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Delayed Fracture Kinetics of High Tension Steel by the Source Analysis of AE
by Using the Experimental Transfer Function

Okiharu Tavura and Mikio Takemoto

Synopsis :

We propose a new method for estimating the AE (or elastic wave) source wave in the delayed fracture of a finite

specimen (NACE-TMO0177) by using the experimental transfer functions of medium and/or AE transducer. A laser
induced dielectric break down of silicon grease was utilized to examine the frequency resolution of the AE system
employed. Due to the limited frequency resolution of the system and the reflected waves, the accurate source analysis
of micro-fracture was limited to a relatively slower crack generation with the rise time longer than 0.5 us. Crack
generation rate in the delayed fracture of QT-treated SCM 440 alloy with tensile strength of 1323 and 1500 MPa was
estimated to change from 50 m/s ( effective rate : 145m/s) to 170 m/s (490 m/s), depending on both the strength of

material and hydrogen concentration in front of notch.

Key words : delayed fracture ; AE source wave ; experimental transfer function; NACE-TMO0177 specimen ; low alloy steel.
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Fig. 1. Epicentral response (a) to the laser

dielectric break-down force on a semi-finite
SCM440 steel and simulated out-of-plane
displacement (b) to the source wave (c).
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Fig. 2. Output of AE system due to the source wave

of Fig.1.
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Fig. 3. Step-wise source wave given by breaking a
pencil lead or glass capillary.
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Fig. 4. Specimen geometry(NACE TMO0177) for
delayed fracture test(a) and a method to
determine the wave transfer function of
specimen. (b).(c)shows delayed fracture test.
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Fig. 5. Out-of-plane displacement(a) due to the
dielectric break-down impulse force and
experimental transfer function(b) for
NACE TMO0177 specimen.
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Fig. 6. Out-of -plane displacement due to the Mode-
I fracture with different source rise time.
(Simulation was performed by using the
experimental transfer function of Fig5 to a
crack volume of 10~*m3).
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Fig. 7. Simulated wave to the Mode- I fracture by
using the transfer function of specimen
determined by the laser dielectric break-
down force.
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ing).
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by using the transfer function determined
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Fig. 11. Detected waves for specimens f with tensile
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£ X‘Io-11
£ 0.0
£
3
(_U-1.O o
[} L ATr=0.3us
g-z V°=|1d5mal 1
’ 5 10 15 20
Time, us

Fig. 12. AE wave simulated to the Mode- [ frac-
ture by using the transfer function deter-
mined by glass capillary breaking.
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