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Abstract. For the determining of rate loading on the recdré& signals for S355
(18G2A) steel the static tensile test at ambiemiperature were performed. For tests
flat specimens with internal notch were prepared.

To characterize the recorded AE signals, the stanoarameters describing the
signal were selected, such as amplitude, numbleitgfduration, rise time, counts. In
addition, the frequency parameters of signal - HRd@dge frequency center of gravity)
and FmaxAmpl (Frequency where the frequency spechras maximum amplitude)
were used. Also for analysis two additional parargetharacterizing the signal were
created - RA and DA. RA was defined as the ratias#f time and amplitude, DA as
the ratio of the duration and amplitude.

Measurements were carried out by loading a materthlfive different speeds.
The stage before continuous yielding of materiad amalyzed.

The some of tests presented in this article were realized under the project funded by
Polish Ministry of Science and Higher Education.

I ntroduction

The acoustic emission (AE) is one of the non-detitrea methods used in many fields of
technology e.g. for testing of industrial strucgjreomponents, etc. The industrial tests are
carried out on different objects, sometimes theysanall, but sometimes the objects are with
very large volume and then the loading processrig ng. From the other hands sometimes
the loading is realized by staff from other company the loading is performed with higher
rate that assumed (access in standard).

For testing of pressure equipment during the pregsst the maximum loading speed
is defined in the standards. For the hydraulic testmaximum rate of loading is defined as
5% of maximum load and for pneumatic test this #atul%. However, the minimum rate
of loading is not determined.

Regardless of the duration of the test, the quetint& and qualitative criteria of AE
signals for the evaluation of AE sources are timeesa herefore, it is important to verify that
the AE signal parameters significantly depend frate of loading. This will give you the
answer, if a fact that process is very slow shin@ldaken into account for evaluation of AE
sources and evaluation criteria should be amended.
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The material, equipment and methodology of tests

For tests the S355 (18G2A) steel were selected;hwikiused for build of industrial objects
(e.g. flat bottom storage tanks, pressure equipnbeidiges, other constructions) often tested
by AE method.The chemical composition and theoaétitechanical properties S355 steel
are presented in table 1.

Table 1. Chemical composition and mechanical propertieéS355 steel

Chemical properties [%]

C Si Mn Cr Mo Ni \% W S P

0,2 0,2+05| 15 Max 0,03] - Max 0,03 - - Max 0,04 Max 0,04
Mechanical properties Tensile strength [MPa] |  4%B® | Yield point [MPa] | 335

For the determining of rate stress on the recoAtedignals for S355 (18G2A) steel
the static tensile test at ambient temperature per®rmed. For tests the mechanical testing
machine Zwick with hydraulic grips was used.

The flat specimens with cross section 24mm x 4mmevpeepared and three AE
sensors were mounted along the length of samplestdsts were carried out on samples
without and with notch as are presented in figur&’he measurements for influence of
loading rate on AE parameters were performed ompkamnwith notch length 2,4 mm.

The Vallen AE system and 150kHz rezonant sensdtsexiernal preamp 34 dB were used.

| o E

AE sensors notch

Fig. 1. The scheme of samples with notch and layout okaisors

Preliminary tests

At the beginning were performed the static tenwtts on samples without notch for study
of real mechanical properties of tested materidle Teal tensile strength was used for
determining of loading rates in next tests. Thesiterstrength was 520+528MPa and yield
stress 380+385MPa. The metallographic examinatimre also performed.

During the examination of pressure equipment adogravith EN 14584:2005
standard, the maximum pressurisation rate is defase5% of pressure test per minute for
hydraulic test and 1% for pneumatic test. For testaterial the 5% of maximum load was
26MPa/min, i.e. 0,43MPa/s and it was the base value

The first measurements were also useful for detengithe acquisition of AE
parameters. In figure 2 there are presented thdtsefor sample without notch — the
amplitude and intensity during loading. The recbcgraph is a stress-strain curve.
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Fig. 2. Amplitude and intensity of AE signals for samplghout notch

The assumed rate value (0,43MPa/s) correspondethxamum rate for hydraulic
test of pressure equipment. For determining otigrice loading rate on AE parameters, the
following rates are selected - table 2.

Table 2. The loading rates for static tensile tests

Stress rate defined in the user progfam Stress rate/Time Stress rate as a percent of maximum
of a testing machine [MPa/s] [MPa/min] load [%Oma/min]
0,0215 1,29 0,25
0,086 5,16 1
0,43 25,8 5
0,86 51,6 10
2,15 129 25
10,75 645 125
Signal analysis

During the measurements with different stress ratghin certain ranges increasing of load,
the continuous AE was observed. At that timeiinigossible to record the all AE parameters.
Also the industrial tests are generally realizethwhe load that would not result the plastic
deformation, therefore the time before was analyzed

For the analysis was used the three AE sensordireaat location algorithm. The
sensors close to grips were used as a combinedelsait means that this is used as a guard
channel, when it is the first-hit channel and a®anal channel else.

In Figure 3 and 4 show the results of applyingamiation algorithm as a graph of
number of located events and amplitudes alongahgth of the sample and the amplitudes
of signals as a function of displacement for tHected values of rates stress.
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Fig. 3. Amplitude of located signals for loading rate ,6RIPa/s
400
i
120 350
o] "
"
&
. =
-
5| g
— O — 1
= - [}
% 7o *m %\ 0 w O
—_ < | = =
Qe « @ o, <
£ 2 £ 3
< .1 ° P oW
-
54 55 160
30
o " 20
"
A
10
] = i r: 4 i
FHIF2L FIIFI2LCAFIS: :
HIFRLE 32037 X-loc [Cm] e i Strain [um] No fiter A

Fig. 4. Amplitude of located signals for loading rate 2ViF¥a/s

Compared the maximum amplitude of located signadsvalue of amplitude of main
band. The results are presented in figure 5.
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Fig. 5. The values for maximum amplitude and amplitudenain band of signals for different loading rates
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The differences of amplitude band value are smadl mot found the correlation
between their values and stress rate.

One of the basic factor which describes the AE@®urthe case of using the location
algorithm is the number of located events. Fordamples with notch 2,4mm length the
maximum intensity is at the inflection point of tegess curve. The one of the example is
presented in figure 6, and in figure 7 the maximuotansity of located events for every stress

rates are presented. The graphs are for locatedseper strain (5um) and located events per
time (1 second).
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Fig. 6. Intensity of AE signals for loading rate 0,43MPal/s
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Fig. 7. The intensity of located events for different lvagdrates

For the loading rates up to 0,43MPa/s the numbkelecated events per second are
similar. For high value of velocity, the numbersotnts are much higher. This is due a very
fast plastic deformation of material which genesadot of AE signals in a very short time.
In relation to the displacement, the number of tedasignals is the largest for low-speed
loading.

Important parameter characterizing the AE signal ased in the evaluation of a

source located on industrial objects is the enefgye signal. The energy values for each
loading rates are shown in figure 8.



Energy [eu]
Energy [eu]

10!

o!

A 0 1 2 4 H 7 8 H 10 1" 2 13 - ] 1 2 3 H 5 & ¥ 8 L] 1 1" 2 13
FHFILC1FIRIZ076 FINFIZILC\FBi2080

3 5
s 002isMPas  m ossuPes s oaawews X-LOC [Cm] ° 0B6MPas ® 215MPas  + 1075MPas X-Loc [Cm]
Fig. 8. Energy of located events for different loadingesat

The signals energy were on similar level and diddepend on loading rates.
The following parameter which was analyzed waseatime. The main band of signals rise
time for extreme loading speed values i.e. 0,02FaM and 10,75MPa/s was up to 120
and was lower compared to the signals recordethat tbading rates. For these speeds the
rise time is within 140 + 18Gs.

The next analyzed parameters were duration anduhmer of counts. Significantly
they changed only for the loading rates of 10,75/Pa

The used software allow to determine the valuesaci@rizing frequency of signals
such as a frequency center of gravity (FCoG) ared ftequency where the frequency
spectrum has maximum amplitude (FmaxAmp). Figuras®10 show the number of events
of a given frequency value FmaxApl and FCoG. Maegtiency bands of signals overlap
and the differences are small - in the range tiHz.
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Fig. 9. Number of events for a given frequency centerraf/igy
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Fig. 10. Number of events for a given frequency where thgdency spectrum has a maximum amplitude

For the purposes of analysis and verification @fnges of signal parameters, or their
dependencies, additional parameters were createdndADA. RA parameter is defined as
the ratio of rise time and amplitude (Rise timem@itude) and expressed in ms/V. This
parameter is used, for example for classificatibthe material cracks in the structure.

The second parameter — DA, created for the showgdsain the parameters of recorded
signals was defined as the ratio of the signaltthmaand amplitude ( Duration / Amplitude)
and is also expressed in ms/V.

The average value of the RA parameter during thet mtense of AE signals for the
loading rate of 0,86MPa/s and smaller it is atrailar level (40 to 50 ms/V) — figure 11,
while for high-speed loading, i.e. 2,15MPa/s and7iMPa/s the average values of this
parameter are 100 and 300ms/V.
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Fig. 11. The RA parameter and average value of RA for logdate 0,43MPa/s

The changing of rate stress also affects on theageevalue of the parameter DA,
since for higher values of rate, this parameteareiasing from 500 + 700ms/V for a rate equal
and less than 0,86MPa/s up to 800+-900ms/V and 1BIBMSs/V for rates of 2,15MPa/s
and 10,75MPa/s. These relationships are showrginw&il2.
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Fig. 12. The average values of the RA and DA parameterdiffarent loading rates

Conclusions

The assumed methodology allowed to determine tiheeimce of loading rates of structural
steel with damage on AE signals.

For comparison of AE parameters at different rates time before continuous yielding of
the material was analyzed.

The analyzed standard parameters of AE signalsafes stress used in industrial research
does not depend on the rate.

For high-speed loading, the created additionalpatars RA and DA describing the AE
signals change their values significantly.

While maintaining defined in the standard the maxmioading rate of industrial equipment
made of steel S355, it is not necessary to subatelithe AE criteria loading rates.

References

[1] Christian U. Grosse, Masayasu Ohtsu: Acoustigdsion Testing, Springer, 2008

[2] Zhiyuan Han, Hongyun Luo, Hongwei Wang: Effeofsstrain rate and notch on acoustic
emission during the tensile deformation of a disicous yielding material, Materials
Science and Engineering A, 2011

[3] EN 14584:2005 Non-destructive testirg Acoustic emission testing- Examination of
metallic pressure equipment during proof testindPlanar location of AE sources

[4] EN 1330-9:2009 Non-destructive testing. Terniagy. Terms used in acoustic emission
testing

[5] Vallen Systeme GmbH, AMSY-6 Handbook



