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Analysis of Impact Damage and Internal Pressure Performance of a

Composite Pressure Vessel according to Stacking Sequence Design
Using Finite Element Analysis

Kyoungmin Park***, Yuna Oh*, Kwak Jin Bae*, Minkook Kim*, Soon Ho Yoon*,
Eunho Kim**', Jaesang Yu*'

ABSTRACT: This study analyzes the effect of the stacking sequence of a carbon fiber reinforced polymer (CFRP)
pressure vessel cylinder on impact damage and residual burst pressure. To achieve this, finite element analysis (FEA)
incorporating a continuum damage mechanics (CDM)-based damage model was conducted to evaluate the impact
behavior, damage patterns, and burst pressure of the cylinder under different impact energy levels. The results indicate
that the impact behavior and damage characteristics vary significantly depending on the stacking sequence of the
composite material. Under a 30 J impact, the BM’s residual burst pressure dropped from 34.6 MPa to 24.2 MPa (-30.1%),
whereas the cross-ply models M1 and M4 fell only to 30.2 MPa (-12.5%) and 33.2 MPa (-3.5%), respectively. When
hoop and helical layers are alternately stacked, delamination damage increases internally. However, the dispersion of
impact energy effectively suppresses fiber damage in the hoop layers, preventing a significant reduction in burst
pressure.
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Fig. 1. Finite element analysis model of cylindrical composite
pressure vessel, impactor, and the v-supporter

Table 1. Material properties of FEM [15]

E, 134.6
Elastic modulus E,) Es3 7.65
(GPa) G, Gys 3.68
G,; 3.2
. . . VipVi3 0.298
Poisson's ratio
Va3 0.52
CFRP
X, 2480
X¢ 951.4
Y, 324
Strength (MPa)
Yo 137.7
Si» Sps 77.5
Sy 68.6
t, 324
Strength (MPa) t, 68.6
t, 68.6
G, 0.425
Fracture toughness
Cohesi G 1.030
ORESVE | (N/mm) [20] L
G 1.030
K, 7.65
Stiffness (GPa) K, 3.68
K, 3.68
Elastic modulus E 207.8
Steel (GPa)
Poisson's ratio v 0.266
Elastic modulus E 25
EPDM (MPa)
Poisson's ratio v 0.4
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Table 2. Stacking sequence configurations for finite element
anlaysis model of composite pressure vessels

Model Stacking sequences
Base Model N o Ao
BM) [(90°/c),/(20°/-20°/c) /EPDM]
Model#1 [(90°/c),/(20°/-20°/c),/(90°/c),/(20°/-20°/c),/
(M1) EPDM],
Model#2 [(90°/c),/(20°/-20°/c),/90°/c/(20°/-20°/c),
(M2) /90°/c/EPDM]
Model#
odel#3 [(90°/c),/(20°/-20°/c) /(90°/c),/EPDM];
(M3)
Model#4 [90°/¢/(20°/-20°/c),/(90°/c),/(20°/-20°/c),/
(M4) 90°/c/EPDM]
Model#5 [90°/c/(20°/-20°/c),/90°/c/(20°/-20°/c),/
(M5) (90°/c),/EPDM]
Model#6 o are R
(M6) [(20°/-20°/c),/(90°/c) /EPDM] .
(a)
Initial velocity
(b)

Fig. 2. Finite element analysis procedure; (a) impact analysis, (b)
burst pressure analysis
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Fig. 4. Burst pressure analysis; (a) hoop strain - burst pressure
curve without impact damage, (b) damage of helical
layer at 11 MPa and damage of hoop layer at 34 MPa
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Impact force - time curve at 30 J
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Fig. 8. Impact behaviors at 20J for each model; (
time curve, (b) delamination area, (c) fiber damage on
hoop layer
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