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1. 89%

B AFgMe 349 By 7AE ol 83td AZA 6 layers) 339 943 FEE Bo=d
g A A3 REAEY s o)f3ly dEA £AE 2AZ dle RTM(Resin Transfer
Yolding) 3L B3l Am oA EFARE AFINAG. £F @S el FAAEAYE ¢
7] YE) unit cell RAHE B EFgAEe 7188 EAMSIL method of cells ©] 23} homogenization
techniqued o] &3te] EgAgel TANAHAE vells £A84 Z=& MLttt olAF dojA
AgAgel TAMAAL A4 4F Ae wwsty] H&) o8 RE EE&S #E SR AF
4¥8e FY3uch. 43 da dojA ALY 93 £ A Aol A dA A= AL ¢
T ART BH BLd e EA4Y Hdx 45T YA

2. &

HZ B0l AFA A4, FF +F Y R UE EE I EoF A 9F ARTE ERAE
A A7 AT g ol HAAIE F4Aog s JPHD Ak 22y old IUldMe F}AE
2 A7 §8o] A HolA e AAolth & AFdME 33 9% #d HAF B3 EFA=
A 72 =Y o] ol AP AF Eu 1o wE IR S fEHEIA I
o] & s BFAE R wETeQl unit celly] 7]8%H 2dYL ¥ FH method of cellss}
homogenizationg 53] unit celle] TR L etk o)AT FABAHY A8 FAH] A
A4 AZd BE@AE 48 Z24E via #43 2uA g

3. B8

3.1. Geometrical modeling of 3D circular braided glass fiber reinforced composite

EgdAQge AA Fxe EFAs o HEAH cellE2 FAAFHY Qe o] BHEAHQ celld
unit cell(e]3} UC)g} &} o] UCy 73818ty 7271 £Y& o3 789 basic cell(e]3} BO)Z FA5
o] gledl o] BCY #ele BCUol Xurle yamnse] pathol] ma} Zalxich 8] yarneo] XUzt
path 92} Yz REL resin®@ YA yamne BHL HU} yarne] G FHeo] sihE
elliptical shapel. 2 7} th o]8 3§ UCe 7138 2Alslz] 98] B spline curve F<=[1]E o] &3}
Aok 2 =84 A B spline curve 4= 10719 control point& 7}X|9 order”} 3xQ1 42 Ho
sttt BCAlA yarno] H&3lHA AJrle contact regiondlt AUzt & A Mol H& straight region
22 o control pointE 7)EE T3l A PT yarn @A 2] local coordinated curved
theory 9] yarn path® el tangent vector t, G Ho|A $3& o]F& normal vector n, binormal

vector b o]-&3t] ATk
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3.2. Mechanical modeling of 3D circular braided glass fiber reinforced composite

A ol Y EdAsY 74EFHE wE7] Y3l method of cells(o]st MCO)E o] &&ot
MCe B#AR7} 3HF cellEd H&He $Y34 1 SPoz dA=EE d7} d4due 944 o
8ol ZAY olE23]22 o)& A&7 AME F 7HA 7Bl s

A A, Displacement continuity condition.
E4), Iso stress condition.

o] ZAEZXE internal strain®} external strain®] #A = sub cell Zt element®] straing 2zt =%
B x, y, z2 HT3 AAFE localization matrixg F3 FE F Jon o] BAE o)L A

©

9] stiffness matrix& A4}, AA FALFHLE K=Y 57 YA o olF HeE FH3Y,

(RI{(€m)i 4} =[GHE,,}
(mn)€[x,,23;(, k) €[L.N,, LN, ,1.N,] )
[Glis 6N, Ny,N, by 6 geometrical localization vector.
{E,.} is 6 by 1 vector.
{em)isut is 6N, Ny,N, by 1 vector.

[Rlis 6N,Ny,N, by 6N,Ny,N, matrix.
NwNy,N; is the number of sub element

2] (1)} stress$} strain®] @A 4 2] Aolo| o3 stiffness matrixE& T+& 4 Yt}

4. 4y
BiAEE AZEr] 98] AHEE 3D braiding machined 4 step 43 Fel2 & 201670 2] carrier

7HA I 104709 HAE-E AHE-31H one by one AR E A o] Qo

i

4.1. 3D circular braided glass fiber reinforced composite] 42}

4 step©] 39 cycleS olF+= step +FH HIE EFo 93 mandrel FHOZ yarne] AY
< YAt F 6 layerE o]F prepregE A28l RTM(Resin Transfer Molding)& ©]§-3l] A3
39t RTM 33 A ALgd A& EpoxyZ Z3AZ 100/56¢] HI&=2 A3t ALgsigon 3
& 15cm X 16cm] A 7|2 4709 resin ¢ WH 1719] air vent’} Yt} resin FYAIZHE ¢F 104]
ZH 4Ee 60psi R AASIYT EF &8 28 oM epoxyd ZE cycled @3o] AFAY
F F2A MYstt

4.2, Determination of basic material properties
3D circular braided glass fiber reinforced composite2] A A Wolr e EAHE < Z3l7] Y3
gad 7|49 42 953 2n.

Young’'s modulus in the fiber direction, Eq

Young's modulus transverse to the fiber direction, E;
Poison’ ratio, v 12

Shear modulus, Gi2

Volume fraction, vf

4.3. Tensile test
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AR AP ASTM D30394) @t UTM(Universal Testing Machine)ol] ] 43§85 2.8 crosshead
£+ 3mm/mine & Q). APA grip forced] 3 A failureE WR|E7] Y3 fiber/epoxy
tabg AW FEo] FAAUT AU strain® F71¥ AT strain gauged ©] &3t FA3t

5. 43 ¢ 1@

51. A@X ¢} o]&X9 dH

A8 Zz} fiber axial®} fiber transverse Wako 2 AP o JFN)F 2 AP A HHYs
Bz, 2 o)&4e FANA Y o8 oA e A4 FA A

52. A3 4 ¢ 2%

A9 o] FAWAA o3 Lol FE EAIAAUES W fiber axial directiondHE
volume fraction®] W3lo] ZA 9T VA ¢ AxdPe} fiber transverse directiond] 7294
volume fractiono] W& AL-de Hlud & A2 Byt 2t 39 orderst Ao dAdo] oA
AA G AR o] HA] BEFFANES B AFE o= Ax & ZABIL e AL ¢ F Uth

6. d&

3D braiding machineg £3] 2889 prepregE A3, RIMTA L 53 AHE AF 9% 4
AL APt & EFAE B dAA 3 AHAE vlndl B3 ol B3 JdAFHe=
volume fractiono] ZF7}gte] wel 24 3 HAYHoz Frlsle AL #FAsPeh 23y volume
fractiono] W Zfole ol&Ad Hd] &4 gl ¥A Uk ol AW ®la] UC AdiAH
a7zt an ANge AF A UCTze Wl 7IAstATE ol AlH AZFA], 53] volume
fractiono] W& 7o digk FH] Mol a7y Fo AT ZAE A7) 93] volume fraction
o] & yarn®] geometrys} UCS A &3 Z7|§ adste Aol a3t

e 2
g A7E BYAEY A TAAFATE A Foel ALHNAH oo PA=JUoh

Fn 738
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Young's moduls(Pa)

Young's modulus in fiber axial direction for tensile test

Young's moduls(Pa)
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Fig. 1 Young's modulus in fiber axial direction for tensile test.
Young's modulus in fiber transverse direction for tensile test
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Fig. 2 Young’s modulus in fiber transverse direction for tensile test.
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