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Clarification of generation mechanism_for residual stress field on quenched streel
after carburizing by microscopic examination of hardened layer

Sakaida, Yoshihisa
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In this study, some quenched chromium-molybdenum steel after carburizing were
used. Using the scanning electron microscope, the crystallographic orientation analysis was carried out
on the cross-sectional hardened layer by EBSD (electron backscattering diffraction) technique. The
correlations of the KAM (kernel average misorientation) distribution with the case depth and residual
stress field were examined. As a result, the KAM distribution under the carburized surface was quite
different from that of the interior below the case depth. By setting the threshold angle to 60 degrees,
the KAM maps are meaningful data for the mixture of martensite and bainite grains. Furthermore, the case
depth and the plateaued depth in the compressive residual stress near the carburized surface are

predictable by calculating the area-average of the KAM maps.




Electron BackScattering Dif-

fraction method EBSD
0.2 mass¥% (SCM420H)
900
850
J‘Eﬁﬁﬁﬁ
(a) QC1 (b) QC2
Q 2
/48
43
BREE — BREEE ¥
(c) QC3 1 (d) AN X z
=
n% o < |2
A4 4.0
4.0 4.0

QC1 QC2 QC3

AN
EBSD
EBSD EBSD
KAM
Kernel Average Misorientation
JSM-7001F
70°
z EBSD
15 kv
15 mA 15 nm
100p m KAM
KAM & 3
F F 6
O(=1 6)
6
0 =20 (1)
i=1
) “
oc” O Oc
6
Oc 6=
Oc
JXA-8530F
HM-122
EHFEFHR

TSR AIETEE

EBSD

| F: KAMETE
CrA Daaa
(- )} 2R - 0.5um

’/ [J Z100um
! [

199

A DFFHH

Cr-Ka Fe
211
sin?y



Carbon content, mass%

4(b)

4(a)

800HV

4(¢)

0.6

1020
istance from surface z, mm

30 4.0

EBSD
EBSD

0 © 20
pum

1000
E 1: standard deviation
2 mmﬁE?Lﬁéx QC3 :
= N ]
S 600f R, = J ]
s S S ]
T SR SIS S S

i : ]

E LTI < QCl ]
200 : . . -

2 700 1020 30 40

Distance from surface z, mm

€)) KAM

Qc1

© @

100

Oc 2°

KAM



AN O 0.25°
oxL 6
z=0.05mm
5
oc2  QC3
o
20
‘E‘ R 0.6 ,C 1' — —
L A e
E‘S 02l ——Specimen AN | ; 1
22 00 2 A ]
-3 1 1 1 1
0.0 0.5 1.0 1.5 2.0

Kernel average misorientation @, deg.

0" )
KAM
SCM420H
0 =60°
10 11 “
Qc1
11
2)
e 25°

O 25°

(a) z=0.05mm
10

o

0c=60°"

0.1 %

(b) z=2.95mm
Qc1

—_
(=]
©

Under the surface
(z=0.05 mm)

_
2

._.
<
0

—_
(=1
&

Interior below case depth
(z=2.95 mm)
1 1 1 1 1 1 1

0 10 20 30 40 50 6

Kernal average
misorientation O, deg

—
<,

IS
1

Number fraction LN[ /(©)]

11
40°
(2]
10
Az
o @mean
z
12
AN
Ormean 5.8°
O mean 5
AN O rmean
13 QC1
@mean
0]
)
@mean
35 T T T
30] ]
o 25 E
[}
= 20 §
£15 .
&)
10 E
00.0 1.0 2.0 3.0 4.0
Distance from surface z, mm
12

AN



T T 40

304°

QC1 y 20

0 0
-200
! 4 Jl
400f 5, v o

1: standard deviation

-800! ' - :
00 1.0 20 30

Distance from surface z, mm

Residual stresses o, o, , MPa

13

qc1 8 1 0]
Qc3 1

[ 1
- 14977 -

i ) QcCl
| QC2x

)
(el

g
o

._.
(=)

——d total vs. d kam|T

g QC2 | dres vs. d kam

ook
0.0 1.0 2.0 3.0
Plateaued depth in area-average dy,,,, mm

Total case depth or plateaued
depth in residual stress, mm

dtotal
Cres
Orean
14
dxam
dtotal
Orota = 1.05 diam (2)
SEM
dxam
Cres
res = 1.49 dkam. 3)
SEM
dxam 1.5
KAM
2° 60°

X
62 - 5 2013
335-341
62 - 7 2013
430-436.

Y. Sakaida, H. Yoshida, S. Yashiro and
T. Mutai Influence of Final Hand
Polishing Process on Surface Residual
Stress Field of Japanese Sword, Ma-
terials Science Forum Vol.
768-769, 2014, 492-499. 10.4028/
www.scientific.net/MSF.768-769.492.
Y. Sakaida, H. Yoshida, S. Yashiro, S.
Yamashita and T. Shobu, Internal
Residual Strain Distribution in
Chromium-Molybdenum Steel after
Carburizing and Quenching Measured by
Neutron Strain Scanning, Materials
Science Forum, , Vol. 772, 2014,
173-177. 10.4028/www.scientific.net/
MSF.772.173.

Y. Sakaida, T. Inayama and S. Yashiro,
Estimation of Cross-Sectional Re-
sidual Stress Distribution on Hardened
Layer of Carburized Chromi-
um-Molybdenum Steel Dby Electron
Backscattering Diffraction Method,
Advanced Materials Research,

Vol. 996, 2014, b556-561. 10.4028/
www.scientific.net/AMR.996.556

63 - 7 2014 557-562.
15
46
2012 7 5-6
46
2012 7 5-6
M&M2012 2012
9 21-24

Y. Sakaida, Residual stresses and



microstructure of Japanese sword, The
9th International Conference on Re-
sidual Stresses, 2012 10 6-9
Garmisch-Partenkirchen, Germany. http://ssy.eng.shizuoka.ac.jp/Extras/To
picsl2.html
14 X

24 2

2013 3 18
62

48

27 2013 3 25

62 @
2013 5 18-19 SAKAIDA YOSHIHISA

10334955
62

1 @
2013 6 14 HAYAKAWA KUNIO

80283399
47

®
2013 7 18-19 INAYAMA  TOMOHITO
- NURAI TOSHIYUKI

47
2013 7  18-19

62 3
72 2013

EBSD

63 , 2014 3
18-19 , .
Y. Sakaida, Indirect Estimation of
Cross-Sectional Residual Stress
Distribution on Hardened Layer of
Carburized Chromium-Molybdenum Steel
by Electron Backscattering Diffrac-
tion Method, The 9th European Con-
ference on Residual Stresses, 2014
7 6-10 Troyes, France.

48
2014 7 24-25
( )-

2014 10 8




