A Simscape Based Mesostructural Model of Skin Mechanics

Andrei Pissarenko?!, Wen Yang?, Haocheng Quan3, Katherine A. Brown®’, Alun Williams#, William G. Proud®°, Marc A. Meyers'3

Department of Mechanical and Aerospace Engineering, University of California, San Diego, CA, USA. *Materials Sciences Division, Lawrence Berkeley National Laboratory, USA. 3Department of Material Science and Engineering,
University of California, San Diego, CA, USA. “Department of Veterinary Medicine, University of Cambridge, Cambridge, UK. °The Royal British Legion Centre for Blast Injury Studies, Imperial College London, London, UK. ®Institute of
Shock Physics, Imperial College London, London, UK Department of Chemistry, ‘The University of Texas at Austin, Austin, Texas, United States.

Skin is the outermost layer of our bodies, as well as the largest organ. It acts as a first protective barrier against external agents such as heat, light, infection, and injury. Skin carries a vast network of nerves, glands and vessels that enable sensing of heat, touch, pressure and pain, and is also a crucial
Interface that regulates our body temperature and stores water and lipids in order to maintain a healthy metabolism [1].

In order to fulfill such a broad range of functions throughout an individual’s life, skin must be able to withstand and recover from tremendous deformations as well as mitigate tear propagation that can occur during growth, movement, and potential injuries that affect its integrity.

As a result, characterizing the viscoelastic behavior of skin and understanding the underlying mechanisms of deformation at different levels of scale is essential in a large spectrum of applications such as surgery, cosmetics, forensics, biomimicry and engineering of protective gear or artificial
grafts, for example.

Although a fair amount of research has focused on skin’s non-linear elastic and viscoelastic properties at various structural levels [2,3], proposed models often neglect said levels of complexity and lean towards a phenomenological approach rather than a micromechanical model. Other models accounting
for fiber dispersion in skin are generally limited by their complexity and inadaptability, The present study proposes a new framework to describe skin mechanics, using a Simscape physical component model [4] which enables rapid parameter identification and offers malleability via its block-based
structure. Interactions between constitutive elements are simulated using a microstructural Finite Element Model.

Two 9 weeks old piglets were sacrificed and their skin was surgically excised. The fat layer was
removed with a scalpel and ASTM D412 Type B [5] samples were obtained using a cutting die.
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