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Abstract of Praxis 

 
 

Maintenance Reliability Analysis for Increasing Parts Availability and Reducing 

Operations and Maintenance Costs 
    

 The US Air Force (USAF)’s goal is to achieve aircraft availability (AA) rates 

similar to those of the commercial airline industry.  Improving AA rates while reducing 

operations and maintenance (O&M) costs is a major challenge for the USAF.  This Praxis 

research identifies field-level components for inclusion into periodic scheduled planned 

preventive maintenance (PM) based on a reliability component-life-failure prediction 

analysis. 

This praxis analyzes the USAF reliability centered maintenance (RCM) 

maintenance strategy on a fighter aircraft landing gear system and its components that are 

allowed to run-to-failure (RTF), fix when failed.  This praxis uses historical empirical 

life-prediction failure data, selecting the Weibull – 2 parameter probability distribution 

model to perform the reliability analysis on the data.  The data sets determine the 

selection of the distribution model through the maximum likelihood estimation method 

(MLE), are examined.  The praxis uses Monte Carlo simulations to verify the Weibull – 2 

parameter reliability analysis results and theoretically configures the landing gear system 

serially to perform the system reliability analysis.  The system reliability analysis was 

performed using a reliability block diagram (RBD) to establish a worst-case scenario for 

the landing gear system reliability measures.  This praxis final methodological step uses 

the components’ reliability analysis results to perform optimal preventive replacement 

age model (OPRAM) simulations.  The OPRAM simulations produce the availability and 

cost value functions of both PM tasks and unplanned corrective maintenance (CM) 
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activities.  This reliability analysis methodology of using the OPRAM simulations proves 

that including periodic scheduled PM tasks improves AA rates and reduces O&M costs.  

This praxis recommends applying this reliability analysis methodology to the 

USAF-designated RTF components be placed in the periodic schedule preventive 

maintenance task category.  This praxis recommends that this reliability analysis 

methodology approach, with OPRAM simulations, be incorporated into future 

maintenance strategy decisions.  
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Relevant Terminology (Glossary) 

 
 

Due to the military nature of the Praxis report case study all the terms and definitions 

below, unless noted otherwise (Rausand & Hoyland, 2004) are taken directly for the 

report dated 1 August 2011, “Sustaining Air Force Aging Aircraft into the 21st Century”, 

Appendix E: Glossary (Eckbreth et al., 2011). 

 

A-10 Thunderbolt II A United States Air Force (USAF) twin 

jet attack aircraft developed by Fairchild-

Republic Company in the 1970s. Its 

primary mission is to provide close air 

support. The A-10 has a large amount of 

armour to protect the pilot and vital 

aircraft systems and was designed around 

a large 30 millimeter automatic cannon 

which forms the primary armament of the 

aircraft. A-10s have been upgraded with 

new avionics and many are also receiving 

a new wing. The USAF currently flies 

over 300 A-10 aircraft 

Aging Aircraft The USAF has a total inventory of aircraft 

whose average age is approximately 25 

years. An “aging aircraft” is one whose 

age exceeds 20-25 years or which (if 

younger) has exceeded 75% of its 

certified service life. Significant (fleet size 

and/or capability) examples of USAF 

aging aircraft types include the F-16A-D, 

F-15A-D, B-52H, B-1B, A-10, KC-135, 

KC-10, C-5, and T-38. 
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Aircraft Availability A metric used by the USAF to indicate the 

“health of the inventory.” It is 

requirements based and for a given 

aircraft type (e.g., such as the C-130H, B-

1B, C-5A, or the F-15E) is defined as the 

total number of Mission Capable hours 

divided by the Total Aircraft Inventory 

(TAI) hours, where TAI is defined as the 

sum of all Primary Aircraft Assigned 

hours, Backup Aircraft Inventory hours, 

and Attrition Reserve hours (i.e., the 

potential hours available for the entire 

aircraft type fleet). 

Airworthiness Fitness for flight operations, in all 

possible environments and foreseeable 

circumstances for which aircraft or device 

has been designed. 

Availability “The ability of an item (under combined 

aspects of its reliability, maintainability 

and maintenance support) to perform its 

required function at a stated instant of 

time or over a stated period of time” (BS 

4778; Rausand & Hoyland, p.6, 2004) 

Bathtub Curve “This curve is usually called a bath curve 

after its characteristic shape. The failure 

rate is often high in the initial phase. This 

can be explained by the fact that there 

may be undiscovered defects (known as 

“infant mortality”) in the item.  When the 

item survives the infant mortality period, 

the failure rate often stabilizes at a level 
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where it remains for a certain amount of 

time until it starts to increase as the items 

begin to wear out. From the bathtub curve, 

the lifetime of an item may be divided 

into three typical intervals: the burn-in 

period, the useful life period and the wear-

out period”(Rausand & Hoyland, p.21, 

2004)  

Condition Based Maintenance (CBM) A set of maintenance processes and 

capabilities derived in large part from 

real-time assessment of weapon system 

condition using data obtained from 

embedded sensors and/or external tests 

and measurements using portable 

equipment. The goal of CBM is to 

perform maintenance only after one or 

more indicators show that equipment is 

going to fail or that equipment 

performance is deteriorating. 

Depot-Level Maintenance Pronounced dep′ o. A facility dedicated to 

logistical (systems maintenance or storage 

of supplies) operations. A depot provides 

on- and off-equipment maintenance tasks 

requiring highly specialized skills, 

sophisticated shop equipment, and/or 

special activities of a supporting 

command at a logistics center, centralized 

repair facility, contractor repair facility, 

or, in some cases, at an operating location. 

Design Service Life The design service life is the period of 

time (e.g., years, flight cycles, hours, 
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landings, etc.) established at the time of 

the system’s design, during which the 

structure is expected to maintain its 

structural integrity when flown to the 

design loads / environment spectrum. 

Field-Level Maintenance It is the maintenance performed on the 

aircraft while it is on the flight line or in 

its hangar bay on station. 

Form 107 The Form 107, Request for Engineering 

Technical Assistance is used for two types 

of assistance needs: for Technical 

Assistance (TAR) and for Maintenance 

Assistance (MAR). A TAR is used for 

engineering support/disposition and a 

MAR requests depot maintenance action. 

The Form 107 provides advice, assistance, 

disposition, and training pertaining to 

installation, operation, and maintenance of 

equipment using authorized procedures. It 

can also provide authorization for one-

time repairs or time definite repair 

opportunities beyond what is spelled out 

in existing technical orders and can also 

provide the one-time authority to use a 

specific part/commodity with defects or 

deviations beyond technical order limits 

and/or provide authorization for limited 

use of non-listed substitutes (supplies, 

components, support equipment, etc.) to 

prevent mission impairment. 
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Maintainability “The ability of an item, under stated 

conditions of use, to be retained in, or 

restored to, a state in which it can perform 

its required functions, when maintenance 

is performed under stated conditions and 

using prescribed procedures and 

resources” (BS 4778; Rausand & 

Hoyland, p.7, 2004) 

Maintenance, Repair, and Overhaul 

(MRO) 

Used to describe inspection/repair of 

major aircraft components. MRO 

activities may be conducted by 

independent MRO companies that provide 

such services to all paying customers 

(“MRO” is often used as a synonym for 

any such independent entity). MROs can 

normally perform any level of 

maintenance (scheduled or unscheduled 

repair, overhaul, inspection, preventive, 

etc.) for any type of aircraft on which they 

have been certified as qualified. Normally 

MROs are considered distinct from 

original equipment manufacturers (OEM) 

although some OEMs may offer MRO 

services both for aircraft/components they 

manufacture and for others. In practical 

use, US Air Force depots (Air Logistics 

Centers) can be considered as being MRO 

entities although they provide many 

additional services. 

Maintenance Steering Group 3 (MSG-3) A structured process used to develop 

maintenance and inspection tasks and 
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intervals for an airplane. It is also a 

decision-logic process for determining by 

reliability principles the initial scheduled 

maintenance requirements for new aircraft 

and/or engines. MSG-3 analysis output is 

used as the basis to set the principles for 

each MRO to develop a maintenance 

schedule for an aircraft type. See the entry 

for MRO. 

Mean Time Between Failures (MTBF) The predicted (or experienced) elapsed 

time between inherent failures of a system 

during operation. MTBF can be calculated 

as the arithmetic mean (average) time 

between failures of a system. The 

definition of MTBF depends on the 

definition of what is considered a system 

failure. For complex, repairable systems, 

failures are considered to be those out of 

design conditions which place the system 

out of service and into a state for repair. 

Failures which occur that can be left or 

maintained in an unrepaired condition, 

and do not place the system out of service, 

are not considered failures. 

Mean Time To Failure (MTTF) “When the time to repair or replace a 

failed item is very short compared to 

MTTF, MTTF also represents the mean 

time between failures (MTBF). If the 

repair time cannot be neglected, MTBF 

also includes the mean time to repair 
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(MTTR)” (Rausand & Hoyland, p.26, 

2004) 

Not Mission Capable Both (NMCB) Material condition indicating that systems 

and equipment are not capable of 

performing any of their assigned missions 

because of maintenance requirements as 

well as work stoppage due to a supply 

shortage. See Not Mission Capable 

Maintenance and Not Mission Capable 

Supply below. 

Not Mission Capable Maintenance 

(NMCM) 

Material condition indicating that systems 

and equipment are not capable of 

performing any of their assigned missions 

because of maintenance requirements. See 

also not mission capable supply (below). 

Not Mission Capable Supply (NMCS) Material condition indicating that systems 

and equipment are not capable of 

performing any of their assigned missions 

because of maintenance work stoppage 

due to a supply shortage. See also not 

mission capable maintenance (above). 

Operations and Maintenance (O&M) O&M appropriations traditionally finance 

those things whose benefits are derived 

for a limited period of time, i.e., expenses, 

rather than investments. Examples of 

costs financed by O&M funds are 

headquarters operations, civilian salaries 

and awards, travel, fuel, minor 

construction projects of $750K or less, 

expenses of operational military forces, 

training and education, recruiting, depot 
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maintenance, purchases from Defense 

Working Capital Funds (e.g., spare parts), 

base operations support, and assets with a 

system unit cost less than the current 

procurement threshold ($250K). O&M 

appropriations are normally available for 

obligation for only one fiscal year. 

Programmed Depot Maintenance The (normally) periodic inspection and 

correction of defects that require skills, 

equipment, or facilities not normally 

possessed by operating locations. It is 

complex, usually lengthy (2-6 months) 

and expensive ($1M+), and is governed 

by numerous technical orders and policy 

directives. 

Reliability Centered Maintenance (RCM) A process to establish the safe minimum 

levels of maintenance and is generally 

used to achieve improvements in fields 

such as the establishment of safe 

minimum levels of maintenance, changes 

to operating procedures and strategies, 

and the establishment of capital 

maintenance regimes and plans. With 

respect to aviation, RCM is used to create 

a maintenance strategy to address 

dominant causes of equipment failure and 

provides a systematic approach to 

defining a routine maintenance program 

composed of cost-effective tasks that 

preserve important functions. RCM can 

lead to increases in cost effectiveness, 
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system/component uptime, and a greater 

understanding of the level of risk that an 

organization is currently managing. 

Reliability “The ability of an item to perform a 

required function, under given 

environmental and operational conditions 

and for a stated period of time” (IOS 

8402; Rausand & Hoyland, p. 5, 2004). 

Reliability Function (t) “Hence R (t) is the probability that the 

item does not fail in the time interval (0,t], 

or, in other words, the probability that the 

item survives the time interval (0, ,t],  and 

is still functioning at time t.  The 

reliability function R (t) is also called the 

survivor function” (Rausand & Hoyland, 

p.18, 2004). 

Service Life Extension The continued use of a product and/or 

service beyond its original design life. It 

emphasizes reliability upgrades and 

component replacement or rebuilding of 

the system to delay the system’s entry into 

wear-out status due to prohibitively 

expensive sustainment, reliability, safety, 

and/or performance requirements that can 

no longer be met. The goal is typically to 

return the system to as close to “as new” 

condition as possible while remaining 

consistent with the economic constraints 

of the program. 

Time to failure “By the time to failure of an item we 

mean the time elapsing from when the 
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item is put into operation until it fails for 

the first time” (Rausand & Hoyland, p. 16, 

2004). 

Total Aircraft Inventory (TAI) Number of aircraft assigned to operating 

forces (or to a given unit) for mission, 

training, test, or maintenance functions. 
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Chapter 1—Introduction 

1.1 Background 

The cost to the USAF to replace the 500 KC-135 fuel tankers that came into 

service during the 1950s was estimated to be in the billions of dollars (GAO-04-379, 

2004).  Since the 1990s, Military acquisition reductions of approximately 30% have 

forced the useful extensions of multiple systems such as planes, ships, and tanks 

(Mathaisel, 2008).  The redesign of systems due to lack of system redundancy that would 

improve reliability have been limited due to lack of funds (Kuo & Prasad, 2000; Misra & 

Sharma, 1973).  US military aircrafts (i.e., C/KC-135 tankers, will be 84 years old at 

retirement; A-10 fighters, will be 60 years old at retirement; Eckbreth et al., 2011) have 

been operating on average 20 plus years past their design life, with operations and 

maintenance (O&M) costs doubling from $700 million in 1998 to $1.4 billion in 2000 

(Hitt et al., 2002).  Some military aircraft have had their service lives extended by 40 and 

50 years (Larsen et al., 2001). 

From 2008 to 2013, at least 30% of the USAF’s total aircraft inventory (TAI) was 

unavailable when needed for scheduled flights (Eckbreth et al., 2011).  Over the past four 

years, statistics concerning AA have not changed.  During this period, the commercial 

airline industry has shown that its AA rates exceed 90%, which have exceeded those of 

the USAF (Eckbreth et al., 2011).  Airplane manufacturer Boeing estimated in year 2000 

that half of its aircraft fleet worldwide was operating past its design service life (Larsen et 

al., 2001). 

The USAF maintenance philosophy relies heavily on the use of depot-level 

maintenance actions, whereas the commercial airline industry relies mainly on field-level 
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maintenance actions.  Depot-level maintenance provides on- and off-equipment 

maintenance tasks requiring highly specialized skills, sophisticated shop equipment, 

and/or special activities of a supporting command at a centralized repair facility.  Field-

level maintenance is the maintenance that is performed on the aircraft while it is on the 

flight line or in its hangar bay on station.  Field-level maintenance involves the least-

experienced technical level of maintenance, whereas depot-level maintenance involves 

the most-experienced and is usually performed by subject-matter experts in a centralized 

location. 

Early aircraft maintenance strategy was a time-based approach (i.e., replace at 500 

flight hours), which focused on safety.  Commercial airlines trying to save money by 

avoiding schedule delays and inoperable aircrafts moved to a reliability centered 

maintenance (RCM) strategy (Ahmadi et al., 2007).  The USAF’s aging aircraft fleet’s 

O&M costs are determined through a combination of field-level, intermediate-level, and 

depot-level maintenance activities.  The commercial airline industry estimates 

maintenance costs to be 20% of the aircraft cost over the aircraft service lifetime.  One of 

the worst cases for the commercial airlines is the cancellation of scheduled flight due to a 

maintenance failure (Budai et al., 2008).  The commercial airline industry uses a time-

based periodic scheduled preventive maintenance (PM) strategy instead of a condition-

based PM, as the military does.  A commercial airline aircraft goes through several 

checks while in service.  The A check is approximately 1 hour before the flight, and there 

are monthly B checks, yearly C checks, and D checks for overhaul maintenance and 

repair every 4 to 6 years (Budai et al., 2008).  Commercial airline aircraft reliability is 

directly affects its availability for use.  In-service aircraft maintainability directly affects 
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the reliability that improves on-schedule take-off percentages and reduces the number of 

scheduled flight cancellations.  Aircraft manufacturers and designers intensely monitor 

in-service maintainability, which helps achieve increased availability for commercial 

airlines (Saintis & Hugues, 2009). 

The USAF field-level maintenance costs can be directly tied to additional field-

level maintenance requests for depot-level maintenance engineering assistance.  The 

subsequent increased field-level CM activities have caused increases in O&M costs.  For 

example, the field-level maintenance requests for engineering assistance (i.e., Form 107) 

to the USAF depot-level maintenance group (i.e., subject matter experts) increased 300% 

from 225 requests in 2003 to 900 requests in 2010 for the A-10 aircraft (Eckbreth et al., 

2011). 

CM activity costs are generally six times (6:1) greater (Paschich, 2016) than PM 

task costs when all the variable events within CM activities are considered (ReliaSoft 

BlockSim Application, 2017).  CM activities can include logistic and administration 

functions, such as personnel with technical abilities being available to assist, spare parts 

availability, spare parts functioning properly, proper test equipment availability, and tools 

availability. 

The reliability analysis approach outlined in this report improves upon the 

USAF’s current maintenance approach of performing field-level maintenance 

components RTF and then performing CM activities (Moubray, 1992).  Unlike the USAF 

approach, the reliability analysis approach shows where component availability can be 

increased and how reduced O&M costs can be realized.  This approach is guided by the 

component life-failure prediction data used in the Weibull – 2 parameter distribution 
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model to derive its beta (β).  The β provides the mode of a component failure, in that it 

includes the following: infant mortality failure (i.e., burn-in), random failure (i.e., design 

life), and wear-out failure phase (i.e., extended wear; Abernethy, 2008).  This reliability 

analysis approach to field-level maintenance shows that this new approach can increase 

component availability rates and reduce field-level component O&M costs.  In this praxis 

case study on the A-10 aircraft landing gear system components, for example, integration 

of this approach can increase component availability by three percent over a one-year 

period and decrease system/component O&M costs by $187,451 for the same one-year 

period.  The USAF schedules aircraft for depot-level maintenance, repair, and overhaul at 

five-year intervals (Eckbreth et al., 2011), whereas the commercial airline industry 

performs its D aircraft check, equivalent to depot-level maintenance, every four to six 

years (Lufthansa, 2017).  The commercial airline industry schedules D checks on aircraft 

earlier, after four-years, when they have a higher frequency of CM activities compared to 

their fleet aircraft.  Commercial airline aircraft that have a low rate of CM activities can 

stretch their D check to the six-year time period.  Moreover, USAF depot-level 

maintenance activities are 180–280 days in duration, compared to 30–45 days in duration 

for the commercial airline industry (Eckbreth et al., 2011).  This reliability analysis 

shows that the USAF’s O&M costs cannot be reduced without adding some periodic 

scheduled PM tasks to reduce field-level maintenance CM activity costs—as the 

commercial airlines industry presently does.  This case study is based on the reliability of 

USAF components that receive no periodic scheduled PM tasks and are only replaced 

when they fail, causing a CM activity.  The field-level maintenance components studied 

for this report are designated with RTF status with only CM activities, which then 



5 
 

generate high O&M costs.  The commercial airline Delta maintenance strategy of 

swapping out failing planes with older (I.e., cheaper than purchasing new ones) spare 

planes has greatly reduced the cancelling of scheduled flights.  Due to this practice, Delta 

airlines led all U.S. commercial airlines carriers in 2013 with a profit of $2.7 billion 

(Broderick, 2014).  Planning is key in PM tasks, which is not the case in using a RTF 

maintenance strategy.  Planning involves scheduling the removal and replacement of a 

component when they are still operating.  PM task costs can increase O&M costs when 

the PM task frequency is too high and when there is a possibility that the PM task could 

be imperfect (i.e., incorrectly performed and causing a failure). 

The reliability analysis is performed first on the system’s individual components 

and second on the theoretical system as a whole.  The theoretical landing gear system 

(LGS) is constructed with many of the actual components, but not all, because of data not 

being available on them.  The reliability analysis approach presented here shows that AA 

rates can be increased and field-level O&M costs can be reduced through the use of 

OPRAM simulations.  OPRAM simulations calculate the optimal frequency number of 

PM tasks in a given time period, the placement of those PM tasks in that period, and the 

probability in that time period of CM activities occurring, given that PM tasks have 

already taken place (Jardine, 1973).  The AA rates are improved by reducing the amount 

of component downtime, and the O&M cost reductions are realized through the optimal 

balance between the number of PM tasks contained within a certain period and the 

placement of PM tasks within that same period.  This quantitative research uses five 

consecutive years of component life-failure prediction data sets to perform a reliability 

analysis on aircraft RTF components (Reliability Information Analysis Center, 2011). 
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1.2 Research Motivation 

The 2011 USAF Scientific Advisory Board report encouraged the USAF to 

include in its RCM maintenance strategy a reliability analysis of its field-level activities 

(Eckbreth et al., 2011).  This praxis shows that, using component life-failure prediction 

data, component reliability analysis predictions should be included in the USAF’s RCM 

strategy concerning its aging aircraft fleet.  This praxis presents a reliability analysis 

approach for the USAF in regard to field-level maintenance and shows that this approach 

can increase component AA rates and reduce component O&M costs.  In the case of A-

10 aircraft, the component availability rate could increase by three percent over a one-

year period, and system/component O&M costs could decrease by $187,451 for the same 

one-year period. 

This praxis report thus proves that, even given the high-quality components the 

USAF uses in its aircraft systems, all eight of the components under examination reach 

the wear-out phase of their life cycle when they have a beta (β) > 1; therefore, applying 

an OPRAM to the aging components best determines component availability and O&M 

costs.  Consequently as an example, the USAF RTF strategy currently in use on attack 

aircraft landing gear systems should be re-evaluated and possibly eliminated.  Field-level 

PM should now be applied to the attack aircraft landing gear systems with the PM time 

intervals determined through OPRAM simulations.  The USAF TAI of A-10 

Thunderbolts II is presently at 357 aircraft. If the USAF employed the methods of this 

Praxis report on its TAI of 357 A-10 aircraft, it could realize a total savings of 

approximately $6.7 million on O&M costs fleet-wide. 
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1.3 Problem Statement 

The lack of reliability analysis being used by USAF in their RCM strategy 

determination of field-level RTF components has led to low AA rates and consistent 

O&M cost increases. 

 

1.4 Thesis Statement 

The reliability analysis methodology performed on the RTF components life-

prediction failure data determines its resultant hazard rate and lifecycle phase on the 

bathtub curve to justify whether PM tasks are valid for periodic scheduled PM tasks on 

non-repairable components to improve availability rates and reduce O&M costs. 

 

1.5 Research Objectives 

This Praxis research examines whether periodic schedule planned field-level PM 

tasks can address the increasing O&M costs and availability issues in regard to RTF 

components that exists in the wear-out (β > 1) phase. 

 

1.6 Research Questions and Hypotheses 

RQ1: What maintenance strategies does the commercial airline industry employ 

to control availability rates and O&M costs?  

RQ2: How can AA rates be improved and O&M costs reduced through an 

optimal age part replacement maintenance strategy? 
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 H1: A reliability methodology applied to the landing gear system run-to-failure 

components of military aircraft can result in at least a 60 percent reduction in yearly 

operation and maintenance costs and at least a three percent increase in system 

component availability. 

 

1.7 Scope of Research 

This praxis report identifies the differences in maintenance strategy approaches 

used by the USAF and the commercial airline industry, compares aircraft availability 

rates, and presents the O&M cost savings that could be realized by using the reliability 

analysis approach for field-level PM tasks similar to commercial airline practices.  This 

Praxis reliability analysis methodology approach uses life-prediction failure data from 

five consecutive years on designated RTF components.  The commercial airline 

maintenances strategies and data were taken from available documentation.  The RTF 

components were non-repairable and were replaced during PM tasks and CM activities.  

The RTF components had no planned replacement time, and were replaced only as 

needed when they failed.  This Praxis report looks at including periodic scheduled PM for 

RTF components and taking into account the probability of CM activities occurring.  This 

Praxis investigates the use of the OPRAM simulation using the generated reliability 

analysis’s RTF results to include availability and cost functions.  
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1.8 Research Limitations 

This praxis reliability analysis approach was focused on the landing gear system 

and its components’ RTF reliability hazard rates, with a beta (β > 1) on non-repairable 

components with no planned periodic schedule PM.  This Praxis research investigates the 

use of periodic scheduled PM task and not non-periodic schedule PM.  This Praxis report 

was limited to only RTF non-repairable components because no repairable RTF 

component data was found or available.  There is limited literature on RTF components 

that are in the infant mortality and the wear-out phases of their life cycle. 

 

1.9 Organization of Praxis 

This praxis report is organized into six chapters, the first chapter being this 

introduction.  Chapter two provides a literature review, including background information 

on previous RTF research.  Chapter three is the reliability analysis approach 

methodology, which explains the step-by-step process performed for this research.  

Chapter four describes the case study on the A-10 aircraft landing gear system RTF 

components.  Chapter five presents the results and findings of the case study.  Chapter six 

contains the discussion, conclusion, contribution to body of knowledge, and directions for 

future research.  
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Chapter 2—Literature Review 

2.1 Introduction 

This Praxis centers on how a reliability analysis could improve the United States 

Air Force’s (USAF) aging fleet aircraft availability (AA) rates and operations and 

maintenance (O&M) costs.  Reductions of approximately 30% in military acquisitions 

since the 1990s have forced the extended lifecycle use of multiple systems, such as 

planes, ships, and tanks (Mathaisel, 2008) (GAO-04-349, 2004).  The redesign of 

redundant systems, which would improve reliability, has been limited due to lack of 

funds (Kuo & Prasad, 2000; Misra and Sharma, 1973).  USAF aging aircrafts have been 

operating an average of 20-plus years past their design life, with operations and 

sustainment costs doubling from $700 million in 1998 to $1.4 billion in 2000 (Hitt et al., 

2002).  

This literature review focuses on the reliability, availability, maintainability, and 

cost savings the USAF could realize.  The Department of Defense employs three metrics 

to measure the quality of its systems: reliability, maintainability, and availability 

(Department of Defense Acquisition system, 2005).  Reliability, however, can be 

measured differently, depending on the particular situation.  Reliability analysis can be 

used to study aircraft operational reliability, system reliability, and mission reliability, 

taking into account component failure occurrences (Tiassou et al., 2013), and reliability 

can be measured by the number of failures per time unit, which is called the failure rate.  

For non-repairable items or systems, it is measured by mean time to failure.  The mean 

time to failure denotes the mean functioning time of the item.  Reliability is “the ability 

of an item to perform a required function, under given environmental and operational 
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conditions and for a stated period of time” (IOS 8402; Rausand & Hoyland, p. 5, 2004).  

The expression that describes the reliability of an item or a system is the reliability 

function R (t), sometimes referred to as the survivor function (Rausand & Hoyland, 

2004). 

 AA is a major issue for the USAF; its total AA rate of 70% is much lower than 

the more than 90% AA of the commercial airline industry (Eckbreth et al., 2011).  

“Availability is the ability of an item (under combined aspects of its reliability, 

maintainability, and maintenance support) to perform its required function at a stated 

instant of time or over a stated period of time” (BS 4778, 1991).  Reliability and 

availability studies have long been used in commercial industries’ power systems (Yu, L., 

& Beck, R., 1983).  “The USAF high command views reliability requirements based on 

mission and operational requirements instead of probabilistic measures such as mean 

time between maintenance, mean downtime, mean availability, inherent availability, and 

so on” (USAF R&M 1987, 2000).  Average availability is the mean portion of time an 

item is functioning properly.  The average availability of an item repaired to an “as good 

as new” state takes into account the mean time to failure and the total mean downtime 

needed to fully complete the repair (Rausand, 1998).  A major problem in maintaining an 

appropriate percentage of AA is having the proper spare parts available, functional, and 

at the right time and place (Kontrec et al., 2015).  Commercial airline maintenance 

service companies also see this as a problem and try to forecast part needs through 

reliability analysis methods (Eckbreth et al., 2011).  The cost of corrective maintenance 

by commercial airlines operating in Europe is said to be about ₤1 million per aircraft per 

year (Ultra Reliable Aircraft, 1997). 
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 Maintaining an aging aircraft fleet is no simple task, especially if it includes 

multiple aircraft types, ages, and technology levels.  “Maintainability is the ability of an 

item, under stated conditions of use, to be retained in, or restored to, a state in which it 

can perform its required functions, when maintenance is performed under stated and 

using prescribed procedures and resources” (BS 4778, 1991).  Maintenance is a 

combination of the technical and administrative tasks needed to maintain an item in its 

current state or repair it to the desired state.  There are four main maintenance strategies: 

corrective, preventive, predictive, and proactive (Moubray, 1997).  This Praxis focuses on 

the two most recognized maintenance strategies: corrective maintenance (CM) and 

preventive maintenance (PM).  The CM strategy involves fixing components after they 

have failed (i.e., RTF).  The PM strategy involves repairing or replacing items at fixed 

intervals based on their age or operating duty lifecycles.  Reliability analysis studies have 

been used in establishing scheduled preventive maintenance strategies on the commercial 

Boeing 737 non-repairable brake assembly using a Weibull 3-parameter model to 

optimize reliability (Al-Garni et al., 1999).  Additionally, reliability analysis has been 

used in forecasting non-repairable and repairable spare parts in aircraft maintenance 

systems (Kontrec et al., 2015), and used to develop scheduled aircraft maintenance plans 

both for field-level and depot-level maintenance support within the guidelines of the 

maintenance steering group-3 framework (Jiusheng, C. & Xiaoyu, Z. 2012).  A survey of 

reliability maintenance models stated that maintenance policies of deterioration systems 

(i.e., fails over time) can be categorized mainly as age replacement and random age 

replacement (Wang, 2002).  The maintenance management model literature has studied 

several areas and issues for decision makers, including how to determine the ideal time 
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interval between maintenance and what the optimal replacement age of the component is.  

Another question is what the optimal frequency of maintenance performance would be 

like (Campbell & Jardine, 2001).  One of the basic questions decision makers must make 

is the following: Is it more economical to perform repairs instead of replacements?  To 

improve a system’s availability during operations and sustainment, an optimal 

maintenance policy must be implemented to realize the highest impact to availability and 

cost savings (Lie & Chun, 1986). 

Both the periodic scheduled planned PM tasks and CM activities incur costs.  In 

CM, the costs include unplanned system downtime, technician labor costs for 

troubleshooting the system, costs to perform the needed repair, costs of replacing it, costs 

of locating the item in the supply system, costs of having or not having the item on hand, 

costs of the spare working properly, and administrative costs.  Overall, CM costs are six 

times greater than PM costs (Paschich, 2016).  On commercial airlines, unplanned 

maintenance can cost between three and nine times more than planned maintenance (Bell 

& Howell, 2018).  In periodic PM, a set interval of time based on age or operating duty 

cycle is established when the item still functioning as required is replaced.  The PM task 

costs are planned system downtime (i.e., minimal time), item replacement cost, and 

technician labor cost.  A PM task can be costly if the frequency is too great, the item is 

too expensive to replace, or the possibility of inducing failure during the PM task due to 

inadequate technician training and performance is too high.  Recent PM policies that have 

tried to optimize the maintenance costs of both CM and PM included using their direct 

and indirect cost estimations (Charles et al., 2003).  Another PM optimization cost policy 
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of both serial and parallel systems incorporates Monte Carlo simulations for time-

dependent factors (Bris et al., 2003). 

 

2.2 Maintenance Historical Background 

Maintenance decision makers have many important issues to consider when 

deciding when to replace a deteriorating item.  This decision is constantly being 

evaluated and adjusted per maintenance policy.  Maintenance is a combination of tasks or 

events to restore a system to its previous condition (Moubray, 1997).  CM is a 

maintenance event performed after an item or system has failed, whereas PM is a 

maintenance task performed on an item or system before it fails.  Maintenance is defined 

as the “set of activities required to keep physical assets in the desired operating condition 

or to restore them to this condition” (Pintelton & Parodi-Herz, p 22, 2008).  A PM task 

and a CM event can be classified in many ways: better-than-new maintenance, perfect 

maintenance, imperfect maintenance, minimal maintenance, and worse maintenance 

(Brown & Proschan, 1983; Pham & Wang, 1996; Wu, 2011).  Optimal PM maintenance 

scheduling uses multiple-criteria decision-making (Hwang et al., 1979).  The multiple-

criteria factors include cost, availability, and required level of reliability.  The component 

reliability hazard rate from the calculated probability density function (PDF) are plotted 

on the bathtub curve showed that, using spreadsheet modelling, optimal maintenance 

scheduling for components in the wear-out phase have a beta greater than 1 (β > 1; 

Artana & Ishida, 2002).  

Optimal age replacement literature was introduced in 1959 and centered on 

single-unit systems (Barlow & Hunter, 1960).  In age replacement maintenance, a 
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planned replacement occurs when an item reaches a predetermined age (e.g., operating 

hours, weeks, days, and years) (Savits, 1988).  Age replacement maintenance costs less to 

administer than other replacement maintenance policies (Dekker & Archibald, 1996). 

 

 

Optimal PM policy objectives are to minimize total operation and maintenance 

costs and maximize subsystem or system availability.  The introduction of periodic 

replacement established an overhaul activity with minimal repair to the items or systems 

when performing a CM event (Barlow & Hunter, 1960).  A minimal repair brings an item 

or system to its previous condition, immediately prior to the failure.  After a PM task is 

performed with minimal repairs, the item or system is considered to be “as good as new” 

at that time.  Optimal maintenance policies are all based on using models incorporating 

age replacements, with minimal repair to an item or system, which reduces repair and 

replacement costs per unit when using a new item that returns the system to the same 

condition it was before failure (Barlow & Proschan, 1965).  This is followed by an 
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optimal PM with a minimal repair policy.  The three optimal policies using minimal 

repair are based on an item’s age, its operating duty lifecycles, the number of failures in a 

set time duration, or replacement after exceeding time (T) limit, and replacement at next 

failure (Phelps, 1983).  The three optimal maintenance policies using minimal repairs are 

the following (Barlow & Hunter, 1960; Park, 1979; Muth, 1977): 

• “Minimal repairs up to age T or replacement at age T; 

• Minimal repairs for first n – 1 failures, then replacement at the nth – 1 failure; 

• Minimal repairs up to age T, then replacement at the first failure after T” (Phelps, 

p. 425, 1983)  

 

2. 4 Previous Research 

The USAF employs a reliability-centered maintenance (RCM) strategy that 

contains a run-to-failure option.  The RCM strategy has four failure consequences: (1) 

hidden (e.g., unknown, not readily seen failure), (2) safety/environmental, (3) 

operational, and (4) nonoperational failures—each of which affect the organization’s 

aircraft maintenance in different ways (Moubray, 1992).  RCM’s four failure 

consequences divide its activities into two categories: proactive tasks and default actions.  

Proactive tasks are performed before the component reaches the failed state and are part 

of a PM maintenance strategy.  The other RCM category, default actions, is chosen when 

a suitable proactive task cannot be identified.  The RCM strategy also contains three 

default action categories: (1) failure findings, (3) redesign, and (3) no-scheduled-

maintenance.  The economic validation of the default criterion for assigning an RTF 
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maintenance strategy is that the total cost of performing a proactive task on a component 

is greater than the cost of merely letting the component fail and then repairing it.  

 This praxis research found three academic journal articles directly related to RTF 

maintenance strategies.  A few journal papers from symposiums and conferences were 

found but only briefly mentioned RTF as a maintenance strategy.  Two of the RTF 

articles related to the mining industry, and the third RTF article involved the marine 

environment.  Each of these three articles was looking for an optimal maintenance 

strategy based on a reliability analysis of their equipment failure data.  One of the mining 

RTF articles, titled “A Model for Optimal Armature Maintenance in Electric Haul Truck 

Wheel Motors: A Case Study,” examined an optimal interval replacement strategy on 

new components with β < 1, and on components that have previously received one or two 

PM tasks or CM activities with β > 1 (Lhorente et al., 2004).  This RTF article presented 

two possible PM or CM strategy recommendations and one that called for using RTF on 

new equipment investments.  Both possible PM or CM strategies included cost savings 

and equipment availability rates.  The second mining RTF article, titled “Reliability 

Modeling of Hydraulic System of Drum Shearer Machine,” involved an examination of 

components’ time to failure and followed a Weibull 3-parameter distribution model with 

all component failures residing in the burn-in phase (i.e., infant-mortality) with a β < 1 

(Seyed Hadi et al., 2011).   The article examined RTF maintenance strategies and 

hydraulic machine system reliability and attempted to determine the most appropriate 

maintenance strategy for components based on a reliability analysis, with predicted 

failure characteristics.  This journal paper presented the RTF maintenance strategy as 

suitable, based on the predicted component (i.e., drum shearer) failures and the associated 
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component costs.  It also illustrated that components with a hazard rate β < 1 should not 

receive periodic scheduled PM; in such cases, RTF was the optimal maintenance strategy.  

The third RTF article, titled “Spreadsheet Modelling of Optimal Maintenance Schedule 

for Components in Wear-Out Phase,” performed a reliability analysis on a ships marine 

equipment liquid ring primer bilge system life-failure prediction data.  They examined 

their data through four distribution models: normal, lognormal, exponential, and Weibull 

2-parameter to decide the best fit for their data.  The maximum likelihood estimation 

(MLE) was used to determine which model to use on all the components with β > 1 and 

examined 6 of 10 data points for the components.  This paper noted that “in the wear-out 

phase, however, the reliability of a component is different from that after the previous 

maintenance” (Artana & Ishida, p.81, 2002). 

 

2.5 Summary and Conclusion 

 This Praxis expands on the three previous academic journal papers that studied 

reliability analysis using RTF maintenance strategies.  The case study from Lhorente et 

al., confirmed that RTF maintenance was ideal for components with β < 1, but that 

periodic scheduled PM was beneficial for components with β > 1 because it resulted in 

maintenance cost savings and increased equipment availability rates.  Seyed Hadi et al., 

reaffirmed that RTF components with β < 1, residing within the burn-in phase, should not 

receive periodic schedule PM.  Artana, K.B., & Ishida, K., ship marine equipment RTF 

article conducted a reliability analysis with multiple distribution models under 

consideration for β > 1 components and the use of MLE to evaluate the data goodness-of-

fit of their life-prediction failure data.   
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  One potential gap in this literature is that this praxis research uses nonrepairable 

components that are replaced, bringing the system to an as-good-as-new condition, unlike 

Lhorente et al., article case study, where the components are brought to a state of better-

than-new-but-worst-than-new condition.  This praxis report builds on the idea that the use 

of optimal replacement maintenance reduces O&M costs and increases availability rates.  

It also builds on the RTF articles, showing that a periodic scheduled PM strategy should 

not be employed for components with β < 1.  This Praxis provides evidence that 

previously classified RTF components with β > 1 need to be re-evaluated with the use of 

the OPRAM simulations that include calculating both CM activity possibilities and 

periodic scheduled PM tasks.    
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Chapter 3—Methodology 

3.1 Introduction 

The RTF maintenance strategy is conceptualized as the performance of an action 

to fix a component only when the component fails.  The RTF methodology is intended to 

allow for increased component availability by not increasing system downtime while 

performing PM actions.  An RTF maintenance strategy is only implemented when the 

cost of performing PM actions during a specific time interval exceeds the cost of an 

unscheduled CM action (Moubray, 1992).  Conducting a reliability analysis on a specific 

data set helps calculate the life-failure prediction of a component and is used to optimize 

scheduled PM times.  The reliability of a system’s components determines how often a 

system needs to be maintained. 

System and component reliability are functions that should be considered during 

the design process of the equipment being built.  Many factors affect reliability in design, 

such as design specifications, design weight and size constraints, and performance trade-

offs.  The reliability function determines the probability that a component will survive a 

certain duration (i.e., 10 hours) without a failure (Rausand, 1998) . The maintainability of 

an item is expressed by the probability that the PM or repair of the item will be 

performed within the time interval indicating according to the given procedures and 

resources (Levi et al., 2014).  PM actions enable a system to retain its stated 

functionality; unscheduled CM is required for component failure replacement.  PM 

actions can include tests of functions, inspections, services to replace consumables, and 

scheduled component replacement to maintain a system’s operational capability. 
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3.2 Data Analysis  

The praxis research methodology incorporates reliability analysis modeling based 

on lifetime probability distributions for establishing component reliability.  The 

maximum likelihood estimation (MLE) method is used to determine goodness-of-fit of 

the data to the distribution model.  The MLE uses the Anderson-Darling test to determine 

how well a set of data follows particular distributions and how the data fit each 

distribution (Minitab 18@ Support, 2018).  The methodology is driven by the selection of 

the probability distribution model that best represents the data set under examination.  

The methodology examines multiple probability distribution models for best fit of the 

data set.  These models include: normal, lognormal, exponential, and Weibull.  Normal 

distribution is sometime used on components that are replaced and is used as a 

comparison measure against the other distributions.  The lognormal distribution model is 

commonly used for life distribution modeling on high-technology applications (Minitab 

18@ Support, 2018).  The exponential distribution model represents the empirical 

distribution of components with constant failure rates (Artana, K., & Ishida, K.).  The 

exponential distribution is a special case of the Weibull distribution when components 

have a β = 1 (Minitab 18@ Support, 2018).  The Weibull 2-parameter (Weibull 2-p) and 

3-parameter (Weibull 3-p) distribution models are the most widely models used on 

reliability data sets (Minitab 18@ Support, 2018).  “The Weibull distribution is seen to be 

flexible and may be used to model life distributions, where the failure rate function is 

decreasing, constant, or increasing” (Rausand, M., & Hoyland, A., p. 38, 2004).  The 

Weibull 2-p contains two parameters, eta (η) the scale parameter called the characteristic 

life, and the beta (β) called shape/slope parameter.  When the β > 1 the Weibull 
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distribution approximates the normal distribution, and when the β = 1 it mirrors the 

exponential distribution. 

                           

For example, Table 3-1 shows the number of failures per year and operating hours 

per year on the A-10 aircraft battery storage unit.  The total number of 293 unit 

aggregated failures during 730,928 operating flight hours are measured to determine 

which distribution model is the best fit to use on this data set.  We perform a goodness-

of-fit measure using Minitab 18@ software statistic reliability/survival function. 

                          

 

Distribution Anderson-Darling

Weibull 44.525

Lognormal 50.469

Exponential 107.24

Normal 46.834

Table 3-2. Battery Storage Goodness-of-Fit

Goodness-of-Fit
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The goodness-of-fit measure uses the Anderson-Darling test to investigate how 

well a data set follows a particular distribution.  The lowest number represents the best fit 

of the data to the distribution.  In Table 3-2, Goodness-of-Fit shows the lowest Anderson-

Darling measure of 44.525 for the Weibull 2-p, followed by the normal distribution at 

46.834, and the exponential distribution being the least likely to use at 107.24. 

 

   

In the example shown using the A-10 battery storage unit data set in Figure 3-1, 

the plots are shown graphically the maximum likelihood estimates (MLE) on each of all 

the four distribution models.  All the 293 failures during the 730,928 operating hours over 

the five-year period are fitted to each model.  The Weibull distribution model is the best 

fit for this data set with an Anderson-Darling adjusted measure of 44.525.  The 
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distribution model provides answers graphically for the component’s data set through the 

model’s probability density function (PDF), cumulative distribution function (CDF), 

survival function, and hazard functions.  

The A-10 battery storage unit selected the Weibull 2-parameter (Weibull 2-p) 

distribution model to develop the probability plots from it data set.  In Figure 3-2 below, 

we review the data’s Weibull 2-p probability density function (PDF), the survival 

function and the hazard function.  

 

   

The selected probability distribution model is used to determine each 

component’s reliability, probability of failure, and mean time to failure (MTTF; 

Moubray, 1992).  The research methodology seeks to investigate how often each 

component fails.  The frequency of an individual component’s failure is called the failure 
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rate (1/λ), which is found by dividing the total number of failures in a specific time frame 

by the total number of operating hours in that time frame.  The individual components’ 

1/λ is then used then to determine the mean time between failures (MTBF) by taking its 

reciprocal (Blanchard, 2004). 

MTBF = 1/λ.                                                                                     (Eq. 3-2) 

Each component’s yearly MTBF value is used as a data point (i.e., yearly data 

points 2004–2008).  The distribution model provides answers graphically for the 

component’s data set through the model’s probability density function (PDF), cumulative 

distribution function (CDF), survival function, and hazard functions. 

        Analysis of the system’s component type (e.g., repairable or nonrepairable) can 

determine whether MTBF or MTTF is the appropriate metric for the data set.  A 

repairable component requires MTBF for data analysis, and a nonrepairable component 

requires MTTF as the metric.  The hydraulic accumulator data set contains 386 failures 

during 1,493,854 flight operating hours. 
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The individual life-failure component data sets are then applied to the selected 

probability distribution model.  The aircraft hydraulic accumulator MTBF hours are 

presented in Table 3-3.  However, because the hydraulic accumulator component is 

nonrepairable, we use the MTTF measure for PM-scheduling replacements.  The Weibull 

2-p distribution model is widely used in product life analysis because it allows for a wide 

variety of shapes and thus can fit multiple data types (Abernethy, 2008).  The through the 

use of the gamma equation: 

MTTF/Eta (η) = Gamma (Γ) [1 + (1/ Beta (β)].    (Eq. 3-3) 

The Weibull characteristic life parameter is Eta (η), “η age at which 63.2% of the units 

will fail” (Abernethy, p. 2-4, 2008), and Beta (β) is the slope or shape parameter of the 

distribution. The Gamma (Γ) equation is as follows 

( ) 1

0

x ne x dxη
∞

− −Γ = ∫ .                  (Eq. 3-4) 

The Weibull 2-parameter probability distribution model allows us to solve for the 

hydraulic accumulator MTTF 

[ ]1 1/MTTF η β= Γ + .                          (Eq. 3-5) 

Using Table 3-4 which contains results from the Weibull 2-p MTTF reliability analysis of 

the hydraulic accumulator data set.  The β = 8.74, and the η = 4101 and solving gamma Γ 

through Microsoft@ Excel@ function gamma log is solved through Γ = η*Exponential 

(GAMMALN (1 + 1/β)).  The hydraulic accumulator has an MTTF = 4101(η) * 

[ ]1 1/ 8.74Γ +
 = 3,878.85 hours. 
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If the time required to replace a failed component is very short compared to its MTTF, 

then the MTTF also represents the MTBF.  A component’s MTBF includes the MTTF 

and mean time to repair (MTTR), or  

MTBF MTTF MTTR= + .                            (Eq. 3-6) 

The selected probability distribution model’s standard reliability equation is used to 

generate the component’s reliability (R) values over time R (t).  We continue to use the 

system’s individual components (i.e., the hydraulic accumulator) to present the Weibull 

2-p probability reliability equation at time R (t) of the hydraulic accumulator under 

examination to find that the Weibull 2-p reliability equation is   

  
( ) ( )t

R t e

β

η−
=

.                                                                     (Eq. 3-7) 

The hydraulic accumulator’s reliability R (t) at 100 hours is = 80.81%.  We perform this 

calculation for all individual components for reliability R (t) values at (t) hour intervals of 

2, 4, 8, 16, 32, 64, 100, 200, 500, 1,000, 2,000, and 2,500 hours.  
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With the Weibull 2-p model selected, the probability density function (PDF) is 

calculated of the system’s individual component in the data set under examination.  In 

Figure 3-3, the A-10 hydraulic components Weibull 2-p PDFs are graphically presented.  

For example, when an aircraft’s hydraulic accumulator is examined, the Weibull 2-p PDF 

reveals the shapes (e.g., the graph’s peak and slope) of the individual components within 

its system. The Weibull 2-p PDF equation used is 

( )
1 t

t
f t e

ββ
ηβ

η η

−  − 
   =   

    .                                             (Eq. 3-8) 

The Weibull 2-p PDF, in the example below, is applied to an A-10 aircraft 

electrical system component (i.e., the control unit anti-skid).  The equation finds the PDF 

and provides visualization (i.e., shape) of the control unit anti-skid component life-failure 
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data set distribution with an MTTF of 2,413.15 hours; η = 2,754.76; β = 2.424; t =  

2,000.00 hours: ( )( ) ( )2.424
2.424 1 2000

042754.762.424 2000(2000) 3.5
2754.76 2754.76

f e E
− − −= =         

     

In Figure 3-4, the A-10 landing gear system components Weibull 2-p PDFs are 

presented.  The A-10 drag brace and steering unit are peaking around 2,000 hours which 

would approximately their mean time to failure (MTTF).  Figure 3-4, shows the A-10 

retractable landing gear MTTF at 5,000 and the control panel MTF at 7,000. 

The methodology uses the Weibull 2-p probability distribution model selected to 

calculate the CDF of the data set, which provides the probability of failure (F) up to 

failure time F (t), meaning failed at time (t).  Equation 3-9 shows the Weibull 2-

parameter CDF equation we use 
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( )
( ) 1

t

F t e

β

η−
= − .                                (Eq. 3-9) 

The probability of F (t) of a hydraulic speed drive assembly at the (t) of 11,305 hours, 

using a Weibull 2-parameter CDF, indicates a 51% failure rate for that component                       

( ) ( )10.63
11,305

11,6851 0.509 51%F t e
−

= − = = .  This is visually represented in Figure 3-5, by 

the dark blue line of the hydraulic speed drive, which is at approximately the 0.5 line of 

cumulative probability of failure and 11,000 component hours. 
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3.3 Monte Carlo Simulation  

We next performed a Monte Carlo simulation, which provides a larger data set 

based on random number generation around the component Weibull parameters values 

(i.e., 5,000 iterations) to be placed under examination.  The parameter or parameters of 

the selected probability distribution model form the basis for the Monte Carlo simulation 

(Vertex, 2017).  Using the Weibull 2-p in Equation 3-2 as an example, the parameter beta 

(β) and eta (η) values from each system’s individual components are used in the Monte 

Carlo simulation to generate over 5,000 iterations of each component’s MTTF values.  In 

Figure 3-6, the A-10 hydraulic accumulator Weibull 2-p Monte Carlo simulation 

histogram  showing the mean time to failure approximately between 3,800 – 4,200 hours.  
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3.4 Reliability Block Diagram 

The praxis research uses a RBD to calculate the static (i.e., derived from the 

Weibull model) system’s (i.e., aircraft landing gear system) mission reliability.  The 

RBDs are used in reliability analyses and prediction functions because they are able to 

simplify complex physical configurations into a series of logical representations 

(Blanchard, 2004).  The system’s reliability is determined by finding the product of all 

the series’ reliabilities.  Figure 3-7, below shows some examples of RBD serial, parallel, 

and combination series-parallel networks.  
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The Weibull 2-p PDF plots β parameter represents the shape/slope of the line 

within the component MTTF values.  Figure 3-8 shows the β values that are marked 

throughout the “bathtub curve,” which shows a component’s failure rate over time in 

ranges/phases.  The figure shows three general measures of a component’s β values in 

three segments: 1) burn-in, 2) design life, and 3) wear out.  β < 1 implies infant mortality 

failure (i.e., burn-in range); β = 1 suggests random failures (i.e., design for constant 

performance); and β > 1 denotes an old-age component failure range (i.e., wear out; 

Abernethy, 2008).  
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We took the selected field-level components with β > 1 designated from the wear-out 

phase of the bathtub curve.  The wear-out phase has the hazard rate increasing as time is 

increasing. 
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Weibull PDFs examples are plotted in both Figure 3-9 and Figure 3-10, showing the β 

shape/slope of the probability distribution of the data sets.  In Figure 3-9, we graphically 

see the different slope/shape of the three phases corresponding to the bathtub curve. The 
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η in Figure 3-9 is constant with the β showing burn-in failure at β = 0.5, design life β = 1, 

and wear out at β = 3.  In Figure 3-10, we can see the characteristic life η where 63.2% of 

which failures will be at on the plots.  The η in Figure 3-10, varies in value (i.e., 50, 100 

& 200) with the β remaining constant at 3. 

 

3.5 Availability 

The two availability measures that we used in this methodology are inherent 

availability, which includes only CM actions, and mean availability, which can include 

component inspections, CM, PM, administrative delays, and/or logistical delays. 

According to O’Connor & Kleyner (2012), “Inherent availability (AI) is the steady state 

availability which considers only the CM” (p.409). 

  I

MTTF
A

MTTF MTTR
=

+ .                                                (Eq. 3-10) 

Average uptime ( ( )A t ) is the time interval in which the component is available 

for use. ReliWiki (2016) stated “It represents the mean value of the instantaneous 

availability function over the period (0, T)” (p.6).  Additionally, according to Weibull 

HotWire (2017) “For systems that have periodic maintenance, availability may be zero at 

regular intervals.  In this case, mean availability is more meaningful measure that 

instantaneous availability” (Issue 79, p. 2).  

( ) ( )
0

1 t

A t A u du
t

= ∫ .                                                            (Eq. 3-11)                                                        
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These two availabilities, AI  and ( )A t , are used to establish the component’s 

availability; first, the CM (AI ) actions are compared to component availability values 

with the addition of periodic scheduled planned PM ( ( )A t ) tasks and the probability of 

failures causing CM (AI ) activities during that same time period (O’Connor & Kleyner, 

2012). 

  

3.6 Optimization 

The USAF RCM strategy designates components as RTF components when there 

are no scheduled PM tasks assigned to them.  This Praxis report reveals how the addition 

of optimal preventive replacement-age maintenance tasks on components with a beta 

(β>1) parameter increasing continually over time will increase availability and reduce 

O&M costs.  The other critical RCM strategy criterion for a component to be selected as 

an RTF component is the economical factor (i.e., cost).  We conducted a cost analysis on 

the RTF component that included the additional cost of scheduled PM activities during 

that time period (i.e., 480 yearly flight hours) using the optimal preventive replacement 

age model (OPRAM) simulation (Jardine 1973; ReliaSoft BlockSim Articles, 2017).  We 

evaluated these PM costs along with the cost of any CM actions during a designated 

period.  Additionally, we evaluated the OPRAM cost factors to see whether costs are 

reduced or increased with the addition of a PM activity rather than letting the component 

fail (i.e., CM).  The status of a component receiving a PM action is considered to be as 

good as new (Barlow and Hunter, 1960).  The RTF economic criterion states that the cost 

of including scheduled PM tasks cannot exceed the cost associated with the subsequent 

component failure and repair costs (Jardine, 1973).  PM and CM failure component 
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replacement times are adjusted to the optimal replacement time that minimizes the 

replacement cost per unit time of the failures.  The example in Figure 3-11, shows that 

the minimum cost of replacement is at approximately 530 hours and 0.007 cost per unit 

time. 

       

  (Reliwiki, p. 12, 2016) 

     

“Total expected replacement cost per cycle = cost of PM * Reliability (optimal 

preventive replacement age time) + cost of failure (CM) [1-Reliability (optimal 

preventive replacement age time)].  Expected cycle length = time duration of PM cycle * 

probability of PM cycle + expected duration of failure (CM) cycle * probability of a 
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failure (CM) cycle.  The expected duration of failure (CM) cycle is the MTTF when PM 

occurs at optimal preventive replacement age time + time required to make failure 

replacement” (Jardine, p. 92-93, 1973). 

The ReliaSoft@ BlockSlim@ reliability analysis software application uses Jardine 

(1973) OPRAM Equation 3-12, to calculate the optimal time for replacing components 

that fail, frequency of PM actions, probability and time of CM activities during the 

designated time duration.  The OPRAM uses the distribution model selected parameter 

results.  To use OPRAM in BlockSlim@ two conditions must be met: the failure rate of a 

component has to be increasing with time and the cost of performing PM must be less 

than that of CM action.  When using the Weibull 2-p distribution model the components 

β & η are inserted in to OPRAM, and the model used (i.e., Weibull 2-p) is selected when 

evaluating PM and CM actions.  Individual and groups of components can be calculated 

for PM (i.e., planned maintenance) and CM (i.e., unplanned maintenance) actions.                                    

( ) ( ) ( )

( )
0

* * 1p U

t

C R t C R t
CPUT t

R s ds

+ −  =

∫
                                (Eq. 3-12) 

Where: 

• CPUT(t)= Cost per unit time 

• R(t)= reliability at time t 

• CP=  Cost of PM 

• CU=  Cost of CM 
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Chapter 4-Case Study: Military Aircraft Landing Gear System 

This case study analyzes the reliability of the USAF A-10 Thunderbolt’s landing 

gear system (LGS) and assesses how the application of reliability analysis can improve 

the system’s availability through structured, periodic scheduled PM on selected RTF 

maintenance strategy components.  A reliability, availability, and maintainability (RAM) 

analysis can provide critical information for decision makers concerning the overall 

system’s ability to function for the duration of a specific mission.             

 

Table 4-1 shows the relationship between the categories of RAM and how they 

interact with each other (Weibull HotWire, issue 26, p.1, April 2003).  When system 

reliability increases, its maintainability remains constant, and that increases the 

availability of the system.  The reliability analysis provides the components’ predicted 

failure rates, which are used in the selection of the possible RTF strategy components.  

The USAF defines AA as the percentage of a fleet’s total aircraft inventory that is 

mission capable (Eckbreth et al., 2011).  The USAF has an aging aircraft fleet that 

struggles to maintain AA rates at approximately 70 percent (e.g., A-10 at 71 percent), 

compared to commercial AA rates of greater than 90 percent (Eckbreth et al., 2011).  The 

commercial airline industry uses predictive PM scheduling, which is based on collected 
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failure data, to determine when PM activities occur.  To predict potential failures, 

commercial airlines focus on reliability based maintenance and preventive replacements.  

In contrast, the USAF relies on condition based monitoring indicators (e.g., part 

inspections, brake rod indicator, fault light); the USAF does not replace parts solely 

because of analyses of previous component failures, unlike the commercial airline 

industry (Eckbreth et al., 2011).  According to Eckbreth et al., (p. 33-34, 2011) “The five 

categories that remove an USAF aircrafts from being considered mission available are: 

• non-mission-capable due to supply (NMCS); 

• non-mission-capable due to waiting on maintenance (NMCM);  

• non-mission-capable due to both maintenance and supply (NMCB); 

• grounded aircraft in the field (unit possessed but not reported–UPNR);  

• and aircraft at depot awaiting maintenance (Depot Possessed)”.  

In 1999, the Office of the Inspector General, Department of Defense, released a 

memorandum addressing lifecycle management for military aircraft landing gear (Duma, 

2005).  The result was a recommendation to perform all fighter LGS maintenance 

according to a predefined program depot-level maintenance schedule.  In contrast, the 

USAF follows the reliability centered maintenance (RCM) strategy that does not 

incorporate reliability analysis into field-level maintenance.  Commercial airline 

maintenance strategies follow the Federal Aviation Administration’s airworthiness 

directives (FAA, Regulations – Polices) as well as the reliability prediction approach to 

field-level maintenance used by the maintenance steering group revision-3 (MSG-3) 

(Eckbreth et al., 2011; Lieberman, 1999). 
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This case study analyzes the data sets of eight components comprising the A-10 

LGS over a five-year time frame.  The eight components include 

• Aircraft tire, 

• Aircraft pneumatic tire, 

• Aircraft steering unit nose wheel, 

• Brake backing plate, 

• Brake multiple disk, 

• Landing gear drag brace, 

• Landing gear retractable, and 

• Landing gear wheel. 

 

The A-10 LGS life-failure data sets (Reliability Information Analysis Center, 2011) for 

each component include the year the datum was collected, the total number of component 

failures, and the total number of operating flight hours of the component.  The maximum 

likelihood estimations are performed on each of the components’ life-failure data sets 

using the four models selected earlier: normal, lognormal, exponential, and Weibull 2-p. 
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The MLE Anderson-Darling adjusted goodness-of-fit measurements for each LGS 

component all point to using the default Weibull 2-p distribution model, which is listed 

within each of the LGS components graph’s table and within Table 4-2.  The praxis case 

study research decided to use the Weibull 2-p distribution model based on researched 

literature and the goodness-of-fit measurements of the data sets.  Previously published 

life-failure prediction analysis research states that the Weibull 2-p is the best distribution 

model for analyzing small life-failure data sets (Abernethy, 2008).  The Weibull 2-p 

distribution model is specifically used to analyze nonrepairable components’ life-failure 

data sets (Duma, 2005). 
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                 The praxis research made the decision to use the Weibull 2-p distribution 

model in the case study for the reliability analysis.  The reliability analysis Weibull 2-p 

functions for failure rates, hazard rates, MTBF, MTTF, PDF, and CDF (Lieberman, 

1999).  The yearly MTBF for each year of the collected data is calculated using the 

components’ 1/λ.  Table 4-3, shows each LGS component’s MTBF calculated from its 

1/λ.   
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The Weibull 2-p model follows the β (slope) derived from the component data 

sets.  Table 4-4, shows the LGS components’β, η, and MTTF.  The LGS components 

with β > 1 (component in the wear-out range) and with the component β value increasing 

in time are candidates for periodic scheduled planned PM task.  These eight RTF LGS 

components should then be excluded from the USAF RCM strategy.  The praxis research 

determined the LGS components’ reliability by using the Weibull 2-p Equation 3-7, 

which measures their reliability over multiple times R (t).                        

When all the LGS components are of the nonrepairable type, reliability analysis 

uses the component’s MTTF.  The reliability analysis used each of the RTF component’s 

η life characteristic time durations to provide a benchmark for its optimal response both 

to unplanned CM activities and to the planned scheduled PM tasks.  The RTF component 

η time-duration captures 62.3 percent of the data set failures.  The Weibull 2-p 

distribution model calculates the LGS’s MTTF from the LGS components’ data sets.  The 

CDF of the LGS components are calculated using equation 
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( )
1 t

t
f t e

ββ
ηβ

η η

−  − 
   =   

    .                                             (Eq. 3-8) 

And then verified by performing 5,000 Monte Carlo simulation runs on the resultant to 

verify the validity of the results.  The CDFs of the A-10 LGS components (i.e., aircraft 

pneumatic tire, brake multiple disk, and landing gear wheel) can be seen in Figure 4-9.  

In Figure 4-9, below the landing gear wheel has a 50 percent probability of failure at 90 

hours, the brake multiple disk has a 50 percent probability of failure at 160 hours, and the 

aircraft pneumatic tire has a 50 percent probability of failure at 300 hours.  

                

 

The LGS’s Weibull 2-p PDFs are graphically displayed in both Figures 4-10 and 

Figure 4-11, showing the shape/slope of the components’ calculated MTTFs. 
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Figure 4-12, shows how the RBD can be used to calculate the LGS overall system 

reliability by using reliability series network R(s).  Multiplying all the LGS component 

reliability (R) values configured serially provides overall reliability against time (i.e., 100 
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hours). 

 

All the components in the reliability series network need to function all the time for the 

system to be functionally capable.  The serial configuration provides for a worst-case 

scenario in which when any single component’s fails causes overall system failure. 

Table 4-5, shows the components data sets’ static reliability (R) measured at 

varying ranges of flight hours starting with reliability at 2 hours (i.e., Steering Unit Nose 

Wheel 99.4 percent) operating flight hour time period, and continuing to show 

component static R up to the 2,500 (i.e., Backing Brake Plate 21.57 percent) flight 

operating hour mark.  The static reliability (R) at different time intervals was calculated 

without consideration of any CM or PM events occurring.  A Monte Carlo simulation 

with 5,000 iterations using the Weibull 2-p (β & η) validated the MTTF findings from the 

initial component data set.  The praxis research investigated more than 5,000 iterations 

and found that it did not provide any more degree of fidelity to the results. 
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The praxis case study research used the ReliaSoft© BlockSim© application to 

calculate the optimal preventive replacement age cost model, and the mean availability to 

perform the simulations on each of the individual RTF component and then on all RTF 

components serially configured together to form the LGS (ReliaSoft BlockSim 

Application, 2018).  The reliability software package uses an industry standard of a 1:5 

ratio in its PM-to-CM calculations.  PM actions are planned events that have prearranged 

trained personnel, ready validated working spares, and appropriate equipment for 

performing the task.  CM actions must account for numerous logistical factors in 

establishing component CM cost and capturing the CM downtime duration for 

performing the corrective action.  CM factors to consider include the environmental 

location where the failure occurs (e.g., during mission, in transit, field deployed, and at 

intermediate station), spare parts availability, spare parts status, verify spare part 
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functionality, personnel training, repair equipment availability, administration and 

logistic delays.  The case study research performed 5,000 OPRAM simulations on each 

component for the duration of their Weibull 2-p η time (i.e., brake multiple disk – 168 

hours.).  It is assumed that 1 unit of downtime costs $11,500 per hour and is the average 

cost of a scheduled PM action, and any PM actions on average only take a duration of 1 

hour (Bender, 2017).  An unscheduled CM action is calculated on average to take a 

duration of 5 hours.  The engineers and developers at ReliaSoft © BlockSim ©, the 

software developers recommend using a 5:1 ratio, instead of the 6:1 Golden Rule ratio.  

They have seen, throughout the years of using BlockSim ©, higher levels of confidence 

from their customers in the algorithms delivering practical results, which is why they 

teach using a 5:1 ratio in the classroom, support help examples, and demonstrations of the 

tool.  The unscheduled CM 5-hour downtime unit cost is then $57,500.

( ) ( ) ( )

( )
0

* * 1p U

t

C R t C R t
CPUT t

R s ds

+ −  =

∫
    (Eq. 3-12)  

 

• Where, for the case of the A-10 Brake Multiple Disk: 

• R(t) = reliability at time t(168 hrs.) 

• CP = Cost of PM ($11,500) 

• CU = Cost of CM ($57,500) 

The praxis research shows that, with the addition of periodic scheduled PM to 

components previously designated as RTF, availability and reliability can be increased, 

and maintenance costs can be greatly reduced.  It is assumed that planned, periodically 

scheduled PM takes 1 hour to perform, costing $11,500, which is the cost of 1 operating 
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flight hour.  It is also assumed that an unplanned CM activity of 5 five hours at minimum 

to perform, at $57,500, which is the cost of 5 operating hours. 

   

Table 4-6, shows the cost CM only (RTF) total to be $295, 259.26 and the cost 

CM & PM total to be $107,808.52, and the cost difference between CM (RTF) – CM & 

PM to be -$187,450.74.  The total saving at η to be $187,450.74 is shown in Table 4-6.  

Table 4-6, shows each LGS individual component’s inherent availability based on CM-

only activities and the mean availability (i.e., CM & PM) for each component as 

evaluated using the optimal preventive replacement age cost model to include the 

addition of PM tasks.  All eight individual RTF components that experience a continual 

increase β > 1 over time show an increase of availability and reliability and achieve 

reduced maintenance cost with the addition of periodic scheduled planned PM.  



56 
 

Measuring individual component CM activities against the same component, but now 

with PM included, observed an availability increase by three percent and a maintenance 

cost reduction of $187,451.  The praxis case study research also connects the eight 

components into an LGS serial-configured RBD network, assuming a worst-case scenario 

wherein when one of the eight components fail, the system then fails.  Using ReliaSoft© 

BlockSim ©, OPRAM 5,000 simulations were run at the A-10 yearly operating flight-

hour duration (i.e., 480 operating flight hours).  Research first performed simulations of 

the LGS using only CM events, and then performed simulations with CM activities plus 

PM tasks using the optimal preventive replacement age model. 

     

Figure 4-13, shows the LGS CM activities labor only cost over time without the 

cost of part.  During a CM activity the failure has to be diagnosed and it could require 

single or multiple components to perform a repair and replacement.  The military aircraft 
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component cost is unavailable.  The praxis research first examined using only unplanned 

CM labor costs during the 480 operating hours for the deployed aircraft.  With all the 

LGS components being configured serially, as is the same system reliability of the RBD 

being configured serially.  Serial configuration means when one component fails, the 

whole system is down until it can be repaired. 

  

Table 4-7, shows the 8.378 CM activities and its 41.743 hours of downtime with its LGS 

CM activities at a total cost of $480,040.  A repair takes 5 hours, hence the 5:1 ratio. 
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Figure 4-14, shows the results when using both unplanned CM activities and 

periodic scheduled planned PM tasks during the 480 operating hours for the deployed 

aircraft.  Table 4-8, shows the downtime of both CM actions and PM actions, and the 

total cost of maintenance and repairs to be $56,300.  The LGS O&M cost now includes 

0.9 CM activities (i.e., 0.9 is not a complete CM activity; that is why it was not a full 5 

hours of CM downtime) at 4.9 hours of CM activities downtime, and 12.3 PM tasks at 

12.3 hours of periodic scheduled planned PM downtime for a total combined CM and PM 

cost of $56,300.   
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The RTF maintenance strategy has an economical criteria that mandates the total 

CM activities costs for repairing a failure be less by itself than if PM task are included.  

The cost of performing PM tasks must be less than that of CM activity.  Praxis research 

shows an increase in LGS availability by three percent as a system, and an LGS reduction 

in a maintenance system cost $423,740.  This is reflected in the system up- and 

downtimes in Figures 4-15 and 4-16; both figures show unplanned CM activities with 5 
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hours of unplanned downtime represented by longer and wider drops from the system 

operating flight time line.  The planned schedule PM tasks in these figures are 1 hour in 

duration and are represented by a thinner and narrower drop from the system operating 

line. 
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Figure 4-15, depicts nine CM events without any PM events, which produces high 

O&M costs, and Figure 4-16, shows only two CM and 11 PM events, which results in 

significantly reduced O&M costs.  The praxis case study research shows that all eight of 

the A-10 LGS components have a β > 1 and, as shown in Figure 4-16, increases in 

availability and reduced O&M costs.  
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Chapter 5—Results 

5.1 Introduction 

The Praxis report case study shows, using readily available component life-failure 

prediction data, that component reliability analysis predictions should be included in the 

United States Air Force’s reliability centered maintenance strategy for its aging aircraft 

fleet.  The Praxis report case study proves that despite the high-quality components the 

USAF uses in its aircraft systems, all eight of the components under examination reach 

the wear-out phase of their life cycle when they have a β > 1.  Therefore, applying 

OPRAM simulations to the aging components can best determine the component 

availability and O&M costs.  For example, the USAF RCM run-to-failure strategy 

currently in use on attack aircraft landing gear systems should be re-evaluated and 

eliminated.  Field-level periodic scheduled planned PM tasks should now be applied to 

attack aircraft landing gear systems with scheduled PM frequency and time intervals 

determined through OPRAM simulations.  Taking into account only the component 

reliability analysis in this case study, one can determine that the LGS total component 

availability increases by three percent, and based on the components’ eta (η) values (i.e., 

operating flight hours used), O&M costs for CM on only RTF components total $295,260 

per year, and O&M costs can be reduced by $187,490 per aircraft, with PM included, 

down to $107,770 per year for the O&M cost.  This represents a 63% reduction in yearly 

O&M cost.  The availability was measured according to each individual component using 

only corrective maintenance events to establish a baseline.  Then, we re-measured the 

same component’s availability but with PM included, and we achieved an availability 

increase of three percent.  The USAF’s total aircraft inventory (TAI) of A-10 
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Thunderbolts II is currently at 357 aircraft.  If the USAF employs the methods from this 

article’s to this TAI, then a total savings of approximately $6.7 million could be realized 

on the O&M costs across the fleet. 

5.2 Hypotheses 

H1: A reliability methodology applied to the landing gear system run-to-failure 

components of military aircraft can result in at least a 60 percent reduction in yearly 

operations and maintenance costs and at least a three percent increase in system 

component availability. 

The results from the praxis report case study proves H1.  The landing gear system 

components operations and maintenance costs can be reduced by $187,490 per aircraft 

with periodic scheduled planned preventive maintenance tasks included, reducing the 

operations and maintenance yearly cost from $295,260 down to $107,770.  This 

represents a 63 percent reduction in yearly operations and maintenance costs.  The 

landing gear system components availability was measured using only corrective 

maintenance activities conducted over the operating flight hours year long time period 

(i.e., 480 hours), which established a baseline.  The availability was then re-measured 

with periodic planned scheduled preventive maintenance tasks, and we achieved an 

availability increase of three percent.  

 

   

 

 

 



64 
 

Chapter 6—Discussion and Conclusions 

6.1 Discussion 

All eight A-10 aircraft landing gear system (LGS) components should be removed 

from the run-to-failure (RTF) maintenance strategy and assigned periodic scheduled 

planned preventive maintenance (PM) tasks based on the reliability analysis results that 

included optimal preventive replacement age model (OPRAM) simulations.  The new 

periodic scheduled planned PM tasks, assigned through the use of the OPRAM 

simulations, will improve reliability, increase availability, and reduce operation and 

maintenance (O&M) costs. 

 

6.2 Conclusions 

It is the USAF’s goal to meet or exceed the commercial airline industry standard 

of aircraft availability (AA) rates, which are currently more than 90 percentage (Eckbreth 

et al., 2011).  As the USAF aircraft fleet ages, it becomes more expensive to maintain 

because of the increase in component failures.  The 2011 USAF Scientific Advisory 

Board study highlights the failures of current maintenance policies and notably the failure 

to incorporate the use of reliability analysis to predict future component failures as the 

commercial airline industry does.  The research asked two questions: 1) is there a way to 

increase the USAF’s AA rates? and 2) is it possible to reduce the O&M costs of the aging 

USAF aircraft fleet?  The paper’s reliability analysis approach shows that, for the case 

study on the A-10 LGS, the answer is yes to both questions.  Based on this reliability 

analysis approach, the USAF needs to reevaluate its use of the RTF maintenance strategy 

for high-quality aging system components with the Weibull beta parameter increasing 
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continually over time.  The journal articles previously mentioned in the literature review 

provide evidence that using the RTF strategy is correct for the Weibull β < 1 and 

increasing continually over time.  The component failures that occur during the early 

wear-in range (i.e., burn-in) correctly employ the RTF CM activity strategy, based on the 

findings of previous journal articles, by not incorporating any scheduled PM events. 

This praxis report accepts the first hypothesis that a reliability methodology 

applied to the LGS RTF components of military aircraft can result in up to a 60 percent 

reduction in yearly O&M costs and a three percent increase in system component 

availability.  And rejects the null hypothesis that a reliability methodology applied to the 

LGS RTF components of military aircraft cannot result in up to a 60 percent reduction in 

yearly O&M costs and does not provide a three percent increase in system component 

availability.  If the component selected has a Weibull β > 1 that increases continually 

over time, then an optimal preventive replacement age model results should be included 

in the periodic scheduled planned PM tasks should be included to increase system 

component availability and reduce O&M costs.  Applying this praxis research 

methodology to the A-10 aircraft landing gear system components causes the total 

component availability to increase by three percent and reduces the O&M costs by 

$187,451 per year. 

The LGS components should be excluded from the RTF maintenance strategy, 

and the periodic scheduled planned PM task should be included to increase component 

availability and reduce O&M costs.  The praxis research shows that conducting a 

reliability analysis of USAF maintenance policies can lead to a better understanding of 

the necessary and appropriate actions.  By eliminating components from the RTF 
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maintenance strategy that have a Weibull β > 1, and by incorporating OPRAM 

simulations on those components, an increase in AA rates can be achieved along with a 

reduction in the O&M costs on the USAF’s aging aircraft fleet.  The TAI of A-10 

Thunderbolts II is currently at 357 aircraft.  If the USAF employs the methods of this 

research on its TAI of A-10 aircraft, then a total savings of $6,692,007 could be realized 

on O&M costs across the fleet.  Based on the A-10 case study findings, the USAF’s RCM 

decision to use the RTF maintenance strategy is not effective and should be changed to a 

strategy that includes PM for its field-level maintenance. 

 

6.3 Contributions to Body of Knowledge  

This praxis report case study added to the three previous journal articles on RTF 

maintenance strategy, specifically examined RTF components that have a high hazard 

rate in the wear-out phase.  The use of OPRAM simulations can be used to justify 

periodic scheduled planned PM tasks on components in the wear-out phase that have 

been previous listed as RTF.  The praxis report shows that a reduction in O&M costs is 

attainable and component availability can be increased through the proper use of 

predictive reliability analysis. 

 

6.4 Recommendations for Future Research 

Future research might include comparisons of actual PM plans that address the 

frequency of inspections, repairs, and replacements versus the raw data sets of failures, 

repairs, and replacements.  Future research could incorporate failure data that is more 

segregated meaning failures and operating flight hours per month instead of yearly.  This 
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could be easily included in this methodology and provide a more refine results.  A 

reliability analysis can then be conducted to establish a baseline.  Maintenance plans for 

mechanical, electrical, and electronic components and software (i.e., deficiency reports) 

can then be measured for their actual availability and reliability.  Finally, optimal 

maintenance planning can be included to cover cost savings, plan limitations, restrictions, 

and desired outcomes. 
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