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Fig.1 Insitu design of the customized mandible implant model
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Fig.2 Customized implant model with support
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Table 1 Process parameters of Ti6Al4V forming
Measured Powder delivery Filling
laser power, speed, M/ spacing,
P/W g min H/mm
115~135 8~10 4 2~3 0.32

Scan speed, Gas velocity,
v/imms'  Q/Lmin?
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Fig.3 Influence of the radius on the dimensional error of the

formed parts
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Fig.4 Influence of the inclined angle on the dimensional

error of the formed parts
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Table 2 Mechanical properties of the Ti6AI4V parts
manufactured by laser metal direct forming

Yield ) )
Elongation/ Reduction of
strength
% area/%
/MPa
Ti6AI4V parts
manufactured by laser 922 4.6 17.9
metal direct forming
YY0117.1 (requirements
for mechanical properties 860 10 Not required
of forgings)
YYO0117.2 (requirements
for mechanical properties 835 5 10

of castings)
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Table 3 Element content of the samples (w/%)

Sample Al \% Fe C 0O N H

Powder 6.32 439 0.15 0.014 0.15 0.022 0.0085

Block 6.34 441 015 0.015 0.18 0.027 0.004
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Fig.6 Patient 2: (a) three-dimensional model, (b) formed implant, (c) finished implant, and (d) fitted with the original model
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Laser Metal Direct Forming of the Customized Titanium Implants

Qin Mian?, Liu Yaxiong®, Wang Ling®, Li Dichen?, Jin Zhongmin®,
Liu Yanpu?, Bai Shizhu?, Wang Xiaoyi®, Xuan Ming®
(1. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710054, China)
(2. The Fourth Military Medical University, Xi’an 710032, China)
(3. State Key Laboratory of Oral Diseases, West China Hospital of Stomatology, Sichuan University, Chengdu 610041, China)

Abstract: Laser metal direct forming technology was applied to manufacture customized titanium implants, and then titanium implants can
be directly formed according to their CAD models. This method possesses a short manufacturing cycle. Additionally, the customized
titanium implants manufactured in this method have good mechanical properties. The influences of curvature effect and inclination angle
on the geometric precision of laser metal direct forming parts were studied for the establishment of the model design criteria. Therefore,
the formed titanium implant could achieve high precision. Both mechanical properties and chemical composition of the manufactured
customized titanium implants comply with relevant national and pharmaceutical industry standards. Two cases of customized titanium
implants manufactured by laser metal direct forming have been successfully applied in clinical and have achieved good results.
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