=3 Ad, A30E Al 7E, pp. 849~856, 2006 849

-~
(=)
N
)
i)

L]
Al

#79 Selold 3H F oo WEsh Az BE
LR R

=INEEA -
(20061 39 2% #2006 49 24Y AHAlAE)
Micro-Deformation of Tows According to Foam Density and Shear Angle
During Hemisphere Draping Process
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Abstract

In this paper, fabric composite draping on hemisphere moulds were studied to find out the deformation
behaviour of micro-tow structures of fabrics during draping and thermoforming. Aluminium and PVC foams
were used to fabricate the hemisphere moulds for draping tests. In order to observe the local tow deformation
pattern during the draping several specimens for microscopic observation were sectioned from the draped
hemisphere structures. The effect of forming condition and mould properties on tow deformation was
investigated by the microscopic observation of the tow parameters such as crimp angle. Normalization
scheme was performed to compare tow parameter variations with different forming conditions. Stress-strain
relations of two different PVC foams (HT70 and HT110) were tested to investigate the effect of foam
property on the micro-tow deformation during forming.

L M & . Avdgs QA2 dd gax wg

_ stAl Ha, olejd ¥ate HF Aued JAH

A7 BRAEE 71 F5A4384d ¥ zahg 9ge z 2= 9o, »g_pg,i gato|u} ulz}
Hold WA, HZE R w& FHEHOLE g0 3x9 TEL Sxm Q= PFRE 929
Adal A2 A Z2 B MARkANN Q2] cgojm By 2 222 A8aH datd e}

olg=Hm gtk 53 Ae FFARE 3AY  cgow @ A2 2yxze ZRHA 9 H A
FdR g B3 JFE Ve FR gz ge  duudo) dase Y 29
Agstzlol APE fAYS AT AoB,  puol wel cdolE © A2 Bl w4
o 54& ol8ste] FHFPolu RIMResin g9 7xzo) WaAsio] Datd Aoz ojarh).
Transfer Molding) F73el @ol AHgsn A% xg9 w4 72 w8} A" 240 OAE

Agoly Z=ega9 ool &L BT oapo] geld T ATAS ofs] AHo=
Z2e 9od JPAMTH 3A4Y FHE ME a7 s9h9g. Fad SO s =xa
S FEAA GFE 2okl HEHT A awze ojgsid Auzd weE EozAm

g
« Zolgislm ot ) A EaE AZn Ze nA ES3zxe Wi 59
t AAAAL, 39, FFhsta 7 A B AN AN ATE FASALH, Zhao O
E-mail : phigs4@cau.ac.kr GMT ¢ ®ul& Fz¢9 7|43 EAze AAE

TEL : (02)820-5354 FAX : (02)814-9476 Agchtel  FAe  os  wasE dFE




850 AAT- @

HrEF
A 54& o83t

d3AFE 5T Ae ZEE AT
Sharma 57 AAE U W AFAYP
Y ATHEE o] &3ta] tfzt4o)

228y 245 XY "e Efs Q4E

Ap2st] BA =#o)B e Al E# oM s

A58 59 su FaY Ag Bgdzs
olgsle] AN FHoze =gy A7E
st Azo HE the AN Fazt

0E ES Fxo WHIE #Fsgen, BE
ES WHF9 Wy HYE o) ARgNFg »
A W AFAE AR ¥ H TG, van
West 502 £xo #%¢ PP S

2dE ANt HygEs dzPelq os
E29 AFE BA3YT. Robertson SO
BAZE ol&Y wpy Tz AHYL
Azgdon, ol FIYE MRS oL

Edgo)d A7 Alzzb Hoig o)F ge
AToAA =Holgy BEE A7 FHEHQ oY
PVC E&3 7L 4dAAEZ Jwtez @

vPo29 oy Ride BEIF IAL
e BEAZ-TL WY FT2RE gis

d7E I3 mEg dAolg. 2E AFR
gz =dold FF F ADEIFg 9
718tetd Z7o] WE E$ uvamy A%
#3 A1t FPHJA Y EL o] WFgo] Lz
P54 B AAY B4 d9e Foo
d7e Wy =209 =goigs HY I} F
Agel FH A3 Out-of-plain) 2 2] A Zoj
o EfY midyge FIo 243 B
Ak oAEHY, FPo Ao 7 Bz

WA Fze WY Ar: =dod ¥4 3
E¢d  wyn @yl ARsAs 2ol
F4e g A=A Tze2 AN
Fzge AY 43 2 FH Y30

A A87F 2 Boldh

2 ERdMe A g248/dFA =g
ZH2E ol&stal o A AP w7y
829 =dojd AL AYsAdh. w7y
7% AREs ¢FuEEADF pve P
(@4 AHHN ey QEZHolnE ALS3lo
HHgd Asprpolg e AHEste Zzeas

4Ysad. Auzsd 4Pz Be E99
Mye @vde Fo ez waspgod,

PVC 239 3-WUYE AT L meiste] E£39

MYl J% E¢ gabel WY ASL BRAR.

2. M2 ¥ M

o2

21 B _
B3 gaAdf/oEA] Za T (WSN-3k, SK

Chemical, Korea)?} PVC ¥ &(Closed cell,
Divinycell)& Al8-3l9 ¥W7d 23 929 A
EHAE =dolg HA5S d¥8dY. A1ed =
ZEelae i FIEEn FAs 4 0%t
02mmeolv, BAAFE EL Zolygoz
70GPa®] th(Table 1).

22 ZZ° 84 : S2-¥y
= AI}E 93 2
%}.

4P Ywyez W meg AMga
WEd 4YAY F £ wae suuy
E4e Wy Age o) AP FE
$EB e g9 BHd e Wi =9
Tge 9, =dol3 33, ARAIH A%
YRY WAE Jh Jex wedd. adne

E=3
4 A
2xo ¢EI e AHYzpo=z AdF I
AFE odstes Re BAAE-T L AM=9X
T2 AY 2 ¥y AFE odsted =%
Tasith. Table 19 AFoA AHEE g9
Fshgict.

LEZHolE X3 4§ A st FHd g2
EZ9 AL oldEr] sl ASTM Do
TAs] FRLEZ wWE Lo YREHL
ZA5A}r. AW FA7]E 5050 % 30mm® o] o]
2EANE  FaAE e AFI|(STATIC 4206,
INSTRON, USA)E A}43le AFgxg =g
a9 AFLT125T)E AASYY. A#H9
AEFEEE 2mm/minl 22 3l AY L 43
stdel. Fig. 12 125C L5 A F71A
PVCESHT70 3 HTI110)9] J¥3 wWEFe
#HAE 2PS 58 €2 232 vodFE,

[e]
B4

Table 1 Material properties of foams

Densi Relative Young’s
Foam [k:/‘;‘l?]’ Density |Modulus [MPa]
(p*/py at 125°C
HT70 70 0.050 6.53
PVC IHTie [ is [ o0 713

Note-p*,Foam density p,; Corresponding solid material density

; 7
E—
Y Sa———

02
l Forming pressure

Stress {MPa]

] 01 0z 03 a4 o5 oe o7
Norrired strain

Fig. 1 Stress-strain relation of PVC foams at curing
temperature (125 C) of prepregs
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Fig. 2 Draped hemisphere and shear deformation of
the material. (a) Before curing; (b) After
curing using autoclave degassing molding
(The numbers and alphabets indicate the
sectioning parts for microscopic observation)
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Table 2 Shear angles measured in various parts of
hemisphere
o Shear Angle [°]
Position | imum | HT70 HT110
1 0 0 0
2 4 3 1
3 5 4 5
4 10 12 11
5 26 25 23
6 36 35 35
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Fig. 3 The unit cell of plain weave fabrics and tow
parameters

Fig. 4 Photographs of fabric structures from; (a)
Aluminum mold; (b) HT70 PVC mold; (c)
HT110 PVC mold
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Table 3 Radial deformation of molds due to the
applied pressure and thermal expansion

Material o Sr ¢ Remark
[mm] | [mm] { [mm]
Aluminum | 0.00 0.28 0.28 Tensile
HT70 -0.67 0.44 -0.23 | Compressive
HT110 -0.60 0.44 -0.16 | Compressive

Note-8p and 8y are the radial deformation of molds due to the
applied pressure and thermal expansion, respectively and &
represents total radial deformation.
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