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Fatigue Analysis of Small-Diameter Welded Pipe
in Liquid Rocket Engine
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(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to simplify the calculation of random vibration fatigue of welded pipe, this paper proves
that the structural stress referred to by structural stress method in welding fatigue analysis is consistent with the
nominal stress calculated by material mechanics, and a simplified method for rapid design and fatigue analysis is
proposed, which is not only independent of FE—Safe software, but also takes advantage of the efficiency of beam
element model. In addition, based on the random vibration calculation results of the beam element model, the ef-
fects of the multi-scheme arrangement of damping clamps on the welding fatigue life of the structure are dis-
cussed. It is considered that the scattered clamps and the increased number can effectively avoid the resonance
frequency of the structure, but it does not necessarily improve the fatigue life of the welding, and may even accel-
erate the failure of the welding position. The specific layout design needs to combine the fatigue calculation re-
sults.
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Fig. 2 Small-diameter pipelines with failed weld"
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Establish a finite element model with weld details

!

Input load and boundary conditions to obtain the
force response results of weld joints

v

Calculate the structural stresses based on linear
forces and linear torques (by FE-Safe software)

v

Combine the thickness and load factors to make the
Ao,
structural stress equivalent to AS= —5

)T
v

Complete the welding fatigue evaluation
according to the main S-N curve

End

Fig. 3 Flow chart of welding fatigue analysis based on

structural stress method
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Fig. 4 Stress distribution in weld cross section
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Fig. 5 Structural stress decomposition
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Fig. 6 Finite element model of welding small-diameter

pipeline
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Fig. 7 Structural stress on weld line
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Fig. 8 Extendable nozzle technology

Fig. 9 Local strengthening technique!
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Table 2 Random vibration acceleration excitation spectrum

Frequency/Hz Power spectral density/(g?/Hz)
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Fig. 12 Effect of clamp on welding fatigue life
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Table 3 Intrinsic modes under different single clamp

layouts(Hz)
Mode Distancel Distance2 Distance3
1 320.80 704.37 395.24
2 964.08 779.90 517.63
3 1067.10 949.09 907.99
4 1297.00 1856.50 1673.20
5 2143.60 2283.20 1863.60
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Fig. 13 Comparison nominal stresses’ PSD
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Fig. 14 Effect of clamp positon on fatigue life
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Fig. 15 Beam element model of fixed-support pipe with

different number of clamps

Table 4 Intrinsic modes with different number of clamps

(Hz)

Mode 0 clamp 1 clamp 2 clamps 3 clamps
1 279.62 704.37 469.81 1475.3
2 507.56 779.90 12282 1641.8
3 780.28 949.09 1714.5 2293.2
4 990.16 1856.50 1998.7
5 1215.10  2283.20 2561.4
6 1936.70
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