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Unit Cell Analysis of Satin Weave Com‘posites Using Macroelements
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ABSTRACT

Unit cell analyses were performed to study the engineering properties of satin weave textile
composites. Two 5-harness satin weave layers with fiber tow shifts were modeled by unit
cells and repeating boundary conditions were applied at the outer surface of the unit cells.
Multi-field macroelements were employed to consider the microstructural details and to
effectively reduce computer memory requirements. Preliminary results indicated that the
engineering propreties of 5-hamness satin weave textile composites can vary significantly
according to the manner how the adjacent fiber tows were arranged in stacking.
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Fiber (Graphite/Epoxy): E11=206.9 GPa, E22=E33=5.171 GPa, VI12= =13 123=0.25,
GI12=G13=-G23=2.386 GPa
Resin (Epoxy): E=345 GPa, 1=0.35
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Table 1. Normalized engineering properties for two-layer 5-harness satin weave composite
unit cells. Properties were nomalized by that with no fiber tow shift.

Shife E: E; E. G G Gy
( /1/2) XX vy 22 bxy bxz vyz Xy X2 4
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1 112 1.29 1.00 0.59 1.09 1.24 1.00 1.06 1.05
2 1.29 112 1.00 0.68 124 1.09 1.00 1.05 1.06
3 1.29 1.12 1.00 0.68 1.24 1.09 -1.00 1.05 1.06
4 112 1.29 1.00 0.59 1.09 1.24 1.00 1.06 1.05
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Figure 4. Macroelement mesh and sub-meshes for two-layer repeating 5-harness satin weavetextile
composites. Circled numbers in the macroelement mesh indicate the sub-mesh types. The present
configuration is for the case when the two layers were stacked with the shift of A/2 in the x-direction.
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Figure 5. Distribution of effective properties versus the warp tow shifts for two-layer repeating
unit cells of 5-harness satin weave textile composites. The amount of shift in the graph was scaled
so that it would recover the original configuration at Ax=5.
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Waviness ratio = WA

Figure 3. Typical cross-section of a two-layer repeating 5-harness satin weave composite.



