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Michael R. King, PhD
Founding Vice President of ISBE

I

n January 2017, Prof. Michael King moved from
Cornell University in Ithaca, New York, USA, to
Vanderbilt University in Nashville, Tennessee,

USA, to become the Department Chair of Biomedical
Engineering. He was also named the J. Lawrence
Wilson Professor of Engineering there. King is a Fellow
of the American Institute of Medical and Biological
Engineering, and a Fellow of the Biomedical Engineering
Society. Since 2013 he has served as the Editor-in-Chief
of Cellular and Molecular Bioengineering, an official
journal of the Biomedical Engineering Society. King’s
research focuses on recreating the complexity of natural
biological systems to engineer biomedically useful new
applications. In one line of research, the King Lab has
created nanostructured surfaces of defined roughness to
control the adhesion of white blood cells, identifying a
critical density of roughness elements that prevent cells
from spreading, in a quasi-lotus leaf effect (AD Hughes
et al., Langmuir 31:13553 (2015)). In another project,
the King Lab has created artificial blood platelets, made
from silica microparticles coated with the outer cell
membrane of isolated human platelets. These artificial
platelets participate in blood clots, can carry therapeutic
cargo, and can be used to deliver potent drugs to
cancer cells disseminating through the body (J Li et al.,
Biomaterials 76:52 (2016)).

Figure caption:
Left: white blood
cells activate and
spread on smooth
surfaces. Right:
these cells stay in a
rounded and inactive
state when placed
on nanstructured
surfaces made from
halloysite nanotubes.
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Figure caption: The creation of “artificial platelets” made from silica microparticles coated with the
cellular membrane of blood platelets. (a) Schematic of preparing the platelet membrane-coated silica
particles. (b) Detection of membrane protein-associated lipid layer in discontinuous sucrose gradient
solution by dot blot assay. Lipid fractions were identified as translucent layers in between two sucrose
concentrations. (c) Scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
characterization. SEM images: (1) Activated platelets, (3, 5) clean silica particles, (4, 6) membrane-coated
silica particles. TEM images: (2) platelet membrane derived vesicles, (7) silica particles, (8) membranecoated silica particles. Arrow head identifies the hollow structure of the platelet membrane derived
vesicles.
4

Newsletter

ISBE 2018 Newsletter

Members

P

rof. Dr. Yan LIU obtained her Ph.D degree at Jilin University in 2006. In 2009,
she obtained the excellent PhD thesis

of colleges and universities nominated, China. In
2010, she worked as a post doctor at the University of BRISTOL, UK. Since 2013, she has been a
professor at the Key Laboratory of Bionic Engineering(Ministry of Education). Dr. Liu’s current
research interest focuses on “the design and fabrication of bionic multi-functional surface”.
Very luckily, over the past several years, her
group has made some contributions to the design
and fabrication of bionic multi-functional surfaces. Dr. Liu created micronano-structure with superhydrophobicity and adhesive properties (ACS

Yan LIU
The Key Laboratory of Bionic
Engineering(Ministry of Education), Jilin University

Applied Materials Interfaces, 2013) and fabricated
a biomimetic superhydrophobic surface with controlled adhesion by electro-deposition (Chemical
Engineering Journal, 2014). She fabricated a superhydrophobicity and superoleophobicity coating
on magnesium alloy with excellent anticorrosion
(Journal of Colloid and Interface Science, 2016),
and prepared super-hydrophobic surfaces by one-

Newsletter
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step electro-deposition on copper substrates for corrosion resistance (Corrosion Science, 2015). She also
fabricated a special surface whose wettability can switch reversibly between superhydrophobicty and superhydrophilicity by controlling the pH (Chemical Engineering Journal, 2016) or temperature (Advanced
Matererials Interfaces, 2016) to improve the anticorrosion of aluminum alloys. Meanwhile, she reported
a novel pH-responsive smart device for continuous separation of oil/water mixtures (Journal of Materials
Chemistry A, 2018).
Biological organisms adjust their surface structure to help them survive in harsh environments.
However, most of the traditional materials are limited by complex process, high cost and single intelligent response. Dr. Liu designed a smart bioinspired fiber with multi-scale spindle knots by combining
polydimethylsiloxane (PDMS) and graphene oxide (GO) for controlling droplet behaviors (Scientific Reports, 2017). Meanwhile, she designed a kind of smart bioinspired wettability surface with tip-shaped
patterns inspired from needle-like spines and wettability gradient pattern on the back of desert beetle (Nanoscale, 2018). Also Dr. Liu constructed a bioinspired structured graphene surface with tunable-wetting
and high wearable properties for efficient fog collection. In addition, she designed a petal shaped surface
for water collection and unidirectional transport, which was activated by oil and used as a manipulator.

Introduction of Corporate Members, ISBE

T

he ISBE has started the corporate membership development work last November,
and currently there are 11 corporate members in total joining the Society including 6
Organizational Members and 5 Enterprise Members. Corporate Members are Educational,

Scientific, or Industrial Organizations who may choose to express their interest in the development
or application of Bionic Engineering through this method, and they enjoy the following benefits and
services provided by the Society. a) Hosting meetings and events with priority organized by ISBE.
b) The opportunity to receive the awards presented by ISBE. c) A discount on registration fees and
exhibition fees at the conferences organized by ISBE. d) Popularization and promotion at ISBE
meetings, websites and newsletters. Warmly welcome the relative organizations and enterprises to join
and support ISBE. For more information please refer to the website http://isbe-online.org/?ui=english
&mod=info&act=view&id=648 or directly contact the ISBE secretariat at secretariat@isbe-online.org.
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Key Laboratory of Bionic Engineering of
Ministry of Education, Jilin University

T

he Key Lab of Bionic Engineering of Jilin University is the
only key lab to engage in research on bionic engineering
and established by the Ministry of Education. The lab is

governed by an Academic Committee, which is constituted of 15
academicians.
There are 4 major research areas in the lab, which are 1) bionic
technologies of anti-adhesion and resistance reduction for terrain
machine; 2) bionic tribology and bionic material; 3) bionic technologies of walking on loose and soft
ground; and 4) machinery design and bionic technologies for biological production and process.

Currently, the lab has established a strong

which more than 300 papers were indexed by SCI.

research team with academician Luquan Ren，

The development goals of the lab are: develop-

professors and PhDs as the mainstays. The team

ing theory and technical system in bionic engineer-

gradually forms a rational structure in knowledge,

ing aiming at the advanced international science

education background, age and academic relation.

and technology, which is featured as multi-disci-

The lab has obtained many research achievements,

plines; establishing top academic research team and

such as 2 “Second Prize” of the State Technological

cultivating influential youth scholars of bionics in

Invention Award, 1 “Second Prize” of the National

the world; strengthening the external cooperation

Science and Technology Progress, and 38 “First

and exchange in science and technology to improve

Prize”/”Second Prize” of State/Province Science

the international academic influence; becoming

and Technology Award. There are more than 800

the top and advanced research base domestic and

papers have published in the recent five years, in

abroad in bionic engineering.
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Changchun Ruitai Bionic Technology Co. Ltd.

T

he company is located
at

Jiutai Economic

Development Zone Halun

Industrial Park, Changchun and its
registered capital is RMB 20,000,000
yuan. The main shareholders include
Changchun Ruitai Pump Industry
Limited Company (hereinafter
referred to as Ruitai), Science and
Technology Park Incubator of Jilin
University (hereinafter referred to
as Jilin University), Jilin province
Science and Technology Investment
Fund Co. Ltd. (hereinafter referred to as STIF).

saving, and is environment-friendly. At present,

The company has been in long-term

the technology has obtained 4 items of Invention

cooperation with Key Laboratory of Bionic

Patent and Utility Model Patent, one of them

Engineering of Ministry of Education, Jilin

has won the Second Annual Patent gold medal

University. It has established a key technology

of Jilin province; and obtained 2 Scientific and

research center for Bionic Pump, Technical Test

Technological achievements in Jilin Province,

Base and an Industrial Base. Bionic Engineering

and conferred by the Jilin provincial Science and

technology is used to control dynamic fluid

Technology Department. This expert group, led

medium so as to reduce the resistance of the core

by academician Wang Erkang, gave the following

components of the pump products and achieve

appraisal: “This technology is innovative and has

the goal of improving the efficiency of a series of

extensive application and popularization value,

pump products. A new series of high efficiency

its achievements have independent intellectual

Bionic Petrochemical Pumps, Bionic water Pumps

property rights, key parts has reached the

and other products has been innovated. These

international advanced level. ”

technologies have exceeded traditional design

The primary business of the company is to

theory and technology of pump products; its

design, develop, produce and sell various models

principle is to simulate the surface structure of an

of Bionic Petrochemical Pumps, Bionic Pumps,

organism with drag reduction function in a fluid

and provide related technical service.

medium, while considering factors such as shape,

Changchun Ruitai Bionic Technology Co. Ltd.

physical structure and material, constructing

aims at solving the problems of low efficiency and

bionic function surface with synergistic

cavitation erosion of traditional fluid machinery,

resistance and drag reduction. This technique is

and applying bionic technology to develop new

applied to the surface of impeller, which is the

pump products.

core component of pump, to achieve dynamic

The company welcomes experts and scholars

control of the fluid, and reduce resistance while

around the world with relevant mature technology

increasing efficiency. The technology has a series

to join it.

of advantages such as high efficiency, energy

8
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Production and Processing
Bases Shop

Onsite Installation of
Bionic Pump

Technical Test Base of
Bionic Pump- Corner of the
Experimental Station
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Awards Ceremony for ISBE International Bionic
Innovation Competition

T

he first ISBE Bionic Innovation

On June 8, the awards ceremony for ISBE

Competition sponsored by Jilin

International Bionic Innovation Competition

University was started in July 2017 and

andaward-wining representatives’ academic

has attracted the worldwide consideration of the

symposium was held in Jilin University. Professor

ISBE members. The organizing committee had

Zhenning Liu, the dean of the Institute of Bionic

received more than 130 works from 12 countries

Science and Engineering in Jilin University

and regions including UK, USA, Canada,

hosted the Ceremony. Professor Jianqiao Li, the

Netherlands, Switzerland, Romania, Portugal,

General Secretary of the ISBE made the welcome

South Africa, Japan, India, China and HongKong.

speech. Professor Zhiwu Han, the director of the

The evaluation committee was composed of

Key Laboratory of Bionic Engineering of Jilin

9 specialists from around the world and carried

University announced the award list. The Standing

out the evaluation on the principles of equality,

Vice-President of the Society, academician

openness and fairness. After initial assessment

Luquan Ren and academician Shouhua Feng

and two rounds of careful evaluation, 33 works

from the School of Chemistry of Jilin University

have been selected for the Grand Prizes including

attended the ceremony and awarded winners

3 Premier Prizes, 10 Secondary Prizes, and 20

of the competition. The representatives from

Tertiary Prizes. In the Meantime, 15 Special

other related departments of Jilin University

Awards including 5 Best Design Awards, 5 Best

participated in the event.

Creativity Awards, and 5 Best Popularity Awards

The awards ceremony was attended by 13

have been determined based on the polling of

winning representatives and 12 universities

online votes.

including: University of Michigan (USA), US Food

10
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and Drug Administration (USA), University of

great interest of participants and became the

Manchester (UK), University of Lisbon (Portugal),

subject for effective exchange and discussion.

Chiba University (Japan), Indian Institute of

After the ceremony, the award-winning

Technology Guwahati (India), City University

representatives visited the Key Laboratory of

of Hong Kong (China), Technical Institute of

Bionic Engineering of Jilin University and gave a

Physics and Chemistry of Chinese Academy of

high evaluation of its achievements in the field of

Sciences, Tsinghua University, Dalian University

bionic engineering.

of Technology, Henan University of Science and

The Bionic Innovation Competition is a

Technology and Jilin University. During the event,

new brand activity for ISBE. It encourages and

the award winning representatives made academic

stimulates the creative thinking of postgraduate

presentations with topics based on their winning

students in the field of bionic discipline, and plays

works. Among them were works regarding to the

an important role in promoting the development

topological liquid diode, bionic noise reduction,

and application of scientific research in the field of

bionic painless needles, and directional separation

bionics. The success of the award ceremony has a

of micro water-in-oil drop, heat transfer

great significance for enhancing the cohesive force

applications and other hot issues topics raised

and influence of the Society.

Newsletter
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First Prize:

THE WINNING LIST

ID

Name

Institute

No.115

Zhengzhi Mu

Jilin University, China

No.156

Jiaqian LI

City University of Hong Kong, China

No.174

Chen Rao

Chiba University, Japan

Second Prize:
ID

Name

Institute

No.52

Yaling Deng

Nanjing University of Science and Technology, China

No.66

Kunyang Wang

University of Manchester, UK

No.90

Xiaodong Guo

Tsinghua University, China

No.125

Xin Wang

Wuhan University, China

No.134

Minglu Wang

Jiangsu University of Science and Technology, China

No.138

Xinyi Lai

Shanghai Jiao Tong University, China

No.144

Zhexin Xie

Beihang University, China

No.148

Sen Wang

Dalian University of Technology, China

No.155

Zhibei Qu

University of Michigan, USA

No.173

Chuxin Li

Technical Institute of Physics and Chemistry, CAS,
China

Third Prize:

12
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ID

Name

Institute

No.72

Shanlin Wang

Southeast University, China

No.74

Zhen Zhang

University of Chinese Academy of Sciences, China

No.87

Yangjun Wang

Jilin University, China

No.96

Shupeng Wang

University of Toronto, Canada

No.100

Jiaju Hong

University of Nottingham, UK

No.116

Wenchun Feng

US Food and Drug Administration, USA

No.119

Xueli Zhou

Jilin University, China

No.127

Jieliang Zhao

Tsinghua University, China

No.129

Shephard Simon
Ngwenya

University of Mpumalanga, South Africa

No.135

Fang Song

École Polytechnique Fédérale de Lausanne (EPFL),
Switzerland

No.149

Pedro Pontes

University of Lisbon, Portugal

No.150

Dibyangana Parbat

Indian Institute of Technology, Guwahati, India

No.151

Adil Majeed Rather

Indian Institute of Technology Guwahati, India

No.160

Mingyong Li

Henan University of Science and Technology, China

No.165

Wenxin Cao

University of Michigan, USA

No.167

Jingkai Feng

Chinese Academy of Sciences, China

No.168

Jiao Yan

University of Michigan, USA

No.179

Yongli Yue

Jilin University, China

No.183

Rujian Jiang

Changchun Institute of Chemistry CAS, China

No.184

Nagaraja Jade

University of Gloucestershire, UK
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2018 Joint International Conference –
ISBE- IBO held in Israel

T

he 2018 Joint International

held in-depth discussions on specific research

Conferencebetween ISBE and IBO

areas such as bionic methodologies, bio-

(Israeli Biomimicry Organization)

inspired self-assembly, aquatic locomotion, and

was held in Tel Aviv, Israel on June 14-16. The

graphene robots. The conference also organized

conference was jointly organized by Tel Aviv

the Academic Poster Session and the Bionic

University and Technion-Israel Institute of

Architectural Design Exhibition.

Technology. A total of more than 180 academic

The meeting of the Executive Board of

and corporate representatives from eight

Directors of the ISBE was held during the

countries and regions attended the conference.
On opening ceremony, Prof. Julian Vincent, the
President of ISBE gave the opening speech on
behalf of the Society.
The conference concentrated on the topics of
materials, flow and locomotion, biomedical and
robotics, and new directions on bionic design,
aiming to build a communication platform for
researchers, engineers and entrepreneurs in the
bionic field. During the conference, participants
Newsletter
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conference; topics on the activities of Society
were discussed. This included the organization
of specialist short courses, progress on the
ICBE 2019, election to the Board of Directors,
proposal of the IWBE2020, and the organization
adjustment of Youth Commission.
This conference has expressed the latest
research achievements in bionic engineering
and offered a communication and cooperation
platform for the representatives. This will help
the birth of new academic exploring points of
bionic discipline and further promote the organic
integration of bionic academic research and
industrial applications.

14
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Jilin University co-hosted the “World Robotics
Contest–Tri-Co Robots Challenge”

O

n 26-27 April, the first phase of the

and Technology, Xi’an Jiao Tong University

2018 “World Robotics Contest–Tri-Co

etc. The key lab also teamed up to take part in

Robots Challenge” sponsored by the

other two contests. Among them, the Desert Elf

National Natural Science Foundation of China

Team led by Professor Rui ZHANG (Innovation

(NSFC) was held in Beijing. The first phase set up

Roadshow Group) got the guidance and

three independent events: tri-co robot simulation,

affirmation from the experts. The youth creative

robot innovation roadshow and the youth robotics

group awarded the Most Potential Award to the

creativity projects. The Key Laboratory of Bionic

Calf Run Team led by Associate Professor Weijun

Engineering (Ministry of Education, China) of

TIAN (Youth Creative Group).

Jilin University co-sponsored the contest of tri-co
robot simulation. During the preparatory period,
as the academic leader of bionic walking research
filed, the Changjiang Chaired Professor Lei
REN and the director of Jilin Bionic Technology
Innovation Centre Professor Qian CONG had
organized series of seminars to form the final
contest programme and detailed rules.
The simulation contest of “Tri-Co Robots
Challenge” has attracted 27 representative
delegations from Huazhong University of Science

Associate Professor Weijun TIAN hosting the contest

Jilin University representative team won “The most
potential group” award

Prof. Zhiwu HAN, the Director of the Key Laboratory of
Bionic Engineering of Jilin University participating in
the opening ceremony

Professor Qian CONG presenting the award

The academician Xincheng XIE and relevant experts
watched and guided the ostrich robot designed by Prof.
Rui ZHANG from Jilin University

Newsletter
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NOVERI's Bionic Mobile Robot Team Attended
APISTVS 2018 Conference

O

n July 11-13, the bionic mobile robot

robot as the model of the body and virtual leg.

team from China North Vehicle

During the research, the virtual leg dynamics

Research Institute attended the

have been established and analyzed. Also, on the

10th Asia-Pacific Conference of ISTVS 2018 in

basis of the dynamic model, the foothold and the

Kyoto, Japan. Peng Xu and Lei Jiang had made

trajectory during the stance duration were planned

a presentation entitled “Research on the reactive

and compensated to control the motion and

control based on the virtual leg dynamics for the

balance of the body. Combined with the external

quadruped robot” at the session of “Application

force exerted on the robot, the contact compliance

of Bionics Engineering to Terramechanics”. This

control model was established between foot and

work is based on the locomotion characteristic of

terrain to map to multi-DOF joints.

the trot gait, which has simplified the quadruped

Virtual leg dynamics

Compliance contact

Foot adjustment

Experiment verification

Professor Lei REN from the University of
Manchester visited ISBE Secretariat

O

n April 25, ISBE founding member,
Professor Lei REN from University
of Manchester, U.K. visited the ISBE

Secretariat. The office director Runmao WANG
welcomed Professor REN, and detailed the
current situation and development status of the
ISBE. Professor REN affirmed the role the Society
played as an international platform and highly
praised the progress made by the ISBE. Professor
REN had also made some valuable suggestions

16
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and opinions on the development of the Society and said that he would provide all-round assistance and
support in aspects of membership, website, knowledge base construction, etc. During the meeting, both
sides reached the agreement that the 2020 International Workshop on Bionic Engineering (IWBE2020)
will be organized by the University of Manchester in UK.

New Book on Functional Surfaces in Biology III

Diversity of the Physical Phenomena
Editors: Gorb Stanislav and Gorb Elena (Eds.)
Zoological Institute of the University of Kiel, Germany

T

his book is devoted to the rapidly
growing area of science dealing with
structure and properties of biological

surfaces in their relation to particular functions.
This volume, written by a team of specialists
from different disciplines, covers various
biological surface functions: sensing, coloration,
attachment, drag reduction, moisture harvesting,
etc. Because biological surfaces have a virtually
endless potential of technological ideas for the
development of new materials and systems,
inspirations from biology could also be interesting
for a broad range of topics in surface engineering.
This volume together with two previous volumes
“Functional Surfaces in Biology” (vols. 1 & 2
published in 2009) taken together, present a
good reference for a novice in the field. The
book is intended for use by researchers who are
active, or intend to become active, in the field.
The appeal of this topic is expected to be broad,
ranging from classical biology, biomechanics and
physics to such applied fields as materials science
and surface engineering.

Newsletter
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New Book on Tratat de Biomolecule Vol. III
Mihai CHIRITA
University of Medicine and Pharmacy, Romania

A

lthough it does not have the pretense of

researched by US, Germany, U.K. and Canada.

exhausting the subject, the treatise falls

Organic biosynthesis and syntheses, complete

within the category of pioneering works

extraction, purification and processing as

in the field approached.

well as various applications are described. It

Volume III addresses the domain of major

highlights data that may suggest new research

fibrous proteins, deepening the relationships

directions in order to develop biomimetic

between composition, structure, hierarchy,

knowledge and deeper understanding of natural

functional, physico-chemical, biomechanical and

structures, properties and methods, some

biological properties, with many implications in

practical applications in nanotechnology and

biology, biochemistry, bioengineering. They are

bioengineering, for the design and production of

extensively described as collagen, elastin, reticulin,

new materials usable for various purposes, and

keratin, sericin, fibroin, dragline, spidroin,

especially in medicine.

some of their compounds, much currently being

18
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Nanodiamond – on the Fruitfulness of Bionic Thinking
explanation to the well-documented increase of
mitochondrial ATP in response to light treatment.
In agreement with the diamond-based origin of
biological life model the Batsanov group envisaged
Andrei P. Sommer,
Ulm, Germany,

hydrogen termination as a further possibility
to improve the degree of biocompatibility of

Email: andrei.

diamond Petri dishes (Editorial on “Genesis on

sommer@alumni.

diamonds II: contact with diamond enhances

uni-ulm.de

human sperm performance by 300%”. Ann.

I

Transl. Med. 2017;5:407). By establishing the
n 2008 we established a model suggesting

design principle of the superbiocompatible

that diamonds of volcanic origin promoted

Petri dish – a gold standard for in vitro testing

the formation of biological life on Earth. It

counteracting the deleterious interplay of

suggested that nanoscopic water layers on top of

endogenous and exogenous reactive oxygen

such diamond surfaces modulated by diurnal light

species (ROS) on cells and tissues (which has

variations facilitated the formation of primordial

been identified as the source for the relatively low

biopolymers (DNA, RNA). (Genesis on Diamonds,

biocompatibility of the plastic [The sperm stewing

Cryst. Growth Des. 2008, 8:2628). Inspired by

in its own ROS—in the plastic Petri dish. Ann.

the model we developed a Petri dish, translucently

Transl. Med. 2017;5:366]) – we may soon arrive

coated with nanodiamond. When tested in

to a new generation of Petri dishes, promising to

laboratory experiments using human sperm cells

revolutionize medicine and life sciences.

the bionic diamond surfaces presented a degree of
biocompatibility which exceeded that of standard

I dedicate this work to my mother.

plastic Petri dishes used today (Diamonds are
sperm's best friend, Science, 2013;339:744;
http://www.sciencemag.org/news/2017/04/
diamond-dishes-could-boost-ivf-success-rates).
Here too, it was the special structure of the
nanoscopic water layer on top of the diamond
surfaces which we identified as a root cause for
the differences in the performance of sperm cells
on polystyrene vs. that on diamond. Concurrently,
we discovered that 670 nm laser light applied at
intensities as low as that of the solar irradiation
reduced the viscosity of nanoscopic water layers
on hydrophilic surfaces (Light effect on water

Petri dishes: Polystyrene (left) and nanodiamond
coated quartz glass (right) - potential gold standard
for in vitro tests. Because of their beneficial effect on
sperm cell performance diamond Petri dishes hold the

viscosity: implications for ATP biosynthesis.

promise to improve the outcome of in vitro fertilisation

Sci. Rep. 2015;5:12029), providing a reasonable

(IVF) rates.
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Bioinspired Surfaces with Superamphiphobic
Properties: Concepts, Synthesis, and Applications
Yuekun Lai, Soochow University, China

R

ecently, Professor Yuekun Lai et

and Dr. Yandong Wang, Professor Jianying

al., in Soochow University, focus an

Huang and Professor Yuekun Lai are the joint

overview of the recent progress on

corresponding authors. This work has also been

superamphiphobic surfaces by summarizing

highlighted as front cover and emphatically

the typical creatures, basic characterization,

introduced, hopefully bringing great reference

common fabrications, and functional applications.

value to researchers.

With respect to fabrication techniques, they
have summarized the following three types of
technology routes, viz., “pre-texturing + postmodifying,” “pre-modifying + post-texturing,”
and in situ one-step construction, and discussed
the merits and demerits of each technology route.
Appropriately constructed superamphiphobic
multifunctional surfaces can be applied in many
fields, they put forward, however, most have
not been scaled-up and utilized for practical
applications due to some specific difficulties
required to be resolved in the future. So these
challenges and further outlook for superantiwetting surfaces have been discussed in the
end of this review. This work has been published
in Advanced Functional Materials, a top journal
in materials field, as a feature article titled
‘Bioinspired Surfaces with Superamphiphobic
Properties: Concepts, Synthesis, and Applications’.
Hui Liu, a doctoral student, is the first author,
20
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What Can Snakes Teach Us about Engineering Friction?
Hisham A Abdel-Aal, Drexel University, USA
elements of texture. So the "performance index"
of a surface would be quantified by averaging
the height of the protrusions, calculating the
total area covered by them, or determining their
slenderness by comparing the protrusion's height
to the area of its base.
Microscopic measurements of the snakeskin's
texture features allow Abdel-Aal to directly relate
fibrils and protrusions. So applying the same
method of evaluating the performance indices to

T

snakes (i.e. calculating fibril height, slenderness
o make a direct relation between

and overall distribution on the scales) allows

snakeskin and engineered surfaces,

comparison with engineering surfaces. To this

Hisham Abdel-Aal, a professor from

end, dimensional and metrological parameters,

Drexel University's College of Engineering studied

influential to efficient tribological function of a

techniques for creation of deterministic surface

given surface, are optimal in case of the snakes.

textures. Applying these techniques, such as

This breakthrough, Abdel-Aal asserts, makes

laser and chemical etching, sand-blasting, and

it possible to integrate the functional patterning

deposition, result in surfaces with customized

from a snake on engineered surfaces to create

friction profiles for applications like engine

textures with predictable behaviors.

cylinders and hydraulic components in machinery.
Their customized friction performance share an
important detail with textured surfaces found in
nature.
"The basic building block in the case of both
snakeskin and textured engineered surfaces is
a textural element that is repeated in an array
distribution," Abdel-Aal writes. "Spacing,
length, orientation and shape of denticulation
is, in general, common to a particular family of
snakes. Engineered surfaces, on the other hand,
feature textural building blocks such as cones,
dimples, and chevrons, distributed on the surface.
Therefore, both types of surfaces share a common
constructional origin."
The predominant physical features of the
textured surfaces are microscopic channels,
dimples and protrusions, which are arrayed to
ensure consistent friction in a lubricated system.

Figure caption: Research from Drexel

Engineers evaluate the performance of textured

University paves the way for snake-inspired

surfaces in terms of geometric ratios of the

custom surface design
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Biomimetic Functional Surface of Reducing Soil
Adhesion on 65Mn steel
Yunhai MA, Junwei LI
Key Laboratory of Bionic Engineering (Ministry of Education), Jilin University (Nanling Campus), China

T

he group of Prof. Yunhai Ma at Jilin
University has been engaging in bionic
research on anti-adhesion. Recently,

Fig.1
Surface morphology of the membranous leaf sheath

they selected Rhizoma imperatae as a biological
model to study its anti-adhesion properties. R.
imperatae is a shade enduring plant wrapped
in the membranous leaf sheath with strong
adaptability, growing in moist and loose soil. It
was found that the membranous leaf sheath of
R. imperatae can shuttle in the soil, owing to
not only its own growth force, but also the antiadhesive function due to the hydrophobicity and
special geometrical structure of the surface (Fig.1).
The microstructure and surface wettability of
membranous leaf sheath have been studied to

Fig. 2
Computer model of the experimental bionic specimen
and Its surface texture

reveal its anti-adhesion property, and the anti-

12

Weight of adherent soil

for the static and dynamic state was also analyzed.
In order to obtain an anti-adhesion surface with
traditional steel materials, biomimetic specimens
(Fig.2) were designed and fabricated using 65Mn
steel inspired by membrane leaf sheaths. The
hydrophobic surface was obtained on 65Mn steel

Weight of adherent soil ,g

adhesion mechanism of the hydrophobic surface

by modified with myristic acid ethanol solution.

10
8
6
4
2

For comparison, a 65Mn steel sample without

0

modification was also prepared, which has the

NO.1

NO.4

NO.9

NO.10

Typle of specimen

same shape and size as the modified one. A linear

Fig.3

soil-bin filled with heavy clay soil with compaction

The mean weights of adhesion soil for the specimens
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and gravimetric moisture content of 24.5% is constructed to test the soil anti-adhesion properties of
biomimetic specimens. In fixed compacted soil with 24.5% MC (gravimetric moisture content), the weight
of adherent soil on the modified biomimetic surface measured 50% less than that of the conventional
specimen without modification (Fig.3). Therefore, the biomimetic specimens can reduce soil adhesion
significantly. The current study will provide a basis for the design of bionic soil-tillage implements.

Magic Underwater Reversible Adhesion and Remote Control
Feng Zhou, Lanzhou Institute of Chemical Physics, CAS, China

T

he underwater adhesion is always
one of long-term challenges in
adhesion science. Despite many great

achievements to mimic the fascinating adhesion
capability from the mussel, gecko et al, the
development of reversible adhesives underwater
has long been lagging.
In an effort to address this challenge, very
recently the research groups of Prof. Feng Zhou
from Lanzhou Institute of Chemical Physics in
Chinese Academy of Science and Prof. Zuankai
Wang from City University of Hong Kong

switched for many cycles.

cooperatively invented a novel wet adhesive

Furthermore, the practical application of TRGA

system underwater based on reversible screening

was explored. The TRGA can be well assembled

of the catechol groups (Nature communications,

on the tracks of the underwater mobile device

2017, 8(1): 2218) through the incorporation

to realize controllable movement under NIR.

of thermoresponsive polymers. However, the

The unique ability of the TRGA-modified mobile

temperature control for such wet adhesion system

device is that it can controllably climb on any

is not a readily responsive process to control wet-

vertical surface and even on hanging ceiling

adhesion by catechol. Bearing this in mind, Prof.

underwater. “Certainly, the application of the

Feng Zhou’s group and collaborators developed

TRGA will not be limited to such simple mobile

a novel/intelligent thermo-responsive gecko

device underwater. In future, such kind of material

adhesive (TRGA) which can realize remote control

can be used to develop intelligent underwater

over the wet adhesion strength underwater against

movement equipment both for military and non-

different contact surfaces by employing the Near-

military fields. For example, such kind of material

infrared laser radiation (NIR) (published on

demonstrates great application potential in

line: https://doi.org/10.1002/adma.201801595).

medical field.” Prof. Feng Zhou said.

In typical case, the TRGA was prepared by
coating the mussel-inspired thermal-responsive
copolymer onto mushroomed elastic pillars with
doping NIR-responsive Fe3O4 nanoparticles.
Meanwhile, the local temperature control for
TRGA against contact surfaces was realized by the
photo-thermal effect of Fe3O4 under NIR. Such
NIR-responsive wet adhesion can be reversibly
Newsletter
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t University College London a team of

trauma to a joint, caused by a sports injury, fall or

experts in orthopaedic bioengineering,

car accident. By finding an effective way to treat

led by Prof Chaozong Liu, has developed

patients at an early stage of cartilage damage

a biomimetic scaffold type device which can

we could delay or avoid the need for a total joint

be implanted into a damaged joint to create an

replacement."

environment in which cartilage can reform. This

Using recent advances in tissue engineering and

innovative product could offer a one-step surgical

regenerative medicine the team has designed a

procedure to treat cartilage damaged by trauma

multi-layered support structure which mimic the

or osteoarthritis.

osteochondral tissue structure and works with

Prof Liu says: "Our scaffold technology is

the body’s natural mechanisms to bear the load of

designed to repair and regenerate cartilage

the joint, while encouraging the regeneration of

damage at an early enough stage to stop or

cartilage and bone tissue. The biomimetic scaffold

slow down the progression of osteoarthritis. It

is designed for use with large bones like the knee,

is suitable for patients who have experienced

hip and shoulder, but is flexible enough to be

Novel
Biomimetic
Scaffold
Technology
for Early
Intervention of
Osteoartiritis
Chaozong LIU
University College London, UK

adapted to work with any joint in the body, large
or small. Dr Maryam Tamaddon, the key scientist,
says: "We want to be able to offer an early surgical
intervention to patients which will relieve pain
and help them to stay active, vastly improving
quality of life. Currently a total joint replacement
is the only treatment option for many people with
osteoarthritis, which means they have to wait
until the disease has progressed to its later stages
before they can live pain-free.
"Although total joint replacement is safe and
effective, it's a major operation and expensive
to perform. Surgery using the novel biomimetic
scaffold technology will be faster and more cost-

The biomimetic osteochondral scaffold was implanted
into the pet dog (7 months old) shoulder achieved
a stable mechanical fixation (a) ; pre-surgery
arthroscopy examination revealed the degenerated

effective which would benefit the NHS and should

cartilage in the shoulder joint (b), and the newly

make a surgical solution accessible to more people

formed cartilage integrated well and shoulder joint

with, or at risk of, osteoarthritis”, as quoted from

curvature was restored after 3 months suergery (c).
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Prof Alister Hart, an orthopaedic consultant at the Royal National Orthopaedic Hospital.
Thanks to funding and project management support from Arthritis Research UK and the Medical
Technologies Innovation and Knowledge Centre (IKC) Prof Liu’s team could test the effectiveness of the
scaffold in animals. They achieved promising results, successfully treating a large cartilage defect in a pet
dog; a step forward which was broadcast on the Channel 4 series Supervet. The study has now received
a £2million Innovate UK-MoST grant to continue the development of the scaffold technology into
manufacturing for clinical use within five years.

A Novel Parallel Bionic Eye
Cheng Yuanhao, Wang Sun`an and Yu Dehong
School of Mechanical Engineering, Xi`an Jiaotong University, China

F

o r the sake of enhancing the robot’s ability of
unknown complex environment perception
and the performance of automatic monitoring

system where big field of view and fast visual tracking
of the moving object are required. The research group
from Xi'an Jiaotong University of China had designed a
novel parallel bionic eye, which imitates the anatomical
structure of human visual system as shown in Fig. 1.
The ‘anti-Tricept’ parallel bionic eye mechanism, which
adopts 3 electric cylinders to imitate the 6 extraocular
muscles, is shown in Fig. 2. The camera, of course, is
fixed on the moving platform of the mechanism. By

ISBE Student Member

controlling the length of the 3 electric cylinders, the

bionic eye orientation can be flexibly
adjusted. And the maximun adjusting
angle can reach 55.94°, which enable the
bionic eye to gain a 201.88° distortionless
field of view. What’s more, in order to
obtain clear images during the adjusting
process, different control cycles are
adopted for the image processing system
and the electric cylinder control system
respectively.

Fig. 1 Anatomical structure of

Fig. 2 Parallel bionic

human extraocular muscles

eye mechanism
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Upcoming Activities

The 2nd International Youth Conference of Bionic Engineering

IYCBE 2018
7 - 9 November 2018, Odense, Denmark
http://iycbe2018.sdu.dk/
SCOPE OF THE CONFERENCE

IMPORTANT DATES

This conference will be supported by the

Abstract Submission Deadline:

International Society of Bionic Engineering

1st June 2018 – SUBMISSION IS OPEN

(ISBE), the Youth Commission of ISBE, and
Frontiers in Neurorobotics. The objective of

Notification of Acceptance: 20th August 2018

this interdisciplinary conference is to provide

Camera Ready Submission: 20th September 2018

an international forum for youth or outstanding

Early Registration: 20th September 2018

scientists and engineers around the world who
are interested in the field of bionic science and

Conference: 7th-9th November 2018

engineering. All aspects of bionic science and
engineering and application areas are welcome.

PLENARY TALKS
John Hallam, UNIVERSITY OF SOUTHERN DENMARK, DENMARK
Zhendong Dai, NANJING UNIVERSITY OF AERONAUTICS AND ASTRONAUTICS, CHINA
Zhiwu Han, JILIN UNIVERSITY, CHINA

INVITED SPEAKERS
Thierry Darmanin, UNIVERSITY OF NICE-SOPHIA ANTIPOLIS, FRANCE
Zhiguang Guo, LANZHOU INSTITUTE OF CHEMICAL PHYSICS, CAS, CHINA
Alexander Spröwitz, MAX PLANCK INSTITUTE FOR INTELLIGENT SYSTEMS, GERMANY
Massimo Sartori, UNIVERSITY OF TWENTE, NETHERLANDS
Lars Heepe, KIEL UNIVERSITY, GERMANY
Limei Tian, JILIN UNIVERSITY, CHINA

Contact E-mail:poma@mmmi.sdu.dk
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Upcoming Activities

The 6th International Conference of Bionic Engineering

ICBE2019
September 11-14, 2019, Changchun, P. R. China
http://icbe2019.com/

SCOPE OF THE CONFERENCE
The 6th International Conference of Bionic Engineering (ICBE2019) organized by the ISBE will be held
at Jilin University in Changchun on September 11-14, 2019. This conference aims to establish a closer
relationship between scientists and engineers worldwide in the field of bionic engineering. The theme
of ICBE2019 is Bionic innovations for healthy development, which is geared towards exploring
new ideas and accomplishments for the practice of bio-inspired design and manufacture, while offering
innovative solutions. Attendees of this conference are invited to present papers related to the combination
of biological information and mechanical engineering, materials science, agriculture engineering,
rehabilitation engineering, and robotics etc. A broad range of topics and application areas will be devised
to reflect the interdisciplinary nature of ICBE.

Conference Topics:

Honorary Chair:

Bionic/biological functional structures and surfaces

Julian F V VINCENT, Heriot-Watt University, UK

Biomaterials & bionic materials

Yuanyuan LI, Jilin University, China

Bionic machinery

General Chair:

Coupling bionics
Biomechanics and rehabilitation engineering

Luquan REN, Jilin University, China

Biosensors and signal processing

Co-Chair:

Robotics, motion systems and artificial intelligence
Nature inspired energy system
Industrial applications in bionics
Bio-inspired fabrication and bio-manufacturing

Thomas STEGMAIER, ITV Denkendorf, Germany
Youhong SUN, Jilin University, China
Michael R. KING, Cornell University, USA
Zhiwu HAN, Jilin University, China

Important Events:
Abstract Deadline：October 31, 2018
Full Paper Deadline：February 28, 2019
Early bird deadline：July 10, 2019
Conference Date：September 11-14, 2019

Contact E-mail：icbe2019@jlu.edu.cn
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