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Abstract

This paper discusses the effect of the use of inert gas in the ultra-precision cutting

of carbon steel using a single-crystal diamond tool. An experiment was conducted

involving the diamond cutting of carbon steel in a N2 or CO2 atmosphere, to examine

its effects in reducing tool wear and improving the roughness of the finished surface.

As a result, it was found that compared to dry cutting, the diamond cutting permitted

the reduction of tool wear in a CO2 gas atmosphere. Also, the diamond cutting

allowed the roughness of the finished surface approx. 80%, resulting in a finished

surface roughness of Ra 94 nm.

1 Introduction

Currently, in the machining of lens die, etc., single-crystal diamond tools for ultra-

precision cutting are used, which feature a sharp edge and a high duplication capacity.

However, objects of diamond cutting are limited to materials with a relatively low

hardness, including aluminium and copper alloys. If the ultra-precision cutting of

ferrous materials with diamond tools could be made possible, the tools would find

various new applications, including the manufacture of highly durable dies and the

machining of precision parts through cutting. At present, however, diamond tools

cannot be used for such applications, because of the high affinity of these tools with

steel which may result in a markedly swift progress of wear or the deterioration of

finished surface properties [1]. The mechanisms underlying the wear of diamond tool

are broadly classified into the oxidation-reduction reaction; the diffusion of carbon

and the transformation of diamond into graphite; and the formation of carbides

through reaction with material. All of these mechanisms are significantly influenced

by oxygen in the atmosphere and the increase of cutting temperature. The atmosphere

becomes increasingly active with increasing temperature, resulting in the swifter
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progress of tool wear [2]. In view of the above, an experiment was conducted on the

assumption that diamond cutting using an inert gas would prove effective in

controlling tool oxidation and decreasing cutting temperature by controlling

oxidation-induced heating; and therefore would make it possible to control tool wear

and improve the roughness of finished surface.

2 Experimental Method

In the experiment, an ultra-precision cutting machine shown in Figure 1 was used

for the cutting of carbon steel (C0.45%) with a single-crystal diamond tool.

Nitrogen and carbon dioxide gases were used as inert gas. An inert gas atmosphere

was created in the space surrounding a cutting point by blowing a gas onto the tool.

Table 1 shows cutting conditions used for the experiment.

Figure 1: Ultra precision cutting machine

3 Experimental Result

Figure 2 shows a photomicrograph of the tool flank after a cutting of 500m. The

figure shows the chipping of the flank during cutting in air and a N2 atmosphere. On

the other hand, no chipping of the tool was observed from cutting in a CO2

atmosphere, though a minuscule abrasive wear was observed. This suggests that

cutting in a CO2 atmosphere makes it possible to control chipping and reduce tool

wear. As for the reason why cutting in a CO2 atmosphere, compared to cutting in a

N2 atmosphere (which is also an inert gas atmosphere), proved more contributive in

reducing tool wear, there is a possibility that Fe contained in the material may have

reacted with CO2 surrounding the tool during cutting, forming a ferrous carbonate

which, with its low friction coefficient, may have proved effective in smoothening

Table1: Cutting conditions

Tool Single crystal diamond

Cutting speed 50 [m/min]

Depth of cut 10 [m]

Feed 10 [m/rev]

Cutting atmosphere N2 CO2 Air

Gas supply pressure 0.3[MPa] -

Work piece 1045(AISI)
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cutting [3]. In addition, it is thought that the blowing an inert gas past the tool

changes the thermal environment by Joule- Thompson effect [4] [5]. However, there

is no significant difference between generated a gas atmosphere using a sealed

container and gas blowing under conditions of the same inert gas atmosphere in the

previous study of the author [6][7]. Consequently, it is considered that the influence

of the Joule- Thompson effect is very small. Figure 3 (a) comprises SEM photographs

of the finished surface, and Figure 3 (b) comprises photographs showing results of

carbon analysis via EPMA at the same position. The figures indicate that while a

large amount of carbon was detected on the finished surface in cutting in air or a N2

atmosphere, a smaller amount of carbon was detected in cutting in a CO2 atmosphere.

This suggests that during cutting in a CO2 atmosphere, the diffusion of carbon in a

diamond tool over the material may be controlled, enabling the reduction of tool wear.

Figure 4 shows that regarding the roughness of finished surface, cutting in a CO2

atmosphere yielded a better finished surface property compared to cutting in any

other atmosphere. Also, in cutting in a CO2 atmosphere, the roughness was reduced

further to Ra 0.094m by changing the cut depth from 10m to 3m. This means

Figure 4: Roughness of the

Finished Surface in Cutting in

an Inert Gas Atmosphere

(a)

(b)
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Figure 3: SEM Photographs of the Finished

Surface, and Results of Carbon Analysis via

EPMA at the Same Position

Air atmosphere N2 blow CO2 blow

Figure 2: Influence of the Atmosphere for Cutting on Tool Wear
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that a dramatic improvement by 79% was achieved compared to diamond cutting in

air (Ra 0.44m). In addition to this cutting via a common method, cutting was

conducted under similar conditions, but using a cermet tool as shown in the figure;

this yielded a finished surface with a roughness of Ra 1.28m. This result also

indicates that cutting using a diamond tool in a CO2 atmosphere is a cutting method

highly effective in securing a good finished surface.

4 Conclusion

Though a diamond tool is generally assumed to be unsuitable for the cutting of

carbon steel, an experiment was conducted by using an inert gas in the cutting of

carbon steel with a diamond tool. The experiment produced the following results:

- Cutting in a CO2 atmosphere contributed to controlling the chipping of the tool, and

made it possible to reduce wear.

- The diffusion of carbon was controlled in a CO2 atmosphere.

- In a CO2 atmosphere, a cutting surface with a roughness of Ra 0.094m was

obtained, which represents an approx. 80% reduction of roughness compared to

cutting in air.
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