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Abstract: A, dynamic strain"reconstruction method of rotating blades based on response
transmissibility was\proposeéd. Based on the characteristics of system strain frequency response,
an  analytical expression of the strain-strain response transmissibility with respect to the modal
shape was obtained within the frequency domain, and the mapping between the measured and un-
meastred strains on the blade was established. Experiments for the blade dynamic strain measure-
ment were conducted under the high-speed rotating condition. Then, the finite element model of
the blade was established and updated by using the first four natural frequencies from experi-

ments. The modal analysis of the rotating blades was conducted considering the prestress of rota-
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tional speed. The blade strain mode shapes were extracted from the finite element model and the

strain-strain response transmissibility on single-mode resonance was calculated. Experimental re-

sults showed that the relative errors between the measured dynamic strains measured by strain gaug-

es and the reconstructed dynamic strains based on the response transmissibility were less than 10%].
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Table 1 Positions list of strain gages attached on blades
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Table 4 Material parameters of simulated rotor
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Table 5 Comparison between finite element analysis

results and experimental results at different speeds

EEliSRAE S S 2R
4 AH X
B PR/ B/ BIR/ B/ gy
Hz (r/min) Hz (r/min)
30. 631.7 12 634 650. 3 13 000 2.90
40, 609. 5 9141 626.5 9 300 2.70
50, 600. 5 7 206 616.7 7 400 2.60
60, 594.9 5949 610.3 6 100 2.50
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Table 7 Natural frequencies of modal analysis before and after model updating

et I8 45 0%/ H P
{65 T i A7 PR IE 245 {65 1F J5i A5 B 5 S (BIESR)/ %
1y 631.7 648. 8 648.0 0.13
2By 1798.6 1821.3 1 800.0 1.18
3 3428.7 3470.8 3508.0 1.06
4By 5692.5 5731.6 5724.0 0.13
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Fig.10 Distribution of strain extraction node positions
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Table 8 ‘Response transmissibility results.before and

after model updating

sy # 1% / (r/min)

13000~ 9300

REME ERT | AMSBALT 10115 1.048
i AfSCH 1,152 1.134
0 44 TF E Y AmgBr 1.245 1.235
ik Lt ABSCH 1,145 1.125
WALRBTEN AMSBA 1.246 1.235
i Lt ABSCH 1,148 1.145
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Fig.12 Flowchart of rotating blade"dynamic strain

reconstruction based on response transmissibility
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Fig.13 Cemparison of the measured and the reconstructed

dynamic strains of rotating-blades
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Table 9 Mean relative error of blade dynamic

strain reconstruction

A 15 25 - 34 15/ %
34/ (r/min)
16 1E 11 BIE )5
9 300 13 5.50
13 000 11 6.30
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