SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

RPGRIE D BEIREFIEICEET 5 —1RET

N, =8
UM A2 TSR AT ER

L, Im&E o
ETHREREA BERHREMRAN EEY 2T ARERY R T LRIV —T

®Ek JE
AMRERERTLFRIREES 2T L TEEF

https://hdl. handle. net/2324/4794831

HhRIEZR : Quarterly Journal of Welding Society. 39 (2), pp.125-131, 2021. Japan Welding
Society
N—=I 3

MEFIRMG @ () 2021 #HEEAN BEER

KYUSHU UNIVERSITY




[ERram . B394 #2% p 125131 (2021)

DOI: 10.2207/qjjws.39.125]

RPG HIED BEIREF AR Y 35— 5"

b T, ORT RS gl st

A Study of Automatic Measurement Method of RPG (Re-tensile Plastic zone’s Generated) load™

by MURAKAMI Koji ,» MORISHITA Mizuki - and GOTOH Koji

Identification of the relationship between fatigue crack propagation rate (da/dN) and stress intensity factor range (4K) is inevitable to apply
the fracture mechanics approach to assess the growth of fatigue crack growth. The relationship between da/dN and AK is widely applied to
evaluate fatigue crack propagation behavior. To evaluate the fatigue crack growth history under variable loading history, it is necessary to replace
AK to the effective stress intensity factor range, which can quantitatively consider fatigue crack opening and closing behavior.

AK . proposed by Elber is well known as the effective stress intensity factor range, but even if AK.y is applied to evaluate the fatigue crack
propagation behavior, a threshold value ((4Ker)n)Was occurred. On the other hand, it is known that fatigue cracks propagate even at AK.y below
(AK.fr) s under variable loading history. This implies that AK. is an insufficient parameter to describe fatigue crack propagation behavior.

AKrpg, which has a close relationship with the cyclic plastic behavior in the vicinity of the crack tip proposed by Toyosada and Niwa, can
give the solution of the problem of AKy, and even under complicated variable loading history including multiple frequency components.

To apply the fatigue crack propagation law with AKypg as a parameter, it is necessary to experimentally measure the RPG load and identify

the propagation law constants (AKrpg=C(AKrpc)") C and m.

A conventional method for identifying RPG loads requires the superposition of the hysteresis loop near the crack tip and its reversal loop as
measured by the unloading elastic compliance method. However, advanced skills in this method, such as understanding the characteristics of

measurement errors associated with loops, is required.

In this study, we propose a method to automatically measure the RPG load equivalent to that of an expert, and compare the automatic
measurement results by this method with the past conventional measurement results under multiple materials and loading conditions, and

validate the automatic measuring method.

Key Words: Fatigue crack propagation rate (da/dN), Stress intensity factor range (4K), Re-tensile Plastic zone’s Generated load (RPG load),
Effective stress intensity factor range based upon RPG load (A4Kpg), Turkey’s Biweight estimation
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Y  : Strain gauge 6mm (measurement of Compliance)

Fig.1 Test specimen (CCT type).
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Fig.2 Measurement of compliance system.
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Fig.3 Identification of RPG Load.
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Fig.4 The flow chart of Automatic measurement.
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Fig.5 Smoothing of hysteresis curve by the weighted least square approximation.
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Fig.6 Schematic illustration of the base and inversion hysteresis loops matching procedure.
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Fig.7 Determination of RPG Load by the threshold values.
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Table 1 The threshold values of RPG and Open Load.
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Table 2 Mechanical properties and Configuration of specimens of used.

SUS304L 18G2A SUS316LN AS5083-0O
Mechanical properties
Yield stress [MPa] 282 397 402 183
Tensile strength [MPa] 574 540 678 335
Configuration of specimens
Specimen type CCT
Width(2w) [mm] 50 100 50 50
Thickness(t) [mm] 4
Start notch(2a) [mm] o | e [ w0 [
Frequency [Hz] 10
50 50 50
Load SUS304L Load SUS304L SUS304L
RPG |Open, R=0.05 RPG |Open| R=0.3 Max.load R=0.5
aol Mol [ o | - AP=20.9 [kN] 40 [Monual [ = [ AP=20.9 [kN] wo T AP=209 [kN]
Automatic| m A Automatic| m A
. 30} __ 30} Max.load _ 30}
2 Max.load '§ ‘?g
S 20t S 20t 3 20} Minload
10} 10} 100 RPa e
Min.load
Manual o 2
Min.load Automatic| = A
% 8 12 16 % 8 12 16 % 8 12 16
Crack length [mm] Crack length [mm] Crack length [mm]
a) Stress ratio: R=0.05 b) Stress ratio: R=0.3 c) Stress ratio: R=0.5
Fig.8 Comparison of RPG load by automatic and manual measurements technique (Material: SUS304L).
50 50 15
RPG load 18G2A steel Load SUS316LN Load A5083-O
Manual = R=0.15 RPG [Open R=0.05 RPG [Open =0.05
40l [Auomatic] —m AP=20.1 [kN] 4o [Manal [ | - AP=20.9 [kN] Manual R AP=3.86 [kN]
Automatic| = A Automatic| = A
10F
— 30F — 30f o
Z 4 4
= Max.load = =)
=l =} Max.load =l
< < <
S 20f S 20f S
i 57 Max.load
~
10} e 10}
] = a
Min.load Min.load Min.load
10 20 30 04 8 12 16 0 5 10 15 20
Crack length [mm] Crack length [mm] Crack length [mm]
a) Material: 18G2A (S355J0) Steel by b) Material: SUS316LN ¢) Material: A5083-O
Polish Standard

Fig.9 Comparison of RPG load by automatic and manual measurements technique (Various metal materials).
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Fig.10 Comparison of da/dN-AKyps by the Automatic measurement
at SUS304L.
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