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Abstract 

 

The paper describes the experience cumulated in AVIO Space Division in the field of NDT 

applied to the control of motors used in primary propulsion of European Launchers. NDT 

techniques developed for this application are advanced techniques in the radiographic inspection 

and ultrasound inspection.  The results of applications of the single technique are presented as 

obtained during production control. These results met the specification requirement, but the 

compliance with the control specification is only one aspect to be considered in the selection of the 

optimal technique. In the optics of the best definition of the destination of each of these techniques 

within the phases in the production cycle, advantages and disadvantages highlighted during the use 

of these techniques are here discussed and analyzed. The proposal aims to make possible the load of 

inspections required by the expected annual rates of flight. 
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1. Introduction 

 

In this paper the main techniques used in the non destructive controls performed during the 

production cycle of solid propellant motors, are presented. In the presentation, characteristic of the 

NDT devices implied in the control, are highlighted because of the extreme applications of 

equipments designed to use in more conservative conditions than those required by engine sizes 

such as those constituting the primary propulsion in space launchers. In the paper the strategy to 

minimize the amount of time spent for the controls through the diagnostic equipment, thus 

minimizing the stress levels which causes shortening of the device operating life, is also discussed. 

This strategy is in continuous evolution on the basis of the cumulated experience in the controls and 

of the acquired confidence on the motor design criteria. 

 

2. NDI in the Production Cycle of a Solid Rocket Motor for Space Applications 

 

A space launcher using solid propellant motors is typically that shown in Fig. 1 below.   

 

 

  
 

Figure 1 – Typical Solid Propellant Launcher 
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Typical dimensions for each stage are: 2 m to 3 m in diameter and 4 m to 10 m in length. The 

single stage has a production cycle long up to 4 months and during this cycle, the single sub-

assembly and parts of the sub-assemblies undergone several NDI in order to detect: inclusions, 

voids and cracks in the propellant, delaminations in carbon made or rubber made elements, 

unbondings in contiguous glued interfaces, incorrect assembly of parts.          

In Fig. 2 a schematic of the production cycle is shown in the main phases with emphasized the 

NDI performed between phases. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2 – Production Cycle of a Solid Rocket Motor and NDI 

3. Radiographic Inspections 

 

Radiographic inspection was the more used NDI during development. At that time ultrasound 

inspection met several difficulties due to the intrinsic structure of the carbon fiber case as well as to 

a preliminary type of rubber used for both structural and thermal protection purposes. These two 

materials generated such a physical attenuation of the ultrasound wave on its path, to make 

impossible a control using ultrasound techniques. 

 

Radiographic inspection was performed by using conventional film during qualification. This 

technique was very expensive in terms of materials and control time. Control times so long are 

unacceptable during production phases. Long times were necessary not only for exposure 

parameters and processing time required by films, but also for the long labyrinth to enter the high 

energy bunker together with the time to wait before film positioning inside the bunker, due to the 

high energy and high dose used for control of motor having the dimensions in object.  

 

  In order to reduce cost and control time, digital technique in radiography were qualified. In 

doing that a deep analysis about control requirement, device resolution, ability to withstand high 

energy and high dose were considered. After a tradeoff between several possible solutions, two 

coexisting techniques were selected. When high resolution like 0.3 mm is necessary, digital 
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radiography through amorphous silica flat panel is used. This high resolution control is required for 

integrity of the carbon fiber case implying tangential control of the insulated motor case. On the 

other hand, when resolution is relaxed because of less severe requirement relevant to the propellant 

mass, a detector set-up allowing a greater protection of the device and then a longer life, is used for 

control. The latter is a radioscopy performed through an optical camera which collects photons from 

a mirror after conversion of X-Ray by a proper screen (Ref. 5). 

  

 Digital radiography using flat panel allows high resolution due to the 0.127 m pixel size that 

was the minimum allowed for the application in object (Ref. 2). The flat panel suitable for this 

application, does not allow real time control, but only static images. These devices have the 

advantage to allow a resolution very high for a remote imaging technique, but they are critical 

because directly exposed to the X-Ray and then destined to a short life. This, as a consequence of 

degradation of the electronic component and of the silica, which can be transmuted in alumina when 

exposed to neutrons generated as secondary emission in a high energy (> 10 MeV) X-Ray control. 

In our experience, even with constant exposure conditions (energy, dose rate, duration), the 

exhibited behavior of flat panels with identical performance, is different depending from maker, but 

also other not well identified causes relevant to the technology of the flat panel itself. Precisely, flat 

panels nominally similar in performance showed a life very different. As one example: a flat panel 

was effected by degradation due to transmutation of the sensitive elements on the corner, after 

exposure to high energy and high dose rate for only few tens of hours exposure. The damage was 

constant for long time (about 400 hundred hours of exposure) and suddenly the damage was spread 

across the whole sensitive area with electronic degradation associated. One other identical flat panel 

built by the same maker, does not exhibit a similar sudden degradation and it is still working. 

Again, one other flat panel with identical performance and similar technology, but different maker, 

exhibited a sudden damage in the electronic while the degradation in efficiency was uniform in the 

whole active area. This flat panel has been fixed in the electronic and is actually reinstalled in the 

X-Ray plant. These dissimilar behaviors show that these kind of devices are a risk in using them for 

industrial control where stops can generate disaster in the production plans. In effect, it is very 

expensive to store spare and again the models become obsolete in short time. 

 For this reason when possible, the configuration of the X-Ray control using not a directly 

exposed sensitive area, but one indirect exposed device by collecting light from converted -
photons to visible photons, is preferable. Resolution achievable depends from the dimension of the 

camera pixel together with the dimension of the final converting/collecting screen. The dimension 

of this screen comes from a compromise between resolution and visual field size, that is control 

time. In our experience, the best compromise led to one resolution half of that obtained through the 

flat panel. This resolution is enough for the control of the propellant mass as well as the control of 

the possible debondings between interfaces. Of course the camera must be one high sensitive 

camera due to the low efficient conversion mechanism. The camera is working in the visible and it 

is a real time device allowing a dynamic control. On these bases, the X-Ray control of a motor is 

performed through different devices dependently from the phase of the control in the production 

cycle. With reference to the Fig. 2, flat panel is used for control of the insulated case and real time 

control is used for verification of the propellant integrity. In Fig. 3 the two X-Ray techniques: 

Digital Radiography  using flat panel and Radioscopy using a real time optical camera, are shown. 

In the Fig. 3 is drawn the X-Ray path in both cases to show that for DR the radiation strikes directly 

the detector, while in case of Radioscopy the radiation is away the camera thus limiting the damage. 



     

Figure 3 – RT Control using DR (a) and Radioscopic Camera (b) 

 One other peculiar component in the X-Ray bay, where control of solid propellant motors for 

space applications is performed, is the X-Ray source. Due to the large dimensions, an high energy 

and high dose rate source it is necessary, but without loss in performance on the dimension of the 

focal spot. Linear accelerators dual energy in the range 3 – 15 MeV are used for motor case before 

and after loading and for nozzle. All accelerators have small focal spots (1.5 mm or 2 mm). These 

accelerators are used in our facilities since 25 years. Actually it is ongoing a complete substitution 

of the high energy X-Ray sources due to obsolescence. The new X-Ray sources have new 

performances not implemented in the old generation and very useful for DR and radioscopy 

application. Namely: collimator opening control independently on four regulations, collimator 

rotation, a filter wheel, setting of all parameter by S/W through remote control. In general the new 

generation linear accelerator allows control set up easier than the old generation and some time set 

up not possible in the past, but unfortunately the new generation linear accelerator actually shows 

some limits in operation maximum time without service. That is, the new generation works for 

limited period and requires frequent service in replacing component. This is our experience met in 

the recent renewal of the X-Ray linear accelerators. One experience which hopefully will be 

positively changed by the maker of these devices in consideration of the delay in the production 

cycle of the motor induced by the malfunctioning of these new generation accelerators. In Fig. 3 

one of the  high energy X-Ray source being replaced. The effort on which the accelerator maker is 

focused now, is to allow operations long as the old linear accelerator generation and run without 

continuous service during the production controls of these large motors. Control of such motors 

requires a total inspection time of 3 days in double shift. 

 

 

4. Ultrasound Inspections 

 

In considering the high number of hours spent in NDI and the high stress occurring on the X-

Ray equipments during these controls, it is mandatory to improve other alternative techniques. This 

effort has been pursued in the latest two years. Unfortunately the motor fiber case is a structure very 

complex for ultrasound applications, but other techniques like shearography or thermography 

showed inapplicability (Ref. 4) because of the rigidity of the structure. One promising technique is 

the US in Phased Array. Feasibility tests showed margins on its applicability (Ref. 4) and on the 

basis of these results, a development activity for a semiautomatized control and a sequential fully 

authomatized control has been initiated.  

 

In the while, other applications of the US in Phased Array technique has been developed and 

qualified for NDI relevant components of a solid state rocket. It is the case of the nozzle. The nozzle 

is composed of numerous pieces in carbon and other pieces in rubber used like a thermal protection 
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of metallic interfaces. Mainly carbon made components, showed structural characteristic very 

similar to aeronautical structure allowing good results when US in Phased Array technique it is 

applied. In this case UT replaced or it is on the way to replace X-Ray control. On the other hand, 

the control of the bonding condition of the nozzle divergent external thermal protection, made in 

silicon rubber, has been successfully qualified. In this control the probe is placed on the inner 

surface of the carbon divergent. The ultrasound wave crosses the whole thickness of the nozzle 

divergent, to check the bonding condition of the external surface of the carbon divergent itself, 

where the silicon rubber is applied like a thermal protection. In this way the very high attenuation of 

the ultrasound wave, generated by the silicon rubber which is a serious limit of the UT applicability 

is bypassed. In Fig. 4 it is shown a nozzle completely assembled with applied the external thermal 

protection. In the same figure, a typical output from UT in Phased Array technique applied for 

external thermal protection control is shown. 

 

 

    
 

Figure 4 – Nozzle during the UT  Control in Phased array of the External Thermal Protection 

 

 

One other important application of sound NDI technique to the control of solid state rockets is 

the Pitch and Catch technique. In this control two probes in transmission configuration are used and 

the frequency of the signal it is in the sound range. This technique is used exclusively for inspection 

of external thermal protection made in cork and applied to the external surface of a solid state 

rocket. In Fig. 5 it is shown a solid state rocket with applied the external thermal protection. In the 

same figure a typical output from Pitch and Catch control is included. 

 

    
 

Figure 5 – Solid State Motor during Control of the External Thermal Protection 



5. Strategies and Future Evolutions 

 

 In considering the high rate of production foreseen in the immediate future, it is important to 

continue the activities in developing advanced NDI applied to the controls during the production 

cycle of a solid state motor. These technique must be selected in order to allow automatized control. 

In this perspective three main directions to be developed in parallel have been identified as 

important: 

 

- To extend to all X-Ray bays, remote imaging technique; in considering this evolution, the 

X-Ray sources are going to be replaced with new generation linear accelerator provided of 

variable external collimation 

- To replace X-Ray control with automatized US control when possible; with reference to 

Fig. 2, the arrows indicate the ongoing substitution in NDI 

- To analyze the applicability of other remotized technique applied to the control of the 

bonding status for external thermal protection of the motor case; one potential technique 

could be the lock-in infrared control. This technique exhibited inapplicability to the carbon 

fiber structure because too much rigid, but thermal protection in cork or silicon rubber are 

away from this constraint because elastic materials. Infrared technique are able to control 

large area in shorter time than manual control actually performed through Pitch and Catch 

technique, which could be maintained only for a local control when required. 

 

 Effort are continuously activated among the daily activities. Unfortunately, in recent times it 

seems that the marketing of NDI devices is more interested in consolidated applications and is less 

willing to undertake development programs dedicated to the specific case. 
 

6. Conclusions 

 

 A review of the advanced NDI techniques used for production controls of solid propellant 

motor for space application, has been presented together with witness of experience accumulated in 

this area. Strategies for future developments that take account of these experiences also, are 

outlined.  
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