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Abstract

We developed a micro-scale tensile fatigue test system, which allows testing micro specimens fabricated from
bulk materials. The system consists of a probe attached to a micro-manipulator, a micro-manipulator for accurate
initial positioning and applying tensile stress, and a scanning electron microscope for observation. This paper
reports the design of the system and the result of tensile tests and tensile fatigue tests on the specimens which
are made of coarse-grained magnesium alloy, AZ31. The tensile tests suggests that the system can apply
accurate tensile stress to the micro specimens and its tensile strength is much larger than that of bulk materials.

In addition the tensile fatigue test indicates that the system can apply intended cyclic tensile stress.
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1. INTRODUCTION

Recently, there have been many researches and
practical applications of micro mechanical systems,
such as, micro acceleration sensors, vibrators, digital
mirror devices, etc. In order to improve the reliability
of these structures, it is necessary to clarify the
mechanical properties of the micro structures. It is
said that the material properties in the macro-scale
are different from that of the bulk materials [2][3][4],
however, they have been measured in the past.
In particular, a structure smaller than a micro-crack
(~ 10um) shows a different fatigue behavior.
Therefore, there is a lot of research done to study the
fracture properties of a micro structure [5][6][7], but
for the following problems, there are few
investigations on micro-scale tensile fatigue test;

1. Initial positioning of probe and specimen.

2. Applying tensile stress to micro-scale

specimen.

3. Testing specimens fabricated from bulk

materials.

4. Accurate loading and stress measurement.

To solve these problems, we developed a micro-
scale tensile fatigue test system with a micro-
manipulator and an scanning electron microscope.
And using this system, we carried out tensile test
with specimens made of coarse-grained magnesium
alloy AZ31, whose crystallographic structures were
measured by an electron backscatter diffraction
(EBSD) method. The tensile tests verify the relations
between mechanical properties and crystal
orientations, and the tensile fatigue tests show the
fatigue break behaviours.

2. Micro-scale tensile test system

Fig.1 shows a schematic of our micro tensile
fatigue test system. To observe and position a probe
and a specimen, a scanning electron microscope

(JSM-6301F, JEOL) was used because its depth of
focus is deep enough while that of the optical
microscopes is not enough. To realize micro-scale
tensile fatigue tests, the system should have three
important components; a load sensor, a probe and a
specimen.

The load sensor consists of a pair of parallel
plates and an eddy current sensor shown in Fig .2.
When a load is applied to the sensor, the parallel
plates deform according to the load and the gap
between the parallel plate and the eddy current
sensor changes. The eddy current sensor measures
the change of the gap. The applied load is calculated
from the amount of the change. The eddy current
sensor has 500 pm of range and 0.05 pm of
resolution. The parallel plates are made of phosphor
bronze and the sizes of them are as follows; 0.06
mm of thickness, 8 mm of length and 6 mm of width.
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Fig. 2. Schematic of the micro testing system.
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Fig. 1. Configuration of operation principle of the load
sensor.
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Under this condition of the parallel plates, the
resolution of the load sensor is 7.3 pN, which
corresponds to 1.2 MPa of tensile stress in the
specimens used in this study.

Fig. 3 shows the shape and the size of the probe
and the specimen used in this study. The tensile
stress is applied by contacting these components
physically and the specimen is designed to break at
the testing part of the specimen, which is located in
the center of the specimen. In case that the applied
load has a bending component, the specimen will
break at the curved section.

The probe is positioned by micro-manipulator
(Sanyu electron: SMM-7801) and applies tensile
stress to the specimens. The probe is made of
stainless steel (SUS304) and fabricated by a focused
ion beam (FIB, Hitachi: FB-2000A).

The specimens are made of coarse-grained
magnesium alloy AZ31 whose grains are grown by
friction stir. These specimens are also fabricated by
FIB from two crystal grains shown in Fig. 4 and a
tensile stress is applied in the vertical direction to the
paper surface. Fig. 5 shows a fabricating process of
the specimen.

The micro-manipulator has 3-axis linear
actuators and 3-axis piezo actuators. The linear
actuators conduct the initial positioning of the probe
and the specimen. The piezo actuators apply cyclic
stresses.

These components are installed to the micro
manipulator in the SEM shown in Fig.6.

Probe Specimen

Fig. 3. Specifications of the probe and the specimen.

Fig. 4. Result of EBSD analysis of the AZ31 material and
the crystal orientation of each grain.
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3. Tensile test

Using the testing system, we conducted tensile
tests on specimen A and B. As mentioned above, a
tensile stress is applied in the vertical direction to the
paper surface in Fig. 4. According to the EBSD
analysis, it is expected that a basal slip easily occurs
in specimen A, but not easily in specimen B.

Fig.7 shows the procedure of initial positioning.
Fig.8 is the SEM image of micro-scale tensile test. It
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Fig. 5. An example of a figure.
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Fig. 6. The load sensor, the probe and the specimen
installed to the micro manipulator in the SEM.
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Fig. 7. The procedure of the initial positioning.



shows that the probe and the specimen are
successfully positioned. Fig. 9 and Fig. 10 are SEM
images of specimen A and B which are successfully
broken at the testing part. In this experiment, the
applied load is increased at a constant rate and the
tensile strength is determined by those which were
broken in the parallel part of specimen.

Fig. 11 and Fig. 12 show representative
example of applied tensile stress to specimen A and
B, respectively. The tensile strength of specimen A
was about 300 MPa (number of samples is 4) and
that of specimen B was about 450 MPa (number of
samples is 3). These results indicates that the tensile
strength of micro materials are much larger than that
of bulk materials (147 MPa_ in coarse-g.rainec‘:i‘I
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FiQ. 10. SEM images of the broken specimen B.
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magnesium alloy AZ31). Besides, they indicates that
a tensile strength of a specimen depends on its
crystal orientation and the tendency is consistent with
the expectation from the EBSD analysis.

Fig.13 is one of examples of specimens which
are broken at the curved section. The initial
positioning was failed for this specimen such that a
bending moment was applied to the tip of specimen.
Therefore, these specimens were broken at 200 MPa
of tensile stress which is much lower stress
compared to 450MPa.

According to these facts, the system can apply
accurate tensile stress and observation of specimens
enables to determine whether the stress is applied
accurately.
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Fig. 11. Applied tensile stress to specimen A.
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Fig. 12. Applied tensile stress to specimen B.

Fig. 13. An example of specimens which are broken at the
curved section.
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Fig. 14. Cyclic tensile stress is applied up to 1 million
times.

4. Tensile fatigue test

The tensile tests suggest that the developed
system can apply accurate tensile stress to the
specimens. Therefore, in this experiment, the
availability of conducting a tensile fatigue test is
confirmed.

Based on the result of tensile tests, the stronger
specimen; specimen B is tested in this examine. The
cyclic tensile stress is applied up to 1 million times at
10 Hz and the applied stress amplitude is 50 MPa
shown in Fig. 14. From the graph, it is confirmed that
the cyclic stress is successfully applied in 10 Hz and
in intended stress amplitude for 1 million times.

5. Conclusions

In this study, we developed a micro-scale tensile
fatigue testing system with a micro manipulator and a
scanning electron microscope. Then using this
system, we tested specimens which are made of
coarse-grained magnesium alloy AZ31 whose
crystallographic structures ware analysed by EBSD
method.

The results indicates the following conclusions;

1. The developed system can apply accurate
tensile stress and observation of specimens
enables to determine whether the tensile
stress is applied accurately.

2. The tensile strength of micro-scale
specimens is much larger than that of bulk
materials.

3. The tensile strength is dependent on the
crystal orientations.

Tensile fatigue tests suggest that the developed
system can apply tensile stress in intended amplitude,
frequency and number of cycles.

According to these facts, the developed micro-
scale tensile fatigue test system enables to examine
the tensile strength and fatigue limit of micro-scale
specimens.
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