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Abstract

Filament winding method is widely used for composite fabrications using low viscosity
liquid formation and processing asymmetrical structures of pressure vessel, pipe, rocket
motor case etc. The filament winding method is affected by several parameters such as
pot life of process time, viscosity of resin, filament winding temperature and schedules,
curing condition, post curing condition of resin. The degree of resin impregnation and
void contents was measured by tension.

To develope high functional composite materials the rotation(5, 10, 15, 20, 30rpm) was
controlled by D.C motor. And the wiper to give proper tension was equipped between
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strand and resin bath. The resin is hooked by the design wiper and the viscosity of
resin was measured by viscometer. The adequate cure schedule was found by DSC. NOL
ring test is carried to invesigate the basic physical properties such as stress analysis,

design technology of structure of winding.
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Fig. 1 Filament Winding Machine

2. s8Nz
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Table 1 Properties of Carbon Fiber

Density(g/cuf) 1.8
Tensile Strength(MPa) 3724
Tensile Modulus(GPa) 245

Ultimate Strain(%,72°F) 1.5
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Table 2 Properties of S-2 Glass Fiber

Density(g/cd) | 2.49
Tensile Strenéth(MPa) . 45818
Tensile Modulus(GPa) 86.81
Ultimate Strain(°/o,72°F5 ' 5.4

Pate A A9 Aol & HES 7] AdME Fx9] AT "ay P
z7e] Ba ©l, 7 B5aRezA st ARl 3, 7 7bAt4 (pot life)o] 7t
7 o] FAG, A2 6417} o]l sojof s, H-EAol Hojop grh. BB
27 A% 288 A F9 e nARgete] Atz dA A Arelz e
Epoxy®] 253 sl 4 glo] w7) w¥el & 4 AzzAL astd AMA, F& A
A(HLA), ARAE, 7Hege] 71 EpoxyE AHstsie ol A&e] Astst ;E-8el
AAE dAlge] AM FAE FiF sQe 3 9l AozA, IPCO National(F)2|
2447A(Resin)®} 2347B(Hardener)& Aestech 1 A9 73HAY 246 Table 3, E§A
o £43& Table 40) hehigiet.

Table 3 Properties of 2447A and 2347B

2447TA 2347B
General Novolac Heterocyclic
neral Type
Resin Material
Viscosity77°F(cps) 3000500 5010
Weight per Gallon 9.756+0.05 8.75+0.15
Specific Gravity 1.171+0.02 1.05+0.02
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Table 4 Properties of Mixed 2447A and 2347B
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2447A/2347B
Mixing Ratio(by weight) 100/7.5
Mixed Viscosity(77°F)cps 1,500+£100
Pot Life 100gm(hours) 6
Gel Time 100gm(hours) 24
Gel Time 100gm(min) 20
Tg(°F) 437
Shrinkage(in/in) 0.013
Permissive Operational Temp.(°F) 350
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Fig. 2 Process of Filament Winding
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1. NOL Ring Al#

Feie stz $HAH 3 72 AAA de¥ 718 BAAE T AHA
NOL(Naval Ordnance Laboratory) Ring AFL Abgslech A FHL ASTM 229001 &
Astgdz, Ade =rle W24 146mm,, Zp) 1.0~20mm, =2 6.35mme]|c}.

Weds 353 ol¥xelste] e 24l AN Ae) Faste] Ale] FA7E FLomYE
H52 ot e sadnh 49 e 300go e sk AlFE B F 73gte el ¥
Aa)Al Cure Cycle2 Z3AZ the GPAA AgAE S £%(NOL Ring)?] A7
%, JABHEE 2As] $stel Fig 59 Zo] 2F3 t]2a(Split Disk) 3 ARAYAT
o ARG B watate] A Agsldl AAY o, 22LHE F58 02m/min2 QA
N&e sk olu, 2= A)AE ¥HAH Fd Fdol FAs 3 Strain¥#A &
At wgirh A" AW EAME .qlzc}%]?}jﬂ(Amsler Universal Testing Machine), X-Y
Recorder(Hewlett Packcaro 7046 A), Strain Amp(Kyowa Dynamic Strain Amp. DPM
110A), Strain Gauge (Kyowa Strain Gage KFC -S -C1) & o|t}. Fig. 6& A#9 Mgl
S-2 GilasyEpoxy®l 3389 T4 ®l, s=ARxe of 100Y = A¥=7t gojgs &
2 qlqict. AW Yepie g A A} B ARl AR7E #olH e Aol
Bg o] ¥Eo] ¢ FHef3H, apxate] sfgo] sEzdEe] Aol ek AAAE R
A4 =e] 24 A7E Table 5 vtehlsich

Table 5 Results of NOL Ring Test

Properties

Tensile Strength(MPa) Tensile Modulus(GPa)
Specimen

NOL Ring Specimen 1.540 52.39
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Table 6 Classifications of Polyethy lene

Density(g/cd) Melting Point
VLDPE(very low density polyethy lene) 0910
LDPE(low density polyethy lene) 0.910~0.925 115°C
MDPE(medium density polyethy lene) 0.926~0.940
HDPE(high density polyethy lene) 0.9411 135°C
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Fig. 7 Melting Point of LLDPE by DSC Systems

3. LHZAIE (Burst Test)

SIEAT FAEL HOPE Lined® A48 RUAE 4HEA1e AL Y o
AT ARE FANGA 2holudr) Gaehs) ool FlAEA Holie] Yot 2
T REE 48U YRS Rho2 TASYLS, B9 WO LA, gz
A A 2 A A, AAYHY 24ob 55 F 4 ok o] AYIAE Bl
B ol AUl FrE FYRRZ AR vt AYEAE Pojugiey
Table 7o) WA Y& & ¥ A3E Yehugich

Table 7 Results of Burst Test

Condition
PE Line CNG Liner
Specimen :
Burst test 14kg/cnd 200kg/cnd
Failure part nozzle part Cylinder
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4. NRO HHEHSE(Fiber Volume Fraction) B}

dge) AAuE T e T A o, REA PEE $AE o145 A4
22 Soja AHHE Pt leln, THA WYL FYARY YEW 3Hso 0|5l %
ol A4e JAMRY Bz AAuE Asste Bgelct B FAAAE ofnlA| ozt
#(Image Analyser)E o]-83}3it}.

olujA] efuizteldz 2T AHEL] AFAFFAEo) A 34 FA € Table 8-9¢
et

Table 8 Fiber Volume Fraction of CNG Vessel

Condition :
Winding Method Results
Specimen

CNG Hoop + Helical 53.79%

Table 9 Fiber Volume Fraction of Specimens

Specimen NO.| Winding Method | Results |Specimen NO. Winding Method | Results
1 Hoop 51.77% 14 Hoop 55.48%
2 Hoop 50.38% 15 Hoop 55.16%
3 Hoop 45.63% 16 Hoop 53.59%
4 Hoop 39.41% | 17 Hoop 56.09%
5 Hoop 53.32% 18 Hoop 56.88%
6 Hoop 53,78% 19 Hoop 57.93%
7 Hoop 50.27% 20 Hoop 58.78%
8 Hoop 47.72% 21 Hoop 59.91%
9 Hoop 55.10% 22 Hoop 56.42%
10 Hoop 54.68% 23 Hoop 57.94%
11 Hoop 53.58% 24 Hoop 58.23%
12 Hoop 54.27% 25 Hoop 59.48%
13 Hoop : 55.83% 26 Hoop 61.27%
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V.2 &
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