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Motivation: Lightweight Structures
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* Increasing use of advanced composites in aerospace structures —
« Mass efficiency is a key design driver
« Larger payload capacity
* Lower fuel burn
* New economic opportunities
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Context: Fiber-Steered Composites \§

« Steering of composite material tapes produces non-constant fiber angle across a ply

* In-plane shearing of material tows by Continuous Tow Shearing (CTS) process
along curvilinear reference eliminates potential defects and allows tessellation

« CTS process exhibits nonlinear orientation-thickness coupling (t = t, sec8) and

allows periodic fiber steering \\
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https://www.esa.int/ESA_Multimedia/Images/2022/06/Rapid_tow_shearing

Method: Finite Element Model

» Finite Element Method employed in commercial solver (ABAQUS)
« Element-wise angle and thickness algorithm for computation of unique composite sections
« Continuum shell elements (SC8R) necessary for application of simple support conditions to curved mid-plane

«  Example discretization of [+90(0|70)],, /Uppersurface
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Objective: Design Problem
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Method: Elastic Tailoring Potential by Orthotropic Materials
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Method: Nonlinear Performance Evaluation
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Method: Optimization Process
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Results: Key Findings

1. Mass efficiency achievable by elastic tailoring with orthotropic materials

2. Mass penalty when fiber steering by CTS process is high (up to ~3 X)

3. Fiber steering can result in structural mass efficiency but is not a catch-all design method
4.

Significant potential for programmable ply thicknesses by CTS process
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10
Results: Square Aspect Ratio, F®R = 0.5kN/mm

- Dataset extreme value identification as (Ir(max(FR)), (max(F®))) and (min(I), FR (min(Iz)))
« Several coincident extreme values due to layered optimization methodology
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Results: Square Aspect Ratio, F®R = 0.5kN/mm
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Results: Square Aspect Ratio, F®R = 0.5kN/mm
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Results: Square Aspect Ratio, F®R = 0.5kN/mm

Load-displacement history (L) and equilibrium curve (R) of optimized structural configurations
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Conclusions & Future Work

« Mass efficiency achievable by elastic tailoring with

orthotropic materials 1.4
 Mass penalty when fiber steering by CTS process is
high (up to 3x)
. . . .. 11.35
» Fiber steering can result in structural mass efficiency
o
« Significant potential for programmable ply =
thicknesses by CTS process IR >
MRS
et
« Aspect ratio change
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