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Bionic Topology Optimization Method for Continuum Structures
Based on Bone Remodeling Mechanism

Kaysar-Rahman'® Mamtimin- Geni'
(1. School of Mechanical Engineering, Xinjiang University, Urumqi 830047, China
2. College of Mathematics and System Science, Xinjiang University, Urumgi 830046, China)

Abstract; Bone remodeling is the process of ongoing replacement of old bone by new. The remodeling
process is achieved by bone-resorbing osteoclasts and bone-forming osteoblasts. In terrestrial vertebrates,
activities of these two types of cells are strictly balanced and adapt the shape of bone to mechanical
stress. A simple bone remodeling model by coupling the bone formation and resorption based on Turing
reaction-diffusion system weighed by local mechanical stress was proposed. This model was coupled with
finite element method by using the element adding and removing process, and a new bionic topology
optimization model was established. The major idea of this approach is to consider the continuum
structure to be optimized as a piece of bone, and the process of finding the optimum topology of a
structure was equivalent to the bone remodeling process. Uniform distribution of strain-energy density as a
guideline updated the material distribution, until equilibrium was reached and then the optimal topology
structure was obtained. The effectiveness of the present method is demonstrated by some numerical
examples.

Key words: Continuum structure  Bionic topology optimization Bone remodeling  Turing reaction-

diffusion equation Finite element method
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Experiment on Ionized Gas Jet Assisted Cutting of 304 Stainless Steel

Liu Xin Huang Shuai Qu Jiaojiao Xu Wenji
(Key Laboratory for Precision & Non-traditional Machining, Ministry of Education ,
Dalian University of Technology, Dalian 116024, China)

Abstract; The ionized air assisted cutting is a cutting method, in which the ionized air is jetted to the
cutting zone to achieve a lubricating and cooling effect. Friction and wear tests together with cutting tests
of 304 stainless steel were conducted in the atmospheres of air, air jet, ionized air jet and nitrogen plasma
jet, respectively. The results prove that the ionized air jet has a favorable cooling and lubricating
performance. The friction coefficient decreases by about 46% compared with dry friction. The cutting
force and the flank wear decrease by about 24% and 69% , respectively, compared with the dry cutting.
The adhesive wear and the build-up edge also decrease significantly, and the friction and wear
performance and the machinability of 304 stainless steel are remarkably raised.

Key words: Stainless steel Cutting force lonized gas jet Friction and wear



