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The Prediction of Fatigue Damage for Pressure Vessel Materials using Shear Horizontal

Ultrasonic Wave
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Ultrasonic method using SH(shear horizontal) wave has been developed to determine the surface
damage in fatigued material. Fatigue damages based on propagation energy were analyzed by
multi-regression analysis in interrupted fatigue test specimen including CrMoV and 12Cr alloy
steel. From the test results, as the fatigue damage increased the propagation time of the
launched waves increased and amplitude of wavelet decreased. Also, analysis for the waveform
modulation showed a reliable estimation, with confidence limit of 97% for 12Cr steel and 95% for
CrMoV steel, respectively. Therefore, It is thought that SH ultrasonic wave technique can be
applied to determine fatigue damage of in-service component nondestructively.

Key Words: Fatigue Damage (Il £ £4h), SH Ultrasonic Wave (RIEVSHE Z&1}), Mult-regression (CFE3F) Wavelet
Analysis (THH B4), 12Cr Alloy Steel (12Cr BHEZH, CriloV Steel (Criov E122h)
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@ = amplitude of received SH wave

4= Lamé Elastic Constants

k = wave number

o= angular frequency

A4 = amplitude of the disturbance

U,u, = displacement of y and x axis
f=time function of launched wavelet

B = correlation coefficient of multi regression
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Fig. 1 The propagation shape of SH Wave
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Fig. 2 Propagation model of SH wave
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Fig. 3 The evaluation procedure for fatigue damage using
SH ultrasonic wave
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Fig. 4 The specimen for interrupted fatigue test
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Table 1 Chemical composition of test specimen

Composition (%)

Mat.
C Si {Mn| P Ni | Cr | Mo

12Cr | 0.14 | 0.38 | 0.64 [0.023| 0.49 |11.45| 0.09

CrMoV | 0.21 | 0.05 | 0.27 {0.004| 3.69 | 0.85 | 0.4

AHES AFL b4 7 (plat banel| A A3 5}
deom, zztel AdoM HHE AW AxTA
I A BAXNE SYsich Ade u)4
12Cr 5749 A2 nlE2HAllE 28L A @
NoW CrMov & X ]
i »4 zkzke] A=A

= AMAEZA, CrMoV

F7] = &AS wg

ﬂ B +d F AFVYE &AL w9
wEhA, Al B2 A 9 o2 uyEd A
2 R & AgS AAsgT

Adel v F£He 2 Ffg Agdow A
sion, gd A ZdnE ugoz 49 9y
of AFstE FEYEAFEL N/NE=0.25, 0.5, 0.75 o]
ete] FAHAT. 1F7] P2 AP A$ w©
4 FAHAA Ao WA EE AJY AL A
o AF7] dze AL -0,5-+0.5 9 9

&% 9 (total strain range)ol| A AlY LS A
F7] & A9 AlH o] Al E]
Ne WE A FHor HA YH, AEr
AEe] A Al gde] wAEE AA
e 4 AERNT. 750 9 Y e
AF7] BE AY ATE Table 2 9 Table 3, Fig. 5
¢k Fig. 6 o ZtZ ® A8t

>
QL
T yo

k
ojﬂ.‘rﬁ,—ﬁ

2o
v 5

HU

Table 2 Test results of high cycle fatigue(12Cr Alloy)

Area Stress Life
N .
o (mm?) (ke/mm?) Freq. | Cycle %)
1 18,783 25
16x15.75 35.15 15 Hz
2 18,783 25
1 37,567 50
16x15.75 35.15 15 Hz
2 37,567 50
1 56,351 75
——1 16x15.75 35.15 15 Hz
2 56,351 75
1 76,537 | 100
16x15.75 35.15 15 Hz
2 73,734 | 100

Crack Initiation

Fig. 5 The shape of fatigue failure(12Cr alloy)

Table 3 Test results of low cycle fatigue(CrMoV)

N Area | Total Strain Fre Cvele Life
0 .

(mm?) [Max. | Min. | "7V (%)

1 61 25
16x15.75| +0.5 | -0.5 |0.2 Hz

2 61 25

1 121 50
16x15.75| +0.5 | -0.5 | 0.2 Hz

2 121 50

1 182 75
16x15.75| +0.5 | -0.5 |0.2 Hz

2 182 75

1 241 100

2 {16x15.751+0.5| -0.5 {0.2Hz| 253 100

3 237 100

Crack Initiation

Fig. 6 The shape of fatigue failure(CrMoV)
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Fig. 7 Schematic diagram of test system
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Fig. 8 Wavelet change corresponding fatigue damage
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Table 4 The results of multi-regression analysis for high

cycle fatigue(12Cr Alloy)

Material Method Correlation Coefficient
o 876120
b -187550
) 5 -13155
e 8 V\svelet Multl- B, ~874440
T egression
4
Alloy (Liner Model Bi 709640
Y= Bs -302890
s 643740
57 908800
LFs -831220
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Fig. 10 Correlation between measured and calculated
fatigue damage(HCEF, 12Cr alloy)
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Table 5 The results of multi-regression analysis for low
cycle fatigue(CrMoV Steel)

Material Method Correlation Coefficient
B -64.1855
B 62.4339
B -77.7724
i- 93.8636
CrMoV 8 Wavelet Multl Jis
Regression i 40.7496
Steel .
(Liner Model y=f%) | g, | 79.4305
Bs 27.6269
5 37.7207
Bs -199.0146
90
: | ]
0 ® Cakubted .
YO T Theoretical )
S,
60
S
= 50
o .
240 ¢ k ey
cié 30
R*=0.8703
20
10
0

0 10 20 30 40 50 60 70 80
NN,
Fig. 11 Correlation between measured and calculated
fatigue damage(LCF, CrMoV steel)
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