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Macroelement Post-processor Approach for Detailed Stress Analysis
of Woven Textile Composites

Kyeongsik Woo™

ABSTRACT

A post-processor of multi-field macroelement was developed for the detailed stresses of woven
textile composites. A symmetric plain weave unit cell configuration was analyzed to evaluate the
performance of the post-processors. The stress results by macroelement post-processors were com-
pared to those by conventional analyses. Results indicated that the post-processors were able to
predict detailed stresses within a reasonable accuracy for woven textile composites. The usefulness
of the post-processor was demonstrated for a S-harness satin weave configuration.
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(a) Macroelement mesh

(b) Sub-element mesh

Fig. 6. Macroelement and sub-element meshes for '1/8' plain
weave symmetric unit cell
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Fig. 8. Stress distributions of warp tows by conventional
analysis and by post-processing with multi-field
macroelement. Locations of maximum stresses are
indicated in{a)
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Fig. 9. Convergence of maximum stresses for warp tows of a
symmetric plain weave unit cell under a uniaxial tension
loading in the x-direction :
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Fig. 10. Macroelement and sub-element meshes for a '1/2'
symmetric plain weave unit cell. Circled letters in the
macroelement mesh- indicate macroelement types.
Elements for resin in the sub-element meshes were
removed to show tow architecture
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Fig. 11. Convergence of maximum stresses for warp tows by
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Fig. 12. Macroelement and sub-element meshes for a '1/2'
symmetric 5-harness satin weave unit cell. Elements
for resin were removed to show tow architecture
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Fig. 13. Block-wise post-processing

HE Qe nfAz 84 R vlA2EzE 2ddEr)
At ARHAE ME wH7E 52 3L Adshe
gl Al AHSEATH FHelrie deg Frisk] gs)
o dyA3E P2 2348 '8 @3z sy
S0l FYPLArt. =7 AsbATe] s v}
Az 8ol A XA FAZE R Y3t
o d3A3E 33 EIA7 '1/2 @yrzrt neE
Ack. FA 7l 93 $PATE A5 F¥8x
a4 e] AT} viwsld BHTE Hrlsid

AdEE nlazgdel FAeEzie JEETAHRY
A4 AN ERAcz A" £ e =7t
2 £ 08T ¢ F Ui FA40d & HE 59
Aze] ulATRAAY FA] S L P} FHUEE
7R3 Al d 4 Uk = AXe] rlazgs
AHEA] AAE oA BT oA ATt S
o wgkA] A ¥H FA vl f84e S5-n
F27] BEgARY M B39 4FHNT 97
di AQ e viaz sk RYUFE F3ld A
H o4z AdsEQen 2o 83 AAE S
AS st gE A AL o g A7st
A3 dag Aoz JuE )

F 7

o] BEE 19974 FRAEVFALY TR A
Folo) 3k} ATHAL.

FaxEd

1) Ko, F. K. and Gu, G.-W., "Processing of tex-
tile preforms,” In Advanced Composites Manu-
facturing, Ed. T. G. Gutowski, John Wiley and
Sons, Inc., New York, 1997, pp. 157-205.

2) Byun, J.-H. and Chou, T.-W., "Modeling and
characterization of textile structural composites: A
review, Journal of Strain Analysis,” Vol. 24,
1989, pp. 253-262.

3) Middleton, D. H., Case histories, In Compos-
ite Materials in Aircraft Structures, Longman Sci-
ence and Technical, Essex, England, 1990, pp.
228-390.

4) Whitcomb, J. D., "Three-dimensional stress
analysis of plain weave composites. In Composite
Materials: Fatigue and Fracture," ASTM STP



FE 114 5% 1998.10

HEEFABL] A SHANE A nlaz e FANY A7 83

1110, ed. T. K. O'Brien. American Society for
Testing and Materials, 1991, pp. 417-438.

5) Blackketter, D. M., Walrath, D. E. and
Hansen, A. C., "Modeling damage in a plain
weave fabric reinforced composites materials,”
Journal of Composites Technology and Research,
Vol. 15, 1993, pp. 136-142.

6) Whitcomb, J. D. and Sriengan K., "Effect of
various approximations on predicted progressive
failure on plain weave composites," Composite
Structures, Vol. 34, 1996, pp. 13-20.

7) Dasgupta, A., Agarwal, R. K. and Bhandark-

ar, S. M., "Three-dimensional modeling of
woven-fabric composites for effective theromo-
mechanical and thermal properties," Composites
Science and Technology, Vol. 56, 1996, pp. 209-
223. ,
8) Chapman, C. and Whitcomb, J. D., "Effect of
assumed tow architecture on predicted moduli and
stresses in plain weave composites," Journal of
Composite Materials, Vol. 29, 1995, pp. 2134-
2159.

9) Woo, K. and Whitcomb, J. D., "Effects of
fiber tow misalignment on the engineering proper-
ties of plain weave textile composites,' Composite
Structures, Vol. 37, 1997, pp. 343-355.

10) Whitcomb, J. D., Kondagunta, G. and Woo,
K., "Boundary effects in woven composites, Jour-
nal of Composite Materials," Vol. 29, 1995, pp.
507-524.

11) Chapman, C., Prediction of moduli and
strength of woven carbon-carbon composites
using object-oriented finite element analysis, PhD
Dissertation, Texas AandM University, College
Station, Texas, 1997.

12) Foye, R. L., Finite element analysis of the
stiffness of fabric reinforced composites, NASA
Contractor Report 189572, Contract NAS1-
19000, 1992.

13) Woo, K. and Whitcomb, J. D., "Macro finite
element using subdomain integration, Communi-
cations in Numerical Methods in Engineering,"”
Vol. 9, 1993, pp.937-949.

14) Whitcomb, J. D. and Woo, K., "Enhanced
direct stiffness method for finite element analysis
of textile composites, Composite Structures,” Vol.
28, 1994, pp. 385-390.

15) Woo, K and Whitcomb, J. D., "Three-
dimensional failure analysis of plain weave textile
composites using a global/local finite element
method," Journal of Composite Materials, Vol.
30, 1996, pp. 984-1003.

16) Zienkiewicz, O. C. and Taylor, R. L., The
Finite Element Method, 4th ed, Volume 1: Basic
Formulation and Linear Problems, McGraw-Hill
Book Company, London, 1989.

17) Jones, R. M., Mechanics of Composite
Materials, Scripta Book Company, Washington
D.C., 1975.

18) Avery, W. B. and Herakovich, C. T., A
study on the mechanical behavior of a 2D carbon-
carbon composite, Interim Report 66, VPI and
SU, 1987.

\=]
=

A 57 T W9 slE2 e SR B

{LE, G, E, 0 0. En, {n, (&, E, En*, EX,
EC’, nC, L’ Eng, 7, EMG, EC, EN'C,
EnC, 0, EM, EMCL EN'CLEL ), O, B,
E'C, En’, EC, W°C mC, B, EG, B, B,
EC, En'C, EnC’, 0, 0, B’ Em2l, EC,
EC, EM’C, G, En'C, En'C, G, MG,
EnC, En’C, B\, ' EM, B En' ECL G,
ng’, E'’, Emd, E'C, B’ B, En'C, EnLY,
n°C, Y B, B, EE B B,
Ent’, En'C, EnC’, 0, EMC, EMLY, En'C
g, n’, 0,8, B En’, EC, n°C, 0, B,
Eng, EC, E°, E'C, En’, Enl’, 0’0, n°C,
En’, B’ B EC, L B B,
EnC, En’C, EN'C, n°C, B B EG,
EC, g, E'C, E°C, ENC, En'C, En'C,
7°C, ', B, G, B B, EG,
EMC En’C En'C 0’ EM’G B En'Cy



