
摘要：本文介绍了用岛津 USF-2000超声波疲劳试验机对金属
样品进行弯曲疲劳试验，并使用岛津 HPV-X2高速摄像机对在
试验中的样品进行拍摄。使用高速摄像机，可以观察单个振动
周期的详细过程，从拍摄的高速图像中确定样本准确的移动量。
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疲劳失效是指由于重复的载荷循环而导致的构件断裂，这
种断裂可以用比静态断裂强度小得多的力来发生。此外，由于
疲劳相关的故障突然发生，这导致了涉及船舶和飞机的严重事
故。因此，了解产品所用材料的疲劳性能是非常重要的。然
而，确定疲劳特性通常需要使用 1000万次重复试验（根据 JIS 

Z2273，金属疲劳试验的一般规则）进行耗时的试验，在 10赫
兹下，大约需要 12天才能完成。此外，由于设备效率和速度
的提高，现在要求对 1000万以上的重复进行疲劳评估。对此，
目前正在使用一种能够进行 20 kHz超声波疲劳试验的超声波
试验机。但是，由于使用该仪器进行测量时产生的振动非常快，
因此无法目视确认试样的移动和变形。因此，在进行 20khz弯
曲疲劳试验时，可以使用高速摄像机观察金属板的振动运动情
况。以前，了解试样的整体运动需要位移计的增量重新定位，
但使用高速摄像机，可以在单个观察过程中评估试样的运动。
此外，还论证了从拍摄的高速图像中确定样本准确的移动量的
可能性。

■实验部分
1.1 仪器
USF-2000 超声波疲劳试验机  HPV-X2 高速摄像机  Z16 

APO光学显微镜
1.2 分析条件 

样品尺寸：10.0 × 3.020 × 0.406 mm

应力振幅：900MPa

间歇操作：振动时间 300ms

停歇时间：200ms

样品形状：见图 1

■试验介绍
实验采用 USF-2000 型超声疲劳试验机和 HPV-X2型高速

摄像机。图 2为该实验系统，可见该实验使用配件较多，其中
有用于放大图像的 Z16 APO显微镜，增加图像亮度的频闪灯光。
在该套系统下，试验中任意时间点的图像都可以被拍摄下来，
以便试验后的分析。图 3为试验样品的安装方式，通过该安装
方式将竖直振动方式转换为弯曲振动，对于弯曲振动，图 4所
示的振动模式都可实现，试样尺寸对应不同的振动模式共振。
在此，制备提供二阶弯曲模式的试样。

材料试验 USF-2000

超声频率下金属板弯曲疲劳试验的观察
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Fatigue failure refers to the fracture of a component due 
to repeated load cycles, which can occur using a force 
much smaller than the static fracture strength. Also, 
because fatigue-related failure occurs suddenly, there are 
cases where this has led to serious accidents involving 
ships and aircraft. Therefore, knowledge of the fatigue 
propert ies of materials used in products is very 
impor tant .  However,  determinat ion of fa t igue 
characteristics typically requires time-consuming testing 
using 107 repetitions (as per JIS Z2273, General Rules for 
Fatigue Testing of Metals), which at 10 Hz, takes about 
12 days to complete. Also, due to enhancements in 
equipment efficiency and speed, there are now requests 
for fatigue evaluation with more than 107 repetitions. In 
response to this, an ultrasonic testing machine capable 
of 20 kHz ultrasonic fatigue testing is now in use. 
However, due to the very rapid vibration that is 
generated during measurement with this instrument, 
visual confirmation of the movement and deformation of 
the specimen is not possible. Therefore, a high-speed 
video camera was used to observe the movement of a 
metal plate vibrating while conducting a 20 kHz bending 
fatigue test. Previously, gaining an understanding of the 
overall movement of the test specimen required 
incremental repositioning of a displacement gauge, but 
with the high-speed video camera, it is possible to 
evaluate the movement of the specimen in a single 
observat ion process. Further, the possib i l i ty of 
determining the amount of movement of the specimen 
from captured images was also demonstrated.

The USF-2000 Ultrasonic Fatigue Testing System and the 
HPV-X2 high-speed video camera were used for this 
experiment. Table 1 lists all the instrumentation that 
was used. Shooting during the test can be conducted at 
any desired timing. Fig. 1 shows a photograph of the 
test specimen. For the bending vibration, the vibration 
modes shown in Fig. 2 are available, with a test 
specimen dimensioned to resonate for each vibration 
mode. Here, a test specimen was prepared to provide a 
second-order bending mode.
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图 4  各阶振动方式

样品数量：1

应力比：-1

频率：20kHz



■实验结果
超声波信号经过喇叭的放大作用与样品之上，使样品产生

了弯曲振动，高速摄像机的拍摄速度设置为 200万帧 /秒，可
以以每周期 100帧的速度拍摄到样品的振动周期，并获取其实
验图像数据。图 5为一系列捕获的图像。穿过图 5图像的蓝线
位于图像（1）中样本的中心。当图像从（1）移动到（3）时，
样本的中心部分向下移动。然后，试样的中心部分向上移动，
在图像（9）处达到最大值。从图像（9）开始，样本中心再次
下降，在图像（11）处返回到与图像（1）相同的位置。由此，
确定试样的振动周期为 20 kHz（1-12图像间隔为 0.0005sec）。
此外，从图 5中可以看出，尽管由于试样中心的移动试样会偏
离中心线，但由于试样处于二阶弯曲模式，试样尖端不会移动
太多。将图像处理软件应用于采集的图像，可以确定试样的移
动范围。在这里，我们确定了样本中心部分的移动量。图 6显
示了时间与试样中心移动量之间的关系。此外，根据图 6，确定
弯曲试验中的振幅约为 80μm，并且确定振动频率为 20 kHz。

■结论
本试验使用 HPV-X2记录了使用超声波频率对目标部件进行的疲劳试验，并确认了试样的运动特性。事实证明，HPV-X2能够有效

地捕捉试验过程中产生的高速运动，而显微镜的安装能够对这些微小运动进行视觉记录。除了确认试样在试验过程中的移动外，还可以
根据采集的图像确定试样的实际移动程度。USF-2000根据振动振幅计算应力振幅，从而根据图像确定试样上的应力载荷。因此，该套
测试系统可以有效地用于产品开发过程中进行非常重要的疲劳试验。
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Fig. 6  Amount of Movement of Specimen

Fig. 5  High-Speed Images (Imaging interval: 5 µsec)

Fig. 3 shows an overview of the test setup, and Fig. 4 
shows a close-up view of the vicinity of the specimen. 
The vibration generated by the actuator is amplified by 
the horn, causing the specimen to vibrate. Table 2 
shows the measurement conditions. To obtain image 
data at more than 100 frames per cycle, the shooting 
speed must be set to two million frames/sec. Fig. 5 
shows a series of captured images. The blue line 
traversing the images in Fig. 5 is situated at the center 
of the specimen in image (1). The central portion of the 
specimen is shifted in the downward direction as the 
images proceed from (1) to (3). Then, the center 
portion of the specimen shifts in the upward direction, 
reaching a maximum at image (9). From image (9), the 
specimen center descends once again, returning at 
image (11) to the same position as in image (1). From 
the above, the vibration cycle of the specimen was 
determined to be 20 kHz. Also, from Fig. 5, the 
specimen tip does not move very much, although it can 
be seen that the specimen is in a second-order bending 
mode due to movement of the test specimen center. 
Applying image processing software to the captured 
images permits determinat ion of the range of 
movement of the test specimen. Here, we determined 
the amount of movement of the central part of the 
specimen. Fig. 6 shows the relationship between time 
and the amount of movement of the specimen center. 
Also, from Fig. 6, the amplitude in the bending test is 
determined to be about 80 µm, and the vibration 
frequency is determined to be 20 kHz.

Fatigue testing of a target component conducted using 
the ultrasonic frequency was documented using the 
HPV-X2, and the movement characteristics of the test 
specimens were confirmed. The HPV-X2 proved to be 
effective in capturing the high-speed movement 
generated during the test, and installation of a 
microscope permitted visual documentation of these 
minute movements. Aside from this confirmation of 
movement in the specimen during the test, the actual 
degree of movement in the test specimen can be 
determined from the captured images. The USF-2000 
calculates the stress amplitude from the amplitude of 
vibration, thereby permitting the determination of the 
stress load on the test specimen from the images. Thus, 
the HPV-X2 can effectively serve in the very important 
fatigue testing process during product development.
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图 5 高速摄影捕捉图像

图 6 样品的位移量与时间关系曲线
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fatigue testing process during product development.
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Fig. 6  Amount of Movement of Specimen

Fig. 5  High-Speed Images (Imaging interval: 5 µsec)

Fig. 3 shows an overview of the test setup, and Fig. 4 
shows a close-up view of the vicinity of the specimen. 
The vibration generated by the actuator is amplified by 
the horn, causing the specimen to vibrate. Table 2 
shows the measurement conditions. To obtain image 
data at more than 100 frames per cycle, the shooting 
speed must be set to two million frames/sec. Fig. 5 
shows a series of captured images. The blue line 
traversing the images in Fig. 5 is situated at the center 
of the specimen in image (1). The central portion of the 
specimen is shifted in the downward direction as the 
images proceed from (1) to (3). Then, the center 
portion of the specimen shifts in the upward direction, 
reaching a maximum at image (9). From image (9), the 
specimen center descends once again, returning at 
image (11) to the same position as in image (1). From 
the above, the vibration cycle of the specimen was 
determined to be 20 kHz. Also, from Fig. 5, the 
specimen tip does not move very much, although it can 
be seen that the specimen is in a second-order bending 
mode due to movement of the test specimen center. 
Applying image processing software to the captured 
images permits determinat ion of the range of 
movement of the test specimen. Here, we determined 
the amount of movement of the central part of the 
specimen. Fig. 6 shows the relationship between time 
and the amount of movement of the specimen center. 
Also, from Fig. 6, the amplitude in the bending test is 
determined to be about 80 µm, and the vibration 
frequency is determined to be 20 kHz.

Fatigue testing of a target component conducted using 
the ultrasonic frequency was documented using the 
HPV-X2, and the movement characteristics of the test 
specimens were confirmed. The HPV-X2 proved to be 
effective in capturing the high-speed movement 
generated during the test, and installation of a 
microscope permitted visual documentation of these 
minute movements. Aside from this confirmation of 
movement in the specimen during the test, the actual 
degree of movement in the test specimen can be 
determined from the captured images. The USF-2000 
calculates the stress amplitude from the amplitude of 
vibration, thereby permitting the determination of the 
stress load on the test specimen from the images. Thus, 
the HPV-X2 can effectively serve in the very important 
fatigue testing process during product development.


