
材料试验 USF-2000A

USF-2000A 金属材料超声波疲劳试验

摘要：本文使用岛津公司 USF-2000A 超声波疲劳试验机试验证明，在本实验中，我们根据日本焊接工程学会（Japan Welding 

Engineering Society）制定的 WES 1112:2017（金属材料超声疲劳试验方法），采用 SNCM439和 A6063两种金属试样进行试验并
介绍了其试验结果。
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高强度钢是一类比普通结构钢强度更高的材料，众所周知，
对于大多数结构金属材料，疲劳强度会降低，直到施加 106次荷
载，从 107次开始达到疲劳极限，此时不会发生疲劳断裂。然而，
通过研究还发现，对于硬化或表面处理的高强度金属材料，内部
夹杂物成为疲劳断裂的根源，在 108至 109次循环时也会导致断
裂。另一方面，近年来，工业产品的功能性和耐久性要求越来越
高，根据这一趋势，金属材料成型工业产品也必须满足严格的要
求。因此，传统的最大负荷周期为 107次的测试现在是不够的，
超过 109个周期的疲劳试验已经成为必需的。然而，对于一般的

液压疲劳试验机，这样的疲劳试验将需要相当长的时间。例如，
在 10Hz的频率下进行 109个周期的试验，理论上需要大约 3.2年。
用于本试验的超声波疲劳试验系统能够在 20 kHz的频率下进行
试验，在约 14小时内完成 109个循环的试验。因此，该测试系
统是一个非常有效率的测量系统，用于超过 109个循环的疲劳试
验。在本实验中，我们根据日本焊接工程学会（Japan Welding 

Engineering Society）制定的WES 1112:2017（金属材料超声疲
劳试验方法），采用 SNCM439和 A6063两种金属试样进行试验。
本文介绍了实验结果。

■实验部分
1.1 仪器
USF-2000A超声波疲劳试验机  辐射温度计  电涡流位移传感器
1.2 样品尺寸与分析条件
样品名称：SNCM439, A6063 T5

样品尺寸：详见下图 1

样品数量：2                          

应力振幅：SNCM439（1100,1050,1000,950,900,850MPa）
                  A6063（120,110,100,90,80,70MPa）
最大循环次数：1*1010

应力比：-1

频率：20kH

图 1 样品尺寸 (SNCM439)

图 2 超声波疲劳试验系统

■试验介绍
2.1试验装置
我们使用 USF-2000A超声波疲劳测试系统进行测量。图 2

显示了超声波疲劳测试系统的图片其中包括有电涡流位移传感
器，风冷装置与辐射温度计。
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Generally it is known that with most structural metal 
materials the fatigue strength lowers until a load is 
applied 106 times, and from 107 times onward the 
fatigue limit is reached, at which no fatigue fracture will 
occur. However, it is also revealed that with high-
strength metal materials that are hardened or surface 
treated, internal inclusions become an origin of a 
fatigue fracture and cause a fracture even at 108 to 
109 cycles. On the other hand, recently, the 
functionality and endurance required for industrial 
products are becoming stringent, and according to this 
trend, metal materials forming industrial products 
must also meet rigorous requirements. Therefore, 
conventional testing with a maximum of 107 loading 
cycles is now insufficient, and a fatigue test exceeding 
109 cycles has become required. However, such a 
fatigue test will take considerable time. For example, a 
test with 109 cycles at a frequency of 10 Hz theoretically 
requires about 3.2 years. The ultrasonic fatigue testing 
system used for this experiment enables testing at a 
frequency of 20 kHz, achieving a test with 109 cycles in 
about 14 hours. Therefore, this testing system is a very 
effective measurement system for fatigue tests 
exceeding 109 cycles. 
In this experiment, we used two kinds of metal 
specimens, SNCM439 and A6063, for testing according 
to WES 1112: 2017 (Ultrasonic fatigue testing method 
for metal materials) stipulated by the Japan Welding 
Engineering Society. The results are introduced in this 
article. 

F. Yano 
 

 Measurement System 
We used the USF-2000A ultrasonic fatigue testing 
system, for measurement. For the measurement 
principle, please refer to our catalog of this system 
(Dynamic/Fatigue Testing Systems). Table 1 gives the 
testing system configuration and Fig. 1 shows the 
picture of the test. In WES 1112: 2017, it is stipulated 
that the surface temperature of a high stress portion on 
the specimen must be measured to determine the 
conditions to keep the temperature at 30 °C or less and 
that the use of a radiation thermometer is 
recommended. When room temperature exceeds 
30 °C, the upper limit must be "room temperature 
+ 5 °C. In addition, forced air cooling is recommended 
to cool the specimen with air of 10 °C or less. 
 

Table 1  Testing System 

Testing system : USF-2000A Ultrasonic Fatigue Testing System
Thermometer : Radiation thermometer 

Displacement meter : Eddy current displacement sensor 

 

 
 

Picture of the Test 
 

 Preparation of Specimens 
The ultrasonic fatigue testing system resonates a 
specimen at 20 kHz to generate stress on the specimen. 
Regarding the frequency, WES 1112: 2017 describes 
that, since a frequency lower than 15 kHz in the zone of 
audibility may cause a noise problem and a high 
frequency higher than 30 kHz may present difficulties 
in designing specimens that can resonate, testing in a 
frequency of 20 ± 1 kHz is recommended. To fulfill this 
requirement, specimens that can resonate at 20 kHz 
must be prepared. We prepared three specimens 
having different lengths in the parallel portions (L in 
Fig. 2) and calculated respective resonant frequencies, 
from which a specimen size at 20 kHz was obtained 
through linear interpolation. As an example, the 
drawing of the SNCM439 specimen is shown in Fig. 2, 
and the relation between the resonant frequency and 
the parallel portion length is shown in Fig. 3. 

 

 
 

SNCM439 Specimen Drawing 
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图 3 谐振频率与平行长度 L关系

图 4  应力幅度与破坏时循环次数关系（SNCM439）

图 5  应力幅度与破坏时循环次数关系（A6063）

 

 

岛津企业管理（中国）有限公司 
岛津（香港）有限公司 

http://www.shimadzu.com.cn 

用户服务热线电话: 800-810-0439 
                  400-650-0439 

免责声明: 
＊本资料未经许可不得擅自修改、转载、销售； 
＊本资料中的所有信息仅供参考，不予任何保证。 
如有变动，恕不另行通知。 

第一版发行日：2017 年 月

■结论
在本实验中，我们对两种金属材料进行了超声波疲劳试验。

两种材料在 108到 109次循环时都表现出疲劳断裂。因此，在
需要更高耐久性的情况下，需要重复试验 107次以上。用于本
试验的超声波疲劳试验系统能够在 20 kHz下进行疲劳试验，
适用于超过 107个循环的试验。并且由于可以在频率极高的条
件下运行，所以可以大大提高疲劳试验的效率，降低时间成本。

2.2试验样品介绍
超声波疲劳测试系统在 20 kHz下使试样产生共振，从而在

试样上产生应力关于频率，WES 1112:2017描述，由于可听区域
内低于 15 kHz的频率可能会导致噪声问题，而高于 30 kHz的高
频可能会在设计可共振样品时出现困难，因此建议在 20±1 kHz

的频率下进行测试。为了满足这一要求，必须制备能在 20kHz下
共振的样品。我们制备了三个平行部分长度不同的试样（图 1中
的 L），并计算了各自的共振频率，通过线性插值得到 20kHz的
试样尺寸。例如，图 2示出了 SNCM439试样的图，下图 3示出
了谐振频率与平行部分长度 L之间的关系。

3.2试验过程
WES 1112:2017中规定，必须实时监控试样上应力较大部

分的表面温度，以确定将温度保持在 30° C或更低的条件，并
建议使用辐射温度计。当室温超过 30° C时，上限必须为室温
+5° C。此外，建议使用风冷冷却，以 10° C或更低的空气冷却试
样。试验条件通过设置六个应力幅度水平，对两种金属试样进行
试验。为了防止试件产生热量，除强制风冷外，还通过反复交替
振荡和无振荡进行间歇操作。WES 1112:2017规定，可以进行间
歇操作，因为间歇操作对试验的影响可以忽略不计。 

3.2试验结果
SNCM439的试验结果如图 4所示，A6063的试验结果如图

5所示。试验中使用的 SNCM439和 A6063试样分别在低温和 T5

热处理下回火，以获得高强度。在应力幅度较小的条件下，这些
试样在 108到 109个循环时出现疲劳断裂。当应力振幅较大时，
破坏循环次数的变化较小；当应力振幅较小时，这种变化较大。
这表明，当应力幅度较大时，试样表面会发生断裂；当应力幅度
较低时，会发生由内部夹杂引起的断裂，夹杂的大小会影响断裂
过程。
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Relation between Resonant Frequency and  

Parallel Portion Length with SNCM439 
 

 Test Conditions 
The test conditions are listed in Table 2. Testing was 
performed on two kinds of metal specimens by setting 
six levels of stress amplitude as indicated in Table 2. To 
prevent heat generation on the specimens, in addition 
to forced air cooling, intermittent operation was 
performed by repeatedly alternating oscillation and 
non-oscillation. WES 1112: 2017 states that intermittent 
operation may be performed since the influence of 
intermittent operation on the test is negligible. Table 3 
lists the conditions of intermittent operation. 

Table 2  Test Conditions 
Specimen : SNCM439, A6063 T5 
Stress amplitude : SNCM439

  1100, 1050, 1000, 950, 900, 850 MPa
 A6063 
  120, 110, 100, 90, 80, 70 MPa 

Maximum cycles : 1 × 1010 
Number of specimens : n = 2 
Stress ratio : -1 
Frequency : 20 kHz 

 

Table 3  Intermittent Operation Conditions 

Specimen Stress amplitude  
[MPa] 

Oscillation time 
[ms] 

Non-oscillation time
[ms]

SNCM439 
1100 200 500 

950 to 1050 300 500 
850 to 900 300 200 

A6063 
120 200 500 
110 300 500 

70 to 100 300 100 
 

 Test Results 
The test results of SNCM439 are shown in Fig. 4 and 
those of A6063 are shown in Fig. 5. The SNCM439 and 
A6063 specimens used in the testing were tempered at 
a low temperature and T5 heat treated, respectively, to 
have a high strength. These specimens exhibited a 
fatigue fracture at 108 to 109 cycles under the condition 
where the stress amplitude was small. When the stress 
amplitude is large, the variation in the number of cycles 
to failure is small; when the stress amplitude is small, 
this variation is large. This suggests that when the 
stress amplitude is high a fracture occurs from the 
surface of the specimen and when the stress amplitude 
is low a fracture originating from internal inclusions 
occurs and the size of inclusions affects the progress of 
the fracture. 

 Conclusion 
In this experiment, we performed ultrasonic fatigue 
testing of two kinds of metal materials. Both materials 
exhibited a fatigue fracture at 108 to 109 cycles. 
Therefore, in cases where higher endurance is required, 
testing need to be repeated for over 107 cycles. The 
ultrasonic fatigue testing system used for this 
experiment enables fatigue tests at 20 kHz, which is 
suitable for testing exceeding 107 cycles. 
 

 
S-N Diagram with SNCM439 

 

 
S-N Diagram with A6063 
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