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Table 1. Classifications of textile preforms

— Woven
I: Biaxial weaving
Triaxial weaving

— Braid
I: Flat braiding
Circular braiding

~ Knit

i 2D ] I: Warp knitting
Preforms Weft knitting

- Nonwoven
I: Mechanical process
Chemical process

L Combination
E Knitting + Weaving
Knitting + Nonwoven

Textile — Stitched

preforms [ Lock stitching
Chain stitching

~ Woven

Biaxial weaving
Triaxial weaving
Multiaxial weaving

— Braid

2 Step braiding
4 Step braiding
Solid braiding

3D
Preforms

— Knit
I: Warp knitting
Weft knitting

- Combination
|: Knitting + Weaving
Knitting + Stitching
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Figure 1. Implementation of advanced composites
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Figure 2. Scope of the research effort currently
underway.

< Figure 3& o|213 AFEoFE Holx Slch

Textile composite® 13} +Z§ AHZH o]
8317] YalMe e A= FAE Ve &
A8 E AAF 2 ARE & U WYl A
ofof gt} 7|&9] A3 BYYRE FAL B
nEE AS 3 el EAY 48 F AFS
g A7} dASA "ok AL textile pre-
formE e F UTHA AL 9] plyEx Y%
g FA9 AHFuS eSS o, 14 uat
3 £8 T EAV 2R dFgo] i
317 "®o}. 3-D weaving® 3-D braiding2 4
o] 7oz UdAF FZ(near net-shape)E T
Bo] £ 4 lo] Ao rtgo g Hie e
T2EE AT 4 Jvt. T multiaxial warp
knit(MWK)= 7189 AF BFAEE g
T Y& 7P ZAAA textile preform F30]
B 53] HA FZ2EL FX A9 MEPEo] 2
W HeAo] 7] i Y3l LUYOF pre-
formE A|Zet=d 7P Aot ot} g 2
g 088 A, 70 BAY 72 B4 F
o] B4d F2ES AR 4 UoH2,3]. o
Figure 4= &37] 7124 R2Eo2 29 tex-
tile composited] & Roli gt} °] 1P
MD-12 AEZY FA FFELE 2ol B
829 9 & Holx gleHl, skin® window belt=
3-D woveng FE ©]-&31, frame& 3-D bri-
ad® FZ ol &8t gL T2 wWE At
Wiz 3 58 A RI|2 g

2.1. Woven Preform

71&2] A7 7S o83 textile preformE
HH Fz2E 3% 3 E(triaxial woven fabric)
o] lew, 349 FZ=ZE 3-D orthogonal
weaving, T 349 A2, interweaving 5|
At A A& o] 87 F2o AL ALt vl
2 2y, A8 HURE Fole Ao 7HF
3t7] W&ol HEFHA EFAEY A/ FIHE
&8 9 FE Ao 7&slch s Figure 591
A& o] &3 B U F F2E Holm Tt

27+ preform®] 73-%, HEAQ] d= 3% 3
Bolt}. 7129 2 &) 0%} 0% W U F
7teto]l QOEE wWASHEA A& FRE olFe
ol v)3ld 60% Ao 7]golx Frle AA}
7t shtel fiAbel mapebHEA] 3o 7 HG7t
BE AE F2E o|F& Ao|th. YnkFEq
Hlwsle] A ddo] Hojur & Wioe=z
Tte = textile preformell H]dte] ABAF ubwio]
rdstn AEE Aol sl

3% o]4e] t3 B preforme A2 5 3-
D orthogonal weaves= 7|EXCSZ multiwarp
weavingd & ©]-83lo] THEo A, o] Wi e 7}
W Bl 2ole T4, F& AlFe FAL AES
sl fEted 2ol wbPo 2 A, THero
warp beam& 2|3t 2 EZ o] F= WY
oty BAlE 1730 ol2v FAL &9 4%
Az A o] 7hgsict, HH Wo 2 HAle} ¢
Ay matEly, & A foll A FA Bk
2 B ARt AdEe 72E Holm Utk
33t AR 20| A%, Ak AApREEe 2wl
dslo] e A 090 Alole] wigkg 711
A St vH3led, FA Wgo 2 nitsle Af
+ 45X(angle interlock)lA] 90%(orthogonal
weave) Alole] Zt=& 7HX] A €}

T ohE 339 A& 2] o & angle interlocko)
T}, Orthogonal weave®] 73-¢- 54| wWake] A&
7t Aoz mApshe bl vlste £ Wgke] B
7 A7 =R 71 golA dx g 5 e
oz wigddte Jol 2t

ol 3 3F A EES AFL FA HFo 9
EX4ol o 224 FRE vt Y5E

—

Vol. 1, No. 1 (1997)



12 e -

4 %

T

Preform Pormubllltyl(:ompacﬂon

Fabric geometryffiber architecture

Resin infiltration Model

e

Time, temperature, pressurs profile

Permeability coefficient Preform permeabifity
Fiber compaction coefficient Viscosity profile
Cure Kinetics Cure Monitoring/Feedback Control
Heat transfer analysis Dielectric sensors
Degree of Cure Flow visualization
Verification of infiltration and cure
Fiber Architecture Model Stress-Strain Relationships
Mathematical description of yam path K 55 oy
internal geometry analysis u‘mmm
Contiuum Leve{ Strength Models D'"‘"“D'P'"d‘:;:m“"
ﬁécﬂéﬁ =1
8 Ry spisnomecniogies! strengil sereters
f!

Figure 3. Processing science and mechanics of material models for textile composites.
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2.2. Knitted Preform
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(a) Textile Composite Parts applied to MD-12X
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Figure 4. Textile composite parts of MD-12X airplane and fuselage subcomponents. (a) textile composite

parts applied to MD-12X, (b) fuselage subcomponents.
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Figure 5. Woven textile preform. (a) 2-D triaxial
woven, (B) 3-D integrally woven, (c) angle in-
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Figure 8. Schematic geometry of multiaxial warp
knitted structure.
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Figure 9. Applications of multiaxial warp knit
composites.
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Figure 10. 2-D and 3-D braided structures.
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Figure 11. Braided carbon/carbon rocket nozzle.
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Figure 12. Orthogonal nonwoven 3-D fabrics.
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Figure 13. High temperature carbon/carbon fastn-
ers.
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Figure 14. Multi-needle stitching of six 9-ply stitch-
ed panel.
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Figure 15, Single-needle sewing machine for the
stitching of "T" flange to skin.
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2.5. Properties of Textile Compoites
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Figure 16. Principles of needle punching.
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2 dF vhEel 2Ho] ¢ &olaty 3719
Z o g U5 10~80% W oWl 2
ZH o] 73t

ON 7z Hd H/AFHEEL 60% B = 7t
Aoy, 3atY Bo|F S 70%7HA, A2
Eolu} multiaxial warp knit® 2% 1 73k
< 7AA Aot

Preform® T+ZEAAJE Hf9 interlacing
of o3 J&FS WA "t BE ZHo] FY3}+
o, 3-D wovene]t} 3-D braid7} ONelu}
MWKTzo] Hj3le) FxBA o] ©f HArh
Table 39 3-D Edlo|l= BAge] 4 Hss&
Holth gk Bil g vlsld AH{ HIE
& golAME 34 5 A9 RE WHellA ¥
8 ¢ 5 U

3-D woven°]\t MWK<9] 7% 600217} U=
BEZ preforme] AzZ7} 7}1538A1%E machine
gauged] wal FA7 A€}t ONoly 3-D
braid& °]&3t= B¢, & o F2 FATN FA
7} FAE F2E] Aito] sHiA . ONol v
3-D woven©| A W3ke] B7AHE st 7MY
ZHAQ Whioln, 3t B A=k ohE WY
o] vjgled ¥R ¥ FXE JeRRA T a4
EdAR AN FA WEke] Bt HdA A
f FHEE9 10%9 FE3 S 200 Con-
formabilityt} net-shapeE =& WA A
Zts) W9, 3-D braidd] ¢t 7P A
preform A2 Whgel € 4= At} 3-D knit T+
% conformability”} Wi-¢ o1 53] E9F
Aol A-&-3t7] Ajtsict.

3-D wovend] 3%, 60~70% Fx=e HF F

Table 2. Impact properties of FP alumina/Al com-
posite

3-D braid UD laminate

Fiber vol. fraction 0.17 0.35

Total absorbed energy 196 93.5
(ft-1bs)

Crack initiation energy 48.9 10.5

Propagation energy 145.5 83

Maximum load (1,000 lbs) 5.6 2.6

O

HEES 7Y, dAE 728 RES s
4 Qlth =3 AAMHOZ npet-shaped V=
Aol 7hsdttt. ¥ 54 AEE Y=g ©
20]™, damage tolerance’} £7) W&o W2
£ ARES Wol o)1 gt} Weft knite Al
%7} A3 conformability7} F7] W&ol F2
molded composite2] preform$ TH=& ©] 3%0]
H, JAht AL ez 478 et dx
£ Z7M2 = ok gellA 29l o9} 2ol
weft knit @Y F2ZE 2ole A= AY glo
o, ZEolu} o1& B} §A BAslg F&
74971 diFEoltt. Warp knitel B$ F=2
MWK7} de] son, Zo] y& Fxo] APito]
£-ol3tz Aol U7] WE T2 4F Myt
oluf 712} AA, Hia EA 59 iy FZRE
olx Utk EF FFEelyd n&=29] kA
iy STogx ALy 9o

Orthogonal nonwoven & Zx +2&
= o] £oln, E§ o[H open lattice
structured A% FAE FHAI= Ao &o]
371 Wi 3, @3} FF L wE ot dt=
Eha/ga Bl go] Az da] 2olm ot
B o] Wkl mel o8 Wk g BR
HE /M EE Btee Ao| 7Hedd, §3F
£ B3ARE ol grt. ;oM AlEEHE
geart} Y2 T AHAZE olx ).

F22 B89 2EHA EFAEE Azl
folsl S Rl o3t 52 & ol ¢
3 F2 AP E BojFy, & 324 HlE)
A7)l Agte] A9 gltkes FHoz Qe
A}, &, AH 59 Bololl 9] ALgE 1 Qo)

Table 3. Summary of properties of ON/phenolic
composite

In-plane Through-the-

thickness

Laminated carbon phenolic

Tensile strength (MPa) 130 21

Tensile modulus (GPa) 13.2 11.7

Failure strain (%) 1.38 0.12
3-D ON/phenolic

Tensile strength (MPa) 104 163

Tensile modulus (GPa) 9.9 12.3

Failure strain (%) 1.78 2.02
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3.d &

oo SoldA F&5¢ M ==z 9
3l 7]&e AR2e =2 4 Qe A4S 7}
Az AEE 87l 227 BolHd <3
879 F-g37] Yt ApgE Ao textile
composite®]t}. Textile composites 53] 32+
B7} FZEL AFEleg 719 221940 &
A g Ho A T sl 3 2 BA
£ s ed, A3 EPAsERT TR HXA
3, &4 B9 Fol AouH, 14, 17y
59 BA-S Adrh Textile composited &)
7}A} preform Az Wo] Qlov], HF &x9}
71, B, 72 Sl wet 2 Al e A
g9 = o, Zzbel Fxo mE 54 & 7}

Atk oleld 34 HAFYAR Bokel A&
& 2ol B0 i PHHT o, 1 A
EoF £3 8 W oz Yzdn.
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