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Abstract 

A derivative is defined as a platform originally developed for commercial use that might also have application 
for specific civil missions or in the military field. The starting point is a plane already manufactured (new or 

second-hand) in which the necessary structural modifications have to be embodied. The delta between the 
baseline aircraft and the final mission/militarized product will depend on the nature of the intended use. 

Similarly, the role of NDI techniques is not the same in the baseline and in the derivative aircraft. Thus, the 
structural inspections of the derivative are commonly used in combination with Health and Usage Monitoring 

systems (HUMS) to monitor the structural locations deemed to be critical. 
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1. Introduction 
 

From the structural point of view, a mission (i.e. used for maritime surveillance or search and 

rescue activities, for example) or a military aircraft differs from a civil commercial aircraft        

–or, generally, from a transport aircraft– in the type of loading it is subjected to and, in some 

cases, in the environmental conditions. In general, both aspects are much more demanding for 
a mission/military platform than for a civil transport aircraft. 

 

As long as these conditions are known, this difference has not appreciable effect if the aircraft 

is designed, manufactured and maintained ad hoc to withstand these conditions without 
failure. This is the case of fighters, trainers or tactical transport aircraft. However, several 

specialized military and mission aircraft are produced in short series, in some cases of a few 

tens of units, so the development of a brand new aircraft is not an option. For this reason, and 

in order to minimize the design effort, these models −including strategic transport aircraft, 

tankers, airborne early warning, maritime patrol, search and rescue and firefighting aircraft− 
are commonly derived from already existing commercial platforms. 

 

Unlike the new generations of civil aircraft, where the usage of composite materials is 

becoming extensive for principal structural elements, the military and mission derivative 
aircraft are still mainly metallic. This is because the baseline models are usually not the 

newest ones. Additionally, it is also common that the mission/military aircraft is derived from 

specific aircraft retired from the civil operation (i.e., second hand). 

 

There are three important differences between a mission/military aircraft and its civil 
counterpart. The first one is the physical configuration. The structural modifications 
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introduced in a civil aircraft to convert it into a mission/military aeroplane are strongly 

dependent on the intended usage, which is the driver of the specific equipment (e.g., antennae, 
lights, sensors, mission kits, etc) that has to be installed. Thus, in some cases the derivative 

requires minimal alterations as the civilian mission is similar to the military mission, but in 

some other scenarios, major structural modifications are needed to convert passenger planes 

into airborne early warning aircraft or tankers, for example. 

 
Figure 1 shows typical installations in a military multirole transport tanker derived from a 

civil airliner. The alterations made in the latter include a wide range of modifications, from 

simple antennae installation in the fuselage skin by means of sheet metal formed element to 

major structure modifications requiring extensive structural rework and deriving into multi-

layer configurations with an extensive use of fasteners due to the constrains in terms of access 
to the zones that have to be modified.  

 

 
 

Figure 1 – Typical Configurations in a multirole transport tanker 

 

The second main difference between commercial and mission/military aircraft refers to the 

usage. Commercial aircraft are operated many more hours per day (actually, a commercial 
aircraft might have ten times as many lifetime flying hours as a mission/military aircraft of 

similar age). Perhaps as a result of fewer flight hours per year, the mission/military aircraft are 

operated at ages not seen in commercial aviation. For example, and while commercial aircraft 

are generally disposed of by U.S. airlines by around age 25, the U.S. Air Force plans to 

extend some military airframe service lifetimes up to 80 years. Thus, the 1950s-vintage B-52 
and KC-135 will operate until 2030 and 2040, respectively. 

 

Furthermore, and in contrast to the predictable profiles of the civil commercial flights (or pure 

transport flights), mainly constrained by the international air traffic rules, the mission and 

military aircraft are designed to operate in changing scenarios with highly demanding 
missions. Figure 2 shows a schematic representation of the typical profile for civil aircraft 

(generally corresponding to climb up to optimum cruise level, cruise at optimum speed and 

descent and landing) and also for mission aircraft, usually including several climbs and 

descents, loiters, and/or special manoeuvres (such as Air-To-Air refuelling). As can be seen, 

the cruise altitude, generally optimum for transport flights, may vary for military aircraft from 
a few thousand feet to the aircraft ceiling, being both conditions equally probable. In a similar 

way, for a given flight profile in terms of altitude or duration, the number and/or kind of 

manoeuvres made by the aircraft may differ significantly depending on the intended usage. 
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Figure 2 – Typical Mission Profiles for Civil and Mission/Military Aircraft 

 

 
The third difference between mission/military and civil aircraft refers to the in-service 

management of the structural integrity. Actually, the starting point is the same, as derivative 

aircraft usually retain the core of the civil certification basis, so the damage tolerance 

philosophy (based on FAR 25.571 and/or CS 25.571, or FAR Part 26 regulations) are 

applicable to both. These regulations clearly state the need of establishing an appropriate 
maintenance program to prevent the failure of any structural element which would cause a 

catastrophic failure of the aircraft during the life of the aircraft.  

 

In practice, the so-called Usage Based Maintenance (UBM) is used in the vast majority of the 

aircraft which are currently flying. The UBM is based in the determination of an inspection 
program which ensures the detection of any damage before it reaches a critical size. The 

inspection program is determined based on the assumption of a determined usage of the fleet, 

and therefore, if the actual usage of a given aircraft departs of the predefined hypotheses, the 

maintenance program has to be adapted to ensure the continued airworthiness. 

 
In the case of the civil transport aircraft, the manufacturers usually analyse periodically the 

actual usage of the platforms by means of fleet surveys to ensure that the maintenance 

program is adequate. If this analysis concludes that the fleet is being used in a different way 

as considered to determine the maintenance program, this is updated accordingly. 

 
In the case of the mission/military derivative aircraft, the range of possible missions is 

increased and the determination of an envelope inspection program which ensures the 

continued airworthiness of the whole fleet becomes a not-affordable exercise. To cope with 

this difficulty, these aircraft are fitted with Health and Usage Monitoring Systems (HUMS), 

which allow an Individual Aircraft Tracking (IAT) of each unit of the fleet. In the most 
sophisticated forms of these systems, they incorporate also an Operational Loads Monitoring 

(OLM) subsystem. The HUMS forms essential part of the structural integrity management of 

the fleet, allowing detection of deviations of the actual usage from the certified usage; this 

enables the implementation of corrective actions to the maintenance program if required [2].
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2. Current Role of NDI Methods in Derivatives 
 

2.1 Damage sources 
 

The type and frequency of the structural inspections of an aircraft are driven by the nature of 

the expected damages, which in turn depends on the design and usage of the aircraft. Figure 3 

shows the frequency of different type of damages for metal structures. The data for 

commercial aircraft, extracted from [1], indicate that fatigue cracks (originated in stress 
concentration points linked to the design or surface conditions) are the most important source 

of damage, followed by corrosion (often appearing in hidden areas), disbonding of joints, 

stress corrosion and accidental impact damage.  

 

 
Figure 3 – Significant damage types and relative occurrence 

 

 

The trend for mission/military aircraft is similar in general terms, although there are some 

changes derived from factors associated to the specific usage. Thus, in maritime patrol aircraft 
corrosion is the main aspect of concern, while in strategic military aircraft such as tankers, 

accidental damage can be of more relative importance than in other platforms, in part due to 

the airfields in which these aircraft operate, particularly in conflict scenarios. 

 

2.2 Maintenance program evolution 
 

In the case of the special operations aircraft derived from civil aircraft, the structural 

modifications and the different usage lead to changes in the maintenance program compared 

with its passenger counterpart. As an example of this fact, Figure 4 shows the distribution of 

type of inspections for a military derivative compared with the original counterpart. The data 
correspond to the wing and the fuselage, where most of the modifications are embodied.  

 

As can be observed, the maintenance program of the derivative is composed of those 

inspections of the original plus a significant increase in both the detailed and the 

nondestructive inspections (NDI).  
 



 
Figure 4 – Distribution of types of inspections for baseline and derivative aircraft 

 

It must be noted that the number of inspection procedures applied to areas not physically 

modified of the civil aircraft that can be reused in the mission/militarized version depends on 

the usage of the latter, and therefore cannot be determined a priori. Thus, the distribution of 

the figure means that the severity of the usage of the derivative can be balanced by a higher 
frequency of the same type of inspections as in the baseline.  

 

This is not always the case. As can be seen in  

Figure 5, the periodicity of the inspection is very sensitive to the usage of the aircraft, due to 

the intrinsic not-linear behaviour of the crack propagation. Thus, if the difference in usage 
between the civil and the derivative aircraft is significant, retaining the original inspection 

methods would lead to unacceptable low intervals of inspection, and the original visual 

inspections (detectable crack lengths of several tens of millimetres) should be replaced by 

NDI techniques, for example. It has to be considered that although it is generally true that a 

visual inspection is easier and cheaper than one NDI method, it is also related to more 
frequent inspections which also require a scheduled stop of the aircraft, thus increasing the 

maintenance cost, so this change has to be assessed in a case-by-case basis. 

 

 
Figure 5 – Sensitivity to detectable length and usage 
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The detailed inspections specific for the derivative in  

Figure 5 are generally associated to simple installations, such as standard antennae, while the 

NDI methods are related to the more complex ones. In this last case, it is common to find a 

physical impossibility for using visual inspection to detect the expected damages due to a lack 

of suitable access (e.g., multi-layer elements). It must be noted that the NDI techniques used 
in these cases are usually very complex. 

 

In other cases, and due to extensive use of fasteners in the structural modifications of the 

mission/military airframe, there is a chance of multisite damage. In these cases, NDI 

techniques become the only tool available to ensure that any possible crack is detected at its 
earliest stages, even although visual inspections could be determined to be safe. 

 

2.3 Sensitivity to minor configuration changes 

 

The structural inspection programs are usually defined almost completely at a certification 
level. This implies that the inspection methods are developed for the ‘As designed’ 

configuration, e.g., nominal thicknesses and fasteners. 

 

However, the ‘As designed’ configuration may not be the real configuration for some of the 

aircraft of the fleet. In fact, a specific aircraft is delivered to the operator with the ‘as built’ 
configuration. This configuration will match for most of the elements of the aircraft with the 

‘As designed’ configuration, but, it also takes into account any deviation during the 

manufacturing process. In the case of a military derivative, this manufacturing process 

includes both the assembly of the baseline aircraft and the modifications embodied during the 

conversion into special operations aircraft.  
 

If the ‘As Built’ configuration is the one delivered to the operator, in a given point of the live, 

the actual configuration of a given aircraft would in fact be the ‘As Maintained’ configuration. 

This ‘As Maintained’ configuration adds to the ‘As Built’ configuration all the repair actions 

embodied in the aircraft during its life. During normal operation, the aircraft is submitted to 
damages that can be acceptable from the structural point of view or may require a specific 

repair and/or inspection instructions to restore the original structural capability. 

 

The in-field damages usually affect, but they are not limited to, the external surfaces of the 

aircraft, such as fuselage and wing skins. Generally, the structural impact ranges from minor 
deviation of the nominal geometry, such as thickness reductions and installation of plugs to 

major repairs. 

 

In the case of the repairs, the impact on any inspection of the area already defined is evident 

and should be evaluated in a case-by-case basis. However, for minor deviations, generally 
linked to allowable damages (damages that can be left as they are except for minor operations 

such as blending out the sharp edges), it would be desirable that any inspection already 

defined in the area would not be impacted. It has to be noted that most of these allowable 

damages, and even specific repairs, are provided to the operator in the Structural Repair 

Manual, to avoid grounding the aircraft due to damages that can be anticipated. However, if 
the inspection methods are impacted, the operator would in fact need further support from the 

manufacturer to keep the continued airworthiness of the aircraft. 

 



The most straight-forward approach to consider the typical configuration changes is to 

instruct the operators to contact the manufacturer to obtain further instructions (i.e, 
confirmation of the applicability of the existing method or an alternative inspection method). 

However, this approach leads in most cases to unacceptable constrains to the operators. 

 

In this scenario, it plays an important role the determination of the probability of detection of 

NDI techniques to minor configuration changes, such as thickness reductions and oversize 
fasteners installation. A correct knowledge of the crack length that can be detected for all 

expected configurations (or at least some of them) allows the adaptation of the inspection 

intervals a priori, thus lowering the maintenance costs. 

 

 

3. Challenges in the application of NDI to mission/military derivatives. 

Future trends 
 
Mission/military aircraft share the same pressure to reduce the operation and maintenance 

costs as any other platform, either civil or military, particularly considering that the costs 

associated with the increasing needs of the aging infrastructure can rise at a very high rate, as 

an ageing airframe of a derivative will require more and more complex inspections than in the 

equivalent original aircraft. In addition, known problem areas like those subject of extensive 
modifications, are usually subjected to ‘directed inspections’, using expensive and intensive 

NDI methods in order to achieve high probabilities of detection of crack lengths that should 

be minimized as far as possible. Motivated by these pressing needs, considerable research 

efforts are being currently directed towards the improvement of the Probability of Detection 

(POD) of already existing methods, the development of new and better NDI techniques, and 
the incorporation of Structural Health Monitoring (SHM) systems in order to implement a 

Condition Based Maintenance (CBM) approach. 

 

3.1 Probability of Detection 

 
The traditional deterministic methods used for the determination of maintenance programs 

that ensure the continued airworthiness of damage tolerant structures are not useful to 

evaluate quantitatively the effect of an improvement of the POD of NDI techniques in the 

frequency of the inspections of the structural maintenance program and, therefore, in the 

associated costs. 
 

However, over the last years, a methodology for using risk assessments to protect the 

structural integrity of aging aircraft has been developed. These methods, still in development, 

are based on the calculation of the probability of failure of one element based on the density 

distributions of all the relevant variables affecting to the crack growth curves: initial flaw size, 
fracture toughness, probability of detection, maximum stress per flight, etc. 

 

If each of the variables is varied while the others remain constant, it is possible to determine 

the impact of the eventual statistical scatter of each of these factors in the variability in the 

frequency of the final inspection which, at the end, is an indicator of the relative contribution 
of each factor. Figure 6 shows the result of such analysis for the inspection of a multilayer 

structure of a military mission aircraft. As can be seen, and if the variability of the loading is 

not considered, the main aspects contributing to the frequency of the inspection are the initial 

crack length –linked at some extent to the quality in the design and manufacturing of the part 

–, the method of inspection used –and particularly the associated variability of the POD–, the 



metallic material used (considering the associated material properties such as fracture 

toughness Kc/KIc, yield stress Fty  and da/dN curves) and the local geometry (in terms of 
tolerance in the material thickness).  

 

 
 

Figure 6 – Sensitivity factors for inspection 
 

 

The relative weight of each variable can vary from one location to another of the airframe 

(depending on the local complexity of the structure and the accessibility), and is sensitive to 

the usage, but the changes are relatively smooth, as can be deduced when comparing these 
figures with others corresponding to different scenarios in different aircraft [3]. 

 

Note that the effect of the POD analyzed in Figure 6 includes not only the variability inherent 

to the NDI technique, but also that of the associated human factors, derived from the 

increasing complexity of modern NDI methods, but also from the fact that military standards 
for maintenance may not be the same as those of commercial aircraft. Although at some 

extent this trend is changing and, especially in occidental countries, the military organizations 

for maintenance are progressively approaching the civil standards, it is still essential that a 

proper detection of the possible cracks is ensured in not-conventional scenarios, such as in 

field deployments.  
 

3.2 Impact of new NDI methods 

 

In the 1960s four main NDI methods were used for the inspection of non-ferromagnetic 

materials in civil airframe maintenance: liquid penetrant, eddy current, ultrasonic and 
radiographic. More than 50 years later, the same four basic methods are used, with just 

variations or improvements aimed to maximise productivity and reliability. Beyond the 

introduction of specific techniques for composite materials, attempts made to apply new 

methods in metallic elements, such as holography or acoustic emission, have not been 

successful.  
 

This lack of improvement in NDI techniques has been usually balanced by the more refined 

designs of current aircraft, with an increasing ease of accessibility. However, this resource 

cannot be used in mission/military derivatives of those aircraft, as in many cases the optimum 

inspectionability conditions have to be sacrificed due to manufacturing constrains. 
 



Thus, and although in almost all the cases the mission/military derivative share the same pool 

of NDI techniques as that of the original civil aircraft, a new group of methods capable of 
detecting deep embedded cracks in metallic multi-layer structures would be desirable, 

particularly if these methods enable smaller detectable crack sizes than current ones. In this 

context, it must be noted that current methods (e.g., radiographic) have levels of detection of 

tens of millimetres, just of the same order as visual inspections. 

 
3.3 Condition Based Maintenance. Structural Health Monitoring 

 

As has been stated previously, current structural airframe maintenance is based on preventive 

maintenance by scheduling inspections over the entire life of the aircraft. Damages that could 

in the near future threaten the integrity of structures are timely detected and repaired at 
predetermined inspections. 

 

The significant researches made to improve the structural maintenance costs have led to 

condition-based maintenance using embedded network of NDI sensors that continuously 

tracks the structure and gives a real-time health status. The replacement of the current manual 
inspection with automatic health monitoring would substantially reduce the associated life-

cycle costs, particularly in those elements subjected to accidental damage. This type of 

developments are actually a natural extension of the HUMS already fitted in the 

mission/military aircraft, and could be a solution to the challenge of multi-layer structures. 

 
However, the adaptation of Structural Health Monitoring (SHM) systems to mission/military 

aircraft has specific issues in addition to that already present for all aircraft (i.e., to develop a 

reliable system that can automatically process data, assess structural condition, and signal the 

need for human intervention). One of the aspects is the reinstallation of the network of sensors 

to the modified structure, more complex in nature than the replaced one. The second 
challenge is the compatibility of the new network with the already existing, not only due to 

the number and position and even type of sensors, but also in terms of assessment of the 

structural condition, as the local algorithms for detection should be changed, or others new 

should be implemented. An intermediate solution would be to install a local independent 

system just for the modifications, but this solution may limit the applicability of the concept. 
 

4. Conclusions 
 

There is a constant trend over the recent years to increase the proportion of purchases of 

existing airframes to meet specific mission or military requirements, in order to reduce 

development, maintenance and logistic costs. 

 
Although the design criteria to be met for the structure of the baseline or the final aircraft are 

the same, the complexity necessary to achieve the final expected structural configuration is 

different. Thus, the margin for design options is lower in the derivative, as the eventual 

structural modifications are significantly constrained by the green aircraft architecture. This 
fact may lead to complex reinforcements in multiple layers or composed of many sub-

elements, and with intensive use of riveting. 

 

The role of NDI techniques is not the same in the basic and in the derivative aircraft. Complex 

geometries, in conjunction with more variable loads, make essential the availability of robust 
inspection methods that ensure the early detection of damages, even for areas with difficult or 

even no access at all. Additionally, and in a scenario of more and more aged fleets, an 



accurate definition of the probability of detection for a given inspection is instrumental to 

ensure the safety of the fleet, minimizing at the same time the cost of ownership and 
maximizing airframe availability. 
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