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'PVDF Resonating Diaphragm Actuator For Fatigue Test of
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Tokyo Institute of Technology
Ryo Suzaki
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Nastaran Tamjidi
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Tokyo Institute of Technology
Seiichi Hata

We are truly honored to be awarded a Certificate of Merit for
Excellent Paper of the conference by the JSME Materials and
Processing Division. We really do appreciate this recognition by
JSME. We take this opportunity to briefly introduce our research.

To evaluate the fatigue behavior of materials in microscale,
high frequency fatigue test of microspecimens is recently being
developed. However, most of these methods are limited to Silicon
based materials and the fatigue test methods on sputtered metallic
thin films are not developed much. In our research, a novel high-
frequency bending fatigue test method for sputtered metallic thin
films using PVDF microactuator is proposed. The actuator is a 4
mm x 6 mm rectangular diaphragm made from PolyVinylidene
Fluoride (PVDF) piezoelectric film. When the actuator is driven by
sinusoidal signal at its first resonance frequency of about 6 kHz,
the diaphragm vibrates in a bending motion. This bending motion
is used to apply force to a thin film specimen for fatigue test.

The specimen is a 1.5 pm thick sputtered thin metallic film.
Titanium thin film is selected as an example. The specimen has
150 pm thick anchors made from KMPR. The specimen is made by
micromachining on glass substrate. The glass substrate protects
the fragile specimen during handling. The KMPR anchors are
used to fix the specimen on the actuator. Epoxy is applied to

No.43 May 2012

the anchors and the specimen is stamped on the actuator. After
the curing of epoxy, the specimen is released from the glass
substrate by removal of a sacrifier layer between the specimen
and glass substrate. The setup is then ready for the fatigue test.
The actuator is driven at its resonance frequency, the diaphragm
bends up and down, the specimen undergoes a cyclic loading
and the stress in the specimen increases until it is broken under
fatigue. The vibration amplitude of the specimen is measured
and applied in a FEM model of the specimen. The stress in the
specimen is calculated. By knowing the number of cycles after
which the specimen breaks, the stress-fatigue life cycles (S-N
curve) of the specimen is plotted. The result of the test shows
the decrease of fatigue strength of Ti as the number of loading
cycles increases. By using this method, the S-N curve of titanium
specimen was obtained over 50 times faster than conventional
methods with loading frequency of 100 Hz.

This was a brief introduction of our research. We thank you
again for considering us for this honorable award. Your support is

really appreciated now and in the future.
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