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Abstract 
This paper presents a roadmap for the development of a long-term helicopter life usage 
monitoring strategy that allows for more precise monitoring of individual aircraft and 
component usage and consequently enables more accurate determination of critical 
component fatigue lives.  This strategy incorporates the physics-based lifing methodology 
Holistic Structural Integrity Process (HOLSIP) to assess the structural integrity of aircraft 
components throughout their entire life cycle.  The HOLSIP framework takes into 
consideration all factors that may affect structural integrity, such as cyclic and environmental-
related age degradation, which are absent in current life cycle paradigms.  HOLSIP was 
originally developed for fixed-wing aircraft and now is being extended to helicopters.  The 
roadmap outlines the development of the processes and techniques required to integrate 
comprehensive usage and loads data with HOLSIP to more accurately determine the life 
consumption of helicopter components.   
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Introduction 
 
Operational requirements are significantly expanding the role of military helicopter fleets in 
many countries.  This expansion has resulted in helicopters flying missions that are beyond 
the design usage spectrum, which was originally used to life fatigue critical components.  Due 
to this change in usage, there is a need to monitor individual aircraft usage to compare with 
the original design usage spectrum in order to more accurately determine the life of critical 
components.  While most helicopter platforms have an aircraft structural integrity program in 
place to monitor in-service usage, these programs tend to have a short- to mid- term focus and 
lack a dynamic long-term management strategy that exploits or at least allows for the 
flexibility to incorporate new and emerging technologies and practices.   
 
The rotor system components and attachments are some of the most fatigue-critical structural 
components on a helicopter.  Direct measurement of the dynamic loads in these areas has 
traditionally been accomplished through slip rings or telemetry systems; however, these 
techniques are difficult to implement and are often unreliable.  In the last 5-10 years, there 
have been significant advances in sensor technologies, which provide hope that more 
compact, lightweight, and economical devices may soon be available to take on the task of 
direct measurement [1].  There have also been a number of attempts at estimating these 
dynamic component loads indirectly from loads measured at fixed points on the airframe or 
from flight state parameters, an area of research known as flight loads synthesis [2, 3].  Efforts 
in the flight regime recognition area have been ongoing for a number of years enabling 
automated classification of flight conditions to improve usage monitoring [3, 4].  The usage 
monitoring strategy presented in this paper makes use of these technologies and integrates 
them in the Holistic Structural Integrity Process (HOLSIP) to assess the structural integrity of 
aircraft components throughout their entire life cycle.  The HOLSIP framework, which 



AIAC-13 Thirteenth Australian International Aerospace Congress 
 
 

Sixth DSTO International Conference on Health & Usage Monitoring 

incorporates physics-based models, takes into consideration all factors that may affect 
structural integrity, such as cyclic and environmental-related age degradation, which are 
absent in current life cycle paradigms.   
 
There is a strong movement towards developing and adopting long-term strategies for 
helicopter maintenance and management.  Several military organizations, including the US 
Navy [1] and UK Royal Air Force [5], have similarly recognized a need to devise a long-term 
strategy addressing structural health and usage monitoring in anticipation of the 
implementation of a condition-based maintenance philosophy.   
 
 

Present and Future Life Methodologies 
 
To date, there are two main life design paradigms that have been used to determine the life of 
fatigue critical helicopter components: the safe-life and flaw tolerance approaches.  There are 
in fact two additional paradigms: damage tolerance, which is based solely on fracture 
mechanics principles, and fail-safe, which is a derivative of the damage tolerance approach.  
However, given the fact that helicopters are subjected to a significant number of fatigue cycles 
during each flight (high cycle fatigue), the damage tolerance approach would result in very 
short fatigue lives since the crack formation phase is not taken into account or the overall 
weight of the helicopter would have to be increased in order to ensure the reliability of the 
components, making them uneconomical to invoke. 
 
The safe-life methodology, shown in Figure 1, is the traditional method used to determine the 
fatigue lives of helicopter components.  The three main elements are the material and 
component fatigue data (S-N curves), the fatigue or load spectrum, and the fatigue damage 
hypothesis which is typically Miner’s Rule [6]. 
 

 
 

Figure 1. Safe-life methodology 
 
In order to avoid the formation of cracks, the safe-life approach applies a large safety factor to 
the fatigue (or endurance) limit of a material to take into account variables such as the 
inherent material scatter.  In addition, components are usually designed such that the operating 
stress would be sufficiently below the “fatigue limit” of the material.  This fatigue limit, 
shown in Figure 2, is typically generated using standard testing techniques by applying a 
constant amplitude stress to a small predetermined coupon design. 
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Figure 2. Typical S-N curve showing fatigue limit 
 
Fatigue life calculations are made for each structurally significant component by using a 
cumulative damage law such as Miner’s cumulative damage analysis, which states that the 
damage fraction, DTotal, at stress level Si is equal to the cycle ratio nj/Nj according to Eqn 1: 
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where n is the number of cycles at the specified stress level, N is the allowable number of 
cycles at the same specified stress level, i is the flight condition in the fatigue spectrum, j is 
the load level in the ith flight condition, k is the number of sub-blocks (used in the cycle 
counting method), and m is the total number of flight conditions.  The life to failure for a 
particular component under spectrum loading is taken to be the total number of cycles for 
which the sum of the fractions of life used up at each stress level becomes equal to 1.  The 
component safe life is then calculated by dividing the life to failure by a scatter factor, 
normally 3 to 4 [6].   
 
One advantage to this safe-life approach is that in-service inspections to detect fatigue damage 
(cracking) are not required.  However, one problem is that it assumes all materials are ideal, 
continuous, homogeneous and isotropic and thus free from “defects” or discontinuities.  
Therefore if any type of damage (such as scratches or corrosion pitting) is found, the damaged 
component must be immediately replaced.  Even with this requirement, the safe-life approach 
results in the retirement of numerous components that do not contain sufficient damage to 
degrade the performance of the component.  In addition, this method has resulted in the failure 
of some components, which developed cracks that were found to have been formed at stress 
raisers, such as corrosion pits. 
 
To address the influence of environmental (such as corrosion) and other age (such as fretting) 
degradation, some in the helicopter industry are proposing the use of a flaw tolerant design 
philosophy as an intermediate between the safe-life and damage tolerance (included in the 
Federal Aviation Regulation Part 29.271) approaches.  This philosophy is similar to the safe-
life approach in that an S-N curve is generated, but with the main difference being the 
inclusion of an initial discontinuity (“defect”) in the test coupon [7].  The addition of a 
discontinuity implies that a preliminary study must be performed to determine the possible 
discontinuities that can be tolerated by the quality assurance system for the component.  A 
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discontinuity is defined as an intrinsic imperfection, such as inclusions or porosities, or 
discrete damage, such as corrosion, fretting, wear and impact that could be expected to occur 
during manufacturing or while in-service.  The introduction of these discontinuities would 
have to simulate the damage morphology that is present in service, which can be difficult to 
duplicate in the laboratory.  In addition, the effect that coupon size might have on the life 
estimation is not well understood.  The decrease in life caused by a corrosion pit in a small 
specimen might be significantly shorter than the life of a component that contains similar 
damage.  In addition, this approach ignores the time required to form and grow the different 
types of damage which, in some instances, can be very long. 
 
Holistic Structural Integrity Process 
 
Both the safe-life and flaw tolerance methodologies use basic scientific theories, simple 
experimental tests and large safety factors to calculate the number of cycles or flight hours 
that a fatigue critical helicopter component can safely remain in service.  This reliance on both 
analytical and experimental techniques to predict the life of aircraft components without 
taking into account environmental-related age degradation modes should no longer be 
allowed. 
 
To be able to more accurately predict potential failures prior to an aircraft entering service or 
during service when a component contains discreet damage, a new lifing methodology is 
being developed by the National Research Council Canada (NRC) in conjunction with other 
international partners from the United States, England and Japan.  This methodology, known 
as the Holistic Structural Integrity Process (HOLSIP), contains models that have been 
developed so that the causes or reasons behind potential failures are well understood (physics-
of-failure) [8].  This process is being developed to determine the total life of a component by 
including all four phases of life: nucleation, short/small crack growth, long crack growth and 
unstable fracture.  One of the fundamental elements within HOLSIP is the physics-based 
models that can address basic material microstructure, surface integrity, and concurrent 
interaction between cyclic and environmental-related age effects (e.g. fatigue and corrosion).  
Probabilistic models are also included not only to take into account the typical uncertainties 
associated with the material, manufacturing processes, and loading spectrum, but also to 
determine the likelihood that damage is present and that it will be subsequently detected using 
nondestructive inspection (NDI) techniques.  Presently, HOLSIP contains processes that take 
into account both cyclic and environmental-related age effects by predicting the progression 
of initial discontinuity states (IDS) through the life of a component [8-10] as shown in 
Figure 3.  This estimate is accomplished by accounting for the time in the air as well as the 
time on the ground in motion or at rest, which has not been considered in the past.  The term 
“IDS” is used to describe the as-produced or as-manufactured state of the material, which 
involves the characterization of the state of a material.  Examples of IDS include constituent 
particles, pores, scratches and small dents.     
 
HOLSIP augments and enhances traditional safe-life and damage tolerance design 
methodologies to provide a powerful design and sustainment tool.  The ultimate goal of this 
process is to ascertain the basic fatigue response of a structure from the as-manufactured state, 
including the early stages of damage formation.  It can also assess the behaviour of structures 
subjected to cyclic loading as well as other age degradation, such as fretting, corrosion pitting, 
general corrosion and corrosion pillowing to determine if initial noncritical components could 
become fatigue critical with the advent of environmental damage.  It is the intent of this 
process that these assessments be applied to the design stage to optimize component design, 
predict future problem areas, and minimize maintenance requirements. 
 



AIAC-13 Thirteenth Australian International Aerospace Congress 
 
 

Sixth DSTO International Conference on Health & Usage Monitoring 

 

D
S 

C
ra

ck
 si

ze

t (FH)

t1 t2

IDS

Modified 
DS

aC

NDI
POD(a)

time 0

Risk ass. using 
in-service 
damage

Risk ass. using 
IDS

 
 

Figure 3. HOLSIP considers the progression of discontinuity states (cyclic operation spectra 
and time on ground spectra both with environmental time dependent effects) [11] 

 
The effect of extrinsic factors on a component, such as environmental-related age degradation 
and fatigue, which can act not only concurrently but also independently, is characterized 
within HOLSIP by changes in the crack tip stress intensity.  Fracture mechanics principles and 
special environmental parameters are used to formulate the required stress intensity factor 
solutions that are used to calculate the crack growth increment [12].   
 
As can be seen from Figure 3, a statistical distribution of the initial discontinuity states for the 
material of interest is used to determine the initial crack length.  This exercise is carried out 
because at present, HOLSIP does not contain any physics-based nucleation models, which are 
essential in determining the total life of helicopter fatigue critical components.  To address 
this deficiency, research is being carried out at the National Research Council Canada to 
develop physics-based crack nucleation models, including dislocation movement. A randomly 
chosen IDS is grown incrementally to a specified time interval through the summation of the 
cyclic damage and age degradation damage (time-dependent).  When an inspection/repair 
action is simulated at a given time, t1, the existing modified discontinuity state is adjusted 
based on an appropriate probability of detection (POD) function and a repaired distribution.  
This POD curve would depend on the actual discontinuity state, for example for corrosion 
growth, a corrosion POD curve would be used.  The newly defined modified discontinuity is 
then grown to the next inspection/repair time, t2, and this process is repeated until failure 
occurs.  There has been extensive research carried out to develop special parameters to 
represent the effects of corrosion (corrosion related thickness loss and corrosion pillowing 
stress) and corrosion fatigue interaction (local geometry stress risers, topography change and 
corrosion induced sustained stress) on the stress intensity factor.  The total crack growth is 
determined through the summation of the cyclic damage and time dependent damage, as 
shown in Figure 4 [13]. 
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Figure 4. Corrosion fatigue analysis procedure in HOLSIP [13] 
 
 

Roadmap 
 

In the past, fatigue critical helicopter dynamic components have been certified based on the 
probability of failure at retirement of (1 - 0.999999), known as “six-nines” reliability.  The 
implication is that only one out of a million components should fail prior to the designed 
retirement life [14].  Since there are a number of fatigue life-limited components in a 
helicopter, the reliability of the entire helicopter would be much lower than six-nines. To 
calculate a retirement life or time for a particular component, a helicopter fatigue spectrum is 
created by combining a design usage spectrum with the set of corresponding flight loads 
applicable to each flight condition.  This spectrum attempts to encompass the most severe 
aspects of all the anticipated roles that the aircraft will undertake.  The component retirement 
time for a particular component is then calculated based on this usage spectrum and applied to 
all of those components across the fleet regardless of the aircraft on which they operate and 
the missions flown by that aircraft.  Standard practice is to reduce the life of some components 
if the actual usage is more severe than defined in the design spectrum (assuming it is actually 
known) [6].  However, these practices do not allow for the extension of component lives if the 
spectrum is less severe.  As a result, there has been an increase in maintenance costs since 
operators cannot assess the risk associated with keeping a component in service longer or the 
risk that age degradation has on the structural integrity of the helicopter. 
 
The ever-growing demands on aircraft availability and sustainment has resulted in helicopters 
carrying out entirely different missions than the original design spectrum.  To be able to more 
accurately determine the conditions at which the various critical components operate, the 
usage of individual helicopters must be monitored.  With the introduction of flight condition 
monitoring and flight load monitoring techniques, such as strain gauges and flight recognition 
software, it would be possible to determine the load spectrum for each critical fatigue 
component, which has been very difficult to obtain in the past.  These accurate load spectra 
will ensure more accurate life assessments for each fatigue critical component.   
 
The following roadmap presents a strategy to calculate the remaining life of those components 
affected by fatigue and environmental loads using analytical models that have been proposed 
for use on fixed wing aircraft.  A schematic of the roadmap is shown in Figure 5. 
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Figure 5. Helicopter life usage monitoring system  
 
In this roadmap there are two branches presented to determine the load spectrum: flight 
condition monitoring and flight load monitoring.  From either of these two techniques, a load 
spectrum can be determined which can then be used as an input to the HOLSIP framework 
along with other data such as environmental conditions, the initial discontinuity state 
distribution and material properties.  Based on all of this information, HOLSIP can then be 
used to calculate the remaining component life for individual components.   
 
As this strategy integrates a number of complex processes and technologies, many of which 
have yet to be fully developed, it needs to be stated that this strategy is a long-term vision of 
how a physics-based lifing methodology could be utilized to provide the most accurate and 
informed assessment of the structural integrity of helicopter components.  Much of the 
research and development could be accomplished collaboratively, since the required effort is 
in developing the processes, which can later be applied to specific fleets and applications.   
 
Flight Condition Monitoring 
 
Flight condition monitoring (FCM) is the tracking and determination of flight conditions for 
individual helicopters during each sortie, measuring time spent and number of occurrences of 
each flight condition.  By monitoring various flight and atmospheric parameters, the flight 
condition of the helicopter can be determined using developed algorithms that distinguish 
between manoeuvres or flight conditions.  Also known as regime recognition, manoeuvre 
recognition, or flight condition recognition, flight condition monitoring is not a new concept 
as development of FCM algorithms has been ongoing for several decades [3].  However, their 
reliability to consistently recognize manoeuvres is known to be limited and as a result FCM 
has not yet been widely implemented for helicopter usage monitoring.  Of the two forms of 
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usage monitoring, this method is the simplest to implement because most of the parameters 
required to distinguish the flight conditions are already monitored through standard aircraft 
sensors minimizing the need for additional instrumentation [4].  Some of the key non-standard 
parameters that also need to be tracked include the estimation of gross weight, centre of 
gravity position, and the identification of low speed flight.  To carry out FCM, there are two 
onboard data sources that can be readily tapped: the health and usage monitoring system and 
the flight data recorder. 
 
With the newer health and usage monitoring systems (HUMS), some form of regime 
recognition is often an available capability of the system. However, it is not yet a reliable nor 
easily accessible (for the operator) method and as a result the widely practiced process for 
tracking helicopter usage is still manual forms filled in by aircrew.  Further validation and 
substantiation of HUMS to carry out FCM is still required before it can be reliably 
implemented.  Many helicopter platforms have not been fitted with HUMS perhaps because of 
the age of the helicopters and the high cost of the retrofit, or because of the stringent initial 
procurement budget precluding its inclusion on the aircraft.  Thus for non-HUMS equipped 
aircraft, having a strategy for flight condition monitoring would be extremely beneficial. 
 
A flight data recorder (FDR) is found on the majority of helicopters to continuously record 
critical parameters for use in incident or accident investigations.  Because of this capability 
and the fact that most of the relevant parameters for FCM are captured, the FDR is an obvious 
candidate as a source of data for flight condition monitoring.  A recent FAA report found that 
the required recording rates to accurately perform FCM are 1-8 Hz for military applications 
and 1-6 Hz for commercial spectra, while the FCM processing algorithms should operate at 8 
Hz [15].  Data management would be an important issue to be addressed as data would have 
to be recorded in a useful format, analyzed by the algorithms, and then stored. 
 
The objective of FCM is to determine the flight conditions and duration of time spent in each 
flight condition for an individual aircraft during its sortie.  To then obtain the load spectrum 
for this flight, the flight conditions would need to be translated into loads for the critical 
components.  This translation is straight forward if the fatigue damage matrix is available 
from the original equipment manufacturer (OEM) who would have generated the matrix from 
flight load survey data.  However, if that information is not accessible, then transfer functions 
would have to be developed to translate the flight conditions to loads data, which is in itself a  
formidable task. 
 
Flight Load Monitoring 
 
Flight load monitoring (FLM) is the direct measurement of loads on critical components 
during flight.  Most of the fatigue loads are generated by the main rotor blades which then get 
transmitted to the rotor hub, through the control system, and then into the aircraft structure 
[16].  Helicopter loads include forces, strains, torques, accelerations, deflections, or other 
parameters of interest.  The critical parts to be monitored are generally dynamic components 
in the rotating system, which are the ones most prone to fatigue failures.  As not all 
components are easily accessible or practical to instrument, direct monitoring will not be 
possible for all critical components.  In these instances, critical component loads would have 
to be determined by indirect methods, using flight loads synthesis techniques or transfer 
functions.  These techniques and transfer functions would require considerable development.   
Structural health monitoring (SHM) is a tool that could be incorporated into flight load 
monitoring.  While SHM technology focuses on detecting structural damage, many of the 
sensors are also capable of monitoring loads.  SHM data providing information on the 
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condition of the structure, such as vibration or crack propagation data, would still be collected 
and input into the HOLSIP framework as well. 
 
The realization of flight load monitoring would require considerable commitment to research 
and development and perhaps a fair amount of investment, but the potential outcome would be 
incredibly valuable.  By directly monitoring loads, component lives can be accurately 
calculated avoiding some of the challenges of FCM, such as the need to measure gross weight 
and recognize flight conditions.  More importantly, studies have shown that there can be a 
large variability in loads for a given flight condition due to differences in pilot execution, 
atmospheric conditions, and individual aircraft characteristics, by as much as a factor of 10 
[3].  Even with accurate FCM then, accurate component fatigue lives are not guaranteed.  It 
has been shown that small changes in flight loads can result in extremely large changes in the 
calculated fatigue lives of components [17] thus flight load monitoring would greatly increase 
the accuracy of the calculated fatigue lives.  The addition of individual aircraft load 
monitoring was found to increase the calculated fatigue lives by a factor of 4 [18] and more 
recently, the US Navy indicated that accurate direct loads monitoring was an important goal 
of their structural health monitoring strategy [1].   
 
The challenges of flight monitoring include the financial commitment required to fund the 
instrumentation, installation, and flight testing; the complexity of translating loads from the 
rotating frame to the fixed frame; the long-term reliability and required maintenance of the 
instrumentation; and the difficulty of instrumenting all critical components on all helicopters.  
Fortunately, the opportunities in this area are increasing significantly: structural health 
monitoring is a growing area and advances in sensor technologies, in particular wireless 
technologies and energy harvesting systems, will enable affordable and compact 
instrumentation packages in the near future [19].  Data fusion, data management and data 
storage would also be important issues to be addressed.  The application of intelligent feature 
extraction and statistical modeling in the analysis of loads data would certainly help automate 
this process.    
 
HOLSIP 
 
As mentioned earlier, the Holistic Structural Integrity Process contains physics-based models 
that predict the effects of a discontinuity on the structural integrity of a component. 
Associated with these models are probabilistic distributions to account for fatigue 
uncertainties.  Thus far, the HOLSIP framework contains IDS distributions for the following 
aluminum materials; 2024-T3, 7075-T6, 7050-T7451 (plate), 7050-T7452 (forging), 7079-T6 
and 7178-T6.  The different models included in HOLSIP were initially developed for fixed-
wing aircraft but are applicable to rotary-wing aircraft provided that the load spectrum is 
determined for an individual helicopter component, which will be determined through either 
flight condition monitoring or flight load monitoring.  In addition to the load spectrum, an 
environmental spectrum will also be needed for each area of operation that relates pertinent 
atmospheric conditions, such as relative humidity levels and salt content, to time of exposure 
(i.e. in flight vs. on ground).  The time to break the corrosion protection coating system must 
also be determined.  This new type of spectrum is very important for life assessment 
calculations of helicopters since they often operate at very low altitudes where environmental 
effects can be significant.  For example, search and rescue helicopters operate for a significant 
amount of time in a salt-water environment (near the ocean) and it is not uncommon for the 
floor panel of a helicopter to be covered in salt water after a mission.  However, these 
environmental effects could be determined by using corrosion and/or humidity sensors located 
at key areas within the helicopter structure to monitor the time of exposure [20].   
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Since HOLSIP does not currently include physics-based models to simulate the nucleation 
phase of the cracking process, the use of this methodology for determining component 
retirement lives of fatigue critical helicopter components is a long-term goal of this roadmap.  
Research is being carried out at the National Research Council Canada and other 
organizations to develop these models, which when verified will be included in the HOLSIP 
framework.  In addition, with the inclusion of new materials, such as composite and fibre 
metal laminates, and novel joining techniques, such as friction stir welding in the construction 
of new helicopters, research is being planned to develop the required physics-based models 
for inclusion in HOLSIP.  However, HOLSIP does contain models that determine the effect 
corrosion pitting has on the structural integrity of a component.  Therefore this framework 
could be used to assess the potential risk of failure to a component that contains such damage, 
if the loads are known.   
 
Development of the helicopter life usage monitoring system 
 
A breakdown of the short-, medium-, and long-term tasks involved to realize this strategy is 
provided in Table 1.  
 

Table 1. Development of helicopter life usage monitoring system 
 
Short-Term (0-5 yrs) Medium-Term (5-10 yrs) Long-Term (10-15+ yrs) 
Examine existing practices & 
equipment, maximize existing 
capabilities, determine and 
define requirements for FCM 
and FLM (sensors) 

Continued research and 
development of models, 
algorithms, transfer functions

Continued research and 
development of models, 
algorithms, transfer 
functions 

Explore commercially available 
equipment and/or emerging 
technology (sensors) 

Develop analysis techniques 
using statistical models  

Develop environmental 
spectrum 

Formulate strategies for 
med/long term R&TD 

Test and validate algorithms, 
processes, equipment, collect 
lots of data 

Integrate into fleet-wide 
practices, automate data 
flow  

Start development of nucleation 
models, algorithms, transfer 
functions 

Data fusion, data 
management, data storage 
considerations 

Address reliability and 
quality assurance 

Establish baseline usage 
spectrum (BUS), continuous 
comparison of BUS 

Integration of usage and 
loads data with HOLSIP 
models 

Track individual aircraft 
and component usage 

 
Short-term plan 
 
The short-term plan looks at the achievements and improvements that can be attained within 5 
years.  In general, the goals of the short-term are to examine existing practices and equipment 
and assess their effectiveness and applicability to the key elements of the life usage 
monitoring strategy, in particular flight condition monitoring and flight loads monitoring.  
Short-term activities attempt to maximize the existing capabilities and formulate strategies for 
medium- and long-term research and development (developing code or algorithms, exploring 
sensor technology, etc).  Surveys of commercially available equipment could be carried out in 
the short-term timeframe, as well as collecting data from existing equipment and monitoring 
methods.  The HOLSIP models that could be developed in the short-term include fretting 
fatigue models (nucleation), composite degradation, and more accurate corrosion growth rates 
for depth and area as well as short crack growth models.  If achieving maintenance credits is a 
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desired outcome, then gaining familiarity with the airworthiness requirements to obtain credits 
should be done in the short-term. 
 
Some of the benefits that could arise out of the short-term term tasks are establishing a 
baseline usage spectrum (BUS) and devising a strategy to continuously compare the actual 
usage with the BUS, both of which are usually contained in the Aircraft Structural Integrity 
Program (ASIP) requirements.  Flight load monitoring tasks in the short-term would enable 
increased knowledge of the critical loads, and provide insight into possible causes of damage.   
 
Medium-term plan 
 
The medium-term plan looks at the achievements and improvements that can be attained in a 
5-10 year timeframe.  Activities in this timeframe are geared towards research, technology 
development, and testing.  The development and application of intelligent feature extraction 
and statistical modeling to analyze the data would be possible with the collected data.  Data 
fusion, data management, and data storage should be addressed in this timeframe.  Strategies 
to integrate flight load and condition monitoring processes into existing procedures should be 
devised.  HOLSIP models for damage progression in composites, honeycomb and new 
metallic alloys should be developed.   
 
Some of the benefits that can arise out of the medium-term tasks include ongoing aircraft 
usage comparison, which is usually an ASIP requirement.  In addition, manual usage forms 
which are the widely practiced method of usage tracking could be automated which would 
reduce some of the post-flight paperwork for the aircrew.  Automation or centralization of 
pilot currencies could also be accomplished through flight condition monitoring.   
 
Long-term plan 
 
The long-term plan looks at the achievements and improvements that can be attained in a 10-
15 year timeframe.  The activities in this timeframe revolve around integration, quality 
assurance, and automatic data flow.  HOLSIP models to be developed in this timeframe 
include nucleation-phase models for metallic and composite materials, as well as the 
environmental spectrum.  The main benefits that can be achieved are individual aircraft and 
component usage tracking.   
 
 

Concluding Remarks 
 
In this paper, a complete strategy for long-term helicopter life usage monitoring is presented 
that seeks to combine flight condition monitoring, flight load monitoring, and the HOLSIP 
physics-based lifing methodology.  Current lifing methodologies do not take into account 
cyclic and environmental-related age degradation factors, which are particularly relevant for 
fleets that operate in extreme environmental conditions.  Accurate and informed assessments 
of structural integrity can provide potential cost savings by allowing operators to fully exploit 
the available lives of critical components, obtained through more accurate usage and loads 
monitoring.    While the strategy involves a significant amount of research and development 
of algorithms, techniques, and processes, much of this work could be accomplished 
collaboratively with organizations that have similar goals of improving the reliability and 
availability of individual helicopters and their components. 
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