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Abstract 
 

Requalification tests of gas cylinders with acoustic emission testing are applied since many 
years. The most advantageous way to do so is pneumatic testing. As for every application the 
measurement is exploited twofold:  

1. to ensure safe pressurisation and  
2. to analyse found indications after the test in more detail. 

Messer Austria operates at Herzogenburg site a semi-automatic testing rig for cylinder 
requalification. At the EWGAE conference held in Cracow two years ago several examples of 
rejected cylinders from this site have been shown. Acoustic emission data was given as well as 
results of follow-up for comparison. The content of this contribution shows one further example 
where the test has proven to be best choice. Follow-up revealed that a well developed crack filled 
with corrosion product has been detected. Details regarding detection and follow-up activities are 
presented in this new case study. 
 
Introduction 
 

The principles of the concept for requalification of gas cylinders at Herzogenburg site of 
Messer Austria were presented at EWGAE 2008 conference in Cracow [1]. Some examples of 
cylinders not fulfilling the acceptance criteria of the automatically monitored and controlled 
acoustic emission testing (AT) were shown. The indications which led to stop of pneumatic 
pressurisation and subsequent immediate depressurisation were all related to corrosion in one or 
another way. This new case study deals with detection of a well developed crack right at the 
transition from the cylindrical part to the ‘bottle of champagne’ shaped bottom. However, 
corrosion is involved in this damage as well. 

The cylinder BC16428 was tested at the testing plant in 2002 and rejected because of an 
indication at the bottom area. The cylinder was loaded up to 248 bar when the stop criteria had 
been fulfilled. Right after the test it was assigned to the black list of the cylinder data base in 
order to prevent re-filling by mistake. It was moved to a separated storage part of the plant where 
it was retained together with other rejected cylinders for re-testing in order to confirm or not the 
obtained result. 

A first visual inspection was performed on cylinder BC16428 soon after it was black listed. 
Several suspicious findings were made but none of them seemed to explain AT indications. A 
corroded surface, some longitudinal drawing notches and other superficial imperfections were 
seen at first sight with naked eye through the top opening after removing the valve and lowering a 
small light bulb inside. 

In 2007 re-tests were performed on rejected cylinders at Herzogenburg site. These re-tests 
have been monitored manually but with automatically controlled pneumatic pressurisation. In 
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case of indications the pressurisation had to be stopped manually - a standard feature of the 
testing plant. The re-test on our candidate up to 280 bar confirmed the first test. Non-critical but 
nevertheless serious indications have been detected again at the same area near the bottom. 

It was decided to ship several cylinders to the Testing Centre Vienna of TÜV AUSTRIA in 
order to perform further follow-up. A videoscope was used in 2007 for visual testing of lower 
area in more detail. One additional finding could be made then on BC16428, which was a 
brownish line at the area where indications were obtained. It led to the idea that some water had 
been inside for a longer period and therefore a kind of water line corrosion has established but 
again this did not explain AT findings. The cylinder was tested one more time up to 280 bar in 
2008 with the same but less intense indications. 

It was decided to scrap the cylinder and to cut off the lower part for close-up inspection. It 
turned out to be a good decision because it revealed accidentally the real cause for indications 
found with AT, a well developed crack at the transition from the cylindrical shell to the 
concavely shaped bottom. Due to the vibrations of the cutting operation the brittle corrosion 
product inside the crack mouth was loosened and fell out. In circumferential direction the cack 
length was covering almost 360° and with the crack mouth to be seen wide open the crack depth 
seemed to be considerably high. Radiographic testing confirmed this assumption.  

With the help of several x-ray films the sections for metallurgical investigation were selected. 
On a microsection the maximum crack depth was measured to be 7.9 mm with a remaining wall 
thickness of approx. 4 mm in this area. Further analysis was focused on finding hints if the cause 
for this defect may be assigned to production or to service of the cylinder. 
 
Acoustic emission testing at Herzogenburg 
 

BC16428 was tested together with 11 other cylinders at the same time on the testing rig in 
Herzogenburg. According to the marks at the cylinder shoulder the year of manufacturing was 
1964, the capacity approximately 50 litre and the maximum service pressure 200 bar. It was 
intended to be used with service product oxygen. The measuring data is shown in figure 1. There 
were many located events found at the bottom area, where sensor XD9 was mounted. The second 
sensor XD10 was mounted near to the neck of the gas cylinder but still at the cylindrical part of 
the shell. Linear location was used. The measurement was initiated at 150 bar and activity was 
found to be rather high, especially when taking into account that the load at that time was below 
service pressure. At 248 bar the test was aborted because stop criteria had been fulfilled. 

 

  
  

Fig. 1: AT on BC16428, stop criteria fulfilled at 248 bar, February 2002 
 
Cylinders of this type (50 litre, 200 bar) usually have low activity and even lower event rate in 

case they are in good condition. Therefore BC16428 was already suspicious from the beginning. 
Many cylinders affected by inside corrosion showed similar behaviour of having rather constant 



   

 
event rate even below service pressure. At 200 bar a pressure hold was performed as always to 
check the sensitivity of the measuring chains. When pressurisation was continued the event rate 
was in the same range compared to the period before hold. It gradually decreased then, right 
below 230 bar there was no located event detected for a quite long time, but then suddenly the 
event rate increased again but on a much higher level. After the next hold at 240 bar the same 
high activity level was reached till the test was aborted by the testing plant at 248 bar. 

Inside corrosion was confirmed right after the test by visual inspection with light bulb lowered 
into the cylinder and naked eye through hole of removed cylinder valve as well as other surface 
imperfections. However, the sudden increase of event rate from 3 min-1 to 12 and finally 18 min-1 
could not be explained with findings from the first visual inspection. The cylinder was black 
listed so it could not be re-filled and retained for further tests at Herzogenburg site. 

It may be noted that location results at the bottom area are somehow divided into two sections. 
The low intensity events can be seen right at the bottom, medium and high intensity events are 
shifted up to approx. 40 cm from the bottom. This can be explained by the fact that for safety 
reasons the speed of sound of the asymmetric wave mode was used for location calculation. 
Location results of medium and high intensity events are therefore flawed by a shift up to the 
middle section away from the sensor position in case threshold crossing is given by the 
symmetric wave mode. Not so much for the first test but much more for the re-test shown in 
figure 2. Both accumulations of located events, that one at approx. 20 cm (low intensity events) 
and the other one at approx. 40 cm (medium intensity) belong to the same source at the cylinder. 

 

  
  

Fig. 2: AT on BC16428, test pressure 280 bar, April 2007 
 
The re-test on BC16428 has been monitored manually but using automatic control of 

pressurisation of the testing plant. One can see easily the maximum load of the previous test in 
figure 2, even if the time period since the first test had been several years. At 248 bar the event 
rate changes suddenly from 0,5 min-1 to 4 min-1, in both sections of the test the event rate was 
rather constant. No sign that a critical situation may evolve could be seen during the re-test in 
April 2007. However, the indication of the first test was confirmed and the cylinder was shipped 
to the Testing Centre Vienna of TÜV AUSTRIA for follow-up. 

 
Follow-up activities at Testing Centre Vienna 

 
A videoscope was employed to obtain more information from visual testing. Figure 3 shows 

several photos taken during the inspection. Corrosion product could be seen from top to bottom 
with gradually increasing intensity. 

 



   

 

  
  

  
  

Fig. 3: Visual inspection with videoscope on BC16428 top and mid section, with reference 
to top level of cylinder (filling valve thread) pictures correspond to following depths: top 

left 25 cm, top right 50 cm, bottom left 75 cm and bottom right 100 cm.  
 
Beside a corrosion affected surface a lot of other surface imperfection could be seen. All were 

correlated to production process of hot forging and subsequent drawing. The majority of them 
seemed to be superficial but some indications were rather serious as shown in figure 3, especially 
longitudinal and curved notches. One additional finding compared to first visual testing with 
naked eye was made in the bottom area of the cylinder. There, at the transition from cylindrical 
shell to the concavely shaped bottom, a circumferential brownish line was detected. Figure 4 
shows some photos of that area. It was assumed that for some reason water was present at the 
bottom area and led to water line corrosion. Since the line was rather thin compared to all other 
suspicious findings made in the course of the inside inspection, it was not directly correlated to 
the findings made with AT. The material is rather ductile but with high strength at the same time. 
The material is usually 34 CrMo 4 and it was learnt during initial research phase and confirmed 
by subsequently gained experience that intensity of signals obtained due to progressing 
degradation are approximately 20 dBAE lower for this kind of material compared to carbon steel 
usually employed in pressure vessel production like LPG storage tanks. Especially at the re-test 
the first hit signal intensity of events at the bottom area up to 80 dBAE have been experienced. 
Therefore it was decided to scrap BC16428 anyway.  

Next step after scrap decision was to perform another pneumatic test before cutting off bottom 
section for close up inspection. The test data is shown in figure 5. Again event rate increased at 
approximately 250 bar from almost zero to 2 min-1. The characteristic of the indication did not 
change: At bottom area there are much more low intensity events than medium or high intensity 
events. What changed is the total number of events detected and the event rate as well, both are 



   

 
considerably lower than at the previous tests. Taking into account that the cylinder has been 
pressurised the third time without any period of service in between this is remarkable. 

 

  
  

  
  

Fig. 4: Visual inspection with videoscope on BC16428 bottom section. Circumferential 
brownish line (white arrows) and few longitudinal notches  

 

  
  

Fig. 5: AT on BC16428, test pressure 280 bar, July, 2008. 
 
It can be assumed that service would have led to further degradation and thus to acoustic 

emission at the next test. Since we see considerable acoustic emission, it seems that Kaiser effect 
is not given. This would mean that progressing degradation is introduced to the cylinder by 
pressure testing. Looking at the x-ray films in figure 6 this scenario looks realistic, a well 
developed crack is given at the area where the brownish line of figure 4 is located. The 



   

 
radiographic testing was performed after cutting off the bottom section. Due to vibrations of 
cutting operation the corrosion product inside the crack mouth was loosened, it detached partly 
and was removed from the gap. Now after this step in the course of follow-up activities the cause 
of the AT indications could be seen easily. The crack length covered almost the total 
circumference with crack mouth opening depending from circumferential position. With the help 
of the x-ray films the maximum gap was indentified to be between position 3 and 4. There the 
maximum crack depth was assumed. 

 

  
  

  
  

Fig. 6: X-ray films showing sections of circumferential oriented crack at bottom area of 
BC16428, numbers 1 to 10 mark different circumferential positions along the crack.  

 
To estimate the maximum crack depth and to obtain the remaining wall thickness a 

metallurgical investigation by material technology department of TÜV AUSTRIA was performed 
[2]. This to conclude the follow-up activities by learning how the crack has been initiated and 
how further degradation has developed. On left side of figure 7 there is shown a photo of the 
cylinder bottom with selected positions in yellow to cut out pieces of the crack for producing 
microsections. The microsection 1 is given on the right side. The maximum crack depth at this 
position was measured to be 7,9 mm. It can be taken from the picture that the remaining wall 
thickness is approximately 4 mm. 

Not knowing the history of crack initiation and further degradation it hardly to assume that this 
crack developed since the last inside inspection by visual testing. Much more likely is that the 
cylinder had undergone many of them. Once more it was proven that acoustic emission is able to 
add with valuable information to periodical inspection of pressure equipment. Without being 
detected by AT the crack would have developed further and risk of failure while service would 



   

 
have been rather high. Consequences of gas cylinder failure are well known, AT prevented such a 
dangerous scenario. 

 

  
  

Fig. 7: Photo of cylinder bottom with positions for microsections marked by yellow 
rectangles and yellow numbers 1, 2 and 3 (left), microsection of position 1 (right) with 

rather wide gap close to the inner wall (red circle ‘2’) due to corrosion process and rather 
small gap at the area of crap tip (red circle ‘1’). 

 
Conclusion 

 
From microsections 1, 2 and 3 with reference to figure 7 it was derived that the inner surface 

near to crack mouth has on top a layer of corrosion product and below a decarbonised zone of 
varying thickness [2]. Decarbonisation is known to be quite normal, even typical, for the 
fabrication process of this type of vessels [3]. Furthermore crack like surface imperfections 
(groves, notches and the like) which can be assigned to production process were identified. Finite 
element analysis revealed that maximum stresses are given right at the bottom area where crack 
has initiated [3]. Due to decarbonisation the material properties are lower than in bulk material. 
Corrosion attack is suspected to have eased crack initiation at surface imperfections additionally. 
However, the crack has been caused mainly by imperfections related to production process. 

AT detected the crack properly, which had not been detected in the course of several 
periodical inspections based on visual inside inspection and hydrotesting. 
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