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WARM TEMPER CUTTING OF HARDENED STEELS
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In the automotive industry, the flexible production
system has been already introduced, and the energy sav-
ing in the manufacturing processes is now strongly
requested.

A high strength forged material such as a crank shaft
or a gear is considered as an example of products, here.
The actual manufacturing processes for the product con-
sist of a hot forging, turning, heat treatments and grind-
ing. However, the grinding process is recently replaced
on the cutting process with the cutting tool material
having both the heat-resistance and high-hardness, such
as C-BN tools. Such new machining methods may be
available for the shortage of working process, but there
are still difficult problems on the tool life and the surface
accuracy of products.

In this study, a new cutting method, "warm temper
cutting", is being developed. The warm temper cutting
seems to be effective for improving the efficiency of cut-
ting for harden steels. In the process, a work-piece is
first quenched, and then heated up to a warm tempera-
ture. Subsequently, the quenched work-piece is turned
in its tempering process. Useful ranges of cutting tem-
perature are investigated from view points of cutting
force, surface roughness, resultant hardness and tool
wear. The optimum temperature range is found to be
around 250 C for a carbon steel (0.45%C).

Fig. 1 shows the difference between the warm tem-
per cutting method and the conventional cutting
method. In the case of the conventional cutting shown in
Fig. 1(b), a work-piece is first quenched and tempered ,
and then is cut at room temperature. On the other hand,
in the case of the warm temper cutting shown in Fig.
1(a), a work-piece is first quenched, and then is cut at a
warm temperature after the tempering or in the process
of tempering. For the warm temper cutting, experi-
ments are conducted at different heating temperatures,
and the tempering temperatures of quenched steels are
changed in the conventional cutting method

The effects expected in the warm temper cutting is
shown as follows;

* Honorary professor
**Setsunan University

(1) the working process and the heat-treatment process
can be combined,

(2) the surface hardness of work-pieces can be changed
by the selecting of heating temperature,

(3) because the work-piece is softened by the heating, it
is possible to cut even a quenched steel using by
cemented carbide or cermet tools. As a result, the
cutting condition, such as depth of cut or feed rate,
can be selected in wide ranges,

(4) the cutting force is decreased by the softening of
work-piece surface,

(5) good surface roughness is obtained, and

(6) dry cutting, i.e. cutting without any coolant, can be
possible.
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Fig.1 Warm temper cutting and conventional cutting.

The main results obtained are as follows:

(1) In warm temper cutting, the good machined surface
can be obtained at the working/tempering tempera-
ture above 200 C.

(2) In warm temper cutting, the wear of tool is very
small at the temperatures above 250 C.

(3) In warm temper cutting, it is not necessary to use any
coolant during cutting; dry cutting may be possible.

(4) The process can reduce the total cost and working
time, because it is a duplex process of heat-treatment
and machining.
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TOOL WEAR OF PVD COATED CEMENTED CARBIDE TOOL
IN TURNING OF FORGED SINTERED MATERIAL
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A machine part having the complicated shape can be
mass-produced accurately by the technology of powder
metallurgy. A sintered material can be produced
because it has the large degree of freedom on the mate-
rial-design. However, the sintered material is slightly
poor impact-resistance as compared with the melted
steel. After the sintering, the sintered material is forged
to this defect. By being forged, the mechanical proper-
ties are improved because of the increase of the sintered
density .

The forged sintered material begins to use as the
machine parts which are demanded for both the impact-
resistance and the wear resistance. However, it is often
necessary for the forged sintered materials to be
machined. In this case, the cutting is generally used as
the means of the machining. However, there are few
report about the tool wear in the cutting of the forged
sintered material. Recently the demand of the forged
sintered material is increasing. Moreover the high speed
cutting is used for the improvement of the productivi-
ty. However, in the high speed cutting of the forged
sintered material, the tool wear increases rapidly with
the increase of the cutting speed.

In this study, in order to find out the effective tool
materials for the high speed turning of the forged sin-
tered material, the forged sintered material was turned
with the various tool materials at the cutting speed
from 5.0m/s, the feed rate 0.2mm/rev and the depth of
cut 0.Imm. And the tool wear etc. were investigated.

Table 1 Chemical compositions(mass%) and mechanical
properties of forged sintered material

C Ni Mo others Fe
04~06 1.75~225 0.3~0.6 <1 Bal
Tensile strength 650MPa
Mechanical -
properties Brinell hardness HB197
Elongation 18%

*Osaka University

The chemical compositions and the mechanical prop-
erties of the forged sintered material are shown in Table
1, and the cutting tools used are shown in Table 2.

The main results obtained are as follows:

(1) The abrasive wear was remarkably found on the
worn surface of the coating layer in all PVD coated
cemented carbide tools.

(2) The wear progress of TiVN (Ti/V 75/25) PVD coat-
ed tool was slowest, because the TiVN (Ti/V 75/25)
coating layer had high micro-hardness and high crit-
ical load measured by the scratch test.

(3) In the AlLO4TiC ceramics tool, the tool wear
decreased with the increase of the TiC contents. The
wear progress of the 30% Al,O;-70%TiC ceramics
tool was slowest among four ceramics tools.
However, the wear progress of the 30% Al,O;-
70%TiC ceramics tool was faster than that of the
TiVN (Ti/V 75/25) PVD coated tool. The wear
progress of both Al,O; ceramics tool and Si;N,
ceramics tool was rapid.

Table 2 Cutting tools

Tool Substrate Coating layer
Coated A K10 TiVN (Ti75V25)
Coated B K10 TiVN (Ti50V50)
Coated C K10 TiN
Coated D K10 TiAIN
Ceramics W Al,O,
Ceramics B ALO;-TiC (70% Al,0;-30%TiC)
Ceramics T AlLO,-TiC (30% Al,04-70%TiC)
Ceramics S SizN,
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Active Control of Molten Alloy Jet in Rotating Liquid Layer
by Electromagnetic Force and Production of Short Fiber
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fig. 1 Formation of magnetic field with Nd-Fe-B
magnets.
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pulse interval.
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