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Effects of Deoxidation on the Machinability of Resulphurized
Steels in Machining with High Speed Steel Tool

Tatsu Fujprta, Yoshihiro YAMAGUCHI, Yasuyoshi HAGIHARA

Tsugio KANEDA, and Yoshichika YANAGI

Synopsis: .

Effects of deoxidation and chemical composition on the machinability based on tool life in machi-
ning low carbon resulphurized steels and medium carbon steels with high speed steel tool are investi-
gated. S

In turning low carbon resulphurized steels, core of rimmed steel has superior tool life characteristics,
while rimmed layer has poor one due to its cleanliness. Mn-S$ killed steels with very low Si content,
which are killed due to high Mn and high S contents, have good machinability uniformly from
outer layer to core. Si deoxidation is very detrimental to the machinability. High oxygen content is
favorable to the formation of round sulphides in Mn-S killed steels, and their machinability are
improved with increasing X O content up to 0°026%. Sulphide shape substantially affects chip forma-

tion behavior and cutting temperature.

The poor machinability of Si deoxidized resulphurized steels
is due to formation of elongated sulphides and hard oxide particles.

Tool life is well correlated to

the cutting temperature and amount of hard particles such as SiO; and Al,O; in steels.
In machining medium carbon steels with different S contents, deoxidation seems to have minor

effects on their machinability.

Concerning with dependence of machinability on sulphide shape, the effects of cutting direction on
the machinability of resulphurized stecls are also discussed.
(Received Mar. 18, 1971)
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Table 1. Chemical composition of steels tested (Group 1).
Composition (%)
No _ Remarks
C Si Mn P S Al 2N 20 Pb
I-1 0-10 026 0-56 0-016 | 0-024 | 0034 | 0-002| 0-005 tr. Plain C-steel, S10C
1-2-a 0-06 0-01 0-48 0-022 | 0-044 | 0'005 | 0.002| 0-012 7 Rimmed, skin
1-2-b 0-12 0-01 0-49 0-048! 0-148 | 0°003 | 0-002{ 0-012 4 Rimmed, core
I-3 0-18 0-22 1-17 0-021 0-116 | 0001 | 0-007 | 0-005 7 Si killed
1-4 0-11 019 0-73 0:076 | 0-182 | 0'003| 0006 | 0-018 # Si killed
I-5-a 0-08 0-02 0-88 0-692 | 0-213 | 0-006| 0-002| 0-018 4 Mn-S killed, skin
I-5-b 0-08 0-02 0-87 0'0t6 | 0-199 | 0-007 | 0-002| O0-016 4 Mn-S killed, core
I-6 0-07 0-02 0-76 0:066 | 0'2s3 | 0-006 | 0-0L1 — 0-23
I-7 0-07 0:02 0-76 0-066 { 0-283 | 0-006 | 0-0l1 — tr. —_—
I-8 015 0-27 0-82 0-078 ; 0-236 | 0-008 | 0-006 — 019 —_—
I1-9 0-15 0-24 0-£2 0-078 | 0-236 | 0-006 | 0°006 —— tr. —_—
Table 2. Chemical composition of steels tested (Group 1).
Composition (%)
Sub-Group{ No Remarks
C Si Mn P S ‘Al N 20 Pb
I-A-1| 0-08 0-003 | 076 0-104 | 0°'344 tr. 0-0025 tr.
-2 0-07 0-008 | 0-86 0-104 | 0-279| - # 0-0055 — ” —
-3 | 0-08 0013 079 0-129 | 0-399 | 0°002 | 0-0030 4
I-A -41 0-11 0028 | 1-11 0:078 | 0-289 tr. 0-0054 — 4
=51 0-12 0042 112 0-102 | 0-330 7 0-0047 — v —
-6 0-10 0:025 | 0-91 0-094 | 0-347 4 00050 — 4 —
-7 0-06 0:002 | 0-96 0-085 | 0-312| 0-006 | 0°0100 | — v —
-8 0-05 0002 | 0-88 0-073 | 0-226 tr. 00083 — 014 —
I-B-1| 0-08 0:010 | 0-96 0-092 | 0-281 0'001 | 0-0089 | 0-0210 tr.
-2 0-09 0-011 0-94 0-103 | 0-320 | 0-002 | 0-0100 | O-0L10 4 ——
-3 0-06 0:010 | 0-94 0°C88 | 0-272 | 0-002 | 00083 | 0-0340" 4 —
-4 0-09 0-006 | 0-95 0-106 | 0-320 | 0-002 | 0-0095 | 0-0120 7 —
I-B =51 0-07 0006 | 0-96 0-110 | 0-345| 0-001 | 0-0096 | 0-0120 4 e
-6 | 0-08 0:015| 096 0-081 | 0-305| 0-001 | 0-0054 | 0-0210 | 0'18 —
=71 006 0006 | 0-91 0-C86 | 0-298 | 0-001 | 0-0064 | 0:0170 | 0-31 —
-8 0-C8 0004 | 0-95 0-074 | 0-281 | 0-001 | 0-0056 | 0-0170 | 0O-15 —
-9 009 0-011 1-08 0-076 | 0-282 | 0-001 | 0°0095 |.0°0094 | 025 —
-10{ 008 0-006 | 0-96 0-101 0-330 | 0-001 | 0'0085 [ 0'0112 | 0-26 —
[-C-1 0-11 0-011 0-84 0096 | 0-299 | 0-001 | 0-0020 | 0°0218 tr. —
-2 0-12 0:017 1-08 0-088 | 0-292 | 0-001 | 00030 | 0-0175 ” —
-3 010 0:015| 0-95 0-058 | 0-246 | 0-001 | 0-0020 | 0-0180 ” —
1-C -4 | 008 0-0C8 | 0-88 0-100 | 0-259 | 0°-001 |{ 0-0040 | 0-0242 ” —
-5 0-11 0005 | 0-76 0097 | 0-354 | 0-001 | 00040 | 0-0414 4 —
-6 | 0-06 0-005 | 0°66 0-086 | 0-242 | 0-001 | 0-0040 | 00396 ” —
-7 0-05 0:013 | 079 0-088 | 0-301 tr. 0-0080 | 0-0C84 ” Vacuum
-8 005 0015 | 0-79 0-090 | 0-308 tr. 0-0080 | 00106 | 0°19 | Degassed
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Table 3. Chemical composition of steels tested (Group H).

Composition (%) Hard- e
Sub-Group No 7 ness Bi())xsldlzmg
C Si Mn P S Al Hv Y
I-A-1 0-50 0-25 0-75 0-018 | 0:014 | 0-001 171
-2 0-42 0-29 0-67 0-010 | 0'015 | 0-021 167 I-A-1, -3,
-3 0-48 0-26 0-75 0024 | 0:016 | 0-004 185 -9: FeSi
-4 0-48 0-28 0-73 0-018) 0-016 | 0033 182 the others:
I-A -5 0-43 0-29 074 0014 | 0-018 | 0-025 175 FeSi-l—A'l
-6 0-43 0-25 0-76 0-014 | 0-023 | 0-033 165 *
7| 0-48 | 0-28 | 0-81 | 0-014| 0036 | 0028 | 176
-8 0-45 0-25 0-83 0'019 0-040 | 0-026 183
9| 037 | 024 | 1-42 | 0:025] 0090 | 0007 | 196
-10 0-40 0-28 0-75 0:013 0-054 0-052 169
I-B-1 0-41 0-28 044 0-007 0-013| 0°003 154
-2 0-38 024 0-72 0:014 | 0-014 0-004 172
-3 0-49 025 0-51 0014 | 0-016 0-007 174
I-B -4 | 0-49 0-25 0-81 0-01! 0-020 0-010 193
-5 040 0-30 0-78 0-013 0-040 0-010 175 CaSi
-6 | 051 0-30 | 0-76 | 0°015| 0:050 | 0-001 188 a
-7 0-46 0-29 0-72 0:-017 0-056 0-001 184
-8 038 0-30 0-76 0-012 | 0058 0-008 176
-9 0-41 0-26 1-44 0-026 | 0°'092 0-005 197
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Photo. +1. Dependence of sulphide shape on the deoxidation in as-rolled and as-rolled conditions.
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Fig. 2. Distributions of length vs. width ratio of sulphide in various resulphurized low carbon steels.
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Fig. 3. Vyp—values of various type of resulphurized
low C steels. -
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Fig. -4. The variation of tool life characteristics with
Si content for resulphurized low carbon steel
(Group I-A and I-B).
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Fig. 6. Dependence of sulphide shape on the total
oxygen content in resulphurized low carbon

steels (Group I-C).
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Chemical composition of steel tested
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Photo. 2. Variation of sulphide shape with forging temperature.
Both steels tested are sampled from the same billets.
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Fig. 9. Dependence of cutting force on sulphide shape and cutting direction in quasi-ortho-

gonal cutting resulphurized steel.
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Fig. 10. Dependence of tool life on cutting temperature and amount of hard oxides in

turning free machining steels!®.
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