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Comparative Study on Method of Inversion Analysis of Structure

Parameter in Nuclear Power Pipeline System Using Seismic Response
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(College of Petrochemical Technology . Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The feasibility and difference of using seismic response to invert the structure
parameters of the pipeline were studied when the ratio of seismic response to seismic ex-
citation and the vibration control equation error were taken as the target eigenvalues in
this paper. The iterative mathematical model which could be shared by the two methods
was derived, and then the structure parameters in finite element model of pipeline were
identified by using the seismic response. The results show that the inversion results of
the two methods have similar accuracy under certain conditions. The method based on
the ratio of seismic response to seismic excitation has higher robustness, and is suitable
to use displacement response. The method based on the vibration control equation error
has lower dependence on the initial estimation of the updated parameters, and is suitable
to use acceleration response.
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Fig. 1 Flow chart of structure parameter inversion analysis
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Fig. 2 Test structure and arrangement of test point
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Fig.4 Lumped mass FEM of test structure
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Fig. 7 Sensitivity of structure parameter to vibration control equation error
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3 1 FRF
Table 3 Inversion result based on FRF residual under initial estimation [
Ka/(Ne+me«rad™ ") Ke/(N+me«rad™ D) W/(N+ m®) /Hz o/ %
1 1. 51X 108 3.59X10° 2. 23X 10* 18 46 6. 52
2 1. 87X 106 2. 06108 2.01X10* 19. 22 10. 90
3 1. 91X 108 201108 2.01x10* 19. 12 10. 32
4 1L 01X10° 1. 69X 106 4. 09X 10° 18 02 3. 98
4 I
Table 4 Inversion result based on vibration control equation error under initial estimation [
Ka/(Nemerad 1) Ko/(Nemerad 1) W/(N + m®) /Hz o/ %
1 7. 79X 10° 1. 39X 10° 2. 14X 10" 17. 31 0. 11
2 1. 22X 108 2. 51108 2. 12X 10" 19. 30 11 36
3 3. 54X 10° 1. 78 X108 2. 08X 10* 18 78 8 36
4 2. 09X10° 1. 78X 105 4. 17X 10" 18 71 7. 96
5 I FRF
Table 5 Inversion result based on FRF residual under initial estimation [
Kg/(Nem-e+rad 1) Ko/(Neme+rad 1) W/(N+mb) /Hz o/ %
1 7. 25X 10° 1. 52X 10° 2. 18X 101 17. 35 0. 11
2 9. 22X10° 1. 53X 10° 2. 07X 10" 17. 36 0. 17
3 9. 42X 10° 1. 51X10° 2. 00X 10" 17. 37 0. 23
4 1. 01X10° 1. 30X10° 4. 30X 10" 16. 26 6. 17
6 I
Table 6 Inversion result based on vibration control equation error under initial estimation ][
Ka/(Nemsrad 1) Ko/(Nemsrad 1) W /(N « m° /Hz /%
1 7. 79X 10° 1. 39X 10° 2. 1410 17. 31 0. 11
2 8 45X10° 1. 56X10° 2. 04X 10" 17. 38 0. 29
3 3.96X10° 1. 37X 10° 2. 03X 10" 16. 98 2. 01
4 1. 40X 10° 1. 33X 10° 4. 17X 10" 16. 59 427
5.6 : 6-1
; FRF 41,
1 3 51 6-2 .
, 5-1.5-2
5-3., 1% FEM
(PSD)
, 6-1 6-2, FRF PSD

o

4-1
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7 1 FRF
Table 7 Inversion result based on FRF residual under initial estimation | by using displacement response
Ka/(Ne+me«rad™ ") Ke/(N+me«rad™ D) W/(N+ m®) /Hz o/ %
1 1. 55X 10 1. 21X10° 2. 00X 10* 17. 11 1. 26
2 1. 93X 106 201108 2. 00X 10" 19. 23 10. 96
3 1. 87X 10°¢ 2. 00108 2. 03X 10" 19. 21 10. 84
4 1. 00X 10° 1. 68X 106 4. 37X 10" 18 04 4. 09

8 I
Table 8 Inversion result based on vibration control equation error
under initial estimation [ by using displacement response

K.u/(Nemerad 1) Ko/(Nemerad 1) W/(N + mf) /Hz /%
1 1. 06X 105 1. 25X 10° 2. 00X 10" 17. 09 1. 38
2 1. 88X 106 2. 07X 10° 2. 02X 101 19. 22 10. 90
3 6. 80X 10° 1. 77X 105 2. 14X 10" 19. 02 9. 75
4 1L 01X10° 1. 67X 10 39610 18 02 3. 98

9 I FRF

Table 9 Inversion result based on FRF residual under initial estimation ]| by using displacement response

K, /(Ne+me+rad ') Kp/(Nemerad ') W/(N +mf) /Hz o/ %
1 8 46X10° 1. 25X10° 2. 06X 10" 17. 07 1. 50
2 8 60107 1. 52X 10° 2. 06 X101 17. 36 0. 17
3 8 56X10° 1. 51X10° 2. 08X10" 17. 36 0. 17
4 1. 00X 10° 1. 30X 10° 4, 5X10* 16. 31 5. 88
10 I
Table 10 Inversion result based on vibration control equation error
under initial estimation ] by using displacement response
Ki/(Ne+m-«rad ') Kp/(Nem-«rad ') W/(N+m®) /Hz o/ %%
1 8 52X10° 1. 23X 10° 2. 15X 10" 17. 07 1. 50
2 9. 40X 10° 1. 52X 10° 2. 12X 10" 17. 39 0. 34
3 3. 54 X10° 1. 05X 10° 2. 01X 10" 16. 53 4. 61
4 1 04X 10° 1. 29X 10° 4. 14X 10° 16. 23 6. 34
FEM
s
FRF, FRF o
, 2) FRF
FEM ,

D FRF FEM
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