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Abstract - The main objective of the paper is to discuss the 
use of Acoustic Emission technique to identify fatigues and 
cracks in different metals. The paper talks about acoustic 
emission (AE) and principles of AE testing. It gives information 
about ‘STRESS’ as a primary source of AE. Behavior of AE 
signals during Fatigue testing and micro-crack growth 
formation is given in the paper. Different types of AE testing 
methods for different materials are discussed for example, AE 
testing for detecting crack initiation for alluminium alloy, 
fatigue analysis for C40 and AISI 304 etc. 
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1.INTRODUCTION  
 
Acoustic emissions (AEs) are the stress waves produced by 
sudden internal stress redistribution of the materials caused 
by change in internal structures. It is a type of Non 
Destructive Testing (NDT). This technique is applied very 
significantly in condition monitoring of many engineering 
structures. AE method has become a common NDT method. 
AE gives much information about material response to 
applied stresses. It is useful for detection and identification 
of growing defects in materials. It can detect such process as 
micro-crack formation and growth, movement of dislocation 
group, fracture, slip or debonding of precipitates.  Primary 
sources of AE in metals are crack initiation and growth, crack 
opening and closure, dislocation movement, twinning and 
phase transformation. Most of the sources of AE are damage 
related; thus, the detection and monitoring of these 
emissions are commonly used to predict material failure.  
The advantage of AE method is the ability of testing of the 
entire structure, localization of potential defects and 
assessment of their risk for integrity of the structure. AE 
application brings significant economic benefit to all users. A 
partial disadvantage is the limited ability of precise 
identification of the defect type, so that it is necessary to use 
other NDT methods for their identification. Moreover, 
service environment is generally very noisy, and the AE 
signals are usually very weak. Thus, signal discrimination 
and noise reduction are very difficult yet extremely 
important for successful AE applications.  

AE has also been widely used in industries including 
detection of faults or leakage in pressure vessels, tanks and 
piping system. AE is also used in monitoring welding and 
corrosion progress.   
 

2. ACOUSTIC EMISSION TESTING 
 
The AET process begins with forces acting on a body; the 
resulting stress is stimulus that causes deformation and with 
it, acoustic emission. The stress acts on the material and 
causes local plastic deformation, which is breakdown of the 
material at specific places. This material breakdown 
produces acoustic emission: an elastic wave that travels 
outward from the source, moving through the body until it 
arrives at a remote sensor. In response, the sensor produces 
an electrical signal which is passed to electronic equipment 
for further processing.  

 
Fig -1: Acoustic Emission Testing 
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3. ACOUSTIC EMISSION SOURCES 
 
 As previously mentioned, AE process begins with stress. 
Depending on its directional properties, stress may be  
described as tensile, compressive bending, shear or torsion. 
In response to stress, the structure of the material changes in 
shape. It may deform elastically or plastically. On the atomic 
scale, plastic deformation involves the sliding of atomic 
planes over one another through dislocations. The 
movement of dislocation is the microscopic mechanism that 
underlies a gross change in shape that are recognize as 
yielding, buckling, denting etc. Acoustic Emissions that result 
from the movement of dislocation have been extensively 
used and studied with special laboratory techniques.  
When a metal is cracked, there is a different kind of acoustic 
emission source and this one is most important in NDT. The 
occurrence of a crack instantly produces new surface. This is 
a major threat to structure integrity and is also the best 
recognized source of high amplitude AEs. Detection of 
emissions from growing cracks has been the most common 
goal in the many applications of AE technology. When a 
surface breaking crack grows, the structure opens up in 
response to applied forces. Therefore, cracks tend to 
produce higher amplitude signals that are more readily 
detectable. Along with large amplitude, cracks also produce 
small amplitude AE waves at the crack tip. Emission can also 
be produced by rubbing of crack surface as they open and 
close and grind in response to changing loads. Corrosion 
products forming on the crack surfaces can enhance this 
emission, which make the crack even more emissive.  
The source of the AE energy is the energy stored in the 
elastic stress field produced by the loading of the structure. 
Acoustic emission is produced at the source as a short pulse 
of elastic and kinetic energy that travels through the material 
as an elastic wave. The amount of the acoustic emission 
energy released and the amplitude of the resulting wave 
depends on the size and the speed of the source event. The 
theory is that emission amplitude is proportional to area of 
new surface created. A sudden discrete crack event will 
produce a greater signal than will a slow, creeping advance 
of crack tip over the same distance. The theory is useful to 
distinguish the three different classes of source activity:  
Primary activity from new, permanent changes in the 
originally fabricated material. This is typically due to local 
stresses that are higher than the original stress levels.  
Secondary activity from materials that were not part of the 
original fabrication, such as corrosion products.  
Secondary activities from repetitive processes such as crack 
surface ribbing that don’t produce new, permanent changes 
in the material. Secondary activity can either helpful or 
nuisance,  
depending on the way it is treated. Secondary emission is 
different from noise”, which is always nuisance to the AE. 

 
 

Fig -2: Acoustic Emission Sources  
 
4. ACOUSTIC EMISSION DURING FATIGUE TESTING 
 
Fatigue tests are usually long term experiments. A great 
amount of signals including noise from the load-chain are 
detected by using sensitive AE sensors during fatigue testing. 
Hence, signal screening method should be used to remove 
unwanted signals.  
AE signals during fatigue test can be caused by various 
mechanisms such as dislocation movement, cyclic loading, 
crack initiation, crack closure and ultimate failure. For 
assuring safety of steel structure, we should detect and 
monitor cracks in the period of subcritical crack growth. 
Fatigue crack growing process is classified to three regions 
according to the change of fatigue crack growth rate. Region 
I is a state of crack initiation. The value of stress intensity 
factor is as low as fatigue threshold and crack growing speed 
is very slow. In region II, crack growing speed increases 
according to the crack length. Stress intensity factor and 
crack growth rate show the relationship of direct proportion. 
It is well known as Paris' equation. The crack growing 
condition in region II is so called stable crack growth. In 
region III, crack growth rate quickly increases and the 
member is about to failure. It is called unstable crack growth. 
A boundary between region II and region III is called 
transition point and stress intensity factor at failure is called 
fracture toughness.  
AE monitoring of structural fatigue is of special interest. The 
emission behavior of growing fatigue cracks has been 
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extensively studied. 

 
 
Fig -3: AE Waves growing from Fatigue Cracks. 
 
This diagram shows that both the crack length and the 
accumulated total of the emission detected. The emission 
began with crack initiation, and then tracked rather closely 
with the growth of the crack, increasing as the crack 
propagated more rapidly toward failure.  
By using cyclic loading using fixed load amplitude, it was 
found that the primary emission from active crack growth 
occurred only at peak load levels. In fact, Fig.1 shows only 
the emission that occurred at peak load levels; secondary 
emission and noise that occurred at lower load levels were 
outside the gate threshold level. At first, when the crack was 
still small, not every cycle produced emissions. However, as 
the crack approached the critical length for unstable 
propagation, every cycle produced emissions.  
The primary emission from growing fatigue crack can result 
from two sources. First, there may be emissive particles, 
typically nonmetallic inclusions, in the stress concentrated 
region near the crack tip. As the crack advances towards 
these particles, the local stress level rise, and their breaking 
will produce a primary emission. The other source is the 
movement of crack tip itself. Crack tip movement is typically  
taking place in a mixed mode: some of the new surface is 
created by dislocation activity and some of it is created by 
small scale cleavage, a sudden separation of the material in a 
region of local weakness. Crack tip movement by dislocation 
activity is typically not detectable, but cleavage is an abrupt 
and relatively gross mechanism that produces plenty of AE 
energy in the normally detectable range.  

Secondary activity from crack face friction is also often 
observed in AE monitoring of fatigue cracks. In constant 
cycle fatigue, this activity often produces just the same 
signal, cycle after cycle, at intermediate load levels. This 
secondary emission may continue for hundreds or 
thousands of cycles, then die out only to start again later in 
the test. The best explanation is that rubbing of rough spots 
on the crack surface as indicated produces this. It has also 
been suggested that the recently created surfaces at the 
crack tip may stick together, and then break apart again as 
crack tip opens and closes.  
Theoretical relationships between AE and crack propagation 
rates have been developed. Extensive research work has 
been done on AE from constant cycle fatigue. Distinguishing 
between primary and secondary emissions is easy in case of 
constant cycle fatigue. Crack free movement, either due to 
friction or to fresh growth, is an undesirable and probably 
deteriorating condition in the material that should be 
correct. 
 

5. ADVANTAGES AND DIS-ADVANTAGES 
 
In contrast with most other NDT methods, in AE testing, 
the discontinuity itself is the release of energy making its 
own signals in response to stress. AE testing detects 
moments while other methods detects geometrical 
discontinuities. 
 
5.1 ADVANTAGES 
1. AE can be used in all stages of testings including:  

 Proof Testing  
 Requalification Testing  
 On-line monitoring of components and systems  
 Leak detection and location  
 In-process weld monitoring  
 Mechanical property testing and characterization  

2. Material anisotropy is good.  
3. Less geometry sensitive.  
4. Less intrusive.  
5. Global monitoring.  
6. Real time evaluation.  
7. Remote scanning.  
8. High Performance to price ratio. 
 
5.2 DIS-ADVANTAGES 
1. Repeatability: Acoustic emission is stress unique and 
each loading is different.  
2. Attenuation: The structure under test will attenuate the 
acoustic stress wave.  
3. Tests are best performed if the loading history of the 
structure is known.  
4. Noise: Acoustic emission can be subject to extraneous 
noise. 
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6. CONCLUSION 
 The conclusion of this work is the need arises to 

extend these considerations and results to other 
types of composite materials, by changing 
stacking sequence, reinforcement matrix and 
polymer matrix.  

 This study can be considered as a good 
methodological as for what is to be expected by 
AE monitoring of the loading, allowing the 
discernment between the different damage 
models.  

 It can be studied for more specific change in 
frequency ranges and possibly signal magnitude 
of the AE for the different damage modes in lap 
joints with complex reinforcement architectures.  

 In future, along with the different types of 
attachments, mechanical fasteners like bolts and 
rivets can also be added and the results can be 
compared with simple aluminium attachment test 
results to know the ultimate strength and failure 
modes.   
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