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The Effect of S, Se and Te on Machinability and Machined
Surface Layer in High Carbon Chromium Bearing Steels

Synopsis:

Kizé KisB1 and Hiroshi Epa

The specimens used for this test were 7 steels containing free cutting additives; i. e., 0°010-0-1419; S,

0:09% Se and 0°062; Te.

Tests of machinability and machined surface layer on various bearing steels were done with the

orthogonal cutting and surface grinding operation.

The results obtained are as follows;

Bearing steels containing 0-1419, S, 0:099% Se or 0:°06% Te separately are favorable for the range

in which damaged structure and residual stress distribution showed a remarkable change.

And then

plastic deformation of steel containing 0°06% Te is relatively small compared to the other steels.

On the other hand, machinability in the orthogonal cutting and surface grinding showed a remark-
able change for cutting ratio and surface roughness in cutting, and burn mark, chatter mark, surface

roughness and chip formation in grinding.

For example, each of values of cutting ratio in steels containing 0°069% Te, 0:099;, Se or 0-1419;, S
separately was nearly twice as great as that of 0:0109; S stecl. The value of 0°06% Te steel was

the largest.

(Received Feb. 25, 1971)
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Table 1. Chemical composition of specimens.

: Ni - Mo Cu

C G . s Si . Mn Sn Sol. Aq
! 1 . . 1 N
Nol 079 ! 1'26 | 0010 0-24 ~0-38. 0-013 004 0°01 /0-07 001l 0-006
2 096 ' 1443 ' 0018 0-24 038 0-014 008 0-01.0-07 0-009 0-007
3 096 . 137 , 0037 0-25 038 0°012 006 002 0-08 - 0012 0-010
4 095 134 | 0086 0-2¢ 039 0:010'005 002 007 001l 0012
5 099  1-34 : 0-141| 0-27 ,0'38 0-010'0:04 001 008 001l 0-011
6 097 ; 139 . 0-0l4; 0°28 | 038 0-014 0-04 0-01.0°08 0012  0-005 Se 0-09
7 | 095 | 135 | 0°0l6] 024 039 | 0014004001 006 0010 0-006 | Te 006
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Fig. 1. Distribution of residual stress in .machined

surface layer of various specimen.
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Fig. 2. Variations of cutting force, cutting ratio and

cutting temperature of the surface as a func-
tion of the sulphur content.

Table 2. Sheafing stress 75 (kg/mm?).
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Fig. 3. A model of cutting process.
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Fig. 5. Grinding temperature distribution in material to be cut.
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Photo.

1.

Selenide

Plastic deformation in machined surface
layer ((a) : 0-0189S, (b) : 0-1419,S, (c) :
0-09%5Se, 0°01424S, (d) : 0°069,Te, 0:016%
S). Etched by 32, nital. Cutting speed
20m/ min, Depth of cut 50 .
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hoto. 2. Relation between chip formation and free

cutting additives ((a) : 0-0182S, (b)-:
0'14195S, (c) : 0-09958e, 0-01495S, (d) :
0-0695Te, 0-0169S). Etched by 3% nital.
Cutting’speed 20m/min, Depth of cut 50 .
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Photo. 3. Comparxson of plastlc deformauon by
0-0189, S and 0°-1419, S contents in
machined surface layer ((a) : 0-0188S,
(b) : 0°1419,S). Workpiece speed 6
m/ min, Depth of cut 40, .
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THD. Fi Se WmAMITIEAF CIIEIERLE TS
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Photo. 4. Elcctron mlcrograph of the local plastic
deformation in machined surface layer
(Replica). ((a) : 0°0182 S, (b) : 0-141
% S) Workpiece speed 6m/ min, Depth
of cut 40 .
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Fig. 8. Variations of plastic deformation as a-func-
tion of workpiece speed and depth of cut.

— 288 —



EEE s AMSEOKYM RS I UOMIETRERCBSIIET S, Se xx Ut Te ogE

Photo. 5. Electronmicrograph of the local plastic
deformation for free cutting additives ((a)
0°09%38e, (b) : 0-06% Te (Raplica)).
Workpiece speed 6m/ min, Depth of cut 40z.

PRI e
Photo. 6. A fine particle and fiber structure in ma-
chined surface layer of carbon steel (mat-
rix is a lamellar pearlite). (Electron mic-
rograph in replica) Workpiece speed 6m/
min, Depth of cut 40, .

WORELDONBEADOLNHEETH S
FITERLIERBERZELDTERD L VDD D

Photo. 7. A slip
face layer (Electron micrograph in re-
plica of specimen No 2). Workpiece

speed 3m/ min, Depth of cut 70..

Photo. 8. Electron micrograph in machined surface

layer of telluride (Replica). Workpiece

speed 6m/ min, Depth of cut 354.

TS SR R HE R VT B IR €~ T 4 MO T &L,
Bikic ootz x 24 bE, T = T4 MBIFEITES
L, Wi Composite Materia o T & k%Y R X
57 L X, [BIR/S— T4 MEBR—FEISEMIESH
% &, JER BN g A TR T % & FRRIT, B
HIEIAIET BRIk 4 v &4 M2 EREIRIC X > THI
BN DI, MMRILIYEShMT5E51ks
HhortEzHN%. Photo. 6 i3 FD—HTH 5.
DEDERK 224 FPOBETIEBIREA &4 F
WCHAREAMEN DD TR LIt k5. . LER
TA5L0ETHE, <Y v 2 AOEWITHE L THIEIA
EWERIKE 2 > 24 R ERNCBET S50 EE X
BhB. 0T OMTF % B 5 72T DMK ED
KE L HMEIEHE RO, TEWEE 3m/ min, &1
LA 70p & L7 ZANHIERE-OHI D
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Photo. 9. Relation between chip formation and.:free
cutting additives in grinding (a) : 0:0182;
S,(b) : 01419 S, (c) : 0°09%Se, 0'0149;
S, (d) : 0°069Te, 0°016% S ).
Workpiece speed 6m/ min, Depth of cut 404.

FRICT7 =749 bOTXD@BE B LI, THIZFELT

"1 Swell out residual
i

o R e

Photo. 10. Geometrical locus and swell out residual
by abrasive grit in grinding finished surface
((a) : 0-062%,Te, 0-01695S, (b) : 0-018245) .
Workpiece speed 6m/min, Depth of cut 40p.

BRIk 4 24 PBRBIL TV AR EBERT Sz L8
T X 7-. Photo. 7 T #+ DHI%RT

T Te Hhtt OINTIE OHEF BN LIz e~ &
TAHIEWT E2RTR L8, Te ko zhicitd 54F
MBS TRV. CORFIIECFHRMBE CEEREL
BT, 27 Telbtod s HEETHEIIMTIL,
Z UCAHAMEI RGO RBIC BB D LB A S X 5T lds
T, DWIITAEWEE 6m/ min & LYHAZL3S
@ THIEI L7555 Photo. 8 iR+ X 57 Te{bHoin
TRERT SEREGHZEET D &N TE
EIERE CE LcBERD Te (bOZERITERIR € »
EAFOERICHNIFTERELELD L, F%
NEB# 3 ADRNBILHD LD 12T [T
Te {LHAEMTZ MY » 2 2 2MBEHL TV 5 KT
LHRONTLEAICEE EHITHEHLTVWE X5 ThH
5. Lo T Te (b B TEESHIR LR TOTR
l, EMEOECT2EZRHERLLMRS, T UTEM
WFOERkE A 24 PEDOET2ELZIELTIZ, o
0, E-Te{bip-BHike» 44 +rDF%, 2HL it
BOHELFREEVWCHBETHERAZRLERLIRIL
TV $DEEZILNS.

WEZhLrLHR LAREMLEREZBET5819<
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FTHEER, EMBroWTHSb L THDSEPhoto. 9D
LoD, OF VEMEOREARITAY TS No2 #f
CWRIARITZE O] ) < FRIEEICHESh, Zhic 00141
% SEhnL 72 No 5 #ICiXAMIE IR L > Tih g2 %
L BB X 5Tkl
L7z No 6, 7 #IXEmET 0 < FuFELLWAL, &
ERNEOEAMEOYIN L T4 BEZFTF5ND XD
Wis2orz.

L3 D TEMBICE 2T IO X 5780 < FHRKD
FALERF T S VIHHEI &R X B OIRIC $EMBH Bbh
TWBRITTH B2 5, PEIEIICAER L2 EROLED
BT ERRICD S, Se, Te IRIMDEERA LGRS
V33T 5. Photo. 10 13 OF|THAI O IT VT
BIFEICE LMBN L THED BB R b5
5%, SEOBHNE X O Se DIRANIC X 5 TERAKREIC
B L Te ilhn L7284z Photo, 10(a)icit & 5
K,ﬁ@bt@m&%nﬁ<ﬁb,&ﬁm;oT%ﬂé
NI TR IR STIHRCER LB bbb T W5 D
Bhhb. '

ZDX 5 Te mmtfiifie S, Se FRhnAfIC e ~Hf
BRGSO & S /N BRG T D A stress raiser A8y
WAERT % X 5 sh ReBiBmcoR 3720, EREL
TZDX D IHEMEMCERE LFitE» B 5h, »
SOHBZE Lo L VNI E AELNE LD s E2 bR
5.

4. &

S, Se, Te & BRI L 2EKE Y = A Z O EIH]
¥5 X OFRMIDITE OB 118 X OB LIC D w T %
DOEEZF, pOUHICEWTHEIEOmERIZL S
REMERINTGES, FHYC>WT b 205 RE T T»E
5 pIBTRIRET L, A O35 X OHIIEHD b & Tk
DfEREF.

(1) EIEIINTIE DBRES IV S BT ic >h Tk
DESTESVEHEAL, Se, Te RINCL BHHES ST
NEREBV LoL 54T SREIET OEBE Se

zhiazxh LC Se, Te Z¥sin

DFAEF 10 kg/ mm?,
WAL Twa. A

(2) WHEIMMTEBOBRELENOSHMES &, £ OFHH
BRI A & W EhORIFIC W THEALT
VB BHIG N OLEBEN Se, Te FAIM BT
5 kg/ mm? BEMM X DD,

(3) g1l WYINT L7-mnTRE D I REERCES
G HYBMEREIE, S EOINC X o TR D ER)
BIRT .

(4) I, FRENZ 3135 Se st oI TE O Mk
ZiE, SERIMMic B EEL L AL, E6i Te
TR X > TR FRAMEE > O TIXBIEE CE L WIZ LR
HLTWS.

(5) BMlics T 580 < FRRE SEDHEM, Se,
Te RN X 2> TimhEr» & AW~ WFEITIIEAR:
B LERn R BERET LTS,

(6) S, Se, Te FhnttoUIHIIEHL, YIHIRE, Lk
Hd o, Uit EOWEIMETFIE, R THUHIE
L RD b, SED#E, Se, Te i X>T
fEL, Te WX B2HMEIRIAREL DObNS.

(7) MEEEHOZES), ttEmd b=, 54bh, il
O 2SS EotAnds X 08 Se, Te Ifhmic k> Ttk
Xhs.
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Te @ A% 10~15kg/ mm?
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