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ABSTRACT: The work aims to carry out a finite element analysis and design optimization for the complete structure of the
loading arm based on the stress situation of the large-diameter unloading arm under standby conditions. When establishing a fi-
nite element model, the actual motion state of the unloading arm was greatly restored. The vibration mode and natural frequency
of the unloading arm structure were obtained through a modal analysis, to provide a basis for analyzing the vibration character-
istics of the unloading arm and calculating earthquake loads. In addition, a finite element calculation and analysis was performed

on the complete structure of the unloading arm under the worst-case conditions of OBE and SSE earthquake load combinations,
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to obtain the stress and deformation of the unloading arm under load, and finish the structural strength verification. The estab-

lished finite element model had high accuracy. According to the results of the finite element calculation and analysis, a flexible

slip ring was proposed to replace the rigid lining for optimization, reducing the load on the pipeline system and rotating joints;

The material optimization selection and structural safety factor enhancement design of some structures were completed under

guidance, and a plan was proposed to increase the wall thickness of steel pipes to improve the overall safety and reliability of the

unloading arm structure. The unloading arm of this structural form can meet the design requirements under the earthquake load

limit state, and the relevant research results can provide a technical support for the design and engineering application of inde-

pendent technology unloading arms.
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Fig.1 Stowed state of unloading arms
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Fig.2 Simplified finite element model of local structure of unloading arm: a) counterweight; b) revolute joint
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Tab.1 Material properties of unloading arm
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Fig.3 Finite element model of complete unloading arm
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Fig.4 Meshing of complete unloading arm structure (local): a) pipe; b) support structure; ¢) column
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Fig.5 Connection scheme and application of unloading arm support structure and pipeline flexible slip ring
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Fig.7 Modal vibration of independent support structure of
unloading arm (local): a) the first mode; b) the seventh mode
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Tab.4 Partial coefficient of earthquake action
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Fig.8 Stress situation of unloading arm structure under OBE condition: a) pipe; b) column; ¢) outer arm support;
d) inner arm support; e) rotation shaft box; f) complete unloading arm



Elem: PART-1-1.9506
Node: 21306

S/MPa

+2.571e+02 Max: +2.571e+02

+2.357e+02
+2.143e+02
+1.928e+02
+1.714e+02
+1.500e+02
+1.286e+02
+1.071e+02
+8.571e+01
+6.429¢+01
+4.286e+01
+2.143e+01
+3.101e-03
Max:+2.571e+02
Elem:PART-1-1.523362
Node: 489421

\

d B

Elem: PART-1-1.125945
Node: 132480

S/MPa

+1.128e+02
+1.034e+02
+9.400e+01
+8.460e+01
+7.521e+01
+6.581e+01
+5.641e+01
+4.701e+01
+3.761e+01
+2.822e+01
+1.882e+01
+9.420e+00

+2.181e-02
Max:+1.128e+02
Elem:PART-1-1.229367
Node:235033

Max: +1.128e+02

E‘;

e PR

- 142 - ¥oam OB TR 2025 4 3 1
S/MPa S/MPa S/MPa
(Avg: 75%) (Avg: 75%) (Avg: 75%) Max: +2.196e+02
+1.469e+02 +1.678e+02 +2.196e+02
+1.347e+02 +1.538e+02 +2.013e+02
+1.224e+02 +1.398e+02 +1.830e+02
+1.102e+02 +1.259¢e+02 +1.647e+02
+9.795e+01 Q +1.119e+02 +1.464e+02
+8.570e+01 5 +9.789¢+01 +1.281e+02
+7.346e+01 2 +8.391e+01 +1.098e+02
+6.122e+01 o = +6.992e+01 +9.148e+01
+4.898e+01 ‘ + +5.594e+01 +7.318e+01
+3.673e+01 ] +4.196e+01 +5.489¢+01
+2.449e+01 = +2.797e+01 +3.659e+01
+1.225e+01 +1.399¢+01 +1.830e+01
+5.742¢-03 ‘ +7.710e-04 +1.992e-09
Max: +1.469e+02 L Max: +1.678e+02 Max: +1.678e+02 Max:+2.196e+02

Elem: PART-1-1.284277
Node: 278713

c IME S

S/MPa

Max: +2.571e+02
+2.571e+02
+2.357e+02
+2.143e+02
+1.928e+02
+1.714e+02
+1.500e+02
+1.286e+02
+1.071e+02
+8.571e+01
+6.428e+01
+4.286¢e+01
+2.143e+01
+1.992¢-09
Max:+2.571e+02
Elem: PART-1-1.523362
Node: 489421

f HUBVE AL

B9 HURMEF REALASFITE SSE T0L T 13 11 il

Fig.9 Stress situation of unloading arm structure under SSE condition: a) pipe; b) column; ¢) outer arm support;
d) outer arm support; e) rotation shaft box; f) complete LNG unloading arm
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