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Oblique Incidence Technique for Ultrasonic Nonlinear Characterization in
SUS316L Alloy
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Abstract The oblique incidence technique for ultrasonic nonlinear characterization was studied in stainless steel
316L alloy subjected to high cycle fatigue. A dog-bone plate specimen was prepared to make different
faitgue-driven deformation at each position where the stress concentration could occur in the middle of specimen.
In addition to the normal transmission technique, the oblique incidence technique which is newly suggested in this
study, was used to measure ultrasonic nonlinear parameter. The fatigued specimen shows higher ultrasonic nonlinear
parameter than the virgin specimen for both techniques. Ultrasonic nonlinear parameter highly increases in the
middle of test specimen where the stress concentration existes. Relative nonlinear parameter has strong correlation
with fatigue damage. Consequently, the oblique incidence technique with longitudinal wave can be potential to
characterize high cycle fatigue damage.
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Table 1 Chemical composition of SUS316L alloy (Wt.%)
C Si Mn P S Mo Ni Cr Cu \Y Ti Nb N Fe

0.002 035 1.58  0.032 0.001 247 1082

17.41 043 0.06 0001 002 - Bal
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Fig. 1 High cycle fatigue test of SUS316L alloy: (@)
Geometry of test specimen and (b) Fatigue
test machine
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Fig. 2 The variation in Vickers hardness at each
position of SUS316L alloy subjected to high
cycle fatigue
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Fig. 3 Experimental system for measurement of
ultrasonic nonlinear parameter: (@
Schematic diagram of normal transmission,
(b) Schematic diagram of oblique incidence
technique and (¢} Photo of fixture for
oblique incidence technigue
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Fig. 4 Time domain signals received by the
oblique incidence technigue showing wave
modes:  LL{ongitudinal-longitudinal  wave),
LT/Tl{ongitudinal-transvers ~ wave)  and
TT(transvers-transvers wave)

1+ Virgin

1sf-{ ® Fatigued |-
:@.‘ 1,4L ES . / \
12 R Sl At T e
,,,,,,,,,,,,,,, [ YA
e S B W SO RN
i AR 1
OJ‘ % ;

o 2
Position [cm}
Fig. 5 The variation in relative nonlinear parameter

as a function of position for normal
transmission technigue

| |+ Virgin
® Fatigued

09 i i i
-+ 2 [ 2 4 €
Pasition [cm}

Fig. 6 The variation in relative nonlinear parameter
as a function of position for longitudinal
wave oblique incidence technique



350 g, e F, A38Y, 34D

WslE Ueiy] Bl metd uHeE u
0ge FAFPE0l $ YIS AAYARR
g o 2 W5 8o Roz ARUY EF E3

AAAR M E AR g vay s
uE7h o WA BESHT ol F 7Y 3l

2597t AYE e ARASG M2 g = &
2 SIXZ A vEhd Aotk F, F3 FAMGAL
He AR AhA wiabe A5 E #4317
ol FAFRHA wiste] IZAHAANA AA)
Hoz 249 e ¥ J=2 &48 UR
&) fEoz s

4. 2 B

2 AFNE 71EEY AW 723 IuE
2UEY a7 sl T2E S FAEA
g0l A5 AN 229 H4Y A 7]
We Ak e,

z2e5 HAY AZS AT 24 4
27l 4L 2 & e AF ARSL A28
W SAETRNT AAQAIEE o8 283 uA
§ sejele g0z ARY W2 32
o2 WAT & e 23 ) s

x

AAAPEE HRARRe B 23] ABAL
o A e AT GE A AT e A
s zes WA sEEE wske AAgA

& WA 2EAYAT o]

gﬂoﬂ 1:!]71-6]— ol
EUHY $88 & doke A & aToIA
Agkshes A 285 M8Y A

andoletn BarE

7]

Job

o] =L 0108% AR(REHE7|&MY A
doz FFAFATY AAg Lol ¥ A7
(No. 2010-0018195)

—-_—

o

tuEd

[11 K. C. Kim, H. Yamawaki, J. W. Park, H. S.
Jang, H. J. Kim, W. H. Hwang and K Y.

(2]

3]

[4]

(5]

6]

(71

8]

Jhang, "Research on the nondestructive
measurement of nonlinear elastic modulus
by  using JSME
International Journal Series A, Vol 44, No.
3, pp- 383-389 (2001)

H. Jeong, S. H. Nahm, K. Y. Jhang and Y.
H. Nam, "Evaluation of fracture toughness

degradation of CrMoV rotor steels based

ultrasonic wave,"

on ultrasonic nonlinearity measurements,"
Journal of Mechanical Science and Technology,
Vol. 16, No. 2, pp. 147-154 (2002)

J. Y. Kim, L . and J. Qu,

"Experimental characterization of fatigue

Jacobs

damage in a nickel-base superalloy using
nonlinear ultrasonic waves," Journal of the
Acoustical Society of America, Vol. 120, No.
3, pp. 1266-1273 (2006)

J. Y. Kim, L. J. Jacobs, J. Qu and ]J. W.
Littles,

fatigue damage in a nickel-base super alloy

"Experimental  characterization of

using non-linear ultrasonic waves," Journal
of the Acoustical Society of America, Vol.
120, No. 3, pp. 1266-1273 (2006}

K. Y. Jhang
ultrasonics to  the
IEEE
Ultrasonics  Ferroelectrics and  Frequency
Control, Vol. 47, No. 3, pp. 540-548 (2000)
J. H. Cantrell and W. T. Yost, "Nonlinear

characterization  of

"Applications of nonlinear
NDE of

Transactions on

material

degradation,"

ultrasonic fatigue
microstructures," International Journal of
Fatigue, Vol. 23, No. 1, pp. 487490 (2001)

J. H. Cantrell and W. T. Yost,

harmonic generation from fatigue-induced

"Acoustic

dislocation dipoles," Philosophical Magazine
A, Vol. 69, No. 2, pp. 315-326 (1994)

W. T. Yost and ]J. H. Cantrell, "Absolute
ultrasonic displacement amplitude measure-
ments with a submersible electrostatic
acoustic transducer,” Review of Scientific
Instruments, Vol. 63, No. 9, pp. 4182-4188
(1992)

J. H. Cantrell and K. Salama, "Acoustoelastic

characterization of materials," International



v 9} ) A 6E5] K] A30A Al4E (20109 8Y)

351

[10]

[11]

[12]

[13]

[14]

[17] J. Qu, Y. H. Berthelot and L. J.

Metals Reviews, Vol. 36, No. 4, pp. 125-145

(1991)

3729, ARBZE, “Ho|AHEYS o|8F &
J

oAy, 9}F83]x, Vol. 16, No. 4, pp.
525-531 (1995)

ARx, B72B9Y, ¥4 §YAEEE o1&
Ag e H7kol g 71z 47, F=3
93838, Vol. 13, No. 4, pp. 53-60 (1996)
ARz, Z7AY, "SNP getvy FHE
AT wpol=AETY siMyel A, Wiz
AFgt3] 7], Vol. 19, No. 2, pp. 85-92 (1999)
A%, Z7%, Y. Hisashi, "2%3 HHY
AAEAEE o8 & g3 AzYg B,
H 93] HAMEEE]A], Vol 25, No. 2, pp.
214-219 (2001)

C. S. Kim, I. K. Park, K. Y. Jhang and N.
Y. Kim, “Experimental characterization of
cyclic
ultrasonic

deformation in  copper  using

nonlinearity," Journal of the
Korean Society for Nondestructive Testing,
Vol. 28, No. 3, pp. 285-291 (2008)

ollE, FADP, "2 HldY 548 o
&% vAdZd BV, Bl A A, Vol
28, No. 4, pp. 352-357 (2008)

SH B, ANE, A73G, AN, oldE, gl
9q #olA 7] Ezte] SRS o]
&3 Al6osl HEe] FEAREG Hob, Wl
23 73AEEE] R), Vol. 30. No. 2, pp. 139-145
(2010)

Jacobs,

(18]

[19]

[20]

[21]

[22]

"Crack thick
components using ultrasonic guided waves,"
ImechE Journal of Mechanical Engineering
Sciences, Vol. 214, No. 9, pp. 1163-1171
(1999)

C. Pruell, J. Y. Kim, J. Qu and L. J. Jacobs,
technique for

detection  in annular

"A nonlinear-guided wave
evaluating plasticity-driven material damage
in a metal plate,” NDT & E International,
Vol. 42, No. 3, pp. 199-203 (2009)

M. Deng and Junfeng Pei, "Assessment of
accumulated fatigue damage in solid plates
using nonlinear Lamb wave approach,"
Applied Physics Letters, Vol. 90, 121902
(2007)

M. Deng, P. Wang and X. Lv, "Experimental
verification of cumulative growth effect of
Lamb
propagation in an elastic plate,” Applied
Physics Letters, Vol. 86, 124104 (2005)

A. N. Norris, "Symmetry conditions for

second harmonics of wave

third order elastic moduli and implications
in nonlinear wave Journal of
Elasticity, Vol. 25, No. 3, pp. 247-257 (1991)
I H Lee, D. S. Son, I. H. Lee, T. H. Lee

and K. Y. Jhang, "Development of pressure

theory,"

control system of contact transducer for
measurement of ultrasonic nonlinear para-
meter,” Journal of the Korean Society for
Nondestructive Testing, Vol. 27, No. 6, pp.
576-581 (2007)



