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Abstract: Thin-walled 304 austenitic stainless steel tanks are key components of inexpensive launch vehicles. These
vessels typically store cryogenic propellants such as liquid hydrogen and oxygen and endure low-temperature condi-
tions and internal pressure during operation. However, common welding processes used in their fabrication are sus-
ceptible to the formation of porosity defects. These defects significantly reduce tank load-bearing capacity and can
induce structural instability. Therefore, a numerical simulation study was conducted on the limit load of 304 austen-
itic stainless steel tanks containing volumetric pore defects. The microstructures of 10% and 20% cold-rolled 304 aus-

tenitic stainless steel base metal and the corresponding laser-welded joints were first characterized. The results indi-
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cated that the base metal contained cold-rolling-induced twins and micro-voids. The 20% cold-rolled base metal
showed more significant grain refinement. The corresponding weld zones exhibited a dendritic microstructure charac-
terized by o ferrite and micro-pores, resulting in reduced tensile strength relative to the base metal. Cryogenic tensile
test was conducted at —180 ‘C to obtain the true stress-strain curves of the welded joints, providing necessary mate-
rial parameters for subsequent simulations. Finite element models incorporating volumetric pore defects were estab-
lished based on the actual tank structure. The effects of defect positioning, spherical-pore size, and elongated pore
length on the tank limit load were systematically analyzed. A nonlinear fitting method was employed to construct a
quantitative predictive model relating the pore parameters (location, size, and length)to the limit load. The results
showed that given the material yield strength, the limit load for any combination of pore parameters (location, size,

and length) could be accurately predicted using this relational model. The maximum limit load was observed when a
single spherical pore was positioned at the mid-plane of the wall thickness, with the load-bearing capacity decreasing
gradually as the defect shifted toward the internal or external surface. An increase in pore diameter caused a corre-
sponding decrease in the limit load. When the pore diameter reached 90% of the wall thickness, the limit load
dropped to 60% of the defect-free capacity. Compared with single spherical pores, elongated pores induced a signifi-
cantly greater reduction in the limit load. As the elongated pore length increased, the limit load decreased continu-
ously before eventually stabilizing at 50% of the defect-free state. These findings provide valuable insights for the

structural-safety assessment and process optimization of cryogenic propellant tanks containing volumetric pore de-

$S59% FH10

fects.

Keywords: 304 austenitic stainless steel tank; limit load; welding porosity; volumetric pore defect
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R 1 10%F0 20%:2 % 304 BREKERFE R FER S

Tab.1 Chemical composition of 10% and 20% cold-rolled 304 austenitic stainless steel

%

)

Wc Wsi Whin Wp Ws WNi Wer WN
BM10 0.043 0.460 1.020 0.026 0.025 8.03 18.35 0.045
BM20 0.041 0.448 1.088 0.036 0.004 8.03 18.11 0.051
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Tab.2 Laser welding parameters
RSk SRR /W JE 3%/ (m/min) 25 £ 1 /mm FAHH I BE /mm A%/ Hz STt/ (L/min)
WwJ10 890 1.2 +3 0.8 50 25
WJ20 900 1.2 +3 1.0 50 25
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Fig.1 Schematic of the welded-joint and base metal ten-
sile specimens (unit: mm)
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Fig.2 True stress-strain curves of the 304 austenitic
stainless steel base metal and welded joint
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Tab.3 Mechanical properties of the 304 austenitic
stainless steel base metal and welded joint

e JEMRBEEE o,/ | BURIAREE 0 / | BEPERCE B/ VIR H
MPa MPa GPa

BM10 1047 1779 168 0.3

BM20 1299 2014 225 0.3

WI10 824 1 668 185 0.3

Wi20 961 1933 152 0.3
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Fig.3 Welded-joint specimen after tensile test at —180 C
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Fig.4 Microstructures of the 304 austenitic stainless steel base metal and welded joint
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Fig.5 Schematic of the 304 austenitic stainless steel tank
with volumetric pore defects
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Fig.6 Finite element model and mesh generation of the
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Tab.4 Comparison of the numerically predicted and

simulated limit loads of tanks with different volu-
metric pore defects

. o | ABOGHIE | AT |
gk | N—k28 SE pUMPa | 453 PUMPa RZEM
WI10 dlt=0.35 0.277 0.269 2.89
WI10 alt=0.6 0.307 0.300 2.28
WI10 clt=6.0 0.177 0.174 1.69
W20 dit=0.35 0.326 0.314 3.68
WI20 alt=0.6 0.363 0.349 3.86
WJI20 clt=6.0 0.211 0.203 3.79
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