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ABSTRACT

Artificial Implants surgeries increased rapidly due to changes in lifestyle and technological
advancements. The long-term in-vitro use of the implants has resulted in failure in a significant
number of cases, thereby demanding revision surgeries. Among the several causes of failure,
release of metal ions, fretting corrosion, pitting and crevice corrosion etc., induced and
amplified fatigue due to loading were most common. Surface modification techniques,
including heat treatment, coatings with diamond-like carbon or coatings with other materials,
ball burnishing, and laser surface texturing, are some of the common methods employed by
industries to deal with tribo-corrosion issues. Among these, Laser surface texturing is proven
to be one of the best surface modification techniques for the improvement of tribo-corrosion
properties. Pulsed laser-based micro-texturing induces topographical and chemical
modifications on surfaces that yield beneficial properties such as anti-microbial effect,
microhydrodynamic bearing, and surface hardening. These properties find a multitude of
applications in surface treatment and tribology. However, laser texturing of free-form surfaces
is a cost and effort-intensive process, specifically for medical implants or ergonomically
designed tools/devices. Such components often require numerically controlled 3 or 5 axes
machines and sophisticated computer-aided manufacturing (CAM) software for precise tool
movement. The presented thesis is focused on designing, fabricating, and validating a jerkfree,
cost-effective Stewart platform that works in tandem with an existing laser machining setup
for texturing of freeform surfaces. A microcontroller and stepper motor-based linear actuators
were used to orient and translate the six-degrees-of-freedom (DoF) platform. A customized
computer program helped manoeuvre the workpieces (medical implants) for the micro
texturing of the 3D surface profiles. As laser irradiation demands a time-invariant focal length

for effective ablation, the platform maintains the focal length from the galvo-scanner of the



laser machine to the workpiece while manoeuvring the workpiece throughout the texture
trajectory. The trajectories for the platform to enable texturing of the surfaces of implants were
generated through the implant’s CAD models. Using inverse kinematics, the platform leg
lengths required to maneuver the points on the surfaces of implants to the laser focal point were
computed. The implants were maneuvered through the platform accurately under the laser
machine, and their freeform surfaces were textured. The platform has the following linear
traverse and rotational limits: X travel: 45 mm; y travel: 45 mm; z travel: 50 mm,; tilt about x
axis: £+ 25°; tilt about y axis: + 25°and tilt about z axis: + 60°. Thereafter free from surfaces like
knee implants (femoral component), dental wire, and hip implants (femoral head) was textured
with the help of the Stewart platform. Texturing has been successfully performed on implant
freeform surfaces with an average diameter of ~35 to 40 um and depth of ~15 to 20 pm.
Thereafter the corrosion and tribological analysis of laser-textured freeform surface
components was performed. An increase in tribological performance and corrosion resistance
was observed in the case of laser-textured freeform surfaced components when compared with

untextured freeform surfaced components.
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