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Abstract 

In this paper the behavior ofTi grade 5 specimens during fatigue tests, subjected to uniaxial sinusoidal load, was studied by using 
an Acoustic Emission (AE) detection system. A couple of detectors was placed on the sample in order to allow localization ofthe 
acoustic source. Slots were preliminary cut into the specimens in order to introduce a region of stress concentration. During the 
whole test all data characterizing the AE were collected, i.e. number of hits, amplitude of the recorded waveform, longitudinal 
coordinate ofthe acoustic source etc. Data were analyzed also applying different kinds ofpost-processing filters in order to isolate, 
for example, only events occurring in the higher stress region or having amplitude beyond a given selected levels. The system 
proved itselfto have a good capability to localize the crack while, properly filtered cumulative graph ofhits, display features strictly 
connected with the nucleation, and propagation of the cracks. Finally amplitude analysis of the recorded signal shows that two 
main bands of amplitude were recorded during the test. 
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1. Introduction 

Titanium and Titanium alloys are materials of great interest in engineering field because of their excellent 
mechanical properties. They have high resistance to corrosion and fatigue, good mechanical properties at high 
temperatures, low density and, at the same time, a very good biocompatibility. Aircraft industry, in particular, appears 
very interested in a wider adoption of this material which would allow to reduce the total mass of the airplane by 
reducing, as a consequence, the fuel consumption and the greenhouse emissions [1]. Due to the relevance ofthe matter 
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a great number of studies bave been carried on fatigue characterization of Ti alloy [2-5] also to take into account the 
effects ofsurface treatments [6], the influence ofplastic deformations [7] as well as the presence ofresidual stresses 
[8]. Effects on fatigue perfonnances bave also been evaluated for different methods of production of complex parts 
Iike laser or hybrid welding [9,10], selective electron beam melting [11], friction stir welding [12] or selective laser 
melting [13]. More insight can be achieved by applying innovative monitoring techniques to specimen subjected to 
fatigue loading, in this paper, in particular, the acoustic emission (AE) was adopted in order to get some more clues 
about wbat is happening, in real time, inside the sample under testing. One of the main advantages of this technique 
is, in fact, that it allows continuous monitoring of structures without any necessity to stop the test [ 14]. The method is 
based on the detection ofthe stress wave originated by an active defect inside the materia! [15]. The acoustic wave 
can be detected by using piezoelectric sensors properly placed on the surface of the specimen under analysis and it has 
been successfully applied to many different situation as for example the monitoring of the motion of dislocations 
during locai annealing treatments [16-19] or the analysis of the crack propagation in aluminum samples [20] and in 
steel [21]. Titanium alloy have been studied by AE in [22-23] where however no consideration about acoustic source 
localization and choice of amplitude and spatial :filter is present. In this paper a couple of piezoelectric acoustic sensors 
bave been placed on a sample subjected to sinusoidal fatigue load, this allow linear localization along the length ofthe 
sample of the acoustic source, furthermore different features of acquired acoustic signal were detected as for examples, 
amplitude, hits and so on and they were compared in different areas in the tested specimen. 

Nomenclature 

A Cross section ofthe samples 
I Length ofthe samples 
r Radius ofthe slots 
kt Stress Concentration Factor 
R LoadingRatio 
F Applied Load 
f Loading Frequency 
f. Acquisition Frequency 
d. Distance between the sensors 
V1h Threshold Voltage 
v speed of the acoustic wave 
d1y Longitudinal distance ofthe acoustic event from the sensor 1 
d2y Longitudinal distance of the acoustic event from the sensor 2 
T1 Arriva! time ofthe acoustic wave on the sensor 1 
Tz Arrivai time ofthe acoustic wave on the sensor 2 
N Number of cycles 
N Normalized number of cycles 
SA Measured strain amplitude 

2. Materials and Methods 

Seven Titanium grade 5 samples were tested (Fig. 1). The samples had a rectangular cross section A=40x4 mm2 
and a length 1=200 mm. Two slots were laser cut in the sample in order to introduce a stress concentration area that 
will allow to define the region of crack nucleation and propagation. In such a way it will be possible to test the 
effectiveness ofthe AE technique in localize the acoustic emission source. The radius ofthe slot was r=5 mm and the 
corresponding stress concentration factor was kt=3. Fatigue tests were performed, under sinusoidal load, by a Instron 
servo-hydraulic machine equipped with a 100 kN loading cell. Three different levels of loadings were tested, 
respectively ± llkN, ± 15 kN, ± 18 kN with a load ratio R- landa load frequency f=3 Hz. Two strain gages were 
placed next to the slots (Fig.2) and the System 5000 acquisition system was used to acquire their signals. The 
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acquisition frequency was setto fa=lO Hz. Two piezoelectric Pico sensors [24] were placed in the upper and in the 
lower part ofthe sample symmetrically with respect to the median axis ofthe sample (Fig.2). 
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N 

Fig. l(a) geometry and dimension ofthe specimens; (b) picture ofthe specùnen. 

These sensors have dimensions 5x4 mm and a sensitivity range 200+750 kHz. Coupling ofthe sensor with the metal 
was done through siliconic grease and properly checked by Hsu-Nielsen test. 

Fig. 2 Picture ofthe set-up with the indication ofthe position ofthe acoustic piezoelectric sensor and the strain gages. 

The distance between the two sensors was d.= 80 mm. The output signals from the PZT sensor were sent to a pre
amplifier modulus having a gain setto 40 dB and, successively, to the acquisition board. Preliminary operations 
allowed to detennine the sound speed for the tested materiai i.e. v=5500 m/s and the proper threshold value for the 
AB system. This last parameter was setto V th= 45 dB which was found to be a gooo compromise between the necessity 
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to filter noise as best as possible ancl, at the same time, to maintain a good sensitivity for detection of relevant events. 
Once that v and d,. are known it is possible to perform linear localiz.ation of the AE source by solving the following 
equation: 

(1) 

By knowing that: 

(2) 

Finally recorded AE signal were collected and analyzed by the P AC software which also allow the possibility to 
perform some post-processing operation lik:e spatial and amplitude filtering. 

3. Results and Discussions 

In Fig.3 the E.. vs N graph is reported on a Log-Log diagram. The strain amplitude reported is that measured by one 
of the strain gages attached on the samples. 
Tue arrows indicate that two of the tested samples were not brok.en during the test that in both cases was stopped at 
about five millions of cycles. The trend is quite well fitted by a power law according to the relationship E,.=5178.9·N-
0·147 the trend is shallow as stated in [25]. The exponent b=-0.147 found for the power law appears to be consistent 
with other similar measurements like those reported in [26] where an exponent b=-0.104 was found for Ti grade 5. 

In Fig.4 the slope of the Fvs& is plotted as a function of the normalized number of cycles that is to say the current 
number of cycles divided by the number of cycles to rupture. Data are referred to the two strain gages applied on the 
specimen number 4 tested at F=±l5 kN, however similar behavior have been observed forali the tested specimens. 
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Fig. 3. g. vs N curve - arrows are referred to samples which were 
not bro.lren during the test. 
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Fig. 4 Slope ofthe F-s curve vs N. Plot was obtained for specimen #4 
t.ested at±l5kN. 

Plot in Fig.4 shows that due to the propagation of the fatigue crack a sudden increase of the slope appears as a 
consequence of the reduction of the stiffness of the specimen. This behavior is anticipated by the strain gage nearest 
to the crack initiation site, whose date are described by the blue Iine, and where difference in slope are observable at 
about 75 % ofthe total life ofthe sample. Similar behavior is found also on the strain gages placed on the opposite 
site with respect to the crack initiation area but change in slope are observed later at about 88 % of the total life. 

In Fig.5 the cumulate number of counts recorded by one of the two piezoelectric sensors is presented for the 
specimen numbered 4 and 5. 
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It can be observed that in both cases there is an initial stage with a more rapid increment of the cumulative number 
of counts followed by a stabilization of the number of counts. These two stages are commonly observed in AE testing 
however data does not display the final rapid increment connected with the fmal stage of crack propagation as it is 
observed, for example, in [22] and in [27]. A possible explanation for that can be that a great number of events occurs 
in that stage in the whole sample and this can mask this features. Ifa high-pass amplitude is applied to data with a 
threshold of 60 dB the curve appears as it is shown in Fig.6. 

Counts vs Time (s) 
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Fig. 5 Cumulative behaviour ofthe number of counts vs time (left) specimen 4 (right) specimen 5. 
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Fig. 6 Hits vs Normalized number of cycles. Number ofHits has been 
filtered by a high-pass amplitude filter. Data are referred to the 
specimen number 7. 

Fig. 7 Events vs Time vs Y position. The area displayed is the 
region where the maximum density of events was observed. Data 
are referred to specimen. 

It can be observed that, at about 83% of the total life a rapid increment of the slope appears that can be strictly 
connected with the final stage of the crack propagation. Similar behavior are observed for all the specimen that were 
broken during the measurements. 

Finally in Fig. 7 is displayed the portion of the sample where the highest density ofhigh amplitude events are found. 
Tue arrows indicate the position of the center of the slots which corresponds to longitudinal coordinate of the crack 

path. As it can be observed the area is centered about the slots position, this confirms that the high amplitude events 
are connected to the crack propagation phenomenon and at the same time shows the capability to precisely localize 
the crack position along the sample by the AE technique. 
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4. Conclusions 

In this paper AE technique was used to monitor defects activity in Ti grade 5 sample subjected to sinusoidal fatigue 
loading. It was observed that a quite consistent acoustic emission occurs during the whole test. If the cumulative 
number of counts or hits is properly analyzed in order to isolate higher amplitude events three different stages in crack 
evolution can be distinguished. In the first stage activity stays high as a consequence of crack initiation. In the second 
stage the activity is lowered down until approaching the stage next to the unstable crack propagation where the slope 
of the cumulative number of counts greatly increase until the rupture of the specimen. The onset of this stage 
approximately corresponds to the increase ofthe F-e slope as obtained from the strain gage next to the crack initiation 
site. With respect to the extensimetric technique, however, AE emission doesn't require pre-knowledge ofthe crack 
initiation site because. Finally, provided the correct value ofthe sound speed in the given materia! is known, the AE 
technique proved itselfto be efficient in detect the longitudinal position ofthe crack during all the performed tests. 
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