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Mechanism of Austenite Grain Coarsening in Case Hardening Steel
during Carburizing
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Abstract:

Recently, carburizing of the steel parts at high temperature has been tried to improve the strength of car-parts. In
this high temperature carburizing, the austenite grain coarsening is a serious problem, the austenite grain
coarsening leads to degradation of toughness and fatigue of the car-parts. To develop the high temperature
carburizing technique, the coarsening which occurs locally in the parts must be avoided. In order to reveal the
mechanism of austenite grain coarsening, the strain distribution in the cold-forged parts before carburizing
treatment is focused in this study. Based on the experimental and finite element method (FEM) computational

results of a cold upsetting test and a cold torsion test, it was shown that the amount of energy and its gradient of

shear strain have a great influence on the occurrence of the austenite grain coarsening.
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Table 1 Chemical composition of SCR415

(mass%)
C Mn Al Cr N
0.17 0.85 0.03 1.15 0.011
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Photo 1 The site of grain coarsening after pseude-carburizing
at 930°C for 25.2 ks
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Photo 2 Grain coarsening at cold-forged parts
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Vertical: Approximetely 120
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Fig.1 Initial 1/4 axi-symmetrical model of FEM for the edge
constrained upset forging
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Table 2 Analysis condition for FEM

Size $8X12 mm

Number of elements 9 696
Number of points 9897
Number of steps 200
Young’s modulus 210 GPa
Poisson’s ratio 0.3
Compression time Ss
Coefficient of friction 0.15
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Fig.2 True stress-true strain curve of test steel
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(a) The equivalent plastic strain (b) The maximum shear strain,
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Fig.3 The distribution of the strain
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Fig.4 The gradient of maximum shear strain
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(a) The strain energy
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Fig.5 The distribution of the strain energy
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Fig.6 The gradient of maximum shear strain energy
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Table 3 Chemical composition of SCM420

(b) The maximum shear strain energy

(mass%)
C Mn Al Cr Mo N
0.22 0.81 0.024 1.01 0.16 0.005
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Fig.7 Size of test piece for torsion
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Table 4 Size of test piece for torsion and torsion angle

Type of test piece Size of test piece Torsion angle
270°

A ¢8 X 12 mm 360°

410°

270°

B $8 X 20 mm 360°

540°

270°

C @10 X 20 mm 360°

528°
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Photo 1 Change in grain coarsening of the test piece A (The torsion angle 6 is constant at 410°.)
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Photo 4 Change in grain coarsening of the test piece A (The heat treatment temperature 7'is constant at 1 050°C.)
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Photo 5 Change in grain coarsening of each test piece (The heat treatment temperature 7'is constant at 1 050°C.)
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Fig.8 The analysis model of the torsion test for FEM
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Fig.9 The results of FEM analysis on the torsion test
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Fig.10 The gradient of maximum shear strain
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Table 5 Comparison of each parameter at the site of grain
coarsening (The heat treatment temperature 7'is

constant at 1 050°C.)

Method of test | Upsetting test Torsion test A
Size of test piece | ¢8X12 mm $8X12 mm
Torsion angle — 410° 360° 270°
Maximum shear | 55| 2223 | 2004 | 1.571
strain
Gradient of the
maximum shear 2.940 0.556 0.524 | 0.393
strain
Maximum shear 808.2 14344 | 13364 | 868.9
strain energy
Grain coarsening | Occurrence | Occurrence | No No
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Fig.11 Correlation between the maximum shear strain

energy and the gradient of maximum shear strain
to the occurrence of austenite grain coarsening

DALY REBILHABEF AW TOARRLTEY, REA
B, CIZBWVTHRBRITKRD TV DA, Kl TIEAMT
bo AWM AL HAEARB L ALY REICE W TH
RACH M LM L S, HRALOEEN - ICHET 5 2
EEIREYTH L EER T —T, MRILLZ&MFToOE
AT AR & AW O AT AL F — Ml ERER I B
T, TNENENEEZRL TS Z &2 Ol LB R
FELTERLNS,

42 Bk~ yEZT

FTRTORBRIZBWT, BN 1050C 1281 24
RBLOIRDE & FEM AT #E 5 2> & 14 7ML 38 A TR 12 35
JBEBNT- 0T 2= % kg LK b~ Y ¥ 0 7%k
WL 7o MEL7ZHRAL~ Y ¥V 7 2R IR,
WY THLEAMOTANLEEAROTAI RN T —%
g LHKRWORKEZRLTWA, CANOTAT LI
F—EWEEITH KRR 2T ET 5, LarL, HAKNOT
AT ANF =ML L THRHAMO T AGRAE WA ITH
KEPFELTWDB I EDRTD 5,

5 &HYIC

AWFZE T3 AR L A U ) BB Z v, L,

E iR LB & b 4 ) HURKE O FE A 2 fERR L 720 E 72,
FEM AT &2 W CHIRREZE A& i D78 F X — & 2 e -
a2 v, HAALORER L LT, AN AR
EHAMOTAIANF—2HE L, 512, HAALD
WENFONF A—528ML, B~y ¥ ¥ 7 21EK
L7z HRAL~ v ¥ 2 ZIOHRR I E T 2 Pl 5 5720
WHHTHY, MEALZIHTL7200ML 70t 2%
FEDFERINZIIIfF SN B,

BEXH

1) APRHIZ:, BUESEN]. B HEEER. 2003, no. 378, p.72.

2) =WPEZ, HAEERE, BERRL (K4, 1989, vol. 41, p.463.
3) /NSPS5. BEFKSH. 2005, vol. 54, p.2

4) M. Sanyo Technical Report. 2003, vol. 10, p. 53.

S R

JFE B¢t No. 23 (2009 4 3 J1)



