
材料试验  AGS-X

塑料三点弯曲试验

摘要：本文使用岛津公司 AGS-X电子万能试验机，塑料三点弯曲夹具，挠度测量装置。根据 ISO 178-2010，JIS K 7171-2016塑料
三点弯曲测试标准要求，采用十字头（横梁）位移速度的控制方法进行塑料三点弯曲试验。试验证明，岛津公司 AGS-X可满足试验
标准的各项指标要求，塑料三点弯曲夹具具有跨距可调，操作简便等特点，挠度测量装置可保证试样在测试中挠度的精确测量。
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塑料因其热塑性、质量轻等特点，广泛应用于各行各业，所
以必须对塑料材料进行测试评估，试验包括拉伸、压缩和弯曲试
验，其中弯曲试验是检查试样或组件在外力作用下，获得材料的
弯曲力学性能，因此弯曲试验是评价材料性能最基本的方法之一。
常见的塑料材料包括 PC、PVC和玻璃纤维增强塑料（GFRP）等。

对于塑料试样的测试，岛津公司配置有塑料三点弯曲，挠度

测试装置，具有高平行度，同轴度，高精度挠度测量等。
塑料材料的评价项目主要包括弯曲应变、应力、弯曲模量等，

本文中根据材料试验标准 ISO 178-2010和 JIS K 7171-2016测量
塑料材料的弯曲性能，配合挠度测量装置，对 PC、PVC、GFRP 

三种材料进行了三点弯曲试验。 

■实验部分
1.1 仪器
AGS-X电子万能试验机  塑料三点弯曲夹具 挠度测量装置  

1.2 分析条件 

速度控制方式：位移速度控制
试验温度：室温
加载试验速率：初始 2mm/min

加载试验速率：100mm/min （0.3%应变后 )

传感器容量：1KN

弯曲跨距：64mm

挠度位移计：根据弯曲位移选取型号（分辨率：0.5um/0.1um

量程：10/25mm）
试验夹具：塑料三点弯曲夹具

■试验介绍
2.1试验配件介绍
图 1为本次试验所用配件，因需要测试样品弯曲模量，此次

试验配置了高精度挠度测试装置，它可以精确测量试样挠度（精
度1um），通过挠度位移计 -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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 Introduction 
Based on their thermal properties and light weight, plastics 
have recently come to be used in a variety of applications 
and sectors, from small gears to airplane fuselages. A 
variety of tests must be performed to evaluate these 
materials, from tensile tests to flexural tests and 
compression tests. Of these, a flexural test is performed to 
examine material characteristics when flexed by an 
external force. Because components subject to an external 
force will flex in reaction to a bending moment, the flexural 
test is one of the most basic tests used to evaluate materials. 
Previous testing standards that define a three-point 
bending flexural test for plastics did not require the 
deflection-measuring system. As a result, tests detected 
specimen, instrument deflection and indenter depression 
together as a total, which is a method not suited to accurate 
measurements of flexural modulus of elasticity. Amended 
standards (ISO178:2010, Amd.1:2013 and JIS K 7171:2016) 
have been amended and include either use of a deflection-
measuring system with "ISO 9513 Class 1" absolute accuracy 
of within 1 %, or use of compliance correction to remove 
testing machine deflection. A three-point bending flexural 
test was performed on PC, PVC, and GFRP specimens in 
compliance with the amended standards, where the 
flexural modulus of elasticity of each plastic was calculated 
using crosshead displacement, compliance correction and 
the deflection measuring instrument. 

Y. Kamei 
 

 Measurement System 
Measurements were performed using an AGS-X Table-Top 
Type Universal Testing Instrument and the deflection-
measuring system with a measurement accuracy of within 
3.4 μm. The requirements of the amended standards when 
mean specimen thickness is 4 mm are shown in Fig. 1. The 
value relevant to flexural modulus calculation is 341 μm, 
where a deflection measuring instrument with absolute 
accuracy of 1 % of this value (3.4 μm) is required (Fig. 1 
shows the flexural modulus of elasticity calculated based 
on the slope at two points, though the flexural modulus of 
elasticity could also be calculated based on the linear 
regression of the curve). 
Table 1, 2 and 3 show details of the instruments, specimens, 
and test conditions used. Fig. 2 shows the test apparatus 
layout. The amended standards describe a method A that 
uses a constant test speed, and a method B that increases 
the test speed after flexural modulus measurement. Test 
method A was used with GFRP that has a small maximum 
flexural strain, and test method B was used with PC and PVC 
that have a large maximum flexural strain, and the test 
speed changeover point was set at 0.3 % flexural strain. 
Furthermore, since the proportion of external force 
accounted for by shearing force increases when the span 
between supports is small*1, standards recommend the 
span between specimen supports is 16 ± 1 times the mean 
specimen thickness. 

 
Fig. 1  Amended Standards Requirements 

 
Table 1  Equipment Details 

Testing machine AGS-X 
Load cell 1 kN 
Deflection-measuring system Deflection measuring device
Bending jigs Loading edge R5, supports R5

 
Table 2  Specimen Information 

Dimensions 80 mm × 10 mm × 4 mm 
Material PC, PVC, GFRP (short fibre)

 
Table 3  Test Conditions 

Test speed 2 mm/min 
Test speed after measurement of 
flexural modulus of elasticity

100 mm/min (method B)

Span between specimen supports 64 mm 
 

 
Fig. 2  Attachment of Deflection-Measuring System to  

Testing Machine 

 
■结果与讨论

3.1试验条件
根据标准要求，测量试样中部宽度 b，精确到 0.1mm；厚

度 h，精确到 0.01mm，计算一组试样的平均厚度（本试验中试
样厚度 h=4mm）;调节跨距 L（L=(16±1)h，本实验中跨距为
64mm）；为避免应力 -应变曲线起始部分出现弯曲，有必要施
加预应力；设置试验速度 2mm/min，达到 0.3%弯曲应变以后，
试验速度改成 100mm/min；把试样对称地放在两个支座上，并
于跨度中心施加力力；记录试验过程中载荷值和相应的挠度值。
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■结论
本文介绍了一个按 ISO 178-2010，JIS K 7171-2016标准

要求，按横梁位移速度控制，对塑料进行三点弯曲实例。在本
试验中，使用具有高精度挠度测量装置与塑料三点弯曲夹具，
可以精确可靠测量样品挠度，直至断裂。这些结果表明，使用
AGS-X电子万能试验机、塑料三点弯曲夹具，挠度测量装置，
采用位移速率控制，对三种不同塑料试样进行弯曲试验，均能
得到准确的数据。

3.2试验结果
图 2为弯曲应力 /弯曲应变曲线，X轴是弯曲应变，由挠度

测量得出，Y轴是弯曲应力，由载荷值及样品尺寸综合算出。曲
线显示玻璃纤维增强塑料弯曲应力会出现突然降低，是样品内部
玻璃纤维发生了断裂导致。但 PC和 PVC的弯曲应力没有出现这
种情况，说明此两种 PC和 PVC样品没有突然的断裂。表 1显示
了每种材料的弯曲强度与弯曲模量。
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 Test Results 
Fig. 3 shows a flexural stress/flexural strain curves. Flexural 
strain on the horizontal axis was calculated based on results 
measured using the deflection-measuring system. The 
curve shows a sudden decrease in flexural stress with GFRP, 
but no sudden decrease in flexural stress with PC and PVC 
as these specimens did not break suddenly. Table 4 shows 
the results obtained for flexural strength and flexural 
modulus of elasticity for each material. 
Table 5 shows the comparison of flexural modulus of 
elasticity calculated based on the crosshead displacement, 
compliance correction and the deflection-measuring 
system. The results show that the flexural modulus of 
elasticity is higher in order of the crosshead displacement, 
the compliance correction, and the deflection-measuring 
system. 
 

 

Fig. 3  Test Results 
 

Table 4  Test Results 

 Flexural strength 
[MPa] 

Flexural modulus of elasticity
[GPa] 

PC 104.4 2.44 
PVC 123.0 3.48 

GFRP 179.4 12.1 

 
Table 5  Comparison of Flexural Modulus of Elasticity Results  

by Measurement Method Deflection [GPa] 
 PC PVC GFRP

Crosshead displacement 2.41 3.39 11.5 
Compliance correction 2.42 3.41 11.7 
Deflection-measuring system 2.44 3.48 12.1

Flexural strains are compared in Fig. 4, which are calculated 
from the crosshead displacement and compliance 
correction, and the deflection-measuring system at the 
initial period of test of GFRP. The blue line shows the 
measurement of crosshead displacement, the red line 
shows that with compliance correction and the black line 
shows that with the deflection-measuring system. The 
graph shows that there are differences at the initial period 
of test. 
 

 

Fig. 4  Flexural Stress/Flexural Strain Curve of GFRP  
(Flexural Strain 0 % to 3 %) 

 

 Summary 
Plastics were subjected to a three-point bending flexural 
test with a method compliant with amended standards 
(ISO178:2010, Amd.1:2013 and JIS K 7171:2016). Results 
showed the higher the flexural modulus of elasticity of 
material in order of the measurement with the crosshead 
displacement, the compliance correction, deflection-
measuring system. Furthermore, results showed that this 
difference becomes larger for specimens with higher 
flexural modulus of elasticity. Exact measurement of 
displacement with a deflection-measuring system is 
required for a proper evaluation of materials in compliance 
with the amended standards. 
The equipment setup employed in this article can be used 
to perform three-point bending flexural tests of plastics in 
compliance with the amended standards. 
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图 2 应力 -应变图

表 1  试验结果
试样 弯曲强度 (Mpa) 弹性模量 (Gpa)

PC 104.4 2.44

PVC 123 3.48

GFER 179.4 12.1
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