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Abstract

Aero-engine components exposed to high mechanical stresses are made of high-strength alloys and

additionally, they are surface treated by shot peening. This process introduces compressive residual

stress into the material making it less sensitive to stress corrosion cracking and fatigue and therefore

benefits the components performance and lifetime. Moreover cold work is induced in an amount

depending on the peening parameters. To approximate the remaining lifetime, a quantitative, non-

destructive method for stress assessment is required. It was shown that surface treatment of such

alloys can be characterized by broadband Rayleigh wave dispersion measurements. However, the

relative contributions of residual stress and cold work, respectively, remained an open point. This

poster presents the determination of third order elastic constants (TOEC) for IN718 and Ti6246,

providing, together with a model for the inversion of dispersion data, a quantitative access to the

acoustoelastic effect. Finally, the results of a simple and a more advanced inversion are given.

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: ht
tp

://
w

w
w

.n
dt

.n
et

/?
id

=
16

25
5



M. Rjelka1

M. Barth1

S. Reinert1

B. Koehler1

J. Bamberg2

H.-U. Baron2

R. Hessert2

1Fraunhofer IZFP, Dresden
2MTU Aero Engines GmbH, München

marek.rjelka@izfp-d.fraunhofer.de

Characterizationofaero-enginecomponentsusing

surfaceacousticwaves

Abstract

Aero-engine components exposed to high mechanical stresses are made of
high-strength alloys and additionally, they are surface treated by shot peening.
This process introduces compressive residual stress into the material making
it less sensitive to stress corrosion cracking and fatigue and therefore benefits
the components performance and lifetime. Moreover cold work is induced in an
amount depending on the peening parameters. To approximate the remaining
lifetime, a quantitative, non-destructive method for stress assessment is requi-
red. It was shown that surface treatment of such alloys can be characterized
by broadband Rayleigh wave dispersion measurements. However, the relative
contributions of residual stress and cold work, respectively, remained an open
point. This poster presents the determination of third order elastic constants
(TOEC) for IN718 and Ti6246, providing, together with a model for the in-
version of dispersion data, a quantitative access to the acoustoelastic effect.
Finally, the results of a simple and a more advanced inversion are given.

Possible sources of dispersion

residual stress cold work
� peening (SP, LSP) introduces mainly residual stress (RS) and cold work

(CW)
� additional surface roughness not considered here (effect negligible)
� both (RS an CW) influence measurement → need to discriminate

LDV measurement at shot peened samples

0 2 4 6 8 10 12 14 16

2840

2860

2880

f [MHz]

v
[m

/s
] 13 A

5 A
0 A

13 A, temp.
5 A, temp.
0 A, temp.

IN718 peened and tempered

Measurement results for AEC and TOEC

� measurement at dog-bone like samples at different positions; λ = 121 GPa,
µ = 80 GPa, ν = 0.2984 [Rjelka et al., 2011]

sample/position Llong L⊥ L‖ l [GPa] m [GPa] n [GPa]
IN718, pos. 1 -0.051 -0.612 -1.257 -527 -605 -479
IN718, pos. 2 -0.050 -0.612 -1.259 -527 -606 -479
IN718, pos. 3 -0.055 -0.607 -1.237 -520 -599 -475
Ti6246, pos. 1 0.080 0.441 -1.875 -379 -404 -486
Ti6246, pos. 2 0.075 1.040 -1.846 -373 -399 -482
Ti6246, pos. 3 0.074 0.141 -1.666 -316 -366 -458

Ultrasonic goniometer HUGO III

� necessary angle of incidence to introduce Rayleigh wave depends on mate-
rial properties

� inhomogeneities cause frequency dependence of this angle
� goniometer required: two transducers (sender/receiver) pivotably mounted

(see left figure: sender (left) and receiver (right) immersed into water)
� result: goniometer spectrum (frequency spectrum vs. angle) → search for

minimum amplitude at any frequency → Rayleigh wave velocity
� more information on HUGO (right figure) in e.g. [Barth et al. 2011]

Inversion of Rayleigh wave dispersion

� simple approach: wavelength λ ≈ penetration depth a, i.e. for every mea-
sured frequency we get a depth with according stress value σ

a ≈

1

2πf

vvT
√

v2

T − v2
and σ = L(l, m, n)

∆v(f)

v0

(1)

with frequency f , velocity of transverse wave vT , acoustoelastic constant
L (to be determined from l, m, n) and velocity of undisturbed Rayleigh
wave v0 [Koehler et al. 2009, Rjelka et al., 2013]

� advanced approach: connection between relative velocity change and stress
[Ditri and Hongerholt, 1996]
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� assumption: RS profile piecewise linear or polynomial
� compute unknown parameters by means of data fit

Results of inversion

� results of simple inversion (eq. (1)) and piecewise linear approach (eq. (2))
for a shot peened (13 A) IN718 sample [Rjelka et al., 2013]
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