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Abstract: As the fatigue life of a piezoelectric actuator is relative to the service life of a piezoelectric
pump., this paper carries out a fatigue life-related research. First, times of stress cycle corresponding
to the ultimate stress is experimentally acquired when Pb(Zr, T1) O3 (PZT-5) ceramics suffers from the
fatigue failure under an electro-mechanical coupling field. The number of samples selected at different
levels of stress in the above experiment are discriminated and corrected by using the coefficient of vari-
ation. After data processing, a p-S-N double logarithm curve and its linear regression equation are ob-
tained with the safety life at different levels of stress under conditions of 95% degree of confidence and
99. 9% livability calculated respectively, which offers important and necessary data for the fatigue life

calculation of piezoelectric actuator. Finally, the fatigue life of the piezoelectric actuator of a certain
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resonance-type air pump is calculated to be 4461 h with safety factor 1. 25 by using ansys and hypothe-
sis of fatigue damage accumulation. These results perfect the technical parameters of this air pump and
the fatigue data, and the calculation method can be applied to the fatigue calculation of PZT-5 actuator
in other kinds of piezoelectric pumps.
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ly fastening piezoelectric actuator
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Tab.1 Duration at different voltages
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250 4,5,6,6,7,8 (s)
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808, 1 067,1 082,1 360, 1 370,

170
1 380 (s)
! 140,150, 151, 175, 180, 210, 216,
L 144
220(min)

100 400,440,470,475,478,479 (h)

1773.1 904.1 951.1 968.,2 046,
2097 (h)
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Tab.2 Times of stress cycle, averages, standard deviations and

variation coefficients of sample at different ultimate stresses
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Fig. 2 Stress contour calculated by ANSYS at volt-
age of 100 V1
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Tab. 3 One-side tolerance factors at different stress values

and times of stress cycles under conditions of Y=95%, p=99.9%
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/MPa k INIVEITEIN/ €
96. 99 —6.579 295
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65. 96 —6.579 71 509
55.87 —5.635 974 594
38.79 —6.579 256 926 499
34.91 —6.579 1 202 056 828
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Tab.4 o6,-N data obtained from fatigue
curve of PZT-5 (+=—1)

6./ MPa TEHREL N
104. 37 100
89.57 1000
76. 88 10 000
65.98 100 000
56.62 1 000 000
48. 59 10 000 000
41.71 100 000 000
35.79 1 000 000 000
32.19 5 000 000 000
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Fig. 4 Schematic diagram of resonance-type air pump
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