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1. Description: This is a synopsis of  an SPIE paper “Development and Manufacture of Visor for Helmet Mounted Display”1 describing the design and implementation of  a molded helmet visor for use in see through and reflective holographic display.   The visor is intended for use in the JHMCS (Joint Helmet Mounted Cueing System) and provides not only the optical properties for see through and reflective display but ballistic and environmental protection while being an economical solution to low volume production.
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Figure 1 : JHMCS visor
2. Introduction: Reference 2 is a good starting point for introduction to HMDs  in the demanding military environment.  Selection of materials, design of mounting, and human factors requirements including see through and projected display effects are all discussed.  The environment includes temperature variation, normal usage rigors in a cockpit environment, extreme strength requirements of  500 knot ejection protection, and usage in night and day optical environs.  A blending of these requirements leads the authors to an optimized selection of material, design geometry, and fabrication process.
3. Optical requirements : As an optical element the visor is required to provide excellent see through in day and night usage.  The implantation for day and night is one clear visor for night usage and a tinted visor for day usage fabricated in the same process.  

The visor also is a reflective element in the heads up display train.  The see through requirements for the visor are balanced to provide an optimized optical transmission while providing reflective qualities as a reflective element.  These issues along with glare and haze are handled by the geometric design, material selection, and coating techniques.  
3. Mechanical requirements :  The severe environment of wind blast and stress from ejection and ballistics demands a very tough material be selected.  Additionally manufacturing economics and viability impact the mechanical design.  These are discussed in the paper. 
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Figure 2 : The visor and HMD after ejection sled testing
4. Process and material selection :  For economical reasons the process of molding is selected.  The alternatives are few for such a large optic.  Material selection requires toughness of the optical element that plastics can best provide.  While machinable with diamond turning techniques is achievable, costs are prohibitive for the manufacture of any quantity.  Molding of visors is not new and provides the most economical solution, so the material choice is of the varieties which are moldable. 
Blending the requirements given above, a polycarbonate (GE Lexan OQ2720) is selected for the visor.  While not the best in transmissivity and birefringence of the moldable materials, it provides the toughness required for the environment while giving acceptable optical properties.  And the particular polycarbonate selected is well suited to the molding process.
Even with the toughness of the polycarbonate additional material requirements are necessary.  Localized variation in reflectivity for display overlay, general antireflective properties elsewhere, and scratch resisting enhancement are handled by coating application.  A generalized polysiloxane coating is selected for scratch resistance and conveniently provides some AR (antireflective) properties as its index is lower than that of polycarbonate. 
The optimization of the AR properties are well discussed in the paper and balance the see through properties and the secondary image reduction in both the general see through region and the display reflective region. 
For the display reflective region a conventional beamsplitter coating is selectively applied, providing optimized display and see through characteristics.

5. Optical design :    The geometry of the visor is critical to both the see through quality and the prescription of the display overlay.  See through will be adversely affected by wedge in the inner and outer surfaces and attention is paid to this in the design (all though there is just a footnote of that in the paper).   The effects of fabrication and mounting tolerances are also considered in the optical design of the inner surface , although also not covered in the paper studied.
6. Mold design :    The coverage of the mold design is comprehensive, starting from history of the molding of visors through the complexities of flow design of the mold.  Tool design of the mold is stressed in making of a good visor and references to tolerances achievable are provided by a good reference3 .  Details of mold are provided - the mold weighs in excess of 3,000 lbs. and is designed to operate in a 300-500 ton press – and intricate mechanical and pneumatic actuators, capable of reproducibly molding precision features as fine as 0.001”. Bryce (4) and Speirs (5) discuss the intricacies of components and mechanisms used in such sophisticated molds.
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Figure 3 : Cavity side of the mold showing the polished optical surface
It is pointed out the virtues of a good mold and process in repeatability of the optical design and consistency of the visor mechanical properties. This produces an interchangeable visor for the real world usage where visors are damaged and require replacement routinely.
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