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Abstract:

Statement of the Problem: Functional performance of optical
lighting and illumination products and components critically depends
on advanced technologies for cost-effective fabrication of tooling with
strict surface quality and form geometry accuracy. Recent advancements
in laser material processing have resulted in developing fundamentals
of a novel unique no-material additive/removal technology known as
a surface structuring by laser remelting (SSLRM) process [1-3]. During
SSLRM, laser beam moves over a workpiece surface with a constant
speed and synchronously controlled laser power while desired surface
geometry is defined as a function of a laser power control algorithm.
Consequently, new surface geometry is formed due to redistribution
and relocation of molten workpiece material. It is a complex, highly
non-linear thermo-dynamic process where material rapid melting,
reallocation and rapid solidification is controlled by the parameters of
the applied continuous wave laser irradiation. The purpose of this study
is to advance preliminary developments of SSLRM towards optical
tooling applications [4, 5]. Methodology: A wedged edge-lit light guide
(WELLG) was chosen as a typical element of automotive rear lighting.
Initially, sine-shape WELLG was optically designed where its geometry
parameters (e.g. period of 500 um, amplitude of 40 um, wedge angle
of 2°, made from PMMA plastic) were found to ensure a light delivery
efficiency of >50% while covering >80% of the illuminated area. A metal
insert from DIN 1.2343 (AISI H11) tooling steel was fabricated using
SSLRM process (fig. a), replicated into PMMA plastic by hot embossing
asafunctional WELLG prototype (fig. ¢),and its optical performance was
evaluated (fig. d). Findings: A period of 498.2+3.8 pm and amplitude of
40.0+2.0 pm were achieved for fabricated tooling insert. Plastic WELLG
prototype has demonstrated highly efficient light delivery performance
while fully covering the illuminated area. Conclusion & Significance:
This study demonstrates high potentials in applicability of the SSLRM
process for efficient fabrication of optical tooling for light guiding,
distribution and illumination functions and products especially for
automotive, solar energy and biomedical industry.
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