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Effects of Fiber Tow Waviness and Harness Number on
Mechanical Properties of Plain Woven Textile Composites

Kyeong-Sik Woo™

ABSTRACT

Effective properties of plain woven textile composites were calculated using macroelement
analyses for infinitely and symmetrically stacked unit cell structures. Texile geometries considered
were plain weave, 5-harness satin weave, and 8-harness satin weave. Results indicated that
the effective properties of the plain weave textile composites depended strongly on fiber tow
waviness ratio. When the waviness ratio was small, the effective properties were close to those
obtained by the rule of mixtures. As the waviness ratio increased, however, Ey, Uy Uy and
G,, decreased rapidly while E, and G, showed little changes. For the 5-harness and 8-harness
satin weave textile composites, similar results were obtained. However, the dependency on

the waviness ratio became much weaker as the number of harness increased.
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Fig.2. Definition of harness number(n,), waviness ratio, and crimp angle (8) for plain
weave and 5-harness satin weave textile composites.
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Table 1. Profile storage requirements for the tra-
ditional meshes of symmetrically stacked
1/8 plain weave unit cell, 1/2 5-harness
satin weave unit cell, and 1/2 8-harness
satin weave unit cell,

NN NE Profile
plain weave
(1/8unit cell) 1,941 384 3,086, 640
5-harness satin
weave 8,547 1,920 25,528, 644
(1/2unit celD)
8-harness satin
weave 21,008 4,992 1100, 615,647
(1/2 unit cell)

Table 2. Profile storage requirements for the ma-
croelement meshes of symmetrically sta-
cked 1/8 plain weave unit cell, 1/2 5~
harness satin weave unit cell, and 1/2
8-harness satin weave unit cell,

NN NE Profile
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Fiber tow(Graphite/Epoxy) :
E11=206- 9GPa, E222E33=5. 171GPa,
V12=V13=V23=0.25
G1226133623=2. 386GPa

Resin(Epoxy) :

E=3.45GPa, v=0.35, G=1.28GPa
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Table 3. Percent errors in E, by the macroelement
analyses for plain weave textile composites

Waviness Ratio(d/a) % Error in E,
1/30 0.021
1/27 0.028
1/24 0.039
1/21 0.058
1/18 0.102
1/15 0.177
1/12 0.367

1/9 0.886
1/6 2.778
1/3 6. 868




68 - A 4 WEEAHESE
saaxge g AT Folsl Zrlelderd  dElAdE 3% oWz Hgee B 4 Ak

Ao 1 Fole FHEs} 132 AEE A 2% 7()el A 2H %7 2P e Sr} A

sstmt Aolvh. E 38 Wl AABAAS Bl QABAARE)S Agopie 22 o =2

Hale] mpam ekl od Az HEH 8 A HTE %5 ok FIEo AL Ao B

sl g Ao} vmalge W ofgle 4] sz o]EQl A ExtelE(Rule of Mixtures)

o2 Fa 2ae) Wuge TAET gk o2 A4 zH68.767GPa) T A9 HlEW B

— RolT Sl ol AAA FEEs 09 A$7}

% Bror=| =t | X100 o (ID A BeldE 42T A3 ved PR 2

x dg W AEgE Azelch. zeh 2EEs)

o] FolA mlmE e so] % AR Ho) exle  ZvMo] Wi B FAT 24 Holn v

FFErF 1739 6.37% 3 1 o FFEe|

S
w
= ~—@—— macro
20 ¢ —8— traditional
10 f
0 1 1 1 1 1 3 1 1
306 9 12 15 18 21 24 27 30
a/b
(a) E,
0.16
0.14
5 0.12
2 0.1
g: 008 | ——9— macro
o ~—— traditional
§ 0.06 |
£ 004 }
0.02
O 1, A H 1 1 I . i i
3 6 9 12 15 18 21 24 27 30
a/b
(e) vy

320} 1/3d A8
6 r

o E.8 B EFelBoz

Ez (GPa)
(9%

” —&— macro
—@— traditional
1 L
36 9 12 15 18 21 24 27 30
a/b
(b) E,
1
0.9
0.8
g 07 —¢~mac.r(-)
‘:B 06 - —8— traditional
& 0.5
S 04
§ 0.3
0.2
0.1
3 6 9 12 15 18 21 24 27 30
a/b
(@) vy,

Fig.7. Variation of effective properties versus waviness ratio(b/a) for symmetrically stacked plain weave
textile composites. Macroelement analyses and traditional finite element analyses were used.
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Fig. 10. Variation of effective properties versus number of harness of symmetrically stacked plain woven textile
composites for different waviness ratios(d/a). The harness number is 2 for plain weave textile co-
mposites. Macroelement analyses were used. Effective properties by the rule of mixtures are :
E.=68,767GPa, E,=5,938GPa, v =0.019, v, =0.286, G,,=1.984GPa, G.=1.984GPa.
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