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Abstract 
In recent years, orthopaedic implant research has been driven by biological fixation. In this type of fixation, a layer of biologically active material on the implant surface generates interfacial bonding between the implant and bone. The presence of bio-active material with appropriate level of porosity and crystallinity influences host bone regeneration by creating an environment allowing for cell spreading, proliferation and subsequent bone formation integrating the implant into the body. Their clinical applications are limited to non-load bearing implants due to brittleness and relatively poor mechanical properties. Multilayered coating of a mechanically tough substrate is an alternative route to reduce the risk of early implant failure. Faster and cheaper fabrication of such implants is expected with laser-assisted densification of multiple materials via additive manufacturing (AM) technology. The process is being developed to fabricate implants made of multiple materials in one operation without part-specific tooling and human intervention. Such implants having increased longevity provide more secure fixation using tailored properties, which cannot be achieved by conventional manufacturing techniques. 
There are many factors that can influence a laser assisted AM of the implants reflecting in enhancement of their biological fixation. There appears to be no clear understanding of the cooperative relationships between different physical phenomena taking place in the manufacturing process on different scales of consideration. There is also lack of mathematical models, which could predict and link them with the macro- response of the multi-layered structures. This lack of relevant knowledge is the serious obstacle on the way toward reliable manufacturing and successful clinical use of such multi-layered implants made by AM methods.
The paper presents resent advances on development of an integrated model including specific mechanical, optical, thermal, thermo-mechanical, metallurgical and chemical phenomena taking place in the laser-assisted multi-material AM (Fig. 1). Most importantly, the development of such multiscale numerical model, which can support the design and manufacture of suchnovel implants, is multidisciplinary enterprise involving material design, implant design and fabrication, biological and clinical assessment among others. An establishment of an appropriate platform for cooperation between relevant institutions including universities, hospitals 


and enterprises to facilitate research, development, preclinical and clinical studies is crucial. 
Key words: biomedical implants, bioactive materials, additive manufacturing, multiscale numerical analysis, finite element, cellular automata and Lattice Boltzmann methods.  Figure 1: Schematic representation of the integrated multiscale numerical approach applied for AM process development
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Dear Professor Krzyzanowski,
Thanks for the invitation. OKAY to participate.
Lin

Professor Lin Li, FREng

Assodiate Dean (Business Engagement and Innovation), Faculty of Science & Engineering
Director of Laser Processing Research Centre

School of Mechanical, Aerospace and Civil Engineering

‘The University of Manchester

Manchester M13 9PL, UK

Tel: +44(0)161306 3814

Email

Past President of Laser Institute of America (i )

President of Association of Industrial Laser Users ( )

From: Michal Krzyzanowski [Michal Krzyzanowski@bcu.ac.uk]
Sent: 09 August 2018 13:11

To: Lin i

Subject: joint EPSRC proposal

Dear Professor Lin Li,

Following your recent publication on 3D printing of multiple metallic materials (CIRP Annals - Manufacturing Technology 67 (2018) 245-248), T wonder whether you would be interested to join our team currently working on EPSRC research proposal
related to Multi-material additive manufacturing of biomedical implants with biological fixation. The proposed implants are made from three types of materials, metallic and non-metallic. Ti and Mg alloys are going to be used as load bearing parts of
the multi-layered implant while bioactive materials (bioactive glass or ceramic) allows for its short term and long term stability

Potentially, we are going to explore both laser cladding and MMSLM techniques. The multiple material SLM system described in your paper seems to be ideally suitable for the proposed research programme extending applicability of your research
findings at the same time

This new research initiative follows successful completion of the recent TSB BioGlam Project and discussions with our academic and industrial Partners. Currently, we have two academic and six industrial institutions in the UK willing to contribute to
this project including Manufacturing Technology Centre near Birmingham (MTC UK), and two academic institutions abroad with their own funding. The proposed research team has well documented expertise in design, materials characterisation and
advanced multiscale numerical modelling to support the relevant multidisciplinary research.

Twill be very happy to present you more details should you decide to proceed, probably coming to Manchester,

Tlook forward to your reply.
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