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High-Speed Cutting of Hardened (60HRC) Die Mold
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Abstract

Hardened die mold steels have been conventionally
made by electric discharge machining. Cutting these
hardened steels would have large effects, alowing
speeder delivery and lower production cost of die
molds. In thisstudy, therefore, aball end mill has been
developed and conditions for cutting hardened steels
have been investigated.

First, the change in cutting condition and the
damage to cutting edges have been examined by
cutting the die mold steels, which have been hardened
from 40 HRC to 60 HRC.

Next, the tough sintered CBN was selected for a
cutting tool material, and a ball end mill was produced
by the way of trial. Thistool produced had removed
end on the rotation axis and cutting edges strengthened
by chamfering.

Keyword

Quality of cutting surface

Asaresult of the endurance test, the life of the ball
end mill was found to be shorter at the cutting plane
due toits chipping. The damaged cutting edge was
then analyzed by EPMA, which revealed that the steels
of the workpiece adhered to the cutting edge.

For the prevention of the failure, the cutting zone
was lubricated with the mist oil which gave alittle
thermal shock to the cutting edge. Spraying the mist
of the high lubricant lengthened the life of the cutting
tool.

Under the condition of the high cutting speed, the
roughness and the change in hardness were smaller
than those of the discharge-machined surface, thus
producing the higher quality finished surface.

High-speed cutting, High hard, Die mold, Compact CBN ball end mill, Life of cutting tools, Mist lubricated cutting,
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Table 1 Experimental conditions.

Machine High-speed machining center (5 x  10'min™)

Tool CBN, (Ti, AI)N coated carbides
10 x 10°m, 2 flutes ball end mill

Work materials SKD11 (550 60HRC), SKD61 (4000 50HRC)

Cutting method Plane cutting, Inclined-plane (80degrees) cutting
Up cut, Down cut

Lubrication Dry cutting, Mist [ubrication cutting (Emulsion W1, Oil)
0.10 1.5x 10°m%¥min, Air 30 x 10°m?¥min

Spindle speed 0.10 20,350 45 x 10'min™

Tool feed rate 0.0670 0.13501 0.3 x 10°m/tooth

Pick feed 03 x 107°m

Depth of cut 0.3 x 10°m

Under line : Normal condition
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Fig. 1  Relationship between hardness of work and

cutting force.
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Fig. 2  Tool wear condition after 0.0015m? cutting
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Fig. 3  Toll wear after cutting 0.1 m” at the inclined-
plane cutting.
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Table 2 Cutting area until toal life.

Lubrication and cutting fluids | Spraying rate (10°m?min) Cutting area (10*m?)
> Emulsion (Conc. 50%) 0.2 80
= | Activeoil 0.1 197
=}
c 0.2 667
3=
3 01 510
E Heavy active oil 0.5 972
Y] 1.0 1248
=

2.4 720
Conventional dry cutting - 500 891
Conventiona wet cutting
Emulsion ( Conc. 5%) 0 12
40 x 10°m¥min
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Fig. 7 Feand Cr adhesion on the wear of rake face after cutting.

Materials ! Melting Ratio of shear
S point (K) !strength to Fe
Fe 1798 1.0
FeS 1466 0.5
Fe(15)+FeS(85)] 1258 —_
FeCl, 945 0.2
FeCly Dio s

0.05X103m
—

Fig. 8 Lubricating elements on the wear face of mist cutting.
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Table 3 Quality of finished surface.

Properties Cutting E.D.M.

Roughness (10°mRz) 304 140 18

Hardness (mHv) Unchanged Softning 200Hv at 20 x 10°m depth
Surface Good Crack

Residual stress (MPa) -800 +600
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