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Abstract 

Safety and reliability are primary concerns in launch vehicle performance due to the 

involved costs and risk. Rocket motors are one of the significant subsystems of these launch 
vehicles. Despite the best efforts in design methodology, quality evaluation in production and online 

structural integrity assessment is still a challenging task. The evolution of such an online system 

requires, first, identification of an appropriate technique and next its adoption to meet the challenges 

posed by high strength materials used in such designs. In fact, a quick survey of the available Non-

Destructive Evaluation (NDE) techniques suggests Acoustic Emission (AE) as one of the most 
viable methods. Such an online monitoring of the rocket motor casing will help in identifying 

degradation of structural integrity at a very early stage and will allow us to assess the residual life of 

the motor. On one hand, such activities allow us produce quality products and on the other hand, it 

ensures effective observation of the systems over a period of time thereby guaranteeing a decisive 

usage. Development of an online monitoring system based on AE to function as an early warning 
system needs addressing the basic issue of Acoustic Emission testing itself. In many cases, it has 

been shown that the AE response from rocket motor casings are adequate for qualifying and 

ascertaining the structural integrity the hardware. The test data obtained from maraging steel test 

specimens and pressure vessels provide valuable information to evolve guidelines for integrity 

evaluation of maraging steel rocket motor casings. An effort has been made to ascertain the AE 
parameters that are useful to assess the structural integrity of a maraging steel rocket motor casing 

based on a series of specimen level studies and burst test. The same experience is shared in this 

paper. 
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Introduction 

 

Acoustic emission (AE) technique is a fast maturing NDT tool ideally suited for the 

structural integrity assessment of rocket motor casings. The unique capability of the technique lies 
in its ability for the real time monitoring of active defects. AE technique has taken greater 

significance since the usage of fracture prone maraging steel materials for realizing rocket motor 

casings
[1]

. Acoustic Emissions are governed by the microstructure as well as the presence of 

inclusions and second phase particles in the case of metallic components. The AE response is also 

expected from active micro cracks or from local dents that get corrected up possibly by micro 
yielding 

[2]
. By and large, the micro cracks have a tendency to get blunt with increasing pressure. 

When any of the micro cracks go into intermittent or sustained growth stage, AE would provide 

intermittent or continuous emissions and the severity is indicated in terms of certain governing 

parameters such as peak amplitude, event duration, hit rate and so on in real time 
[3]

. Adequate AE 

signature studies on the behavior of maraging steel material (weldments) for various stress levels is 
the key for better structural integrity assessment. Such test data obtained from maraging steel test 

specimens and other pressure vessels provide valuable information to evolve guidelines for integrity 

evaluation of maraging steel rocket motor casings. An effort has been made to assess the structural 
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integrity of a maraging steel rocket motor casing based on a series of specimen level studies and 
burst tests. The same experience is shared in this paper. 

 

A. AE Signal Characterisation by Maraging Steel Specimen Testing 

 

The experiments were done using a pair of AE transducers in the linear array mode, whereby 
by selecting a suitable arrival time difference for the respective hits, it was possible to screen out the 

extraneous emissions impinging upon the transducers from outside the array - particularly those due 

to rubbing in grips, fretting, etc. The sensors were mounted in position using adhesive tapes. The 

AE signal transmission between specimen and sensor was ensured through appropriate couplant. A 

threshold setting of 45dB was adopted for the testing. 150 KHz resonant type sensors was employed 
for the studies using a band pass filter for the frequency range of 100KHz-400KHz. Strain gauges 

were mounted at distances 20mm from the centre of the specimen on either side. 

 

Welded Tensile Test specimens of Maraging steel material were tested and AE was 

monitored during testing. The specimens were 3.5mm thick and had a gage length of 60 mm. The 
sensors were place 110mm apart. The aging cycle was done by heating the specimens to 480°C and 

soaking for 4 ½ hours followed by air cooling to achieve maximum strength properties. The testing 

machine with the specimen mounted on it was given a free run with no load for a substantial time 

period in order to study the environmentally induced noise. The same was confirmed to be much 

below the threshold chosen. The load was increased in steps of 10% of Failure Load (FL) until 90% 
and a recycle for 90% directly and then directly to FL was done. In each of these loads, the load was 

held for 2 minutes. The loading/hold sequence followed is shown in Fig.1. The failure load FL 

arrived at was for the purpose of similar loading for all the specimens and was based on the 

effective gage cross section and UTS of the material. The loading was done in the constant 

displacement rate mode of the machine adopting a cross head speed of 0.25mm/min. This simulates 
the end use of the pressurizing rate used during proof pressure test (100 MPa/min). 
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Fig. 1. Specimen Loading Rate 

 

Unsupervised elementary pattern recognition is done on the AE signals acquired during the 

testing. Here the signals are classified in general groups according to their similarity. This process 

does not require a previous knowledge or database. Objects are classified into groups by comparing 
their features and deciding upon their similarity. In the absence of prior knowledge for recognition, 

as is often the case in acoustic emission testing, pattern recognition techniques are used 

unsupervised 
[4, 5, 6]

. In such cases, the number of classes or categories must be estimated and data 

must group meaningfully as a training set during data classification. Amplitude distribution is a 



basic pattern recognition process that correlates the acoustic emission sources with a single feature, 
the amplitude 

[7, 8]
. 2-D plots of counts versus amplitude have been used for signature identification. 

Acoustic Emission signatures defined by combination of three or more features in a series of two-

dimensional plots were also used as a recognition process to classify signatures. Within this 

framework, features such as amplitude, energy and counts were used for the definition of various 

AE signatures 
[9]

. Based on these graphs, a generic trend that suits all of the specimens and which 
clearly describes the stress state has been derived. The parameters includes the Amplitude, counts, 

hit rate and the count rate. The average values of the amplitudes, counts, hit rates and count rates 

obtained for various levels of load are given in Table 1. The values of the amplitude are corrected 

for a sensor-source distance of 500mm. 

 
Table 1. AE Parameters for Structural Integrity Evaluation 

Point of 
Loading 

Avg. 
Amplitude 

Avg. 
Count 

Avg. Hit Rate per 
sensor 

Avg. Count Rate per 
sensor 

Before YP 67 260 0.625 80 

Close to YP 72 375 0.8 120 

Before FL 78 661 exceeds 1.5 hpsps exceeds 200 cpsps 

At Failure 79 1670 exceeds 3 hpsps exceeds 600 cpsps 

 

B. Burst test of  Maraging Steel Rocket Motor 

 
Burst test on a Maraging Steel Rocket Motor casing (previously pressurized upto 30ksc) was 

conducted to correlate the specimen data. The schematic of the rocket motor is given in Fig. 2. This 

finds its application in the propulsion systems of launch vehicles. The motor is a single segment 

welded structure made up of three shells welded longitudinally and circumferentially. There are a 

total of four circumferential welds and 3 longitudinal seam welds which bear the stress. On the one 
end the shells are welded to the igniter end polar boss (head end dome) and on the other side to the 

nozzle end polar boss (nozzle end dome) 

 

 
Fig. 2. Maraging Steel Rocket Motor casing 

 

A total of 24 sensors were used, out of which 15 sensors were on the shell, 5 sensors on the 

nozzle end side and the rest 4 on the head end side. The 15 sensors in the shell side had been spread 

as 5 rows and 3 sensors per row (5 x 3 = 15). Every alternate row was staggered by 60˚. In the head 

end dome, 4 sensors in a square fashion was employed. In the nozzle closure side, 5 sensors in a 
circular fashion was used. Fig. 3a and 3b show the sensor locations.  
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Fig. 3a. Sensor Location on Shell     Fig. 3b. Sensor Location on Dome 

 
 Fig. 4a shows the amplitudes registered in course of test. It could be seen that, at many instances 

during pressurization from 30-40ksc, 40 ksc hold and 40-50ksc, there have been hits registering 

amplitudes of more than 70dB. Fig. 4b shows the counts registered in course of test. It could be seen 

that, at many instances during pressurization from 30-40ksc, 40 ksc hold and 40-50ksc, there have 

been hits registering counts of more than 500 counts.  
 

               
      Fig. 4a. AE Amplitude History                Fig. 4b. AE Count History 

 

 Accumulation of AE events in the long seam weld 03 can be clearly envisaged from fig. 5a. 

Apart from that, there have been other sources spread around the vessel. Similarly clustering of 

events can be seen in the head end dome side, close to the top, bottom and left locations (fig. 5b). 

There have also been some sources in the nozzle end closure side and on other location on the head 
end dome. 

 

  
Fig. 5a. Source location on Shell                      Fig. 5b. Source location on Dome 

 

The count rates for all the AE channels are presented in fig.6. The count rates during 30-

40ksc are around 200 cpsps for all channels except channels 16,17,18 and 19 which have registered 
count rates around 400 cpsps which is very high. 

 



 
Fig. 6. Count rate History 

 

 The hit rates for all the channels are presented in Fig.7. The hit rates during 30-40ksc are less 

than 2 hpsps for all channels except channels 16,17,18 and 19. These channels have registered count 

rates close to 4 hpsps which is very high. 

 

 
Fig. 7. Hit rate History 

 

 The hit rates and counts rates registered on all channels have exceeded the acceptance criteria (1 

hpsps and 100 hpsps). Of particular mention are channels 16 to 19 which have been mounted on to 

the head end dome. The burst has taken place in the head end side. The 40 ksc hold period has 
registered significant hits which otherwise has to be silent. The emissions from the rocket motor 

have exceeded the safe margins at a pressure of 32.6 ksc. Detailed source analysis was performed on 

the emissions from channels 16, 17, 18 and 19 that are on the head end side. The following were 

observed on channels 16, 17, 18 & 19 : 

 

• The count rate touched 400cps during pressurization from 30 to 40ksc 

• The count rate during hold at 40ksc is around 150cps 

• The count rate is around 800cps during pressurization after 40ksc 

• The hit rate touched 3 hpsps during pressurization from 30 to 40 ksc. 

• The hit rate is around 7 hpsps during pressurization after 40 ksc 

 
All of the above are clear indication of structural degradation. The source analysis has been 

done in three step to understand the sequence of changes happening from 30ksc to burst is given in 

Fig. 8. Clustering of AE events is seen between channels 17 and 18. It is seen that the critical AE 

signals have emanated from the bottom side (close to sensor 18). Hence the failure has initiated at 

this place and has propagated across in both the directions. The same has been confirmed by 
chronological event mapping. Some of the critical emissions have also been found on the shell (L-

seam weld 03). The hit mapping has identified three significant events in the l-seam weld. The 

overall characteristics of the hits from 40-50ksc pressurization (w.r.t amplitude and counts) are 



given in Fig. 9. It is seen that the emissions from the head end dome was more pronounced (i.e. 
channels 16, 17, 18 and 19). 

 

                                           
30 to 40Ksc                                above 40Ksc                           Failed Igniter Dome 

Fig. 8. Source locations on Head end dome 
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Fig. 9. AE Hit characteristic from 40-50 ksc 

 
 

Conclusion 

 

The AE response from tensile test specimens and burst of maraging steel pressure vessel are 

correlated for developing suitable evaluation criteria for real time structural integrity assessment of 
rocket motor casing. The “acceptance criteria” thus evolved for pressures within the MEOP is 

presented below: 

 

• In general, for metallic motors, Kaiser Effect is to be observed.  

• No continuous high amplitude, high count hits (more than 70dB and 500 counts) 

• Hit rate not to exceed 1 Hit per Sensor per Second 

• Count rate no to exceed 100 Counts per Sensor per Second 

• In any hold period, Hit roll-off has to be observed (i.e. AE activity has to die down) 
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