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Resistance to Carbide Tool Wear and Fatigue Crack Propagation Property of Calcium Treated
Resulfurized Steel
Takeshi Fujimatsu, Norimasa Tsunekage and Kazuhiko Hiraoka

Synopsis: Recently unleaded free machining steel has been required from the point of view of clean environment. Sulfides
seem to be one of the promising substitute to lead because of its machinability. We developed the calcium treated
resulfurized carburizing steel for the application of automobile gear and shaft parts. Carbide tool machinability and
long fatigue life would be important to use for those parts. In this study, the optimum chemical compositions for
superior carbide tool turning property and the effect of sulfides in steel on fatigue crack propagation were investi-
gated. It was found that Ca/sol.Al ratio in steel effected on carbide tool wear and a steel of high Ca/sol.Al ratio
reduced flank wear (Vg) and crater depth (K;) of carbide tool. It was confirmed that this carburizing steel with Ca
and S (sulfur contents up to 0.06mass%) and leaded steel (lead contents = 0.06mass%) had almost same fatigue
crack propagation property.

Keywords:carbide tool wear, unleaded, free machining steel, carburizing, calcium, aluminum, sulfur, resulfurize , fatigue crack
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Tablel. Chemical compositions of steels for turning test] mass%0

Steel C Si Mn S Cr sol.Al Pb Ca (0] N Ca/sol.Al

A 0.24 0.25 0.93 0.061 1.23 0.036 a 0.0012 0.0014 0.0170 0.03
B 0.23 0.26 0.96 0.061 1.26 0.031 a 0.0014 0.0013 0.0128 0.05
C 0.22 0.25 0.96 0.064 1.26 0.016 a 0.0012 0.0030 0.0142 0.08
D 0.23 0.25 0.94 0.058 1.25 0.005 a 0.0006 0.0017 0.0154 0.12
E 0.23 0.24 0.93 0.056 1.24 0.006 a 0.0011 0.0018 0.0164 0.18
F 0.23 0.24 0.93 0.057 1.24 0.008 a 0.0023 0.0019 0.0159 0.29

G 0.22 0.24 0.85 0.014 1.31 0.016 0.06 O 0.0021 0.0116 0

Table2. Turning test results 0.3 ‘ ‘ ‘
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Fig.1. Effects of sol.Al content on carbide tool wear
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40

20| .

L E F B J
r oo (@) 1
10- D B

Al,O4 contentd ppm[
o

51 Sanyo Technical Report Vol.11 (2004) No.1



Ca-SOOO0O000OOO00OO0O0DOOOO0OOOOO

goocoobobobooooooooobbboooooo
O0ALO,00000D000OD0DOODDOODDOOD
000D00ALO,0 00000 DO0DODooDooooDoon
0o0o0oog=egooooALO,000000DOO0O0OD
0000 total. Al 0 0.0240 0.060mass%0 00000
0000000 DOsol.AlOOO0.00500.036mass% 0 [
000000ALO, 000000000 DODOOoDOon
godddoooooooooooo

OovgUDOK;OODODUDAODDODUODODODoorooonoo
O000D000O0OEPMAODDOOODODOOODODOOFIQ.3
gooooooooobobobobobobnooog
FeOOOOOOOODOODODOOOOODOOOOOOOO
J0o0oooooo000Fed OO CadAldSIOMNO SO
olddooboboooooobobooooobooooon
gooooooooobobobobobobnooog
gdodbddddooooooooooooooooooo
OFig.30000V,OK,ODOODAOODODODODOODOOCa
Ogo0oooorO00oo0oOoooobooooooooon
Odd0Cald0OooooDOoOOoDOoOoOoooobboooooo
gdoobooobooocabdooooooooooooon
gooooobobboooooooogooooooobo
JddoboodoobOo0ooooobooooosidMnd
sOddopoooobobooboooo0ooooooooo
O00CalFig.10000DO0OOODOODODOODOOODO
OsolAlDDDOODOOODOODOODOOODOODOOOOOCa
OsolAlDD0O%0O00Ca/sol,AIDDODOKOV,ODOODO
O000Fig400000000Ca/sol,AIDDOODOONO
K:O0OOODOOO0ODODDOOoOoDODOoOoooocal/sol.AlD
o200 FO0ODODOODDOOODDOOODOONODVeO K,
OO00O0OCa/solAlDO0OOODOOOOODODOODOOOO
OO00OCa/solAlO. 100000 O0OOODO
20202 Ca/solAl000O0O0OOOOOOOOOOOO

ad

PytelD+“0 SAE86200 0 D 0000 OODOOOOOB-

indexd =f(SO Ca/Al)=18.59+0.05S+117.38(Ca/Al)U

Si Al Ca Mn S
3# 3

52

High === COUNT=— Low

030 T 0.10
[ 12pmea o ]
[ NormalizationJ 9000 , AC
0.25 - 14
; 10.08 4
3 ) .....vBofSteeIG e
€ 0.20 f D 0.06%Pb0 Ky of Steel G__ | g
gﬂ i 12 O\ 11 [0 0.06%Pb0] - 0.06 &
0015 /—> =
© [ s
g e 1004 3
x 0.10 - 010\0 | 3
= [ Tool[ P200 0.4RJ S
i Cutting speed 250m/min -{ 0.02 ©
0.05 |- Feed rate] 0.25mm/rev
H Depth of cut] 0.5mm ,
r Dry Cutting for 10min
0 L | P R 0
0 0.1 0.2 0.3 0.4
Ca/sol.Al
Fig.4. Influence of Ca/sol.Al ratio on tool wear in

turning test for carburized steels.
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Fig.5. Number of calcium included inclusions.
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Fig.6. Average aspect ratio of non-metallic inclusions.

Table3. Average chemical compositions of sulfides atm%!

Steel Ca/sol.All [ Sulfides with oxide as nucleus 0 Sulfides without oxide Av. 0 and O

n® Ca Al S Mn Fe |n® Ca Al S Mn Fe | n® Ca Al S Mn  Fe
A 0.03 0.23 0.00 46.65 46.49 6.63 | 15 2.60 1.43 43.8541.33 10.79| 19 2.07 1.11 44.47 42.48 9.88
B 0.05 0.59 0.00 48.4547.65 3.32 | 10 1.67 0.77 45.9544.22 7.38| 16 1.26 0.49 46.90 45.51 5.85
C 0.08 | 6 0.15 0.00 47.0146.79 6.05| 6 1.82 1.32 47.1545.29 4.41| 12 0.97 0.64 47.08 46.06 5.26
D 0.12 | 10 0.38 0.02 48.40 43.01 8.19 | 19 1.87 2.68 43.87 36.84 14.74| 29 1.33 1.69 45.54 39.12 12.32
E 0.18 | 9 0.02 0.00 47.11 46.26 6.61 | 19 5.81 1.28 45.62 40.20 7.09 | 28 3.92 0.86 46.11 42.18 6.94
F 0.29 | 6 1.97 0.20 44.77 42.80 10.26| 22 4.49 1.13 46.07 41.48 6.83 | 28 3.93 0.93 45.79 41.77 7.59

“n: Total number of analysis
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Table4. Average chemical compositions of oxides

0 mass%![]

Steel Ca/sol.Al n" Al,O4 SiO, CaO
A 0.03 14 93.7 O 6.3
B 0.05 17 96.6 a 3.4
C 0.08 20 80.5 0.6 18.9
D 0.12 25 81.0 55 135
E 0.18 25 71.4 10.2 18.4
F 0.29 21 87.9 2.7 9.3

“n: Total number of analysis
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Fig.8. Typical shape of oxide in each steel.
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Fig.9. Test piece for fatigue crack propagation test. Fig.10. Fatigue crack propagation test results for
leaded and Ca treated resulferized steel.
Table5. Chemical compositions of steels for fatigue crack propagation testl] mass%!
Steel C Si Mn S Cr sol.Al Pb Ca O N Cal/sol.Al
H 0.79 0.16 1.03 0.060 1.24 0.009 O 0.0032 0.0008 0.0116 0.36
| 0.80 0.14 0.98 0.028 1.26 0.010 O 0.0032 0.0010 0.0108 0.32
J 0.80 0.30 0.87 0.014 1.27 0.017 0.06 0 0.0015 0.0108 0
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