
材料试验 MCT-W5OO

MCT-W500对刀具（尖端）刃口损伤评价

摘要：本文使用岛津公司 MCT-W500 微小压缩试验机，使用一种定量测量刀刃强度的方法，通过三棱锥压头（用于硬度试验的
Berkovich压头）对刀刃边缘施加点荷载，模拟“局部作用在试样切削刃上的力”。在刀口边缘附近做压缩试验并测量断裂强度与试
验力 /位移之间的关系。结果表明实验不仅可以在屏幕上对实际试件的放大图像进行观察，而且可以在精确的位置施加载荷，从而获
得有效的力学性能。
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一般来说，切削刀具的刃口容易受到机械磨损（如硬颗粒划
伤引起的冲击或磨损）或热化学作用（如粘着、扩散或腐蚀引起
的磨损、刃口软化或熔化引起的断裂、热疲劳和热裂纹）的损伤
或损害。为了适应多样化的工作环境，推动强度、硬度、韧性更
好的切削刃材料开发，需要一种定量测量切削刃强度的方法来确
定其性能。

一般情况下，MCT微小压缩试验机通常用于压缩试验，其中
载荷由压盘施加在微小颗粒或类似试样上。而在本试验中，由于
要测量刀刃处强度，所以更换上了用于硬度试验的 Berkovich压
头，施加点荷载。

此外，使用本试验机提供的压痕尺寸测量套件可以从上方（压
缩方向）进行放大观察，可对刃口损伤进行更有效评估。

■实验部分
1.1 仪器
MCT-W500微小压缩试验机  Berkovich压头
1.2 样品尺寸与分析条件 

样品名称：A/B

样品尺寸：详见下图 1

最大加载力：4903mN 

样品数量：2

加载速度：103.705mN/sec

加载方式：压缩试验 

图 2 加载力与位移曲线图 1 样品尺寸与实验原理示意图
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Damage Evaluation for Cutting Tool (Tip) Edge
by Micro Compression Testing Machine

It is said that the edges of cutting tools are damaged 
or impaired by mechanical action (e.g. impact or 
abrasion caused by scratching by hard particles) or 
thermo-chemical action (e.g. abrasion caused by 
adhesion, diffusion or corrosion, fracturing caused by 
softening or melting of the cutting edge, thermal 
fatigue, and thermal cracking). 
The development of even stronger cutting edges is 
being promoted to adapt to diversifying workpieces, 

and there is a need for a means for quantitatively 
measuring the strength of cutting edges to prove their 
strength. 
As a proposed means for evaluating strength, a 
compression test was performed in the vicinity of the 
edge to measure the relationship between breaking 
strength and test force/displacement. The following 
introduces an example of this.

The testing machine used in this test was the 
"Shimadzu MCT-W500 Micro Compression Testing 
Machine" (overview shown in Fig. 1), which is 
generally used for compression tests where a load is 
applied by a flat compression plate on micro particles 
or similar specimens. Also, enlarged observations 
could be made from above (compression direction) 
using the length measurement kit provided with this 
testing machine. 
Two cutting tools (tips) were used as specimens. (Here 
these are represented as specimen A and specimen B 
for identification purposes.)

Generally, in regular compression tests, the load is 
applied on the specimen by inserting it between flat 
surfaces. However, in this test, a sharp-tipped 
triangular pyramid indenter (Berkovich indenter, used 
for hardness tests) was used to apply a point load that 
would simulate "force acting locally on the cutting edge 
of the specimen." 
Fig. 2 shows a conceptual diagram, and Table 1 
summarizes the test conditions (loading conditions). 

n Introduction

n Testing machine and specimens

n Test conditions

115° triangular pyramid indenter

Specimen (tip)
Size 9 × 11 × 2.5 t (mm)

Edge

Compression load

15 µm

Fig. 2 Conceptual diagram (Side View)

Fig. 1 Overview of Shimadzu MCT-W500 Micro Compression
Testing Machine

Table 1 Test Conditions (Loading Conditions)

1) Testing machine
Shimadzu MCT-W500 Micro Compression 
Testing Machine (with Length Measurement Kit)
(See Fig. 1)

2) Indenter Triangular pyramid indenter with tip angle of 
115° (made of diamond) (Berkovich indenter)

3) Loading method Compression test

4) Max. force 4903 mN

5) Loading rate 103.705 mN/sec

■试验结果与分析
2.1试验结果
图 2以“力 -位移图”的形式显示了在上述试验条件下获得

的结果。随着载荷的增加，位移（压痕深度）也成正比增加。曲
线达到某一点后，曲线斜率发生改变，此时力的增加小于位移的
增加，随后发生了断裂。由图中的曲线可以说明，样品 B的刃口
强度更高，即 B样品比 A样品有更高的断裂强度。
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Fig. 3 shows the results obtained by testing under the 
test conditions described above, in the form of a 
"force-displacement graph." As the load increases, the 
force and displacement (indentation depth) also 
increase. However, it can be seen that at a certain 
point this relationship becomes unstable (i.e. the 
increase in force becomes less than that in 

displacement) and breaking occurs. 
From this, it can be seen that specimen B has a higher 
breaking strength than specimen A. 
Furthermore, Fig. 4 shows observed images of the 
state of the cutting edge (specimen B) before and after 
the test (breaking) taken from above (load side) by the 
length measurement kit (equivalent to stereomicroscope). 

n Test results

Specimen B
Breaking force: 4744.2 mN

Specimen A
Breaking force: 3465.4 mN
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Fig. 3 Test Result (Force-Displacement)

Fig. 4 Microscopic Images of Specimen

Before test
(field-of-view 120 × 90 μm)

Enlarged view of broken section (left side)
(field-of-view 120 × 90 μm)

After test (after breaking)
(field-of-view 600 × 450 μm)

Enlarged view of broken section
(right side)
(field-of-view 120 × 90 μm)

LoadEdge

Cutting Tool

As can be seen from the above results (data) and 
images, when the Shimadzu MCT-W500 Micro 
Compression Testing Machine is used, valid mechanical 

properties can be obtained since loads can be applied at 
precise locations while enlarged images of the actual 
specimen are verified on screen. 
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2.2观察图像
MCT-W500有压痕尺寸测量套件，可以从样品上方（即压

头压缩方向）进行放大观察，图 3是对样品 B进行放大观察的
图像。两种不同的放大倍率下的视图，视野范围（120 × 90 

μm与 600 × 450 μm）。机器自带长度测量，可以对压头加
载的位置进行测量定位，确保压头准确的在目标位置，施加荷
载。

图 3 刃口断裂前后对比图像

■结论
从以上结果（数据）和图像可以看出，岛津 MCT-W500

型微小压缩试验机，可以准确的在目标位置施加载荷，并可通
过镜头拍摄实际位置，在屏幕上观察放大后的图像验证，因此
可以获得精准可靠的力学性能。
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Fig. 3 shows the results obtained by testing under the 
test conditions described above, in the form of a 
"force-displacement graph." As the load increases, the 
force and displacement (indentation depth) also 
increase. However, it can be seen that at a certain 
point this relationship becomes unstable (i.e. the 
increase in force becomes less than that in 

displacement) and breaking occurs. 
From this, it can be seen that specimen B has a higher 
breaking strength than specimen A. 
Furthermore, Fig. 4 shows observed images of the 
state of the cutting edge (specimen B) before and after 
the test (breaking) taken from above (load side) by the 
length measurement kit (equivalent to stereomicroscope). 

n Test results

Specimen B
Breaking force: 4744.2 mN

Specimen A
Breaking force: 3465.4 mN
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Fig. 3 Test Result (Force-Displacement)

Fig. 4 Microscopic Images of Specimen

Before test
(field-of-view 120 × 90 μm)

Enlarged view of broken section (left side)
(field-of-view 120 × 90 μm)

After test (after breaking)
(field-of-view 600 × 450 μm)

Enlarged view of broken section
(right side)
(field-of-view 120 × 90 μm)
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Cutting Tool

As can be seen from the above results (data) and 
images, when the Shimadzu MCT-W500 Micro 
Compression Testing Machine is used, valid mechanical 

properties can be obtained since loads can be applied at 
precise locations while enlarged images of the actual 
specimen are verified on screen. 
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