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Elastic Wave Properties of Ultra-High Strength Steel (HV550)

in Acetic Acid Solution

Jae-Eun Paeng

Department of Marine Design Convergence Engineering

Directed by Professor Ki-Woo Nam

Abstract

In this study, when different bending stresses were applied to
cracked specimens of high strength steel (SKD11: HV550)
immersed in 0.057M solution of acetic acid (CH3COOH), elastic
waves were detected and frequency characteristics were analyzed
using time-frequency analysis. The dominant frequency band by
the tensile test was approximately 103 kHz, and in the acetic acid
solution without stress were approximately 32 kHz and 101 kHz.
The dominant frequency bands of the crack specimens in which
cracks propagated were three groups of about 30-40 kHz(F1),
about 60-85 kHz(F2), and about 100-110kHz(F3). The elastic wave
was obtained by corrosion, pitting, crack initiation, and
propagation, but no elastic wave was detected during the
hydrogen aggregation time. The dominant frequency bands of the
crack specimen without crack propagation were two groups of
approximately 28-33 kHz(F1) and approximately 94-109 kHz(F3).
This is the same as the dominant frequency band in the acetic



acid solution under non-stress. The fracture surface showed many
traces of pitting and corrosion regardless of the applied stress,
and microcracks were observed in Cr carbide.
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Fig. 1 Chromium carbides on cross section of as-received material
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Fig. 2 Heat treatment conditions to obtain HV550.



Table 1 Compositions of SKD11 (wt.%)

C Si Mn P S Ni Cr Mo \

1.489 0.272 0.329 0.024 0.001 0.239 11.29 0.843 0.236

@6 R24 o3

30

2c

dimensions in mm

Fig. 3 Specimen shape and dimensions for elastic wave detection
in corrosive solution.
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Fig. 5 FElastic wave signal detected from tensile test. (a)

Waveform, (b) Spectrum density, (¢) Time-frequency analysis
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Fig. 7 Elastic wave signal detected under non-stress in acetic acid
solution. ~ (a)  Waveform, (b) Spectrum  density, (c)

Time-frequency analysis
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Fig. 8 Relationship between cumulative counts, dominant

frequency and test time under non-stress in acetic acid

solution.
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Fig. 9 Pitting obtained from specimen surface under non-stress in

acetic acid solution.
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Fig. 10 Elastic wave signal detected from 10 hours under stress
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o
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of K, ,=7.1MPaym, K,=556MPaym. (a) Waveform, (b)

Spectrum density, (c) Time-frequency analysis
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Fig. 11 Elastic wave signal detected from 266 hours under stress
of K, ,=7.1MPaym, K,=556MPaym. (a) Waveform, (b)

Spectrum density, (¢) Time-frequency analysis
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Fig. 12 Elastic wave signal detected from 500 hours under stress

of K, ,=7.1MPaym, K,=556MPaym. (a) Waveform, (b)

Spectrum density, (¢) Time-frequency analysis
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Fig. 13 Relationship of cumulative counts, dominant frequency for

test time under stress of K.=7.1 MPavm,

K, =5.56 MPa+/m .
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Fig.

=« Pitting

L
L Fracture

X120 100pm

14 Fracture surface  obtained

K,=7.1 MPay/m, K,=5.56 MPa+y/m .
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Fig. 15 Magnification image of A, B, C and D in Fig. 14.
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Fig. 16 Chromium carbides with micro cracks of E and F in Fig.

14.
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Fig. 17 Position of component analysis of chromium carbides and

crack portion observed in the fracture surface.
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Fig. 18 Component analysis spectrum obtained from position 1, 2
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©

wave signal detected from 29 hours under stress

of K =4.76 MPay/m, K,=3.82MPaym. (a) Waveform, (b)

Spectrum density, (c) Time-frequency analysis.
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Fig. 20 Elastic wave signal detected from 68 hours under stress

of K =4.76 MPay/m, K,=3.82MPaym. (a) Waveform, (b)

Spectrum density, (c) Time-frequency analysis.
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Fig. 21 Elastic wave signal detected from 258 hours under stress

of K =4.76 MPay/m, K,=3.82MPaym. (a) Waveform, (b)

Spectrum density, (c) Time-frequency analysis.
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Fig. 22 Elastic wave signal detected from 548 hours under stress

of K =4.76 MPay/m, K,=3.82MPaym. (a) Waveform, (b)

Spectrum density, (c) Time-frequency analysis.
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Fig.
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24  Fracture  surface  obtained

K, =4.76 MPav/m, K,=3.82 MPav/m .
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Fig. 26 Chromium carbides with micro cracks of D, E and F in

Fig. 24.
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