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Residual Stress near SCC Fracture Surface of AISI 4340 Steel
under Controlled Electrode Potential
by
Masaaki Tsupa*, Yukio HIROSE*, Zenjiro YAJIMA**
and Keisuke TANAKA***

Stress corrosion cracking tests were conducted by using the compact tension (CT) specimens of
200°C tempered AISI 4340 steel in a 3.5 % NaCl solution environment under various electrode poten-
tials. The distribution of the residual stress beneath the fracture surface was measured with the X-ray
diffraction technique. The fracture surface and the crack morphology were also observed by scanning
electron microscopy. The Effect of electrode potential on the growth kinetics of stress corrosion crack-
ing was discussed on the bases of the results of X-ray observation and scanning microfractography.
The results obtained are summarized as follows :

(1) The residual stress measured on the fracture surface was tension under cathodic potential. It
decreased with increasing potential, and changed to compression under anodic potential.

(2) The relation between the plastic zone depth @, and the stress intensity factor K can be
approximated by the following fracture mechanics equation :

wy=a(K/ oy)

where gy is the yield strength. The o value was 0.084 under the free corrosion condition and 0.053
under the cathodic polarization condition.

Stress corrosion cracking, X-ray stress measurement, Polarization, Fracture
mechanics, High strength steel
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Fig. 2. Electrical circuit for polarization.

(16

Z'll

X BRI T Ml & ER ORI & llgzmm
X4 mm ﬁ@%‘\f'rﬁﬁ?é:?‘]’é‘(ﬂhﬁ L, X M7 Bl |2
o THT o 72, BRI T ORI oA, BRHE C
FT & NERBEZ: UGl L7,

3 EBRERBIUEER

3.1 ZFRITHEHHE

AREBRN MR [ — AR O #AR (i 35 mm,
30 mm, & 1.0mm) AW 3.5 % NaCl K&
BRSO 7 E Fig. 3 1R Y. @R
ﬂﬁ%iﬁ#ﬁiﬁf%%fy ZF v 7 (20 mV /5 min) |
o5 TkRDIz T, T/ - FomlEE, vy - R

SROOLZHICHE L BREA Eor &
—0.58Vvs.SCE Th 1), BWAEBRHL jor 3B L
#0222 A/m* THo7-.

KO ¥
il

-0.6

E (VvsSCE)

_0'8 - B

Electrode potential

i i

0.1 1
Current density i

L
10
(AIm2)

Fig. 3. Relation between current density and

electrode potential.

DA, X
J— FROGHHEL A, A B, » v - FRG
CoA, B, COZ>OMIFIZTET L.

Fig 4 |o-- BB LIRETOKEBMNOER
HEEBRCTHRONERES &HTF‘%F{W%T? z
ST, IEJIMEAAREL K 13 18.6 MPayvm D — AR
T wh, SBHE SRR ORI tl:fﬂbfbjc%cb
Twiz, Th& Py agiiniddy (da/dt) = K
PSR4 Blp o A I D Wk 7z, Fig. 51213 K
=18.6 MPavm f@é“hﬁg&ﬁﬁwuﬁﬁ Wtoﬁ'ﬁ
RERd. AREEBOHMPICBWTIE, SEBESRE

TR W37 BUTE

SR LI ICEEWIC S oS E T
SEI

NI | -El ectronic Library Service



The Society of Materials Science, Japan

=77 4340 88 SCC #E T DT I 50 A 12

BT EREMOE 601

T T T T T T T T

E=-0.45Vvs.SCE O N °
= E=-0.68 Vvs.SCE A °
£ 280fF E=-1.05Vvs.SCE O . © ]
€ 4 °
E o
A o
o “ e} °
A
£ 27.0F A ° 1
- o
c & ©
W a o o .
— D 1
A o oD
x A O ot
9 26.0fF A © ot |
(&} o a o
A
o oD -
. ODDD . K-ls.GMPuFrﬁ. J
10 ‘ 20
Time t (min)

Fig. 4. Crack growth characteristics.
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Fig. 5. Relation between electrode potential and
crack growth rate.
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Fig. 8. Crack growth characteristics in various electrical conditions.
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