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Buckling of Filament Wound Thick Composite Cylinders under

External Hydrostatic Pressure

Chul-jin Moon*, Seong-Hwa Hur*, Jung-Hee Ahn*, Jin-Hwe Kweon**, Jin-Ho Choi**,
Jong-Rae Cho*** and Sang-Rae Cho****

ABSTRACT

The buckling and failure of filament wound thick composite cylinders under external
hydrostatic pressure were investigated by the finite element analysis and test. ACOS,
MSC.NASTRAN, and MSCMARC were used for finite element analysis. T700 carbon-epoxy
filament wound composite cylinders were fabricated to have winding angles of [+30/90]rw,
[+45/90]rw, [+60]rw, and [+60/90]rw, and tested to verify the finite element analysis.
Among the softwares, ACOS predicted buckling load the best with about 1.7~14.3%
deviation from test. Analysis and test shows cylinders do not recover the initial buckling
pressure after buckling and directly lead to final failure.
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Fig. 1. Schematic of a filament wound
composite cylinder with flange

Fig. 2. Composite cylinders before test
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Table 1. Material properties
Property Symbol Prooagrgly ~  Property _ it
Elasti = 149.120 120.787 GPa
astic
modulus Es 10.558 8.552 GPa
Es 10.558 8.552 GPa
Poisson’ Vi2 0.253 0.253 -
?, Vi3 0.253 0.253 -
ratio Vo3 0.421 0.421 -
G2 4,138 3.352 GPa
Fig. 3. Cross section of a filament wound msof(lﬁili&s Gis 4138 3.352 GPa
composite cylinder Gas 3.311 2.682 GPa
- | Xt 2548 2064 MPa
ensille
strength Yr 40 32 MPa
ZT 40 32 MPa
sh Si2 55 45 MPa
ear
strength Si3 55 45 MPa
So3 79 64 MPa
i i . Table 2. Effective properties
Fig. 4. Effective modulus test specimens and
set-up Property Symbol [+30] [£45] [+60] Unit
Elast Ex 37900 12200 8280 GPa
astic
E 8280 12200 37.900 GPa
= = = o modulus v
deg2 ol FoR ofFefdl dAse dud E. 9330 10000 9330 GPa
dujgoz &g AAJd, AWGErE S5 Vay 1470 0818 0322 -
AS o 4 Aok Fx old Fe AF @ PossNs . 020 o072 0289 -
FAE  [£30/90]mwe] A$ 18.5%, [+45/90]FW_‘5 Vyz 0.289 0.072 -0.220 -
121%, [£60/90]kwe 128% olth. Y F& B Shear ng 234&0 3;642%0 ?2451;’()(’ SEZ
= modulus xz : : :
A =] (S541)= ARADITE AW1063} HARDNER Gy 2850 3020 3180 GPa
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Table 3. Test and analysis results

Buckling Pressure (MPa)

Stacking  Thickness /2298
1D Sequence (mm) (mm)  Test Nastran Marc ACOS
(Error, %) (Error, %) (Error, %)

8.29 8.28 8.12

FwT61 8237 T 80 G mow  (09%)
FWT62 | [+60lm | 7.969 - TH g gow oo
795 788 78
Average 8.103 TTT0 @y 0% (17%)
478 478 473
FWT301 8010 1420 430 (150 (111%)  (10.1%)
480 470 477
FWT302 8003 1362 440 gro.  ar AT
FWT303|[+3000lw| 8007 1611 380 70 470 LET
475 480 470
FWT304 8007 1518 40T (1g4e)  (17.1%) (17.3%)
476 474 472
Average 8007 1480 418 (15me)  (14.9%) (14.3%)
602 588 612
FWT451 8128 o971 580 o2 0% S
FWT452 8126 103 562 S08 58 612

(7.2%)  (4.8%)  (8.9%)

6.04 5.90 6.14
(10.4%) (7.9%) (12.2%)

6.27 6.18 6.36

FWT453 | [+45/90]rw | 8.135 0.966 547

FWT454 8258 0.985 550 (1390 (123%) (15.6%)
6.06 5.96 6.18
Average 8.159 0.990 5.60 (8.8%) 6.6%) (10.5%)
7.56 7.66 7.44
FWT601 7801 0884 708 oo 00 i
FWT602 7.832 0.950 6.97 7.64 7.74 7.52

(9.6%)  (11.0%) (7.8%)

7.54 7.68 7.38
(2.9%)  (4.7%) (0.7%)

8.06 8.15 7.92

FWT603 | [+60/90lrw |  7.790 1.029 733

FWT604 7.986 1.053 7.14

(129%) (142%) (10.9%)
Average 7852 1004 7.1 (77_ X ) (g_ 5, ) (57_ -;5;)
[+45/90] |

NASTRAN MARC ACOS

(Linear analysis) (Non-linear analysis) | (Non-Linear analysis)

Fig. 8. Buckling modes of [+45/90] composite
cylinder
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Fig. 19. Failure of composite cylinders (test)
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