
材料试验 AGX-V

高强度钢拉伸试验

摘要：本文使用岛津公司最新款 AGX-V电子万能试验机，液压平推夹具，根据 ISO 6892-1-2016和 GB/T 228.1-2010两种金属拉伸
测试标准要求，采用应变控制方法对高强度钢（强度超过 1000MPa）进行拉伸试验。试验证明，岛津公司 AGX-V可满足试验标准的
各项指标要求，液压平推夹具具有高夹持力，自夹紧等特点，可保证高强度钢在测试中不打滑。

关键词：高强度钢   金属拉伸

高强度钢是一类比普通结构钢强度更高的材料，抗拉强度
1000mpa以上的材料也已被开发出来。主要用于汽车工业，由于
人们对环境问题和碰撞安全要求的提高，高强度钢引起了人们的
重视。特别是减轻车身重量以提高燃油经济性，是近年来应对全
球变暖的有效措施之一，这加大了采用高强度钢的势头。达到一
般钢材料相同的强度，高强钢产品可以更薄更轻。

对于高强度钢来说，由于其强度大，硬度高，普通的夹具难
以满足其试验需求，容易出现打滑，夹持不稳的现象。而岛津公

司配置的液压平推夹具拥有初始夹持力大（1.5倍或以上夹具容
量），自夹紧等特点，可以保证试验过程中样品不打滑，此外液
压平推夹具在夹持样品过程中产生的预应力小。

金属材料的评价项目主要包括拉伸强度、弹性模量和屈服强
度，本文中根据材料试验标准 ISO 6892-1-2016和 GB/T 228.1-

2010测量金属材料的性能，配合 SSG50-10H引伸计采用应变速
率控制方法，对高强度钢进行了拉伸试验。此外，还使用用了高
夹持力的液压平推夹具，确保在测试过程中夹持稳定可靠。 

■实验部分
1.1 仪器
AGX-V电子万能试验机  液压平推夹具
1.2 分析条件 

 速度控制方式：应变速率控制
试验温度：室温
加载试验速率：0.00007 s-1

                         0.002 s-1 (达到屈服强度后 )

传感器容量：100KN

引伸计参数：50mm标距（满量程 10mm）
引伸计型号：SSG50-10H

试验夹具：液压平推夹具 

■试验介绍
2.1试验配件介绍
图一为本次试验所用配件，因需要测试样品弹性模量，此次

试验配置了岛津 SSG-H系列引伸计，它可以高精度地测量试样应
变，通过引伸计 -电机 -横梁闭环控制，确保高控制精度。

图 1 试验配件
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High tensile strength steel is a class of materials with 
increased strength in comparison with general structural 
steels, and materials with strengths of 1,000 MPa or more 
have also been developed. High tensile strength steel is 
mainly used in the automotive industry, where it has 
attracted attention due to heightened awareness of 
environmental problems and demands for collision 
safety. In particular, auto body weight reduction for 
improvement of fuel economy is one effective 
countermeasure for the global warming of recent years, 
and this increased the momentum toward adoption of 
high tensile strength steel, which makes it possible to 
obtain the same strength as general steel materials with 
thinner gauge products. 
The evaluation items for metallic materials include 
tensile strength and elastic modulus. These mechanical 
properties are measured in accordance with the material 
testing standards ISO 6892-1 and JIS Z 2241. As described 
in this article, a tensile test of high tensile strength steel 
using strain rate control was conducted in accordance 
with JIS Z 2241 Annex JB. In addition, hydraulic flat grips 
with high gripping force were used to enable testing of 
the high tensile strength steel without slipping in the 
grips. 

F. Yano 
 

Measurement System 
In this test, a Shimadzu AGX™-V Series precision universal 
testing machine was used. Because the elastic modulus 
was also measured in this test, we used a Shimadzu SSG-
H Series strain gauge extensometer, which enables 
highly accurate measurement of the elongation in the 
gauge length of the specimen. The specification of the 
test system used here is shown in Table 1, and the 
condition of this test is shown in Fig. 1. 
 

Table 1  Specification of Test System 
Instrument : AGX-100 kNV 
Grip : Hydraulic flat grip 
Extensometer : SSG50-10H 
Software : TRAPEZIUM X-V 

 

 
Fig. 1  Condition of Test 

Measurement Conditions 
According to JIS Z 2241 Annex JB, the test is performed 
at a strain rate of either 0.00007 s-1 or 0.00025 s-1 until the 
upper yield point appears or measurement of proof 
strength is completed. In case the upper yield point 
appears, it is necessary to perform the test at a predicted 
strain rate of either 0.00025 s-1 or 0.002 s-1 until the end of 
discontinuous yielding. After measurement of the 
required yield strength or proof strength, one of the 
predicted strain rates of 0.00025 s-1, 0.002 s-1, or 0.0067 s-1 
is selected. In this test, the strain rate was set at 0.00007 s-1 
until completion of proof strength measurement, and 
the predicted strain rate after the completion of proof 
strength measurement was set at 0.002 s-1. Table 2 shows 
the detailed test conditions.  
According to JIS Z 2241 Annex JB, the strain rate must be 
controlled within ±20 %. Unlike the conventional 
software, the software TRAPEZIUM X-V has a function for 
graphing the test speed during the test. This feature 
enabled easy confirmation that the test speed during the 
test satisfied the test standard. 
 

Table 2  Test Conditions 
Test speed : 0.00007 s-1 
  0.002 s-1 (changed at 1 % strain) 
Gauge length : 50 mm 
Number of tests : n = 3 
Specimen shape : JIS Z 2241 No. 5 (thickness: 1 mm) 
Specimen material : SPFC980 

 
Measurement Results 

Fig. 2 shows the actual strain rate. The part shown in gray 
is the ±20 % permissible error region. The strain rate error 
was ±10 % or less, indicating that testing can be 
performed with extremely high accuracy. 
 

 
Fig. 2  Example of Strain Rate in Test 
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表 1  试验结果
试样 拉伸强度 屈服强度 弹性模量

1 980 717 200

2 988 721 199

3 979 717 198

平均值 982 718 199

3.2试验条件
标准要求，在弹性阶段使用 0.00007 s-1或 0.00025 s-1的

应变速率进行试验，直到达到上屈服强度或规定塑性延伸强
度，则应以 0.00025 s-1或 0.002 s-1的预测应变速率进行试验，
直到不连续屈服结束。测量所需屈服强度或规定塑性延伸强度
后，选择 0.00025 s-1、0.002 s-1或 0.0067 s-1的预测应变速率
之一。在本试验中，初始应变速率设定为 0.00007 s-1，直到规
定塑性延伸强度测试完成，之后的应变速率设定为 0.002 s-1。
根据 GB-228标准规定，应变速率速必须控制在±20%以内。
与传统软件不同，新款 TRAPEZIUM-V软件具有在测试期间绘
制测试速度的功能。此功能可轻松确认测试期间的测试速度是
否满足测试标准。试验结果曲线如下图 2，图 2显示了实际应
变速率。灰色部分为±20%的允许误差范围。图示可以看出，
应变速率误差为±10%或更低，这说明此试验机可以以极高
的控制精度进行试验。

3.2试验结果
由应力 -应变曲线图 3可以看出，其屈服过程是连续屈服

过程，所以这里的屈服强度我们取规定塑性延伸强度 Rp0.2，也
即是塑性延伸率为 0.2%的应力。试验结果见表 1，拉伸强度、
屈服强度和弹性模量的平均值分别为 982MPa、718MPa 和
199GPa。

图 3 包辛格应力与应变关系图

图 2 应变速率与应变图

图 3  应力 -应变图

■结论
本文介绍了一个按 ISO 6892-1-2016和 GB/T 228.1-2010

标准要求，对高强度钢进行应变速率控制的拉伸试验实例。高
强度钢与一般钢材料相比具有更高的强度，对于一般的夹具而
言，由于其夹持力不足，进行试验是十分困难的。在本试验中，
使用具有更高夹持力的液压平推夹具，可以稳固可靠的夹持样
品，直至断裂。此外，试验时的应变速率精度远远高于标准允
许的±20%的精度要求，表明 AGX-V 的应变速率控制非常良
好。这些结果表明，使用 AGX-V电子万能试验机、液压平推
夹具和引伸计，采用应变速率控制，对高强度钢进行拉伸试验
能得到准确的数据。
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Fig. 1  Condition of Test 
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Fig. 2  Example of Strain Rate in Test 
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The stress-strain curve is shown in Fig. 3, and the test 
results are shown in Table 3. The average values of 
tensile strength, proof strength, and the elastic modulus 
are 982 MPa, 718 MPa, and 199 GPa, respectively. Thus, 
while the elastic modulus is the same as that of general 
steel, the tested material displays the distinctive feature 
of high tensile strength steel, namely, high tensile 
strength. 
 

 
Fig. 3  Stress-Strain Curve 

 
 

Table 3  Test Results 
Specimen 

No. 
Tensile strength 

[MPa] 
Proof strength 

[MPa] 
Elastic modulus 

[GPa] 
1 980 717 200 
2 988 721 199 
3 979 717 198 

Average 982 718 199 

Conclusion 
This article introduced an example in which a tensile test 
of high tensile strength steel using strain rate control was 
performed in accordance with JIS Z 2241 Annex JB. 
Because high tensile strength steel has high strength in 
comparison with general steel materials, it is known that 
testing is difficult with manual grips due to their 
inadequate gripping force. In this test, satisfactory testing 
until rupture was possible by using hydraulic flat grips, 
which have higher gripping force. Moreover, testing was 
possible with accuracy greatly exceeding the accuracy of 
±20 % allowed by the standard, indicating excellent strain 
rate control.  
These results demonstrated that satisfactory tensile 
testing of high tensile strength steel using strain rate 
control is possible by using the AGX-V precision universal 
testing machine, hydraulic flat grips, and extensometer. 
 

 
 
 
 
AGX and TRAPEZIUM are trademarks of Shimadzu Corporation in Japan and/or other countries. 
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