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Effects of Heat-treated Structures and Cold Working on the Machinability
of Case-hardening Low Chromium Steels Containing Different Sulfur
Contents

Toshiro YAMAMOTO and Kenichi KuMAGAI

Synopsis:

Effects of heat—treated structures and cold working on machinability and tool life with high speed steel
tools in drilling case hardening Cr steels containing sulfur up to 0°1% have been investigated.

Lameller pearlite structures obtained by annealing or normalizing show the best drillability. As dis—
persion of cementite particles becomes uniform and spheridizing of carbide progresses drillability becomes
worse remarkably. But machinability based on tool life is the best for spheroidized structures.

Drillability seems not to be improved by cold working. The effect of cold working on tool life with high
speed steel tools is understood as the result of both a favorable effect by decrease of ductility and an un—
favorable effect of work hardening.

(Received Mar. 21, 1972)
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Table 1. Chemical composition of specimens (wt2,C).
No Steel C Si Mn P S Cu Ni Cr Mo | T. Al
A-1 | S45C 0-47 0-23 069 0-015| 0013 013 0-05 0-11 | — 0-028
A-2 | $55C 0-55 0-22 0-68 0°017 | 0'0l5] 016 0-09 011 — 0-018
A-3 | SCr4 0-38 0-24 0-72 0-016 | 0°009 | 0-12 0-06 1'09 | — 0-033
A-4 | SCM4 0-40 026 0-80 0°020 | 0-013 | 0O-16 0-14 1:07 | 0°26 | 0-043
A-5 | SUJ2 1:03 0-31 0-42 0-010 | 0-018 | 0-12 0°07 143 | — 0-011
B-1 | SCr22 0-21 0-32 0-79 0-0ll1| 0005 013 0-07 1-10 0-046
B-2 | SCr22+40°-058 0-21 0-22 0-73 0-0l5| 0056 | 0-12 005 1-04 0-036
B-3 | SCr22+40°10S 0-21 0-22 0-68 0-010| 0°103 | 0-08 0-08 109 | — 0-054
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Fig. 1. Taylor tool-life plots for S45C steel

of different heat-treated states.
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Fig. 2. Taylor tool-life plots for S$55C and
SCr4 of different heat-treated states.
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Fig. 3. Taylor tool-life plots for SCM 4 and SUJ 2
of annealed and spheroidized states.
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Fig. 4. Effect of hardness of steels on tool
life of high-speed steel.
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Table 2. Heat treatment of specimens.

No Heat treatment No Heat treatment
950°C 920°C
\ 20°C/py
hr .
: 2 2 600°C
AC
AC
920°C 920°C
ZOOC/hr 700°C 20°C/hr 700°C
3 4 "
600°C <___»|5ht——7
YAC AC
After No | Cycles of No 5
750°C - o
5 g0°C/hr . 5 repeated
shr 600°C
AC
Cycles of No S 920°C
700°C
7 . 8 lhr
3 times repeated M\
wQ AC
" 920 920°%C
h 700°C 700°C
9 1hr 10 Ihr
5hr / i Shr
wQ AC wQ C
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Table 3. Amount of non-metallic inclusion of

specimens.
No Steel A-type | B-type | C-type
B-1 SCr22 0-033 0 0-013
B-2 SCr22-+0-055 0220 0 0-013
B-3 SCr22+-0-10S 0-425 0 0-008
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Fig. 5. Effect of heat treatment and sulfur

content on drillability of SCr 22,

% (Photo. 2 (f) B XU (g)).
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LiEd, 7=94 F——354 MABOBHE LR
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(Photo. 2 (h), (i)BXUC(j)). &k, ki 10 @D
EJLEKEEL D 5 BT Photo. 2 (j) T & EHMBITFY
WVEIMRE, 32EbZDELLBAVEEZEZILNS.
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oz Shvic X 5 RERIIFED Hhvis .

oK 52 LRSI O EIEE, AREIEIEEIEIC &
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595, JLEERO RV VEHMIEOWTD, Ll E
&, =354 FOBRB LS HICEVTUT LA EHE
THZEMTELEERMEINXS.

3.3 FU»@IE%MLB&E?ﬁLEﬁﬁw%@

AR TIE, FYVEFLET S XETHNEMREOR
ORI OE03%, FYNOTEFMICIIIETEH
BEMOEE R L. FIVOTERFGHRRELT
13, FoTNE—VEERWT 48mm § X30mm D
BlalE®E 10mm§ OF—/S—> 127 FYu SKH 9
BA R, [BEEH 1500rpm, %0 0:34mm/rev TH
L, TESGETCORBEIHERTILR L. TARG
OHERYEIB N OA ER TR F - VEBOFDOENLT
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BRI L7s K Y VEEFLMEE R D, EERICHAWR
Cr JLEESRIC Vv ThE, KUY VvoTLREFGESEES R
EEFTSNTED, AR Fig. 5 SRR DHERE
Fr. COXH KUY VOTLERGEERME R VELL
ORISR bhis . KEROEE, LR#
GBI 10mm§ o K Y VvERERL, ERMENY WV
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ZrdhEZONS Smm§ DR YVERVIHETE,
Wi SR ESS 1753 kg/ mm? (ERE 30 kg) &7DTH
D, FIENEECLEZ2TVWEEBGEEINEPLTHS.
o EERET Ao, 3B Lic oW Fig. 61
R L 7B b [F— OB & 5E L, SKH9 &, 10 mm
§ JIS kzHe K Y vk AVETE Y E 0°89 kg/ mm? (%
ME 70 kg) A4, EEE 700 LG 1100 rpm @
SHTERME ) VELERBRETRO/. £OBRE
Table 4 iz55%. Table 4 T3 %7 Fig. 5 kT 5
S5mm§ F)VERAWT T2 BRI LTARLT
&%5. Table 4 X 0 F I ASFFLEFRREUIIBMLEIC X 2T
KREBBEYZT, F)LVOFEOELIE X DFILEMHC
B LARLALEELZI R VT EPHLNATH S

ey 7
<0 _’§_Z‘SCycias
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68 70 72 74 76 78 80 82- 84
Hardness ( HeB)
Fig. 6. Effect of hardness of SCr22 on drill
tool life of high-speed steel.
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V02 kg/ mm? f2[E), HTHENHEX5CEBDT
BiavwerEbFEL o528, FERTEWTIE, Lo
T &L s BFEEINEERD bhvin s D,

L7cds2 T, SOWEIEEL®RT 255, FYVEILKE
EFY VO TEFMX DS HEHE L3 Ld WiSE
T, FNENEEEIEEHETT 5 —ERL T ERnwT L
BEIBI S, TDTE XY DE—DO0HEMOWEIEER
HTHEEICE, RE—2OREXVHET SDITRE
Ty, WAWALBEX W OHMEIOWEIEERR Ukidh
BBV EWSFERPEIrNDEDTHS.

3.4 FULBRFHCHKIETSENITOZE

BAE, CrilEEsmic 313 B —0 LR CET o8, 7
b BV OVERERIC X B HEHI M & BB & DBEfRD
BT BT o%kb, TORER, FIVOLERm» LA
TR EDEWIEE, L2 CERik{bEsiE o
HEBOBERL2ELTINTWED, FYIVEFLEE
B4 EIT LT Ld Zh &R, T LARRIRE

DOBRESETTEELTTIH LR

LTAT, BOUELEBRSE XSKEERICHBVTIWD
Cr LEESH (SCr 22) kiR {bBEsd, WhsREIMTIL5T
b, Las%icilnTicgieoh s TREIMYD
HETHRINTWS., ZOEOILRIELRALLEER
B BB ICE L CU TR TERETR
27z, _

ERoZ &L, AVPGHBEINDIGE, T ORAE
E LTI LESS I N DBR—KTHHDT, £E
BT 35T b BRI LSRR IT 3 JIE T ¥ RIEmMT
PRI L. L2 LRSS D, #BEER XETwiH
SN T D B R MRETT B 7D, EEEOWIEIEEER S
LOWTHIEIRB A THZ LD E VAL T & TR
WwWOC, AEBRTIX, BRIFE, BI~B3 gownT,
26 mm § JEIESRA i BlSLIR S — 7 No7 Zhi L (Table
2), BREEEmMTE LT, BERASRT 5 15 X
o 30% OBk ETES> X VRAL, L3

Table 4. Drillability index of SCr22 with different drilling conditions.

Drill Spindle | Load Drillability index Average drliling
diameter speed . .
B . (1)  |(5) 750°Cx5hr[(7) 3 cycles [(10) WQ standard specimen
(mm) | (rev/min) | (k&) | “AQ | 520°C/br FG | of No 5 | —700°Cx 15hr AC ( min)
56 1 100 30 103 80 67 51 0-233
10 ¢ 700 70 101 75 65 58 0425
10 6 1100 70 112 76 70 57 0- 267
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Fig. 7. Effect of cold drawing and sulfur
content on drillability of SCr 22.
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Fig. 8. Effect of cold drawing on tool life of
SCr 22 and resulfurized SCr 22,
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Fig. 9. Relation between tool life and hardness.
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Fig. %10. Effect of cold drawing on cuiting velocity
Vse when eliminating undesirable effect
of work hardening.
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