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Vibration fatigue prediction using design sensitivity analysis
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ABSTRACT

Authors previously suggested the design sensitivity analysis based on transmissibility function and
identified the sensitivity of measured point over the small modification of system dynamics. On the
other hand, the acceleration data will not reveal the strain information at the same location and
authors suggested energy isoclines that successfully predict the fatigue damage on the interesting
location to overcome the drawback of acceleration over fatigue society. Both of methodologies,
sensitivity analysis and fatigue damage prediction, commonly use the response acceleration response
as main indicator. In this paper, authors investigate the advanced method of vibration fatigue
prediction using design sensitivity analysis to enhance the accuracy of predicted accumulated fatigue.
Uni-axial vibration testing is performed with finite element model of a simple notched specimen and
the prediction of fatigue damage at notched location is conducted for accelerations at different
measurement locations that show different sensitivity contribution, either.
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(b) Lower side(strain-gauge)
Fig. 1 Configuration of specimen and attaching
sensor location

Table1l Modal result of a simple specimen

Mode Resonance Shape
134 Conical

1 683 Bending
2 2,051 Bending
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Fig. 2 Result of design sensitivity analysis
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Fig. 3 Frequency response function between

acceleration and stress on a simple specimen.
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Table2 Relative spectral damage error between
calculated result and predicted ones at rigid mode

65.9 68.3 70.8 73.2 75.6

Nodel i) | (Hz | (H) | H) | (H2)
#1 | 4775 | 6377 | 1341 | 982 | 996
1156 | 1435 | 1317 | 1635 | 2257

104.0

#3
#4 42.6 42.6 53.9 70.8
#6 294 16.3 111 14.3 213

Table 3 Relative spectral damage error between
calculated result and predicted ones a 1% rigid mode

646.9 | 6494 | 651.8 | 654.3 | 656.7
(Hz2) (H2) (Hz2) (H2) (H2)
#1 4.6 337 50.0 73.4 108.4
13.1 27.8 305 38.1 50.4

Node

#3
#4 58 36.2 46.1 60.6 87.4
#6 0.2 25 33 84 10.6
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Fig. 4 Prediction of accumulated fatigue damage
versus relative fatigue damage error at rigid mode
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Fig. 5 Prediction of accumulated fatigue damage
versus relative fatigue damage error at 1% mode
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