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On the Relationship between Machinability and Inclusion
Morphology of Ca Bearing Free Machining Steels

Hiroyuki YAMADA, Shizuo YOSHIDA, Atuyoshi KIMURA,

Késhi KATd, and Teturé 116

Synopsis:

The relationships- between machinability based on tool life and oxide inclusion morphology of cal-
cium deoxidized Cr-Mo case hardening steels and carbon structural steels, melted by 2§ arc furnace,
were investigated.

The results are as follows:

1) 1In the case that the oxide inclusions in the calcium bearing free machining steels are A, type
which are plastically deformed by hot rolling, the prolongation of tool life is ob.ained not only for
cemented carbide tool but also high speed steel tool.

2) The oxide inclusions contributing to the formation of “Belag” on the cemented carbide tool
face are those which soften or melt down at certain cutting temperature on the tool-chip contact
surface.

3) Sulfur addition (0'079S) to the calcium bearing free machining steels is effective for the chip

breakability, but the effect is not clear for the tool life.
(Received May 15, 1970)
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Table 1. Chemical composition of steels tested.
Speci Chemical composition (wt%)
plt\:gmen Grade |Deoxidizer - : . , . Hardness
C |8 |Mn| P | S | Cr Mo |Ca ' Al , O Hp
|
1-A gg;f4° CaSi | 0°21 022 0°58 0-012}0-015‘o~99 0-18} 0-00250-005%0-017[ 160
1-B ” ” 0°20 | 0°26 | 0°77 | 0-013 0010 1-0L | 0-21 | 0'003¥0'006 0-013 170
1-C ” ” 0-21 {0-81 | 0°62 | 0-013 0027 0-95 | 0-18 | 0004 0-006 0-009 161
1-D | 7 ” 0:20 , 0-25 | 075 | 0°011] 0-027 1-04 ' 018 . 0-002 0-004| 0-0l4; 169
I-E ” ” o‘2ot 033 . 0-74 ; 0-016/ 0-075 1-01  0-18 ; 0:002 0-006, 0-009 167
1-F 7 0.20 | 0°34 | 067 | 0'018;0'055{0'97 0-19 | 0-005 0-009' 0007 170
1-G - FeSi+Al| 0°21 1 0°30 | 072 { 0°016 0-015 1-03 0-15 | — |0-025/ 0004 160
2-A | Csizel | CaSi |0'51 0321067001007 — . —  0°004 0-006, 0-008 195
9-B v v 0-45 1 0-29 | 0-66 | 0°013 0013 — | — 0001 0007 0-006 192
2-C ” ” 0-46 | 0-37 | 0-69 | 0-019 0-012 — | — | 0°004 0-007/ 0-006 195
2-D | 4 0-46 | 0-27 | 0°70 | 0-015 0-010/ — | — | 0006 0-006 0-010} 196
2-E | 7 FeSi+Al | 0°53 | 0-29 | 068 %0-01040-019H — | = ; — %‘o-ozsto-oosJ 204
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Table 2. Morphology of inclusions.

Specimen | Total | Sulfide Oxide
No area (9 area (9 _ —
)| area ()" prea [N (/mmt)| T | W) | T/ | Type
1-A 0-091 0-025 | 0-C66 84 129 38 | 340 | A,
1-B 0-101 0-026 | 0075 | 10-0 12+ 4 48 | 258 | Ay
1-C 0114 0-067 | 0°-047 63 117 45 | 260 | A,
1-D 0147 0-095 | 0-052| 11°5 15-9 3:9 | 408 | A,
1-E 0:238 | 0-218 | 0:020 3-0 20-5 | 108 | 1:90 | Ay
1-F 0-194 0°136 | 0-058 | 184 78 62 | 126 | G
1-G 0-073 0:033 | 0-040 | 10-9 7-0 50 | 1440 | B
2-A 0-113 0:048 | 0-065| 116 19-2 47 | 41 A, | A, :Smooth
2-B 0-149 0-082 | 0-067 | 227 85 40 | 21 | Ay+C | Ay : Irregular
2-C 0-093 0-037 | 0-056 | 10°1 126 | 83 | 15 C
2-D 0096 0-029 | 0-067 | 11°5 108 72 | 15 C
2-E 0085 0-035 | 0050 — — — — B
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Table 3. Composition of oxide inclusions with EPMA.

Specimen Composition of oxides (%)
No Si0, ALO, MnO CaO
50 28 13 9
1-A 49 | 2 8 17
B 38 46 6 10
44 34 6 16
2 42 0 32
1-C 1 97 0 2
56 17 11 16
1-D 46 25 12 17
- 22 59 0 19
12 71 0 17
F 20 46 0 34
19 42 0 39
35 30 0 35
2-A 30 36 0 34
6 82 0 12
2-B 93 55 0 22
18 44 0 38
- 2-C 20 46 0 34
18 45 0 37
2-D 20 43 0 37
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Table 4. Composition of oxide inclusions with

bromine-methanol method. /
(¢] ]
Specimen Composition of oxide (%) 8i0,+MnO 4 / v
No Si0, | AlO, |MnO|Ca0 | AlOs / /
1-A 45 25 19 11 2-56 X3
1-B 42 33 7 18 1-48 = ///
1-C 23 53 4 20 0-51 . . .
1-D 43 28 19 10 2-91 8
1-E 23 62 0 15 0-36 2 6
1-F 40 47 0 13 0-84 e 2 .
1-G 21 79 0 0 027 2 e :3CM22Y
2-A 37 27 0 37 1:37 o, ©
2-B 13 57 0 | 30 0-23 /)y/ © :s50CY
2-C 12 61 0 27 0-20
2-D 26 48 0 26 0-54 /
2-E 15 85 0 0 018
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L, #FhFho v ) — XTI eipse oz 4k

.

(Si0z + MnD)/Al;0s

Fig. 1. Relationship between form factor and
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composition of oxide inclusions.

|1-F 1-8 1-D I-A
300 \KL
£ N~
E 200 % 4 o
E isof ~ §\Q\“\
B oo w\
&
2 -6 1-C I-&
3 50 L ) | | 1 I ]
20 40 60 00 200 400 600 1000
Taol tife {(min)

Tool Mat. : P10 (—5,—5,5,5,30,0,0°4)

Feed : 0°2mm/rev.

Depth of cut : 2mm

Dry

Vg : 0 2mm

Fig. 2. Tool life curves with cemented carbide
tool (Cr-Mo steels).
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Fig. 4. Effect of oxide inclusion type on the tool
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Photo. 2. Photographs of chips in machining specimen. No 1-B (0:010% S) and
1-E (0°075% S) by SKH4 tool. (x1/4)
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Feed 10" 12mm/rev.
Depth of cut : 2mm
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Breakdown of tool
Fig. 5. Tool life curves withh HSS tool (Cr-Mo
steels).
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Fig. 6. Tool life curves with HSS tool (carbon
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Fig. 8. Relationship between tool life and com-
position of oxide inclusions (Spec. No 1
series).
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Cut. Mat : SCM22Y containing
type A2
ox_ide inclusions

Cut. Speed : 150 M/min
Cut Time : ©60min

Cut. Mat.: SCM22Y containing
type A2’

oxide inclusions

(b)

Photo. 3-1. Photographs of .cutting edge of P 10 tool and the crater wear (x16).
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Cut. Mat : S50CY containing
type C

oxide inclusions

(c)
Cut. Speed : 150 M/min

.. Cut. Time * 60 min

Cut. Mat. SCM22Y containing
type C
oxide plus MnS

inclusions

(d)

Photo. 3-2. Photographs of cutting edge of P 10 tool and the crater wear (x 16).
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Fig. 9. Position of EPMA line analysis.
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Distribution of chemical elements on the tool (P 10)-chip contactsisurface.
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Fig. 10-b. Distribution of chemical elements on the tool (P 10)-chip contact surface.
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Fig. 10-d. Distribution of chemical elements on the tool (P 10)-chip contact surface.

Table 5. Comparison of composition of Belag obtained from line and point analysis.

Specimen Metho_d of Composition of Belag (95)

'+ No analysis Si0, ALO, MnO CaO

Line 57 22 11 10

~ Point 1 42 : 22 19 17

1-A 4 2 49 25 | 3 23

‘ 4 3 76 20 2 2

Average of points 56 22 8 14

Line 41 40 0 : 19

Point 1 36 40 0 P 2

2-C 7 2 31 50 0 ; 19

. 7 3 77 20 0 3

Average of points 48 37 0 ! 15

‘Tool mat : P10 (-5, =5, 5, 5, 30, 0, 0'4) Cut speed : 150m/min.
Feed : 0°2mm/rev. Depth of cut: 2mm

QD TRILMB A DT HEAE LTH, £ Bk i B ORISR X £ 715 b b e 2 %
X5 RBTRIR-U< TEME CTL 5 5D bhs. Dk, Fig. 10 ofEE» L, Belag o4 miic &
ENS<R0, FURSTRICHETHE, ChimB  STHNL &EL LT, REMbBO BILORAEDH
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Fig. 11. Method of estimation of average belag composition.
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Fig. 12. Relationship between oxide inclusions in
the steels and Belag on the face of tool
cutting the corresponding steels.

FT3DTH5. MnO 13 CaO 752 L)
ZOE»L, RO b5,
F3E No 1 v Y — XDLEESFIC WA S & No

= 265 —



2126 % & W

SR 57 & (1971) ;i3S

Table 6. Composition of oxide inclusions in the steels and of Belag on the face of

tool cutting the correspondmg steels.

Composmon of ox1de (%)

Specimen oM -

No | Si0, Al MnO CaO

ii Incl. Belag Inc] ] Belag } Incl. ! Belag Incl. Belag
1-A 45 57 25 22 19 T 1 10
1-B 42 48 33 32 7 0 18 20
1-C 23 34 53 61" 4 0 20 5
1-D 43 54 . 28 22 19 8 10 16
I-E 23 18 62 59 0 0 15 23
1-F ! 40 12 47 59 0 0 13 29
2-A ! 37 29 ] 27 “39 0 0 { 36 32
2-B 13 40 57 41 0 o i 30 19
2-C 12 | 4] 61 " 40 0 o . ‘ 27 1 19

Cut. Mat. : Spec. No 1 Series=SCM22Y : '

Spec. No 2 Series=S50CY
Tool Mat : P10 (=5, —5, 5, 5, 30, 0, 0'4)
Cut. Speed : 150m/min
Feed : 0°2mm/rev.

Depth of cut : 2mm
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. . , .
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EEGIEL T bbb, ¥ 0 BUWIIEIREI AL Si0;
PRI P e <, CaO, Al 203, 7b>lel5t‘JH’3kyw Si0;-
M@r@O3E$TID%ﬁﬁM®B&¥QEﬁﬁ#
EEhd.
'~ﬁ,ﬁsﬁﬂk%tﬂfm,ﬁ%ﬁF%mB%bm
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