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Project Background and Objective: Approximately 20% of these cases require surgical reconstruction of the pulmonary artery (PA) with a transannular patch (TAP) or conduit. Current conduit materials are synthetic, and do not match the complex native biomechanical properties of the pediatric pulmonary artery, resulting in fibrosis and repeated re-sizing surgeries throughout the child’s life. To address this, the Simmons lab is developing a tissue-engineered transannular patch (TE-TAP) which matches the native mechanical properties of pediatric PA. The pediatric PA is a complex mechanical structure. It can be considered a fiber reinforced composite, in which stiff reinforcing fibers are only recruited as loads increase. Additionally, it is a multi-layer structure, with a stiff and strong outer layer which is only recruited at high strains. The Simmons lab TE TAP is designed to mimic this structure. The focus of this research is to guide the design of the TE TAP by 1) Developing a defensible parameterized finite element model of the TE TAP under physiological loading conditions, using theories of laminates, and thick walled pressure vessels as a theoretical guide; and 2) Using finite element analysis techniques to probe the sensitivity of the structure’s stress/strain response to various parameters such as the layer thicknesses, stress/strain response of fiber and matrix, relative yield stresses and transition zones of the layers, number of layers, and interlaminar adhesion. 
Mechanical Engineering Background: This work requires understanding of finite element analyses using ANSYS, including modelling of anisotropic structures, long-fiber reinforced composites, laminates, non-linear stress/strain responses, and determining appropriate boundary and contact conditions for the context of a PA patch. 
Project Scope and Deliverables: The scope of this project includes determining relevant and appropriate model parameters for a multi-layer anisotropic composite TE-TAP loaded with pulsatile pressure, creating the final parameterized finite element model, and using the model to guide experimental selection of TE-TAP layer number, layer thickness, and stress/strain responses of each layer. 
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