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Acceleration of Superlong Fatigue Failure by Hydrogen Trapped by Inclusions
and Elimination of Conventional Fatigue Limit

Yukitaka MURAKAMI, Hiroshi KONIsHI, Ken-ichi TAKAl and Yasuo MURAKAMI

Synopsis : The mechanism for fatigue failure in extremely high cycle fatigue in the regime of N>>107 is discussed. A special attention was paid to a
newly found particular fracture morphology in the vicinity of fracture origin (subsurface nonmetallic inclusions) of a heat treated Cr—Mo-

alloy steels (Specimen QT). The particular morphology looks a dark area inside fish-eye mark by optical microscopic observation. Specimens
with short fatigue life of the order of N,= 10° do not have such dark area, ODA (optically dark area), in fish-eye. To investigate the influence
of the hydrogen trapped nonmetallic inclusions on fatigue properties, specimens quenched in a vacuum (Specimen VQ) were prepared. Spec-
imens VQ contained 0.01 ppm hydrogen and on the other hand QT 0.7-0.9 ppm hydrogen. Specimens VQ had much smaller ODA than Spec-
imens QT. Hydrogen was detected by Secondary Ion Mass Spectrometry at the inclusion at fracture origin of Specimens QT but not at the in-
clusion of VQ. Thus, it can be concluded that the formation of ODA is closely related to hydrogen trapped by nonmetallic inclusions. The
predictions of fatigue limit by the Varea parameter model! are approximately 10% unconservative for fatigue limit defined for 107 cycles.

However, if we consider the area of ODA into the fatigue limit estimation, the Varea parameter model can successfully predict the fatigue

limit very accurately.

Key words: fatigue; superlong fatigue failure; nonmetallic inclusions; hydrogen; fatigue limit; Cr—Mo steel; carburized; nitrided; fracture surface.
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Table 1. Chemical composition (wt%).

c Si | Mn | P S Ni Cr | Mo | Cu | O,ppm
036 | 019 | 0.77 | 0.014 | 0.006 | 0.08 | 1.00 | 0.15 | 0.13 8
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Fig. 1. Shape and dimensions of the test specimen (mm).
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Fig. 2. Hardness distribution across the specimen section.

900 T T i T y T
800l . 99%x, _
o] o 8ox
L 805 3Q 1
— 700} °% .
g P}
g P 2
X
B ool o §°go§a-<,
x
« 5 )
T 500 4 x m
! ! ]
4001 (ross section 7]
of specimen
" ] 1 L
3005 1000 2000 3000 3500
Surface Center
Distance from surface [z m]
[ Specimen QT ]
60 — :
: A
50 5
o ‘
()
— 40 -
E +300MP 4 o A
3
— 30 +300MPal 00 o
3 Oﬁggo OOy ©
Q e i 0g O
20+ o M & fe
o)
10
o
0 1000 2000 3000 3500
Surface Center

Distance from surface [x m]

o : Specimen QT : Quenched and tempered
a : Specimen VQ : Quenched in a vacuum and tempered

Fig. 3. Size and distribution of the inclusion at fracture
origin.
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Fig. 4. S-N diagram for SCM435.
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Fig. 5. Statistical distribution of the inclusions at fracture

origin.

DR PSS 2RO A END ~Varea,,, & THI
THIENTES, ZOFEZINEND S A-FOSEE
B Ly s Rt O SR LRIl T X 5,
3.3 f{EIES-N#EX
THEPOTEOHESEROICFFM T 5 =012,
Narea’$5 A — 8 & F L2504 T K RBRE OB IRE
o, B MR L7, Varea’S5 A — 2 EF N2 X hE, K
EOWUNRIG - T D & BEEAHE Z 23388 DI IR
o &, XAk ->TTFHITE 3,

w

:15QHV+1K»{0—R1“

/ 1/6 2
(Varea]

HEREJEZFTRREE  [MPa]
Yo —ZAWE  [kgf/mm?]

WUNKEG - AAEVIORIEOF AR [um]

o
o, . “FHIEH
a=0.226+HV x10~*
Eoy hh— ZAWE HV L LT, Fig. 2128 L 7= NER D B AKAE

(QT#t I HV=561kegf/mm?, VQ# . HV=586kgf/mm®) % F

Wiz, WEOBREIGHIZOWTIE, SEERGIOIMNEL T

WHEEZONDH, KA SDFEX 1700 um LD P

TIRENEERELS EWEEZ ZBELE» -7,

Fig. 6 128 BT DHEEFEITIRIE o, 1254 % AfIE D
oD o/o, ZMEMIZE > 7-BIESNGEX (24 71) %
RNY . MO EEEE L 25-TH 5D T, Fig. 41
RLTBEDS-NRR L RBE & o2& h/han, &

[MPa]

72

15‘% O 7¢ """""
2* At
i 1‘06‘ o<
o g5
—op - i
| +300MPa ® {1 §._—
1 ReL OGS‘E; 290 ¢
o *f%ﬁ%gahs """"
N Tl et
L AT .
R o :Broken | |
i o+ : Not broken
05 ‘ 6 ' 7 ' g 3
10 10 10 10 5x10

Number of cycles to failure N,

o :Specimen QT : Quenched and tempered
a :Specimen VQ : Quenched in a vacuum and tempered

o : Stress amplitude
o : Fatigue limit calculated by/area parameter model

Fig. 6. Type 1 modified S—N diagram for SCM435.
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Fig. 7. Optical microscopy photographs of the inclusion at
fracture origin in specimen QT (R=—1).
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Fig. 8. Optical microscopy photographs of the inclusion at
fracture origin in specimen VQ (R=—1).
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