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Study on Machinability of Low Carbon-Steel (2nd report)

— On the Tool-Life and Tool-Wear Characteristics —

Kazuyuki Kikuchi and Yuichi Tanaka

Abstract

Tool-wear and tool-life characteristics of a series of low carbon steel were presented for differ-
ent values of cutting speed, feed, and cutting fluid. The electron microprobe was used for the
study of diffusion and for the confirmation of manganese sulfide, and it was found that the alloying
elements, chromium was diffused from the tool into the chip. The accumlation of manganese

sulfide over the rake face was also established.
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Fig. 1. Measuring wear land.

Fig. 2. Schematic diagram of crater.
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Table 1. Cutting conditions

Orthogonal cutting Conventional cutting

Tool geometry [0, 15, 7, 7, 15, 0, 5, 5] [—5, 15, 5, 5, 30 30, 0, 8]
Feed 0.3, 0.15 and 0.05 mmpr. 0,25 mmpr.

Depth of cut. 1.5 mm 2 mm

Cutting speed Var. Var.

Cutting fluid Dry, Spindole o0il and soluble oil (1 : 20) Spindole oil.
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Fig. 4. Variation of wear land size with
cutting time and speed. Cutting con-
ditions are the same as in Fig. 3. ex-
cept that the feed is 0.3 mmpr.
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Work /iam’ened
layer

20 30 4050 70 700

Fig. 5. Schematic diagram of work
hardened layer.
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Fig. 6. Variation of wear land size with
cutting time and speed for Killed steel
by using conventional cutting tool.

Cutting conditions : tool, SKH-4 [—5, 15, 5,

5, 30, 30, 0.8]; depth of cut, 2mm; feed,

0.25 mmpr. ; cutting fluid, spindole oil; {—:
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Variation of wear land size with cutting

time and speed for Resulfurized Steel (core-
part) by using conventional cutting tool.

Cutting conditions are the same as in Fig. 6.
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Fig. 8. Variation of wear land size with cutting
"~ time for Resulfurized steel and Low carbon-

Rimmed steel.

Cutting conditions are the

same as in Fig. 6. except that cutting speed
is 50 mpm.

Fig. 9.
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(a) Low carbon-Rimmed steel {core-part) (b) Resulfurized steel (core-part)
Photo 1. Photographs of flank and crater wear for H.S.S. tool
cutting Rimmed steel and Resulfurized steels.
Cutting conditions: tool, SKH-4, [0, 15, 7, 7, 15, 0,
0.5]; Cutting speed, 95 mpm.; feed, 0.3 mmpr.; depth
of cut, 1.5 mm ; cutting time, 10 min.

Low icarbon==Killed Fsteel;
VM =70mpm : Time=10min:

/e i
(a) Ot S min

Low carpon-Hilled steel.

Z0min 70min

(6)
Resulfurized steel (core-part)
Fig. 10. Tooldace crater development for
H.S.S. tools cutting Killed steel
Rasulfurized” steel d )
V=0Smprm, - Time=10min. 0, 4mm, and Resulfurized steel.

. : Cutting conditions are the same
Photo 2. Photographs of section as in Photo 2.
through tool-chip interface after :
cutting to 10 minute respectively. Photo 2. 13, (ERFEF 4 Pl X OB BI85

Cutting conditions: tool, SKH-~ N S AL g e e N o
100, 15 7. 7, 15, 0, 05); feed, FRERN 25 G5 Fah R TERE (A1E 2 70 mpm, 53
0.3 mmpr. ; depth of cut, 1.5 mm; 2395 mpm & 78 % ,) CUEIL A T RO YN B E 7o
cutting fluid, dry. R ) .
O EMEERTH B, WThoSBFeEwThH YR
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FEOHEATRIUE Fig 10 © X 91w/ 5, e, Wi d WEIR oM, BEROFES
BIOBEAHAL TP &, NEYNEERIKIED L@, FEKRREF L P& REHR

()



410 T - HhiE—

B2 BT 5L, 7V -2 ORKBESIABECET LTV b bT, BiEs X
O YIH BRI DB EF L SR I T b, XL ICEREORIERIZYFC L v #58
LTWADOBHLNTH 5,

— i R R LRI BEE S R <, e oREE JEE LR X - TABKRAT
BT ENRHBRT D, fEo CTUINIRIE ORI X O BERERIES O N ~DRE D ik, FHE
DEBRIVREZET X4, FIRl o 0@l ~oBEd {7053, - 0fER, RERImos
FCikE L FEC B L, BEEAe R

Lot BEESR LR T s e E on .
B, LinLoOHBNL 25 H0%SHar 00 R
. o o.&&c‘éc.g.még- 2 DU o
G2 UMEECET 230 THY, & gy :ngitnn o
= [ DT shat
DAFN SEMET DMOBRAFET  § siedd A
0 -“’ uxx
50 L Bbh5, X % o Cutting time.
. ~ . . § 70 -?&A‘x x 12 min
Fig. 11 (3, [RRFE v Fills L OB a 5‘: Low carbon- o : 5
e A N — BN . ox Killed steel. & J0 w
SR B 2 T E T ERRI)E L T 60085 S ot o2
B v v — 25EH03 Wil EE S 500 A%E‘éi Resurturized * 2
. * stee/ (core-part) A5
mMO<L 72y h— ABFEXH5HTH P ’ [ 0 .
400 & I I
VA {E L*@L < \ \@Fiﬁﬁﬁ@%ﬁ 0)17@_\_% g 200 400 600 800

%‘EO < % . 55 - -~ Z Sffce (/l)
[ﬁ“i EE I_/ VC N ,,C . - Distance rFrom urta
/ %La .g 11. Hardness dl’StI ibutions for H.S.S tools

X5 &, TEOWMILE X 28It cutting Killed steel and Resulfurized steel.
(k’esu/fw/zfd JZé’e/ ]

chip
7)
__..[. I

/Iﬁsmﬁ/ﬂg axr/e//t 02?/14.
-10% com Full scale, -\——

|
Anajytical crystal: l :

i for S; /(/4/1%"":;"; y
@ : ‘ ‘ i for Mns Quartz. |
({M carbon -Killed | steel ) T
| T
S | | b T
) M/p tog/
I B T
‘L (Resulfurized steel) ! (A’esu/fur/zed 3l‘ee/]

chip | ool chip | tool
Fig. 12. Concentration curve for sulfur and mangnese obtained by
sweeping the electron beam across the tool and chip.
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(a) Léw carbon-Killed steel 400 (b) Resulfﬁri;ed steéi X400
Photo 3. Microstructure of section through tool-chip interface.
{a); cutting time: 10 min. (b); cutting time: 20 min.
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1% (8) DEFTICHY Uik b B RET 2 b0 Bbn b,

Resulfurized Steel (core -part)

Low carbon-Rimmed steel Cutting time : 340 min
(core-part )

/ZW//////

F00min

2) 3)
Resulfurized steel

(core-part)

7

200 mi
e - it
7 o/
aos
7% Z g
wn 0 /0mm

(a) (b)
Fig. 14. Crater traces for H.S.S tools cutting.
Cutting conditions : tool, SKH-4 [—5, 15, 5, 5, 30, 30, 0.8]; feed, 0.25 mmpr.;

depth of cut, 2mm; cutting fluid, spindole oil; cutting speed, 50 mpm.
3. IKOWEERCRETIERB RS KU EEFAOR
Fig. 15 11 [/—UIHIEE (V=70 mpm) TEKEFK + /L Fiil % TR R % & O GIEIhHEl 21k
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b .
Wiy 20min

(a) H-tool.
Y=W0mpm, Tine=5,10, 20mir.
Cutting Fluid=Soluble oil.

Fig. 15.
time.

(b) C-tool (/=06mm)..
V=70mpm, Time=30, 44, 50min,
Cutting fluid=Dry.

T2 - Hepli—

Zomin

() C-tool (7-0.6mm) .
V=T0mpm, Time=25, 5, 10, 20, 30min.
Cutting Tluid=Soluble oil.

min omin

Crater traces cut away tools showing variation with cutting
Cutting conditions: work, Killed steel; tool, SKH-4

(0, 15, (35), 7, 7, 15, 0, 0.5); depth of cut, 1.5 mm; feed, 0.3
mmpr; cutting fluid, dry & soluble oil (1:20).
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a2 ‘—L
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o
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g 70 40 50 460

(ﬁZf/Wg time (min)
[=N, soluble oil (1:20)
[=0.6, souble oil (1:20)
[=N,. dry..
[=0.6, dry.
Variation of the depth of crater

~A-A-:
—A-n-:
-e-e-:
~0-0-:

Fig. 16.
for cutting time. Cutting conditions :
tool, SKH-4 [0, 15, 7, 7, 15, 0, 0.5] or
[0, 15, (30), 7, 7, 15, 0, 0.5]; feed, 0.3
mmpr.; depth of cut, 1.5 mm; cutting
fluid, dry & soluble oil; work, Low
carbon-Killed steel.
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Fig. 17. Taylor tool-life plots of dry tests.

Cutting conditions are the same as in Fig. 3.
Low carbon-Killed steel, —A—4a-:
Resulfurized steel (core-papt), ~a-a-: Re-
sulfurized steel (rim-part) -@-@-: Low
carbon-Rimmed steel (core-part).
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Wik DR Lk, T VHE T EBEAETREE 0D, F0%dd W EERELRE S
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Table 2. Taylor tool-life equations for the total destruction
tool-life of H.S.S. tools.

Work Materials. Feed Tool-Life Equation Vo mpm
[mmpr]
Killed Steel Vvieie= 97 64
Rimmed Steel [Core-part] VT0.06=110 80
Resulfurized Steel [Core-part] 03 VI0.076=123 90
Resulfurized Steel [Rim-part] VTe1 =163 96
Killed Steel VI0-017=150 110
Rimmed Steel [Core-part] Ve.6=177 130
Resulfurized Steel [Core-part] 0.15 VT0.054 =190 152
Resulfurized Steel [Rim-part] Vi1 =204 120
Killed Steel VTo-111=230 146
Rimmed Steel [Core-part] VTo12 =262 161
Resulfurized Steel [Core-part] 0.05 VI70.05¢ =300 240
Resulfurized Steel [Rim-part] V013 =293 176

NBEWERE Y RT L0 Bbhs, EE—UEEFRSD L & T, Fig.15 BB b0 X
5%, WIE TR OBEEEREINNE» BN BIC TX 570, NE~DBEFILD 7L
e BFRGERT,

400
4. T EF @ 200 J--_A__H 1‘ ’“ffea’-'a‘o;mmrr
Fig, 17 i (S + 1 ¥l (0D L L L
. et L A 150 i Mi—— T
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190 7 4 556 ?M 20 30 49 50 79 j00
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S 200
7z Table 2 i3 Fig. 17T ko T A 2 P
FaHBERR L0 GHERCH T 28 3,
Q
KR AR L, ChBICEDETAR o
MO XX EL s CoLigo  §T LT
_ . ‘ RN T
S . B ST N e S I |
iR L T3, BHEEIHE L1H) /””—“;x_x__‘::%‘bﬁi_\‘* il
B o TR BG4 58 3E # ;T’H-lii\ "ﬁ“"r--mi--‘»-
80 | T
Lo pg T ENAET A [T L LT
WeEZbNL, REGEROFLV* % 2 5 456 80 20 0 400 W W
AFHE Y A R (2 7)) R LT A Too/-Life (min)
o A . R A Fig. 18. Taylor tool-life plots of wet tests
4 3 TR
L&, Va P (=7 ofpn LEHR () and dry tests {(——). Cutting con-
BELlTtsTwd, Tt Fe-Sikb s ditions are the same as in Fig. 3. except

that cutting fluid is spindole oil.
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Fig. 19. Taylor tool-life plots of conventional cutting tests.
Cutting conditions : tool, SKH-4 (—5, 15, 5, 5, 30, 30, 0.8); feed, 0.25 mmpr.;
depth . of cut, 2mm; cutting fluid, spindole oil; —A-a-: Resulfurized steel
(core-part); -0-O-: Low carbon-Rimmed steel (rim-part); -@-@-: Low carbon-
Rimmed steel (core-part); —x—x—-: Lwo carbon-Killed steel.
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