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(Effects ot deoxidation and chemical composition on machinability of steel)

Ryonosuke NARUTAKI, Kazuaki IwaTa,

Syunji YAMAMOTO, and Yoshihiro YAMAGUCHI

Synopsis:

In order to evaluate the feasibility of Ca-deoxidized steels, machinability tests on wvariously deoxi-
dized 0°459,C steels are done with carbide tools. The effects of deoxidation on the machinability
based on tool life are investigated, and the relationship between oxygen-, aluminum-,calcium-contents
in steels and their tool life characteristics is determined.

Generally, the higher oxygen content in steel is favorable for the formation of oxide layer on the
tool face during cutting various steels. In cutting the steels deoxidized appropriately with Ca, however,
the tool wear is found to be considerably suppressed even if their oxygen contents are fairly low. In
these cases, very thin oxide layers are observed on tool faces. It seems that the formation of thick
oxide layer on tool face is only sufficient condition for good machinability but is not necessary one.
Negative correlation is observed between Al content and machinability of Ca-deoxidized steels.

It is confirmed that the Ca-deoxidation is applicable to Cr-Mo steels and resulphurized steels for
good machinability, too.

The results of identifying analysis of oxide layers on tool faces are discussed.

(Received Sept. 22, 1969)
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Table 1. Chemical composition of steels tested.

Chemical composition (%) 7.0 Fur-D
Group| Deoxidizer Mark Remarks
(ppm) | nace
C Si Mn P S Ni Cr | Mo Ca | JAl
M- 1 |0-44| 048|076 0007 0008 — | — | — |o0-ot1]0-007 70
M- 2 0-46 | 0:30 1 0°70 | 0°007| 0010 — — — 0-009( 0-025 79
M- 3 0°46 § 0°27 | 0°65 { 0°007; 0010 — — — 0-008| 0-016{ 128
M- 3% |1 0-45 | 0°27 | 0-59 | 0-007| 0009 — —_ —_ 0-007| 0-019] 112 1F 0°459%
Various kinds | M- 4 | 0°41 | 0-20 | 0-50 | 0-008} 0-009] — — — | 0-004| 0-002{ 121 (100k g) Carbon steel
M- 5 043 1 020 | 0°55 | 0-009| 0-010] — — — | 0-004| 0°020 92
L of Ca-Si-Al- M- 6 0:43 | 0221 0°59 | 0-007) 0-008 — —_ — | 0-003| 0-021 93
M- 7 0-44 | 024 | 0-55 | 0°007| 0°'009] — — — 1 0°002| 0-006] 120
Alloys M- 8 0:40 | 023 | 0°53 | 0-007 0°009] — — — 0:003( 0°015 94
M- 9 0-41 | 027 | 0-58 | 0-007| 0°010] — — — 0-002| 0-025 82
M-10 | 043 | 0°24 | 0-57 | 0-007| 0°009] — — — | 0-006| 0-007[ 101
M-11 0°47 1 0°28 | 0:62 [ 0014 0-008[ 0-03 { 0-08 | 0-01 | 0-002| 0-002 43 I1F
M-12 0°45 1025 {070 | 0-014 0-010( 0-04 | 0-01 | 0-01 | 0-004| 0-003 63 (1¢t)
. G-1 0-48 1 0°26 | 0°75 | 0°024| 0°016| — — — 0- 004 20
Fe-Si Alloy 1 G_ 3 | 050|025 |075 0018 0-014 — | — — |owoo 25 | LD
0°45%
Ca-Si Alloy E-1 0-48 | 028 | 0-73 | 0-018| 0°'016, — - | 0-004] 0-033 28
2 +Al E-2 | 042,029 | 067 | 0:010, 0015 — | — — | 0°002| 0-024] 49 Carbon steel
E-3 0-42 1 025|082 | 0014/ 0-019) — — — | 0-001| 0-033 15 OH
F-1 0-51 [ 0°23 | 0-46 | 0°015| 0012 — — — 0-002| 0°004 31
Ca-Si Alloy F-2 1049|025 ( 051 | 0-014| 0-016] — — — | 0-002} 0-007 24
+a little F-3 041 [ 0°28 | 0°44 | 0-007 0-012[ — — — 0-002 0003 30
amount of Al| F- 4 049 | 0°25 | 0-81 | O-011} 0°020, — — — 0-003| 0°010 23
F-11 049 (0:27 10 0:016f 0-019] — —_— — 0-002| 0°014 50 LD
Fe-Si alloy+Al! C- 1 0°44 | 0°22 | 0-74 | 0°017/ 0'019] 0°04 | 102 | 0-26 — 0-034 24 EF Cr-Mo steel '
Ca-Si Alloy i C-2 [0'38|032|072(0014] 0:019 0-10 | 1-04 | 0-26 | 0-003| 0005 63 (JIF, SCM 4)
3
Fe-Si Alloy S-1 037 1 0°24 | 1-42 [ 0-025| 0°090{ 0-02 | 0-04 | — — | 0-007| 99 LD Resulphurized
Ca-Si Alloy S-2 041 | 0°26 | 1-44 | 0°026] 0°092| 0:02 | 0-03 0002 0-005 52 (AIST 1141)

el

1 JF: Induction Furnace, LD: LD Converter, OH: Open Hearth Furnace, EF: Electric Furnace
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Tool : P10 (-5,-,5,5,15,15,0°5), Cutting speed : 200m/min
Feed : 0-25mm/rev., Depth of cut: 1'5mm, Dry cut)

Fig. 1.
on tool face among various steels tested.
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(Tool : P10 (-5,-5,5,5,15,15,0°5), Cutting speed : 200m/min, Fecd : 0'25mm/rev., Depth of cut : 1°5mm;,

Cutting time : 10min, Dry cut)

Fig. 2. Relation between Ca-, X Al, 3 O-contents in 0°459,C steel and formation=of
oxide layer on tool face in cutting steels with sintered carbide tools.
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Fig. 3. Effect of oxygen content in steel tested on crater wear and formation
of oxide layer on tool face.
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(Cutting condition : same as Fig. 2)
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