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Identification method of pipeline vibration loads with
limited measurement information
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Abstract; In this paper, methods for identification of vibration load parameters of pipeline system based on
information of limited measurement points are proposed and validated. We make finite element simulation
modelling for the forward vibration analysis of typical rocket engine pipelines; experimental verification of
the forward finite element numerical model , establishment of methods for identification of the unknown load
parameters of the pipeline system based on the singular value decomposition, genetic algorithm and Tabu
search optimization algorithm, and validation using simulated and measured vibration signals at limited
points. The numerical results show that the load reconstruction based on the singular value decomposition
method is fast,but is easily affected by signal noise , while the genetic algorithm and the Tabu search algo-
rithm have better robustness and can reconstruct the load parameters efficiently for both the simulated and
measured vibration signals.
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Fig.1 Typical pipeline load inversion model and schematic
diagram of loading and measurement point positions
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Fig.3 Typical pipeline system vibration measurement system
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Tab.1 Comparison of measurement and simulation results for

natural frequency of single end fixed pipeline (unit;:Hz)
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Tab.2  Vibration test and simulation results

of single end fixed pipeline

) - PR B/ mm
A/ Ha  BATIRE/N O HR
s 1 s 3
15 75.51 Sy ~1.68 -1.43
i 5 -1.69 -1.44
20 195.37 Sy -1.37 -0.83
HiE -1.09 -0.65
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Tab.3 Load reconstruction results based on SVD (unit:N)

0] AsfE HEHE ELEROl
Fl 200 200. 00 214.25
2 200 200. 00 6789.11
F3 200 200. 00 275.16
4 200 200. 00 220.06
F5 200 200. 00 -10332.89
F6 200 200. 00 -8021.25
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Tab.4 Load reconstruction results based on GA

AT FARE/N FEME/N O FREMEN SRIRE %
Fl 200 195.47 208.91 4.46
F2 200 194.23 185.79 -7.11
F3 200 202.71 190.91 -4.55
F4 200 201.64 198. 60 -0.70
Fs 200 193.42 184.45 -7.78
F6 200 209.58 218.76 9.38
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Tab.5 Load reconstruction results based on TS

/AT AMRE/N EME/N O FIREMEN FHRRE %
Fi 200 214.54 239.35 19.68
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F3 200 195.21 197.69 -1.16
F4 200 207.40 194.84 -2.58
Fs 200 200.46 184.52 -7.74
F6 200 202.26 218.88 9.44
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Tab.6 Load reconstruction results for simple harmonic

vibration of single end fixed pipeline based on SVD

. HLAE Hp=N! B KREA3 KETLA3
A S N ST L e ST L f2e AN
H B/ WA, B/ WRAHE,  wEEAR/
z
N mm N mm mm
15 75.51 -1.68 53.54 -1.43 -1.15
20 195.37 -1.37 109.31 -0.83 -0.60
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Tab.7 Load reconstruction results for simple harmonic

vibration of single end fixed pipeline based on GA

e TOC WAL BRWAS RN
” Wi, WG, R WREE,  ERGE/
N mm N mm mm
15 75.51 -1.68 77.09 -1.43 -1.65
20 195.37 -1.37 190.28 -0.83 -1.05
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EEIRE R E M R

Tab.8 Load reconstruction results for simple harmonic

vibration of single end fixed pipeline based on TS

P HAE Hp=! B KREIA3 KEIAE3
IR Sl L fe ST L fe N
H s WMEAF, B, WRAE,  wEHAR/
z
N mm N mm mm
15 75.51 -1.68 78.06 -1.43 -1.67
20 195.37 -1.37 202.13 -0.83 -1.11
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