (SC) increases with a decrease in the spacing
of the texture. The related mechanisms were discussed.
Keywords: finite element; mechanical responses; tactile perception
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Topic: Nature inspired energy systems
Paper ID: 1829

Bio-inspired Surface Coating for Operating a Radiant Cooling Panel below
Dew-point Temperature
P. Jarumongkonsak,* and Y. Yan
Thermofluids Research Group, Faculty of Engineering, University of Nottingham, University Park, Nottingham
NG7 2RD, UK
*Corresponding author: Pornput Jarumongkonsak (ezxpj@nottingham.ac.uk)

Abstract
Radiant cooling technology (RC) is widely accepted in residential buildings in North America and Europe as a
powerful competitor with energy saving advantage to conventional air-conditioner (AC), however, in the hot
and humid region in which many countries are the world fastest growing and there are the world second largest
air conditioning market, RC is rarely seen. The main reason is that thermal comfort in this climate cannot be
achieved by RC system alone when operate above air dew-point temperature in order to avoid vapour
condensation on its cooling panel. Other air drying system as dehumidifier or dedicated outdoor air system has
to be installed and operated with RC to solve the problem but that increases their total system cost. Therefore,
the present research aims to find a low cost solution to maintain the dryness of RC panel by modifying its
surface directly. Previous studies show that even super hydrophobic coating, which supposes to roll all droplets
off the surface, cannot keep the panel dryness but have droplet condensation covers its entire surface instead.
This unexpected result was explained as the droplets can grow inside the coating layer. However, the past
studies related to Namib Desert Beetle inspired a possible solution. The beetle has a unique combination of
hydrophilic and hydrophobic surfaces on its shell to collect droplets and then successfully manage to roll the
droplets off to its mouth. Then, the new combined super- hydrophobic and hydrophobic coatings in square shape
were developed in this research and experimentally investigate their performance. The ordinary and special
coated cooling panels were comparative studied under hot and humid air condition in an enclosure box with air
temperature and humidity controlling systems. The result shows that the untreated panel is entirely covered by
large droplets while the new coating can provide some continuous dry area surrounding by wet area with much
smaller droplets. The droplets are not only able to roll off and also jump off the coated panel. The phenomenon
is explained and discussed on its potential. Moreover, the new panels also have much lower thermal resistance
of water layer on the cooling panel as another benefit. Finally, the further criteria of the new coating to create
the totally dry RC panel have been analyzed and set into the further final coating conditions.
Keywords: Radiant cooling, Vapour condensation and Bio-inspired surface coating

Paper ID: 1834

Underwater superoleophobic membrane with enhanced oil- water
separation, antimicrobial and antifouling activities.
Yanhua Zhao, Mei Zhang, and Zuankai Wang*
Department of Mechanical and Biomedical Engineering City University of Hong Kong
Hong Kong 999077, China
*Corresponding author：Zuankai WANG (E-mail: zuanwang@cityu.edu.hk)
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Abstract
Oil pollution caused by various industrial processes as well as oil spills has been one of the most urgent global
environmental concerns. Despite extensive progress in the development of robust artificial membranes
addressing the oil pollution issue, the current solutions are susceptible to limited functionalities, such as inability
to separate small emulsions and poor resistance to notorious biological contaminants and fouling as a result of
the complexity in their operating environments. Here we report a facile one-step approach to engineer a novel
composite membrane that spans an entire range of functional properties. By tailoring the surface structure,
chemical composition and harnessing the synergistic cooperation of non-adhesion ability of polyethylene glycol
(PEG) and silver nanoparticles embedded in the PEG matrixes (PEG-AgNPs membrane), the designed
membrane allows for high separation efficiency (>99.9%) in a wide range of operating conditions, as well as
enhanced antimicrobial and anti-marine fouling activities. We anticipate that the facile fabrication and
multifunctional performances will bring our membrane a step closer to practical applications including the
clean-up of oil spills, waste water treatment, fuel purification and the separation of commercially relevant
emulsions.
Keywords: underwater superoleophobic membrane, oil-water separation, antimicrobial, anti-marine biofouling.

Paper ID: 1888

Bionic research in the saving-energy walking mechanism based on
locomotor performance of ostrich hindlimb
Rui Zhang*, Yuan He, Songsong Ma, Qiaoli Ji, Jianqiao Li
Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun, 130022, China
*Corresponding author: Rui Zhang (zhangrui@jlu.edu.cn)

Abstract
The ostrich is the fastest bipedal runner in the world. The ostrich is better than other animals in speed, energy
saving and upright ability. Scientists believe the birds ,who can not fly, have an efficient way to walk by the
legs,which is good for robot design. In the future, the perfect running robots are more likely to be like an ostrich
or dinosaur. The ostrich hindlimb, which is capable of efficient movement, is regarded as the bionic prototype in
this paper. Analyzing the locomotor parameters of the hind legs and feet when ostrich running, and combining
with the biological anatomy of ostrich hindlimb, the size and the proportion of ostrich hindlimb were
determined. According to the rebound characteristics of the tarsometatarsal joint of ostrich foot, a bionic biped
walking mechanism were designed. The bionic biped walking mechanism has the advantages of simple
structure, high efficiency and energy saving. The mechanism mainly comprises a crank rocker mechanism, a
slider crank mechanism, a ratchet mechanism and a spring. Using Automatic Dynamic Analysis of Mechanical
Systems (ADAMS) software, kinetic analysis in the bionic biped walking mechanism on flat ground was carried
out. The simulation results verified the effectiveness and the feasibility of the bionic design. This study can
provide a theoretical basis for designing the legs and the feet with high efficiency and saving-energy
performance for a biped walking robot.
Keywords: ostrich hindlimb ，saving-energy walking mechanism，bionic design

Paper ID: 1897

Performance of an oscillation foil under gust conditions
Jiapu Zhan,* Jie Wu, and Jing Wu
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Abstract
Through numerical simulations, the energy harvesting performance of a heaving and pitching foil under gust
conditions is investigated in this work. The wind gust is modelled with single frequency harmonic oscillation
and there is a phase difference between the pulsating quantity of the gust and the pitching motion of the foil. To
conduct numerical computations, the commercial code FLUENT together with dynamic mesh strategy is
adopted. By comparing with the results from uniform flows, it is found that the energy harvesting efficiency
under gust conditions can be different. When the phase angle is in the range of PI/2 and 3PI/2, the lift force
induced by the leading edge vortex and the heaving motion of the foil are mostly in phase with each other. As a
result, a higher energy harvesting efficiency is produced. In contrast, the energy harvesting efficiency is greatly
reduced if the phase angle is out of this range. This is attributed to the effect of gust on the vortices generation
and the synchronization between the forces acted on the foil and the foil motion. Furthermore, by studying the
intensity of pulsating quantity of the gust and the frequency relationship between the gust and the motion of the
foil, it is confirmed that the optimal performance of the foil under gust conditions is associated with the same
physical mechanism that controls the performance of the foil in uniform flows.
Keywords: Flapping foil, wind gust, dynamic mesh.

Paper ID: 18141

A comparison of artificial actuators with muscle in actuation properties—a
review
Wei Liang,1 Zhihui Qian,1 Lei Ren,1, 2* Luquan Ren1
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Abstract
The increasing understanding of the advantages offered by human locomotion is creating a demand for musclelike materials capable of mimicking muscle‘s mechanisms. Actuator materials that convert electrical, heat, light
or chemical energy to mechanical energy are called artificial muscle technologies, which always outperform
muscle in single actuation property. However, equalling human performance is very difficult for many reasons,
including the basic challenges of demonstrating actuators‘ strain, stress, response time, work density, actuation
feature and transmissions that match the power to weight ratio and efficiency of muscle. Therefore, the
technologies that are based on newly explored materials developed over the past decade and also on older
developments whose properties are not widely known including internal combustion engines, electric motors,
pneumatic artificial muscles(PAM), hydraulic actuators, shape memory alloys(SMA), electricactive
ceramics(EAC) ,electron-electricactive polymers(eEAP), ionic-electroactive polymers(iEAP) and fishing line
artificial muscle are analysed and compared with human skeletal muscle from the standpoint of basic
challenges. The merits and challenges of each actuator are examined, future directions of artificial muscles were
also discussed, in order to provide a comprehensive guide for device design and actuator development.
Keywords: artificial muscles; actuation properties; comprehensive comparison
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Paper ID: 18222

Bionics has a Distinct Unique Approach
S. Masoud Moosavi Basri
Institute for Research in Fundamental Science, Iran
*Corresponding author: S. Masoud Moosavi Basri (moosavi@europe.com)

Abstract
The growth of science and technology lays the foundation for creating designs and ideas in bionic engineering.
In most cases, the project developed by designers in the field of bionics and then implemented by drawing
inspiration from a pattern in nature lacks a strong scientific basis as well as many of the main parameters and
merits of an organic system. Hence, it is essential as a criterion to have a common scientific framework for
designing systems and evaluating the current methods in engineering sciences. Reviewing the development of
the science of physics and its discovered laws, this study explores the process of growth and evolution of live
systems from a new perspective, and, finally, develops a principle for design and evaluation in the field of
bionic engineering.
Keywords: Bionics, Substance and Evolution

Paper ID: 18246

Bioenergy Utilization and its System Analysis
Ryozo Noguchi
University of Tsukuba, Japan
*Corresponding author: Ryozo Noguchi (noguchi.ryozo.gm@u.tsukuba.ac.jp)

Abstract
The systems approach to analyzing the feedback relationship between the parts of a system and the whole and
harmonizing those relationships is an indispensable and important method for predicting the bio-resources and
renewable energy needed to achieve sustainability. In particular, bioenergy is closely related with agriculture,
forestry, the environment, and society. Thus, this analysis has to consider not only bioenergy but also human
thinking and human relationships to maintain sustainable bioenergy production considering with food
production, food loss & food waste, and environmental protection under sustainable development. For attaining
these purposes, estimation of renewable energy potentials using geographic and climatic databases, evaluation
of biofuel production using energy and exergy analyses, ANP modeling to select a bioenergy plant,
comprehensive evaluation method for rice husk combustion to establish biomass recycling system, integrated
energy plantation model for microalgae- using palm oil mill effluent, and LCA and economic evaluation for
energy recycling system by oil-water separation equipment in food processing factory were studied for
measuring the potential of bioenergy and renewable energy utilization. Furthermore, intergenerational ethics of
the expansion of biofuel production were studied to discuss bioenergy policy objectively with lofty ideal. As a
result, valuable outcomes from the viewpoint of engineering and biology with numerical values and physical
quantity were obtained for some policy decision makings and design of sustainable society by using bioenergy.
Keywords: bioenergy, decision making, engineering approach, sustainable development, LCA and system
analysis
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A Bio-Inspired Vibration Energy Harvester for Downhole Electrical Tools
YANG Qinghai1*, PEI Xiaohan1, LIU Jingquan2, and HOU Cheng3
1

Research Institute of Petroleum Exploration and Development, PetroChina, Xueyuan Road 20, 100083 Beijing,
P.R. China
2

National Key Laboratory of Nano/Micro Fabrication Technology, Key Laboratory for Thin Film and
Microfabrication of Ministryof Education, Shanghai Jiaotong University, Dong Chuan Road 800, 200240
Shanghai, P.R. China
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*Corresponding author: Yang Qinghai (Qinghai.yang@petrochina.com.cn)

Abstract
At present, downhole tools in petroleum industry are developing from mechanization towards automation and
intelligence. More and more electrical devices are applied in wellbore control. Most of these devices adopt
disposable batteries or rechargeable batteries as power supplies. When the batteries run out, it is necessary to
fish up the devices using disposable batteries or to put the charger into the accurate downhole position to charge
the rechargeable batteries. The operating processes are very tedious and the normal production is interrupted.
Inspired by discharging characteristic of swimming electrophorus electricus, this paper proposes a bionics
vibration energy harvester. The harvester mainly consists of bluff body, piezoelectric energy transducer, and the
rectifying circuit. Flow field analysis shows that the continuous steady liquid flow in wellbore is destroyed and
regular flow field is generated due to the existence of round bluff body. The piezoelectric energy transducer is
made of supporting plate, bimorph, silver plate and insulating layer, and the size is 52mm * 7mm * 0.82mm
(Length * Width * Thickness). PZT and PVDF were both regarded the potential bimorph. PZT is the solid
solution of PbTiO3 and PbZrO3 with excellent temperature and time stability. PVDF is polyvinylidene
difluoride, which is flexible material with high piezoelectric susceptibility. PZT was finally selected considering
the working condition, service life and awful operating process. With the driving of regular flow field, the
transducer vibrates in micro amplitude just like an electrophorus electricus and then regular electric energy is
generated through piezoelectric effect. The electric energy is used to charge the downhole battery after
rectifying and filtering. Laboratory environment, similar with downhole wellbore, is constructed. The pipeline
diameter and flow velocity are 25mm and 0.8m/s respectively. Testing results showed that the peak-to-peak
output voltage of the harvester was 4.88V. In order to lower the resonant frequency and to increase the vibrating
amplitude of the bimorph, a mass block was attached to the end of the bimorph. Then the output was improved
to 44.9V, which could power the low power circuit directly or charge rechargeable batteries. The bionic
vibration energy harvester offers an intriguing alternative to collect ambient energy for long-term power,
especially in the deep harsh wells.
Keywords: downhole electrical tools, bio-inspired, energy harvester, piezoelectric effect
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Harvesting energy with artificial muscles: challenges and solutions
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Abstract
Human motion, waves on the sea and the wind, provide many opportunities for harvesting green and renewable
energy. Such energy sources are stochastic and low frequency (< 10 Hz). Motion amplitudes can be very high
too; often a metre or more. A means for harvesting this natural energy must match the low mechanical
impedance of these sources and their time varying amplitudes.
Dielectric elastomer (DE) artificial muscle technology provides a platform for this. DE can be made from
materials such as silicone (PDMS) that are very low modulus, typically order of 10 MPa and therefore ideal
from a mechanical impedance perspective for coupling to soft living structures. Electrically, DE can be
described as soft capacitors: a thin layer of dielectric material (order of 10 to 100 µm thick) sandwiched between
thin and stretchable electrodes. When stretched in-plane or compressed out-of-plane the DE stores elastic
energy. This mechanical deformation results in an increase in area and a decrease in thickness of the DE; from
an electrical perspective this equates to an increase in capacitance. Charge can now be placed on the dielectric
surfaces via the electrodes. If the deforming forces are removed the DE will relax back to its original shape,
performing mechanical work on the surface charges; bringing like ones together on each electrode surface and
forcing unlike charges apart as the dielectric thickens. Some of the mechanical energy is therefore converted to
electrical energy that can now be harvested.
There are many challenges to success. From the electronic side these include how to manage the movement of
charge onto and off of the DE, generating a high voltage to improve the energy density, and achieving a high
enough system efficiency to still generate a net energy gain. From the mechanical side the challenges include
providing reliable DE materials that are capable of withstanding very high strains (order of 30%) over millions
of cycles of operation and using stretchable electrodes that maintain conductivity at these high strains. There
will also be charge leakage across the dielectric and this can substantially limit the performance of the DE
energy harvester. DE harvesters improve their efficiency as more charge is placed on the DE surfaces. Therefore
since charge is proportional to voltage, high voltages (order of a kV) are used. The harvested high voltage
charge might also need to be converted to low voltage for storage or use.
We have developed a portable and unobtrusive electronics module for DE energy harvesting. When coupled to a
DE generator (several cubic centimetre volume) the system can deliver tens of milliwatts at physiological loads
and normal human gait speeds. At this level of power it is feasible to charge a battery and run small electronic
devices. Our solutions to the challenges listed above will be presented. We will demonstrate how artificial
muscle technology will bring power to the people and eliminate batteries too.
Keywords: Artificial muscles, energy harvesting, dielectric elastomer
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Slipping Friction Force-Impulse Mechanism, (FIM): a biomimicking
skeletal muscle for Dynamic Agile Animal Robots
F. Nickols1*
1Electronic Engineering Department, University of Nottingham Ningbo China, Ningbo, 315100, China
*Corresponding author: Francis Nickols (frank.nickols@nottingham.edu.cn)

Abstract
The design of a new prototype, the Force-Impulse Mechanism (the FIM) which is an improvement over the
existing hardware prototyped Slipping Friction Mechanism, (the SFM), is described. The SFM was originally
invented by the author, (Singapore patent no. 190737 awarded 2014), as a mechatronics solution to the problem
of dynamic agile animal robot, (DAAR), artificial muscle limb actuation. The new Force-Impulse Mechanism,
FIM aims to emulate the force producing methodology of the Sliding Filament Model of spring-less, but
nonetheless, highly compliant, force that is produced by biological skeletal muscle. The problem of DAAR
actuation is discussed together with the latest attempts to solve the problem of such actuation. The new
improved prototype, the FIM, edges closer to fulfilling a viable DAAR muscle actuation system via reduced
weight, higher force-to-weight ratio, lower volume- to-weight ratio and reduced cost and complexity whilst still
retaining its key performance characteristics of high large-amplitude frequency bandwidth and ultra-low output
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impedance, i.e. very high back drivability. Other key performance indicators are addressed such as low noise
near-silent operation and heat and wear management.
Keywords: biomimicking muscle, force-impulse mechanism, unidirectional back drivable low output impedance
force
actuator
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Feedback Control of Artificial Cells
U. Cheang, Y. Liu, J. Ali, H. Kim, W. Sun, and M.J. Kim*
Department of Mechanical Engineering & Mechanics, Drexel University, Philadelphia, 19104, USA
*Corresponding author: Min Jun Kim (mkim@coe.drexel.edu)

Abstract
Polysaccharide based hydrogels, due in part to their biocompatibility, have been widely used for encapsulating
and transporting a number of organic and inorganic particles. In particular, alginates have garnered significant
amount of investigation due to their ability to rapidly crosslink in the presence of divalent cations. By mixing
alginate with single or multiple species, for example stem cells or drugs, loaded-alginate microspheres can be
formed, providing protection for the encapsulated species en route to targeted locations. Furthermore, the
contents of these microgels can be controllably released using chemical, physical, electrical, or magnetic
methods. Many groups have termed these loaded-alginate particles as artificial cells, in that they mimic the basic
structure of living cells (i.e. membrane, cytoplasm, organelles, etc.). These cell-like particles have the potential
to be applied for numerous biological and medical applications including cell transplant, protein delivery,
antibody therapy, etc.; yet they are limited by the fact that it is difficult to precisely control their movement for
targeting. Some groups have applied targeting moieties on the surface of artificial cells to enable specific
binding, yet this method is limited to short range interactions and the current development for magnetic
targeting lacks in-depth studies into the artificial cells‘ controllability. To address this issue, we have
experimentally demonstrated the automatous control of single and multiple artificial cells. In order to fabricate
these microparticles we employed a centrifuge-based method in which microspheres were rapidly ejected from a
nozzle tip. Specifically, we used a mixture of sodium alginate, containing iron oxide nanoparticles, and breast
cancer cells. This mixture was loaded into a needle that was fixed on to a microtube containing calcium
chloride, and then briefly centrifuged to generate hundreds of artificial cells. Using optical microscopy it was
determined that the size of the particles were approximately 100 µm. The fabricated microparticles were then
magnetically actuated with a rotating magnetic field generated using electromagnetic coils, prompting the
particles to roll across the glass substrate. Using vision-based feedback control, a single artificial cell was
manipulated to autonomously move in a programed pattern. Furthermore, a group of artificial cells was also
controlled to move to target positions in concert. These results suggest that by combining artificial cells with
magnetic actuation and robotic principles, a paradigm shift in particulate delivery systems can be achieved.

Keywords: Alginate, Microrobotics, Feedback Control
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Development of a novel artificial muscle actuator based on ionogel
Zhipeng Wang,1 Bin He,2* Xinhua Liu3 and Qigang Wang3
1School of Mechanical Engineering, Tongji University, Shanghai, 201804, China
2School of Electronics and Information, Tongji University, Shanghai, 201804, China 3Department of
Chemistry, Tongji University, Shanghai, 200092, China
*Corresponding author: Bin He (hebin@tongji.edu.cn)
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Abstract
Artificial muscle actuators based on ionic electroactive polymers (IEAPs) are attracting flourishing research
interests because of their unique features such as flexibility, lightweight, low impendenc and low-energy
consumption. Traditional ionic-polymer metal composite (IPMC) actuator has the defects of durability in open
air due to evaporation of water contained in the electrolytes, resulting in corresponding loss of performance.
This article mainly focuses on the development of a novel IEAP based artificial muscle actuator. Firstly,
aiming at the defects of traditional smart material actuator, a high performance ionogel based actuator was
designed and fabricated by using UV curing technology. The chemical mechanism of ionogel was analyzed.
Then, the deformation mechanism of the actuator was described based on the model of ions migration in
porous media. Long term and extreme temperature experiments were carried out to prove the excellent
performance of the proposed actuator. The results show that the actuator can work in open air without
degradation of performance more than 10 minitues. It can also work in harsh temperature environments
(100◦C and -10◦C). Moreover, the load characteristic of the actuator was demenstrated by experiment. The
results show that the actuator has good driven ability. As a proof of concept, this paper demonstrate that the
ionogel based artifical muscel actuator has better performance than IPMC, which will be widely applied in
robotics.
Keywords: EAP, Artificial muscle actuator, Soft robot
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Slipping Friction Mechanism (SFM) that emulates the Sliding Filament
Model of Biological Skeletal Muscle
Francis Nikols
University of Nottingham Ningbo China, China
*Corresponding author: Francis Nikols (frank.nickols@nottingham.edu.cn)

Abstract
The author presents a description of the design and operation of a patented artificial muscle for application
in Dynamic Agile Animal Robots. Such robots, currently being developed by the Google-owned company,
Boston Dynamics are being developed for applications in the military, for delivery robots, in manufacturing
industry, for the movie industry and for personal aid robots. The muscle described here is called the ―Slipping
Friction Mechanism‖, or ―SFM‖. It is an actuator that emulates the mechanism of biological skeletal
muscle via slipping friction that emulates the force actuation between the long chain molecules of actin
thin filaments and and myosin thick filaments in skeletal muscle sarcomeres. A 75N force SFM prototype has
been built and tested successfully and this paper will describe a new advanced version of the SFM that is
currently under construction and will be tested shortly. This new version has been designed to generate
1000N of force with a maximum amplitude bandwidth of 10Hz making it potentially very suitable for big
bird, (e.g. eagle) flapping wing flying robots and running animal robots. The SFM has a primary
characteristic of being a high force impulse mechanism, (meaning the control of force-time signature), with
ultra low friction, and inertia as seen at the output shaft. It is an electric motor-plus- gearbox driven
mechanism and relies on producing force via slipping friction with a minimum slip ratio that is limited by
control software. The SFM works as a twin unidirectional, but oppositely acting, agonistic/antagonistic pair
that is very similar in principle to our own muscles. Thus one robot limb requires two electric motors. The SFM
is a very fast acting artificial muscle that possesses extremely low output impedance (=very high back
drivability), high energy efficiency, high power-to-weight ratio and low volume-to-weight ratio and high ease
of controllability. Also the SFM has been designed to improve upon the very successful MIT Series Spring
Elastic actuator (SSEA), invented and developed by Pratt and Williamson. The SSEA suffers from low
efficiency at high speeds which is in direct contrast to the SFM which has high efficiency at high speeds.
However, the inherent disadvantages of the SFM‘s two actuators required for each degree of freedom is that
of potentially higher weight, volume and cost. These disadvantages are the subjects of on-going research,
and, solutions utilizing rare-earth permanent magnet electric motors and harmonic drive gearboxes as well
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as carefully designed lightweight, low volume mechanical components using aluminium alloy and carbon
fibre materials are being considered to solve the problems which are considered straightforward to overcome.
Force resolution is also a performance characteristic that will be investigated with the new design. For
example, if the SFM produces 1000N maximum force; can the force be controlled to 1N resolution? If so,
then it is considered that the dynamic motion and static displacement of a robot limb can be controlled
accurately but tests will be required to confirm this. This paper will present the test results and design
conclusions of the SFM.
Keywords: Artificial muscle High backdrivable actuator and Dynamic Agile Animal Robot muscle
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A Climbing Robots Based on Claws Interlocking
Zhihui Zhao, Aihong Ji*, Nan Jiang, Zhendong Dai
Institute of Bio-Inspired Structure and Surface Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing, 210016, China
*Corresponding author: Aihong Ji (meeahji@nuaa.edu.cn)

Abstract
Animals have optimized several ways to climb various substrates ， by developing claws and specialized
adhesive pads—smooth and hairy pads．The interaction of claws with a rough substrate depends on the
mechanism of mechanical interlocking. Engineers look to animals‘ locomotion for design principles to improve
the performance of legged robots including wall-climbing robots and other complex systems. This paper
proposes a robot which can climb vertically on rough surfaces for using claw-inspired soles. In order to
understand the mechanism of mechanical interlocking, we firstly introduce the definition of rough surface and
the model that how the claws attach to the micro-protuberances of rough surface. Then we discuss how the
stability of the claws attaching to the rough surface is affected by the parameters used to design wall-climbing
robot, such as the relationship between tip size of claws and size of the surface roughness, the shape of claws,
the stiffness of the material used to design claw-inspired soles and so on. Finally, a 4-foot wall-climbing robot
based on a mechanism utilizing claws is designed and experiments on a man-made the vertical rough surface of
which the average particle diameter is about 1mm are conducted. The study verifies the interlocking mechanism
and reasonableness of design. The robots can climb vertically at the speed of 5cm/s on rough surfaces.
Keywords: climbing robots, mechanical interlocking, rough surface
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BIONICARM
SUNDAR RAJ.R
Mechanical Engineering, Cochin University for Science & Technology, Kochi, 682022, India
, College Of Engineering Munnar, County Hills, 685612, Munnar, India
*Corresponding author: SUNDAR RAJ.R (sundarmech854@gmail.com)

Abstract
Bionics is the application of biological methods and systems found in nature to the study and design of
engineering systems and modern technology. Current prosthetic hands have limited functionality and are cost
prohibitive. The aim of this project is to create a design of a cost effective anthropomorphic prosthetic hand& to
enhance the strength, mobility, and endurance of the amputee‘s .The novel design incorporates five individually
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actuated fingers in addition to powered thumb roll articulation, which is unseen in commercial products.
Fingertip grip force is displayed via LEDs for feedback control. The hand contains a battery and microcontroller. A myoelectric sensor is incorporated to receive myoelectric signals (MES) from muscles. Multiple
options for signal input and control algorithms are presented. This research is to develop a mechanically
working prosthetic hand which is cost prohibitive to help amputees.
Keywords: MES, Prosthetics, Anthromorphic
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Application of SMA in Soft Hand with Variable Stiffness Structure
J. Li1, H. Yin1* and Y. Tan1
1School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan,
Hubei,430070,China
*Corresponding author, Haibin Yin (email chinaliuyin@whut.edu.cn)

Abstract
In this paper, we describe a soft hand with variable stiffness structure actuated by shape memory alloy. The
design of the variable stiffness finger is presented firstly. The experiments show that the stiffness of finger will
be changed by heating SMA with different input current. In addition, the variable stiffness structure has an
effect on the response speed of finger during the position tracking. Moreover, a soft hand with three fingers is
fabricated to manipulate different shape and weight objects by adjusting the stiffness, which can improve the
adaptability to environment, significantly.
Keywords: Variable stiffness structure; SMA; Soft hand
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A Flexible Robotic Arm Inspired By Octopus
Yangwei Wang,1 Bowen Lan,2 and Yongcheng Yan3*
College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing, 210016, Jiangsu, China
*Corresponding author: Bowen Lan(lanbowen1210@126.com)

Abstract
The body of the octopus has many attractive characteristics even though it has no rigid structures. The animal is
characterized by flexile arms generating forces while bending and torsion. Inspired by the characteristics of the
octopus, a robotic arm of a bionic octopus is designed in this work. Different from the majority of mechanical
arms which are driven by motors, this flexible manipulator is driven by shape memory alloy (SMA) wires which
would change its longth if the temperature is changed. A flexible silicone tube, combined withthree groups of
SMA wires and a flexible silicone sleeve, is able to complete movements in water such as grasping, twining,
shortening, self torsion, shortening and elongation. In the next few sections, we will illustrate the model of the
robotic arm and discuss about the inverse kinematics problem of it.
Keywords: shape memory alloy ,flexile robotic arm ,inverse kinematic problem
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Structure design and optimization of flexible bionic shoulder joint driven
by pneumatic artificial muscles
Liu Kai,1* Xu Jiaqi,1 Ge Zhishang,1 Wang Yangwei,1 and Ma Tao1
1College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing, 210000, P.R. China
*Corresponding author: Liu Kai ( liukai@nuaa.edu.cn )

Abstract
According to the characteristics of human shoulder joint, a kind of flexible bionic shoulder joint is designed, and
the inverse kinematics model of the bionic joint is derived. By taking the minimum output torque, the output
force model and the maximum contraction ratio of the pneumatic artificial muscle as the constraint conditions
and taking the maximum range of the bionic joint motion as the objective function, we use genetic algorithm
(GA) to optimize the structure parameters of the bionic joint. Experiments show that the range of joint motion
after optimization is obviously increased, which can effectively improve the flexibility of the bionic joint.
Keywords: Pneumatic artificial muscle (PMA), Structure optimization, Shoulder joint
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Data Acquisition System for Body Fall Detecting Based on Inertial Sensor
and Wi-Fi Networks
Liangju Li; Huiqi Li; Yunkun Ning; GaoshengXie; Guoru Zhao*
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen, 518055, China
*Corresponding author: Guoru Zhao (gr.zhao@siat.ac.cn)

Abstract
Fall has become the second major accident injury death cause.In these death related to fall, most people are
more than 65-year-old. So the fall has become one of the most harmful factors to the elderly, and the elderly‘s
self- care ability is poor, a falling accident can result in the elderly long-term pain and even paralysis. Therefore,
in the face of increasingly prominent global aging problem, developing a portable, accurate judgment, real-time
data acquisition system for body fall detecting is of great economic and social value. The paper designed a fall
data acquisition and analysis system based on low-cost MEMS inertial sensors and multi-node Wi-Fi networks .
The system adopts STM32F407 as primary controller, Single chip SOC chip ESP8266(Espressif inc.) as Wi-Fi
RF module, low power consumption chip MPU9150(InvenSense inc.) as motion capture inertial sensor. Firstly,
we wear the designed sensor nodes at each joints on the body segments, acquire real- time accurate body motion
data by MPU9150, including acceleration, velocity and attitude angle, and develop digital fusion filtering
algorithm that output real-time accurate body motion data in the process of movement . Then, this system uses
the star network mode. We design the special low power consumption and high throughput communication
protocol. The real-time accurate body motion data from various parts of the body are sent to gathering node
through ESP8266 Wi-Fi RF node, while gathering node sends personalize commands to each sensor node .
Finally, we design the data analysis software platform on PC, which can real-time display, playback,
visualization analysis measure, save and read each node motion data waveform. Using the system, in the
experiments of simulating human body fall and daily life behavior, after observing and analysing the real-time
accurate body motion data wave-form each part from wireless sensor nodes , we find that the system is reliable,
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stable and high transport precision on wireless real-time data transmission aspect, and data analysis software
platform on PC can export motion data , and invoke Matlab to analysis and design the fall detection algorithm .
Using the acceleration threshold algorithm and vertical velocity threshold algorithm in the analysis of fall
experiment were tested and obtained good experimental results and can effectively detect the fall behavior.
Comparing to the traditional data acquisition system, the fall data acquisition and analysis system can solve
problems of cable transmission, and soft real-time data analyzing capability, and false judgment easily because
of single body motion data acquisition node.
Keywords: Fall Detection, Wi-Fi Networks, Filtering Algorithm
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Evolution and bionic of rover configuration
Jia Yang*, Chen Baichao, Zhang Wangjun, Peng Song, Ji Long
Beijing Institution of Spacecraft System,Street Youyi 104,100094,Beijing,China
*Corresponding author: Jia Yang(jiayangdoc@sohu.com)

Abstract
The terrain of celestial bodies is very complex, including rocks, craters, steep slopes, soft soil and other factors,
and has enormous impact on the rover's trafficability. The topographic features of celestial surface, and the
influence factors of rover configuration design are analyzed in this paper, the main constraints and technical
considerations on the configuration design of lunar rovers and Martain rovers which had been successful
implemented are studied. The article focuses on the evolution of the rover configuration design and the
structural bionic design in configuration design in the demonstration process of Chinese Martain rover,
combined with mission requirements and topographical features of the surface of Mars landing zone. Solar wing
design uses a four-winged butterfly scheme that imitates the wings shape of blue morpho butterfly (Morpho
menelaus), furled state is folded on the top surface of the Martain rover to reduce the envelope requirements,
normal use is flat state, and the wings can keep pointing to the Sun to get the maximum power. Mobile system
design follows the wheeled mobile systems for high efficient, but the Martian surface sand crust exists sudden
subsidence risk, the active suspension system can achieve lift wheel, swing wheel, peristalsis, abdominal
bracing, crabbing motion, and other complex gait, provides a variety of possible measures out of predicament,
maximizes the rover's terrain trafficability. In the design of the wheel collar rim, the sand-fixing process of
camel hoof during walking in the sand is imitated, the design of sand-fixing pattern on the surface of collar rim
improves the trafficability in soft terrain with the same driving power and ground conditions. In order to prevent
the deposition of Martian dust on the surface of solar wing, affecting the generation efficiency, the micro
structure of insect wings is imitated in the bionic design of cover glass of solar cell. The micro morphology of
the surface with super sparse performance reduces the deposition of Mars dust on a solar cell, and Mars dust is
easy to be cleared by the wind on the Mars surface, or the movement of the sun wing and the wing vibration at
the limit point. Heat collector is designed to further improve the efficiency of solar energy utilization on Martian
surface, imitating that some alpine flowers bloom in the daytime and fade at night to insulate. Equipment on
Martain rover is also ensured in work temperature range at night, through the design of heat collector window
with high solar energy absorptivity, and low infrared emissivity.
Keywords: Martain rover;butterfly; trafficability
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Geometric Morphometric Study of Chinese Mitten Crab Eriocheir
Sinensis Milne-Edwards
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Abstract
The analysis of geometric morphometric is a fundamental part of much biological or bionic research. With the
field of statistics developing, so have the sophistication of the analysis of these types of data obtained from the
shape, internal movement or signal derived from creature. This lead to multivariate morphometrics in which
suites of measurements were analyzed together using canonical variates analysis, principal components analysis,
and related methods. Chinese mitten crab Eriocheir sinensis Milne-Edwards, as a topic arthropod, has excellent
capability of locomotion, because they can travel from inland to seaside for reproduction or migration.
Therefore, geometric morphometric study of characteristics of Chinese mitten crab can supply the bionic
prototype and theory foundation to manufacturing bionic crab-like robot or mobile platform. In this paper, we
obtained the parameters of the shape and mass of Chinese mitten crab with morphological measurements
respectively. Statistical study of shape or mass variation and their covariation with other variables were
processed. The statistical results indicated that the mass and length of segments of Chinese mitten crab had an
increasing relationship with body mass. For chelas, compared the other structures, the mass of chiopodite was
minimum, while the mass of the chela was maximum; The length of basipodite was minimum and the length of
chela was maximum. For legs, however, the dactylopodite mass was minimum and the metropodite mass was
maximum; The basipodite length was minimum and the metropodite length was maximum. Paired t-test showed
that the structure of Chinese mitten crab had a symmetrical structure, which was benefit for stability,
maneuverability and low power consumption of locomotion of Chinese mitten crab.
Keywords: bionic, geometric morphometric, Chinese mitten crab
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Study on the effect of bionic quadruped robot and soft soil interaction
Lei JIang, * Peng Xu, Ruina Dang,
Umanned Ground Vehicle R&D Center, China North Vehicle Research Institute, Beijing, 100072, China
*Corresponding author: Jiang Lei (Email address：feist201@qq.com)

Abstract
The bionic quadruped robot is widely studied in recent years. Because of its particularity walking mechanism,
the main application of environmental conditions could be mountain and plateau and other nonstructured terrain.
Therefore, the walking environment of quadruped robot is mainly on the soft soil which could cause some
degree of slippage. A quadruped robot prototype‘s outdoor test results show that the slip rate is obvious
influence on the robot dynamics and control algorithm. It is necessary to study the mechanical relationship
between the bionic foot and the terrain with soft soil. However, the researches on this field have not too much.
In this paper, a model of bionic leg and soft soil interaction was established to study the influences of soft soil
loaded and shear behavior on to the robot‘s traction and power consumption. And then, the dynamic model of
quadruped robot and the algorithm of rhythmic motion control were also established, and simulated on hard
surface and soft soil surface respectively to analysis the effect of leg-soil interaction on to the behavior of robot
performance. The aim is to provide theoretical support for the optimization of the robot‘s control algorithm on
the soft soil surface.
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Keywords: bionic quadruped robot leg-soil interaction dynamic simulation
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The bionic structure and motion behavior of unmanned ground vehicle
Bo Su, 1 Lei Jiang, 1* Yuchuan Lu, 1 Rao Fu, 1
1Umanned Ground Vehicle R&D Center, China North Vehicle Research Institute, Beijing, 100072, China
*Corresponding author: Jiang Lei (Email address：feist201@qq.com)

Abstract
Unmanned ground vehicle (UGV) is a special automotive ground vehicle with its own power, and completes
prescribed missions automatically by prior deployment or remote control, rather than through manual control on
the platform. The mission objects and working environment determines the special feature and performance of
UGV which mainly works in the dangerous, polluted and monotonous situation. Considering that UGV works in
both flat ground and complex unstructured terrain, this paper raises a novel motion behavior combining bionic
and vehicular structure to improve its motion and adaption ability in the complex terrain. The research work is
based on the study on the motion laws and inner structure of ground wheeled vehicle and legged animal.
Keywords: Unmanned ground vehicle; bionic and vehicular locomotion; unstructured terrain adaption ability
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Research on the Cooperative Motion Control of the Bionic Fin in Two
Dimensional Motion
Tan Xiaopeng,1 Wang Guangming,1 and Xu Feiran1
1College of Mechatronics and Automation, National University of Defense Technology, Changsha, 410073,
China
*Corresponding author: Tan Xiaopeng (tanxiaopeng1992@163.com)

Abstract
The superb swimming skills and performance of the fish are the result of the multi degree of freedom movement
of the fin and the fin surface. The fin in the course of the swing is also accompanied by a twist, and the
direction of the interaction between the fin surface and water can be adjusted by the movement, so the fish can
get the propulsion of different directions, which can help to complete the complex movements, such as turning,
pitching and rolling, so as to achieve the maximum of the motor performance. In this paper, two dimensional
motion mechanism of bionic fin is used as the control object. Firstly, a mathematical model is established to
analyze the motion of the two degrees of freedom, which is "swinging" and "twisting", and according to the
characteristics of two dimensional motion mechanism of bionic fin which can be controlled independently
in two degrees of freedom, a motor dynamic coordinated control system is proposed, in order to solve
the problem of multi motor synchronous work. The STC89C51RC microcontroller is used as the main
control chip to build the minimum control system, and a fuzzy adaptive PID control algorithm is adopted to
realize the independent control of a single motor. From the perspective of functional bionic, the synchronous
control of the "swing" motor and the " twist " motor is carried out with the cross coupling control strategy,
and two dimensional motion of the fin is realized. The simulation results show that the control system has
good control performance, small dynamic error, good stability, and greatly improved the ability to track the
motion commands of the fin. It provides an important basis for the further study of two dimensional
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motion of the robot fish.
Keywords: bionic fin, two dimensional motion, cooperative control
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Designing the simplest low Reynolds number microswimmers
U Kei Cheang1 and Min Jun Kim3*
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*Corresponding author: Min Jun Kim (mkim@coe.drexel.edu)

Abstract
Developments in micro- and nanorobotics are hindered by the technical limitations of micro- and nanofabrication.
To address this issue, we investigated the simplest geometrical requirements for swimming in low Reynolds
number. This will allow micro- and nanorobot geometries to have a lesser dependency on micro- and
nanofabrication technologies, and allow researchers to focus on the functions of the robots. It was previous
investigated that the simplest geometry is an achiral structure with two planes of symmetry and can be
fabricated using chemical binding and magnetic self- assembly. Here, we fabricated two bead microswimmers
by binding two microbeads using biotin and avidin. The two bead microswimmers were able to swim in low
Reynolds number due to small debris attached to their surfaces, creating geometries with two or more planes
of symmetry. The size of the debris was qualitatively observed to be roughly one order smaller than the
length of the microswimmers. An approximate Helmholtz electromagnetic coil system was used to actuate
the microswimmers via a uniform rotating magnetic field. We were able to steer the microswimmers in any
direction. Furthermore, we‘ve characterized the velocity profile of the microswimmers as a function of
frequency and observed a non-linear relationship. This work will serve to minimize geometrical constraint when
designing microswimmers, therefore, allow more freedom for customization to tailor a wider range of
applications.
Keywords: Microrobotics, low Reynolds number, magnetic control
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Recent progress of olfaction localization for mobile robot
He Yuyao, Song Cheng*
School of Marine Science and Technology,Northwestern Polytechnical University, Xi'an, Shaanxi 710072, P.
R. China
*Corresponding author: Song Cheng (songcheng3@126.com)

Abstract
Realizing artificial olfaction on robotic platforms to localize a chemical source draws much attention recently
and has numerous engineering applications. There have been a variety of methods with the best documented
success at localizing the chemical source inspired by the biology olfaction. This paper overviews these

methods and classifies them into three types, namely behavior-based, model-based and cognitionbased. The three methods interpret natural biology olfactory from different perspectives. Behaviorbased methods implement robot olfaction localization by combining various reactive behaviors in an
architecture. As for model-based methods, the knowledge of fluid flow and chemical plume plays the
key role in developing the resolution of robot olfaction. Cognition-based methods are to imitate
the decision making process of the biology olfaction.As much previous works focus on the
behavior-based methods, we reviews the current approaches that belong to model-based as well as
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the cognition-based methods in detail. Furthermore, some comments and qualitative comparisons
are presented. This provides some research directions for this field.
Keywords: olfaction; localization; plume
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The compliant gait control of quadruped bionic robot
Yao qichang1* Su bo1 Jiang lei1
1

China North Vehicle Research Institute, fengtaiqu huaishuling4haoyuan, 100072, Beijing, China
Yao qichang (qchyao201@163.com)

Abstract
The compliant gait of quadruped bionic robot can effectively reduce the impact on ground, improve the
coordination and attitude stability of robot motion.In order to realize the compliant control of quadruped
bionic robot, two control strategies are adopted: 1) the virtual leg control to achieve the gait control; 2) The
position control of leg joints to realize the foot force control. The first control strategy which adopt the ideal
of virtual leg is decomposed into single leg support,forward velocity control and attitude control.The second
control strategy which convert foot force control to foot velocity control,and then be realised by the
position control of leg joints,realize the compliant gait mode of quadruped biological with the continuous
foot position.The overall control performance is tested via simulation with matalb/simmechanics and trotting
motion experiments conducted over rough terrain with a quadruped robot. Results turn out to be positive: the
quadruped robot demonstrates successful trotting w ith 7 km/h speed in a repetitive, active-compiant and
dynamically-balanced fashion.
Keywords: quadruped bionic robot;

virtual leg control;

compliant control
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Bionic artificial muscle technology
Wei Chen
Suzhou Institute of Nano-tech and Nano-bionics, CAS, China
*Corresponding author: Wei Chen (wchen2006@sinano.ac.cn)

Abstract
Bionic actuation materials, also called artificial muscles, have attracted great attention in recent decades for
their potential application in intelligent robots, biomedical devices, and micro-electro-mechanical systems.
Among them, ionic electroactive polymers (i-EAPs) and their composite actuators have attracted a great
attention in the past years due to their impressive large-strain under low-voltage stimulation and airworking capability. However, subjected to the ions diffusion process in electroactive device, the response
for large strain usually requires time scale of seconds to minutes. It still remains a big challenge to develop
practically viable i-EAP actuators with both high-frequency response and large deformation. Here, we report
our remarkable progress in bionic artificial muscle technology. With the idea of building microscopic ordered
and active structure in i-EAP actuators by using unique low dimensional carbon nanomaterials, such as
carbon nanotube, graphene and nitrogen doped graphene, significant macroscopic actuation performances
including low-voltage-driven fast response, large deformation and high cyclic stability in air are achieved.
Considering these remarkable achievements together with flexibility, lightweight and wide frequency range
responsibility, we believe that the hierarchical nanocomposite based actuators will have great potential for
bionic flying insects or robots, haptics for portable consumer devices, shape or position controller for soft
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robotics, adaptive optics, dynamic sensor, and so on.
Keywords: nanomaterials, Assembly and Actuators
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Development and Application of Fish Motion Capture System
Bin He,* LuXi He, TingTing Yuan, YuanYuan Si, Ke Liu and ShangQing Wu
Department of Control Science and Engineering, Tongji University, Shanghai, 201804, China
*Corresponding author: BinHe (hebin@tongji.edu.cn)

Abstract
The researches of robot-fishes based on biological prototype have gained great success. However, they are far
behind the fish in nature on the performance of the cruising speed, swimming efficiency and mobility. In this
paper, a multi-media motion capture system for live fish was developed to catch the three-dimensional
information on fish‘s swimming motion which would provide data for the research of higher speed robot fish. In
this system, eight cameras were fixed on the tank, then intrinsic parameters, cameras‘ position and posture could
be obtained with calibration algorithm. Considering the refraction between the multi-media, the model of tank
and water were added, and the three-dimensional virtual platform was built. Three-dimensional information on
fish‘s swimming motion could be gained by identifying the markers on fish body and using stereo geometry
and tracking algorithm. Experimental results show that fish swimming is related to body undulation and caudal
oscillation, moreover, the motion of fish gills and the stretching of muscles also have a significant impact on
swimming performance.
Keywords: Motion Capture, Multi-media, Fish
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An occupancy counting mechatronic device based on bio-inspired
algorithm for comfort and control optimization in buildings
B. Pavlin,1* A. Gasparella,1 and R. Vidoni1
1Faculty of Science and Technology, Free University of Bolzano, Bolzano, 39100, Italy
*Corresponding author: Boris Pavlin (boris.pavlin@natec.unibz.it)

Abstract
By developing advanced building automation and control systems that use occupancy information to deploy
appropriate amount of energy for lighting, heating or cooling, we can maintain adequate comfort levels while
not wasting unnecessary energy and, thus, obtain significant savings. Even though model predictive controllers
in building are becoming more common and are including occupancy as a factor, they are commonly using just
an occupancy model rather than combining it with real-time data that could provide further energy savings and
increased comfort levels. This work addresses the design and development of a cheap and accurate counting
people mechatronic system that exploits bio-inspired algorithms and principles to building control automation
systems. This will allow both achieving energy savings and providing better tuning of the comfort models to
control the system in a more effective manner. To do so, occupancy data is obtained via a vision-sensor data
processing that utilizes a bio-inspired water- filling algorithm that proved to be simple and accurate. The visionsensor is based on the Microsoft Kinect device which is equipped with an infrared camera and a 2-D infrared dot
array emitter that allow to determine the depth component of each pixel in the image. The developed approach,
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inspired by the work of Zhang et.al., exploits the placement of the sensor above the place where people are
passing, thus avoiding occlusion problems when multiple people pass by at the same time. Vertical placement
also allows for easy detection of the direction of occupants‘ movement. Once available the depth image, the bioinspired water-filling algorithm, that allows finding the local minimum regions by simulating the rainfall waterfilling process directing the water flow to the hollow regions under the force of gravity (see Figure), has been
applied. The ―filled‖ regions represent a separate function on which further processing is done. The noise
regions and small local minimums are removed and the regions which represent the heads of people within the
image are the only ones that are left. These regions are then recognized as objects and their movement is
tracked. So far this approach has proved to be very efficient despite the fact the price of such a system is an
order of magnitude lower than similar commercially available devices. Besides making the system use exactly
the right amount of energy for any given task and therefore making noticeable energy savings, introduction of
the occupancy counter with a bio-inspired water-filling algorithm in rooms helps in maintaining better indoor
environmental quality and thus higher occupant comfort which in turn leads to higher productivity of student
and employees.
Keywords: bio-inspired water-filling algorithm, occupancy counting, building efficiency

Paper ID: 19188

A Hybrid CPG-DZMP Algorithm for Biped Robot Dynamic Locomotion
Control
Bin He*, Yuanyuan Si, Zhipeng Wang, Luxi He, Ke Liu, Tingting Yuan and Shangqing Wu
Department of Control Science and Engineering, Tongji University, Shanghai, 201804, China
*Corresponding author: Bin He (hebin@tongji.edu.cn)

Abstract
Dynamic stable walking of biped robot is one of the difficulties in robotics. The zero moment point (ZMP)
method, as a walking stability criterion, is applicable to static and quasi dynamic walking. However, during the
dynamic motion process of human beings, such as giant strides walking or acceleration walking, there exists the
phenomenon that the ZMP is outside the polygon area formed with support feet and ground, the ZMP is not
satisfied but the walking still remain stable. In order to cope with this situation, this paper expands ZMP into a
dynamic zero moment point (DZMP) by tuning the ZMP criterion‘s support polygon area into variable area. The
paper proposes a new hybrid CPG-DZMP control algorithm which is based on the bionics central pattern
generator (CPG) control method. The CPG modular is designed to generate the desired motion for each robot
joint. According to the robot speed or joint torque parameters, DZMP monitor establishes the mapping function
between parameters and the elastic support polygon. Meanwhile, by combining with DZMP feedback
information, the CPG parameters are adjusted in real time to generate a rhythmic and stable walking pattern.
The simulation results show that the new algorithm effectively improves the stability of robot in the dynamic
walking process, and verify the validity of the criterion DZMP.
Keywords: Biped Robot, Dynamic Zero Moment Point, Central Pattern Generator
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Simulation and Experimental Study of Near-body Pressure Sensing during
Fish-Like Propulsion
ZHOU Han*, HU Tianjiang, WANG Guangming, MA Zhaowei, ZHANG Daibing
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Abstract
Fish are able to adapt for the process of natural selection by developing a distinctive and remarkable ability of
movement in the water. Lateral line plays an important role as the key component of fish perception system.
Inspired from fish sensing their external flow, flow information featured by near-body pressure is of
significance to enable underwater locomotion controllers with more adaptability and efficiency within varying
environments. Both computational and experimental studies are implemented. Computational fluid dynamics
(CFD) is employed into unveiling the bio-inspired fish swimming hydrodynamics. This paper using a simulation
environment for understanding fish locomotion and hydrodynamic effects during the self-propulsion in flow
fields. The effect of self- motion on near-body pressure is fully discussed during fish-like swimming. A flow
sensing robotic fish prototype is designed and implemented to verify self-propulsion and pressure sensing. Selfpropelled cruising locomotion and near-body pressure sensing are fully analyzed. The major frequency of
pressure data is equal to the wave motion frequency. The magnitude of major frequency increases
monotonically with wave amplitude, frequency and cruising velocity, which presents approximate linear
relationship. Flow sensing will be further used for adaptation control method to improve the control accuracy
and swimming performance.
Keywords: Fish-Like swimming, Pressure Sensing, Robotic fish
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Bio-inspired Design of Bionic Muscle Actuator for Robots
Ge. Peng, Zhu. Chuntao, Zhang. Zhao, Zhang. Chun, Wang. Conghao and Hu.
Xiaochun
School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei, 230009, China
*Corresponding author: Hu. Xiaochun (huxiaochun@hfut.edu.cn)

Abstract
To make robots move stably and robustly in human-like pattern has been a research focus in the field of
humanoid robots. The way to drive joints is one of essential factors that affect the motion stability and
robustness of a robot. Direct rotational actuators on the motion joints have been used in earlier humanoid robots
that usually moved awkwardly. Inspired from human movement system, the linear actuators were developed as
the actuators instead, such as hydraulic cylinder, shape memory alloy, pneumatic artificial muscle, ion exchange
membrane, metal composite material, conducting polymer, piezoelectric element, electrorheological &
magnetorheological material, giant magnetostrictive material, etc. However, compared with the human skeletal
muscles, they fall short in the properties that are essential for the stable and robust motions of human body, such
as simple structure, variable rigidity, good flexibility, nonlinearity, visco-elasticity and no noise. In addition,
those actuators can‘t match up with skeletal muscles，considering thestrain, strength and energy density during
their performance. So it is necessary to design a bionic muscle that simulates the function of skeletal muscle.
Based on Hill‘s theory, the paper introduced the design of a bionic muscle that provided contraction force
relating to contraction length, contraction velocity and the intensity of stimulus for actuating humanoid robot,
and its functional model was consist of a miniaturized hydraulic damper, a contraction element and springs.
With reference to the functional data of skeletal muscles in earlier literature, elements in the bionic muscle were
designed and evaluated with the analysis of the CAD model of the designed muscle. The bionic muscle was then
fabricated and tested with a specially made test apparatus. The relationship among the contraction force,
contraction length, contraction velocity and the intensity of stimulus were obtained in both analysis and the test
to evaluate the similarity of the bionic muscle with the human skeletal muscle. It also explored the possibility to
design and fabricate different bionic muscles as required. Using the basic mechanical elements in the bionic
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muscle ensures the stable performance, higher bearing capacity, easy adjustment and long fatigue life of the
bionic muscle. Before it is widely used in humanoid robots as actuators, it needs to be further miniaturized and
light weighted. We hope the bionic muscle can contribute to the breakthroughs in the robotic fields.
Keywords: Bio-inspired, Bionic Muscle Actuator, Robots
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An error compensation method of cutting deformation for free form
surface in multi-axis machining
Yunxia Dong,1 Juan Du,2 and Zhenling Yang3*
College of Mechanical Engineering, Taiyuan University of Science and Technology, No. 66 waliu Road,
Taiyuan 030024, Shanxi, China
*Corresponding author: Yunxia Dong (451431311@qq.com)

Abstract
To improve the machining accuracy of the free-form surface in multi-axis NC machining,an error
compensation method of cutting deformation induced by the cutting forced is studied in this paper .Supposing
the cutter is the rigid body and the work piece is flexible body ,a new mechanical model based on combined
model of rigid and flexible is build to learn about the relationship between the cutting force and deformation
error,and the validity of new model is tested by simulation software of ABAQUS.According to the
constructed model, the deformation errors of the work piece can be predicted and compensated by testing
three cutting forces in the x,y and z directions during the machining process.
Keywords:free form surface; mechanical model; error compensation
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An approach of Stepping-up Slope with Similarity Imitation on Humanoid
Robot
Yongming Yao1, Chunying Wu2 and Wende Ke2*
1

Jilin University, China

2

Guangdong University of Petrochemical Technology, China
*Corresponding author: Wende Ke (wendeke@163.com)

Abstract
That the humanoid robot imitates the complicated motions of human has attracted more attentions. The
current studies mainly focus on the imitation on the horizontal surface. In order to make the robot walk
smoothly on the non-horizontal surface, i.e. slope or stairs, we propose a novel method of similarity
imitation that fit these uneven states and try to approximate the optimal momentum consumption. We define
the similarity imitation degrees from the aspects of spatio-temporal harmony for simultaneous actions. The
imitation processes are shown by three modules -- image capturing and dealing, imitation control in the
simulation and the constraint and optimization in the real robot. In order to connect the discrete trajectory
segment, the kinematics constraints and ZMP (zero moment point) on the humanoid robot are analyzed. The
key poses and phases of trajectories are divided for the convenience in freely trace and recombination of
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preset motions. In order to minimize the momentum of landing collision on slope, we introduce the
parametric control and the enhancing technique. By transferring movement time spot to the news one for the
seeking optimal landing derivatives, the robot keeps its smooth walking. In the experiments, we use the
humanoid robot Aldebaran Nao to imitate the human‘s slope walking-up motions and the robot really works
well.
Keywords: humanoid robot, imitation, image capture, constraint and optimization
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Performance Comparison Testing of Self-Made and Shadow PAMs
Xiang Chaoqun1, Yang Hui1, Xue Bangcan1, Hao Lina1*
1Department School of Mechanical Engineering and Automation, Northeastern University, Shenyang,
Northeastern University, China
*Corresponding author: Hao Lina (haolina@me.neu.edu.cn)

Abstract
McKibben muscles can claim high power to weight ratio, important for performance and light weight, a vital
component of the inherent safety approach to physical human-robot interaction. In this paper, based on the
working theory of PAM, two different size PAMs were designed and manufactured. Experiment systems were
set up, and performance comparison tests of these two self-made PAMs and Shadow PAM were carried out.
Experiments show that, on the premise of reducing the cost, self-made PAMs have the advantage of higher
percentage of contraction and repeated positioning accuracy. The stiffness of self-made PAMs can be
adjustment to the desired stiffness by adjusting the geometrical dimensions.
Keywords: McKibben Muscles, Pneumatic Artificial Muscles, Self-Made, Shadow, Comparison Testing
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GA-fuzzy Approach for Mobile Robot Navigation in Unknown
Environments with Dynamic Obstacles
Ran Zhao,1 Dong Hwan Lee,2 and Hong Kyu Lee3*
1, 2, 3Department of Electrical Engineering, Korea University of Technology and Education, Cheonan, 330708, Korea
*Corresponding author: Hong Kyu Lee( hongkyu@koreatech.ac.kr)

Abstract
The work presented in this paper deals with a navigation problem for a wheel mobile robot in unknown
environments. The environments are completely unknown to the robot; thus, in order to guide the robot
along a collisions-free path efficiently to reach the goal position quickly, proximity sensors installed on
the robot's body must be used to detect information about the surroundings. Dynamic environments
usually contain not only static but also moving obstacles; and the shapes of obstacles should involve both
convex and concave. In this paper, the navigation approach is achieved by a combination of primary
behaviours which are used for dealing with different situations. According to the sensor data, a danger
judgment behaviour based on the judgment of the direction and dangerous level of upcoming danger is
developed for avoiding small convex and moving obstacles. Furthermore, by measuring the angle between
the wall and the moving direction of the robot, a wall following strategy is employed to manage situations
involving large convex or concave obstacles and walls; this strategy follows the contour of the obstacle in
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order to skirt around it. Here, the types and shapes of obstacles are identified by BP neural network
classifier. Finally, when there is no collision risk, the robot will be guided towards its target according to
a target positioning behaviour. All the behaviours are achieved by means of fuzzy inference system. The
membership functions and knowledge base of a fu zzy logic controller are usually generated by human e
xperience through trial and error, which are often considered as an ineffic ient way. Thus, in order to
improve the performance of the fuzzy logic controllers, genetic algorith ms are applied to adjust and
optimize the membership functions of input and output variables and rules base. The proposed navigation
method is demonstrated by simulation e xperiments imp lemented using Matlab; and the simulation results
verified that the proposed method effectively addresses the mobile robot navigation problem.
Keywords: Robot navigation, Fuzzy logic, Genetic algorithm
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Turning Behavior Elicited by Electrical Stimulation of the Midbrain in
Pigeons (Columba livia)
Lei Cai, Zhendong Dai, Hao Wang , Wenbo Wang, Yaohong Ma , Jianguo Shi
1Biology Institute, Shandong Academy of Sciences, Jinan 250014, China
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Astronautics, Nanjing 210016, China
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Abstract
Pigeons can be an ideal animal for the study of flying bio-robot, not only because it has sustained flying ability,
load- bearing and good orienting abilities, but also because it has superiority in motion concealment,
obstacle avoidance, and a complete autonomous intelligent in against environment interference. In order to
develop bio-robot pigeon, we studied the movement regulation function of the midbrain nuclei and other
adjacent structures in pigeon. Electrical stimulation was applied in investigating the movement regulation
mechanisms in pigeons under light anesthesia and freely moving conditions respectively. In the acute
experiment (under light anesthesia), the pigeon was fixed to a special head adapter, after the pain reflex
disappeared, then removed the scalp above the surgical field, followed by removal of the cranium with a
dental drill and removal of the dura and arachnoid under stereomicroscopy. Electrical micro-stimulation
(intensity = 30 μA; pulse duration = 1.0 ms; frequency = 80 Hz) was applied to locate and verify the turning
related brain regions. The most eligible location was marked using an anodal DC current (40 μA for 20 s) to
deposit iron ions. After the histological localization, the brain regions related to turning behavior mainly
focused in the formatio reticularis medialis, tractus vestibulomesencephalicus, and the nucleus vestibularis
lateralis. In the chronic experiment (in freely moving conditions), microelectrodes were implanted into the
brain regions determined in the acute experiment, and then a brain computer interface was fixed on the
pigeon‘s skull. After the pigeon recovery, via a wireless remote control stimulator, we successfully induced
turning behavior in freely moving pigeons. Our study suggested that pigeon‘s midbrain played an important
role in modulating the pigeon‘s turning behavior. This work will provide new knowledge in flying bio-robot
research and birds‘ locomotion induction.
Keywords: Columba livia; midbrain; electrical stimulation; wireless stimulator; turning behavior
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Robust Modeling and Planning of RFID Network under Uncertain
Conditions
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Abstract
Uncertainty in tag locations is common in Radio frequency identification (RFID) network system. This creates
the challenge of optimal planning of RFID network. In this paper, an efficient approach for RFID network
planning under uncertain conditions is proposed. A robust RFID network planning model is built, in which
coverage rate, interference and cost are considered. Coverage rate is established by referring the
probability sensing model of sensor with uncertain sensing range. Interference is calculated by Concentric
Map method based Monte Carlo method. Cost is described with the quantity of readers. A robust particle
swarm optimization (RPSO) algorithm is proposed to optimize network planning. A sampling method, whose
sample size varies with the number of iterations, is put forward to improve the robust optimization
performance of RPSO algorithm with limited sample size in solving the interference. In the prophase of the
algorithm, the expected value of sample size is small, and then the exploitation speed is quickened. In the
anaphase of algorithm, the expected value of sample size is large, and then the exploitation precision is
ensured. Simulation results validate the better searching ability of our proposed approach and
demonstrate its superiority over other approach.
Keywords: radio frequency identification (RFID), robust network planning, particle swarm optimization (PSO)
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Pneumatically responsive superhydrophobic surface
Jian-Nan Wang,1 Zi-Yi Wang,1 and Yong–Lai Zhang1*
1State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin
University, Changchun, 130012, China
*Corresponding author: Yong-Lai Zhang (yonglaizhang@jlu.edu.cn)

Abstract
Recent years have witnessed a fast growing attention devoted to biomimetic research areas towards the design
and construction of multifunctional artificial materials and devices. Inspired from rice leaves, spider silks,
and Namib desert beetles, various superhydrophobic surfaces with anisotropy have been built and applied for
water collection, droplet directional transportation and microfluidic system. On another hand, smart wetting
interfaces have also been extensively studied due to the flexible tunability under exerted stimuli such as
mechanical, thermal, optical, electric and magnetic fields. Such advanced adaptive surfaces will be more
potential in future applications and more attractive to new technology and research ideas. In this work, we
demonstrated a pneumatically responsive superhydrophobic surface, the morphology of which could be
reversibly adjusted with inflation and deflation operations, and thus the wettability could be dynamically
tuned. In a typical process, airtight asymmetric cavities were acquired by photolithography and bonding
procedure. With the aid of stretch-relax process, the prepared texture could be rationally built. Furthermore,
by constructing a gradient nanostructure on the surface, the samples could make a free switch between
sticky and sliding wetting states via pneumatic control, which facilitated the trap and release of water droplet.
As air is abundant and available at any time and location, this will makes it an attractive element for
practical application. We envision that this design strategy can provide a new way for tunable wetting
surfaces and expand their application in a variety of fields.
Keywords: biomimetic, superhydrophobic, pneumatic
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*Corresponding author: Yong-Lai Zhang (yonglaizhang@jlu.edu.cn), Hong-Bo Sun (hbsun@jlu.edu.cn)

Abstract
Recent years, surface enhanced Raman scattering (SERS) have attracted tremendous attentions for label-free,
sensitive, specific detection. An ideal SERS spectrum would be collected from substrates containing lots of
―hot- spot‖ to enhance surface plasma resonance, and higher concentration of target molecules. Many teams
have reported efficient SERS substrates with abundant ―hot-spot‖ fabricated by chemical/physics etching,
deposition, or self- assembly, but they failed to gather the scarce target molecules for higher concentration and
then higher intensity of SERS spectrum. Here we manufacture efficient superhydrophobic SERS substrates to
increase the concentration oftarget molecules. At first, femtosecond laser is applied to ablate
polydimethylsiloxane (PDMS) for superhydrophobic surfaces with many nanotips, showed in the figure (a) and
(b). Then a thin film silver is deposited on the ablated PDMS, and superhydrophobic SERS substrates are
obtained. When Rhodamine 6G (R6G) aqueous solution is dropped on the substrates, it would not spread but
still be a droplet. With the evaporating of water, the size of droplet would decrease. As a consequence, the
concentration of R6G is increasing, which could gather more molecules within one detection site for SERS after
all water having evaporated. Figure (c) shows SERS spectrum of R6G (10-8 mol/L), which demonstrates the
superhydrophobic PDMS are efficient platforms for high sensitive SERS detection.
Keywords: Superhydrophobicity; femtosecond laser; SERS.
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Light-driven water spider robot based on graphene composite material
Bing Han,1 Lin Zhu,1 and Yong–Lai Zhang,1*
1 State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin
University, 2699 Qianjin Street, Changchun 130012, China
*Corresponding author: Yong-Lai Zhang (yonglaizhang@jlu.edu.cn)

Abstract
A water strider having three pairs of feet could walk easily on water, which is a great challenge for human
or robotics. Bio-mimetics of water strider‘s hydrophobic legs that can stand stable on water surface helps
us step forward to moving over the water. The enlarged surface tension of the legs could balance the macro
insect robot weigh on liquid. A number of reports have studied on this insect hierarchical structure, however,
almost no research address the challenge that could enable efficient movement on water surface. Herein we
represent a smart micro-robotic system which could travel on the surface and mimic the walking
behaviour. Graphene@gold nanorod (AuNR) membrane has been prepared facilely in our previous work,
AuNRs@Graphene composite which shows high infrared conversion efficiency, perform as a light absorption
layer. Then a PMMA layer was deposited onto the graphene film, PMMA which has a large thermal expansion
coefficient could enlongate when the temperature rises. A fast and sensitive bilayer (PMMA/ Au@graphene
composite) was then made due to the difference of thermal diffusion coefficient between the two layers. We
could use light or laser to trigger its bending, which could realize precise remote non-contaminate control.
We use this single bilayer to actuate the repellent legs forward and backward. Since light is abundant and the
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material is simple but smart, light- weight micro-robot could be made without heavy electric driver. The
bionic water spider could walk freely on the water surface, therefore it may find broad applications in micro
water transport systems, or it could be loaded with chemical sensor monitor water quality.
Keywords: water spider, graphene, light control
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Bioinspired graphene actuators prepared by UV irradiation
Dong-Dong Han,1 Jia-Nan Ma,1 Jiang-Wei Mao,1 Chang-Hao Han,1 and Yong-Lai Zhang1*
1State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin
University, Changchun, 130012, China
*Corresponding author: Yong-Lai Zhang (yonglaizhang@jlu.edu.cn)

Abstract
Smart actuators are a common occurrence in nature. The development of stimulus-responsive actuator is of
great importance, especially for the remote contactless actuation. In this work, we report a versatile and
generalizable method for fabricating bioinspired graphene actuators with low cost, highly durable, wellcontrolled motion, and broad range of bending angles once in quick response to moisture by UV light
irradiation. Surface properties of the GO paper could be drastically changed after UV irradiation for tens of
minutes due to the photoreduction effects, in which most of the oxygen-containing groups (OCGs) have
been removed. Generally, GO sheets bearing plenty of OCGs adsorb water molecules due to the formation
of hydrogen bonds, whereas, in the case of graphene, adsorption of water molecules occurs due to the much
weaker Van der Waals forces. In this regard, water molecules would be adsorbed by GO layers in
preference to RGO layers. The selective adsorption/desorption of water in the GO layers would cause a
significant expansion/contraction effect, leading to a reversible and novel bio-inspired graphene actuator
operating under moisture and dry conditions over large areas and direction of actuation. As typical
examples, smart humidity-driven graphene actuators that mimic the cilia of respiratory tract and the tendril
climber plant are developed for object transport.
Keywords: bioinspired; graphene; actuators
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The cushion contribution analysis of Canine pad based on static and
dynamic mechanical property measurement
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The increasing understanding of the advantages offered by human locomotion is creating a demand for
muscle-like materials capable of mimicking muscle‘s mechanisms. Actuator materials that convert
electrical, heat, light or chemical energy to mechanical energy are called artificial muscle technologies,
which always outperform muscle in single actuation property. However, equalling human performance is
very difficult for many reasons, including the basic challenges of demonstrating actuators‘ strain, stress,
response time, work density, actuation feature and transmissions that match the power to weight ratio
and efficiency of muscle. Therefore, the technologies that are based on newly explored materials developed
over the past decade and also on older developments whose properties are not widely known including
internal combustion engines, electric motors, pneumatic artificial muscles(PAM), hydraulic actuators, shape
memory alloys(SMA), electricactive ceramics(EAC), electron-electricactive polymers(eEAP) and ionicelectroactive polymers(iEAP) are analysed and compared with human skeletal muscle from the standpoint
of basic challenges. The merits and challenges of each actuator are examined, future directions of artificial
muscles were also discussed, in order to provide a comprehensive guide for device design and actuator
development. In order to analyze the cushion contribution of the dog‘s foot pad during the ground impact
phase in terms of material, static and dynamic mechanical property tests of German Shepherd Dog‘s (GSD)
foot pad are conducted. The constitutive relationship of hyper-elastic material property of GSD pad is obtained
through the tensile measurement. Meantime, dynamic test of GSD pad based on dymanic mechanical
analysis (DMA) device is also carried. The dynamic variation relationship between the storage modulus
(stiffness), loss modulus parameters (damping), shear modulus parameters and input excitation is obtained
by Dynamic test which was obtained. It is found that the storage modulus of the dog's foot pad material is
about 0.5 MPa with compressive load frequency of 20-120Hz. This indicates that in this situation, the foot pad
capacity of elastic energy storage maybe the best. On the contrary, the storage capacity becomes weaken when
the frequencies keeping range within 0-20Hz and 120-150Hz. The variation of material viscosity modulus
shows that the energy dissipation capacity of foot pad is advanced with the growth of the load action
frequency (0-150Hz). The damping property of the foot pad material showed a similar developing trend. After
calculation, within the range of experimental test, it is obtained that the largest Delta parameter of the foot pad
material is 49 degree (corresponding to 150Hz). Due to fact that the Delta with 0 degree and 90 degree
represents ideally linear elastic material and viscous material respectively, the Delta of foot pad indicates the
pad material has the characteristics of energy storage and dissipation. The role which plays the most
depends on external loading frequency. It is also worth noting that, the energy dissipation capacity of the
dog's foot pad is sustained advanced with the growth of loading frequency, which will promise the loss of
external impact load and ease the strength of the impact strength.
Keywords: pad biomechanics; cushion; mechanical property
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Adaptive Central Pattern Generator with Synaptic Plasticity for Robot
Locomotion Control
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Abstract
Central pattern generators (CPGs) play a crucial role for animal locomotion control. They can be entrained by
sensory feedback to induce proper rhythmic patterns for efficient locomotion and even store the entrained
patterns through connection weights. Inspired by this, we have developed an adaptive CPG consisting of only
three neurons with short- term and long-term synaptic plasticity processes. Due to neurodynamics and plasticity
of the CPG, it is be able to autonomously generate various periodic and chaotic signals. The interplay of the
synaptic plasticity processes allows the CPG to quickly adapt to the frequency of an external perturbation or
sensory feedback (i.e., entrainment) and to memorize the influence of the perturbation. These features make the
minimal CPG adaptive and versatile and thereby distinct from other existing models. In this talk, I will introduce
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this CPG system and show the CPG applications for adaptive locomotion control of different robots including
walking robots and a snake-like robot.
Keywords: Biologically-inspired robots, Neural networks, Neural learning
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Topic: Nature inspired sport science
Paper ID: 2039

Geomagnetic Bio-inspired Navigation method of AUV in the Presence of
Ocean Currents
Mingyong Liu, Hong Li, Kun Liu
School of Marine Science and Technology, Northwestern Polytechnical University
*Corresponding author: Hong Li (mydreamli_hong@126.com)

Abstract
Aiming at the motion drift problem of autonomous underwater vehicle (AUV) in the presence of ocean current,
this paper presents a geomagnetic bio-inspired navigation method in view of the influence of underwater
unknown constant currents. As vehicle real operating environment seem to be uncertain, the ocean current will
have an impact on the direction of AUV. In order to better overcome the current interference, search strategy
should have the ability to compensate the heading error of AUV. In this paper, the geomagnetic bio-inspired
navigation model is constructed based on the actual vehicle operating parameters, and a multi-objective
evolutionary algorithm is proposed for online measuring. Compared with the traditional geomagnetic navigation
method, this paper uses the idea of bio-inspired navigation from animal geomagnetic navigation behaviour,
which does not need to build a priori geomagnetic date map. The main content of this paper includes (1) the
motion drift problem with the current interference is posed; (2) The bio-inspired navigation principle is
investigated, and the evolutionary strategy is developed; (3) the multi-objective evolutionary algorithm with the
current interference is presented. Then, the main results and the theoretical analysis are given, and the numerical
simulations are provided to demonstrate the effectiveness of the proposed method. At last, the concluding
remarks and future work are offered.
Keywords: bio-inspired navigation; multi-objective evolution; motion constraint
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A Bio-inspired Geomagnetic Navigation Model based on Search Behaviour
Constraint under Anomalies Fields Disturbing
Kun Liu, Mingyong Liu, Hong Li,
School of Marine Science and Technology, Northwestern Polytechnical University
*Corresponding author: Kun Liu (liukunkmz@126.com)

Abstract
Animals always miss the direction in the geomagnetic anomalies field. For the reason is that the anomalies field
disturb the magnetotaxis behaviour. In the geomagnetic anomalies field, the navigation information clues
conflicts destroy the tropism continuity, and animals cannot disorientation by geomagnetic information.
In previous studies, we inspired from animals geomagnetic navigation behaviour and generalize the bio-inspired
geomagnetic navigation process as a multi-objective searching problem. The geomagnetic anomalies field is
formed extreme value region in the navigation space, disrupt the magnetotaxis behaviour, easy to cause bioinspired geomagnetic navigation based on search strategy lose the direction and failure of navigation into the
local minimum.
For this problem, a navigation model based on Search Behaviour Constraint (SBC) is proposed. We employ
pigeons homing process as the prototype and divide the navigation process into three stages. The first stage is
navigation starting stage, also known as information exploration stage, get the magnetic field information and
establish effective navigation direction through by the navigation searching movement. The second stage is the
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middle of the navigation to exploitation the information, maintain the direction of magnetotaxis. The third stage
for terminal homing phase, and use local search to find the target location without magnetotaxis behaviour.
Once the anomalous field appeared in the second stage, we will adopt the following methods to overcome the
abnormal area. By constraining search behaviour forced the carrier to expend the scope of exploration, and then
get rid of the abnormal area interference into the normal geomagnetic field. Utilized the statistics characteristics
of magnetotaxis and the convergence state of multi-objective functions to build the trigger and termination
conditions of behavioural constraints. Make the better historical data of magnetotaxis as the constraint
behaviour. With the movement of carrier, perform the population update at timing evolution, led the v reached
the target location and finished navigation task.
The results showed that this method can effectively avoid the disruption of the geomagnetic anomalies field for
the bio-inspired navigation without priori map to improve success rate of the remote autonomous navigation.
Keywords: geomagnetic anomalies field; bio-inspired navigation; multi-objective optimization; evolutionary
strategy; magnetotaxis
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Investigation of a Highly Biocompatible Artificial Muscles Actuators Based
on Hot-pressing Technique
Gang Zhao,1 Zhuangzhi Sun,1 Hongshi Bi1, Xiaofeng Wang2, and Mazhar Ui Haq1
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Abstract
Recently, Ionic actuators have attracted great attentions according to their remarkably large strain under lowvoltage stimulation. Here, we investigated a highly biocompatible ionic polymer actuator, which consists of
multi-walled carbon nanotubes (MCNTs) film as double electrode layer and a electrolyte layer equipped with a
chitosan polymer skeleton. As a result, we found it presented a various electromechanical properties under the
preparation process factor of the hot-pressing technique. The actuators behaved a longer life (X minutes ), which
was X times larger than the previous one. Also, the blocking fore of our actuators was greatly improved to XX
mN, which was times surpassed our previous actuators. In additions, there was a close adhesion between the
electrolyte layer and the electrode layer through the analysis of scanning electron microscope, and it was benefit
to the electrical conduction of our current actuators. The results show the hot-pressing technique is an effective
means to improve the performance of artificial muscles actuators
Keywords: Biocompatible, Artificial Muscles; Electromechanical properties: Hot-pressing technique
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Abstract
Abalone in order to adapt to the environment, after million years of evolution, They have been formed unique
organs as well as perfect body structure for survival in nature. The organs almost be the best no matter in
structure or the way to life. Because they have the unique characteristics. We can study these unique feature
then use the research findings to solve complex problems in the production and life, it is of great importance in
the way human develop the nature. Abalone is an aquatic gastropoda mollusk, living on the sea rocks. They hold
some special skills and capacities, which is shown that: first, foot of abalone can produce adhesion force of
14kg, which ensure living in sea. Second, climbing moving special method of abalone can adopt variously
interface. Based on the these two kinds of special skills and abilities, the theory of adhes1ion of abalone and
motion characteristics was under study in this paper.
To realize the adhesion of abalone foot, we study on the leg surface of abalone foot. Stereo microscope,
scanning electron microscope(SEM), was used for observation and scanning.The observation of the abalone
foot reveals the presence of micrometer-scaled setae terminating in nanometer-sized cylindrical fibrils, with
some resemblance to those found on the gecko foot. Atomic force microscopy (AFM) pull-off force
measurements on a single seta are compared with theoretical estimates for van der Waals attraction obtained
through the Johnson–Kendall–Roberts (JKR) equation, approximately 600 nN, and show agreement.
Measurements by the AFM under varying humidity conditions indicate that additional capillary interactions play
a role, since the pull-off force increases with humidity. It is proposed that both van der Waals and capillary
forces play a role in the attachment mechanism of H. rufescens, effectively enabling suction to reach its
theoretical limit. Bulk pull-off force measurements by the tensile testing machine on entire live abalone yield an
average detachment stress of 115 kPa, consistent with theoretical estimates.
A device with interface of different materials and angles was equipped. High speed camera was used to shooting
abalone motion in different conditions such as linear motion, steering motion, inverse motion, also the motion
under abnormal condition was captured. It can research moving theory and regular pattern of abalone. By
studying the abalone movement in the underwater environment , we could got abalone motion mechanism.
According to the high speed camera video, combined abalone movement mechanism analysis, different motion
state gait sequence was drawed and found the gait law.
Key words: Abalone foot; Underwater adhesion; Van der Waals forces ； capillary forces ； gait ； motion
mechanism
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Xingyi Boxing Bionics Research
Ting Zhang and Jianjun Su*
Jilin University, China
*Corresponding author: Jianjun Su (sujianjunm@sina.com)

Abstract
Xingyi Boxing is a kind of boxing in the Chinese Wushu development. It is an innovation which is based on the
different types of pictographic boxing, and it is one of the three big boxing factions in modern Chinese Wushu.
It is a wonderful work in the maturity of Chinese traditional culture. It is also a sign that Chinese Wushu has
developed in a mature stage. It is an important milestone in the Chinese wushu developing history.
The production and development of wushu bionic is a smart performance of human creates the wushu sports,
and is also a big creating which is relied on human' s own wisdom. In varies of bionic boxings, Xingyi Boxing is
the most representative one. The Xingyi boxing combines advantages of different animals‘ action. When
practicing, you should imitate first and then feel it. At last, you can combine the function of twelve imageries
and the function of yourself together, and then reach the purpose of understanding.
The article will begin with analyzing the theory and practice of Xingyi Boxing bionics, and be introduced by
Chinese philosophy ―harmony between the heaven and human‖ and "harmony between body and soul‖. Its
intention is to explore a connection between it and the modern life and culture.
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The article will express the research system on the theory and practice of Xingyi Boxing bionics on two basic
points. The first is practice, and the other is communication.
The article‘s logical structure will follow the epistemology of dialectical materialism. Acquaintanceship origins
from practice and will finally get back to practice through a process of obtaining rational acquaintanceship.
The purposes of this article: 1. To contact the real external world and its laws in the process of practicing and
understanding Xingyi Boxing bionics. 2. The research can not only enrich the modern sports, but also give us
valuable experience, and finally makes sports training more scientific and improves the level of competition.
The article will use the theory of culturology to display the origin and development of Xingyi Boxing, and it
will also bring out that the reasons of inventing Xingyi Boxing are totem adoration, life prolong, surviving
demand and the sense of judging beauty. During the developing period, the boxing was influenced by
multifarious Chinese traditional cultures and finally became one of the most Chinese typical boxing in Wushu. It
also has become a way for Chinese people to understand the external world‘s verity. At the same time, it
displays Chinese people‘s thoughts and attitude towards life via Wushu.
After the research, the article will pay much attention to the Xingyi Boxing bionics‘ fiction in the modern world.
First, it produced the mechanism of using this boxing to do body-building, the effect of which has been proved
scientifically. Second, it demonstrated the philosophical value of this boxing and the benefits the boxing brings
to the modern people. Third, it demonstrated how the Xingyi Boxing bionics will be used in modern sports
education and training.
Keywords: Xingyi Boxing, bionics and Wuxing Boxing
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Abstract
A bionic airfoil is used to investigate a preliminary understanding of the noise mechanism generated by the
unsteady flow around the owl wing. The flow feature around the bionic airfoil indicates a transitional separation
bubble on the surface and the turbulent boundary layer reattaches at the downstream end of the bubble. This
causes turbulent boundary layer trailing-edge scattering noise corresponding to the broadband noise of owl
wings at low Reynolds numbers. Furthermore, a large-scale vortex detaches from the bubble and then drifts
downstream. Thus, a tone will be generated by the vortex shedding. However, the computations of the acoustic
field for both cases, where the on- body data surface and the off-body data surface are used respectively,
predominantly verify the broadband nature of the noise that well agrees with the noise scattering caused by the
turbulent boundary layer passing by the sharp trailing edge. Furthermore, the significant decrease in both the
spectra based on the bionic airfoil is constant with that of natural owl wings around 2k Hz. This fact suggests
that the numerical simulations are capturing the basic physical mechanism responsible for the noise radiated by
the natural owl wing. This might be able to provide a reference for engineering applications of the owl
technology.
Keywords: turbulent boundary layer; vortex shedding; trailing-edge scattering
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