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Effects of Free-Cutting Additives, Heat-Treated Structures and
Cold Working on the Machinability of Low Chromium Case-
Hardening Steel Based on the Chip-Breaking Characteristics

Toshiro YAMAMOTO and Ken-ichi KuMacayl

Synopsis:

Effects of free—cutting additives, heat-treated structures, and cold working on the machinability of low
chromium case-hardening steels based on the chip-breaking characteristics have been investigated.

The order of free—cutting additives in decreasing contribution to a favourable broken chip were Bi>
Pb>5>S8e and Te at the same amount of addition in weight per cent. The effects of P and N on the
contribution to a broken chip were comparatively small.

The machinability of case-hardening steels based on the chip-breaking characteristics was the best for
spheroidized structure and decreased in the order of annealed structure to normalized structure. Cold
working was detrimental to the machinability of spheroidized structure in terms of the chip-breaking
characteristics.

The effects of heat-treated structures and cold working on the machinability based on the chip-breaking
characteristics is mainly explained by the ratio of the chip thickness to the diameter of a helical chip, i.c.,

a high ratio provides a favourable broken chip.
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Table 1. Chemical compositions of steels (%).

No. Grade C | Si |[Man| P s |cu | N |c | P

Al SCr22 0.1910.290.71 | 0.011 | 0.011 |0.08|0.04|1.00| — —
2 SCr22 +0.035S 0.200.30 [ 0.76 | 0.010 | 0.035|0.12 | 0.04 | 1.03 | — —
3 #  +0.05S 0.21 [ 0.26 | 0.81 | 0.013| '0.056 | 0.04 | 0.01 | 1.05 | — —
i #  +£0.10S 0.21 {0.26 | 0.81 | 0.012| 0.091 | 0.04 | 0.01 | 1.03 | — —
5 #  40.20S 0.22|0.22|0.78| 0.020| 0.222|0.03}0.02|1.09| — —
6 #  +0.05Pb 0.23 10.26 | 0.78 | 0.014| 0.029 | 0.04 | 0.01 | 1.04 | 0.04 —
7 #  +0.10Pb 0.220.26 | 0.76 | 0.013| 0.029 | 0.04 | 0.01 | 1.06 | 0.09 —
8 7  4+0.15Pb 0.2110.26|0.76 | 0.011| 0.029 | 0.18 | 0.07 { 0.97 | 0.15 —
9 #  40.20Pb 0.21{0.29|0.75| 0.012| 0.025| 0.14 | 0.07 | 1.03 | 0.18 —
10 #  4+0.05Bi 0.21 [ 0.16 | 0.63 | 0.025| 0.027 { 0.03 | 0.02 | 1.13| — | 0.04Bi
11 7 +0.10Se 0.18|0.16 | 0.63 | 0.017 | 0.016 | 0.16 | 0.05|1.09| — | 0.09Se
12 # 4+0.10Te 0.19]0.26 | 0.81 | 0.020| 0.017|0.18|0.06 | [.13| — | 0.07Te
13 #  +0.10P 0.2210.21 | 0.64| 0.107| 0.015|0.12|0.05|0.96 | — —
14 7 +0.02N 0.2210.22|0.77 | 0.020| 0.015|0.17 | 0.06 {1.11| — | 0.0198N
Bl SCr22 0.20 | 0.25|0.75 | 0.014| 0.017 | 0.17 | 0.07 | 1.09 | — —
2 #  +0.05S 0.190.26 | 0.91 | 0.021 | 0.063|0.18|0.05|1.11 | — —
Cl SCr22 0.21 {0.32 {0.79| 0.011 | 0.005|0.13{0.07 | 1.10| — —
BRFIOFBNE JIS,8Cr22 (20 S & 0.017%) % HrEZLNDS.

X% DL S % 0.05% BESiCifm L7z, C
FHOsENT JIS,SCr22 (7D S B 0.005%) TH 5.

AZFEED 5%, SCr22 XS, Pb #ikmLr
Ak Al~A9 X 300 kg MRS T 300 kg SHBL
i, Bi, Se, Te, P X UNZM LIz AlO~AL4
V& 20 kg ERFEEEREC 20 ke SMIC, FABR IO
CHRIIDEPI RIS VERMNCITEMTIT T 2.6 t #iblic
PEB L7z, 300 kg $MBEd X OVBSRFD 2.6 t §ABENE 60
mm ¢ iz, CHRFD 2.6 ¢ ST 26 mm ¢ TELE L,
¥/ 20 kg §RBRIE 40mm ¢ I L, €10 < T
BRI e L.
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Fig. 1. Classification of chip forms.
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Fig. 2. Critical chip breaking feeds for steel Al
(SCr22) and A6 (SCr22+0.04% Pb).
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Fig. 3. Effect of sulfur on theTcritical chip
breaking feeds for SCr22.
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Fig. 4. Effects of lead and bismuth on the criti-
cal chip breaking feeds for SCr22.
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Fig. 5. Relation between the critical chip break-
ing ratio of f/d and the amounts of
free-cutting additives.
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Fig. 7. Relation between the weight per cent of
(C+D) type chips and the feed for steels
Bl and B2.
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Fig. 8. Relation between the weight per cent of
(C+D) type chips and the feed for cold
drawn steel Cl (SCr22).
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Fig. 9. Relation between the critical chip break-
ing ratio of f/d and the parameter
Ey.

H0TRTVWrEEDNS. T/ Pb XU Bi OFR
COWTHE, Pb X Bi iFmn Lz A6~AlO0
TiE, Se, Te, P X N Zifn L-skhe tedg LT
S BDIKUEMNE L (0.025~0.0299%S), Pb F/-ik Bi ©
ZHROIE,IT SIC X BMFELEBME S, 910 T4
Ml BET Pb £721% Bl o)ERBZEXFHHEHL T
LTIV LESENS.

T ZTIREBRAIMETTLE (S, Se, Te) X UEERHI
M5t (Pb, Bi) OZhRSHEEHICEI 2 &, BXTS,
Se KX P Te it DWW TREDREFEZXEE L3R ER
Ep9¢ Fig. 5 OEBRBREEIE LT Fig. 9R L.
L BEHRGER Ef HRRTELLhTWS.

Er=[1+64(%S/32+ %Se/79+%Te/127)]
X [14+2(%Pb) +6(%Bi) ] «--rrveenveeenen (2)

Fig. 9 RENBLE51C, S, Se X Te Iy
< T TE T 53R, PREEIT X OT %MW
B TE, A—EF%D S, Se X Te Difhnic
X580  TAEESENR IR CEECHMTsZ &
BTES. iz Pb XU Bi o)n & TRk
THEE, HEFTHS LOMEEHRELESIVTD, S,
Se KXY TeDITNID LRIV ENRHELNLTHS.

LlEHHIETTE (Pb, Bi) ob)h { Faitt oy
BERPIELIEREIMEITIE (S, Se, Te) DL L LT
KEVWHERYE, f/d BN THATHEOUILL T2 h—
NEELHEESAES VI E B IUF RS ICRIT 5
LVWHEfbERIc X 5D 2% 2 5h 5. Pb 43S iCH#k
LTI fld TEwTPIn F2 -3 255
EEAREVOIE, S XU Pb OWEILHET HIEE
DR X BLOEEbNS. $ibh, Pb O#HIM:
HEEES T E LTIV F LT EOEABRIC I 5
i Pb OEEMBIERATHHOCH LT, SOThEE
E LT FHABRICIBITS MnS OGRS
LTOERICD ESWTWBH. LoD T f/d Bl

SWVIHE W0 T o Eifich T5EER Ok HKRE
V), PbDFRIIS L AELW, TEIEDOEY <
FTREMEHOK PTd 2T <P Fo 71— VEADS
Pb i WC XV RTHHLEEZEZIBNS.

SEFE YK FOBMBELRITTSEREIMTELIE
ERBBRHIMTEOMELHET 5 &, Ak LARAWD
EHEO X 5T, FHEHEOEEOEKRTIY, SHmO%
BB LT, Bi 53X Pb BMOBKE T O@AF
BIURhBERICL D ELLBEZO, $ic Bl Mo
BETOVERBAKTSHDM. 2D Bl XU Pbick s
TR 5F LVEROETE, ZhbTHRD
HINMZ X2 T/RZ VRN TH— v LIEI D < T
RN R BVWTWHE DD EERINS. RALKR
W, EDAPEL, T HIEBREHIM TSRO X b)Y
SFMBITL, LoD FoRmMCAELDE .
BRI WEE O Y < FOHMC L 2T, T < FHHEA
BT )  FOTEEIRE L iEE Sh 5 EFHMEMEEER
TOEMHOELWETREETHS256TH5.

Nx XU POYY { ¢ E T 53R HEm
HNEW. NBEIXIRPRT =54 bPcEB LTEREST
W, TEIEOWMY K FEMEREEZRLAZLILXD,
Y Foh -l zBHET 52, O)h < FOBEKME
RETE LD SR, #HEMBT0 < oL ol
BFWTELAMTHELINDS L 2EETS L, MTE
DRI & 5HHEIFOEEDET 2 5 FEINBIF &K
ELTvweEZILND.

4.2 EBRABHICSENIORBECDNT

Cr LESEDTI b < F BV, SRV LEESHRBEAS S 2
EHT<h, DWTHSIHG, HEMBOETHS. L
L SH 0.063% iwmEhiz Cr PLEEEHTr, SN
Bicky, YL TABERELIAEZEEZZT R
F o LB 2B 7% Cr U0ty < 748
tEvx, WRSIAEOMME L HIKHLT 5.

10 L F o Hh— N3 b EFHFE &R & Ha & Oksy
AR LTELHTENTES. E@Em&Eh—iL, Y10
LT DH— N DHEAERNFERY L, TRETO S FOE
IR KR I NEY. HMmEOH— VT, TID<FD
BOARDCEELTYWS. Tibb, Y10 ¥4
Ehae, TIEIED 8 himiEVWES T, 8o AR
DNE2RBZLIOEIAREICED X h—1T5D,
Licho T, —RICITEEED /NS WHEIR T, AR
ABKEL, TALO S ToEMERI/NILED,
LEE - A KEL, —HEEDOKREVWHEEIM T
WY K FOROARIBREL, HAER~DH—VEH
[PSKELILBEEZLND.

— 78 —

A



i~

Cr Lot b < Famugic RiE i, siomids k odmTo g 79

SN RICT 5308 Bl 5 X OEE B2ot)D
CFoES, BEikD L oKL Fig. 10 2, €10 <7
OH—NVEEEED LOBRE Fig. 11 wRLA. 89
CFOESRICIEE, SHEMICX DAL 50, #
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Fig. 10. Relation between the thickness and the

width of chips and the feed for B-series

steels with different heat-treated stru-

ctures.
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Fig. 11. Relation between the curl diameter of a
chip and the feed for B series steels
with different heat-treated structures,
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wis R 2 R T 23k IMbEstiioxe Cl o
DTORE, EEED LoBEE Fig. 12 iz, £ob
—VEREEY oGS Fig. 13 wnt. SR8 HE=
OEInE i, YD < FI3ML, T/, B
—~VERIIAEL k5.

Fig. 10~TFig. 13 0&R L0, U0 FOh— VER
ZEHID S FTOIEE OBHRIC R W TEER T 5 & Fig. 14
TELTRENG. BEMABA Ric T 550k Blodly
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By cmah, UL FolgotEms & bich—
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Fig. 12. Relation between the thickness and the
width of chips and the feed for cold
drawn steel Cl1 (SCr22).
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Fig. 13. Relation between the curl diameter of a
chip and the feed for cold drawn steel
Cl (SCr 22).
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Fig. 14. Relation between the curl diameter and
the chip width,

NVERBLTHERMLNS. DT & XD, 7K Bl
DY TFTOH—VEMBPHIETHH L EDbEH
g, #—A@EXEE LTI L TOEOABII
XoT@EELRTWBHDEZELLNRS. LEBDTH
¥t Bl o0 < F D H—viED, BRIK{bBEshiim <gest
& < prHefskoNETH 5D (Fig. 11), T1D 3D
W BRLKA LIgE Stk > e B > Be IR DIETH B &
L (Fig. 10) X v g@igish 5. LaL, Fig. 14 Xo&n
had e, BEdeR X OB OFE B2, 15%k X
W 30% DOWRISIHKEAFTHHE Clotih{Foh
— A fFER, F—kEDYN L TOIEEHET2HE Blo
FRE D dhX v, ZhS5OFEITHE, 10 L FTOED
LB X BEHEANDH — AEREOE» I, T1D T
AW & X b (Fig. 10 53X Fig. 12), TR LD
FOEMEFRED/NENZ EBRTFREINh, DD bEmME
h—BEEh, TOMEIMEINAFEREEZEZD
nb. LicasoT, wiBlkRoMme & bic, 91D <
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(Fig. 12), H{F~D B — MEARDBBLE 2 —F, FRRHC
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EMIERT 55, MEOYRPKEVICDTHS 5.
7 SH% 0.063% FRnx s B2 ¢, YIn ¥
D — U FRITBERESR R < BESHAHLIG <BRIR{LBestiiskollE
TH B2 (Fig. 11), ZhiZ SiEmz X 8 < Fov
A5 0 HHIE 7 g R (Fig. 10), HipjE » — Vi@ &
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DEEZLRD.

WTHhIZ LT D X FToh— VBT < il
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T L TFERMELHER () RICREINH L
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#®ET S L Fig. 15 0L REh5.

P L TORRBDECHITT BT 21— &~ (t/
2R) Dffvy, SCr22(zt$ Al, A2) rztkl B2(SCr22
+0.063%S) CEWTHEHELDOEDOEEETS 2 F
DOEFTER SN, DRGIY S FIETT S /2R DfE
RBEOFBNEWY. FLZODRYY {FIHBTTS
t2/2R DEELEME S X CAHIMIC X 6TFESD
ZOFANT—ETHSD. TOZEX DT LT OUEMET
BRI ST X O TIRT T 508, BYLEEMEL S X 9
T LVEEAETL LW EBHLh, 1) F
JLERMEIT 35 X E T BRI B X R o E A 3
ELTEID K FORTENZRIC I >THIRTEL T L
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BHBIC XD TR LA EREELZZT VO, S1D T
DEE B X O — WEEISERIX CBESEHLIEE > U stk >
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WHIEITE LT T 5. HEIREE) < Fo£RE
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