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Microscopic Observations of the Machining Behaviors

of Mild Steels Containing Telluride etc

Toru ARAKI, Shigeo YAMAMOTO and Yasuo UCHINARA

Synopsis:

Some metallurgical observation and discussion were made upon the machining behaviors of mild steel
samples containing free-cutting additives: telluride, sulfide, selenide, lead and/or bismuth. A specially
devised tool holder was employed in order to obtain the cutting part of work sample with built-up edge.

A part of free-machining mechanism of the tellurided steel samples at the cutting speeds around 60m/min
was discussed based on the: results from the observation with the optical- and electron-microscope as well
as from the measurements of mechanical propérties at various temperatures. Observed electron-microscopic
substructure of a cut chip of a sample showed a peculiar subcell feature presumably caused by fast dynamic

recovery of extremely strained ferrite.

(Received 16 Dec. 1967)
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Table 1. Chemical composition of samples. (%)

a) Air melted samples by H. F. furnace (50 kg ingot)

Steel c Free cutting additives Other elements
FBaso 006 S :006 :
Ss 0-06 S :0123 )
St 013 $:00% Te : 0-08 Si 1 0°19~0-24

) ) . - Mn : 0-52~0'65
SB 0 07 S 10 021 Bi : 0 03 Cu . 0'07’\’0'08
Dst 012 S :0°12 Te : 009 Ni : <0-12
Dsgp 0-07 S .0120 Bi ;004 Cr :0-02~0-03
Dy 0-10 S . 0029 Te : 0°09 Se :0'09 P :0-015~0-023
Drp 0-10 S : 0015 Te :0-09 Pb : 007 Al : 001
Drp 0-11 S :0°021 Te : 0-09 Bi 1003 O :0°01~0-02

) . - - N (sol) : 0:0027~-0-0042
Trg 0:10 S .0°113 Te : 009 Bi :0°03 :
Tpn 009 S :.0.113 Pb : 0°10 Bi :0'02

b) Vacuum melted samples (7 kg ingot)

Steel C Free cutting additives Mn P O N (total)
V Base 0-012 S : 0-004 0-48 0-001 0-016 0-0024
Vs 0-010 S :0°073 0-49 0-001 0-016 0°0019
Vse 0-007 S :0-005 Se :0-050 0-49 0-002 0-030 00038
Ve 0-010 S :0:002 Te :0-050 0-48 0-001 0-020 0'0018
Vpb 0-011 S :0°002 Pb :0.040 0-47 0-001 0-017 0-0026

Fig. 1. Specially devised tool holder for obser-
vation of the cutting region of the work

piece.
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Fig. 2. The illustration of the operation principle
of Fig. 1.
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3. RRERBLUVER

d) Cutting speed 60m/min

Microstructures of chip shear zone and built up edge at various cutting speed

condition : material cut, a)~c) Sg (Sulfur single addition) steel, d) F (Base)
steel sample tool (pl0) rake angle=10° depth of cut 0'3 mm.
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Photo. 2. a) Electron mu:rograph of Aow layer of chlp adjacent to the
tool face (Sg steel, cutting speed ~100m/ min).

b) Showing the lubricating action of telluride in plate-like
buiit up edge (3t steel, curtting speed 60m/ min).
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Fig. 3. Vickers hardness distribution in the cutting region of the tellurided samples.
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Fig. 4. Relation between cutting speed and tool-
chip interface temperature of free-cutting
steel samples.

a.) Elcctron mlcrograph of deformed pear]ue in bullt up edge
(Replica).

b) Deformed and veered pearlite in chip (Replica).
[ST(Te) steel : cutting speed 15m/ min]
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Fig. 5. Observed maximum cutting force v. s.
ferrite grain size of free cutting steel
samples.
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Photo. 4. Free cutting inclusions.

(d) Dqp (Telluride and dispersed Lead)
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Fig.6. Effect of free cutting additives on tensile strength of low carbon steels at elevated temperatures..
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Fig. 7. Reduction of area and its anisotropy of free cutting steel samples at various temperatures.
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Fig. 8. Compressive deformation resistance of the
free cutting steel samples at various tem-
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a) Cuttmg speed lOm/mm

Photo. 5. Microstructures showing the built-up
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Photo. 6 a) WREN D X 5 CNEWMDHOIALEIT
AL O SR BEE O LREBA Sh, NEWE LT
EVEERFEET S ZRL TV 5.

c) MATEICHYT ZE (918%) 25 x7-IK5E

Photo. 6 b), Photo.6c¢) IZFRIND LS ImEBD
W%ﬁ#&éitﬁ&%ﬂt.ﬂmaﬁb)jtw%ﬁ

T2 R RSN S 2 dNEDIC L2 TEFD
@%zﬁﬂienbﬁﬁfﬂ@é‘oé;&zm Tub EEbn
5.Hma6c)u1kxoﬁﬁf@éﬁ mnt L7z 2
ELRRITH D Eo e v LR ROBRIC L BD
ﬁﬂ&ﬁﬁotkgéma®%h@#9t

NV DRE SRR —BEHORB Ll
FDBHLHH, FHLTHD BRI K EIGREW TR L
KEIR I~2p BETHS.

3:5-2 f)fFH XURIEZER (500°C)  L7aptoM
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Photo. 6.

(a)

(b)
(c)

% 20,000 (1/2)
Transmission electron micrograph
of normalized Sg(S) sample.

Ss sample strained by 5%.
St(Te) sample strained by about
189,

SA DK Ss KWOVWTHBR LT EsiLcd
DIOWTHE L. FLTZhEHEL T 300°C T
IR RER 2 5 X - RERA OB EE R T oW T

éﬁ%‘jbﬁ:.

£
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% 20,000 (1/2)
Photo. 7. a) Transmission electron micrograph
of Sg steel-chip (cutting depth 4
mm, feed 0-025 mm/rev, cutting
speed 60m/ min).
b) The same specimen as a), Sg steel-
chip annealed at 680°C for lhr.
c¢) Ss sample strained by 809 at 500
°C (strain rate 2x10-2/sec).

Photo. 7 a) WREEOYB X VEEAZFHLERE LKL
DCHHD, FEFIHI e VBEEEZTRLTWVWS. <
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TAZ7A P OMOREENENE EF T 2RO UHIZ B O MAENWEE 453

VT ¥4 bogin (lath) AL TWv555, FEIE
Ero¥Ei LTy 94 P ORI, e
DR IVIEIINTERIC X 5 RIBO-dBMEE (dynamic
recovery) %R L, XbhOTEWEAEH T =54

POEEBER & VS ZERTELS.

Bilio> Photo. 2 a) i Photo. 7 a) DUIE L PR%
WS RicBH, AL D h O EK O ELE Photo. 7
a) ORUNLEVOKEERSETE LD EBbh

Photo. 7 b) {3Photo. 7 a) & [Fl—&pkodEtlfEgs
680°C X lhr DE 2T >/ B OMBIZ =T
HWRIIEEE R h A TEMPR T B blcdb e THDH. T

it see i B RHEEE R LTk 0, EkoUE
FITEB DA 2085 v IMRBELTWEEWVITL
BEEDFES FLROONT TENORBR B ETRL
TWw5.

Photo. 7 ¢) Vi@ D% 500°C CHRIGEF L7
—HEOMTH L. FLVEMIEIER & o iRhL
EBEOFHVWEMEEEZRLTWSEY, 0L E X
HEMIEDETRELEALTVS.

DA EOEREESE R HUIE O NEE A B ET S &, i
BIER, BERICNTOBEREECEROMEHLE
OFRE NIRRT EF il Sinv s, B
BNV D TRIEREEIREF O S DD E b TH VR A
MICHEE LALDE LTELZTLIVEEDLNS.

BEUIEDOEHMNEDOREHBS I M) 7 2L
OREMREIES ISRk 2 S HFIETH 545, BIERER P
NEMPIRTEDLCLES R LEOEE DD, HEDL
AR I T Wy,

4. 8

U ERBRAAMEZEZR L, BRI hEE I
B HIROHRE I LA & b7 5 EHYIEI 2 S oS Y
WEAHELEE OBWHEORHRKRAL, CUBEERE~
DOEATEBIZOWTESE UTHMTENCEZL, Te £
fh O PREIETR N O ZEE) & Bt THEE MG 21T
o7

1) 10m/ min KO EIELERE € Te-Se, Te-S #ihnT
P OFEHIT SIVEERI 3 ER L TwHD L
T, Te-Pb, Te-Bi MDA, BEOFELIKEX
FER DIz S s, X BIOEED ERIC X IR
FIT X WP EOFEFNI NN D B kR
e L7,

2) 60m/ min HOYIHLRE TIE Te 2oL 7o £
BHZ AR OFERL IS X 28 om EAEizE X h,
MEENCE T v 7 4 PO & NEEEZIR - X U

i

WAERIC L B2 EDEREIN5.

3) REIMETTEZETHRMOBFIRMEIT X 5 EER
i kg, Te OIFMICEI2TT7 =74 bESRRGR,
PR OZEENCFREIERD o, PR X
OZE R O RS » SUTHIBE O L Wik Ehzs
OB DO —FE S5 P05 T ENTE/.

4) HiRk X OFIER T OB 0L TR Te 28R
T2 X bbb I > CERKL, S, Biffho
BAEDX SRV Ts T HEEEIE Te iNIAICIIA L
nish-o7.

'8 [:3
1) 3AK%E, SED: &, 52 (1966) 4,p. 245
2) ®"AE, BHER: gAEW¥ARE, 70 (1967)
No. 577, p. 183
3)ﬁﬁgbﬁwi%:ﬁa%,m(WM)w,
p-
4) B2xX—: £BEH (1965), T¥FES

—=¢ =

[(EM) AWx LAEE

l)ﬁﬂﬁ&§(§11®%mmﬁg®%LkOV

2) TEOBERLFEIRS & OB E S »

(EE]

MogHlid, £2¥58)<Fi3Photo. 1 0 & < E—-K
BIER (GIBEER) &3 2 W HHiR (Y3 EmaEes)
CETLHELVEELERIZIZ2ZEBHLATVES. )
TR T AEORHE IR E T 1027 sec™!, $HFEIX
0¥ 10 FiTET s Bbh, 4AF595sd gIE-
TEFET 1000°C LA RIZ 4 ET B EBBEIESIR T
L. HETRYEIKE LL=%3AL¥—~D 909% LLEXT
B, B, #HMoBELFCZBEh S » 5, TIHF
THLHEHFOMIE=F A ¥ — x4 Rh o DRI X >
TOohIZEREh T Y, H2HHITENEIE (dy-
namic recovery) YKFBIZH H E Wi 5. T D7D EIHIE
TOHMEHOEERTFHEILTLIBEE TR VWIEES
HVWZ EDBHEEINDS. E0F 2 KRWHIKIERABR{LIC X
DTHH5EEL LTI ERE L OERMICEL WIREE S &
5h, Rk, TE-OIKTFHOBEERE 2 Bb e
Tw5b.

Secondory shear region

Photo. 1. Microphotograph of a cutting region of
mild steel. (cutting speed 80m/ min)
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External force to move
B8O | dislocotion Chigh strain
rate dependency)
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€ / Ist stage
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o \\an stage
= HIRES
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8 ! Cotirelj Oynamic
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= work hardening/ S, i
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Deformation resistance of mild steel at
elevated temperatures.

Fig. 1.

UEDXSTHo26, HEHMOEHIEE TORBNE
YE L HHIOEBEMTEEERFBIIRRRILE . &
LREEETEORMTI>THOFRE VIR, HiE
Rt ERET A LA SICBEL TUHEERE b
BMICHISE L REERYT. MERIEDER, #HEEZ D
BERELBARHEEMCHEA IR TV RICT ER V.

PHIEIZ VWL L5 LA A — R EHE, BEOY
HERTZENRBEINTVWS. LB 2 THIELE
BIMIEDESWIC LY BEREEREME LS I ms ke S
hTws LtBbhsd. ZORLDHEENEN, BRHANL
FHEOLZTERE KER 9L SIEgH O FUIE 2
V. XBEITI /eIl BERUE 0K, 65T
RO BEHM LT REORZFCET A MITR L Eh B
xrBEbhsd. Fig.l BEESLOEHEL #24%x102sec—!
(BK) OBHEEILHFHHKE (C:006%, FAr
) OFEBECOHBEMRERERECOF I 2 UHIRE

EDOREEZIEDTRITARLE—FITH 5.

2) TEOEEICHSL TIE, YEERTREENS )
HIEESR—2DORELRERTHEI L, KX 2FXICw
D TRHIKR S & YIHIIER & OBBIIT TP L T Wb vk
5., PRZBREATWB X5, RElENEHTEE
SN/ RCRE RFERIED HFEH 60~100m/ min
ACHEEZMEL CWEHEERTEOBEEIZI 0T
FFECHERNTHAS. Flbth ERITE LT LOR
HICHERL T TR LHEOBEF 2B, £4xC,Co,W it
FOIR»LOIMMIC I D2FEME TE2HiLTH &It X
WERZ2BLTEHRLIELONRS. ZhidkED Ca
WMIRE L KT A TEMARDOBEIL X 2 TH —H
BoHohTwa

[(EF] =F8Mm HPIEX

1) B oFEERE S oBREY

2) FEILBRELHE, A-HRRSTLHELBEN
EMRICEBNEYOSHKBTHEER IS VIZE
75 LB 55, micro structure r ORER S LR Wi
.

(B&]

1) REMNEDORBEFEHIIEEL 4 0 OTR
LTWwWaBgil, o7 A i 4~200nFhhT
H5.

2) FEEZIOVANEDOSHBRILDOTL B2, T
NIC X 5 HEEEDOZILIE—REIC WO TR TH 5 05
WO SEEE E bBEL TEMAEHERT L5 T
B, REAEREHEEEBHEDICEGLAE THEIL
WIS T 5 LRHEME (HEAXEhE) TEY
BREDLOTREND ZN, PBRNOHSHIT>WV TS
FTLLES>Bvahv. YVAVHOLE VML LVE
{t# (MnS-MnO %) %/ FRO LIKITH v
%ﬁ@%@lb%%t%b(&%ﬁ@lw@ﬂ“ynm
BOZRIVS IV LASEEREROEENEEI
5L3Bbhd. WThiZEIZOERS &%Emum
RENBLFNELSBENTHSS.

Z O~ )/ ADORSHITEAL T H 4 DERSE
AbNBHBCZTREET 5.

— 194 —



