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Study on Machinability of Low Carbon-Steel (1st report)
— On the Cutting Force and Surface Roughness —

Kazuyuki Kikuchi and Yuichi Tanaka

Abstract

In recent years, the need for free machining steels, which permit to achieve higher production
rate, is increasing. But the characteristics of Rimmed-Resulfurized Steel are not clear. In this
paper the authors studied the cutting force and surface roughness characteristics -of various kinds
of low carbon steel.
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II. EBRE&EE, RHMBRUAE

1. EREE

@ & =2

TERIZER L Table 1w 2 o EE R 47R Lo KIBSETATEL LS 7S fsnd e g 2 AV T
Tooto, ToRFENEELL, = v FTEE Table 1. The brief specifications of lathe used.

EHEEZ L 8~2424rpm = T EI

Max. Swing over bed ;450 mm
BRTRETH b, TEOYEIEELES Max. Swing over saddle : 250 mm
ZLMTE D, Max. Distance between centeres: 1,250 mm

Spindle speeds : 35~1,800 rpm

(b) TIEIE A E BEhHE

PIEEIE BB DEHE, »— P B X 2 =0 DWEHB DR 2 ERH L,

() LEUEHRIANEEE

fEEGEH S, BRI (MEfoki: &4 ve v FEb pg), EREFR, MIEHERETS X
ORI R - T2 HEEESRSEH S L 2 REH S 20 L, 2hiek bk
OO S (Hy) 8 X 0RAKME ) 2HE LT,

@ TEFLE

BRTRE </ 7 74 ARTAFNIRC THRE L. BRIRAR, B 7 ¥ 4 S84
120 % & U, BUEEEHE 3,150 rpm TFT76 - T,

2. ® oW

W HIHF % Table 2 W) U e L3RG OIRK R 4 N, EKRHE Y & Filds & OVizs T Al
D3ETH B,

ERFEF 4 Pk Fe-Si 3 X0V Al @ X A GBS U, KRFE Y & Filk & Ui
REE IR D £ F HRMI & LcboThh, chbilvTFhd 87mmg & CHMEER
82.55 mme G M T LB s M ch b, chbf@E Mo+ 7 5 —7 Y v 1% Photo. 1
CAERTFIR L, JEFEY & Vs L OREREIN T30 b BRI O 720 0 LEl &

Table 2. Chemical Composition of Specimens used.

St C Si Mn P S
teel
(%) (%) (%) (%) (%)
Low Carbon-Killed Steel 0.26 0.28 0.49 0.019 0.024
Low Carbon- Rim-part 0.12 0.01 0.41 0.013 0.017
Rimmed Steel Core-part 0.27 0.01 041 0.019 0.021
Resulfurized Rim-part 0.08 0.01 0.41 0.016 0.011
Steel Core-part 0.19 0.01 0.81 0.022 0.223
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{a) {b) (c)
Photo. 1. Sulfur print for specimens used.

(a) Low carbon-Killed steel. (b) Low carbon-Rimmed steel. (c) Resulfurized steel.
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Fig. 1. Hardness distributions of specimens Fig. 2. True stres-strain curves (specimens
used. diameter; 15 mm).

W TIFLULSHBOBR S il s 7o 5 T3, 2 DR Table 2 W Fh O/LE K5l s
LU Fig. 1 m LMW (EES R BE) OB X5 Mg s LMo nTths, i
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(a) Low carbon-Killed steel.

;7 ! m

(b) Low carbon-Rimmed steel. Low carbon-Rimmed steel.
(rim-part) (core-part)

{¢) Resulfurized steel. Resulfurized steel.
(rim-part) (core-part)

Photo. 2. Microstructure of specimens used.
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FRIC 3\ THE TR EIHE = 73 0 2 0\ SE AT TR D B I L, B L Asko/h &
WIBICTs > T2 2 E b, BEESREEL T0 B0 EEZ DR,

PED X5, V& FELEROBROZE LR O 72 o8l o NE & 803 Tk RS
CELVERPAET TV B, fE-To o X5 ek bhicountit, kRS EhEhofsy
TR TTibhilie b 2 LB TH B, AP T, EREY & Pl X OH%E
BREIENC >V TER 72mm FTx Y A& L, 60mme PTFE = 7 UTRBRETR- 72,
FIARREF N FHIL TN —TH B E AT LT,

3. tHl & &

WEOGIEIT L Fig. 8(a) R L-RFEEEI<H o, YT ETZIXV-H@P 5% <~
IHEL, ZO~— 7 TEOREHRONE, ik LOBUNA, BB k- TEMY
Mk 2, G- CRRED 2\ IXTEIG ORI X 244 FEH S 0B L2 @ 2, %
kD) =~ 7 LB BERCTEZ RE bt LarLiash Fig. 3(b) wiRLic X 51,
FX (@) BT A% b s X UKD t  ANEDZ &, Blb TEOT YN B xRk
FAEEMN, ZORIIIN @) R T AHTRAR b iE L%, FLTHE@) KBIT5ED ¢
PRHAS, UIARZ O CELVEIBETHLIZ LI DN b w3 530 ~— 7 11E0)A

Z./ Zg
o o /Feeo’ Marks 7 1‘“ /Feed Marks
i _ ATy i ) iR
* ~L 0 ~L0
¢ |
\ Surface
#~— ds 4 - - d, Finish
Ay A,
Q) (£)

Fig. 3. Schematic diagram of (a) conventional and (b) analogue cutting
process with an interchange of feed and depth of cut and back
(az) and (as) rake angles.

Table 3. Cutting Conditions.

Analogue cutting Conventional cutting
Tool-Geometry {15, 0, 7, 5, 0, 0, 0.13] [—5, 15, 5, 5, 30, 30, 0.8]
Feed 0.05, 0.15, 0.20 & 0.30 mmpr 0.25 mmpr
Depth of Cut 2mm 2 mm
Cutting Speed Var. Var.
Cutting Fluid Dry or Spindole Oil Spindole Oil
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WHPR DI T D, = ol o rp e WA TR T L & D PIEN TR &7 B,

oYL, M. C. Shaw? i L O fTlabhicb D ThH, 7 e 278l vbh s,
RERCTITe -T2 07 5 v Z7GHEIE LOEHAP TR R TH % 3 KL UIEl 4% Table 3
s Lz,

ks, HHTHIEASEN KK 8 SKH4 HYoEEERTETH S, UEIFE LT
HHLLEAE Y Fadasr 608 11, EEEMCSLT, —BOHCEHBebhThbioT
Hz,

%7z, —#F Stopping Tool # v TR I YIEI 2 177 WIHIA P O U)B AR L ORERA
FoREL T,

L. EREREICZOERE

1. tELEER D B & I HlHE

TIHIET ORI R O UJEIE O BES C K& e B KiE L, T yEiEES 2 X T A
Fark b EAT D, fo THRR THRETEIM OB 285 RigT# « 0FFo b #HEIE
R 5,
@) FFRIMEICHTBIHEER

[A] DRIREICKDBE

Fig. 4 10z 7 7 = Z VN 310 5 UIHEEI & OIHLEE ORI R Z R Lic, MabHbnic k
ST ORI Fo T b UIEIERE O I AR 7\ DN B M s X OB E R & B,
Wi Fig. 4(a) 0% 0 E; 015 mmpr OBFEEPICL ) ZOBBREEL T4 A, BME B T
i, BRFEOERARKTHD, THEET WALV B/MEEXES, = OEENEDE
B TIEIERE CRET 5 LS TR DY, MR oTEEMME, BELED 2\ 1 E Bk
ERERFEOBEENEFRL TV b0 L Bbh A, IO &EKo A STk, UALEEDRE
DR OBRAL G L, B B o BN SE R R T & TERIESUI B R ME A R, EhiEe
PIER R Cvk, BREIH O Bk EH R O 7o PRSI OWA 08D EE2 b, L Liesd
SR LICETH BERE RSN Y AT 8T, BAEER TS, Bl L ST A%
By LR Tk e < Stick Slip Bz X 2 b o L Bbh 2. HIBHMHIM M E L7 43 =
AD LS ImEER D, TATSHEAELVBORI AT A2ERLT/k5, 2o &
YIEIFR OBER D L S O T D 5 T) (Fo) ESIT (Fp) ST 2BEF THL -
TWBIEnbLTEHEND,

ERFF L FEEMER CRLBOUEIEI 2R L Qo b, L LIS 0—3
TREREY & Fll =2 7EHCE» RV BWEHIETE cH 2. hixdsr Fii~BRBH & LT
WinL7 Fe-Si ks IO Al DfER & E 2 BR S, BIb SiH 5 ix AL Tk Si0,, ALO;,

(48)



393

(#13)

BT 55

-
Z

{5 R SRR DB PR

"43p ‘pmp Sumno fuwrtig 9no jo ydep f(e1'0°0‘0°G L 0 ‘CT) p-HIIS ‘[00} :SsUONIpUOd Jumyngy

‘poads Bunino snsida (B 7 <,7) 9010 3UIIND JO UOLIRLIBA

(udw)  paads Buizng (r)
as/ (4 a0/ §74 09 24 0
R e S =
Mum |H M HIIH IHHllllllllh == wllllllllln Hm:lnll..llllll. ~ w VIMD“N o— \/
B Y = e Vo —— - Ve e gV
| | ! | M o
- | : s ” — 1% 3
lﬁ v v w#m vy &
| |
_ Y A J
m n. v v 4/4/ Vi M
B | . 05/
{ 2
ﬁ HE
= :ﬂwn\méu ) (3928 pazLnypsay ﬁ o0z
ﬁ f
(wdw)  pasds Burgny (9)
a5/ s/ oo/ k24 79 74 0
e S — Sp—— T Er S —
o L I D e
n - I754I - IIIIIWH —o———= (IIIIh.s. = lﬂnll <= ln\m“f.\_rAOllecl\l
m ﬁ m el N
- A_u ﬁ 06y
| * I o N
v v v - S
| | T o
lﬂ’jq/w e ™~ o0l w
o
/4\4/6/
3
o4l x
N
(pded-5400) T
/9298 pRUIIIY - H0GIBS MO 00e
|

kit

(wdw) — pa3ds %\\.\mmbb

05/ 274 1774 0
i 1 T 4
g —————— e ————@———————®
] 1
s R e
— | . 05 S
v ﬁ v S
/J
_ oI
<|dj< M
=
041 %
| $
(Hvd-wii)
[223S  paziintinSay 002
| |

(wdw)  psady N\\.\Nm Vv,

adutt g0
dduw ¢rp
L 70

ddww §p
C pasy

- J227S pafjLyf - Uogi22  mo7
_ | _

R

(8y) 14y 22104 bulgany

N
R

>
N

00¢

(49)



20 T2 - I —

DL 5L H TR L, FMOBERRKIEE I LMTIERY T 520 Th 5, HimEk
BIER ClIAb2 B e Enb L FRTEA 151, )V A8E a7 TEHELWIEIEH OXER Y &
LTWwb, BEHMTHZZLbbT, UAAYEIESROS o, Bko X 5 Stick
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| Ty log
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BL o G2z, G: WL, k: Frv<viEl, T: 8E V: 6 A B4,
T OFRHEE, C: BNEPRETH D, o THWIH BT MnS 7t & ORNEYHNFIET B
EIENEREOERL, EhoARERCLERIEWIGT « 3RPT 5, = 2 THHEEH R
&, TEOT AR a, EEAY B, WKifik ¢, UhALKEY ¢, XD ELY b, WRHE LOX
WG % oo &35 & @) TR I DY,

56t
T sing-cos(p+p—a) (3)

B > TIRTENC 51 2 IR ) 7o 23 THUE B) e X 0 BIMHEST R LA T 5B,

[B] tHHEIHA DS

Fig. 5 WA v Pk 60¢ 28 L TN L7cS & o WEHRH & EE OB R%
ML, Zhied s s, #EO—BREIZIEHOBE LA ER AR L TW5 2 LAV
BATH L, LivL 25 mpm DITFOEREE COGENm R B L, W3 b IR R
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WhHlbEELZONL, —~HEERVEIR I OEXEY OBSRUEIROBARREELLD, ¥
Pz BATETLIFELEGED-DHEABR T, ERSFIKONELEE & FHEDY)
BB AR T b oL Bph s,

200 I ; T 1
Cutting Speed s Culling speed;
—~ 20 mpm. 30 mpm.
S |
/50 44*-x///
iy //

V% v
100 Ay v Ay
“Znly” i

4 7

Catting  force

AN

Y /A
V4 /
0
0 aj az a3 o4 0 a/ o2 a3 o4
Ffeed (mmpr) feed (mmpr)
200 ] i BE—
Cutting speed; Cuytting speeds
700 mpm. 750 mpm.

S
S

-
%:/ ya o
v L
/ A / -
7 Vz
0 a7 oz a3 o4 0 a7 a2 a3 o4
feed (mmpt) feed (mmpr)

Cytting Force Fp 4 g9)
S

3

Fig. 6. Variation of cutting force (Fp) with cutting speed and feed.
Cutting conditions : tool, SKH-4 (15,0,7,5,0,0,0.13); depth of cut, 2mm; cutting
fluid, dry; ~x-x-: Killed steel, —a-a-: Resulfurized steel {core-part), ~a-a-:
Resulfurized steel (rim-part), -®-@®—: Rimmed steel(core-part).
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[C] #EhICkEEE

Fig. 6 (3, Fig. 4 O RO EUEHENR (3E57) 20 BLoBFEY R LI, - O
RO -—EOBEMER b il ok, BRNED Sk Stick Slip HEREA L T 5, K
By IR OEHBEE S T SRR v F IR D BB LISk 5 SINHE ST o g
U<, BRERE = 73MaE b R b bn b, FREREY A Nk L ORI v
AL, b OFRHOEAYIR - Tw5, Z OEATETEEEREBECH D,
(2) ZXRTWENCEHT B EIEER

EEOREIEREY, ZRITEEITTR 5 O —BINTH 5, 5 - TEEDIFELMA R
U707 EE TEMM & ) LiciE Ric 2 Tl 5,

[A] DHIEEFCKERE

ZRTCYIENC 31 2 GIEIIE BT & E DB R A Fig. TR L. Mo b UBEEHIEF A ¥
Frmbm <, Vo Nl FEREMOMER TR Lo T3, ZoERTE®R Q) [Al o7
e 7RI X AR E L T D, FRERTEI ) AR SRV & T e lans - 12 d,
BB O S LAERE Y & Pl ) A0 RE R Lic, cDV & Fill Y 234 sy
Yy sFoT e SYRIOFER &AMk, Stick Slip B AL, YBHIKHUIKEN TH 5Hic
LhbbTReEs T3,

o T, ZRILETENC IS T L YIEHET S MR OBl 2 E2 5 &, b s s
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Fig. 7. Variation of cutting force versus cutting speed.
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 60§ -0-0-: Low carbon-Killed steel;
-x—-x-: Low carbon-Rimmed steel (Rim-part); ~-@-®-: Low carbon-Rimmed steel
(core-part); —a-a-: Resulfurized steel (core-part).
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FRTED, KEERTIEY & FIllY 223 L, Sl UE cr v Fip i LBV RREC
HBHEFZ D,

[B] TEEECKZUHERBLICDBERROEL

TEPERT D Lk b UHIEIAZ T 2 2 L xESH BB s 5, Table 4 (3KR
RV & Pl = 78R LOREIM 2 78 A T h C R REHUE Uz & o WEiEiie R L, =
N X B & REEFYIEI L o TEOESTuE, vNlmBomitc i L, 40 Fp) &
LR ) Fo) AU, B Fe) 308l Cw5 Z &b b, ¥/ Photo. 3 12
ALk S ARG, RTH CEdied, FVEERPCBEECET LTS, 20T
COHEERL TN » TR E- TEir i, TRk —E0 TH—U AR~y ®R T A
Lo %, FicZ YR NILELRER AL cELT <, oo iFiAL—fEkR
Ligh, UHIEBHRIEA AT 20EEZbRS,

Photo. 4 {2i%, A —5&FCUBI L & X0 PBHIR O AR Ui, WHlEE s L UIEIRgRH

Table 4. The variation of cutting force.

Cutting force kg (intial value)
Cutting Time

Fp Fy Fy

Low carbon-Rimed Steel 92.4 29.1 354
300 min

(core-part) (96.0) (39.2) (35.1)

Resulfarized Steel 75.4 250 ‘ 35.3
340 min

{core-part) ‘ (83.2) (26.0) ‘ (34.0)

Low carbon-Rimmed steel Resulfurized steel (core-part)

Photo. 3. Photographs of flank and crater wears for H.S.S. tool cutting Rimmed
steel and Resulfurized steels. Cutting conditions: tool; SKH-4, (-5,
15,5,5,30,30,0.8); feed, 0.25 mmpr; depth of cut, 2mm; cutting speed,
50 mpm ; cutting fluid, spindole oil; cutting time, 300 min. for Rimmed
steel; 340 min. for Resulfurized steel.
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Photo 4.  Relations between chips produced and cutting time.
Cutting conditions are the same as in Photo. 3.
DFE——F W EFEOMETICTEARWEE O — B L e T be - T, (RIREY

AP (2 78 ok S EEMEEEGTh, @M ikFy TV =R BT LI 5 TY)
Bos—AREETE L L5l b, Fio, REREIER (= 7)) 12 MnS Ok o
DHYFE D H —izm ey, o, Mol LTk b, UEAE ECBEE 5 AEEE
LMk R T B E B s,
2. HEEHRIDDHIHEE
(1) #fzx2mEtECLs T EmiEx

L EEHSCEEL S JETHRTRIEE L DB, %

AP B E2 5 &, FRIEVEE NHEIBIR tH  Fig. 8. Plan view of cutting tool

. showing the case to be con-
s - AR > =

o fEoC, Fige8 DX 51w/ —XFER, EOE L L sidered in computing the theo-

T = AEEDED BICEANTRTD 25 &, BAHS reticalpeal-to-valley rough-

ness (Hmax)-

Huypax 13RO X 5 W70 %,
Hyoe = OT—0U = y R—R*—#?/4
2 [BJBR vt
HL t=2Rsin7
¥, /- RPEAEY BN TNTH 2B AT,
Hiax = R(1—=cos T+ T cosT—sin 74/ 2T —TZ) woreerercrnccaneainniin. (2)
{HL t=2Rsin7, T=tsin7/R
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BEDORKME (Hwax) & YIHIEE OB tR% B 5
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BEChL. cOL 5, EEESAILTER retical peak-to-valley rougeness.
Cutting conditions : tool, SKH-4 (-5, 15,5,
F—BC U T o0F BRI L Y ZE I 5, 5,30,30,0.8); feed, 0.25 mmpr ; depth of cut,

() #RI%C L pEXE, 2mm ; cutitng fluid, spindole 60 #.

(i) YIBTEMOAHFLHNEECES {EHR,

ChLOEED L, YNEE, %0 ERIOTAEMIRG E OGEI&E F—Thhil,
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T, Mxa2FET2RERIMALPLT s L Bbh s,

2 HEEHEICHEIETHAOREE

[A] ZFRTOHICKZEEERE

Fig. 10 13, &8 % 7 > = ZYHl Lic & otk Bl S &350 oBIfR% & YRR LX
TRLIbDTHS, Fio, Fig. 11 (3360 & 015 mmpr OBH O L RGO\ ToM4 LK
X & GBI E ORIRTH B, Photo. 5 % Stopping Tool i X % YIEAER & HER % OREx
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Fig. 10. Variation of surface roughness (Hq) with cutting
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Cutting conditions: tool, SKH-4 (15,0,7,5,0,0,0.13); depth of cut, 2mm; cutting
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(¢) 50 mpm.

Photo. 5. Partially deformed chips and built up noses. Cutting
conditions are the same as in Photo. 3.

(a): Low carbon-Killed steel, (b): Low carbon-Rimmed steel (core-part),
(c): Resulfurized steel (core-part), (d): Resulfurized steel (rim-part).
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Fig. 12. Variations of surface roughness (f,) with cutting speed.

Cutting conditions : tool, SKH-4 (15,0,7,5,0,0,0.13); feed, 0.15 mmpr; depth
of cut, 2mm.
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Fig. 13. Variation of arithmetic average roughness (Hqa) versus
cutting speed for conventional turning.

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 60 #.
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