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Cutting Behavior of Steels Mixed with Martensite
Shigeo YAMAMOTO, Toru ARAKI and Hirooki NAKAJIMA
Synopsis :

The cutting resistance value in turning decreased for the case hardening steel mixed with martensite
in the ferrite matrix as compared with the normalized case hardening steel.

In the cutting at the low and intermediate speed, the micro—cracks were observed in chip of the steel
mixed with martensite. It suggested that the cutting resistance value was decreased by the formation
of the brittle fracture in the shear region of chip.

In the steel tempered for the softening of martensite, the cutting speed range where the built-up edge
disappeared shifted to the high cutting speed side, and in this cutting speed range the side force increased.

In the cutting at the intermediate and high speed, the damaged layer (D,) between the deformation
flow layer (F,) and chip and the influence of the flow speed of chip (V) on the plasticity of F, were im-
portant. The V', and the difference of the hardness between D; and F, increased with an increase of shear
angle of chip (¢) in the steel mixed with martensite more than the normalized steel. It was suggested that
the cutting resistance value decreased with an increase of the plasticity in F,.. Increase of the plasticity
in Fy resulted from the rise of the temperature due to the increase of the V. and the hardness difference

between D; and F,.
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Table 1. Chemical composition of samples(wt%;).

C|S [Mn| P S Cr | Mo | Pb

SCM 420 (B) | 0.19 | 0.20 0.7? 0.018 | 0.025 | 1.05| 0.16

SCM 420 (L) 0.23|0.20 | 0.73( 0.014 | 0.026 | 1.04| 0.15 | 0.17
SCM 420 (B,) | 0.210.34 ) 0.86] 0.013] 0.008 | 1.20| 0.15
SCM 435 (B,) | 0.36 O'ZH 0.71| 0.018 | 0.011 | 1.05| 0.15
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back face
of chip
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F, : Principal force, F,: Side force, F,: Thrust force,

g, : Compressive stress, 7. : Shear stress, ¢ : Shear angle of
chip, g : Frictional coefficient between tool and chip, Dy :
Damaged layer of chip, Fg : Deformation flow layer, L :
Tool-chip contact length, Scf: Region separated for chip
and finish surface, V : Cutting speed, D, : Depth of cut,

S : Feed of tool, V,: Flowing speed of chip, ¢ : Thickness
of chip

Fig. 1. Schematic diagram of orthogonal
cutting model by lathe.
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Ferritic-martensitic steel : Martensite area 60%, Hardness
HV290(R.T.)

Ferritic-pearlitic steel (normalized) ! Pearlite area 35%,
Hardness HVI60(R.T,)

Fig. 2. Mechanical properties of SCM420(B,)
steel at elevated temperatures and room tem-
perature (strain rate 1.0 mm/min).
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Heat treatment and hardness of work materials
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Fig. 5. Cutting resistance vs, cutting speed of
SCM420(B) steel with ferritic-martensitic struc-
ture. The steel was tempered at various tem-
peratures.
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Fig. 6. Cutting behaviors of steels mixed with
martensite by lathe.
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Fig. 7. Relation between shear angle of chip and feed of tool during cutting of SCM420(B)

and SCM420(L) steels mixed with martensite.

Table 2. Cutting speed region for formation of
built-up edge observed at back face of chip.

Work material : SCM420(B), D, : 1.5 mm,
Tool : P10 (8, 10, 6, 6, 15, 15, 0.33
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Tool : P10{8, 10, 6, 6, 15, 15, 0.3],
D;:1.5mm, f:0.2 mm/rev
(a) By, V:15m/min (b) By, ¥ : 10 m/min
(c) By, V:40 m/min (d) By, V : 60 m/min
By (Ferritic-martensitic steel : HV 260)
By (Ferritic-pearlitic steel : HV 160)
Photo. 1. Formation behaviors of
built-up edge and chip during
cutting of ferritic-martensitic and
ferritic-pearlitic  steels (SCM420

(B)).

V:70

(m/min)

V:160

(m/min)

l‘ Tool : P10C8, 10, 6, 6, 15, 15, 0.37, D, : 1.5 mm,
FU f:0.2 mm/rev

By : Ferritic-pearlitic steel HV 160

By : Ferritic-martensitic steel HV260
Photo. 2. Deformation flow layer(F,)
and damaged layer of chips (D;) dur-

BN BM ing cutting of SCM420(B) steel.
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