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A study on the ultra precision machining of free-form molds for
advanced head-up display device
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Abstract Head-up displays for vehicles play an important role in displaying various information about the safety and
convenience of driving on the windshield of the vehicle. In this study, ultra-precision machining was performed and
evaluated as a method for machining a large-area aspheric free-form mirror that is applicable to augmented reality
technology. Precision diamond cutting is highly accurate and suitable for the production of advanced parts with
excellent surface integrity, low surface roughness, and low residual stress. By using an aspheric free-form mold, it
is possible to improve the optical transfer function, reduce the distortion path, and realize a special image field
curvature. To make such a mold, the diamond cutting method was used, and the result was evaluated using an
aspherical shape-measuring machine. As a result, it was possible to the mold with shape accuracy (PV) below 1/m
and surface roughness (Ra) below 0.02 um.

Keywords : Augmented-Reality, Aspheric lens, Free-form mold, Head-Up Display (HUD), Peak to Valley (PV),
Surface roughness (Ra)
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Fig. 4. System of data aquisition and analysis: (a) Form
Talysurf Series, (b) Surface measurement system
NewView NY6300.
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Fig. 5. Flow chart for design of experiment.
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