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Near net-shaped design on the architecture of typical

multi-directional 2.5D woven preform
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(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 2. Key Laboratory of Advanced

Textile Composites, Ministry of Education, Tiangong University, Tianjin 300387, China)

Abstract: According to the 3D integral preform which is used for multidirectional heteromorphic shaped compos-

ite parts, the preform sample with typical pulling in and adding in yarn structure was designed and prepared based

on the 2.5D woven with warp-stuffer preform. Computed tomography (Micro-CT) was used to observe the morpho-

logical changes of the yarn cross-section and the distribution of yarn orientation in each system. The squeezed state

of the pulled out and added in yarn changes along the thickness direction of the preform, and the cross-section

shape of the pulled out and added in yarn are changed from an ellipse to a trapezoid, and then to a triangle. When

the warp yarns are pulled out and added in, the cross-section of the weft yarns in contact with them change. Com-

bining the practical loading condition of the composite parts, 5 kinds of composites with pulling out-adding in

yarns were tested by three-point bending in warp direction. The results show that the retention rates of bending

strength and modulus of the composites reach 82.6%-95.7% and 89.1%-97.9%, respectively. So, to meet the mechan-

ical performance requirements of the composites, developing the 3D integral shaped braided technology of pre-

forms is the effective approach for realizing the material/structure integrated manufacturing of complex shaped

composite parts.

Keywords: 3D woven; 2.5D; shaped braided; pull-out and add-in yarn; Micro-CT; yarn architecture; bending

properties
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Table1 Structure parameters of 2.5D woven with warp-stuffer preforms

Stuffer warp

Binder warp

. . Vi/ %

Weft density/(picks/cm/layer) density/(ends/cm/layer) density/(ends/cm/layer) /%

Designed Measured Designed Measured Designed Measured Designed Measured
3.5+0.1 3.6 3.0+0.1 3.0 3.0£0.1 3.0 55+3 52

Note: V;—Fiber volume fraction.
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Table2 Pull-out and add-in yarn schemes

No. Nomination Description

1 S1 Pull-out a stuffer warp, add-in a new stuffer warp

9 2 Pull-out a stuffer warp, add-in a new stuffer warp, weaving one weft, pull-out the new stuffer
warp, add-in a new stuffer warp again

3 Bl Pull-out a binder warp, add-in a new binder warp
Pull-out the binder warp from under the weft to be weaved, add-in a new binder warp,

4 B2U . . . . .
weaving one weft, pull-out the new binder warp, add-in a new binder warp again

5 B2A Pull-out the binder warp from above the weft to be weaved, add-in a new binder warp,

weaving one weft, pull-out the new binder warp, add-in a new binder warp again

Notes: S—Stuffer warp; B—Binder warp; U and A—Pulling out the binder warp from under and above the weft to be weaved.

e,
5 B2U) (B2A
i

4 TIERIL
1) BLREIL
bl s
3 - 2]
A (&

o — l—

I
1

1 2 3 4 5 6 7 8 9 10

<

P,—Warp count of preform specimen;
P,,—Weft density of preform specimen
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Fig.1 Distribution of pull-out and add-in yarn points on the upper
surface of 2.5D woven with warp-stuffer containing pull-out

and add-in yarn preform specimen
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Fig.2 Photographs of 2.5D woven with warp-stuffer containing pull-out

(b) After finishing

and add-in yarn preform specimen
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Table 3 Structure parameters of bending 2.5D woven with warp-stuffer composite containing pull-out and add-in yarn samples

Sample EN FS1 FS2 FB1 FB2U FB2A
Pulling-out stuffer warp/(numbers/time) - - 4 4 4
Pulling-out binder warp/(numbers/time) - 4 4 - - -
Repeat pulling-out yarns/numbers - - 8 - 8 8

Notes: F—Flexural; N—No yarns are pulled-out or added-in.
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Fig.3 Distribution of pull-out and add-in yarn points on the surface of

bending 2.5D woven with warp-stuffer composite specimens
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(a) Weft cross section
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Fig.4 Photographs of 2.5D woven with warp-stuffer containing pull-out

and add-in yarn preform and its composite specimens
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Fig.5 Micro-CT images of 2.5D woven with warp-stuffer containing pull-

(b) Upper surface

out and add-in yarn preforms
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(b) Warp cross section
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Fig. 6 Cross-section images of 2.5D woven with warp-stuffer preforms
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Table4 Measured values of yarn parameters of 2.5D woven with warp-stuffer preforms

Measured Weft Stuffer warp Binder warp
Crimp angle/(°) 10.63+2 0 29.33+2
Cross-sectional area/mm”® 0.71+0.02 0.34+0.02 0.33+0.02
Fill factor 0.63+0.04 0.66+0.04 0.68+0.04
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Fig.7 Cross-section images of S1 pull-out and add-in yarn
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Fig. 8 Images of pull-out and add-in stuffer warp
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Fig.9 Images of pull-out and add-in binder warp
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Table 5 Measured values of steering angles in 5 kinds of pull-out and add-in yarn schemes
Steering angle/(°) S1 S2 B1 B2U B2A
Pull-outyarn a 63.39+5 65.60+5 37.48+5 69.72+5 38.14+5
Add-inyarnb 63.77+5 67.01+5 69.08+5 67.19+5 67.14+5
Pull-outyarn b 68.02+5 65.19+5 66.14+5
Add-inyarn c 64.4015 69.1215 39.1445

J7 fe MR S AL IR = s 25 il (18] 10). e R
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Fig. 10 Three-point bending test 2.5D woven with warp-stuffer

containing pull-out and add-in yarn composites
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Fig.11 Load-deflection curves of 6 kinds of 2.5D woven with warp-

stuffer composite bending specimens
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Table 6 Bending properties of 2.5D woven with warp-stuffer composite samples

Maximum load/N Bending strength/MPa Bending modulus/GPa
Sample
Warp-wise Cy/% Warp-wise Cy/% Retention/% Warp-wise Cy/% Retention/%
EN 1246.25 2.46 418.53 2.33 100.0 33.25 2.80 100.0
FS1 1090.24 4.67 375.70 4.35 89.8 30.51 2.30 91.8
FS2 1033.13 3.13 351.26 3.11 83.9 29.63 2.99 89.1
FB1 1179.06 6.27 400.88 6.28 95.7 32.52 3.08 97.9
FB2U 1016.75 4.42 345.70 4.42 82.6 30.49 2.93 91.7
FB2A 1035.78 5.11 352.17 5.23 84.1 30.29 2.44 91.1

Notes: Cy— Coefficient of variation in bending strength.
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(f) Warp cross section of FB2U

(b) Strained surface of FN
F12 #$28 2.5D HLEUZ G ARHAHE FN 25 A5

Fig. 12 Morphologies of FN bending failure of 2.5D woven with warp-stuffer composites
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Fig. 13 Morphologies of bending failure of 2.5D woven with warp-stuffer containing pull-out and add-in yarn composites
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