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Novel Materials and Processes for Dismounted Soldier Protection
Abstract
The threats for Dismounted Soldiers are ever evolving, necessitating the need for the technological advancement of survivability systems; the majority of advancements to survivability have come through the development and implementation of novel material technologies (from steel shells to synthetic fibers, and improved advanced ceramics). Manufacturing technologies developed through the highly successful Army Manufacturing Technology (ManTech) helmet program (2006–2009) and ultra-high molecular weight polyethylene (UHMWPE) fiber improvements generated from collaboration between industry and PEO Soldier eventually led to the implementation the UHMWPE-based Enhanced Combat Helmet (ECH), which yielded a historical improvement in ballistics and is the first helmet system to include a small arms penetration specification. From 2011–2014, the Army and OSD ManTech programs invested a combined ~$10M with the goal of developing manufacturing techniques to produce 10% body armor. Collaboration with the ceramic industrial base yielded new ceramic formulations, including compositions using blended powder chemistries, grain boundary additives, and multi-scale structures. These improvements, combined with novel composite materials, designs, and armor integration strategies led to transitions to the fielding of 7–10% lighter plates for the U.S. Military (for both USSOCOM and big Army).
Further improvement to mass-efficiency for Soldier protection materials have been frustratingly difficult. Increasing demands for reductions in dismounted Soldier armor system weight and the ever-evolving emergent threat are placing extreme pressure on the armor S&T community to develop viable solutions. The boron carbide (B4C) and silicon carbide (SiC) ceramics used for protective inserts are lightweight, theoretically dense, and highly pure, and even with the large investment in S&T, gains in performance have been marginal. ARL’s ceramic mission efforts are focused toward high risk, high reward approaches such as the synthesis and processing of novel superhard, lightweight ceramic formulations (such as boron suboxide and aluminum magnesium boride) and the processing science for implementation of structural heterogeneity in ceramics at multiple length scales. A discussion of the advancements in the state of the art for Soldier head and torso protection, and the current research approaches and challenges for improvement of materials will be presented.
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