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Finite element modeling of failure in IV type composite pressure vessel using
WCM plug-in in ABAQUS software
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Department of Mechanical Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran.
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Hydrogen has become an attractive source of energy for transportation industry, which is adaptable to
Received 12 December 2017 the environment. Using composite pressure vessel type IV for storing compressed hydrogen gas seems
Accepted 28 February 2018 to be a safety solution because of their ratio of strength to weight. Type IV composite pressure vessels

Available Online 08 April 2018 consist of three main parts of polymeric liner, metallic boss and carbon fiber/epoxy composite shell. In

Keywords: the dome zones of these vessels, the thickness of composite layers and the fiber angle would increase

Pressure vessel because of accumulation of resin and reduction in radius. This issue is caused the modeling of these

Filament winding vessels to be a serious challenge. The WCM plug-in is presented for simulation of axisymmetric or

WCM plug-in three-dimensional composite pressure vessels type 11l and 1V in ABAQUS software. In addition to the

Burst pressure parameters like layer thicknesses and fiber angles, manufacturing parameters such as bandwidth,
transition angle and end fraction could be also defined in this plug-in in order to achieve more accurate
results. In this study, a type IV high pressure composite vessel with inner volume of two liters is
modeled using the WCM plug-in in ABAQUS software. Numerical results are assessed by the available
experimental results in the literature. Moreover, failure pressure of this vessel has been estimated by
calculating the on-axis stresses and using failure criteria such as Tsai-Hill, Tsai-Wu and Hashin which is
not done in other investigations.
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Table 1 Geometry properties of pressure vessel

ol CooS
320 (mm) (3 Jsb
190 (MM) 550 slailginl Cowd Jsb
106 (MM) 55 slailginl Cwnd J30s s
4 (mm) oY culrs
2 (L) o5 o>

[24] (5386 ils 5 (s youky Y (SlSe oI55 2 Jgur
Table 2 Mechanical property of metallic boss and polymeric liner [24]
E

p . T
(kg/m?) v (GPa) oz skl el
1500 0.3 0.4 (PAB) sl Ly Ry
8000 03 200 (S.S.316L) o\ycS; oVsh s

[26,25] o j50als Y (Sl _olys 3 Jgur
Table 3 Mechanical property of composite ply [25, 26]

E1 E2 G2 P
(GPa) (GPa) vi2 (GPa) (kg/m®)
137 8.17 0.32 47 1550

Xr Xc YT Yc S
(MPa) (MPa) (MPa) (MPa) (MPa)
1470 980 39.2 78.4 78.4

4 Transversely Isotropic Elasticity
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Table 4 Failure indices of Tsai-Hill, Tsai-Wu and Hashin failure criteria at 5 MPa for each Layer

Flumc Flumt Fluer Flurr Flrw Flrn (az,0) 4 o SUl ay4ly Y o,leds
- 0.081 - 0.082 1.077 1.095 15 1
- 0.027 - 0.027 0.206 0.325 15 2
- 0.018 - 0.019 0.113 0.214 15 3
- 0.013 - 0.013 0.189 0.308 15 4
- 0.000 - 0.003 0.003 1.4e-10 90 5
- 0.000 - 0.000 0.025 0.089 20 6
- 0.006 - 0.006 0.100 0.202 20 7
- 0.006 - 0.006 0.118 0.226 20 8
- 0.000 - 0.003 0.003 0.8e-8 90 9
- 0.003 - 0.003 0.047 0.125 25 10
- 0.003 - 0.003 0.048 0.126 25 11
- 0.003 - 0.003 0.049 0.127 25 12
- 0.000 - 0.002 0.003 le-6 90 13
- 0.001 - 0.001 0.206 0.329 40 14
- 0.006 - 0.006 0.317 0.440 50 15
- 0.005 - 0.005 0.313 0.436 50 16
- 0.005 - 0.005 0.310 0.433 50 17
- 0.000 - 0.002 0.004 0.002 90 18
- 0.024 - 0.166 0.418 0.596 60 19
- 0.024 - 0.024 0.279 0.403 60 20
- 0.023 - 0.024 0.277 0.401 60 21
- 0.000 - 0.002 0.005 0.014 90 22
- 0.000 - 0.002 0.005 0.015 90 23
- 0.000 - 0.002 0.006 0.017 90 24
- 0.000 - 0.002 0.006 0.019 90 25

d.i\J‘,m 6‘)? 92 MPa )L:l‘.é 3O Ol 9 99 -sls ‘J.:An_gl....? et L_ng)L:M u:..;l ‘_gl.bua>|_..4 5 JB“\’.
Table 5 Failure indices of Tsai-Hill, Tsai-Wu and Hashin failure criteria in 92 MPa for each Layer

Flumc Flumt Fluer Fluer Flrw Flru (a>,3) &Y 0 BLIa4l; aY o,leds
- 174.569 - 13.598 174.677 106.381 15 1
- 69.800 - 8.336 69.915 46.102 15 2
- 43.293 - 5.988 43.387 29.778 15 3
- 109.127 - 4.325 109.152 64.867 15 4
- 0.098 - 1.088 1.178 1.599 90 5
- 13.211 - 0.035 13.228 8.971 20 6
- 43.131 - 2.702 43.225 28.283 20 7
- 49.186 - 2.932 49.292 31.971 20 8
- 0.132 - 0.957 1.079 1.501 90 9
- 17.204 - 1.404 17.321 12.642 25 10
- 17.280 - 1.376 17.385 12.613 25 11
- 17.507 - 1.371 17.612 12.748 25 12
- 0.182 - 0.849 1.021 1.458 90 13
- 73.451 - 0.304 73.466 43.199 40 14
- 112.740 - 2.009 112.748 65.373 50 15
- 111.100 - 1.946 111.107 64.441 50 16
- 109.772 - 1.888 109.780 63.681 50 17
- 0.515 - 0.744 1.243 1.838 90 18
- 99.758 - 8.801 99.804 62.121 60 19
- 98.720 - 8.612 98.796 61.936 60 20
- 97.895 - 8.393 97.970 61.357 60 21
- 1.164 - 0.688 1.827 2.513 90 22
- 1.199 - 0.682 1.857 2.540 90 23
- 1.321 - 0.677 1.973 2.658 90 24
- 1.453 - 0.672 2.098 2.782 90 25
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