
1. Introduction 

There were 8 explosions in vehicle fuel tanks of 

CNG buses in Korea in the past year. Now, more 
than 10 million CNG buses run in the world and 
the number is growing 1). Therefore it is 

important to develop a testing method for gas 
tanks in service to reduce the possibility of 

accidents. 
 

CNG car usually uses the Type-II vessel, which 

has the fabric reinforced material wound around 
its metal liner in the direction of hoop for 
lightweight. Even though the liner is tested with 

ultrasonic inspection during the manufacturing 

process, it is usually not tested in service as it 
has no special testing method during the service; 

thus making the visual check the only testing 
option available. The testing technique for high 

pressure fuel tank had been developed for 
missile fuel tank by DOD and NASA in US 2). 
As the use of high pressure fuel tank for 

transportation has increased, DOT has 
conducted the study on the testing technique for 
cars based on the NASA’s research results 3, 4) 

and announced that the acoustic emission testing 
method, one of the NDT techniques is likely to 
be used as a technique for testing cars. The 

research on the acoustic emission testing for 
vehicle gas cylinder focused on the relationship 
between the damage mechanism during fracture 

test and the acoustic emission features. It can 
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not easily determine the remaining life of the 

cylinder in service by acoustic emission test 
because of the difference between damage 
mechanism for fracture test and that for service 

operating.  
 
In this study, we tried to acquire the acoustic 

emission signal from CNG fuel tank during 
fatigue test and analyze the AE parameters ;thus, 
finding out the relationship between the life of 

pressure vessel and acoustic emission 
parameters as well as the life assessment method. 
 

2. Experiment 

2.1 Vessel for experiment 
The experimental vessel used in this study is 53 

liter CNG fuel tank for cars. It is Type-II vessel 
made with 34CrMo4 steel plate in deep drawing 

ironing method and has 6 mm thick metal liners 
on its body. The liner has also fiber glasses 
wound around it. 

 
2.2 How to experiment 
Figure 1 shows the schematic diagram of the 

experimental set up for fatigue test and acoustic 
emission test. 

 
 
Fig. 1 Schematic diagram of experimental setup 

 

In fatigue test, the pressures have been 

conducted using the pressure of 207 bar 
repetitiously under the atmospheric pressure. 

For AE test, the pressure levels were raised and 
kept for 10 minutes for the first 5 pressing 
cycles. Then the test for repetitious fatigue 

cycles was conducted without keeping pressure 
time. In the last phase, five pressures received 
10 minutes duration of pressurizing status n the 

first five pressures. After that, using the same 

sequence, the test was repeated until the vessel 
leaked. 

 
Fig. 2 Load sequence during fatigue test 

 
The AE (acoustic emission) signal was detected 

by a sensor attached on the central part of 
composite materials of the vessel during the 
pressuring period and was transmitted to DiSP-

52 Acoustic Workstation made by PAC for 

processing. 

The sensor was attached to the pressure vessel 
using jig and magnetic holder while the vacuum 
grease was used as the couplant to enhance the 

efficiency of signal transmission. The sensor 
used in the test was 150 kHz resonance type 

R15I (PAC) with 10 m long RG48A/U cable. 

The machine oil was used as a medium and the 
threshold value for the test was set at 38dB 
considering the surrounding noise. The artificial 

simulation source for detecting the signal 
sensitivity was the breaking of the 0.5mm 
diameter lead of the pencil (2H Pental). The 

sensitivity of sensor was 98dB on average 
within 1 inch from sensor.  
 

3. Results and discussion 
3.1 AE parameters during fatigue test 
We chose one pressure cycle, in which the 10-

minute pressurizing was performed and 
classified its process into three stages of loading, 

holding and unloading, which depended on the 
difference in the acoustic emission signal source. 

In each stage, we measured 35 AE features 

including hit, amplitude, rise time, energy, count, 
duration, frequency, etc  
 

Figure 3 shows the hits of acoustic emission 
signal in the loading stage of the first cycle in 
five cycles of 5 acoustic emission test cycles 

with each cycle conducting 10,000 repetitions in 
the fatigue test. It shows that the number of hits 

increases up to 10,000 repetitions and then 

decreases to 60,000 repetitions when the number 
of hits increases again before finally going down. 



 
Fig. 3 The number of hits with cycle during 

loading stage 

 
Figure 4 shows the average signal counts 

according to the increased fatigues during the 

loading stage. The count is high in the initial 
stage but maintains 30 or less during 10,000 to 
50,000 cycles and then increases during 

60,000~70,000 cycles before going down again. 
The similar trend is shown in average duration 
and average energy. This trend is opposite to the 

number of hits. As an example, during 60,000 or 
70,000 cycles, the number of hits is relatively 
low while the factor, energy and duration time 

become larger. 

 
Fig. 4 Average count with cycle during loading 
stage 

 

Figure 5 shows the average rise time as the 
fatigue cycles increase in load holding stage. 
The fatigue gradually increases up to 74,000 

cycles and then increases even further from 
80,000 cycles before going down again. The rise 

time is known to have a correlation with the 
mechanism of acoustic emission signal source 7) 
and the acoustic emission signals appear to be 

generated by new mechanism around 60,000 ~ 

70,000 cycles.  
In case of fracture test, the damage mechanism 

for Type II vessel is known to be composed of 
creation and growth of matrix crack, 
delamination, breakage of fiber and abrupt 

fracture of metal liner, etc 5). However, in case 

of fatigue test, the matrix crack was observed at 

about 20,000 cycles and then the crack 

increased as the number of fatigues increased, 
eventually showing the leak through gap 
between matrix cracks. It means that there was 

no sign of delamination or breakage of fiber. 
However, the leak may have occured because 
the crack is created through wall of the vessel 

due to the growth of fatigue crack of liners. 
Accordingly, the growth of fatigue crack on 
liner can be estimated to be around 60,000 ~ 

70,000 cycles. 

 
Fig. 5 Average rise time with cycle during holding 

stage 

 

Figure 6 shows the ratio of number of hits 
having the amplitude of more than 50dB against 
total number of hits. The ratio gradually 

increases up to 74,000 cycles and then decreases 
a little before going up again. This same trend 
appears on the frequency. 

 

3.2 Acoustic emission during 5 subsequent 

fatigue tests 
 
Figure 7 shows the change of hits against the 

number of fatigues caused by the number of 
fatigues during 5 subsequent fatigue tests as 

shown in Figure 2. During the five subsequent 

tests, the number of hits in the 2nd test is 
significantly reduced with no subsequent big 
changes. The reduction of the number of hits in 

5 subsequent tests is significantly reduced after 
the 10,000 cycle fatigue tests. Afterwards, only 
a certain number of hits are maintained from 2nd 

to 5th. The number of hits during first cycle is 
likely to be large because there is the period of 
rest for more than 12 hours after each 10,000 

cycle fatigue test. 



 
Fig. 7 The number of hits during 5 fatigue cycles 

 
Figure 8 shows the change in the average count, 
which depends on the number of fatigues in 5 

subsequent fatigue tests. In the first fatigue test, 
the average count changed much but the 
subsequent 5 tests after 10,000 cycle fatigues 

test show almost the same average counts. 

 
Fig. 8 Average count during 5 fatigue cycles 

 

The AE parameters, which represent the total 
counts in hits shown in Figure 7, present a large 
difference between the first cycle and the 2nd to 

the 5th cycle as the change during the 2nd to the 
5th cycles are almost the same. As shown in 
Figure 8, the parameters representing the 

individual features of signal shows the same 
values in 5 cycles. That means that the features 
representing the same value with the average 

parameters are more valuable than those values, 
such as number of hits and total energy.  

 
3.3 Changes in AE signal parameters according 
to the fatigue cycles 

Researchers tried to predict the life of vessel by 
detecting the acoustic emission signal during the 

fatigue test on gas vessel with subsequent 

analysis. However, as the change of parameters 
against the fatigue cycle is not a simple matter 
of an increase or a decrease, it is hard to predict 

the life of vessel with one parameter only. 
However, some features show a certain pattern, 

which depends on the cycle of fatigue test, 

makes the prediction of life of the vessel 

possible. This is shown from Figure 3 to Figure 
7. This trend can be summed up in Figure 9. 
 

When we analyzed 35 AE parameters, such as 
hit, amplitude, rise time, energy, count, and 
duration, we found their characteristic patterns. 

Table 1 shows the AE parameters related to the 
patterns and their features. 

 
Fig.9 Classification of pattern for specific feature 

with fatigue cycle 

 
Table. 1 Pattern and its relative AE feature  

Pattern AE feature 

1 number of hit 

2 mean count, energy, duration 

3 mean rise time 

4 hits ratio above 50 dB, frequency 

 

According to the pattern change, which 
represents the change of signal features, we 
divided the status of vessel into five grades from 

A to E as shown in Table 2. 
 

Table. 2 Classification of cylinder grade  

Grade 
Cycle 

(×10000) 
Main Damage Mechanism 

A 0~2 Matrix micro crack 

B 3~4 Matrix crack propagation 

C 5~7 
Matrix crack propagation 

Liner micro crack 

D 8~9 Liner crack propagation 

E 10~ Liner crack propagation 

 

Now we can predict the overall life of any 
vessel if we conduct the AE test to obtain 4 

signal feature values as shown Table 1 and also 
obtain the common number of fatigue.  
The features such as average energy and average 

rise time were good tools for predicting the 
lifespan. 



 

4. Conclusion 
This study suggests a method to predict the life 
of pressure vessel by obtaining the acoustic 

emission signal from fatigue test from Type II 
CNG gas pressure vessel for cars and analyzing 
the acoustic emission parameters. We reached 

the following conclusion from this study: 
 
1) The damage mechanism of vessel during 

fatigue test is caused by the creation and growth 
of crack on matrix and the fatigue crack of liners. 
 

2) The acoustic emission signal features were 

not changed in a simple pattern of decrease or 
increase. However, we extracted patterns for 

special features from the test. 
 

3) Analysis of many parameters and database 
are required for the prediction of life of vessels. 
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