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Influence of Cementite Particle Size Distribution on Machinability
and Tool Life of High Carbon Cr-bearing Steels

Takashi Inove, Yuzo Hosol, Koe Naxkanma, Hiroyuki Takenaka and Tomonori Hanyupa

Synopsis : A study has been made on the relation between the distribution of cementite (Fe,C) and the wear of tool in high carbon
chromium bearing steels. Two kinds of materials with different state of cementite were prepared by utilizing the
thermo-calc program. The particle size and content of cementite in these materials were controlled by heat-treatment.
In the first stage, machinability was estimated by using the materials of three kinds with a different particle diameter
of cementite. In the second of the experiment, the influence of interparticle distance of cementite on the tool life was
evaluated using the cutting tool of TiC and SiC. The amounts of tool wear were increased with increasing particle size
and the areal ratio of cemented carbide. The amounts of tool wear were also increased as the interparticle distance
became short. The tool life of TiC tool was longer than that of SiC tool in cutting the same chemical composition of
materials. Surface roughness (Rmax) of the material was influenced by the particle diameter and interparticle distance
of cementite. An experimental equation was proposed to estimated the tool life from interparticle distance of the

precipitated particle.
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Fig. 1. Selection of material I alloy designed by
thermo-calc method.
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Fig. 2. Selection of materialllalloy designed by
thermo-calc method.
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Table 1. Chemical composition of materials tested.

Materials I (mass %)
C Si | Mn P S Cu{Ni {Cr| Mo |S-Al{ N |Remark
CRa [0.85}0.210.31[0.015]0.006{0.10{0.09}1.24}<0.01 |[0.020 |0.011
CRb [1.00{0.20]0.31]0.015|0.005] 0.10{0.09{1.54}<0.01 {0.020 | 0.011| SUJ-2
CRc |1.48(0.20{0.31|0.014]0.005]|0.10|0.09|2.44<0.01 {0.018 | 0.011
MaterialsII (mass %)
C | Si{|M P S Cu | Ni {Cr | Mo |S-Al| N [Remark
CR1 |0.74]0.20(0.31[0.016 {0.004{0.10|0.09|1.00|<0.01 |0.019 {0.010
CR2 {1.01]0.20(0.31]0.016 |0.004 |0.100.08|1.51 {<0.01 {0.020 |0.011 | SUJ-2
CR3 1.25(0.20{0.31}0.017 }0.004}0.10/0.08|1.96|<0.01 |0.020 |0.012
CR4 |1.5110.20(0.30{0.016 |0.0040.10|0.08]2:42<0.01 {0.019 |0.010
CR5 |1.76)0.20]0.30;0.016 {0.005{0.10{0.082.86|<0.01 [0.019 |0.010
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Table 2. Preparation of materials.

Materials I (¢ :35mm 1:190mm)

MaterialsII (¢ :35mm 1:190mm)

50kg Vacuum induction furnace
Hot forging
Normalized

1183K

Spheroidized 923K-1.5h—=1063K-3. lh—1003K- 1. 7Th
1033K-1. 7Th — 923K —A.C

Machining
Quenching 1153K-1h (0Q)
Tempered 423K

150kg Vacuum induction furnace

Hot forging

Normalized 1183K

Spheroidized 923K:1.5h —=1063K-3. [h —= (0. 5h)
—= 1003K- 1. Th —=1. 2h —=1033K- L. 7Th
— 10.5h —= 923K —= A.C

Machining

Quenching 1153K- 1h (0Q)

Tempered 423K+ 1h

13KY 43.088K 18.0um

 Materials I

R

.

Fig. 3. Scanning electron microscopic (Material 1) and optical microscopic (Materialll) observation of metals

tested.
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Table 3. Cutting conditions.

Experimental [ Experimental I

Cutting speed (V) 100 150 (n/min) 50 100 150 (m/min)
Depth of cut (d) 0.1 0.25 (um) 0.1 (mm)
Feed rate (f) 0.1 (mm/rev) 0.1 (mm/rev)
Coolant Dry Dry
Tool A1203+SiCWhisker Al203+TiC

(SiC) (TiC)

A1203+TiC

(TiC)

Nose radius 0.8 (um) 0.8 (mm)

3. RETES KUIHIFES

BHEI860mm, IR b 350mmD NCEESK - & 5 82 FHEH!]
TEBRYIT- 2, WM I #HHT 254 (ER )T,
YIHI LR CSICY 4 A A —55 B+ 5 1 v 7 2 L ALOZTiC
2—F 4D 2FEHEDOF v AR LI, M 26
B3 23846 (FBRID T, ALOKTICa—74 27 F v
DAEFHALLZ, CThOTHEL T CA()iX—6°, H
RAKRER). SmMmD A —T7 V2 A BTH s, BB L E
BRIIT DU ZMFO#F#M % Table 3 (2/R T, TEEEDOHE
i, THABERZ HECERRERS UIMVa LT 5) ZAFED
FERT U 245 1L & 2 Tl I ERED b R CHIZE L,
ZDVeh0.3mmiE LIk THEFGa (HlEskH) L LIs
T CUIHIRAEIE R R X 2 Y)Y HORFEMNWRIBZHRE L,
WIRAEFER T RWEHEEEH (L, H63E, M2
H63FEMEe, L ETEDOTmAD 63 (Ruax) KD, &
ZFTUHFLOBEESDH G S (Ra), TREFEHDH L3R F D
REL. —F, YKz 2 TRET G L EGH
DIRALR T OFEBIEEIL, LEHERAUHNSFILEEEY
CEERAFEN S LBERTIT- 12,

4. RERBRELUER

4.1 iLY & HwHIE

FHERI T, #EIM L LERFEEROBRIZI DT, )
HISRBOHRTHEE(V), Y1biAA(dD), TEMELZZLS Y
AR, ZOKREFig 4 CRT b B LEGFaGREH DY
BonlyHisstft LT, Y TEDTICa—F7 4 2T
B, YIHEE (V)100m/min, Y)Y A4 (d) 0. lmmDFAT
H 5, FaidCRaT ¥ & 2 75minf2E, CRb#»%65min, CRc
50mink % Y, CRcl3CRaD67T%FE L L B, £ 2 AT, Hi
b R CYIHIERME T TLSICY 4 24 —igfbE TE 24
B L728A D LEHFHIZCRaH19min®E, LI FIELS,
CRbl10min, CRcid 6 minf2 & &k b B DL k-
Tv b, YHIEEHH L L 5V 1 150m/min, d: 0. 1mmT
DTiICa2—7 4 7 THTIXCRa»’35min, CRbT228min,
CRci325miniz £ £ 25, 722 LRI CS&MH#SICTRT

70

Fig. 4. The relationship between tool life and mate-
rials tested.
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Fig. 5. The relationship between the cutting speed
and Tool life.
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Fig. 6. Microscopic observation of cutting surface by quick stop motion apparatus.
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Cutting distance (Lw)/(Lo)
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AV 50 m/min

04+

0.2 1 ' 1 1 1 1 L
06 0.7 0.8 0.9 1.0 1.1 1.2 13

Mean interparticle spacing ( um)

14

Fig. 7. Effect of mean interparticle spacing on rela-
tive cutting distance LcR / Lo in materialll.
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Fig. 8. The relationship between tool life and inter-
particle spacing in materialIl.
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