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Effect of Repeating Load and Dynamic Strain Aging on the Delayed Failure Strength of High Strength Steels

Keijiro Nakasa and Masahiko KAto

Synopsis

: Delayed failure tests of notched specimens of 18Ni-maraging steel, precipitation hardening stainless steel (JIS: SUS630) and Cr-Mo low al-

loyed steel (JIS: SCM435), which were aged or tempered to high strength levels, were carried out in 3% NaCl aqueous solution under static

and superposed repeating load. Moreover, the effects of static and dynamic strain aging at 573K or 673K on the delayed failure strength

were investigated on the Cr—Mo steel.

The superposition of repeating load drastically decreases the delayed failure strength and the lower limit values of apparent stress intensity

factor, under which no crack initiation occurs within 360 ks, for every steel. For Cr-Mo steel, the dynamic strain aging at 673 K is cffective to

increase the delayed failure strength not only under static load but also under repeating load, while the static strain aging at 673 K and the dy-

namic strain aging at 573 K has no improving effect.
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Table 1. Chemical composition of materials tested (mass%).

Mark

C

Si

Mn

P

S

Ni

Cr

Mo

Co

Al

Ti

N

Cu

Fe

18Ni maraging steel

0.003

0.07

0.02

0.002

1<0.001

17.22

0.01

3.76

12.16

0.17

1.65

0.002

<0.01

Bal.

SUS630

0.05

0.48

0.72

0.29

0.02

4.03

15.65

3.26

0.28

Bal.

SCM435

0.35

0.28

0.69

0.012

0.018

0.08

0.96

0.20

0.11

0.011

Bal.
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thickness , 5mm
(unit in mm)

Fig. 1. Specimen configuration for delayed failure test.
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Fig. 2. Load and temperature histories in tempering, static

strain aging and dynamic strain aging. The appar-
ent stress intensity factor at strain aging is 100 or
130 MPa-m'?.
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Fig. 3. Apparatus for delayed failure tests.

200
I in 3% NaCl solution
@ | static load
g SUS630
15082 r .
CL—E
1 | ‘\\x»
: SCM435
L
100

| 18Ni maraging steel

2

w
(=]

Apparent stress intensity factor , K ,/MPa.

sl sl ool Ll
0 10° 10' 107 10
Crack inititation time , t/ks

Fig. 4. Relationship between apparent stress intensity fac-
tor and crack initiation time for three types of high-
strength steels under static load.
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Fig. 5. Relationship between apparent stress intensity fac-
tor and crack nitiation time for maraging steel and
stainless steel under repeating load.
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Fig. 6. Relationship between apparent stress intensity fac-
tor and crack initiation time for SCM435 steel
under repeating load.
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Fig. 7. Effect of static and dynamic strain aging at 673K
on the relationship between apparent stress intensi-
ty factor and crack initiation time for SCM435
steel under static load.
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Fig. 8. Effect of dynamic strain aging at 573K or 673K
on the relationship between apparent stress inten-
sity factor and crack initiation time for SCM435
steel under static load.
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Fig. 9. Effect of dynamic strain aging at 673 K on the rela-
tionship between apparent stress intensity factor
and crack initiation time for SCM435 steel under
repeating load.
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Fig. 10. Setup for detecting the formation or destruction of
protective film on notch surface.
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MEAFEESELALEABERAEAEL Y, Tabb,
B X 15mm, IR LHEImMmOUIK XEIZ, X 5120802
mm, BIEFF2SmmDFYIREED0F, 0T %
RS &E7 %, 2IRE-RF U REIECca—57 1 2L
Foo TORWUIRZIROERMT A7 7/ — Rz, YR &EH,
5805 mmOFLEIZEE L s GRERF & R RO #)
Y- FEBICESEL, HABAIREI BT 2R84
MARPUE R THlE L 72

Fig.11i2, ZOMRERT, YR EZHIZHD (FT 7258
123% NaCI KA AT 200, TabbdUIR EZEIZ)R
PEE AL EN T WIREET NaCIKIETE A FE AT
5 &, M2000nADBREB|HR AN DY, T<IZmni<
%5, ZhE, BRIEOEAIKIDYIR XRICMELE
BRIl ThHsd, ZORETEWN L ME
(K,=120MPa-m'?T) #AWT 5L, Afil B> 5
FIB0sEN CTHBEMVIRNIAD , REEKI20nA IZ3ET
%, ZULT, ¥03ks (55[8) BRAWN I, KEI2WH
DU, WiksFBd 2 BRI cEa ks, 2Ok
242, BAfTICEOMBIREOEBIIMIE X W5 20, G
HITIE, RO E & SICHERFER I NS,
DED, MR AMEICESMEAER L CERAHET
58, HNEWEDAEZMAZEXLEIC L5120 LER
THBEBRSPWNIED , BEE0nAIZE L TR 2.4ks
(4057 FH) W 7zth, BAEMET T 25, @hT—i L5
LTCOWAHEHIMPED S NEBRIIARKETH 5, miAHIZIT
—EDFEEBRIZENT S, 20X, 2ENEIEE
5 & EESRIFEIC D7z - THE X N, RIRO K &
AT, MISBRERPWINT 5, Lizd->T, £8)
{2 P CIXERTE FIcHN, 280 b NEBA TS
KREOEPHML , HRBARG B LU FIRA BN M
ENFELLIEF L DEEZ NS,

483 N



£ & §8 Vol. 85 (1999) No. 6

3600 notch tip
/A ‘A indent
A NS
> oA oa A a1
jast A DA 4 3 (=)
% OUp
& 2000 [ o
=
o
3
=
4 Before test
4 .
= a Tempering
A Dynamic strain aging
O Static strain aging
1000|||14‘wlulnllnnw|

0 0.5 1 1.5 2
Distance from notch root, x’mm
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