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Chip-disposability and Tool Wear in Ferritic Steels Mixed with Martensite
Shigeo YAMAMOTO, Toru ARAKI and Hirooki NAKAJIMA

Synopsis :

The improvement of chip—disposability has a primary importance in the automation of machining process
and the use of unmanned machine tool.

Chip—disposability and tool wear during turning of low alloy steels having ferrite and martensite phases
were examined. The experimental results showed the chip—disposability was remarkably improved in the
steels mixed with martensite, compared with the spheroidized or normalized steels.

In steels which were mixed with martensite and had the hardness of HV 200~350, chips in the high cutting
speed region were broken below one curl. The influence of martensite phase on the chip—disposability
was discussed through the observation of the microstructure and surface shape of chips.

The wear of hard metal tool in the cutting of steel mixed with martensite tempered at about 300°C was
similar to that of the spheroidized steel, and the tool life time of high speed steel tool for the steel tempered
above 400°C was considerably longer than that for the steel tempered at 300°C. When the cutting was
done with high speeds using a cermet tool, the tool wear for the steel mixed with martensite and not tempered

was larger than that for the normalized steel.
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Table 1. Chemical composition of samples(wt2;).
C Si Mn P S Cr Mo
SCM 420 (B;) 0.21 0.34 0.86 0.013 0.008 1.20 0.15
SCM 420 (B)  0.19 0.20 0.76 0,018 0.025 1.05 0.16
SCM 435(B,) 0.36 0.28 0.71 0.018 0.011 105 0.16
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Table 2. Heat treatment of samples. (dimension, D : 60 mm, 4 : 30 mm, L: 330 mm)

SCM 420 (B,, B)

880°C X1 h — 700°C x7~30 min — Water Quenching--»Tempering

SCM 435 (B,)

. 850°C X1 h — 700°C x 11 ~40 min - Water Quenching--» Tempering

| I Salt bathe—— |

Table 3. Symbols used in the work materials.

Symbol Sample Heat treatment
By SCM 420 (B,) As quenched*
Biu-z SCM 420 (B,) Tempering at 200°C*
B~ SCM 420 (B,) Normalized*=*
B:u SCM 435 (B,) As quenched™
Bn SCM 420 (B) Normalized***
By SCM 420 (B) As quenched*

* Isothermal holding followed by quenching
** Isothermal holding followed by quenching, and tempering
at 200°C
*=* 880°C x1h — Air cooling

RE LD 880 2%\ i3 850°C @ v o b 3 2z &5ic
AL, —EHERFEEKA L, +0kE4 ORE
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Table 3 [ IXARKEBR TR\ o8I S & B &4

CRIT

Shear angle (deg)

Hardness of samples(HV)

Haet treatment: 850°C X 1h — 700°C:X 11 min — W, Q.

Photo. 1. Typical ferritic-martensitic microstruc-
ture of the SCM435 (B,) sample.
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Cutting speed (¥): 150 m/min, Depth of cut (Dg):
1.5mm, Feed (f): 0.25mm/rev, Width of chip-
breaker (W): 2.5mm, Tool: P10 [ 8, ® 10, @ 6,
@6, ® 15 ® 15, @ 0.3]
[® Back rake angle, @ Side rake angle, @ End
relief angle, @ Side relief angle, ®& End cutting-
edge angle, Side cutting-edge angle, @ Nose
radius]
Fig. 1. The appearance of chip and the rela-
tion between the chip-shear angle and hard-
ness when machining for the steels mixed with

martensite.
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Tempering temperature (°C)

\,‘w;

{‘\ u M C m V:100m/min, Dg:1.5mm, W:2.5mm,
/7 ‘ Tool: P10 [8, 10, 6, 6, 15, 15, 0.3]
ue g}‘k‘f‘/ C' J b;&kl l’“r,.’ (a) SCM420 (B,) (Martensite arca 60%)
kb D - ! ') (b) SCM435 (B;) (Martensite area 75%)
; i1 J \/\’ { f N i“‘“ 15 d "_._'i'*u Fig. 2. The appearance of chip and
| 0.20 | 0.25 | 0.30 feed (f) of the steels having ferrite
—_— and martensite tempered at different
Feed (mm/ rev) 0 1 2(cm) temperatures.
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work material ¥ork material
e ————————

Tempering temperature (°C)

Tempering temperature (C)

(a) 400 300 lm (c) 00 3020 | [
a
N Y 5 G/ - O Y R Y I
[1 § 1 [ 5
60 4 n/ ! —_g .I__ 60»-———{ H —g'i_
Wy e i S 1 L
I/ a] / J
Fiy ! /
§ 20t——no A T 20 / l ‘,_—_ 1 -
g { n/ld/ lt! o, l 4 1 /
2 (b) e - (d) i
: 1/ ‘ g
E » { Tj [ T Oor— ;/ ;‘z, V: 100 m/min, f*: 0.25mm/rev, Dg:
3 z a <} 1.5mm, W: 2.5mm, Tool: P10
{4 — er—t— qf ! (8, 10, 6, 6, 15, 15, 0.3]
4 b 4 H (a), (b) SCM420 (B;) (Martensite
/1 ¥ ,A i / 40— area 60%)
Pt s I d (c), (d) SCM435 (B;) (Martensite
20 $ —— o A!n o 1 20 lﬂ j ./ ! area 75%)
I Tl AN [ Fig. 3. The Micro-Vickers-
- — | ‘ . . M hardness of martensite phase in
00 400 500 600 700 800 %00 300 400 500 600 700 800 900 the work materials and the chips
Hardness of martensite (Hmv) tempered at various temperatures.
Spheroidlzlngl Tempering (250°C) (ferrite-pearlite-martensite) |
~ —_— . Ny ~ O S ~, ~ NG LY~ L Y]
o P,-pc'k,CAm(3kJ?33v ®) hee Ao
S} RN PR OGP E T pe e Pl o
S [0 1029 ) IC LSO
\g VB:0,05mm 0.04~0.05 0.03 0.03~0,04 0.03 0.04
a | W s 275 260 195 210 180
Tempering
Spheroidizing  Tempering(350°C) (all martensite)
(ferrite-pearlite-martensite) 650°C 550°C
N
o~ 7 W
o C“}Q'c_\ C TPV | D D).
- oo [P el P Takd PAs. ST IS
Q| O C|wlcUONDL U
& VB: 0, 04mm 0.03~0.04 0.03 0.04~0.05
75! Hv : 150 280 265 240 250 325

V : 100 m/min, Cutting time : 8min, D¢ : 1.5mm, f:0.25mm/rev, Tool: P10 [8, 10, 6, 6, 15, 15, 0.3]
Fig. 4. The wear of hard metal tool (Vp) and appearance of chips when cutting various

steels mixed with different martensite fractions.
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eb @), TRROHHIMCEEOWT BERBRY 752
EMTE IO,

Fig. 5 BEEYSEOY— 2, P TETBRE 2
Bl LB &0 TRERIE (V) L 20O h < F4AK
REXRTHDOTHS. By kit HV 160 0Be7c b L
MTHD, By REHZ HV 260 o= L5 v 1 + HAR
EIHTWMTHS. YHIEE 100m/min 2kt 2 Vg
i3 By & Bym sARIEICTKZERV. ULavL, YIHIERE
200 m/min R\ Tik By RED Vi flidhiiek LTu
5. F0 PR By MBI TR & &3
MBHOE\ L DL DTS, By RETI—%%
LIFCH LT3,

7254 =T v A MEBEY S oMo dEick

Work material

100

Cutting speed(m/min)

200

VB':O.OGmm VB:O.llmm

Cutting length : 1500 m, Dg: 1.5mm, f:0.2mm/rev,

W :2.5mm, Tool: Cermet [—6, —6, 6, 6, 30, 0, 0.8]

By : Ferrite-Pearlite (HV160)

By : Ferrite-Martensite (HV260)
Fig. 5. The cermet-tool wear (V) and appear-
ance of chip of SCM420 (B) sample at high
cutting speed region.

Table 4. Tool life of high speed steel tool in
turning.

Area of martensite in

quench-tempered material (%) 55~57 100

Tempering temperature (°C) 300 400 500 650

Hardness of samples (HV) 290 270 254 250

Tool life (s) 80 839 >900 460

Work material: B;, Cutting speed (V) : 40 m/min,
Depth of cut(D¢): 1.5 mm, Feed (f): 0.2 mm/rev,
Tool: SKH 4 [8,10,6,6,15,15,0. 4], Cutting fluid: non

Work material : Byjy (HV300), V:10m/min, f:0.2mm/rev,
Dg:1.5mm, Tool: P10 [8, 10, 6, 6, 15, 15, 0.3]

Photo. 2. The chip forming state of the steels
mixed with martensite at low cutting speed. (The
shear region of chip is shown by lines.)

I3 ~4 AT EOBEECS JIFTHEL & LEEORE Y
Table 4 2553, B, REOGIEIEE 40 m/min 1351}
5 THEHAG F CoORRENL, Bd & LEEY 300°C 225
400°C 12/ 5 & 10 2L Rwesgind 5. 500°C okt
3 £ LTk 900s FIGIEI U 7c BebE CHEI M ORI < 7
Dl DTEBREHIE L., ToRBOBXIIEL &L~
T vy A — AR O & IERETH ORI b 2D
bb¥, TREEE O (F®) v/ =
T v FEBORBNELLLEW.
33 YIh DI/ niE

ged & LAE LigW3E (Bim) ZYIBIEE 10 m/min
OEE TEHIFRE T D < FABRE % Photo. 2 1
A%, Vi 10m/min OEEYIEIR (30 m/min LIF) D
T DRI ENER LTWS, Y10 P o 3
7w 25y 7BRDBR, ThbD 75y 7% F%ER
80  FRAMEC Ffie RETAER LTW34 0
m% L, YD P REIL BT ORER Rbhb.
Photo. 2 iR L] b < FRAMER OBRIEE (B84
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#H>7=. Photo. 3 12 B, 3 XU B, o 4 ORI
WCHIBEE 100 m/min ki 58 h < THETH S .
Photo. 3 (a) {2 By AR TH b, TABECELLE
REZ 2T S TF2AERL, TOMEDOE b < T
X797y 703EFP LTS, Livl, 200°0CCHEY &
LLl7c Bim-2 K0 EH < 3% Photo. 3 (b) iR
TEL, 7T 9 2R LT, ¥, SAMER
BLLAERE XSO FLAELCTELT, W
D v AT v C RN BHEY H LTS,
H# oo, Bin KO BERSL L Mgy  FHEGE
Photo. 3 (c) WRT2, =54 MENZTLL EfX
nTw3., &k, BpuBAKBD7 251+ - =51} .
=7 vy 4 FEBEAY Photo. 3 (d) wRT. b ¥
FTRA—F A P HERBICE LSEMI TV 5 C
ERFERDOIS. DEDZEL s s nfifioXRL 7 5
y 7 DEFICOWTHIRBIE LR, £RT580 <
TR KR ELBNHEEIRS.

4. = =

=T A P HEEREEISRERIY Y < TR
HTTCRTWD 2 ERRBRERL LW b ie o,
ChLRYEIMITED HEE - ALK WCEER
BEYED. ZITR~AT VYA R BREI -
DY h  FTUEE OREEEITOVTHRA L, KT,
TABERCS S35 L LBEEOFEYERT 5.
41 1090\ H

BEb S LAE LISV = AT vy A FERBEXI 18

V : 100 m/min, f:0.25 mm/rev,

Dg:1.5mm, W:2.5mm,

Tool : P10 [8, 10, 6, 6, 15, 15, 0.3]

(a) Bjy (SCM420, As quenched)
Hardness of chip: HV410 (Load:
1000 gf )

(b) Bim-2z (SCM420, Tempered at 200
°C), Hardness of chip : HV400

(c) Bix (SCM420, Normalized),
Hardness of chip: HV340

(d) Bay (SCM435, As quenched),
Hardness of chip : HV425

Photo. 3. Microstructures of chip
of SCM420(B,) and SCM435 (B,)
samples.

DEEC BT, WIS THBCEEDI 702 T,
7 DRENRZ BRI, HELD, HhBEOWH {FRA
BB B\ R ARG ) & MG (|E) G2 RIKEC
ERTBEELLR T, LxrL, BW=AT vydg
FARBEEI LTI 2 e N RHEROELEDT
DL, TOXINEZFVTHTCHEBTERVCEDOD S
TEERBELT S,

I2m 75y 2 DORETYD FRAMIRITI\T,
FAMECIROTER LTS, Zhbixgsiho=
AT v A PHEOKE I LT TR AMEIROH L
b, =T vy FHOSHREBE KX EETH LR
bha., Thbb, <AF VA VHENEHBLEZ L
CERERAEALT, TOSMREI X 2oTizdh T2 A KK
CRGFBINHHANRRE— L), 7 e PCIERBIS

R i

Work material : B; (As quenched, Ferrite~-Martensite)
V: 100 m/min, f:0.2mm/rev, Dg:1.5mm,
Tool : P10 [8, 10, 6, 6, 15, 15, 0.3]

Fig. 6. The stress state in cutting zone when
chip showed the surface similar to shear type

cutting.
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63, 85kef 2 bh, COBEOYH S FEIRFhFh
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Vo FRE t; IO, wklrs Fc g N s a
L, FhFh 46kegf L 76kgf BRI, ZDX5
efEixd iz f=0.2mm/rev D&M ETBEH L F
BAMIRCTORAMIET (7¢) ¥ XOERIEH (9¢) &
AEOTH L, 1 ORETIE Tc=97 kgf/mm?, 0c=93
kgf/mm? T b, t; OREETIT Tc=37 kgf/mm?, o¢
=123 kgfymm? p3 Shic. Ticbhbh, BWgh <
ERTIEMELZ 5 703RE, BRLLOTWERENH
TRECDY, 725 738k LBETIRREANEN
HWEADLTCEBIABELTWEZERN R, T
T, ID K FEINBEKTHS ty ORENLL2 S5 5 2
DRAECIOTHRINLETZ G S TRANAE (6)
TREINAT ) K FRAMECROLECEVL DL R
BTENTESL., ZOED 25, 7 DEGEHKITFIRO Z &
{, ¢TRINLGY S FRAMEBEIROTERP D 3
7 v fie RMEx 27 S X S ET LIcH DT, TORE
TYEEE (V)% EE>TWB 2 3 #EI RS, )
STREOETHY OHIfEIE ¢ 25 ~EBTTHR

HOTHRINILDTHBN, ZOB, 75 v 75%EWH
DA OREN IXFIRAVER LT L FEIR
L. LT, b3 MHyOBRCHB LT &, S5 DHEB
RrEsib R, W0 TFEE (Vo) 3B —ThH5.

ZDXS R AMBOREE SO0 < FOEBILY)
MoK BERLTWS EE2 bh, TE-40<
TRID AT EOBBRER (¢=F/N) SXI0HH ¥
FEMOEE LAER LTEE TS, Fig. 6 wri¥
TR,y REETRER TR LTSN (Fo) R
5 N oBKREGH» F OBREEGL AL D p
BEALTED, ty RETREBETRLALEIEL Fco
BACHES NOBABIENKZ WD g TR LT
5. Thbb, 77 20 EEABETS B #
DEKRIZAES oc DHEIMIFIERZ Sh T2 A
FHTE .

—%, ¥10 < TR AMBOBRETHER AL HE L
YBIEEIR T, T TCRLO—F1AFEL R E LT
WAD. LhL, b S FRERAY) D  Tombc
SHBDBMLL, FREFVHOBER (BHEELKE
Wiz 500~600°C) 12T B O EEYINIE E THEL
MEha?, UHEEEO ERES 75 5 72 LK,
P FREHH D7 = 74 PPN BELREERC BT
HEBEVHBICE L LRRBATS EELLRS.
Tiebb, 7= 54 PHDOEWERRZROE B\ IR
125D, EME, BAKOEFHBRT K WT, BLEEN
iz CHBRER, BRMC BT T 2 X5,
hhgl&&tich, IS FRAMIBD I 7m 25
2L\ NIETREN 7 5, r DEERBETATAS
5, 71LTC, BWEASHO I ynHloBE i 7w s
» 7 DI AL Photo. 2 DA DY) Y  FHEIC
DONWTH EHETHER IR TS, 2D X 5 /xPhoto. 2
OHNEY D <A, Photo. 3 (a) DI L AN
DEHEY SOV L TRERTAOIZ, 7254 HHED
F LI X 2T 7 5 » 7 DERBEHEISEREEDL D
MR~ BT ARG LT3 EBbht.

BWu= L7 vy 4 P HEEEISLEEK 300°C T
Bed & LR LIcBaE, ¥y I FhiokyEmE
BB I 7 r 25 273D BRIV E, BAME
OEBEEX L OO < THAER L. LeaLEy T4
B EE IR T b B S LR X v BB R T
5. EBLELIIoT=ATF v VHOBIIIETL
TWBL0D, A—F 4 PHIDVIFEINFELIKEL,
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g1y < THROMMKFGEIREE > LM D4, Photo. 3
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75y 7HBEINTEY, BIELTWS LW B
BOVIVEL Y L=ATF vy A W EABEIRZY D
CTHBOBE T, U1 8 AMBECE > MM /x
ESHELTVLZ ENHERINS,

AR LICH) ) < FAEEIM R T AR e LTt
¥ 5B, 90 TERECRIIEBISDAERATS. 75
v 7 DHETIX, DEEIF T S TFHOKRMGIZH S b
DTHH 505, RE,LYID S FRECEBLIZE 7 5
v 7 D BT ET D RIS I B teFT 5. fo
T WO TD 7 n HEICIR S HE X D ¢12in 5 HIC
FATIRMEDHN 2 5 5 7 OHFEFIERTHSB. =D
RTh, 27 V41 " HEBEIS-EMo b <4
Bt <hTuvws o EARB IR,

4.2 TA®F®

TAEFRIYBIEORE L H ¥ L0 abrasive g f
CIDOTBRINDIEHXEZDE, BV~ AT V41
FETEE IR HV 260 oo T AEH~0BE
HV 160 i OB b LHICHE LTIFE LSk &
AFEIRLY. L, iEEMOLAE V. TIN Ry
— 4y FTEEAVESEE, BEVEIBCR-CGLTM
IO TEEEENBA U2k, Zhicst L TiBE
THETIX, SCM 420 (B,) 3 X108 SCM 435 o4yl
DI, 250~350°C THED & LA R X 7o\ & BRR(EH
ERBEOTEBERL I L. LT, ~1 2T A
Tix 400°C DL EDRECTHEL & L X7\ &, 300°C
THED &L LABE X0 L TEESREM Y KigcmET
LT ENTERNDN. Thbb, =AF V41 B
R Ul bzoEr@ iz s, TE-5b < FRIo smmE
B2BA LT, TAFOGHEHIb 2 BAEE YA 0
TEINEATED. o, Vb FEREOENME
BRBORE EALEV2L. 20X 3T ETLVER
B YUHESHITAERIHEHC S WTHITHRA T2
DTHAH 5. EWMENBIZEHIH OB X & YJHIEE 1Y
M X OTRAIEBTEIBLY, ZOEBO~LT vH 1+
HOBILEES b DTHAH 5. 0T, EETEIRC T
5 TREBEC LTI, <45 V41 oD abrasive
RN ERATHEEC IOTHRAI L, FHRIR-TEA
BiEY TE o0 Bbhs.
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HEBIIBENEDEBIRTH D, ZOBE, BLEL
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B TEHEREHIRICE L7 = 514 rHONFEHR
LT, WM CTRERBRNEI LR L C LAY RES
X5 EE I EL RS,
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A7 vHA R EEZL SCM 420 ks X O
SCM 435 gico\T, TREIMITOBEDOY b < Fus
ETABHICK XIET A7 vy A FHOBE IS\ T
EBLEE L, BREYENTHERDIELTHS.
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I OEETEIRC ST A AMBICEL L EFE 2 b o
Yo FOERICID LD LHEE L.
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