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Damaging Phenomena of Cutting Tools Using Plastic Mold Steels of HRC40
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In this paper, damage modes of cutting tools and their mechanisms are investigated
aiming to improve machinability of plastic mold steels. Steel A is commonly used in Japan,
which is known as P21 grade steel. While, steel B is a new HRC40 grade steel. For this
purpose, the tool edge-steel work piece interface was investigated using FE-EPMA, TEM,
and STEM. Particularly, the adhesive materials formed on the tool edges were analyzed
and tools damage was studies.

To understanding the difference between the two modes of tool edge damage, adhesive
materials on the tool edges were investigated. As the result, when steel A was cut, an
Al-based oxide was formed on the tool edge, whereas an Mn-Si-based oxide layer was
formed on the tool edge when steel B was cut. In addition, the Mn-Si-based oxide content
increased with higher cutting speed. It can be speculated that there is a strong correlation

between the formation of some adhesive materials and damage mode of cutting tool.
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Table 1 Chemical compositions of work materials

C Si Mn S Ni Al

Steel A 0.12 0.3 1.4 0.004 3.0 1.0

Steel B 0.16 0.3 1.5 0.015 1.0 -
(mass%)
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Table 2 Cutting conditions

Diameter 63 mm
Cutter
Number of teeth 1/6
Carbide P40
Insert
Coating TiN
Axial depth of cut 1 mm
Radial depth of cut 42 mm
Cutting speed 60~150 m/min
Cutting Feed per tooth 0.8 mm/tooth
conditions Revolution 303~758 min~'
Feed rate 242~606 mm/min
Cutting method Down cut
Cutting fluid Dry

Criterion for tool life (flank wear = 250 um)
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Fig. 1 Relationship between cutting length and flank wear
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Fig. 3 SEM images of coated tool (cutting length = 1.5 m)
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Fig. 4 WDS maps of coated tool (cutting length = 0.75 m)
(a-1) ~ (a-7) Steel A, low magnification
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(A-1) ~ (A-7) Steel A, high magnification

(b-1) ~ (b-7) Steel B, low magnification (B-1) ~ (B-7) Steel B, high magnification
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Table 3 Results of qualitative analysis

Fe | Si | Mn| A | s o | Ti
Steel | © | 469 | 09| 76| 55| 002|206 | 63
A l®| 18| 03| 06578 000|151 | 07
Steel | @ | 46| 120 | 479| 00| 159|284 | 17
B |@| 37| 02| 505]| 00112 | 79| 22
(mass%)
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Fig. 5 View showing frame format of adhesive materials
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Fig. 6 STEM images of coated tool (a) Steel A (b) Steel B
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Table 4 Results of qualitative analysis

Fe Si Mn S Al Ti
Area 1 3.6 1.2 28 | 0.10 | 91.1 0.1

Aea2 | 911 | 03| 34 | 000 | 07| O.1
Steel Spot 1 01| 03| 00| o052]| 03]0981

A Spot2 | 88 | 30| 78 | 088 | 706 | 64
Spot3 | 471 | 31| 99 | 000 | 347 | 12
Spot4 | 43 | 16| 33 | 066 | 859 | 22

Fe Si Mn S Al Ti
Area 1 0.6 | 231 | 725 | 2.07 0.3 0.0
Area 2 93.6 0.4 1.9 | 012 0.2 0.0
Steel Spot 1 0.1 0.3 0.0 | 0.07 0.2 | 99.2
B Spot 2 0.0 | 26,5 | 56.1 1.12 0.5 7.7
Spot 3 0.1 | 247 | 69.7 | 1.84 0.6 0.7
Spot 4 80.7 6.0 9.9 | 022 0.5 0.1

(mass%)
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