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ABSTRACT 

In this work, The AE FFT spectra and AE waveform studied during tensile testing of 

AA7075 Al alloy. The AE FFT spectra pertaining to hit data and possibly related to the different 

regions of tensile test monitoring. The AE FFT spectra clearly indicate different regions of 

elastic, yield point, plastic and fracture of specimen by position peak amplitude and frequency 

range of AE signal. Typical AE waveforms obtained corresponding to AE FFT spectra possibly 

related to the different regions. From the AE waveform found that continuous with burst type AE 

signal in elastic and yield point, continuous type AE signal in plastic region and pure burst type 

AE signal in fracture during tensile testing of AA7075 Al alloy specimen.  
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1. INTRODUCTION 

Aluminium alloys are the second most widely used metallic materials after steels. Pure 

aluminum metal is ductile and malleable.  It exhibits a good formability, but the mechanical 

strength of the metal can be largely improved by either cold working or adding alloying elements 

such as manganese, silicon, copper, magnesium, or zinc.  Due to the addition of different amount 

of alloying elements variety of alloys can be formed.  Aluminium alloys are used for a wide 

range of applications in various fields including aerospace, marine and automotive, sports and 

structural, because of their wide spectrum of properties, which suits for a variety of applications. 
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Generally 7000 series aluminium alloys are utilized in manufacturing aircraft structures and 

components [1-2].  In particular the upper wing structural components and tail structures, where 

the stabilizers and control surfaces are employed, which need high compression bending are 

manufactured by 7000 alloys.  Apart from 2000 series which have their role in interior structural 

components, 7000 alloy has its own place in fuselage frames and bulkheads, where thick sections 

are used.  7075 aluminium alloy is commonly used by aircraft industries for its higher specific 

strength, machinability and low cost, but has corrosion susceptibility, that eliminates its role in 

manufacturing outer components, which is normally subjected to natural corrosive environments 

[3-4]. In-service monitoring of acoustic emission (AE) i.e., ultrasonic waves generated in 

materials under load, can be used for this purpose. A number of studies exist, which are aimed at 

finding a correlation between AE parameters and damage mechanisms [5-6]. Most studies so far 

have used AE signal parameters, such as rise time, counts, energy, duration, amplitude and 

correlated them with the occurrence of some particular damage modes. For example, low 

velocity impact damage on natural fiber reinforced laminates is characterized by AE parameters 

during tensile testing and flexural testing. “Acoustic Emission (AE) is the class of phenomena 

whereby transient elastic waves are generated by the rapid release of energy from a localized 

source or source within a material, or the transient elastic wave so generated”. Acoustic emission 

is just one of a number of methods that can be used to monitor material quality during the tensile 

testing in order to provide information. An advantage of using AE as a process monitor is that 

the frequency range of acoustic emission is much higher than that of machine vibrations and 

ambient acoustic noise. The objective of this research is to monitor acoustic emission signal 

during tensile testing of AA7075 Al alloy and study the AE FFT spectra and AE waveform 

correlates with tensile properties and various failure modes of AA7075 Al alloy.  

2. EXPERIMENTAL DETAILS  

2.1 MATERIALS AND EXPERIMENTAL PROCEDURE 

The Out of various series of aluminium that we discussed in the introduction part, we 

decided to use the high strength aluminium series, which are applied in aerospace applications. 

Rolled plates of 10 mm thick aluminium alloy (AA 7075 in T651 condition) were used in this 

investigation. The chemical composition of base metal is presented in Table 1. The un-notched 

tensile specimens of AA 7075 Al alloy were prepared as per the ASTM E8M-04 standard 

guidelines for monitoring AE signal. Tensile testing was carried out using 100 kN Electro 
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mechanical controlled universal testing machine (Make: FIE-blue star, India; Model: UNITEK-

94100). 

Table.1 Chemical Composition (Wt %) Of Aluminum Alloy AA7075-T651 

Mg Si Cr Zn Cu Mn Ti Fe Al 

2.9 0.4 2.28 6.1 2.0 0.30 0.20 0.50 Bal 

 

2.2 ACOUSTIC EMISSION SIGNAL MONITORING  

The AE data Acquisition setup, AE sensor with preamplifier as shown in Fig.1 & 2, 

piezoelectric AE transducer was fixed on the tensile specimen using couplant made of Physical 

acoustic corporation Ltd (PAC) frequency range of 0-1000 kHz, before each test, the calibration 

of the acquisition parameter was achieved by performing a pencil lead break procedure [7]. 

Electric signal produced by the transducer was of very low amplitude and high frequency 

content, and was initially amplified with a low noise pre-amplifier.  Most pre-amplifier had a 

gain of 40-60 dB. In this study 40 dB pre-amplified gain is used [8-9]. The pre- amplified signal 

was passed through a band pass filter with a threshold set greater than background noise; the 

conditioned signal was stored in the computer and analyzed using AE Win software. The 

acoustic emission monitored for the entire testing of all the specimens and tensile properties 

correlated with AE parameter. 

      
 

Fig.1 AE Data Acquisition setup Fig.2 PAC AE sensor with preamplifier 

 

 

 

Sensor cable 

Pre amplifier 

AE Sensor 
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3. RESULTS AND DISCUSSION 

3.1 TENSILE PROPERTIES  

The transverse tensile properties such as yield strength, tensile strength and percentage 

of elongation of AA 7075 Al alloy material were evaluated. The tensile test specimens are 

shown in Fig.3, three specimens were tested, and the best one selected. The same tensile 

specimen acoustic emission signal also captured for further analyzes. The yield strength, tensile 

strength and percentage of elongation of AA 7075 Al alloy material 160 Mpa, 222 MPa and 

30% respectively.  

  

Fig.3 Un-notched tensile specimens of AA7075 Al alloy (Before and After test) 

 

3.2.2 AE FFT spectra Analysis 

Typical AE FFT spectra pertaining to hit data and possibly related to the different regions 

of tensile test monitoring are identified from parametric analysis. AE FFT spectra of AA7075 Al 

alloy material is shown in Fig.4. From Figure observed that AE FFT spectra clearly distinguish 

different regions of elastic, yield point, plastic and fracture of tensile specimen.  Fig.4 (a) shows 

elastic region of AE FFT spectra from figure observed that peak amplitude occur frequency of 

30kHz in addition 100 kHz also high intensity of signal observed. The yield point peak 

amplitude decrease to 25 kHz also observed intensity of signal decrease at 100 kHz is shown in 

Fig.4.(b). The tensile specimen enter in to plastic region AE FFT spectra Amplitude increases 

and peak amplitude observed in the same frequency yield point but no signal observed higher 

frequency range its clearly indicate plastic region as shown in Fig.4.(c).  Tensile specimen 

fracture identified by AE FFT spectra by low frequency peak amplitude of elastic, yield point 
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and plastic region shifted in to higher frequency range of 375 kHz and also medium intensity 

signal observed  entire frequency range. It’s clearly indicating fracture of tensile specimen as 

shown in Fig.4.(d). 

  

Fig.4. (a) AE FFT at Elastic region Fig.4. (b) AE FFT at Yield point 

  
Fig.4. (c) AE FFT at Plastic region Fig.4. (d) AE FFT at Fracture 

Fig.4. AE FFT Spectra during tensile testing of AA7075 Al alloy 

 

3.2.3 AE Waveform Analysis 

Typical AE waveforms obtained corresponding to AE FFT spectra as shown in Fig.5 

possibly related to the different regions of elastic, yield point, plastic and fracture of AA7075 Al 

alloy tensile testing. It’s clearly indicated different regions of elastic, yield point, plastic and 

fracture. From figure elastic region and yield point observed continuous with burst type AE 

signal as shown in Fig.5.(a)&(b). The Fig.5(c) shows plastic region of AE waveform from figure 

observed that continuous type AE signal it’s different from elastic and yield point AE signal of 

continuous with burst type. The continuous with burst type of elastic, yield point and continuous 

type plastic region signal shifted to pure burst type AE signal during fracture of AA7075 Al alloy 

tensile specimen as shown in Fig.5(c).   
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Fig.5. (a) AE Waveform at Elastic region Fig.5. (b) AE Waveform at Yield point 

  

Fig.5. (c) AE Waveform at Plastic region Fig.5. (d) AE Waveform at Fracture 

Fig.5. AE Waveform during tensile testing of AA7075 Al alloy 

 

4. CONCLUSIONS 

From the Acoustic emission signal monitoring during tensile test of AA7075 Al alloy 

specimen the following conclusions can be drawn. 

1. The AE FFT spectra clearly indicate different regions of elastic, yield point, plastic and 

fracture of specimen by position peak amplitude and frequency range of AE signal.  

2. The fracture of AA7075 Al alloy tensile specimen identified by AE FFT spectra by low 

frequency peak amplitude of elastic, yield point and plastic region shifted in to higher 

frequency range of 375 kHz and also medium intensity signal observed  entire frequency 

range. 
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3. From the AE waveform found that continuous with burst type AE signal in elastic and 

yield point, continuous type AE signal in plastic region and pure burst type AE signal in 

fracture during tensile testing of AA7075 Al alloy specimen.  
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