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Mechanical properties of in-service facilities are required to evaluate the integrity of power
plants and chemical plants Non-destructive technique can be used to evaluate the mechanical
ptoperties To nvestigate the mechaircal properties using ultrasonic technique, the four classes
of thermally aged specimens were prepared using an aruficially accelerated aging method
Ultrasonic tests, tensile tests, fracture toughness tests, and hardness tests were performed for the
specimens Then the mechanical properiies were compared with ultrasorie parameters such as
attenuation and non-linear parameter From the mvestigation, we confirm that the ultrasonic
parameter can be used fo evaluate the mechanical properties
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Nomenclature non-destructive method 15 a good techmique to

Aisr  Amplitude of the fundamental wave monitor the change of mechanical properties of
Azng . Amplitude of the second harmonic wave m-service facilities (Yoo, 1994)

5 Non-hnear parameter Up to now, unltrasonic test, electric resistance

Kic | Fractute toughness test and ball indentation test have been applied to

v Phase velocity evaluate the mechanical properties Among them,

ws  Angular frequency ultrasonic method 18 a good technique to evaluate

z Thickness of specimen themn Velocity and attenuation of ultrasonic wave

are two important parameters 1n linear ultrasonic

1. Introduction technique The attenuation of ultrasonie wave 13

sensittve to the gram size of material and 1its fre-

The mechanical properties of in-service facili-  quency The velocity of ultrasonic wave 1s a func-

ties are decreased by material degradation The — tion of its frequency or wavelength, then propaga-
degradation of mechanical properties affects the ting medium 1s dispersive (Pollard, 1977, Ruud
safety of operating facilities So the evaluation of and Green, 1984 ; Sachse and Pao, [978) The
mechanical property or material degradation 15 methods used for flaw detection 1n non-lmear
unportant for structural integrity evaluation A ultrasomic method are based on observing the

waves reflected or scattered by non-hinear factors

* Correspondmg Author, such as porosity, crack and dislocatton A har-
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non-linear factors {Sutin et al, 1992, Kum et al,
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between the ultiasonic attenuation properties and
fracture toughness properties of polycrystalling
metallic materials {Vary, 1978} The relation be-
tween frequency and decay constant 1s suggested
to the degree of material degradation (Maeda et
al, 1995, Shin et al, 1996 ; Kwon et al, 2002 | Im
et al, 2002) Electric resistivity of 1Cr~1Mo-
0 25V steel was measured as degradation {Nahm
et al, 1996 , Seok et at, 2002) and ABI techmque
18 used to determine changes of the mechanical
properties of nickel base alloy components due to
aging {Matthew et al , 1999)

In this study, we prepared for four different si-
mulated specimens of 1 Cr-1Mo—~0 25V steel using
1sothermal aging heat-treatment for each 453, 933,
1820 hour at 630C respectively and a reference
specimen The effect of aging on the mechamcal
properties of each specimen has been investigated
using tensile test and the fracture toughness test
Then the mechanical properties were compared
with ultrasonic parameters such as attenuation
and non-linear parameter From the mvestiga-
tion, we were able to confirm that the ultrasonic
parameter can be used to evaluate the mechanical
properties

2. Mechanical Properties

2.1 Tensile properties

Tensile test was performed using a universal
testing machtne at the room temperature accord-
g to ASTM E 8-95a (Abdel-Lauf et al, 1982)
Figure | shows the dimensions of the specimen
for tensile test and the true-stress {rue-stain cur-
ves are shown in Fig 2 From the test results,
yield strength, ultimate tensile strength and uni-
form elongation were determined Table 1 and
Table 2 show the chemical composition and ex-
perimental iest results for 1Cr-1Mo-0 25V steel
for each aging time, respectively From the experi-
mental test results, we can observe that the mate-

nal strength decreased as the aging time mcreas-
ed

2.2 Fraceure toughness
An unmversal testing machine was used for frac-
ture toughness testing Fracture toughness was de-

termuned on the basis of “Standard Test Method
for Plane-Strain Fracture Toughness of Metallic
Matesials (ASTM E 399-90}" at room tempera-
ture Figure 3 shows the dimensions of the spec-
men for fracture toughness test and Fig 4 1s
the test result for varration of fracture toughness,

Table T Chemical composition of 1Cr-1Mo-025V
(Wt %)

C | 81 Mn| § P Nt 1 CriMo)l V| Su
029|1001;0 7410 60410 007|006|1 2911 24|0 25]0.0047

Table 2 Tensile and hardness test results

Ult
Aging | Yield rmate Uniform
Tensile Vickers
Time | Strength Strength Elongation Hardnes
S
Q,
(hour) | (MPa) (MPa) (%)
it 711 844 253 262
453 533 676 268 245
933 481 615 278 218
1,820 450 582 307 196
_ 259 -
222 443 pAM

- R&4

Fig. 1 Dimenstons of the specimen for tenstle test
{unit mm)
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Fig. 2 Effect of aging time on irue stress-true stramn
curve
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Ky, as the aging time 1s increased The Ky was
decreas ed linearly in comparing the non-linear
trend for the curve of tensile test and hardness test
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Fig. 3 Dimensions of the specimen for fracture
toughness test (unit mm}
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Fig. 4 Effect of aging time on fracture toughness
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Fig. 5 Effect of aging time on Vickers hardness
and yield strength

results In generally, fracture toughness comcided
with the deterioration of mechanical properties
during degradation process Especially linear de-
crease for Ky can be a good parameter for evalua-
ting material degradation

2.3 Hardness

Micro Vickers hardness tester (MVE-H2,
Akashi) was used for hardness test To elyminate
the effect of surface roughness, powdered alumina
treatment was used. Indentation points were kept
sufficient distances at an interval of 10 times of
the ball diameter. Vickers hardness tests were
performed using a self-adjusting tester 10 N force
was loaded on the surface of the specimen 10
times for each aged specimen Figure 5 shows the
effect of aging ume on Vickers hardness From
Fig 5, we can see that Vickers hardness numbers
decreased as the aging time increased The tend-
ency is similar to that of the yield strength

3. Microstructure

To examine the average diameter of grain size,
a microscope was used with a magnification of
300 Table 3 and Photo | show changes of the
average diameter of grain size and microstructure
of 1Cr-1Mo-025V as degradation, respecuvely
For the convement, the outlines of some grains
mdicate to emphasize the gramn growth followmg
aging m Photo 1

Table 3 Average diameter of gran size of 1Cr-
IMo~025V as degradanoen

Aging Time 0 1 453 | 933 | 1.820
(hour)
Aver Diameter of | 10151 1588 | 1574 | 2024
Grain Size {pm)

4. Ultrasonic Properties

4.1 Aftenuation coefficient

To measure the attenuarion coefficient of the
material, immersion ultrasonic method was used
The specimen was smooth, flat and parallel A
pulse-echo configuration was used in this work
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Photo. 1 Microstructure of 1Cr-1Mo-0.25V as degradation (magnification to the size of 300)
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Fig. 6 Wave propagation paths

with non-focused and immersion transducer and
all signals were taken at normal incidence on the

interface of water and specimen. Previously the
amplitude of the front surface waveform of time
domain signal was observed and then the ultra-
sonic transducer was fixed at maximum amplitude
and the experiment was performed.

Figure 6 shows wave propagation paths. The
center frequency was 16. ™MHz and the -3dB band-
width of the received pulse was 12.8 MHz~21.7
MHz. The distance between the surface of the
specimen and the transducer was 20.8 mm, the
thickness of the specimen was 10.2 mm, and the
diameter of the transducer was 12.25 mm. The
frequency domain signal was used to calculate the
attenuation coefficient {Lester et al,, 1992). Sam-
pling rate was 100 MS/s.

Figure 7 shows the effect of frequency on at-
tenuation coefficient for each aged specimens. As
the aging time increased, the attenuation coeffi-
cients increased. Measurement deviation of the at-
tenuation ceefficient was 20.001 N/mm. Figure 8
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at center frequency

shows the cffect of aging time on attcnuation
coefficient at center frequency.

4,2 Non-linear response

Figure 9 is a biock diagram of the non-linear
ultrasonic instruments used in this study. The
size of specimens for non-linear response was
20X 30 % 50(mm). Both PZT transducers, whose
resonance frequencies were | MHz and 500 kHz,
respectively, were attached at the end of the spec-
imen using glue.

The sinusoidal continuous wave was driven
into the specimen with a function generator vid &
power amplifier. The transmitted ultrasonic wave
was detected on the other side of the specimen.

Copyright (C) 2005 NuriMedia Co., Ltd.
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Fig. 9 Block diagram of apparatus for non-linear
ultrasonic test
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Fig. 10 Effect of aging time on non-linear parameter

e

The signal from the receiver transducer was dis-
played on the digital oscilloscope. In order to
obtain the amplitude of the second harmonic
wave, the low-frequency continuous wave was
driven into the specimen and the second har-
monic level of the transmitted wave was observed
through the high-trequency transducer.

At first, operation of the system was checked by
varying the gain of amplificr to avoid non-lin-
earity of system with the un-aging specimen and
got the proper gain (40dB). Then, the efficiency
of harmonic generation was estimated for each of
aged specimens.

The amplitudes of the second harmenic wave
increased as the aging time increased. The second
harmonic of transmitied wave in 1,820 hour aged
specimen was observed to exceed 20dB more than
that in the un-aged specimen.

If the fundamental and second harmonic am-
plitudes are given, the magnitude of the non-
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lingar parameter can be determined through the
following relationship (Hurley et al , 1998)

_ 8 ’UEAan
(IJ?)ZAﬂt

B {1
where Ag and Azng are the amplitudes of the
fundamental and second harmonic waves And, z,
Wwe and v are the thickness of specimen, angular
frequency of fundamental wave and the phase
velocity For each aged specimen, several ampli-
tude pairs were obtained using an oscilloscope
for fixing the nput gain to 40dB Figure 10 shows
the variation of non-linear parameter for different
AgILE SPECIMENS.

5. Discussion

5.1 Mechanical properties and microstruc-
ture

From the experimental results, the degradation
of matenial caused the increase of umform elonga-
tion and decrease of the tensile strength, yietd
strength and fracture toughness

Especially, the strength of material was observ-
ed to decrease steeply at the early stage of degra-
dation and after that time the decreasing trend
of strength are slowed To confirm the reason for
decrease of the strength and the fracture tough-
ness, 1t’s observed micro-structure of degradation
materials using a microscope and EDAX (Philips
CM2000, energy dispersive analysis X-ray). The
gram size was grown as degradation and the
degradation precipitated the specific substances
such as Cr, § at the grain boundaries

5.2 Yield strength and ultrasonic charac-
teristics

The relation between yield strength and ultra-
somic parameter 1s shown m Frgs 11 and 12 It s
known that the attenuation coefficients mcreased
as degradation occurs with decreasing the yield
strength of material. The increase of attenuation
coefficient 1s dependent on the scattering com-
ponents such as grain size and precipitates at
grain boundaries The weakness of material caus-
es the decrease of the yield strength Decrease of
the yield strength can be interpreted as the ap-
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Fig. 12 Relation between yield strength and non-
linear parameter

pearance of the specific substances and the in-
tergranular brittleness due to the formation of the
chemical compound at grain boundaries.
Especially, the yield strength of the 453-hour
aging material steeply decreased compared to
those of the 1est The cause can be explamned as
the general relation between the yield strength
and the gramn size The yield stwength 1s propor-
tional to the imverse root square of the grain
diameter, which are determuned at the beginning
of degradation concerming the Hall-Petch’s rela-
uon (Dueter, 1986) After forming the critical
grain size, the spectfic elements are diffused to the
grain boundaries. So the vanation of the yield
strength of the material shows a smooth slope
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53 Uniform elongation and ultrasonic char-
acteristics

Figures 13 and 14 show the relation between
uniform elongation and ultrasonic parameter
From the result of experiments, attennation co-
efficient, non-linear parameter and elongation are
mereased as the aging time increased The m-
crease of ductihity of the material, activated by
the movement of dislocation due to the increase
of grain size, causes the increase of elongation as
the aging time tncreased

54 Fracture toughness and ultrasonic char-
acteristics

The relation between fracture toughness and

ultrasonic parameter 1s shown in Figs 15 and 16
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Fig. 13 The relation between untform elongation
and attenuation coeffictent
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Fig. 14 Relation between uniform clongation and
non-lmear parameter
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The fracture toughness 15 1n 1nverse proportion
The decrease of the
fracture toughness can be interpreted as the weak-
ness of material due to inter-granular brittleness

to ultrasonic parameters

as the aging time increased, namely increase of
precipitates at grain boundaries Figwie 16 shows
that there 13 a co-relation between non-linear
parameter and fracture toughness

5.5 Hardness and ultrasonic characteristics
The relation between ultrasomic parameters
and Vickers hardness is shown m Figs 17 and
18 The reason for the decrease of material hard-
ness can also be interpreted as intergranular
brittleness contrary to the mcrease of ultrasonic

parameters
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6. Conclusions

To investigate the mechanical properties using
ulirasonic technique, we prepared for four differ-
ent stmulated specimens of 1Cr-1Mo-0 25V steel
by 1sothermal aging heat-treatment By compar-
1ng various mecitanical properties obtained from
tensile and fracture test with ultrasonic parame-
ters of these specimens such as attenuation and
non-linear parameter, the following conclusions
were obtained

(1) The yield strength, the Vickers hardness
and the fracture toughness decreased and the
elongation of the matenal increased as the aging
time increased

(2) Attenuation coefficients and the harmonic
generation level of an ultrasonic signal 1ncreased
as the aging time increased

(3) The attenruation and non-hnear parame-
ters of ultrasonic test are sensitive and will be a
good parameter to evaluate the mechanical pro-
perties such as yield strength, hardness and frac-
ture toughness
(4) The refation curve between ultrasonic para-
meters and mechanical properties was obtained
So 1t 15 possible to evaluate the mechanical pro-
perties using the relation.
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