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Introductions of Main Projects in 2010

1 “mMRREET R DPiRE MR ZYE L REWT R

I % BRI 7 TR (973 tHRID T H PR, 45 . 2005CB321704, 2005-2010

ST N BIOTHS, SR, MR, BRBRER, A

TUH AN RS 1) i e LI RAA R 2) RIS 130 ) 5 Bt
KWFFAEL S TR 7% 3) MRHEZME T 0 2 OB TR 7%, R R T B
D12 E BRI RLE S 23 BT DA S 22 A MR DAl ) v S 2% B2 e ) i B o SRR . 4D A
A RS 2 R AR gk — R e o B 5 51, BAT 2 B SRR 10 52 66
B S BRI AT . 5) A R BBV T VAR A AR S B R

The Multi-Scale and Multi-Physics Simulation for Physical Properties of Materials

The National Key Basic Research and Development Program of China (973 Program),
No. 2005CB321704, 2005-2009

Wanxie ZHONG, Hongwu ZHANG, Haitian YANG, Biaosong CHEN, Yiguo ZHU

Main topics of the project include: 1) Framework of symplectic theory and the
corresponding computational algorithm. 2) Molecular dynamics method to investigate
nanometer-scale interfacial mechanical behavior and interfacial failure and fracture
mechanisms of composite materials. 3) Multiscale method for nonlinear analysis of
heterogeneous materials and the higher order computational theory and model for failure
prediction of materials based on the modern mechanics theory. 4) Integrated design
optimization of materials and structures, numerical modeling and design optimization for
composite materials and structural systems considering interrelations of meso-macro scale
with multi-physics coupling effects. 5) Effective numerical algorithm and technique for the
development of large scale software system in engineering science computation.
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Advanced Design Optimization Theory of Ultralight Porous Materials and
Structures

The National Key Basic Research and Development Program of China (973 Program),
No0.2006CB601205, 2006-2010

Shutian LIU, Weihong ZHANG, Haoren CHEN, Xu GUO, Chengwei WU, Yuefang
WANG

The main purpose of this project is to investigate the integrated design of materials and
structure, the innovative design of material’s microstructure with prescribed properties (such
as zero-thermal expansion, positive Poisson ratio, specific mechanics, electricity, magnetism,
thermal couple), ultralight structure design with high energy to weight ratio and strength to
weight ratio, and with stiffness to weight ratio and to propose the formulation and
corresponding solving method of the related optimization problem with the design variables
in different scales. The advanced theory of designing the innovative configuration of
ultralight porous materials and structure will be presented. To meet the special performance
and functional demands of materials and structure in transportation facilities with high
energy dissipation (such as automobiles, high speed trains), the new method and theory will
be provided that can help designer to find, cognizance and give the new ultralight structural
configuration design with high strength to weight ratio and stiffness to weight ratio. By
designing the configuration of the macrostructure, the properties of materials can be utilized
sufficiently and the aim of reducing the structural weight can be realized based on meeting
the demands of performance and function. By designing the configuration of the
microstructure, the materials with lightweight and prescribed properties can be gained.
Especially, the integrated design strategy of material’s microstructure and structural
configurations, the reasonable configure of materials and structural geometry can be attained,
the performance of whole structure is improved and the weight of whole structure is
reduced.
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Surface behaviors and mechanical properties of f huge heavy-weight manipulator
under discontinuous movement

The National Key Basic Research and Development Program of China (973 Program),
No0.2006CB705403, 2006-2011

Gang LI

This project is one of the seven projects of the 973 program “Basic scientific problems
of huge heavy-weight manipulators”. There are generally considerable couplings between
the surface behaviors of the pairs (friction and clearance) and deformation of the members,
the rigid movement and elastic the deformation of the huge heavy-weight manipulators. The
redundant motivations and indeterminate structures may cause some uncertain and singular
mechanical behaviors. Furthermore, the surface behaviors of the main shafts are extremely
complicated. All these factors may affect the performance, accuracy of the manipulator,
cause the damage and fatigue of the members, reduce the reliability and fatigue life. This
project mainly focuses the studies on (1) nonlinear mechanical behaviors of flexible
multibody system; (2) rule of force transformation and topology optimization for members
of the huge heavy-weight manipulator; (3) transformation of lubrication state under the
unsteady force field; (4) rules of friction and wear on the surface and surface structure
optimization of f huge heavy-weight manipulator.
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The research of novel simulation methods of protein dynamic and interaction
behaviors

The National Key Basic Research and Development Program of China (973 Program),
No0.2009CB918501, 2009.1-2013.12
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Wanxie ZHONG

This project aims to research novel simulation methods of protein dynamic and
interaction behaviors, and develop new methods of molecular dynamic simulation, protein
complex 3D structure modeling and protein (ligand) interaction thermodynamic and kinetic
parameters calculation, so to improve the time-scale and space-scale of molecular simulation.
The focus is on researching new strategies, methods and techniques of molecular simulation,
establishing public technology platform of computational biology, and affording necessary
support of computation methods and techniques for other projects of this program.
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Characteristics of the Rotor System of Reactor Coolant Pump and Safety

Assessment Method
The National Key Basic Research and Development Program of China (973 Program),

No. 2009CB724302, 2009-2013
Dezhong WANG, Zhenqun GUAN
The project belongs to the 973 Program "The key scientific problems of Reactor

coolant pump manufacturing.” As the only continuous source of power in Nuclear Island,

Reactor coolant pump withstands the test of a variety of extreme conditions. How to ensure

its safety is the key scientific issue which must be resolved. Rotor system is the key

subsystem of Reactor coolant pump. This project tries to establish effective analysis methods,
and provides theoretical basis and techniques for safety assessment and performance
prediction for Rotor system.
This project mainly focuses the studies on 1) the dynamics analysis method of the rotor
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system of the reactor coolant pump; 2) the failure mechanism of the rotor component and
life prediction; 3) the degradation mechanism of the shielding component of reactor coolant
pump; 4) the mechanism and function of the inertial attachment in the conditions of accident
case.
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Some Frontier Problems of Computational Mechanics and Multi-Field Coupling
in Digital Tool for Development of Complex Equipment

The National Key Basic Research and Development Program of China (973 Program),
No. 2010CB832700, 2010.1-2014.12

Hongwu ZHANG

This project aims at the common frontier problems, advanced algorithms and software
packages of computational mechanics in the design, manufacturing and service of major
civil and defense equipments. The main research contents include: (1) theories and
numerical analysis of multi-material responses subject to high dynamic loads, material
constitutive models under high strain rate, (2) nonlinear multi-scale constitutive model of
thermal-structure coupling and high-performance algorithms, (3) structural and
multidisciplinary optimization and engineering inverse problems considering uncertainty
propagation and multi-field coupling, (4) development of new-generation integrated
software platform of computational mechanics, (5) application of multi-field coupling
analysis and non-deterministic optimization in metal forming and crashworthiness design of
automobile structures, (6) destroy and damage simulation of special-purposed equipment
under severe condition and impact loading, defense analysis of target structures. The project
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will provide essential modeling theories and numerical methods for novel design of civil and
national defense high-tech equipments, and realize self-owned copyright new-generation
large scale platform for computational mechanics and multi-field analysis.
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Structural and Multi-disciplinary optimization methods considering uncertainty
and multi-function

The National Key Basic Research and Development Program of China (973 Program),
2010CB832703, 2010.1-2014.12

PI: Prof. Zhan KANG

This project aims at investigating Structural and Multi-disciplinary optimization
methods considering uncertainty and multi-function. It will mainly focus on (1) challenging
non-deterministic optimization methods in the frontiers of structural optimization of major
industrial equipments; (2) structural and Multi-disciplinary optimization problems with
multi-scale and multi-physics coupled behaviors; (3) complex inverse problems. Research
on theories and methods of optimal multi-functional design and inverse problems
considering uncertainty and multi-physics will contribute to innovation of engineering
design and promote application of structural optimization methods.
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Design theories and methods for new generation integrated software platform for
computational mechanics

The National Key Basic Research and Development Program of China (973 Program),
No0.2006CB705403, 2006-2011

Hongwu ZHANG, Biaosong CHEN

This project is one of six projects of the national 973 program “Some frontier problems
of computational mechanics and multi-field coupling in digital tool for development of
complex equipment”. The project aims at the key scientific problem “architecture and design
patterns of integrated software platform for computational mechanics”. The project plans to
employ advanced techniques and methods of computer software and hardware, and to
assimilate the good results of current software systems for scientific and engineering
computation, and to integrate up-to-date methods for computational mechanics. The
objective of the project is to realize pursuant and leap-forward development in this regard
and then to implement an integrated software platform with copyright for computational
mechanics. Main researches include: 1) research on the enabling technologies of software
platform for computational mechanics; 2) Software design methods and techniques of finite
element analysis for structural-multidisciplinary and multiscale problems; 3) Design
methods of integrated software platform for computational mechanics.
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Theories and methods on hot forming of auto body high strength steel (HSS)
which is belong to the project entitled “Digital design of auto body lightweight and
crash safety”

The National Key Basic Research and Development Program of China (973 Program),
No. 2010CB832705, 2010.1-2014.12
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Ping HU

Hot forming theory and simulation methods of automobile load-bearing parts involving
with lightweight manufacture have being widely paid close attention to researcher and
engineer in the world. The present project focuses on the research of formability and
manufacturability of auto body load-bearing parts with hot formed by HSS, and optimization
design of the parts based on crash safety. Main research issues include: experiments and
analysis of phase transformation and hardness of the load-bearing parts, constitutive models
of multi mechanical field coupling, FEA algorithms of elastic-viscoplasticity involving with
thermo-mechanics and phase transformation and thermo contact on boundaries, and so on.

10. “ERTREHLFT K F K TINE @ K BE S ITETR” PR “ A BER
R AL R vt AR A

Pl 5 R e R AT 5T TRl (9733 RID 3 H U, 4 %5 : 2010CB731502, 2010.1-2014.12

Tt 5

AUR S ) T FT T s SRS RN 21 51 28 M S5 A A K R AR, 4o
b T A P 3% 8 ) AR5 SRS FE A R AU BB S ST A DG IR R I, T S A S kb A
P ERIA LR R B R A BILAR, 0 S I SRR B A SRR 5 R mT A B
AR N R 2R S BR HESY, JF AL e TREMING IS 2 AR, S filid
T I ZE B RS ST R R R . ) e B SR TV .

Project “Evolution mechanisms and computational model for modeling of
progressive failure process of geo-structures” under the program entitled “Theoretical
and numerical studies for prediction of failure process of infrastructures due to
geologic disaster”

The National Key Basic Research and Development Program of China (973 Program),
2010CB731502, 2010.1-2014.12.

Xikui LI

The project aims (1) to study the progressive failure process from local material
damage to perfoliate structural damage occurring in geological media; (2) to reveal
microscopic mechanisms of the transition of the geological media from continuous to
discontinuous states and then to formulate the corresponding criterion for determining the
transition; (3) to present the relationship between intrinsic microscopic failure state variables
and measurable macroscopic physical quantities at the stage of geologic disaster formation
and relevant theoretical frame through the modelling of acoustic emissions generated by
sliding friction caused in the progressive failure process, furthermore, to establish the
relation between the microscopic and macroscopic internal state variables describing the
failure evolution and engineering and environmental disturbances of the geologic medium;
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(4) to develop mathematical and mechanical models and numerical methods for describing
the failure evolution process from continuous to discontinuous state of geologic media.
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The researches on designing pipelay stingers for deepwater sub-sea pipeline-lay
barge and its homemade technology
Sub-Project of National High Technology Research and Development Program,
N0.2006AA09A105-2, 2006.10-2010.12
Qianjin YUE
There are different methods adopted to install marine pipelines, such as S-lay, J-lay,
Tow-lay and Reel-lay. Traditionally J-lay is considered to be suitable in deep water and
ultra-deepwater. However with the development of the installation technique in recent years,
S-lay has been extended to deep water and ultra-deepwater pipelaying, too. For S-lay, stinger
is one of the key equipments, which provides a suitable curved envelope and a smooth
transition to protect the pipeline when the pipeline leaves the firing line to enter the
launching ramp. And this project funded by National High Technology Research and
Development Program of China is to research the ultra-deep water stinger on the pipelaying
vessel that can lay pipe up to 3000 m depth
The purposes of this project are to comprehend the design concept and technology of
deepwater pipelaying stinger and to achieve self-innovative design.
Based on the basic principle of stinger and S-lay, the project focuses on checking the
design of the designed stinger by GUSTO firstly, and makes some detailed check in
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cooperation with related departments then. Subsequently the scaled model experiment of the
designed stinger system is to be developed, which can be useful to validate the design and
assess the system performance. Finally, technical supports are provided for the final design
of a novel stinger.

According to the study of stinger design and model experiment, an optimal scheme of
the novel stinger design is to be provided, which covers the structural optimization of stinger
design, the choice and arrangement of attached facilities, corresponded software system, and
so on. Simultaneously, an integrated design flowchart should be concluded including design
demands, analysis methods, and technical regulations.
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The grad for innovating and developing drugs

Sub-Project of National High Technology Research and Development Program,
N0.2006AA01A124, 2007-2010

Xicheng WANG

This project is to develop the massively distributed computing methods and their
implementation on grid, which involves data mining techniques for massive database with
billions of compounds. For grad research, the main work is: grid resource management
methods, transmitting methods of data on grid, and reliable task scheduling for grid
computing and multi-level searching algorithm based on grid computing. For innovative
drug design, the main research work includes: refined molecular docking methods, fast
virtual screening methods based on multi-object optimization and flexibility docking. To be
oriented with innovative drug research and development, the above-mentioned methods will
be finally integrated to produce applied software for drug molecular design, and seal them
on the grid to serve for innovative drug design.
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Pivotal technique for Design and Construction of Deepwater Semi-submersible
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drilling platform

Project of National High Technology Research and Development Program,
N0.2006AA09A104, 2007.4-2010.12

Jinping OU, Yi HUANG

Prediction technique for hydrodynamic performance and movement performance of the
platform: Analysis of hydrodynamic performance of the objective platform will be
completed; An integrated software system for analysis and optimization of collective
performance of a semi-submersible drilling platform will be developed; The time domain
nonlinear coupling analysis technique and the analysis software for hydrodynamic
performance and movement performance of the semi-submersible drilling platform, the riser
system as well as the mooring system will be developed.

Analysis technique for structural strength and fatigue life of the platform: On the basis
of the structural strength checking and fatigue life analysis according to the criterion by
certain code, analysis of impact for some important structures such as platform column and
brace, etc. under deepwater condition will be carried out, analysis of fatigue life of some
pivotal local structures in the objective platform will be carried out, analysis of structural
redundancy of the objective platform will be carried out, and finally a “Dummy load
conditions-structural response databases” software will be developed.

Full life long term effective anticorrosion technique: A full life long term anticorrosion
technique based on combinative utilization of coatings protection, sacrificial anode cathodic
protection and impressed current cathodic protection will be studyed rely on the objective
platform; The full life long term anticorrosion technique and a scheme of the corrosion
protection system for objective platform will be established.
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Numerical simulation optimization design technique of anticorrosion system for

ocean engineering
Project of National High Technology Research and Development Program,

N0.2007AA09Z320, 2007.12-2010.12

Yi HUANG, Jianhua WU

As the objective of the project, an advanced numerical simulating calculation technique
of the anticorrosion system for a complex ocean engineering will be studied, and the
computing software system will be developed, so that the core technique for optimization
design of the anticorrosion system for ocean engineering is achieved, on the basis of which,
the design technique system based on numerical simulating calculation of the anticorrosion
system for a ocean engineering is founded, and then a reliable measure corresponding to
problems of the galvanic corrosion and the corrosion resulted from stray current occurs in a
complex ocean engineering will be able to be realized, therefore the control level for ocean
corrosion would be improved remarkably, the research achievement will be applied to the
optimum design of the anticorrosion system for a real engineering object such as a ocean
platform or a seabed pipeline. The major research work of this project includes: Study on
numerical simulating calculation technique for corrosion and anticorrosion system of
complex ocean engineering and development of the integrated computing software system;
Numerical simulation and experimental research of anticorrosion system; Study on design
parameter for anticorrosion system of ocean platform and seabed pipeline; Study on
sensitivity of anticorrosion design parameter; Foundation of the databases for anticorrosion
design of ocean engineering; Study on numerical simulating design technique for corrosion
and anticorrosion system of complex ocean engineering and development of the integrated
computing software system.
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Project of National High Technology Research and Development Program,
N0.2007AA04Z405, 2007.12-2010.12

Chengwei WU

This project studies the fatigue reliability of large scale centrifugal compressors,
including the reliability design method, analysis software, and etc. The main aim is to
provide the basic design method and special software.
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Disaster prevention and reduction and dynamic analysis of long-span oversea
bridge under giant wind and wave loads

Project of National High Technology Research and Development Program,
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No.2007AA117101, 2008-2010

Yahui ZHANG, Yan ZHAO

Cross-Strait bridge span, and the bridge located at the depth of the waves, climate,
hydrology, geology, earthquakes and other factors in the marine environment is very
complex. Typhoon as well as the typhoon whipped up waves of great destructive power, but
also between the two in the intensity and direction as well as the spectrum has a complex
correlation between the cross-Strait bridge dynamic characteristics have a strong, random,
and coupling. In many cases, usually transient excitation to strong winds and waves as
equivalent static force. But for cross-Strait bridge, typhoons as well as the typhoon whipped
up waves of significant and dynamic characteristics of a strong coupling effect. Hence, in
consideration of the typhoon, as well as the typhoon whipped up waves of this destructive
environment for the actual power load characteristics of randomness and coupling for the
design of cross-Strait bridge access to very significant improvement in the structure of the
resistance with the corresponding coupling of typhoon waves structure vibration control
measures and technology will be faced with cross-Strait bridge construction, a key technical
problems.

The application is made under the project team members and support unit, cooperative
research units and equipment for the accumulation of advantage, in view of the sea bridge
design and construction of technical bottlenecks, to carry out research work as follows: 1) to
consider cross-strait bridge in the lower part of the structure of random wave coupling,
abnormal waves, swell under load to determine the characteristics of technology, effective
technology and the corresponding reduction wave device development structure. 2) based on
wind, wave and associated works, such as random vibration theory, methods, and the
establishment of a bridge under the waves coupling - water interaction system randomly in
response to the forecast equation, and further put forward an effective numerical solution of
technology, so that it can quickly and more accurately predict Cross-Strait bridge dynamic
performance. 3) Cross-Strait bridge under typhoon waves coupling the bridge towers to
reduce wave and wind loads are the key structural vibration control technology and technical
studies.

The overall objective of this project is a bridge of cross-strait momentum coupling
wave simulation in the field of basic, common issues of a more systematic study to address
the cross-strait bridge in the worst storms to face natural disaster prevention and mitigation
of technology issues for future cross-Strait bridge construction projects to provide technical
support and reserve.
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New methods and new technologies for digital design of concept auto body

Project of National High Technology Research and Development Program in Advanced
Manufacture field, No. 2009AA047101, 2009-2012

Ping HU

The project is one of imperative key technologies in national 863 projects,aimed at
solving so-called “bottleneck” of automobile body concept design with parametric
CAD/CAE integration, in order to promote technical progress of automobile concept design
field. The project will develop a fully new and powerful design and analysis methodology of
auto body concept design and closer integration software platform between CAD and CAE
technique. This project mainly focuses the studies on (1) Iso-geometric analysis method of
concept auto body; (2) Auto body data-base and knowledge-based engineering; (3)
Parametric design with morphing and deformation constraints of auto body; (4) knowledge
navigation and template technique.
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Study of key mechanical problem of deep water dynamical umbilical design

Sub-Project of National High Technology Research and Development Program,
No0.2009AA092301-2, 2009-2010

Qianjing YUE

The design and manufacture of dynamical umbilical used for oil exploitation by subsea
system has not been carried out in China. The aim of this project is to study mechanical
problem of designing deep water umbilical. The structure of dynamical umbils is quit
complicated and could not be simulated by analytical and numerical approachings. The
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task of the project will conduct the research for primary design, section enhance design and
global design with the numerical and prototype test in laboratory.

19. “DIMARSRB) ¥ CAEFE” TIRE “HEANEFHIEET T IV T M54 52
Pt SRACKEERIT 7

[ 25K “863” 1 Xl Tl H 1, %i'5: 2009AA044501, 2009-2011

st N BeHiR

T 1) 22 U ST IR ST 10, WFA - ARE0T 1 (DAED AHSRFERE S0 B 6L
FAESCHR ORI i R 3 S R S s B S5 R AT s G DAL e e, SRR
BB TS i R . B O 22 SIS 2 R 0 R 07 B SR A S (B A 5 W ) T i
VLR . TERMUE BT K o i AL, FF S MU R Ze8) )17 CAE V-G .

The software development on fundamental algorithm library and structural
analysis and optimization for mechanical components

Sub-Project of National High Technology Research and Development Program,
No0.2009AA044501, 2009-2011

Weian YAO

To achieve the simulation of multi-domain complex mechanical systems, a solver on
differential-algebraic equations (DAE) is designed which possess the functions of discrete
event handling and self-adaptive adjustment for stiffness problems, while the large scale
computations with high efficiency on structural analysis and optimization are investigated.
The ultimate objective of this project are, (1) to provide a general algorithm library for
simulation of multi-domain complex mechanical systems; (2) to develope the function
module on structural analysis and optimization for mechanical components, and integrate it
with CAE platform on mechanical systems.
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Micro / nano-coating spray and stress analysis of magnesium alloy connecting
parts

Sub-Project  of  National Science &  Technology  Support  Program,
No.2006BAE04B05-4-1, 2007.6-2008.12

Xia ZHOU

High velocity arc spraying technology of micro/nano-coating was studied on the
surface of magnesium alloy connected components according to the protection requirements
for magnesium alloy structure in vehicles, aerospace and other fields. In the project, a
magnesium alloy coating / substrate system stress analysis model was established on the
basis of the force conditions of the coating / substrate system and finite element software
platform. In addition, a three-dimensional finite element analysis on the stress and
deformation of the composite coating system. The influence of coating thickness, elastic
modulus ratio of the coating / substrate on the distribution of stress and deformation of the
system was also discussed. The aim of the study is to increase the bonding strength and
corrosion resistance of the coating / substrate system, at the same time, to provide better
analysis of the stress state for magnesium alloy protection technology. In order to verify
wear and corrosion resistance of the micro/nano-coating on the surface of magnesium alloy
connected components, nanoindentation test simulation was carried out on a magnesium
matrix sample with super-hard micro/nano-ceramic coating materials. And the results show
that the microhardness (93.7GPa) of the coating will be 37.2 times of the microhardness
(2.52GPa) of the magnesium matrix. This shows that magnesium alloy connected
components with coating will be more wear resistant.
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Key equipments and experimental study for utilization of sea ice resources present
in Bay Bohai

Sub-Project of National Science & Technology Support Program, No. 2006BAB03A03,
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2007-2010

Zhi ZONG, Shaoxin WANG, Jun MA, Shaoling NI

The phase change from sea water to sea ice is a natural desalation. The amount of salt
in a unit volume of sea ice is below 20% that of sea water. The longer the sea ice is, the less
salt it contains. Therefore, if we were able to collect sea ice from the sea in winter and stored
it until the summer, sea ice could be desalted by use of natural resources. The Bohai area is
proud of ice resources. In this project we will study the mechanism of how to collect ice
from the sea using vessel; and then manufacture a vessel model to be tested in the towing
tank with purpose to examine the feasibility of ice-collecting mechanism; after that, design
and manufacture another large-scale vessel to be sea-trialed, providing necessary technical
support for putting the project into industry.
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Structural strength of high-speed train body

Sub-Project of  National Science &  Technology  Support  Program,
2009BAG12A04-A08, 2009-2012

Guozhong ZHAO

The study belongs to the fourth subject “high-speed train body technology”, in National
Science & Technology Pillar Program ‘the research of the key technologies and equipment
of the Chinese high-speed train’ in the 11th Five year Plan of china. High-speed train body is
the key man-machine interface components and load carrying structures. The technical
condition of the car body effects on the safety and reliability and comfort. Because of the
increase in level of speed, the static and dynamic loads are more complex and the body's
vibration and fatigue problems are more serious. Currently, on the design standards and
criterions for the car body of high-speed train more than 380 kilometers per hour, very little
domestic and abroad references can be found. The domestic research of the car body of the
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high-speed train speed is urgently needed to be supplemented and improved. There are three
project tasks: 1) The key design techniques and criterions of high-speed train body; 2)
Experiment techniques and standards of static strength, stiffness of the high speed train body;
3) The safety assessment of body structure.
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Enhance design capability for the train using pseudo-excitation method

Sub-Project of  National Science &  Technology  Support  Program,
N0.2009BAG12A04-A03, 2009-2012

Yan ZHAO

This project is one of the national key technology R&D program *“Key technology and
equipment development for China high-speed train”.

The random vibration of high speed trains is one of the most important factors that
affect the ride comfort and the fatigue life of some parts of the train. The conventional
random vibration methods are too inefficient to deal with such complicated computation,
therefore a few samples of the trail irregularity are usually taken to perform step-by-step
integration, and the results are statistically proceeded to give the approximation of random
vibration results. This process is not only very costly, but also less accurate. The
pseudo-excitation method (PEM) has now been widely used in many fields, e.g. dams,
bridges, platforms, many other kinds of structures subjected to the random action of
earthquakes, wind-gusts, ocean waves, and so on. Its use in the random vibration analyses of
train/track systems has also been proved to be quite effective. The most important advantage
of PEM is its extremely high efficiency. The computational time for a strict random vibration
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analysis required for a vehicle-body FEM model with one million degrees of freedom is only
about one hour on a personal desk computer. The simulation platform of random vibration
based on PEM is very important for dynamic performance design of high-speed trains, and
also is important aspect of research project.
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Research on Technology of finite element analysis of floating structures

Sub-Project of Major National S&T Program, No. 2008ZX05056-03-04, 2008-2010

Gang LI

This project studies the strength of typical floating structures of deep-sea platforms,
local fatigue problem and global properties, and develops the methodology and technology
of the fine finite element (FE) modeling and design-oriented technology FE analysis of
floating structures, which will be provide the theoretical foundation for the design and
manufacturing of the deep-sea platforms. The project covers: (1) Fast FE modeling method
and error control technology; (2) Applications of sub-structure technology in FE modeling
of floating structures; (3) Multi-scale and multi-objective FE analysis of floating structures.
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Sub-Project of Major National S&T Program, No. 2008ZX05026-006-02,
2008-2010

Qianjin YUE

The project is one of thenational science and technology program “The key issues in
Large FLNG/FLPG . FDPSO” which belongs to “Large Oil , Gas Fields and Coal Bed
Methane Development Program”. Ship motion will result in liquid sloshing in the tank and
affects the safety of the tank. So the study of sloshing in the tank is very necessary.

This project mainly focuses the studies on (1) The study of liquid sloshing experimental
equipment and technology in the FLNG/FLPG tank; (2) The study of liquid sloshing model
test; (3) The temporal and special distribution of maximum sloshing impact load in ultimate
strength analysis; (4) The characteristics and time history of sloshing load in fatigue analysis;
(5) Numerical study about liquid sloshing in different type of tanks;

FDPSO is a new concept of exploring deep high sea that fused all functions together.
The movement between deck in drilling moon pool and ship can reduce the efficiency of
drilling job, even break the drilling equipment. This project mainly focuses the studies on: (1)
Simulation Research of FDPSO-TLD system’s heave control; (2) The research of
FDPSO-TLD’s model experiment
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Monitoring of deep water floating platform.

Sub-Project of Major National S&T Program, N0.2008Z2X05026-002-05, 2008-2010
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Qianjin YUE

Floator, mooring line and riser composite deep water floating production system. At
present, the design of floating platform has not well studied and lack experience of deep
water oil exploitation. In order to design and operate a deep water platform it is necessary to
conduct monitoring research.

The project will study the monitoring technology of deep water floating platform and
use for exist the platform is Southsea of China. The research will be used to check the design
theory, guideline the platform operation.
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Research and Development of Prototype for Submarine Pipelines Inspection

Sub-Project of Major National S&T Program, No0.008ZX05026-005-06, 2008-2010

Zhanjun WU, Qianjin YUE

This project is one of the many sub-projects of the Major National S&T Program

“Development of large oil/gas field and coalbed methane” . The development of ocean oil

and gas field is playing a key role in Chinese energy strategy. Submarine pipelines serve as
the arteries of the oil and gas transportation. These pipelines typically work under harsh and
complex environmental conditions and hence are prone to damage like corrosion and cracks.
If pipeline damage can not be found in time, the failure of the pipeline may result in great
economic loss and even severe environmental disasters. In this project we are aiming at
carrying out research for submarine pipeline corrosion inspection and monitoring using
guided wave technologies. Through the research, we will set up a research platform enabling
systematic research activities involving guided ultrasonic wave inspection and monitoring.
Meanwhile, we will develop a prototype of submarine pipeline inspection instrument.
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Software development and research on digital design of Machine Tool for
static-dynamic-thermal behaviors

Project of Major National S&T Program, No. 20092X04014, 2009-2010

Yali Ma, Shutian Liu and Delun Wang

This project is targeted at forming industry version software on digital design and
analysis of Machine Tool with fully independent intellectual property, providing software
support for improving the quality, innovation ability and level in Machine Tool’s design, and
promoting the technical progress of Machine Tool industry. Both the mechanical model
driven by machine type and serialization parameters and the load constraint algorithm are
analyzed to reveal the static, dynamic and thermal performance of different types and series
of Machine Tools under mechanical-thermal multi-field coupling condition. In the mean
time, topology optimization of the static, dynamic and thermal characteristics of machine
parts is established to realize the optimal design of static and dynamic thermal characteristics
and multi-functional collaborative structure. In addition, knowledge base of static and
dynamic thermal analysis and design for Machine Tool is built, and the theoretical mode is
modified according to the experimental data to improve the credibility and reliability of this
digital design software, in order to obtain a digital design software special for machine tool
with static and dynamic thermal characteristics.
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Large heat treatment equipment structure calculation and optimization

Sub-Project of Major National S&T Program, No. 20092X04008-011-004, 2009-2011

Xiaopeng ZHANG

This topic is a national science and technology major special subject. Large heat
treatment equipment is mainly aimed at 21000MW nuclear power production design of the
rotor. Large nuclear power units of generator rotor, turbine rotor are important components,
because generator and steam turbine rotor forgings bulk and weight oversized. That can not
be made, in domestic and only rely on imports. Affected by foreign supply capacity, even
the international political factors, the price of imports is expensive, for foreign equipment
suppliers extremely limited. Nuclear power generator rotor performance heat treatment is
characteristic of the vertical heating + vertical quenching injection. Nuclear power rotor,
length of overweight and oversized rotor to 18 meters, weight of 300 to 400 tons, must
undertake the corresponding heat-treatment equipment technology development and
technology research, and promote super-large heat treatment quench heating equipment and
cooling equipment ability. But large foreign heat treatment equipment is expensive, related
to national economic security, especially the restriction of heat treatment of key
manufacturing nuclear power rotor major technical equipment. So it is important to
independent design and manufacturing.

This topic is large heat treatment equipment main frame structure analysis and
optimization, in order to achieve economic and reasonable and applicable.
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Analytical Structure Mechanics and Related Problems

Major Program of the National Natural Science Foundation of China, N0.10632030,
2007-2010

Wanxie ZHONG

The conservative system can be described by using Hamilton system and its main
feature is symplectic preservation, so conserving the symplectic structure of the system is
the most important features. Based on the analytical structural mechanics, the project will
establish symplectic algorithms for applied mechanics. Firstly, the project will establish and
improve the basic theories of analytical structural mechanics, and broken through the
traditional constraints of the time difference scheme and construct a set of space-time finite
element sequences with higher precision and better stability for numerical analysis of
conservative linear and non-linear system. Secondly, through the research of symplectic
perturbation for potential energy and mixed-energy, the project will establish symplectic
matrix perturbation method based on the canonical transformation and the matrix
multiplication which will provide rich and better numerical analysis method with effective
performance for the short-wave approximation and parameters identification problem and
will begin the preserving structural theories and application research for the high oscillation
problem. Finally, the project will establish high-precision and highly efficient algorithms for
some special functions which will lay a solid foundation for the numerical integration of
nonlinear systems and give effective analysis tools for the optimal control system with time
delay. This research of the project will develop the traditional analytical mechanics to the
analytical structural mechanics level and promote symplectic mathematical methods of
applied mechanics on the basis of Hamiltonian system.
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Computational Mechanics and Engineering Scientific Computations

NSF Project for Innovative Research Team in China, No. 10721062, 2008-2010

Hongwu ZHANG, Wanxie ZHONG, Gengdong CHENG, Zhen CHEN, Haitian YANG,
Chengwei WU, Shutian LIU, Zhaohui QI, Xu GUO, et al.

The principle research direction of the project is the computational method and design
optimization theory for advanced structures and materials. The aim is to investigate the
fundamental theory and numerical methods of multi-scale computations and macro-micro
integrated design optimization with multi-physics coupling and extreme environment, and to
develop systemic and innovative theories, models, algorithms and software system. The
research contents include the advanced computational method and structural optimum
design under multi-physics coupling effects, design optimization of material
micro-structures, multi-scale nonlinear analysis of materials, macro-micro integrated
structure-material concurrent design optimization, multi-medium and multi-physics coupling
material computations and multiscale simulation of nano-materials, and basic
high-performance computational algorithms and software platform. The project is to
promote the combination of computational mechanics with engineering, and the advances of
computational mechanics as well as, in particular, the theories and methods of structural and
multidisciplinary design optimization. The applications in the fields of advanced
manufacture, aerospace vehicles, MEMS/NEMS, new materials, biomedical engineering,
and etc. are also fended.

32. BRI N KEBRRESU T SRR EH K

B H AR T kR (R ASIE D), 4w’ 90715037, 2008-2011

Ui DN STTEY

AT H B TF R K TR S ) KA EE R S8, HEAT T ) AT A
TR PGS AT BR TR RGAERE . AT R s RE A R BT
RS E T BRI TAE . WFIC LR e R IR R 45 M . AP 2.
P OSBRSSO A R CR G 7 & X S A R RS
P TE, TP O R SE AR . A BR TG A0 K EHR R 63 ) AT FR G R 1
WHE; PR AR AL E R T R 2R KU FE M 532
R BRSBTSy A R R FSCHE T WA T S 1R 4T 55
/AR E b INTINEe £n  l IN 7 0 L  IN  ¥  ag = RS N YIE A L', NS | S R B
PR R AR BN ) K AR KA G AT 3, R K UAR BN ) K AR AU 2R G0 46 ik

115



B RFERPERT ST AR, B H AR KR B TR SN ) AR R & AT 5 Y
FER A R A e fb T 5 B Bk Al o

An numerical software platform for dynamic harzards analysis of key engineeirng
structures

Major Program of the National Natural Science Foundation of China, No. 90715037,
2008-2011

Hongwu ZHANG, Biaosong CHEN, Wanxie ZHONG, Yunpeng LI, Mingchu LI, Sheng
ZHANG, et al.

The project is to design and develope an numerical software platform for dynamic
harzards analysis of key engineeirng structures. The research consists of four main tasks: a)
design of engineering database system for large scale computation, b) developement of open
software system for structural finite element analysis, ¢) construction of extensible high
performance numerical algorithm library and d) investigation of grid based advaced
computational techniques. In the design of engineering database system, key problems are
system architeture design, high performance management of large scale data, computer
memory and storage devices. In the development of finite element system, main attentions
are paid to system framework design, implementations of software application interfaces,
distributed computation and object-oriented design for coupled mulitiphysical problems. In
the construction of numerical algorithm library, research work includes object-oriented
design, generic programming techniques, numerical objects design of large scale algebraic
equations, general purpose matrix class design and distributed computation. The
investigations of grid computation techniques include management of tasks and resources,
data transport, security strategy and mobile agent technique. The software platform in the
project will play a solid foundation for the development of overall integrated computational
software system. The overall software system will be employed to integrate the theory and
numerical algorithms for dynamic harzards analysis of key engineeirng structures.
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Multi-scale method for failure analysis of soil foundations subjected to dynamic
loading

Project of National Science Foundation of China, No. 90715011, 2008.1-2010.12

Xikui LI

Aiming at the soil foundations of key engineering structures with large scales as
engineering background, a multi-scale model and corresponding computational methods
with high accuracy and efficiency for numerical simulations of mechanical behaviors in
geotechnical structures of granular materials subjected to dynamic loadings are to be
developed, in which saturated discrete particle model (with the discrete element method) and
saturated Cosserat continuum model (with the finite element method) are respectively
adopted. A gradient enhanced computational homogenization procedure in microscopic level
leading to high-order macroscopic Cosserat continuum models is intended to develop. The
relations between kinematic and kinetic variables in microscopic and macroscopic levels and
the RVE boundary conditions for the high order homogenization procedure are derived. The
homogenization procedure and corresponding formulations for macro-structural constitutive
models including the parameters used in the models are to be established for granular
materials on the basis of a micro-mechanical approach. The micro-mechanical mechanisms
for macroscopic failure phenomena characterized by coupled plastic, damage and breakage
processes and dynamic instabilities of granular assemblages are to be studied. Based on the
theoretical framework of thermodynamics and the consistency conditions between
micro-structurally and macro-structurally based constitutive responses macroscopic
constitutive model for the failure description and the identification of its parameters are
delivered from the micro-mechanical process. It is desired to explore the mechanisms of
micro-structurally damage and failure, resulting in dynamic disaster phenomena occurring in
the soil foundations with large scales subjected to complex dynamic loadings, characterized
by the strain localization due to strength softening and stiffness deterioration observed in the
macroscopic level.
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Preparation and performance of new high-strength, heat-resistance and broad
band wave-transmitting porous Si3N4 ceramics

Project of National Natural Science Foundation of China, No. 10802018, 2009-2011

Hongjie WANG, Jian ZHANG, Bo WANG
According to the contradiction between strength and dielectric properties, application
temperature and its heat stability, a new idea of micro-structural design and preparation
method of high-strength, heat-resistance and broad band wave-transmitting porous Si3N4
ceramics was proposed, which was used in antenna redome of near space vehicle(NSV).In
this work, the Si3N4 and non-crystal nano-Si3N4 powder was used as raw material, and the
gel-casting method was applied. First, the nano-Si3N4 phase was prepared in Si3N4
ceramics through the crystalline process of non-crystal Si3N4, then, through controlling the
monomer content, the micropores was homogeneously dispersed in the ceramic body. This
new material has the merit of lightweight, high strength, excellent heat-resistance, low
dielectric coefficient and high wave transmissivity. At the mean time, there is not glassy
phase in the grain boundary, so it has excellent thermal properties, which satifies the
properties of antenna redome of NSV. Through analyzing the mechanical and thermal
properties, for the porous ceramic, some mathematics models on characterizing the related
performance are to be developed and effect of micro-structure, morphology and relative
density on the macro-performance is to be identified.
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DESIGN OPTIMIZATION THEORY OF ULTRA-LIGHT MULTIFUNCTIONAL STRUCTURES
ORIENTED TO NEAR SPACE VEHICLE

Major Program of National Natural Science Foundation of China, N0.90816025,

2009.1-2012.12

Gengdong CHENG

Theory of The present project aims at light weight design of near space vehicle by the
approaches of integrated and/or multifunctional structure/material design and develops
structural optimization theory and method to realize the goal and the approaches. Multi-scale
design optimization theory will be developed. Performance characterization, manufacturing
and experimental techniques of a number of ultra light multifunctional material will be also
touched.
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Research on dynamic failure modes and hazard-resistant / hazard-transferred
optimum design for tall buildings

Major Program of the National Natural Science Foundation of China, N0.90816023,
2009.1-2012.12

Gang LI

With the rapid development of ecomonomy in China, there are more and mor flexible,
complex-shaped and irregular super high buildings, whose hazard evolution under the
earthquake and wind loads is dynamic, nonlinear and uncertain in nature. These hazard
behaviours may cause the problems of structural safety, equipment servicibility and human
comfort. Thus, it is an challenging task with both theoretical and practical significance to
improve the global hazard-resistant capacity of tall buildings.by seeking the innovative
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design concept, designing and optimizing the load path and failur modes of tall buildings,
based on the comprehensive understanding of the dynamic failur modes of tall buildings.
This project will perform the research on dynamic failure modes and hazard-resistant /
hazard-transferred optimum design for tall buildings, according to the guideline of NSFC,
optimization of structural failure modes and the global hazard-resistant capacity of major
civil infrastructures. The contents of this project include: 1) description of the dynamic
failure modes and the global hazard-resistant capacity of tall buildings; 2) hazard-resistant
optimum design for tall buildings; 3) hazard-transferred optimum design for tall buildings; 4)
reliability and robustness of the global hazard-resistant capacity of tall buildings under
dynamic loads. The results of the project will provide the relevant foundation of theory and
methoology to improve the global hazard-resistant capacity of tall building as well as other
major civil infrastructures.
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Research on key mechanical problems of hot forming for high strength steel

Major Program of the National Natural Science Foundation of China, N0.10932003,
2010.1-2013.12

Ping HU

At present, Hot forming of high stregth steel is thought to be the best way to improve
safety of car and manufacture lightweight loadbearing parts in auto body. The present preject
is focus on multi-disciplinary research, including establishment of constitutive equation
involving with Multi mechanical field coupling (thermo, force, phase transformation) and
multi-scale coupling, experimental measure of macro-micro material and mechanical
parameters related to scale effect, FEA formulation of elastic and plastic large deformation
depending on phase volume expansion, strain rate, hot friction on boundary, and so on.
Mechanical analysis and performance optimization on crash safety are also studied for some
typical auto body load-bearing parts used the hot forming technique.

120



38. &ML
EEZ A M EERE RS, g5 10925209, 2010.1-2013.12
Mot N: FRIE

39. ARG P BAIR R N BN

K ASREL LS, 4’5 10972044, 2010.1-2012.12

PoT N SR

VRN — TR, BRI RRAEAE ERE VIR ST RERIE Rk, B REX
HMEPER G R e [RIN, B A AR N g R LT AN T TE G B B A, AR Bk B 28 2 AR )
A2 o T AARBAE ARSI L P 35 52 B 2 RN A g oK/ TR S s 138
PIitioR . MG BRI AL NIs s A AR AR By, I R e AR I3 sh 7 i A DA R %
flese X, HETAA 52 B2 N AR Ak )y o SR, bl TR A A A ) S A FRD AL 0 o B e
LR AR IS BE B 207 LN BCR S, VAR ZE I T 0T I 2o o0 A 45 2R AR W) B
HISEMH . B YERFIRIZ B LU R BONL], RIS 2 20 s ) AR B L . AR H 99
IR W S ) B A LB R AT ST, i HH Tl B4 RS ) 1l 78 N A Ak
AL BBl ) RN IR STV, T RERS AE IR FF B IS 8) 2 A R R N 20 dr 2
WRGETBRNE I AT, AR s o B 85 RO AT SE v, O 2B R Se i it
SR AR

Mechanism for Reaction Forces of Joints in Multibody Systems

Project of National Natural Science Foundation of China, N0.10972044

Qi Zhaohui

Joints link bodies in multibody systems, and their malfunction can result in the failure
of whole system, or disasters in some cases. Meanwhile, stresses in them usually vary in
high frequency, making them become easy to damage. Therefore, the understanding of
contact situation and contact forces in joints is urgently needed in engineering. According to
traditional theories, the constraint of a joint has to be released in order to detect the contact
situation and to calculate the contact forces with the relative motions between bodies.
However, it often results in tremendous difficulties in ruling out the computational errors
because of great difference in the order of magnitude between tiny relative movements of
bodies in the clearances and the movements of bodies themself. Joints not only maintain
their kinematic constraints, but also generate reaction forces. Through the investigation of
the deep insight about how the reaction forces are generated, this project will present a
method to determine the contact locations and contact forces in joints without the necessity
to release the joint constraints, which can improve the reliability and efficiency of the
contact analysis.
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Dynamics and control of hybrid tethered and free-flying formations near libration
points of the Sun-Earth system

Project of National Natural Science Foundation of China, No0.10972045 ,
2010.1-2012.12

Zhigin CAl

The satellite system near the libration point orbits has the fabulous potentiality for the
future deep space exploration. The dynamics and control of either free-flying formations or
multi-tethered formations on libration point orbits are the new scientific research at home
and abroad. In this project , the dynamics and control of Hybrid tethered and free-flying
systems on libration point orbits will be investigated. Firstly, Based on the Hill’s restricted
three-body problem and flexible tether model, a new dynamical formulation of the hybrid
formation systems will be developed, which can be utilized to describe the coupling
dynamics of the orbital motion of the parent satellite, the attitude motion of the subsatellites
and the vibration of the tethers. Secondly, in order to deeply investigate the characteristics of
the Hybrid formation systems near libration points, the key facts relevant to the system
stability will be studied by numerical simulations of the uncontrolled dynamics. Finally, in
order to carry out the hybrid control on the orbital motion, configuration-keeping, and the
vibration of tethers simultaneously, a fast, precise, real-time and easy-operation nonlinear
system controller will be developed by combining the independent control methods on the
relative position control of free-flying formation and attitude control of tethered subsatellites
and vibration control of tethers. Furthermore, the dynamics and control for reconfiguration
stage can be considered. The above work will not only provide the reliably theoretic and
practical foundation for our nation’s deep space exploration and safety, but also facilitate the
fundamental theories and applications of dynamics and control.
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Location of noise source and reconstruction of acoustic field based on time
reversal

Project of National Natural Science Foundation of China, No0.10972046,
2010.1-2012.12

Sheng LI

Location of noise source and reconstruction of acoustic field is the key to noise control.
This project concerns the location of noise source and reconstruction of acoustic field based
on time reversal (phase conjugation) and tries to develop a new technique by making use of
the focusing property and the two-way travel capacity of the acoutic time reversal and by
combining the acoustic field measurement and computation techniques.
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Microscale Experimental Mechanics Study on Interfacial Stress Transfer and
Debonding in Polymer-matrix Fibrous Composite

Project of National Natural Science Foundation of China, N0.10972047, 2010.1-2012.12

Zhenkun LEI

The objective of this project is to investigate and explore interfacial stress transfer and
failure behavoir of polymer-matrix fibrous composite in microscale expeimental mechanics.
Some key problems studied by means of micro-Raman spectroscopy and full-field
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photomechanics method, such as stress distribution on interface between fiber and polymer
provided from matrix and fiber levels in typical microscopic mechnical tests, the influence
of specimen geometry and interfacial chemical bonding on interfacial micromechanical
characters (interfacal stress distribution, stress concentration and thermal residual stress),
discussion of physic-chemical and mechanical mechanism on interface debonding, providing
expeimental evidence of relationship of interfacial shear stress in microscale and interface
pullout force, developing interface stress transfer and failure model of fibrous composite in
the view of microscale experimental mechanics. The significance of this project manifests
on providing essential microscale experimental mesurement and full-field observation tool
for study of interface mechanical problems in composite and other related applications.
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Stochastic dynamic behavior of vehicle-bridge coupled systems under
multi-support seismic excitations

Project of National Natural Science Foundation of China, No0.10972048,
2010.1-2012.12

PI: Yahui ZHANG

The proportion of bridges in the whole railway is growing with the improvement of the
design standards, in particular the rapid development of high-speed railways. Therefore, the
chances of the train on the bridge have increased considerably during an earthquake. The
vehicle-bridge coupling system is a time-varying dynamic system, with non-stationary and
non-linear properties. Moreover, the high flexibility and low damping of the dynamic
properties make them more sensitive to seismic actions. The non-uniformity and
nonstationary nature of the ground motions should be considered in the design. On the other
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hand, the material non-linearity of the beam and column elements, expansion joints, block
boundaries and connections as well as the foundation also plays an important role. Due to
the complexity of the structural type, materials, connection with non-structural systems, as
well as the complexity of load, the seismic analysis of the vehicle-bridge coupling system
has been paid considerable attention. In this study, a new algorithm for the seismic analysis
of the vehicle-bridge coupling system subjected to multi-input seismic actions will be
developed based on a hybrid method of generalized modal synthesis method. The force
transfer mode of the vehicle-bridge coupling system will be investigated. The mechanism
damage and failure of the coupling system will also be explored. Furthermore, a software
system of the stochastic dynamic analysis of the vehicle-bridge system under multi-input
earthquake actions will be developed.
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st N R
The superpiercing and cutting mechanism of biomicronanotoothed needles
Project of National Natural Science Foundation of China, N0.10972050, 2010-2012
Chengwei WU
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The Synthesis of Carbon-encapsulated Metal Nanoparticles by Detonation and the
Corresponding Research on Mechanism

Project of National Natural Science Foundation of China, No0.10972051,
2010.1-2012.12
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Xiaojie LI

As the detonation of explosives can synchronously produce 1000~4000K high
temperature and 1~30GPa high pressure, Carbon encapsulated metal nano-particles
(CEMNPs) can be synthesized in the detonation wave reaction zone, this new idea of
CENMPs’ synthesis was proposed in this project.According to the characteristics of
detonation synthesis CEMNPs, a macro-mechanism of equilibrium state and a
micro-mechanism based on the impacting aggregation of nano-particles will be built up for
the ultimate purposes artificially controlling CEMNPs.

Firstly, investigate other synthesis methods of CEMNPs, choose representational iron
group elements to synthesize CEMNPs by detonation and also explore other elements
doping and alloying effects on carbon-coated particles. Then, based on the results, build up a
phase diagram model of detonation wave reaction zone with equilibrium state theory,make
confirm the distribution of various phases in detonation wave reaction zone, use above
researches to constitute the macro equilibrium state mechanism of detonation synthesis.
Establishing the nucleation and growth kinetics model of nano-particles in the detonation
reaction zone , combined with the evolution of the particles in the expansion zone of
detonation products, eventually constitute the micro-mechanism of detonation synthesis
CEMNPs.
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Duration effects and intensity measure parameters of near-fault ground motions

Project of National Natural Science Foundation of China, N0.50978047,
2010.1-2012.12

Dixiong YANG

The severe damage action of near-fault ground motions attracts the close attention of
researchers in earthquake engineering. Considering the different source mechanism of
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earthquake events and duration action and intensive damage property of near-fault impulsive
ground motions, this project deeply investigates their duration effects and intensity
parameters affecting the seismic damage of high-rise building structures. From the general
and specific perspective, this project respectively explores the duration effects of near-fault
motions on the dynamic damage of building structure with different periods, and structural
hysteretic energy and low-cycle fatigue cumulative damage. Furthermore, the corresponding
inelastic design spectra are established. For the impulsive near-fault motions and long-period
high-rise buildings (including the base isolated building and passive energy dissipation
structure), the intensity parameters of ground motions related to the structural dynamic
performance based on the inelastic response spectrum are proposed, and the optimal
intensity indices are determined. Moreover, probabilistic seismic demand analysis and
seismic fragility analysis of high buildings are conducted efficiently, and the structural
condition probability and collapse probability to the various damage states are obtained.
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Symplectic theories and numerical methods for the wave in the anisotropic layered
materials

Project of National Natural Science Foundation of China, No0.10902020,
2010.1-2012.12

Qiang GAO

Efficient and accurate numerical methods are the key issues for wave propagation in
layered anisotropic crystal. Based on the advanced theoretical methods, this project uses
own outstanding research results, such as symplectic theories, precise integration method,
extended W-W method and symplectic-preserving methods, to establish advanced
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theoretical and numerical methods in this area. The most important feature of this project is
integrate a series of symplectic theories and numerical methods developed by our research
team to achieve the following: (1) establish the symplectic theories for the wave propagation
in the anisotropic crystal based on Hamiltonian system; (2) base on the mixed variables and
precise integration method for two points boundary value problem, develop the transfer
matrix method with high stability and precision, and on this basis, by combining precise
integration method and extended Wittric-Williams algorithm, develop efficient methods for
the surface waves in layered anisotropic crystals.; (3) based on the above symplectic theories
and numerical methods, establish the symplectic-preserving methods for periodic layered
anisotropic crystals.
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Research of nano-oxides synthesis by detonation of emulsion explosives

Project of National Natural Science Foundation of China, No0.10902023,
2010.1-2012.12

Xiaohong WANG

The project is the applied basic research of National Youth Science
Foundation in which the method of nano-oxide powders synthesis by detonation
of emulsion explosives is developed. Its basic idea is that ammonium nitrates are
substituted by metal nitrates as oxidants in emulsion explosives which are
decomposed, recombined and then gennerated into nano-powders in detonation
reaction. It is a brandly new application for emulsion explosives and is
applicable for synthesis of many complex oxides. As a low-cost and
low-consumption method, it has the possibility and superiority of replacing some
of other synthesis methods. Following researches in the present project are
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carried out: (1) The characteristic of the nano-crystals with the dopping elements,
(2) The preparing process, thermal stability, detonation characteristic of these
special explosives. (3) The relationship between materials' properties and
detonation parameters; (4) The detonation structure of the explosives, the state
and nucleation mechanism of nano-crystals in detonation reaction zone, and their
developing track during the course of expansion of detonation products.
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Concurrent optimum design for the layout of multi-component structure and
topology of components

Project of National Natural Science Foundation of China, No0.10902019,
2010.1-2012.12

Yongcun ZHANG

Structural topology optimization has already been a significant way for innovative
design, and is widely used in the design of lightweight and multifunctional advanced
industry equipment structures. However, topology optimization is mainly used to design a
single component currently. The practical engineering structures are usually complex
structure which is assembled with beams, plate, shells and others. Every optimal design of
components is determined by the layout of multiple components(the collocation and the
connection of each components), and the different topology also affect the optimal layout of
structure. So, we should consider the concurrent optimum design for the layout of
multi-component structure and topology of components. In this project, a theory will be
presented for designing the optimal layout of multi-component structure and the topology of
components collaboratively. The geometry of components and the connective relationship
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with others must be clearly described, in order that the local parameters (stress, local
stability) and the global(displacement, frequency) parameters can be exactly described in the
process of optimization. By this way, the results of optimization can be used in practice
directly. The mathematic models of optimization and the corresponding solving methods will
be built considering the multiple constraints(for example: weight, stiffness, strength, stability,
etc).The strategy for the concurrent optimum design of the layout of multi-component
structure and the topology of components will be researched, and the corresponding theories
or methods will be presented.
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OPTIMUM DESIGN OF HIERARCHICAL SKELETAL STRUCTURES
Project of National Natural Science Foundation of China, No. 50878038, 2009-2011
Gengdong CHENG
The well known Eiffel tower, Golden Gate bridge are examples of giant hierarchical
macro structures and have very low relative density. Their superior mechanical properties
have been verified during their long historical service. Inspired by these superior hierarchical
structures, the present project aims at developing optimization method for hierarchical
skeletal structure by integrating structural topology, shape and size optimization approaches.
Optimum design of one or two engineering hierarchical structures will be studied and
verified by laboratory experiment.
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Failure mechanism of piezoelectric smart composite structure considering
interfacial fracture

Project of National Natural Science Foundation of China, No. 10872038, 2009-2011

Ruixiang BAI

This project is the national natural science foundation of China. Based on experiment
observation and numerical simulations, the interfacial failure behavior of piezoelectric smart
composite structure will be observed and the corresponding analysis model and method will
be developed. The effect of physical and geometric parameters, interfacial strength on the
crack initiation, growth and degradation of control ability of piezoelectric smart composite
structure will be investigated systematically.
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Adaptive motion and refinement method for 3D dynamic hybrid mesh

Project of National Natural Science Foundation of China, No. 10872040, 2009-2011

Zhenqun GUAN

In this research project, adaptive moving and remeshing approach of three-dimensional
dynamic hybrid-mesh is studied for the numerical simulation of fluid-solid interaction
problem. We will propose some high-performance algorithms, and establish a common
platform of three-dimensional dynamic hybrid-mesh adaptation to address the meshing
difficulty in the numerical simulation of fluid-solid interaction process. At study of
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three-dimensional dynamic hybrid mesh moving approach, a new vertex-ball topology
model and a Laplacian-like adaptive algorithm will be presented to overcome the mesh
distortion and low efficiency problems of the classical mesh moving method in the cases of
large boundary displacement and large deformation. At study of three-dimensional dynamic
remeshing approach, local/global mesh refinement algorithms based on the optimization
approach will be presented to solve the adaptability of classical remeshing methods. Based
on Riemann metric tensor and balance-tree, the basic framework of the mesh size control in
dynamic mesh adaptation process will be built, in this way, isotropic/anisotropic,
priori/posterior mesh size control will be brought into unified framework. With balance-tree,
the dynamic mesh data structure based on the topological connection is designed to improve
the bottom data operation efficiency. This research works will be applied to the numerical
simulation a class of fluid-solid interaction problem to verify algorithm. The establishment
of the object-oriented universal platform of mesh generation will provide important support
technique for independent knowledge innovation CAE system.
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Design and Development of Open Object Oriented Software System for Structural
Finite Element Analysis

Project of National Natural Science Foundation of China, N0.10872042, 2009-2011

Biaosong CHEN

The project is to develope an object oriented software system for structural finite
element analysis(FEA). With the employment of C++, Object oriented design methods and
UML, it is planned to propose an open software architecture and improve the software
maintainability and extensibility. Main tasks include: design of general class library for FEA
and investigation of relevant design patterns, software framework design for nonlinear FEA,
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construction of data-independent numerical algorithm library. In order to meet the
requirements for large scale compuations, a specific database management system with high
efficiency for FEA is planned to developed. It is aimed to propose a XML protocol of FEA
data description, and its applications will realize data sharing among FEA softwares. One
prominent feature of the proposed system is to construct an open architecture based on
plugins technology, tasks of which include design of module interface standards, design of
plugin interfaces and dynamic management mechanisms. Attentions will be also paid to the
investigations of task and resources management algorithms and software technology for
FEA distributed computation based on multi-CPU and local network.

54. NP EAY I EER RN T HEREMT A

K ARELA L4, ST 10872043, 2009-2011

PDT N K

H 2 NS TSR IR 1 o AEF T g BabG AT ) 5 i A £ 49 0 11.35%
3.86%, bl SPENT RN 14% ol TR A4 AR R BE I E A% 3 2h RE WFAT
TR AL PRI RE, S8 I A T HAE ) S BB R, s AR . AR
J3 AT A4S RS R B A 2% JUAT TR A 2 1) S PR I AR s 0 o S AT A AL B 1 ) 2 AT
N e FE N INEME LSRN . BN (P H SN EEG A BeoE, Al
G 6] T B JEEAR I B 0 27 AT i, o ol A B A [ R A 2 e, B R
PR R, RO R P B AR ) A BB R R TGV R R I 0 T 1R 1) e, B A%
RAFIBARFLSENME . i, AT H SR H RS E g™ B 7925, e R 2% ) ] B A,
A B A= 0 2 U Y R BORS Al o R i A vh EL I R 27 D, Ol v HAR P SR LR )
WA AR T I0 G2Wr, By 7 U R oAl D S0k, o AT
SRRENch AR e G R A I )

The biomechanical model of human middle ear and the base of middle ear implant

Project of National Natural Science Foundation of China, N0.10872043, 2009-2011

Yingxi LIU

Deafness is on the first place of various disabilities. In our country, the incidence rate of
hearing disorder is about 11.35% and of the hearing disability is about 3.86%, 14% of these
diseases are conductibility problems. Because it is difficult to measure the ear conduction
momentarily in vivo, we hope to establish a vivid and high efficient computational
biomechanics model for the researching of sound transmission of middle ear. The Finite
Element Method can solve the problems which can not be fulfilled by any other analytical
method, including totally simulating the complicated geometry forms and anisotropic
characteristics of middle ear as well as quantitating the mechanics behaviors of any position.
But the setting of the ‘inner boundary’ (the binding site of middle and internal ear), the
mechanics behaviors description for the both sides of oval window and base of stapes
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including many couplings such as “the acoustic-structure coupling” and “the liquid-solid
coupling”,has not been solved satisfactorily and become the key problem to the validity of
the model. The “virtual cochlea” simplifying the complicated issue was proposed to make
the acoustics function of middle ear in vivo be precisely described so that the pathogenesis
and the intervention Cincluding diagnosis, optimization of the treatment and prognosis) will
be studied and the efficient numerical analysis platform for the design and evaluation of the
artificial middle ear will be provided as well.
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Research on loading capacity and optimum configuration design of
non-continuous 2D lattice sandwich structure

Project of National Natural Science Foundation of China, No. 10802016, 2009-2011

Bo WANG
Non-continuous 2D lattice sandwich structure is a new type ultra-light sandwich structure.
Because of its designable inner channel and excellent loading capacity, it is to be used as a
Thermal Protection System (TPS) for hi-speed aircraft. Theoretical analysis, numerical
simulations and experimentations are studied respectively in this application. Based on the
topology optimization and multi-objective optimization technique, the structural loading
capacity is optimized through designing the topology, size and layout of the supports. The
main works of the application are as follows: aiming at some typical supports, to study the
relationship between the supports' geometrical parameters and structural stiffness, strength
and thermal performance, and to study the optimum morphological characteristic; to develop
topology optimization method for the configuration design of supports aiming at the
structural stiffness and heat insulation performance. To build up multi-level optimization

134



model in order to achieve 'stiff-heat insulation’, ‘active cooling' and ‘'maximize bend stiffness'
through topology optimization or respond surface methods. Some fabrications are to be
studied and classical mechanical experiments are to investigate for loading capacity test. It is
still in the initial stage on the international study of this kind of sandwich structure, the
project research results to promote the development of methods of structural design and
engineering application.
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Research on multiscale computational methods in friction stir welding

Project of National Natural Science Foundation of China, No. 10802017, 2009-2011

Zhao ZHANG
This project comes from the National Natural Science Foundation of China. Friction stir
welding (FSW) was invented as a new solid state joining technology by the welding institute
in UK in 1991. FSW has many advantages such as high quality weld, low defects,
environment friendly, etc. and has been applied to aerospace, ship, automobile, and train
industries. In FSW process, microstructures are changed due to the effects of large
deformation and heat. The microstructural evolutions in the friction stir welding process can
obviously affect the mechanical properties of the friction stir welds. So, it is necessary to
develop the numerical models on macro continuum scale and micro crystal scale for the
theoretical researches on friction stir welding. The objective of the current work is to
establish the multi scale model of friction stir welding with consideration of the
recrystallization process and the variations of the precipitations. Based on the established
model, the mechanical properties of the friction stir welds can be predicted. By the
simulations of the friction stir welding on macro continuum scale and micro crystal scale,
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the internal relations between the two models on micro and macro scales can be further
studied and then the investigations on the mechanism of friction stir welding can be
improved. Based on the numerical models established, the formations of the friction stir
welds can be explained based on the developed theory.
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Research on the fluid flow induced by electrocapillary effects

Project of National Natural Science Foundation of China, No. 10802019, 2009-2011

Guojun MA

Microfluidics system, due to its miniaturization, integration, high efficiency and low
cost, has many potential applications in MEMS, micro-total analysis system and so on.
However, how to drive and control the fluid in microchannel in microfluidics system is still
a key problem. In 2001, Prins, et. al., revealed that the fluid in microchannel (arrays of
microchannels) can be controlled by electrocapillary effects. These findings show that
electrocapillary effects probably can be used in the control of microfluidics. Unfortunately,
there are still many problems in this technique. Therefore, in this program, we will firstly
establish a fluid mechanics model of the fluid in the microchannel induced by
electrocapillary effects, and then give the corresponding numerical algorithm of this problem.
At the same time, experiments will be carried on to investigate the accuracy and efficiency
of the model and algorithm. Finally, detailed numerical analyses will be carried out to reveal
the influences of various parameters on the fluid in the microchannel induced by
electrocapillary effects. We hope this work can be useful to improve our knowledge of the
behavior of fluid in the microchannel induced by electrocapillary effects.
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The optimization anasysis for co-curing and soft-mold technics factors of
advanced grid-stiffened structure during manufacture process
Project of National Natural Science Foundation of China, No. 10702012, 2008-2010
Mingfa REN, Haoran CHEN, Mu QU, Zhifeng ZHANG, Qizhong HUANG, Hao XU

By theoritical analysis and numerical simulation in conjuction with experimental study,
a multi-fields coupling analysis problem between stess, temperature and curing extent fields
during the co-curing manufacture process for advance composite grid structures (AGS) is
investigated in the project, which main contents involve as:

(1) Establish a muti-fields coupling analysis model based on testing observation during
the stage of AGS's co-curing manufacture process;

(2) Deduce some Finite Element formulas for analyzing the multi-fields coupling
problem of co-curing process;

(3) Develop a software package for designing soft-mould and simulating the co-curing
manufacturing process.

(4) Discuss the effects of thermal and mechanical properties for constituets of AGS,
mould characteristic dimensions and technics parameters during the fiber winding, curing
and demoulding stages upon the qulity of AGS product,such as geometry, loading capacity
and etc. form some typical parametric studies.

The theory ,methods and engineering software provided in this projet should be valuable
to engineering designers and researchers for studying on mechanism and designning
optimum technical parameters of AGS's manufacture process.
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Mechanical behavior and reinforcement mechanism of high performance

CNT/UHMWPE composite fiber

Project of National Natural Science Foundation of China, No. 10702013, 2008-2010

Shilun RUAN, Chungiu YANG, et al.

This project will focus on the carbon nanotube reinforced ultra high molecular weight
polyethylene composite fiber. Using the traditional process,gel-spinning, this nano
composite fiber can be fabricated for the industrial application in the future. By
characterizing the mechanical behavior of this composite fiber with the highly oriented
polymer chains, the effect of carbon nanotube on the mechanical properties can be
investigated to find the best conditions used in the fabrication of fibers. With the help of
electron microscopy, the relation between mechanical properties and the structure of the
composite fiber can be researched. Based on the experimental results, the molecular model
for this composite with the different orientation of polymer chains can be set up and used to
investigate the effect of interface on the mechanical properties of composites and
understanding the reinforcement mechanism. Once the reinforcement mechanism is known,
this technology can be used in the industrial fabrication of high performance fibers.
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Numerical modeling of multi-variables inverse problems with fractional
derivatives: Viscoelasticity

Project of National Natural Science Foundation of China, No. 10772035, 2008-2010

Haitian YANG

The theory of fractional derivatives has received considerable interests in the recent
years, and been successfully applied in various areas such as mechanics, physics, system
control, finance, and biomedical engineering etc. One of the important aspects of the
application of fractional derivatives theory is to determine the relevant parameters in a
model or a field formulated by fractional derivatives, such as the unknown constitutive
coefficients, and the unknown terms related to source and boundary conditions.
Unfortunately it seems pretty less progress directly relevant to this issue has been reported,
we therefore propose a proposal to carry out a study providing numerical methods to
determine the above items by solving the inverse fractional derivative problems with
multi-variables. The major points of the proposal include: 1.Developing a numerical model
based on integral transformation and the sensitivity analysis in the Phase-Space. 2.
Developing a numerical model in the time domain, which facilitates the application of
intelligent optimization methods. 3. Investigating the computing accuracy and efficiency of
the proposed numerical models. 4. Investigating the influence of the ill-posed behavior and
the additional information on the solutions.

The study will initiate from the inverse viscoelastic problems with fractional derivatives,
and hopefully make some fresh contributions.
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Numerical analysis and design optimization of structure and sound coupling
system under random excitation

Project of National Natural Science Foundation of China, No0.10772038,
2008.1-2010.12

Guozhong ZHAO, Yanchuang DING, Lei SHI, Yuedong WANG et al
The numerical analysis and design optimization are used to decrease the structural noise in
this project. The project studies high effiency solving algorithms of the finite
element/boundary element for acoustic-structural coupling system, numercial modelling and
solving techniques of design optimization, the theory of the sensitivity analysis based on the
statistical behaviors, and the practical optimization methods.An integrated acoustic-structure
design optimization model for coupling system will be bulit. A new sensitivity analysis
theory of the non-symmetrical matrix under the random load will be proposed and a new
sensitivity analysis algorithm of the strucyural vibration acoustic radiation, based on finite
element and boundary element,will be presented. This project also will give a multi-level
optimization method including the size, shape and topology designs. Some key program
techniques will be discussed .For the optimal locations of the dammping and absorptive
materials, the optimization criterions and mathematic model of optimal placement will be
proposed. The topological optimization theory and the advanced optimization algorithms
will be used to solve it. Some typical examples will be presented to demonstrate the the
validity of the methods and theory. A basic software prototype system will be provided for
the application of this technique.
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Analytic Singular Elements for Plate Bending in Symplectic Space and its
Applications

Project of National Natural Science Foundation of China, No. 10772039, 2008-2010

Wei-an YAO
Solutions of plate bending with stress singularity have significant engineering practicability.
In this project, a set of analytical singular elements for thin plate and middle-thick plate are
constructed by applying the excellent methodology -symplectic dual system, so high
precision and efficient numerical technique for plate bending with stress singularity can be
presented. The project shows a new numerical solution and theory for plate bending problem.
Firstly, plates bending problem is introduced into the polar symplectic dual system, so
analytical solutions of sector plate bending problem with arbitrary vertex angle and
boundary conditions can be give by separation of variables and symplectic eigenfunction
expansion in the symplectic space which consist of deflection, rotational angle and their dual
variables. On basis of their solutions, a set of singular elements for plate bending problem
are formed. The elements can strictly satisfy all differential equations in domain and
boundary conditions, and accurately describe the characteristic of stress and displacement
fields near singular point. Then stiffness matrixes of singular elements can be obtained and
connected with conventional plate bending ones by applying variational principle, thereby
they can be applied to numerical solution of plates bending problem with stress singularity.
This project extends symplectic dual system into numerical method, which is greatly
significant in theory and has wide application foreground.
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Mechanical behaviors of granular materials of quasi-solid-liquid phase transition
at Micro-macro scales

Project of National Natural Science Foundation of China, No. 10772041, 2008-2010.

Shunying JI

The quasi-solid-liquid phase transition, which appears in various fields widely, is one
unique property of grnaulr materials at macro-scale. The mechanical behaviors of granular
materials at macro-scale have a close relationship with their contact processes at micro-scale.
Therefore, a non-linear viscous-elastic-plastic contact force model for irregular-shape
particles will be established with the aids of collision, contact, compression and shear tests at
micro-scale. Based on this contact force model, the rehological properties of granular matter
at macro-scale will be modeled with the discrete elememt model (DEM), and also be
validated with shear cell tests in physical lab. Through the statistical analysises of strength,
duration and orientation of force chains between particles at micro-scale, the
macro-mechanical properties of granualr matter will be investigated to determine a
theoritical criterion for quasi-solid-liquid phase transition. The main target of this project is
to establish a viscoelastic-plastic constitutive law for granular materials under various flow
phases.
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Study of optimization methods for drug molecular design using grid
computing

Project of National Natural Science Foundation of China, No. 10772042, 2008-2010

Xicheng WANG

This project is to study the optimization methods based on the induced fit modeling for
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drug molecular design. Multiobject optimization methods of mathematical programming
will be developed to establish a refined molecular docking model considering protein
receptor and ligand flexibility simultaneously, which will consist of force-field-based,
empirical and knowledge-based score functions. The noval model will be used to optimize
drug molecular design. Some efficient black algorithms will be developed to solve the above
optimization model with multi-field and multi-scale problem by combining the evolutionary
algorithms. clustering analysis, surrogate modeling methodology together with traditional
optimization methods. Then parallel virtual screening methods based on grid computing will
be developed to overcome the computational bottleneck of the refined molecular docking
considering protein receptor flexibility. To be oriented with drug design and development,
the above-mentioned methods will be finally integrated to produce applied software for drug
molecular design to do high-throughput virtual screening to billions of compounds.
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Samutaneous design of actuators and host structures for shape adaptive flexible
structures

Project of National Natural Science Foundation of China, No0.10728205,
2008.1-2010.12

Liyong TONG, Hongwu ZHANG, Zhan KANG, Biaosong CHEN, Guozhong ZHAO, et
al.

A shape adaptive structure can employ either mechanical actuators or smart material
based actuators to provide actuation authority to the host structure. Compared to the
mechanical actuators, the smart material based actuators are typically compact and
lightweight and may provide a balanced stroke, bandwidth and force thus a higher energy
density when adequate amplifiers are built-in. Research into such a scietific challenging
problem is starting as there exists very limited literature. The overall objective of this
project is to develop a generic algorithm for simultaneous design optimization of shape
adaptive flexible structures and to explore new smart material based compact actuators.
The expected outcomes are: (1) to develop novel concepts and formulations for simltaneous
design optimization of shape adaptive flexible structures; (2) to develop understanding of the
solid-fluid coupling in the nastic movements of plants, and to develop relevant models for
two-phase solid-fluid cellular active materials and actuators for shape adaptive structures.
This project is scientifically challenging and has an important engineering potential. It will
contribute to the development of shape morphable wing technology and its research.
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Study on Forecasting Techniques of Engineering Sea Ice

Special funding project for Marine Commonweal Trades, No0.200805009,
2008.7-2011.6

Yu LIU, Shunying JI

Sea ice is the one important disaster in winters of the Bohai, China. In this project, the
object is to prevent and reduce the sea ice disaster, to set an example to protect the oil/gas
exploration in the sea ice environments of Bohai Sea, and to develop the forecasting
techniques of engineering sea ice. Under the following studies: (1) the forecasting
techniques of sea ice parameters, (2) the interaction mechanism between sea ice and offshore
structures, (3) the prediction of sea ice conditions with high precise in local zone, (4) the
identification of hazardous ice floes, (5) the simulation of drifting trance of ice floes, a
demonstrating system will be established for forecasting techniques of engineering sea ice. It
can be applied in the Safety Guarantee System (SGS) of oil/gas exploration in the
ice-covered zone.
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The dynamics analysis for the coupled system of Pantograph and catenary

Scientific Research and Development Project of the Ministry of Railways,
No0.2010T001-C, 2010-2011

Qiang GAO

In this project, the parametric variational principle and the precise integration method
are used to analyze the wave behavior of the coupled system of pantograph and catenary,
and analyze the effect of the speed of the train to the dynamic behavior of the coupled
systems of pantograph and catenary. The parametric variational principle and the
corresponding quadratic programming algorithm are the powerful tools for the analysis of
the nonlinear problems. They can be used to handle the contact problems precisely, to
determine the accurate contact states, and to effectively solve the nonlinear problems results
from the different tension and compression modulus of the droppers. Precise integration
method can give very precise numerical results and can avoid the rigid problems effectively,
so breaks the restrictions on the time step and can reflect accurately the wave characteristics
of the coupled system. Based on the above methods, the dynamic and wave behaviors of the
coupled pantograph and catenary system are analyzed.
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Formation flying control of distributed space system
Specialized Research Fund for the Doctoral Program of Higher Education,
20070141067, 2008.01-2010.12
Zhigang WU
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Design theory research for new generation software system of computational
mechanics

Program for New Century Excellent Talents in University, Ministry of Education of
People’s Republic of China, NCET-07-0128, 2008-2010

Biaosong CHEN

The Project plans to develop design theory for new generation software system of
computational mechanics by employing updated software techniques and tools, hardware
devices such as networks and high performance computers. The main work includes: 1)
Design methods of engineering database system for large scale computation, which covers
general purpose data retrieving techniques for FEM, FDM, FVM; storage managements for
large scale matrix; and data accessing methods among multi-files, multi-partitions and
multi-disks; 2) Object oriented Finite Element Software System, which covers designs of
object class, software modules and design patterns; management of computational tasks and
Application Programming Interfaces(APIs); design methods for multi-physics Finite
Element Software System; 3) High performance numerical algorithm libraries, which covers
numerical generic programming techniques(such as algorithms of linear/nonlinear algebraic
equations, eigen problems and numerical integration methods) for FEM, FDM, FVM;
software techniques for distributed and parallel computation.
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Introducing talents of discipline for disaster prevention and reduction in civil
engineering
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Project supported by the Programme of Introducing Talents of Discipline to Universities
in China, No. B08014, 2008.1-2010.12

Hongwu ZHANG (CO-PI), Gengdong CHENG, Wanxie ZHONG, Gang LI

This project was supported by the Program of Ministry of Education of China for
Introducing Talents of Discipline to Universities. It covers the following activities: 1)
collaborative research and exchange of information in the research on disaster prevention
and reduction for important and large scale engineering structures. 2) studies on the
numerical simulation and multiscale computation of disaster prediction for engineering
structures. 3) structural optimization and reliability analysis of engineering structures under
dynamic loading conditions such as earthquake and wind loads. 4) advanced theory and
numerical algorithm for structural control.
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Non-probabilistic reliability-based topology optimization of materials and
structures using multi-ellipsoid convex model.

Specialized Research Fund Project for the Doctoral Program of Higher Education, No.
200801410013, 2008-2010

Zhan KANG

The topology optimization considering material and parameter uncertainties will attain
the best performance even in presence of system variations. This project will investigate the
structural topology optimization with non-probabilistic reliability constraints. Interval and
convex models will be used the design problem will be formulated into a optimization
problem with constraints on reliability. Mathematical programming methods will be
employed for solution of the problem.
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Structural performance and optimization of hierarchical skeletal structure

Specialized Research Fund Project for the Doctoral Program of Higher Education, No.
200801411053, 2008-2010

Bo WANG
Inspired by superior hierarchical structures of biology and engineering, the project aims at
studying a number of typical engineering hierarchical structures, analyzing their various
failure modes and strength at specific level, discussing the effect of structural topology,
shape and size parameters on the failure mode and strength at specific level. Analytic
formula for failure criterion will be attempted wherever is possible in order to study their
general law and deepen the understanding of their superior mechanical and multifunctional
properties. Based on the above study, optimization method for hierarchical skeletal structure
is developed by integrating structural topology, shape and size optimization approaches.
Under the given constraints on structural material volume, structural rigidity, strength for
various failure modes, optimum design of one or two engineering hierarchical structures will
be studied and verified by laboratory experiment. The impact of structural defect on
structural performance will be examined to gain general understanding.
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Analysis and Concurrent Optimization for Light Structures and Materials based
on Cosserat continuum model

Specialized Research Fund Project for the Doctoral Program of Higher Education,
No0.200801411052, 2008-2010

Jun YAN

More and more experiments on the cellular or truss-like materials showed that the
equivalent mechanical properties depend on the ratio of characteristic lengths of
macrostructure to microstructure, especially in the neighbor of boundary layers. The
classical continuum theory can’t consider the effect from the characteristic length of cell, so
can not explain the size-dependent mechanical properties observed in the experiments. As a
result, micropolar or Cosserat theory is adopted as a general theory of continuum mechanics
to account for these effects. A new united approach to formulate the equivalent micropolar
constitutive relation of 2-D periodic cellular materials is developed and the multi-scale
algorithm for the micro-stress of cellular materials is researched based on the results of
macro effective analysis. The optimal macro structural configuration and microstructure
with specified properties are obtained based on the Cosserat continuum representation with
topology optimization techniques. The concurrent optimization models for the structures and
materials with the objective of maximum stiffness and optimum stress distribution are
developed and the corresponding effective algorithm is established. This research will help
to probe the new theoretical model and designing technique for ultra-light materials and
structures.
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Fundamental mechanical behaviors of discrete granular matter and its
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applications in engineering

Program for New Century Excellent Talents in University, Ministry of Education of
People’s Republic of China, No.NCET-08-0072, 2009-2011

Shunying JI

The granular matter exists in various research fields and has been invesitigated
comprehensively in the past couple decates. To undersatnd its complex intestine
mechanisum and extrinsic behaviors, and to sovle the different granular problems, the
contact force model on micro-scale (particle scale) and the rehological properties on
macro-scale should be investigated. In this project, the fundamental mechanical behaviors of
granular matter are studied firslty. With both of numerical and experimental approaches, the
contact force model of single particle is improved on micro-scale, and the motion
characteristics of granular matter are analyzed on macro-scale to establish the
visco-elastic-plastic constitutive model. Based on the research above, the applications of
granular mechanical theory are applied in two aspects. The one is to model the sea ice
dynamics with discrete element model (DEM) on various scales to improve the precision of
sea ice numerical results. The other one is to study the dynamic behaviors and failure
process of railway balast. Therefore, this project is the fundamenal reaserch of granular
matter on micro-macro scales, and also the engineering applications of granular matter
theory in the dynamics of sea ice and railway balast.
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Research on mid-frequency vibration analysis based on the effective impedance
methods

Scientific Research Foundation Project for the Returned Overseas Chinese Scholars,
State Education Ministry, 2009.03-2011.03

Sheng LI

The frequency spectrum where simulation methods can be utilized for vibration analysis
can be divided into three regions: low, mid and high frequency. This project concerns the
mid-frequency vibration problems and the effective impedance methods to solve such
problems. This project mainly focuses the studies on: (1) Hybrid methods for mid-frequency
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vibration; (2) Effective impedances between flexible members and stiff members; (3)
Sensitivity analysis of the effective impedance; (4) Response variance induced by the
uncertainty of the effective impedance.
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Design optimization and control of piezoelectri intelligent structures considering
heat effect

Program for New Century Excellent Talents in University, Ministry of Education of
People’s Republic of China, No.NCET-09-0259, 2010-2012

Guozhong ZHAO

This project studies the numerical model, theory and numerical analysis method of the
design optimization and control system of piezoelectric intelligent structures considering
heat effect, optimal location method of piezoelectric actuators and sensors, and the theory
and methods of sensitivity analysis for the coupling system. An integrated control-structure
design optimization model with design parameters of structure, electrical field and heat field
will be proposed. Based on the sensitivity analysis, an optimization algorithm will be
presented for multidisciplinary complicated system. Some typical examples will be
presented to demonstrate the the validity of the methods and theory. A basic software
prototype system will be provided for the application of this technique.

80. WA SERHI ARG — R R T ELR
R 2R B TR 4, 405 . 20090041110023, 2010.1-2012.12
g N X4 H

8l. BERE kBB S RBY KR THLEFI
e A A T R IR R B, 45 20090041110024, 2010.1-2012.12
Pog N RN
Mechanism of Carbon-encapsulated Metal Nanoparticles Synthesized by
Detonation
Specialized Research Fund Project for the Doctoral Program of Higher Education,
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N0.20090041110024, 2010.1-2012.12
Xiaojie LI
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Research on the method of structure health monitoring on cryogenic tank

Scientific Research Foundation Project for the Returned Overseas Chinese Scholars,
State Education Ministry, 2010.12-2012.12

Zhanjun WU

This project researchs the structural damage identification method and monitoring
technology on cryogenic liquid fuel composite tank of hypersonic spacecraft. The method is
built to solve the main problem about liquid-solid coupling system damage identification of
cryogenic liquid fuel composite tank to a certain extent. Structure modal monitoring
technology and a set of software system about the liquid-solid coupling system modal
analysis and damage identification of composite tank are provided to be applied to such
important structures. These provide advanced practical technology to ensure the safety and
avoid serious accident. This project mainly focuses the studies on (1) The methods of
theoretical derivation, numerical analysis and experiment are employed to study the dynamic
properties of composite tank liquid-solid coupling system, including the basic dynamic
characteristics and dynamic response characteristics in external excitation; (2) Aiming at the
filling liquid composite tank, considering the liquid level height variable, the damage
identification algorithm based on the random subspace algorithm and the statistic theory is
developed. (3) A set of structure modal identification technology about dynamic strain
measurement is established.
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Structural topology optimization methods for fail-safe requirements

Specialized Research Fund Project for the Doctoral Program of Higher Education,
N0.20100041110012, 2011-2012

Zhan KANG

This project investigates structural topology optimization methods for acquiring
fail-safe performance of structural systems subject to damage or uncertain parameter
variations. Uncertain variations of structural parameters and loading conditions will be
models with convex sets and intervals. Reliability and robustness constraints will be
incorporated into the design problem. Special strategies for efficient solutions of the
resulting double-loop optimization problem will be developed.

84. Bl LN S HPIE SR BT

B AR B TURMF L 42, 45 20100041110013, 2011-2012

st N 4B

20 HWF M BT — B L7 AL . SIS DU T < AU FUL £ AR R 3,
AR A4 3 1 W B ) R AT RS A AR LI, DAAMEL I BEA0 e 28 ] LA TR A4 R )
g, W% 2 b Mg 05 B A sl 0 H o 3875 AMig 37 3 AR S5 TR 3 5 AL
S A AR (LRI b, SRR R A, R TARFI SN S5 0 LA £ U0
A FERILEN PRSI 52T, SRR AENLAS BT I OCBRERER D AR Tl AN
I SRS 7 T 0 Y S S AR R R T SR

The controlling mechanism and optimization design of intelligent bionic fishes

Specialized Research Fund Project for the Doctoral Program of Higher Education,
N0.20060141008, from 2011 to 2012

Xinsheng XU

This project researches a subminiature robot fish aid the method of optimization design.
For the subject, a new analytical method is presented for a subminiature robot fish, which is
controlled by external magnetic fields. In the method, the alloy sheet is simulated as the
framework of the fishtail and the giant magnetostrictive material (GMM), which is attached
the sheet, as the muscle of fish. In this wise, the mechanics model is given. Base on studying
the mechanism of fish swimming, GMM actuator (GMMA) of the robot fish is devised and
can be simulated as the nerve to control the swing of the fishtail, or fish swimming, by the
external magnetic field. Results show that the average propulsion depends upon material
constants, geometrical parameters and the frequency of the magnetic field. Especially, the
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propulsion is the larger when the frequency of the external magnetic field is close to the
natural frequencies of the system. This conclusion can be used for the primary idea to
control and drive the fishtail of the robot fish.
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Control on the friction at the solid-liquid interface on micro/nano scale

Doctoral research fund of Liaoning Province, No. 20071082, 2008-2010

Guojun MA

Because the surface- volume ratio is usually very large on micro/nano-scale, the friction
at the interface becomes one of the most unfavorable factors that decrease the properties of
MEMS. In recent years, how to decrease such harmful effect has received more and more
attentions in the MEMS. In this program, we focus on the how to take advantage of
boundary slip to decrease the friction force at the interface. Firstly, we will create the
calculation model and numerical algorithm of the boundary slip problem when the solid wall
has heterogeneous slip/no-slip properties. Secondly, we will study the influences of the
geometry topology on the behavior of boundary slip at the interface. Finally, an optimal
design will be carried out to decrease the friction force.
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Optimization analysis of advanced composite grid structures co-curing
manufacture parameters

Doctoral research fund of Liaoning Province, N0.20071093, 2008-2010

Mingfa REN

By theoritical analysis and numerical simulation in conjuction with experimental study,
a multi-fields coupling analysis problem between stess, temperature and curing extent fields
during the co-curing manufacture process for advance composite grid structures (AGS) is
investigated in the project, which main contents involve as:

(1) Establish a muti-fields coupling analysis model based on testing observation during
the stage of AGS's co-curing manufacture process;

(2) Deduce some Finite Element formulas for analyzing the multi-fields coupling
problem of co-curing process;

(3) Discuss the effects of thermal and mechanical properties for constituets of AGS,
mould characteristic dimensions and technics parameters during the fiber winding, curing
and demoulding stages upon the qulity of AGS product,such as geometry, loading capacity
and etc. form some typical parametric studies.
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Development and study on heat transfer enhancement for an effective plate heat
exchanger with small temperature difference

Natural Science Foundation Project of Liaoning province, No. 20072180, 2008-2010

Yongning BIAN

In this study, the performance of fluid flow and heat and mass transfer are explored
experimentally and numerically. Based on the above experimental results, the mechanism of
flow and transfer enhancement could be described, which will be an important reference for
the development of effective heat exchanger with small temperature difference applied to the
ocean thermal energy conversion system..
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Research on the Mechanism of the Ship-hull Curved Plate Forming Process by the
High Frequency Induction Heating

Natural Science Foundation Project of Liaoning province, No0.20072186,
2007.10-2009.10

Yujun LIU

The project is aimed to develop an induction heating system for the ship-hull curved
plate. The major researching tasks include the following aspects: the experimental and
numerical research on the technical parameter of the steel plate induction heating process,
building the mathematical model between the deformation and technical parameters of the
steel plate induction heating process, and optimization control of heating path and heating
parameters in the steel plate forming by induction heating.

The project will actualize an automatic bending forming process for the ship-hull
curved plate under induction heating resource. Thus, the complex curved plate forming
process will be under accurate control, and the ship building period will be shortened.
Meanwhile, the project will build the theory and technical basis for the replacing
oxyacetylene flame with high frequency heating resource in the double curved ship-hull
plate bending forming technology. The project will promote the production technology
reform, and high frequency heating resource will be adopted in the complex curved plate
forming facility in shipyard. The forming facility will evidently promote the production
efficiency of ship-hull curved plate, and increase the shipbuilding output and the market
competition ability of the shipyard.
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The key mechanics problems in structure optimization design and manufacturing
of large centrifugal compressors

The support plan of outstanding scientists of Liaoning Province, 2008-2010

Chengwei WU
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Symplectic theory and numerical method for wave propagation in layered
anisotropic crystal

Doctoral research fund of Liaoning Province, No. 20081091, 2009.1-2012.12

Qiang GAO

In this project, based on the Hamiltonian theory framework, the symplectic theory and
the efficient symplectic numerical methid will be established for layered anisotropic material.
This project mainly focuses on: 1 the symplectic theory of body wave, surface wave and
enegy band of periodic structure; 2 the efficient numerical method for the enegy band
analysis of periodic structure based on the symplectic theory, the concept of mixed enegty
and the eigenvalue count; 3 the symplectic algorithm for the surface wave of layered
anisotropic material.
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Predication of ship dynamic response using FEM/SEA hybrid approach

Natural Science Foundation Project of Liaoning Province, No. 20082170,
2009.01-2010.12

Sheng LI

Flexible structural members and stiff structural members coexist in a ship and the
typical connections between flexible members and stiff members will be identified. The
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effective impedance between the flexible members and the stiff members will be calculated
using component mode synthesis method based on the constraint modes and the principal
modes. The hybrid FEM/SEA approach combines the conventional FEM models with SEA
models for analysis of ship structural vibration. Conventional FEM are employed for
modeling the behavior of the stiff members and SEA for the flexible members, they are
combined by the effective impedance between them to solve the mid-frequency vibration
problem in ships. The proposed method will be compared and validated by accurate FEM
results with very dense FE mesh and experimental results. The application of the new
development in this project to the prediction and design of ship dynamic response is very
promising.
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Description of multi-sourced uncertainty of equipment structures and
reliability-based optimization

Innovation Team Project of Universities of Liaoning Province, N0.2009T014,
2009.1-2011.12

Zhan KANG

This project will propose non-probabilistic description methods for uncertain
parameters and loads of industrial equipments from multiple sources. Mathematical models
and regularization of constraints of non-probabilistic reliability-based structural optimization
will be investigated. Efficient numerical algorithms for double-loop optimization problem
will be developed and practical engineering design problems will be treated.
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The development of system-level solver in simulative dynamic calculation

158



Key Laboratory Project of Universities of Liaoning Province, N0.2009S018, 2009-2011

Weian YAO

The simulative calculation is one of the important technologies in increasing the
competitiveness and improving the self-renovation capability of the equipment
manufacturing industry, in which numerical algorithm and development of system-level
solver for ordinary differential equation (ODE) and differential-algebraic equations (DAE) is
one of the core elements. This project mainly focuses the studies on (1) implement of solver
for ODE in dynamics; (2) numerical algorithm and implement of solver for conservative
dynamical system; (3) integral arithmetic and implement of solver for dynamical system
with inequality constrain.
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Structural Analysis and design optimization of railway train body
Innovation Team Project of Universities of Liaoning Province, No.LT2010018,
2010-2012
Guozhong ZHAO
This project Studies the key design techniques of the car body effects on the safety
and reliability and comfort for high-speed train and heavy haul train. Some main research
tasks are static and dynamic strength analysis, structural design optimization of the car body
considering vibration and noise performances.
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Development of integrated software platform for computational mechanics

Innovation Team Project of Universities of Liaoning Province, No.LT2010019,
2010-2012
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biaosong CHEN

The project aims at the development of integrated software platform for computational
mechanics. Focuses of the project are architecture of software platform and its relevant
design methods, design patterns and techniques of software system for computational
mechanics. Main researches are plug-in management system and software architecture for
computational mechanics; design methods of framework of numerical algorithm library and
its design patterns; software integration techniques for heterogeneous systems for scientific
and engineering computation; script language techniques for the integration software
platform; and typical engineering applications.
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Computational platform for prediction, controlling and recovery of distorted weld
in locomotive manufacture

Key Laboratory Project of Universities of Liaoning Province, No0.LS2010033,
2010-2012

Zhao ZHANG

The major objective of this project is to develop methods for controlling of weld
distortions and systematic theory on weld distortions in different welding technologies in
locomotive manufacture based on FEM computational platform. The mechanism of weld
distortions in different process parameters can be calculated with comparison to the
experimental tests. After validations, the controlling of weld distortions can be studied and
then the current welding technologies can be improved to obtain the distortion. The specific
computational platform can be then established for improvement of welding technologies in
locomotive manufacture. This work can be useful for the improvement of weld qualities and
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reduction of the manufacture costs. This work can be also beneficial to the other
manufacturing industries related to welding and joining, which can be useful to the
development of industrial equipments in Liaoning province.
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Applied basic research on coupled residual stresses induced by multi-technology in
hull section construction

Natural Science Foundation Project of Liaoning province, No. 20102028, 2010-2012

Yujun LIU

This project is supported by the Natural Science Foundation of Liaoning Province. The
integral life cycle of ship building involves a series of technology processes, including the
cutting, line heating, and welding, which all belong to hot working and will generate residual
stresses in workpieces. While the hull structural component is undergoing the
multi-technology processes, the coupled residual stresses will be generated caused by
combined effects of different technologies. Compared with the residual stresses induced by
single technology, the coupled residual stresses have the more complex distributions and the
less predictable influences of structural reliability. Therefore, this project will carry out the
research on the coupled residual stresses induced by multi-technology in hull section
construction, and mainly focuses the studies on: (1)the numerical and experimental studies
on the distributions of three typical coupled residual stresses caused by cutting-welding, line
heating-welding, and multi-pass welding; (2)the influence of the residual stresses induced by
pre-technology on the residual stresses induced by post-technology; (3)the block assembly
optimization based on the combined control of residual stresses and distortions.
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