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Abstract 
 

Acoustic Emission (AE) monitoring, which is a real time non-destructive testing method, is 

extensively used for the structural integrity assessment of pressure vessels during pressure 

testing. It’s a powerful tool for remote global detection of active defects and its propagation in 

the components during pressure tests. As liquid propellant tanks are proof pressure tested 

pneumatically to avoid contamination, the noise due to the pressurization jet is a major 

hindrance to the proper interpretation of Acoustic Emission data unlike in the case of hydraulic 

pressurization where normal Acoustic Emission test procedures could be used. In such cases, 

the characteristics of the emissions from the components during pressure hold phases and repeat 

test if any are to be relied upon for analysis to interpret the behaviour of the structure. This 

paper discusses the methodology used for the Structural Integrity assessment of Aluminium 

alloy tankages tested with pneumatic medium. The parameters connected with the AE like 

Amplitude, Duration and Energy are used for assessment. AE criteria evolved from specimen 

tests as well as subscale tank burst test is used for real time assessment. Location mode analysis 

is used for post test evaluation. Practical applications have been demonstrated through a few 

case studies.  

 

 

Introduction 

 

 Acoustic emission (AE) monitoring is one of the several non destructive techniques 

(NDT) used for structural integrity assessment of aerospace structural components. The AE 

technique is becoming a popular technique even for structural health monitoring (SHM) of civil, 

mechanical and aerospace structures. AE technique has great potential in locating and 

characterizing the flaws and evaluating their severity in real time during the loading of 

structures [3]. Acoustic emission differs from most other NDT methods in two key respects. 

First, the signal has its origin in the material itself, not in an external source. Second, acoustic 

emission detects only growing material discontinuities. AE analysis is used in a wide range of 

applications including detecting and locating flaws in pressure vessels and storage tanks, 

detecting and locating leaks in pipe systems, weld monitoring, on-line wear detection of 

machine tools, etc. Acoustic emissions are the stress waves produced by the sudden internal 

stress redistribution of the materials caused by the changes in the internal structure. Possible 
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causes of the internal structural changes are the crack initiation and growth, crack opening and 

closure or dislocation movement. By analyzing the measured AE signals, we can detect and 

diagnose the flaws or damages occurred in the structure.  

 Acoustic emission (AE) is widely used in the aerospace industry for the real time 

structural integrity evaluation of metallic and composite pressure vessels and structures used in 

launch vehicles. These pressure vessels do have minor snags viz. mismatch, rework and pores 

etc. in the weldments, which are generally considered not critical but could propagate causing 

failure during load application. Thus weld regions of metallic pressure vessels are more critical 

in view of the possible failure due to defect growth under loading. This demands an increased 

emphasis on the acceptance testing of welds in pressure vessels before actual use. All the 

pressure vessels used in launch vehicles will normally be acceptance tested before being put to 

use with a factor safety of 1.1 to 1.5 based on the type of component and its application called 

proof testing. Since Acoustic Emission (AE) is one of the most sensitive and global NDT 

techniques, which could be used remotely, it is widely used during the proof testing of pressure 

vessels effectively.  

 Despite the advantages, successful use of AE technique for structural integrity 

assessment applications has several challenges also. AE signals produced by spurious sources 

can mask genuine flaw related signals. The pressure vessels are commonly tested with hydraulic 

medium. But in cases of Aluminium alloys, such pressure vessels and tanks are normally tested 

with pneumatic medium instead of water to avoid moisture contamination. During the 

pressurization phases with pneumatic medium the noise due to the pressurization jet is a major 

source of spurious signals and a hindrance to the proper interpretation of Acoustic Emission 

data. In such cases, the characteristics of the emissions from the components during pressure 

hold phases and repeat test, if any, are to be relied upon for analysis to interpret the behaviour of 

the pressure vessels. This paper discusses the methodology adopted for the structural integrity 

assessment of pressure vessels during their pneumatic acceptance pressure testing. In this paper 

we have first discussed the evolution of an AE criterion for the real time evaluation of pressure 

vessels tested with pneumatic medium.  In the second part, we present the application of the 

criteria for the real time evaluation of pressure vessels through a few case studies. In the case 

studies the data evaluation of a tank made with AA2219 alloy at two stages of fabrication has 

been given.  

 

 

Theory 

 

 The first documented observations of Acoustic Emission appear to have been made in 

the 8
th

 century by Arabian alchemist Jabir ibn 

Hayyan. Joseph Kaiser’s research is generally 

recognized as the beginning of modern day acoustic 

emission testing. Acoustic Emission (AE) is a term 

used for transient elastic stress waves generated by 

the energy released when microstructural changes 

occur in a material. The energy is provided by an 

elastic stress field in the material. As the stress 

waves propagate from the AE source, they are 

influenced by a variety of factors. These factors 

include attenuation, reflection, refraction, 

discontinuities and the geometry of the material. 
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Fig. 1. Illustration of the AE Parameters 



When the stress waves reach the surface they cause it to vibrate and this vibration can be 

measured. The minute surface displacements of the order of several picometers are measured 

using sensitive transducers, which are denoted as a hit. Several types of transducers can be used 

for this: piezoelectric, capacitance, electromagnetic and optical. The last two are non-contact, 

but electromagnetic transducers are considerably less sensitive than piezoelectric transducers. 

Optical sensors, e.g. laser, are free of resonance and can be absolutely calibrated by measuring 

the correct amplitude of AE [1]. The various parameters commonly considered with the 

Acoustic emission are illustrated in Fig.1.             

 The emission that continues during load hold likely indicates a structurally significant 

defect. Hence evaluation of “Roll over” phenomena which is the dying down of emissions 

during load hold has an important role in real time AE monitoring. A source is considered to be 

active if its AE activity continues to increase with increasing or constant stimulus. A source is 

considered to be critically active if the rate of change of its AE activity with respect to the 

stimulus, consistently increases with increasing stimulation, or if the rate of change of its AE 

activity with respect to time, consistently increases with time under constant stimulus [4]. Under 

the repeat loading of the structures “Kaiser effect” (for metals) which is absence of AE during 

repeat loading up to the previous maximum load and “Felicity ratio” (for composites) which is 

the ratio of the load at which AE starts during repeat load cycle to the previous maximum load 

is used as a general criteria for the real time integrity evaluation of components. Good metallic 

hardware exhibits a Felicity ratio of one and a good composite structure exhibit 0.9 and above.  

 

Test Methodology 

 Acoustic Emission technique is used as a real time NDT method and the structural 

integrity assessment of the hardware is carried out during the loading itself. The main 

characteristic of the pneumatic noise signal is the saturation of AE parameters as shown in   

Figs. 2 and 3 where AE data during hydraulic as well as pneumatic pressurizations are given. 

This noise signals are continuous signals and not like genuine AE bursts, which will die down 

with respect to time as shown in Fig. 4. Hence the AE system will only capture the emissions in 

regular intervals based on the duration of signals causing the missing of genuine emissions 

emanating from the component during the pressurization phases.  

 

Fig. 2. AE data of a component with pneumatic pressurization  
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Fig. 3. AE data of a component with hydraulic pressurization  

                          Genuine AE Signal                                                         Noise Signal 

Fig.4. Waveform of Noise signal and Genuine AE burst 

 

 In the growth of AE technology, it was a major step when the developers of test 

procedures paid serious attention to the existence of AE during load holds and AE on repeated 

loadings. It is helpful to see the time-dependent effect “Roll over” phenomena as manifestations 

of the hardware’s tendency to attain stability. The main rationale for using AE technology as a 

non-destructive test method is that flaws act as stress risers, and when hardware is stressed, 

emissions occur predominantly from the flaws. The quantities of emission and the persistence of 

emission during load holds provide a measure of the behaviour of the flaws. In view of these 

aspects, a methodology based on the characteristics of AE parameters of emissions during load 

holds has been evolved for the real time assessment of pressure vessels tested pneumatically.  

 The hold phase acceptance criteria for the pressure vessels has been evolved from the 

specimen test results and its corroboration with the previously tested components made with the 

same material. Different types of specimens viz. plain and welded tensile specimens as well as 

pre-cracked compact test (CT) specimens were tested as part of the study. AE signature 

corresponding to pre and post yield phases of the plain and welded condition of the material has 

been determined by the testing of tensile specimens. In the post yield conditions the reduction in 

AE activity with lesser magnitude AE parameters has been observed as per the fundamental AE 

theory [2]. The “Kaiser effect” phenomena was observed in testing under repeated loading. The 

AE signature corresponding to the crack propagation has been evaluated by the testing of pre-

cracked CT specimens. The emissions during hold simulated behaviour of the material with 

active defects. Acceptable limits of the AE parameters viz. amplitude, duration and energy is 

evolved for the evaluation of AA2219 aluminium alloy material. 

 Specimen test results are corroborated with a subscale AA2219 tank burst test data for 

validation and thereby evolved an online AE criterion. The hold phase acoustic emission data 

has been segregated and analysed. There is a change in trend in number of emissions and the 
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characteristics of AE parameters noticed beyond 90% of the burst pressure of the tank. AE 

signature corresponding to local yielding is observed. Prior to failure, the number of emissions 

and the magnitude of AE parameters show an increasing trend. The magnitude of AE 

parameters at the time of yielding and failure from the tank showed higher value of parameters 

in comparison with specimen level results. 

 Based on these results an online criterion has been evolved for the assessment of 

AA2219 tanks in real time during the hold phases of pneumatic test. The criterion is based on 

both the low level clusters as well as high amplitude burst emissions. The low level clusters 

with duration above 5 milliseconds and energy above 200 shows the initiation of yielding and 

the high amplitude bursts with duration above 10 milliseconds and energy above 1000 shows 

the initiation of crack on the structure.  For structural integrity, the clusters should have duration 

and energy less than 5 milliseconds and 200 respectively. Also the duration and energy of the 

burst should be less than 10 milliseconds and 1000 respectively.  The components which did not 

violate the criteria is cleared for the next level of operations. If any violation in criteria 

observed, an offline analysis is carried out to identify the location of the emissions through 

location mode analysis.  A complementary NDT technique viz. DP, UT or RT is carried out in 

those defect suspected regions. The component is cleared for the next level of operations based 

on the post NDT results.  

Case Study 

 Aluminium alloys are being widely used in the manufacturing of Aerospace components 

because of their high strength to weight ratio, good creep strength and dimensional stability. 

One of the drawbacks of most of the high strength Aluminium alloys is that they suffer from 

poor weldability. However, AA2219 is an exception due to the presence of more copper that 

helps in healing cracks by providing extra eutectics. Hence 

AA2219 is being increasingly used for aerospace 

components. Although AA2219 has excellent weldability, 

the strength of a welded joint is only 50-55% of the base 

metal. Hence the welded joints of the pressure vessels made 

with 2219 alloys are more critical in the loaded condition. 

The photograph of a 2219 Aluminium tank is shown in  

Fig. 5. Application of the AE technique for the real time 

structural integrity assessment of AA2219 tanks used in 

launch vehicles is discussed in the following sessions.                                                 

Instrumentation  

 The instrumentation plan for the AE testing of the pressure vessels is decided in view of 

the design criticality, geometry and fabrication deviations observed by other NDT techniques. 

The sensors are arranged in an array mode so as to cover all of the critical weldments and snag 

regions of the tanks and also able to identify the flaw location if any. The distance between the 

sensors is decided on basis of the attenuation calibration carried out by Hsu-Neilsen pencil lead 

break [5]. For the testing of pressure vessels 150 KHz resonant AE sensors (model R15�, Make 

Physical Acoustic Corporation USA) with DISP/ SAMOS AE data acquisition system 

manufactured by PAC, USA were used. Highly viscous ultrasonic couplant was used to 

acoustically couple the sensor to the specimen. The sensors were connected to 1220 A -AST 

preamplifiers supplied by PAC, USA using 1 m long cable. The sensitivity of the sensors are 

verified through Hsu-Neilsen pencil break calibration.  

Fig. 5. AA2219 Aluminum tank  



 Results & Discussions                               

Case-1: Tank not violating AE Criteria  

 Acoustic Emission behaviour of a 2219 tank used for storing the fuel at Cryo 

temperature during the acceptance test prior to the welding of the manhole cover is discussed 

here. The manhole cover of the tank was closed with a bolted flange joint. The tank was 

pressurised using nitrogen gas. The record of different AE parameters viz. amplitude, duration 

and energy with respect to pressure during the entire test and hold phases are shown in Fig. 6. 

The pneumatic noise signals with saturated AE parameters are obtained during the 

pressurisation phases as expected. Hence the hold phase acoustic emission data is segregated 

and analysed.        

 

Whole data obtained during acceptance test 

 

Hold phase data segregated 

Fig. 6. AE data of AA2219 tank not violating AE criteria  

From the figure it is seen that, the tank registered AE signals beyond 2.5 bar pressure 

only during the test. This indicates the “Kaiser effect” due to the previous pressure test to check 

leak. The emissions are having amplitude levels less than 60dB, duration below 3 milliseconds 

and energy less than 50. On further pressurisation upto the proof level of 3.5 bar, increasing 

trend in number of emissions and in the levels of AE parameters is not observed. The parametric 

values of all these emissions are within the acceptable limits of the criteria. 
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Case-2: Tank violating AE criteria 

             Acoustic Emission behaviour of the above tank after the permanent welding of the 

manhole cover is discussed here. The manhole cover was welded after fixing the internal 

assemblies. The tank had reworks in the manhole cover weld regions. Before the repeat pressure 

test, a NDT inspection carried out on the new weld regions of the tank indicated no 

unacceptable level indications. The behaviour of different AE parameters viz. amplitude, 

duration and energy with respect to pressure during the entire test and hold phases are shown in 

Fig. 7. 

 

      Whole data obtained during acceptance test 

 

         Hold phase data segregated 

Fig. 7. AE data of AA2219 tank which violates AE criteria   

The pneumatic noise signals with saturated AE parameters are obtained during the 

repeat pressurisation also as expected. “Kaiser effect” phenomena is not expected due to the 

fixing of internal assemblies as well as manhole cover welding. As seen in the figure, emissions 

are registered beyond 2 bar pressure. The emissions were mostly captured by the sensors fixed 

near the new manhole cover weld region. The magnitude of the AE parameters viz. amplitude, 

duration and energy of these emissions violated the AE criterion at 3.0 and 3.3 bar pressure 

holds. On further pressurisation, though more emissions were observed, increasing trend in the 

amplitude of AE parameters is not observed from the manhole cover weld region.  
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A post test data analysis is carried out on the tank to identify 

the location of AE sources.  Cylindrical location mode analysis is 

used for the tank. The events during the hold phases are located close 

to the weld regions at one area as shown in Fig. 8. Even though the 

testing of the tank was successfully completed, it was recommended 

to carry out a post test complementary NDT check since 

unacceptable level of AE was seen from the manhole cover welded 

region of the structure. DP and UT inspections were carried out in 

that location and did not reveal any unacceptable level indications. 

The emissions observed from the tank are due to micro level 

activities in that region, which are not significant from the DP and 

UT inspection. Based on the fact that there was no violation of the 

criteria at a higher pressure of 3.46 bar and post UT and DP results, 

the tank is cleared for the next level of operation.   
                    

Conclusion 

 The capability of Acoustic emission (AE) technique for the structural integrity 

evaluation of launch vehicle pressure vessels made of AA2219 Aluminium alloy during the 

pneumatic acceptance tests is brought out. The criteria evolved through the evaluation of 

specimen level tests and subscale tank test results based on the three of the fundamental AE 

parameters amplitude, duration and energy is effectively used for the real time evaluation. 

Acoustic emission (AE) technique is very sensitive even to capture microlevel activities in 

materials below the detectable levels of many other common non-destructive techniques.  
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