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Influence of Irreversible Hydrogen on the Fatigue Crack Initiation Life
in Cold Drawn High Strength Steel

Masanori Nakarant ¥, Takashi Karo **, Masayuki Sakmara

ok *k

* and Kohji MiNosHmma **

This paper discusses the influence of irreversible hydrogen on the fatigue crack initiation life in cold drawn
eutectoid steel. Fatigue tests were conducted for the sample having an artificial small notch fabricated by focused ion
beam (FIB) system. Samples were cathodically hydrogen charged, and internal hydrogen states were changed as follows :
(a) virgin sample and (b) the one that contained only irreversible hydrogen. In the notched sample, the fatigue
strength was lower than that of smooth sample. The slope of the S-N curves became steeper and the influence of irreversible
hydrogen was not observed. This is because the fatigue life was almost dominated by fatigue crack propagation life,
resulted from a crack being easily initiated at a notch root owing to high stress concentration. The surface fatigue
crack propagation rate, obtained by using fatigue life data for notched sample, was not affected by irreversible hydrogen.
Using the obtained fatigue crack propagation rate and the rate in high vacuum corresponding to the propagation in a
fish-eye region, the crack initiation life from an internal inclusion for smooth sample was estimated, and it shows that
the irreversible hydrogen reduced the fatigue crack initiation life, compared with those of a virgin sample. This is a
reason why the fatigue strength of a smooth sample was decreased by irreversible hydrogen.

Key words : Fatigue, Hydrogen embrittlement, Crack initiation, Crack propagation, Irreversible hydro-

gen, Small notch, Inclusion, Focused ion beam (FIB)
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L2 RR Y 6 K OB % 2 24 Tables 1, 2 1278
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e, RN TR EED R 72012, /NN e
1.0mm &7 % K 5 IZHEMMIEIC K D it EiF&hEL <
SERRBR R AR L 2. 2O ORI Bk 12

13 Fig. 1 IR TMEHAEBD ALOs MEITH D, #lrhi &
%5 o 12 AEM O PR & 75 R, 20 ~ 60um? T
Ho7e,
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¥ A7 4 (Seiko Instruments Inc., SIM9200S) % FvTH%
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L7z, YIR E SR e O IRRE O f Al & [RIFEE
EB B K DITREL 2. BA A E A E S

Table 1 Chemical composition (mass %).

C Si Mn P S Cu Ni
080 | 0.17 | 0.52 | 0.008 | 0.004 | 0.01 | 0.01
Cr Al Mo N 0] Fe
0.02 | 0.001 | 0.01 | 0.0036 [ 0.0040 | bal.

Table 2 Mechanical properties.

Tensile strength [M Pa] Reduction in area [%]
2040 39

Fig. 1 SEM image of fatigue fracture origin in smooth
sample.

(Field Emission Scanning Electron Microscope : FESEM,
H S 8ERr, S-4500) TUIR ZWiifi & 60° #& A2 56
BIER L= % Fig. 2 1R Y, UIR 2RO
BEZ30nm ThH Y, FEHIHK BoTB T ehbr
5. F7z, ARERMBITIZX D RO VIR EROIB I
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5. U7 h 2 U)R E 4 &5,

2.2 KRFBWEFME

KREF ¥ — Vi3 H Y — VEMEE NG, ERRRI3E
TFERIRIE % 0.1ppm DL F & +50 125 U 7= Bl - Bl
F b ) LR (0.2mol/L CHsCOOH + 0.17mol/L
CH5COONa, pH = 4.8) TH D, ikERH 126 LT 500A/
m? D—EEBREAMUL7Z, £72, KFEFv—VaELE
AR AR WA A8 1S SR KR TS & 0 b O L 7.
W, BB B a2 & D AERE 7
2453 HrE%iE (Thermal Desorption Spectrometry : TDS) %
FAVA 7=, DT 100°C/h OEF S & U, e 5 HiH
FER~ 500°C & U7z, SRR IS I3 T2
AU 7RI 2 ST I K D BRE L 2l RN
1.6mm, & & 20mm O %50 & U THW =, Fig. 3
VKRR 12 & RS, KEF v — VKL, BERT
RN E IS T5CE 280°CHRETIZAFTRI Y — 27 MFAET
3%, 60 REEFZRAITE $ % &, IKiRlO Y — 2
PR L, RO —-s oA xS, 72, 7 HREK

4 | Specimen surface ll
VT PR e

| FIB notch tip

Loading direction

(b) Close up image of (a)

(a} Ovcral] view

Fig. 2 FESEM images of the cross section of FIB notch.
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Fig. 3 Hydrogen evolution profile measured by TDS.'?
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3-1 EHF®

S-N ## X% Fig. 4 1278 d. #EE LED 107cycles %
AT U e b 5 7253 I3 G RN & F LT 5.,
N5 OB U h 5 7zik B s D0 Cid, 51 Zfi 26
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XNZIZHS & 1D his U 2P I (e # Bidtdsi & 4 5%
SEEM OB RAEHFETORL TS, &k, YRZHMEME
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cycles OB THEWr L 7=7dBR 3G s k72, 72,
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FAEHE L REL 5D, ZHFUREIROEVIGHIZE

V-notch Smooth
Virgin sample O ®)

Irrevesible hydrogen
charged sample L

Stress range [MPa)

Number of cycles to failure N

Fig.4 S-N curves.
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Fig. 5 Relationship between AKiy; and My
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Crack propagauon d]rcctlon i

(b) Irrevemble hydrugcn charged sample

Fig. 6 FESEM images of fatigue fracture surfaces near
FIB notch.
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Fig. 7 Crack propagation rate estimated from the
relationship between AKiyi and N;.
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Final failure

Fig. 8 SEM image and schematic illustration of

internal fatigue fracture surface.
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Fig. 9 Influence of irreversible hydrogen on number
of cycles to crack initiation from internal inclusion.
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