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Abstract: The enormous asset dimension in terms of investments, technology, lifespan 

and end use of aerospace assets makes maintenance an important business process. The 

performance measurement of depot level servicing in military aviation calls for 

application specific set of metrics. The study proposes a set of metrics for performance 

measurement of depot level maintenance in military aviation. The metrics have been 

suggested based on a proposed process reference framework, combined with broad 

organizational level perspective for military aviation maintenance. The proposed metrics 

are useful for managers for maintenance decisions at various levels of a defense 

organization. 
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1.     Introduction  

     Maintenance performance measurement has assumed greater importance over the 

years but performance measurement of depot level maintenance in military aviation does 

not find an explicit mention in open literature. This is, probably, because of the fact that 

the defense sector is still not as much open to public scrutiny as some of the other sectors, 

where maintenance is a dominant process. Over the years, aviation maintenance has 

evolved from a narrow operational context to strategic relevance. The depot level 

maintenance in military aviation involves complete dismantling of aircraft, defect finding 

and defect removal, repair and overhauling of rotables, and other aggregates, assembly and 

complex checking, prior to subjecting the aircraft for flight tests. It also includes limited 

manufacture of parts, technical support, modifications and reclamation. The depot level 

servicing is carried out in accordance with the manufacturer specified technology and is 

well documented. The cycle time may vary, depending on the type of aircraft, from six 

months to almost a year. As a practice, the repair depots follow various organizational 

guidelines to monitor its performance. The focus of this work is on depot level 

maintenance in military aviation environment, where the existing metrics do not provide 

decision makers how well the depot level maintenance process is performing. This paper is 

organized as follows. Section 2 provides the notation used. In Section 3, the approach 

towards developing the proposed framework is briefly described. Section 4 includes the 

proposed process reference model.  In Section 5, process mapping and the performance 

measurement of depot level maintenance are discussed. Conclusion is drawn in Section 6.
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2. Notation 

AER Annual external repair MAPET Mean absolute percent error in 

target setting  

Ao Operational availability MCR Mission capable rates 

AOR Annual onsite repairs NAE Non-availability of equipment 

AQ Agility quotient NAT Non-availability of technology 

BO Back orders NCFR Non-compliance in facility 

required 

CA Cost of aggregates  NMI Non-moving inventory 

CC Cost of consumables NVA New vendors added 

CI Cost Index RO Rotables overage 

CIK Cost of installation kit PEF Production enhancement flexibility 

CRM Cost of raw material PER Production excess ratio 

CSYS Concessions in system checks PF Production flexibility 

CT Cycle time POF Perfect order fulfillment 

CTV Cycle time variation PP Production performance 

CU Capacity utilization PPI Procurement price index 

D1 Items deficient after disassembly PQ Planning quotient 

D2 Items deficient after non-destructive 

evaluation 

PSR Production shortfall ratio 

D3 Items deficient at the time of assembly QI Quality index 

DFQC Defects found during quality checks RC Rotables concession 

DIC Dues in contracted  RD1 Reported defects at disassembly 

DIPR Dues in purchase request RD3 Reported defects in assembly 

DNS Defects requiring new repair scheme RPHU Rotables production hold up 

DRR Rotable deficit ratio RQ Reliability quotient 

DTS Delay in technical support RRO Returned rotables 

EI Expertise index RT Response time 

EPR Employee productivity SCR Support cost ratio 

FIR Fill rate SF Satisfaction factor 

HFRR High failure rate rotables TAF Task factor 

II Infrastructure index TDAF Total defects found in airframe 

INVT Inventory turns TGED Tools testers and ground 

equipment deficiency 

MAPEF Mean absolute percent error in 

forecasting 

WR War reserves 

3. Approach 

     Different researchers have indicated different criteria for measuring maintenance 

performance. Aydogan [1] proposed conceptual framework for performance measurement 

with ranking based on analytic hierarchy process (AHP), rough sets theory and fuzzy 

TOPSIS approach. Beamon [2] presented an overview and evaluation of the performance 

measures in supply chain models and proposed a framework for the selection of 

performance measurement systems for manufacturing supply chains. Kolehmainen [3] 
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examined how substantial dynamism can be built into strategic performance measurement 

systems and how these can be used for strategic alignment. Li and Tang [4] argued that the 

design of a strategic performance measurement system and the definition of its roles are 

fundamental factors determining its success and impact on business performance. Wouters 

[5] suggested development of performance measures based on principles of experienced-

based, allowing experimentation, building on employees’ professionalism, transparency 

and employee ownership, and outside facilitators. As a part of this research work, a study 

was undertaken at a repair and overhaul depot, to identify and propose a set of 

performance metrics for depot level maintenance. The existing metrics followed by the 

depot are given in Table 1. These metrics do not capture many important parameters like 

various costs, cycle time, reliability, preparedness, responsiveness, etc. 

 Table 1: Existing Performance Metrics 

Performance 

Metrics 

Relevance Method 

Person 

hours per 

overhaul 

It indicates the employee productivity. 

The standard person hours required 

for carrying out repair and overhaul of 

airframe and each aggregate of aircraft 

are initially received from the original 

equipment manufacturers and later 

reviewed based on work study. 

The actual person hours taken for repair 

and overhaul of each aggregate as well 

airframe are captured.  The average 

person hours for each type of aggregate 

and airframe are calculated at the end of 

the production year and compared with 

the standard figure.  

 

Shortfall/ 

Excess in 

task 

It indicates the accuracy of target 

setting and production performance. 

The total production (repair and 

overhaul) figures achieved for each type 

of rotable and airframes at the end of the 

production year are compared with the 

set annual target. The reasons for 

shortfall or excess are analyzed. 

Number of 

aircrafts on 

ground  

It constitutes the number of back 

orders on the repair depot and 

indicates the demand-supply 

mismatch.  

The count of total number of demands 

for rotables or other parts, which are 

required urgently by the operating units 

and resulting in grounding of aircraft, is 

taken on day to day basis for prioritizing 

the production.  

Production 

hold up 

It indicates the urgent material, spare 

part or test facility requirement, which 

has become a show stopper. 

The list of items causing production 

hold ups is updated regularly, with an 

aim to resolve these issues. 

Task factor It indicates the progress of 

production. 

It is the product of ratio of task achieved 

at a given time to annual production 

target and ratio of total production 

period (usually 11 months) to the period 

elapsed. Ideally, the task factor should 

be 1. 

Fill rate It indicates the forecasting and 

sourcing effectiveness. 

It is the ratio of demands met with in the 

stipulated time (usually 24 hours) to the 

total number of demands received.  

A four-step procedure is proposed for formulating performance metrics for depot level 

maintenance as enumerated below. 

Step 1:  Formulate Process reference model for defense aerospace maintenance processes. 

The proposed framework is to be based on the inputs provided by a team of specialists 
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from technical, logistics, finance, planning, etc., at a repair and overhaul depot and is 

discussed in Section 4. 

Step 2: Carry out detailed study of repair and overhaul process at a repair depot. Obtain 

also, inputs from domain experts at the repair depot.  Based on these input the depot level 

maintenance in military aviation is divided into processes and main activities, as discussed 

in Section 5.  

Step 3: Identify Process level metrics with the domain specialist team and also related to 

plant and organizational level metrics to form a set of performance metrics for depot level 

maintenance. 

Step 4: Verify relevance and feasibility of calculating the proposed set of metrics by using 

the empirical data available with the repair depot. The finalized set of metrics is to be 

validated through domain specialists and fine tuned.  

4. Proposed Process Reference Model 

     The proposed framework, shown in Figure 1, has been developed by considering the  

inputs provided by the domain experts. A process reference model provides a standard 

description of management processes, relationship amongst standard processes and 

standard metrics to measure the process performance. Many organizations have designed 

their performance measurement system based on the Supply Chain Operations Reference 

(SCOR) model. The SCOR does not cover all the areas of interest in military aviation 

                   

  

Figure 1: Proposed Process Reference Model for Military Aviation Maintenance 

 



       Performance Measurement of Depot Level Maintenance in Military Aviation Environment 

 
531 

maintenance. Six processes have been identified as major process types in defense 

aerospace maintenance. These are; Design and Development, Facility, Sourcing, 

Production, Support, and Planning and Information. The Planning and Information 

Management process has a bearing on all the macro level processes. These processes 

(types) have been decomposed to fifteen process categories, which can be further 

decomposed to process element level. The design and development process is effort and 

cost intensive, involving development of prototypes, integration, testing - environmental, 

ground and flight and certification. The facility process involves sub-processes like capital 

equipment, tooling and technology to create an engineering setup for serial production and 

repairs and overhaul. The sourcing process involves vendor development, sourcing 

strategies and contracting of materials and spare parts. The production process involves 

manufacturing, repair and overhaul, and modification and upgrades. The support 

(aftermarket) process includes spares forecasting and technical support, inbound and 

outbound logistics, warehousing and distribution. The depot level maintenance is primarily 

the repair and overhaul process and it is mapped in the next Section for identifying 

relevant performance metrics.  

5. Process Mapping and Performance Measurement  

     The production processes and their dependencies, critical success factors, potential 

pitfalls and important process level metrics including their relevance have been 

assimilated with the help of the domain specialists in a repair depot. The screen shots of 

the depot level maintenance process mapping in Microsoft Project software are depicted in 

Figures 2-6. Figure 2 shows aircraft overhaul processes. The overhaul process is 

decomposed into eleven sub-processes, which have been further decomposed into major 

activities for each sub-process category. During the mapping, the precedence, the most 

likely time, resources required, and the critical path analysis was also assimilated for these 

processes/activities.  

The identified performance metrics for each process/main activity are also indicated in the 

screen shots. Figure 3 shows the main activities in the sub-processes of disassembly and 

defect finding and repair. The disassembly process involves complete dismantling of the 

aircraft and sending the various parts to their assigned servicing location. The defect 

finding and repair process evaluation of structural integrity, non-destructive evaluation and 

repair of airframe. Figure 4 depicts the main activities of the bay servicing and rotables 

                 

  

Figure 2: Aircraft Overhaul Processes 
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servicing processes. Figure 5 shows the main activities of assembly and quality checks 

processes. The sequence of assembly process is reverse of disassembly process. 

 

 

 

Figure 6, depicts the main activities of plan-return-facility-support-sourcing processes, 

which support the aircraft overhaul process.  

 

                  

 
(MHL: Main hangar line, AAG: Aircraft accessory gearbox, NDE: Non-destructive evaluation) 

Figure 3:  Main Activities of Disassembly, and Defect Finding and Repair Processes 

       

 
(AGS: Aircraft general spares) 

Figure 4:  Main Activities of  Bay and Rotables Servicing Processes 

                  

 

Figure 5:  Main Activities of Assembly and Quality Checks Processes 
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     Table 2: Depot Level Maintenance Performance Metrics 

 Process  Process Level Metrics Plant Level 

Metrics 

Organizational 

Level Metrics 

Facility 

Technology NAT 

Equipment NAE 

Sourcing 

Spares Sourcing  FIR, BO, NMI 

Vendor Development NVA 

Production 

Disassembly RD1, D1 

Defect Finding and TDAF, DNS   

Bay Servicing D1,D2,D3 

Rotables Servicing TAF, RPHU, RC, HFRR 

Assembly RD3 

System Checks RRO, CSYS 

Quality Control DFQC 

Support 

Infrastructure NCFR, TGED 

Tech Support AOR, AER, DTS, BO 

Planning 

Target Setting MAPET 

Production Planning and  PER, PSR 

Material Planning  CRM, CC, CA, CIK 

Spares Forecasting MAPEF 

Resource Planning EI 

AQ 

CI 

CT 

CTV 

CU 

DIC 

DIPR 

DRR 

EPR 

II 

RO 

PF 

PP 

PQ 

QI 

RQ 

SF 

 

 

 

 

Ao 

INVT 

MCR 

PEF 

POF 

PPI 

RT 

SCR 

WR 

From a defense customer’s perspective, investments in aerospace assets are mainly 

towards achieving a certain preparedness state and improved combat capability. Aviation 

maintenance is expected to contribute to the organizational objectives from perspectives of 

cost, responsiveness and preparedness. A total of sixty metrics have been identified for 

performance measurement of depot level maintenance in military aviation and these are 

                  

 

Figure 6:  Main Activities of Plan-Return-Facility-Support-Sourcing Processes 
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listed in Table 2, along with important processes of the depot level maintenance. Of these, 

there are 34 process level metrics, 17 metrics at plant level and 9 metrics at organizational 

level. The process level metrics are linked to the plant level and organizational level 

metrics. The definitions of proposed performance metrics have been finalized in 

consultation with the domain experts and are given in the Appendix. 

6. Conclusion  

     A well managed depot level maintenance in defense aerospace environment helps to 

provide cost efficient and responsive maintenance support. This paper focused is on 

performance measurement of depot level servicing in military aviation and it has 

contributed by suggesting a process reference model and a set of performance metrics. The 

suggested framework, which was validated through expert opinions, would help in 

aligning the business processes and create a supply chain paradigm at defense customer’s 

end.  
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Appendix: Definitions of Proposed Performance Metrics 

Agility quotient (AQ). It is a measure of prompt ability of the depot to provide technical support to operating 

units. The agility quotient (AQ) = DTS ÷ (AER+AOR). 

Annual external repairs (AER). It indicates responsiveness and task accomplishment of repair depot. Annual 

external repairs are the total number of aircraft or its parts repaired at the depot in a fiscal besides the aircraft 

undergoing depot level servicing. 

Annual on-site repair (AOR). It indicates responsiveness and task accomplishment of repair depot.  Annual 

onsite repairs are the total number of aircraft repaired on site by depot level team in a fiscal besides the aircraft 

undergoing depot level servicing.  

Backorders (BO). These are indicative of support function and are taken as total number of outstanding 

demands for rotables or aircraft parts at a given time. 
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Capacity utilization (CU). It is a measure of the use of established resources for depot level maintenance. The 

factors considered include set up production capacity, constraining processes, human resource and 

material/spares.  

Concessions in systems checks (CSYS). It is indicative of production quality. Concessions in systems checks 

are the total number of non-compliances, per aircraft, to the stipulated activities of depot level maintenance of 

an aircraft.   

Cost index (CI). It indicates effectiveness of sourcing strategy. It is percentage variation in average CIK, CC, 

CA, CRM per aircraft each fiscal. 

Cost of aggregates (CA). The metrics is a component of overhaul cost and indicates the rejections based on 

which the replacement aggregates may have to be sourced. Cost of aggregates is the total cost of replaced 

aggregates other than rotables on each aircraft during depot level maintenance. 

Cost of consumables (CC). The metrics is a component of overhaul cost and indicates the efficacy of sourcing 

strategy. Cost of consumables is the total cost of consumables used in overhaul of each aircraft during depot 

level maintenance. 

Cost of installation kit (CIK). It indicates cost efficiency of indigenous development effort over a period of 

time and also indicates the rejections of old parts during reclamation process. Cost of installation kit is the total 

cost of installation kit items general spares like fasteners, clamps, brackets, etc., required on each aircraft during 

depot level servicing. These items are generally developed indigenously. Some of these parts are reclaimed 

during overhaul, while the rejected or deficient parts are replaced with new ones. 

Cost of raw material (CRM). The indicator is a component of overhaul cost and indicates the efficacy of 

sourcing strategy. Cost of raw material is the total cost of raw material like metals, rubbers and wires, etc., used 

in overhaul of each aircraft during depot level maintenance. 

Cycle time (CT). It indicates process management, expertise index and employee productivity. Total time 

elapsed between an instant when an aircraft or rotable is sent for depot level servicing to the instant when it is 

received back after depot level servicing. It is the sum of retrograde time (i.e., base processing and transit time 

to the repair and overhaul depot), supply to maintenance movement time, shop flow time and maintenance to 

supply movement time. 

Cycle time variation (CTV). The percent of time that the actual repair and overhaul cycle time deviates from 

the standard cycle time. 

Defects found during quality checks (DFQC). It indicates production quality. Defects found during quality 

checks are the average number of defects found on an overhauled aircraft or rotables in a fiscal during the post 

overhaul quality checks. 

Defects requiring new repair scheme (DNS). It indicates the deterioration in airframe due to fatigue, corrosion 

or poor maintenance, etc. Defects requiring new repair scheme are the total number of airframe defects in a 

fiscal which have been resolved by evolving a new repair scheme.  

Deficiency after disassembly (D1). It indicates quality of aircraft received for depot level maintenance. Items 

deficient after disassembly are the total number of aircraft parts other that rotables and aggregates which are 

found deficient or non- standard on completion of disassembly process.  

Deficiency after non-destructive evaluation (D2). It indicates process ability to detect flaws and has a bearing 

on production quality. Items deficient after non-destructive evaluation are the total number of aircraft parts other 

than the rotables and aggregates, which are found deficient or non-standard during the defect finding stage.  

Deficiency at Assembly (D3). It indicates delay or loss of items during servicing process. Items deficient at the 

time of assembly are the total number of aircraft parts including rotables and aggregates, which are found 

deficient or non-standard at the time of assembly kitting. 

Deficient rotables ratio (DRR). It is calculated as rotables requirements minus rotable assets divided by 

requirements for a given type of aircraft. 

Delay in technical support (DTS). The metrics is a measure of responsiveness. Delay in technical support is 

the number of instances in a fiscal where the depot level technical support to operating unit was delayed beyond 

the stipulated time frame. 

Dues in contracted (DIC). It indicates sourcing efficiency. The percent of material/spares on contract, which 

are required for depot level maintenance. 

Dues in purchase order (DIP). It indicates sourcing efficiency. The percent of material/spares on purchase 

request, which are required for depot level maintenance. 

Employee productivity (EPR). The average number of employees required for carrying out depot level 

servicing of aircraft at the rated plant capacity. 

Expertise index (EI). It is indicative of quality of resource, which has a direct bearing on product quality and 

problem solving capability. Expertise index is calculated as a ratio highest graded technical human resource to 

the total technical human resource employed on depot level maintenance. 

Fill rate (FIR). It is an indicative of spare forecasting, sourcing and responsiveness. Fill rate is percentage of 

ship-from-stock orders shipped within 24 hours of order receipt. 
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High failure rate rotables (HFRR). The metrics is a measure of reliability of rotables. High failure rate 

rotables are the total lines of rotables, which have a failure rate higher that a specified figure. 

Infrastructure index (II). It is percentage NCFR, TGED each fiscal. 

Inventory turns (INVT). Inventory turns are computed by dividing the total revenue by the value of inventory 

at the latest acquisition cost. 

Mean absolute percent error in forecasting (MAPEF). It indicates accuracy spare parts forecasting. Mean 

absolute percent error in forecasting indicates difference between actual consumption of spares in depot level 

servicing of aircraft or rotables and the forecasted consumption of spares during the fiscal. 

Mean absolute percent error in target setting (MAPET). It indicates accuracy of production target setting. 

Mean absolute percent error in target setting indicates difference between actual number of depot level servicing 

of aircraft or rotables achieved and the set target during the fiscal. 

Mission capable rates (MCR). It indicates the percent of time a weapon system fleet is not mission capable 

due to non availability of spare parts or maintenance resources. 

New vendors added (NVA). It indicates efficacy of sourcing strategy. New vendors added is the total number 

of new vendors added over last one year period for supplying spares and consumables required for depot level 

servicing. The focus of developing alternate supply sources should be for high supply risk spare parts and the 

items under obsolescence. It is suggested to have at least two vendors for low volume items and up to four 

vendors for high volume items. 

Non-availability of equipment (NAE). It indicates planning and procurement coordination. Non-availability of 

equipment is the ratio of capital/specific to type/general purpose test equipment to the quantity specified in 

detailed project report. Ideally, the ratio should be one. Ratio less than one indicates equipment shortfall. 

Non-availability of technology (NAT). It indicates the level of conformance to the manufacturer specified 

technology. In depot level maintenance, sometimes, certain work around in activities is adopted or the scope of 

repair and overhaul is restricted due to non-availability of particular design or production documents. Non-

availability of Technology is assessed as percentage non-availability of authenticated technology including 

design and production documentation against the OEM specified technology.  

Non-compliance in facility required (NCFR). It indicates planning and procurement coordination. Non-

compliance in facility required is total number of non- compliance on special infrastructure facilities like special 

power supply, environment control, etc., as specified in the facility required document. 

Non-moving inventory (NMI). It indicates forecasting and sourcing effectiveness. Non-moving inventory is the 

ratio of stock of spares and consumables required for depot level servicing held in stock, which have been 

consumed at slower rate than expected to the total stock held over a period of one fiscal. 

Operational availability (OA). Operational availability Ao of a weapon system is expressed as: Ao=MTBM/ 

(MTBM+MDT); where MTBM is mean time between all maintenance actions (corrective and preventive) and 

MDT is mean maintenance downtime. It indicates the percentage availability/readiness of a weapon system 

when required for use. 

Perfect order fulfillment (POF). It is the ratio of perfectly satisfied orders to total orders. A perfect order is one 

that is delivered complete, on time, in perfect condition and correct configuration, with complete and accurate 

documentation. 

Planning quotient (PQ). It is percentage MAPET, MAPEF, EI for each fiscal. 

Procurement price index (PPI). The index provides a measure of success of sourcing strategies and vendor 

development initiatives. The index is computed by comparing standard prices of basket of items forming an 

index with inflation. The standard prices of index items should be periodically reviewed to factor in 

technological advances, industry trends, input costs, etc. 

Production enhancement flexibility (PEF). Production enhancement flexibility is the average number of days 

to achieve required sustainable posture. 

Production excess ratio (PER). It indicates accuracy of target setting as well as upside production flexibility. 

Production excess ratio is the ratio of number of aircraft or rotables produced in excess of the target to its total 

product target in a fiscal. 

Production flexibility (PF). It is the percentage of additional aircraft which can be inducted for depot level 

servicing over and above the rated capacity without affecting the cycle time of planned inductions. 

Production performance (PP). It is percentage of PSR, PER, TAF for each fiscal. 

Production shortfall ratio (PSR). It indicates accuracy of target setting as well as production hold ups. 

Production shortfall ratio is the ratio of shortfall in number of aircraft or rotables produced from the target to the 

total target in a fiscal. 

Quality index (QI). It is the percentage variation in average DFQC, RR, RD3, HFRR, CSYS, RC per aircraft 

for each fiscal. 

Received defects at disassembly (RD1). It indicates the quality of aircraft received for overhaul. Received 

defects at disassembly are the total number of defects reported or found on each aircraft at the acceptance and 

disassembly stage of depot level maintenance. 
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Reliability quotient (RQ). It is the percentage rotables not meeting their assigned mean service life. 

Reported defects in assembly (RD3). It indicates production quality in stages prior to assembly. Reported 

defects in assembly are an average number of defects reported during assembly of an aircraft during depot level 

maintenance in a fiscal. 

Response time (RT). Supply chain response time is the total average length of the supply chain, measured in 

days and is the sum of the average source and order cycle times. 

Returned rotables (RRO). It indicates production quality. Returned rotables is an average percentage of 

overhauled rotables, which have premature withdrawal during the depot level maintenance of aircraft in a fiscal. 

Rotables concessions (RC). It is indicative of technological compliance and production quality. Rotables 

concessions are the total number of non-compliances, to the stipulated activities of depot level maintenance of a 

rotable. 

Rotables overage (RO). It is calculated as the rotable inventory minus rotable requirements divided by 

requirements for a given type of aircraft.  

Rotables production hold ups (RPHU). It indicates forecasting and sourcing effectiveness. Rotables 

production hold ups are the total number of lines of rotables where production targets are not met due to non-

availability of a prerequisite. 

Satisfaction factor (SF).  It is the average percentage of  FR, BO calculated on quarterly basis. 

Support cost ratio (SCR). The metrics is indicative of reliability and maintainability of a weapon system. This 

metrics indicates weapon system support cost as a percent of acquisition price. The metrics includes annual ‘O’, 

‘I’ and ‘D’ level support cost, including labour, materials and consumables, for a weapon system. The 

acquisition price of the weapon system should be adjusted for inflation, modifications and upgrades. 

Task factor (TAF). It helps in production planning and control and indicates accuracy of target setting. Task 

factor is the ratio of achieved production to the set target for aircraft or rotables. TAF equal to one indicates an 

ideal state of planned versus achieved. 

Tools and ground equipment deficiency (TGED). It indicates planning and procurement coordination. Tools 

and ground equipment deficiency is the ratio of holding of tools and ground equipment to the quantity specified 

in detailed project report. 

Total defects in airframe (TDAF). The increased number of defects results in higher mean restoration time. 

Total defects in airframe are the total number of airframe defects per aircraft, which have been removed during 

depot level maintenance. 

War reserves (WR). War reserves are the ratio of war reserve on-hand assets to the war reserve requirements. 

 

 


