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Resumo 
Atualmente, as companhias de aviação comerciais enfrentam enormes desafios a fim de aumentarem 

os seus proveitos. Como resultado, a melhoria e otimização do planeamento de manutenção de 

aeronaves tem vindo tornar-se uma das principais preocupações e prioridades para os departamentos 

de manutenção, que visam reduzir os custos de manutenção e aumentar a disponibilidade das 

aeronaves. Consequentemente, o desenvolvimento e uso de ferramentas informáticas com o intuito de 

melhorar e automatizar o processo afiliado ao planeamento da manutenção são de extrema utilidade. 

O principal objetivo deste documento é desenvolver e implementar um algoritmo para planeamento de 

manutenção de baixo custo, oferecendo aos utilizadores não só uma maior quantidade de informação 

sobre a previsão de manutenção de uma aeronave, como também uma maior precisão na informação 

fornecida, que por sua vez promove uma redução dos custos operacionais, mais concretamente, dos 

custos associados à mão-de-obra. O algoritmo desenvolvido tem também objetivo fornecer as 

ferramentas necessárias para prever e analisar os custos totais de manutenção durante o período em 

estudo.   

A metodologia implementada é baseada em duas abordagens complementares, que combinadas 

devem conduzir à elaboração de uma melhor estratégia para o planeamento de manutenção. Primeiro 

através do desenvolvimento de pacotes de manutenção viáveis (conglomerados), e posteriormente, 

através da constante comunicação entre o departamento comercial e o de manutenção. Com isto 

pretende-se tirar proveito de janelas de manutenção, provenientes do tempo em que o avião não tem 

voos agendados. 

 

 

Palavras chave: Planeamento de manutenção de aeronaves, melhoramento, pacotes de manutenção, 

custos de manutenção 
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Abstract 
 

Aviation companies investing in commercial air transport services face major challenges in order to 

increase its profitability. For this reason, the improvement of aircraft maintenance planning has turned 

into one of the main concerns and priorities for maintenance departments, that aim to reduce all 

maintenance costs and increase the aircraft availability. Therefore, the development and use of 

informatics tools to support and automate the maintenance planning process are extraordinarily useful. 

The main goal of this document is to develop a cost-effective maintenance planning algorithm, that 

provides engineers with further and more accurate information concerning the maintenance forecast of 

an aircraft, which should lead to a reduction of the direct operating costs, more specifically the costs 

related to the labour required. In addition to this, it also provides planners with the necessary tools to 

predict and analyse the total maintenance costs related to labour within the period in study. 

The methodology implemented is based on two complementary approaches, which together shall lead 

to an effective maintenance planning strategy. First by developing feasible maintenance packages 

(clusters), and afterwards, through the constant communication between the commercial and 

maintenance planning department, in order to take advantage of maintenance window opportunities 

matching the aircraft ground-time. 

 

Keywords: Aircraft maintenance planning, improvement, clusters, maintenance costs. 
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1. Introduction  
	

1.1. Problem Background and Motivation 
	

Over the last decade, many industries have made an effort to keep on being competitive and profitable. 

The aviation industry is no exception, in particular the commercial sector, where the increase of 

competitiveness has brought higher responsibilities upon the management process of most companies. 

This process consists of many steps but the main idea remains the same, reduction of costs, increase 

in productivity and as a consequence profit. 

This industry is a major economic force, not only in terms of its own operations but also in its impact on 

other industries as well, such as aircraft manufacturing, repair stations, tourism and infrastructures. 

Despite its impact in the world economy, this industry has faced some severe financial problems since 

the year 2000, and most probably, it will continue to face some challenges, such as the fuel price 

volatility, a global financial crisis and lower aircraft utilization demand as economic growth stabilizes. [1] 

Aviation has come a long way since the first airline was established in 1909, and now more than ever, 

it is crucial to reduce the costs to the fullest while still being able to respond to the increasingly stricter 

safety regulations.  

As IATA MCTF (Maintenance Cost Task Force) clearly shows on their maintenance cost analysis, MRO 

(Maintenance Repair and Overhaul) market is a billion dollar industry, and a considerable part of the 

direct operating costs in commercial aviation. [2] 

According to IATA (International Air Transport Association) maintenance costs analysis, illustrated in 

Figure 1, the evolution of the direct maintenance cost structure tends to a decrease of the base 

maintenance cost segment, and a continuity of the engine maintenance cost as the highest cost 

incurred.  

	

Figure	1:	Evolution	of	Direct	Maintenance	Cost	(Source:	MCTF,	2014)	
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By the same token, the evolution illustrated in Figure 2, shows a tendency to an increase of 

subcontracted work. This results from both the fact that some of the airlines in this study subcontracted 

all their maintenance activities, and the majority of the remaining airlines subcontracted all the engine 

maintenance tasks. 

	

Figure	2:	Evolution	of	Direct	Maintenance	Cost	(Source:	MCTF,	2014)	

 

In order to reduce costs in every segment stated above, the maintenance and engineering department 

has an important role to play by establishing and executing an adequate maintenance planning for short, 

medium and long term planning of the company’s fleet.  

The research for this dissertation was carried out at the Airworthiness and Maintenance department of 

Valair Private Jets, a commercial aviation company located at Cascais airdrome. 

The following thesis aims to provide an improvement to the current method in use at Valair. With this in 

mind, an algorithm was designed as an engineering auxiliary tool to provide a more reliable support to 

the maintenance forecast of the company’s fleet. The algorithm was designed for the specific study case 

of the Cessna Citation CJ3 at Valair. However, the conceived algorithm was devised with a generic 

formulation, making it appropriate to other scenarios and businesses after only minor modifications. 

Nowadays, there are numerous computer programs designed to support the maintenance management 

process. However, the computer software chosen for the purpose of comparison in this dissertation is 

CAMP (Computer Aided Maintenance Programme), which has been subscribed by the company in 

question. Regardless of the number of companies currently using this software, its main value comes 

from the fact that major aircraft and engine manufacturers already trust this system for health monitoring 

services and maintenance tracking, which consequently values the customer fleet. 
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1.2. Objectives 
	

The main objective of the present work is the development and implementation of a cost-effective 

maintenance planning algorithm, in order to assist companies, especially the maintenance departments, 

to reduce their costs and increase their productivity. 

Taking into consideration that aviation is one of the most demanding industries regarding safety 

regulations and compliance, it is crucial that all maintenance requirements are accomplished within due 

time. When performed correctly, it shall substantially reduce the amount of technical failures and other 

unscheduled events. 

Computer aided programs have an enormous effect on this matter, by allowing continuing airworthiness 

engineers to keep tracking the maintenance forecast of the company’s fleet. For this purpose, Valair 

has not only subscribed to CAMP software systems, but has also develop its daily maintenance forecast 

control in an excel file, which shall be referred as to ATLCF (Aircraft Technical Logbook Control File). 

However, CAMP software, which is used by Valair among other operators lacks in maintenance planning 

options. This limitation is the foundation of this assignment, and led to the creation and development of 

the algorithm described on chapter 3, as well as to the implementation of the algorithm in question as 

exhibited on chapter 4. The algorithm developed in the following thesis, MPSP (Maintenance Planning 

and Scheduling Programme) shall replace the ATLCF and complement CAMP. 

In order to achieve this, it will be necessary to answer the following questions, which will serve as the 

main topics.  

A. Why does an effective maintenance planning is necessary? 
B. What are the major factors, requirements, constraints and assumptions that determine 

the maintenance planning improvement?  
C. What are the advantages of owning such an effective maintenance planning, how does 

it help/support the maintenance planning department, and what impact does such 
improvement have on maintenance costs?  

The main objective of answering these questions is to comprehend the aviation industry as a whole, and 

to get a more detailed knowledge of all the factors that significantly influence the maintenance planning 

and scheduling process.  
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1.3. Approach Strategy 

Chapter 1: Introduction 

The main goal of this stage/chapter is to establish the problem background of this assignment. The 

objectives are unfolded, and the approach strategy that will lead to an improvement proposal is set.  

Chapter 2: Maintenance Planning and Scheduling 

This chapter consists of a field research at a company level, where all the necessary tools, data, and 

boundary conditions are determined. An analysis of every single factor related to the maintenance 

planning process of the department is accomplished at this stage. As a result, the improvement proposal 

for this assignment is theorized in the following Chapter. 

Chapter 3: Improvement Proposal 

This chapter will be focused on the presentation, definition and implementation of the maintenance 

planning improvement proposal. 

Chapter 4: Tool Application and Validation  

In this chapter, the evaluation of the improvement proposed takes place through the dissection of one 

case study.  

Chapter 5: Conclusions and Future Research 

In this chapter, conclusions will be drawn based on the data obtained and discussed in the previous 

Chapters, as well as on the effectiveness of the algorithm implemented. Additionally, a proposal for the 

development of future research is presented.  
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2. Maintenance Planning and Scheduling 
	

This phase of the assignment is of major interest for readers interested in acquiring the basic knowledge 

of aircraft maintenance planning & scheduling. It discloses the foundation, on which the maintenance 

planning process and further improvement is based on. 

2.1.  Problem formulation 
 

2.1.1.  Operating Mode 
 

Company Core Business 

Despite the fact that there are different definitions regarding the civil aviation classification system, the 

one that will be used along this assignment is based on the one adopted by ICAO (International Civil 

Aviation Organization) in 2010. Figure 3 illustrates how civil aviation activities are categorized and 

subdivided. 

 

 

Figure	3:	ICAO	-	Proposed	Classification	of	civil	aviation	activities 

Valair is a business jet company, mainly focused on transporting executives and managing aircraft. 

Being a small commercial air transport operator, Valair's business model focus on the non-scheduled, 

on demand and air taxi target markets. In short, Valair's operation consists of the use of small business 

jets to transport passengers or cargo for hire. This type of operation largely contrasts with the larger 

airlines target market, namely TAP, which are conventionally scheduled businesses. [3 ,8] 

Civil	Aviation	Activities

Commercial	Air	Transport	Services

Scheduled	(Airlines) Non	Scheduled

Charter On	demand

Air	Taxi

Commercial	Business	Aviation

Other

Other	Non	Scheduled

General	Aviation
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Despite of working on a different basis and regularity, both airlines and air taxi companies have similar 

priorities and goals when regarding to maintenance planning and scheduling. 

Air taxi companies market focuses on short commercial flights on demand. This allows the passengers 

to schedule their flights according to their demand, schedule and destination. [9] 

The flexibility and availability necessary to meet all customer needs require a much more dynamic 

maintenance planning and scheduling process than the conventional airlines. In other words, the 

maintenance department shall plan all maintenance interventions in a way that both safety and customer 

demands are met simultaneously.  

In order to have the desired flexibility mentioned before, it is necessary to develop and achieve an 

effective maintenance planning and scheduling for long, medium and short term tasks, only by doing so 

will the maintenance organisation be capable to manage situations such as last minute flights, or 

changes related with the period of the aircraft missions outside the base.  

 

Aircraft Annual Utilization 

Before focusing on the aircraft maintenance forecasting and planning improvement, it is necessary to 

analyse the company operating method. Considering that it varies heavily on seasonable basis, a study 

on the aircraft utilization pattern was performed and may be observed in Table 1, the colour scale used 

(red-yellow-green) highlights the values from the lowest to the highest: 

  2009 2010 2011 2012 2013 2014 2015 MAX AVG  

JAN 11:30 15:25 61:30 52:05 34:50 59:00 29:46 61:30 37:43  

FEB 05:55 22:25 64:25 44:05 31:20 35:08 50:38 64:25 36:16  

MAR 44:10 51:45 29:20 47:00 46:45 37:06 58:12 58:12 44:54  

APR 21:55 34:45 12:50 51:35 13:20 91:31 51:08 91:31 39:34  

MAY 18:20 40:25 52:10 73:50 59:50 82:50 72:07 82:50 57:04  

JUN 08:00 48:50 47:50 32:25 77:36 84:34 38:26 84:34 48:14  

JUL 18:20 45:10 63:05 65:25 99:41 98:21 65:13 99:41 65:02  

AUG 21:05 71:55 38:35 76:00 80:24 92:58 78:31 92:58 65:38  

SEP 21:05 28:30 45:00 48:25 62:20 44:34 55:09 62:20 43:34  

OCT 31:30 32:35 46:20 37:35 50:25 64:29 59:57 64:29 46:07  

NOV 35:45 12:55 50:50 40:30 46:30 52:12 47:54 52:12 40:56  

DEC 28:10 28:10 40:25 33:50 52:21 43:53 60:10 60:10 40:59  

TOTAL 265:45 432:50 552:20 602:45 655:22 786:36 667:11 874:52 566:07  

	

Table	1:	CS-DGW	Total	flight	hours	flown	summary 

According to Table 1, there is a large discrepancy between the years 2009/2010 in comparison to the 

remaining years until 2015. This difference is coherent and understandable when looking into the 

evolution process of Valair.  
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The company in question entered the market by the end of 2008. By looking into the total flight hours 

flown by the aircraft CS-DGW, located in Table 1, it is possible to determine that the company overcame 

its adjustment period in 2011.  

Bearing in mind the company’s adjustment time as it entered the market, what can be translated as the 

time frame between the beginning of 2009 until the end of 2010, and in order not to compromise the 

veracity and accuracy of the aircraft utilization study, the first two years have been removed from the 

analysis (Figure 4), this since the sum of flight-hours flown during 2009 and 2010 do not even reach the 

flight-hours flown in the year 2014 alone. 

	

Figure	4:	CS-DGW	Annual	Utilization	Summary	

After a quick glance at the annual utilization pattern over the last 5 years (see Figure 4), it is clear that 

the year 2014 stands out from the rest by showing a distinct peak from April to August. This 5 months 

time period of the year can be considered as the high season, as illustrated in Figure 4.  

	

Figure	5:	CS-DGW	Average	Annual	Utilization	

From the Figure 4 and Figure 5, it can be seen that the month of April tends to have less flights on 

average and fall out of the "high season" definition, mainly as a consequence of the years 2011 and 

2013. When looking at the maintenance history of 2011 and 2013, it becomes clear why April suffered 

such loss in the flight hours flown. At that time the aircraft CS-DGW reached approximately the 1200 FH   
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and the 2000 FH which corresponds to an airframe heavy maintenance inspection and to a Check 3	in 

the engine major periodic inspections list, and consequently it was subject to a longer down-time. [4] 

The observation above aimed to show that by looking at the maintenance history of the years on record, 

it is possible to identify the causes for the Flight Hours (FH) discrepancies in the annual utilization pattern 

of the aircraft. In other words, a reason for the irregular variations in the utilization pattern lays in the 

fact that the aircraft maintenance programme entails heavy maintenance inspections with intervals such 

as 72 months and/or 2000 FH, and this type of maintenance requires longer downtime than the usual 

periodic tasks. As a result, the aircraft availability in the months in questions will be lower in comparison 

to the years that do not incur any heavy maintenance tasks. 

	

	

Figure	6:	CS-DGW	Annual	Utilization	in	2014	

	

	

Figure	7:	CS-DVH	Annual	Utilization	in	2015	
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From Figures 6 and 7, it is indisputable that maximum availability is desired during the high season, 

which coincides with the European Summer season. In order to maximize the flight hours and 

consequently the profit, all maintenance tasks that require extensive downtime should be performed 

during the low season (Winter), from September until March, more specifically, during January and 

February as these are the months with lower aircraft demand according to the information in Table 1. 

 

Maintenance Planning & Sales department interaction 

 
In order to maximize the aircraft availability and consequently the overhaul profit of the company, it is 

essential that both Planning and Sales department establish a symbiotic relationship between them. 

The following diagram, Figure 8, is based on Transavia (Dutch low-cost airline) departments interaction, 

modified for a better understanding of the interaction between these departments at Valair. [14] 

 

 

 

 

 

 

 

Being Valair a business jet company, its commercial department is responsible for selling flights whereas 

in the big airlines, their core business is selling aircraft seats. This means that its main concern is the 

aircraft availability instead of aircraft capacity.  

The sales and commercial department shall provide a medium term planning based on the flight 

utilisation pattern and on the existing contracts, and a short term planning based on the scheduled flights 

within the next days, weeks or month. By using the aircraft utilization demand provided by the 

commercial department, the maintenance planning department will be able to develop each aircraft 

maintenance forecast for a short, medium, and long term maintenance planning with the least possible 

conflict with the scheduled flights. 
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Figure	8:	Diagram	of	Maintenance	and	Commercial	departments	interaction	at	Valair 
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Maintenance Planning 

- Long term: Inspections with intervals composed of 12, 24, 32 months or longer, usually consists 

on major time consuming checks or engine major periodic inspections. 

- Medium term: Usually refers to any inspection reaching its due time in a few months, 2, 3 or 4 

months. 

- Short term: Targets all inspections, repairs or modifications that will be due in a matter of weeks 

or days. 

- Last minute: Unscheduled events, failures, accidents, incidents 

 

In a similar way, by delivering an estimated maintenance planning to the S&CD and by keeping it 

updated on the short and medium term planning, it is possible for the S&CD to reserve the correspondent 

days for maintenance inputs. 

This interaction, if done properly, can lead to an improvement of both downtime and ground-time of the 

aircraft. As it can be observed from Figure 8, the result of this process is translated in aircraft availability 

for sales or for short and medium term maintenance. This means that by knowing the aircraft availability 

beforehand, maintenance planners can take advantage of this information to schedule when to perform 

routine maintenance tasks, and by doing this, it uses the ground-time of the aircraft, reducing the 

downtime and consequently losses in terms of aircraft availability. 

 

One rather complicated situation consists of taking advantage of last minute flights with planned ground-

time. By combining the aircraft scheduled maintenance with the short term and last minute flights, it is 

possible to reach a situation, where a scheduled flight with a stay close to any authorized service center 

can be used to perform base maintenance tasks, that were scheduled for a later period in time. By doing 

so, the following costs are immediately reduced: 

- Location (positioning flights, fuel); 

- Prior scheduled downtime for the maintenance tasks. In other words, by doing maintenance at 

earlier convenience the aircraft availability will increase later. 

 

Although it may seem simple, the downside of this last minute maintenance planning is that it depends 

on many factors, such as slot availability, manpower and parts availability that may not be possible to 

achieve and obtain in short notice. The Maintenance & Engineering journal illustrates this perfectly in 

the issue 46, as it can be seen in the following citation. 

“There is always a tension within airlines between the need to maximise the availability of aircraft for 

operations and having sufficient downtime for maintenance. While commercial departments want to 

maximise aircraft utilisation, maintenance departments need to have the aircraft available in the right 

locations for reasonable periods of time.” (Right Place, right time: The art of short - & long – term 

maintenance planning, Issue 46 Jun/Jul 2006,p.53) 
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2.1.2. Operating Costs vs. Maintenance Planning  
 

The operation of commercial business aircraft entails costs that can be allocated in different categories. 

Among these is the Direct Operating Costs and the Indirect Operating Costs, which will be referred from 

now on as DOC and IDC respectively. For the purpose of this assignment and based on the fact that 

maintenance is a substantial slice of the costs for operators, the focus of this work is laid on the DOC, 

more specifically, on the direct and Indirect Maintenance Costs. 

Figure 9 shows the main sectors and the percentage of their impact within the airline operating 

expenses.  

 

	
Figure	9:	Typical	Airline	Operating	Expenses	[7] 

 

From Figure 9, it is evident that the fuel cost represents the majority of operating costs in any type of 

commercial aviation, mainly because it is highly dependent on the price of jet fuel, which is directly 

proportional to the price of crude oil. Other big slice of the operating expenses is associated with the 

cost of operations, which focus primarily on the flight crew salaries and other related costs. The aircraft 

ownership cost largely concerns the price paid for the aircraft and interest payments, as well as its 

depreciation with ageing. The last slice among the ones that have a higher impact on the overhaul 

operating costs is maintenance.  
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Maintenance costs consist of all costs incurred by the repair, upgrade and upkeep of the aircraft 

airframe, components and engines. This includes both direct and Indirect Maintenance Costs associated 

to both routine and more extensive non-routine maintenance activities, with costs mainly driven by 

extensive labour and consumption of spare parts. [1] 

Bearing in mind that Figure 9 is related to airlines, it is important to state that some sectors do not have 

the same impact or do not even exist in commercial business aviation. However, that is not the case of 

the maintenance & overhaul sector, which consequently has a greater impact on the total operating 

costs in commercial business aviation.  

With this in mind, Figure 10 describes the overhaul aircraft cost of ownership, more specifically, the 

direct operating costs categorization and maintenance planning influence. 

 

Figure	10:	Aircraft	Cost	of	Ownership.	(Source:	Anthony	K.	Muchiri,	2002) 

 

There are two kinds of maintenance costs, direct and indirect. Direct Maintenance Costs are the direct 

expenditure that the company has from performing each inspection, repair or modification. Indirect, in 

the other hand are the costs associated with aircraft unavailability and depreciation, among others. A 

proper maintenance programme aims to reduce the Direct Maintenance Cost, but can also reduce the 

rate of depreciation of the aircraft value and consequently reduce Indirect Maintenance Costs as well.  

From Figure 10, it is possible to determine that the majority of the Direct Maintenance Costs are related 

to man-hours and parts needed to accomplish both scheduled and unscheduled maintenance. 

According to the MCTF evaluation of the costs in 2014, the majority of DMCs are related to engine 

subcontracted maintenance, see Figure 11. [2]  
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Figure	11:	Direct	Maintenance	Cost	Structure	by	Segment	(Source:	MCTF,2014)	

 

Most maintenance costs analysis focus on DMC. However, a big slice of the costs incurred by 

maintenance inputs relies on IDC, more specifically on the loss of availability. The impact of downtime 

in the IMC can be observed in Figure 12, where the aircraft operation and its costs are represented by 

blocks. 

	

Figure	12:	Aircraft	operation	and	its	influence	on	the	maintenance	costs.	(Source:	Anthony	K.	Muchiri,	2002) 

 

In block 1 the aircraft is in operation, hence no maintenance is performed during that time. When the 

aircraft is out of operation, as in block 2, it is waiting for revenue flights to be scheduled. The time frame 

of block 2 is described as ground-time, and means that despite the aircraft availability, there are no 

flights scheduled at that moment. 

In block 3, the aircraft is withdrawn from operation in order to accomplish routine maintenance. The 

time interval while the aircraft in unavailable is referred as downtime, and during this time the aircraft 
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availability is compromised. Therefore, there are indirect losses incurred by losing aircraft availability. 

The same would not happen if maintenance was to be accomplished during block 2 (ground-time).  

In block 4 and 5 the aircraft is considered in an AOG situation (Aircraft On Ground), meaning that the 

failure or discrepancy in the aircraft status is critical and as a result it is not allowed to fly. In such 

situations there is an immediate need for maintenance support in order to return the aircraft back to 

service and avoid further costs. These situations can have severe consequences in the direct and 

Indirect Maintenance Costs, such as loss of revenue flights, aircraft availability, AOG mobile repair 

teams, urgent shipping of materials and parts required to repair the aircraft.  

To sum it up, taking into account the main objective of this assignment, which is to minimize both the 

direct and the Indirect Maintenance Costs, the maintenance planning improvement needs to focus on 

the following guidelines: 

1. Reduction	of	total	maintenance	work	performed	on	an	aircraft	by	avoiding	unnecessary	
repetition	of	maintenance	tasks.	

2. Reduction	of	total	maintenance	downtime	by	accomplishing	point	1,	and	through	the	
development	of	effective	maintenance	packages.	

The maintenance planning goals above are interrelated, achieving point (1) is enough to obtain results 

in point (2) but not enough to reach the reduction of the total maintenance downtime desired. For a 

better understanding of the impact of point (1) in the total maintenance cost a case study is described 

below. 

According to Paul Dibble, business development director at Avexus, the importance of the reduction of 

unnecessary repetition of maintenance tasks can be recognized thru the following example concerning 

an inspection that has to be carried out every 1,000 flight hours and costs $20,000 each time. [6] 

 “If an aircraft flies 4,000FH each year, we would perform this task four times a year if we were exactly 

spot on the maximum interval every time, or if the task yield were 100%. This is a little unrealistic, 

however. If we are achieving only 80% yield, then the task would be performed every 800FH, and over 

the course of a year we would do the task five times: one more than allowed by the maintenance interval. 

So for one aircraft we would be spending another $20,000 each year for this task alone. The lower the 

task yield, the more frequent the maintenance and the higher the cost of maintenance. This additional 

cost per year, just for this single task, is equal to $200,000 for a fleet of 10 aircraft. When all the regular 

tasks are taken into consideration it is easy to see how good planning can save a lot of money. It is also 

equally vital for maintenance planning that planners do not miss-time a task and exceed the allowable 

interval. Grounding the airline for safety reasons can be even more catastrophic. It is a fine line to walk 

between safety and optimum economy.”  (Paul Dibble, 2006) 

The direct impact of the maintenance downtime reduction on the profit & cost management of the 

company is illustrated in the following diagram, Figure 13. 
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Figure	13:	Maintenance	Planning	Improvement	Purpose 

 

To conclude, the maintenance improvement developed in the course of this assignment shall allocate 

the maintenance inspections into maintenance packages in order to reduce the total downtime of the 

aircraft. This allocation process follows an algorithm that uses the higher task yield possible without 

compromising either the maintenance package improvement nor the inspections allowable interval and 

tolerance. 

 

2.2. Background Research 
 

2.2.1. Planning department responsibility and methods of compliance 
 

The airworthiness department purpose is similar to the common maintenance department in other 

industries. The fundamental purpose of these departments is to grant the required capacity for 

production at the lowest cost. Therefore, it is crucial that maintenance interventions are as short and 

few as possible, ensuring at the same time the ideal and safe accomplishment of these. 

At Valair, as at other small companies, the maintenance department is the same as the planning and 

airworthiness department. The main advantage of this structure is that the personnel involved in the 

elaboration of maintenance programs, in the analysis of incidents and of daily national and international 

new requirements, as well as in the compliance of airworthiness directives, is the same personnel 

responsible for the planning and coordination of all maintenance tasks that must be performed in order 

to ensure the aircraft airworthiness.	[10]	
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2.2.2.   Computer Aided Maintenance Programme (CAMP) 
 

In order to promote aircraft availability, many companies, including Valair, use a Computer Aided 

Maintenance Programme (CAMP). This kind of software is employed to monitor all the replacement 

tasks that have to be performed, as well as all the components that require inspections or service.   

Owing to the fact that the aviation industry is possibly the most, or the most demanding sector 

concerning the necessity of traceability, it is mandatory to have a reliable way of keeping track of every 

inspection, replacement, repair and modification executed on each aircraft, which can be over 2000 

items, depending on the aircraft in question. In order to do so, software systems such as CAMP are 

highly necessary. 

The use of such a system in not only useful as it is also mandatory by EASA Part M requirements as it 

is stated below. 

EASA Part M Requirement: 

AMC M.A.301-3: The owner or the M.A. Subpart G approved continuing airworthiness management 

organization as applicable should have a system to ensure that all aircraft maintenance checks are 

performed within the limits prescribed by the approved aircraft maintenance program and that, whenever 

a maintenance check cannot be performed within the required time limit, its postponement is allowed in 

accordance with a procedure agreed by the appropriate competent authority. [11] 

Taking into account that CAMP has deep roots in the business aviation sector, being for many aviation 

firms and owners a mandatory request when dealing with the purchase of an aircraft, it is not the 

intention of this assignment to replace its use. The presence of an aircraft in a programme such as 

CAMP is enough to increase its resale value. Figure 14 shows CAMP main page, from which it is 

possible to observe some of its features. 

 

	

Figure	14:	CAMP	Aircraft	Main	Menu 



	 17	

However, as mentioned before, this software lacks in maintenance planning options. This limitation is 

the foundation of this assignment, and led to the creation and development of the cost effective 

maintenance planning algorithm. 

As has been noted, one main advantage of using a specific programme such as CAMP is the increase 

of the aircraft value. This comes as a result of being considered a reliable mean for tracking, monitoring 

and checking airframe, engines and components current status and history. If there was no demand for 

a specific programme, companies would be able to choose how to perform their maintenance tracking 

from a wider range of programs. In such situation, which is the case in many other industries, the direct 

application of the algorithm and programme developed on this assignment may be useful for full 

maintenance tracking.  

The algorithm developed and its features are intended to provide the company with a reliable mean to 

improve its maintenance planning approach. Moreover, by using the quotes or invoices from prior 

maintenance inputs, it is possible to predict the DMC related with the entire scheduled maintenance 

inputs for the whole month, year or years. 

 

2.2.3. Aircraft Maintenance Programme (AMP) 
 

Computer programs such as CAMP are based on aircraft maintenance programs (AMP), these manuals 

are developed in order to ensure the aircraft airworthiness by providing the software system with the 

maintenance tasks and intervals for a specific type of aircraft. 

Aircraft maintenance programs have been keeping pace with the industry demands and needs over 

time. AMP’s are becoming more sophisticated, and provide more flexibility for operators to decide when 

tasks should be performed. This comes as a result of many years developing different methodologies 

in order to include both the safety and economic requirements in aviation.  

In the early days, pilots and mechanics developed maintenance programs based on their experience 

and knowledge of each specific aircraft. This has changed with the creation and growing of the airlines 

sector and development of the large jet aircraft, which demanded not only the introduction of new 

regulations, but also both an economic and safety view of maintenance planning. Many methodologies 

have been established since the introduction of airlines, starting in the fifties with the implementation of 

the first maintenance process described as Hard-Time (HT), and later on with the addition of On-

Condition (OC) and Condition-Monitoring (CM) maintenance processes. 

OC and CM maintenance processes were introduced in the 60’s and 70’s by both a task force formed 

to investigate the capabilities of preventive maintenance, and by the maintenance steering group (MSG), 

which was created with a mandate to formulate a decision logic process used for the development of 

the initial scheduled maintenance requirements for new aircraft. [13] 
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The principal reasons for aircraft maintenance are the ones that follow below: 

B. Operational: To keep the aircraft in a serviceable and reliable condition so as to generate 

revenue.  

C. Value Retention: To maintain the current and future value of the aircraft by minimizing the 

physical deterioration of the aircraft throughout its life.  

D. Regulatory Requirements: To comply with mandatory requirements regulated and demanded 

by the aviation authorities where the aircraft is registered. This authority establishes standards 

for repair, periodic overhauls, and additional inspections. Moreover, it also requires and 

demands operators to develop an aircraft maintenance programme to be carried out by certified 

individuals qualified to issue an airworthiness certificate.  

Aircraft Maintenance Programme Development 

Taking into account that this document is the foundation on which all maintenance planning activities 

are based, it is extremely important to understand the basic methodology used for its conception, see 

Figure 15. [13]  
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The complex process for developing an Aircraft Maintenance Programme is described in Figure 15. In 

block 1, MRBR is created with the cooperation of the operators purchasing the equipment, the 

manufacturers of the airframe and engine, and the regulatory authorities, together these representatives 

develop a report containing the minimum tasks required to maintain the aircraft airworthiness.   

In block 2, supplemental tasks are added to incorporate additional mandatory requirements established 

by the regulatory authority, and, or by the manufacturers. As a result, a maintenance planning document 

(MPD) is created and delivered to the operators purchasing the aircraft. The MPD provides the basic 

maintenance planning information necessary for operators to develop a customized maintenance 

programme. 

With this in mind, it is the operator’s responsibility to develop the aircraft maintenance programme 

(AMP), or operator maintenance programme (OMP). Based on the MPD, the operator has access to the 

manufacturers requirements, AMM, EMM and service history. The AMP has then to be approved by the 

local Civil Aviation Authority (CAA) of the country where the operator’s Continuing Airworthiness 

Maintenance Organization (CAMO) is established, and only then it is permitted to use it. The AMP is 

responsible for exhibiting how the operator intends to schedule, package and perform the aircraft 

maintenance, ensuring the aircraft airworthiness and safety status. 

In addition to the tasks required by the Aircraft Maintenance Manual (AMM) and Engine Maintenance 

Manual (EMM), the operator has to include other tasks that follow from aircraft modifications, repair 

instructions for continuous airworthiness, deferred defects, service bulletins, airworthiness directives 

and national requirements, as well as any other task that may fulfil the company’s specific needs for its 

operation. Moreover, each aircraft may require individual tasks according to its service history and its 

age given its time in service. 

The approved maintenance programme shall be subject to periodic reviews to ensure its compliance 

with the latest aircraft and engines manufacturers requirements, as well as with the other points stated 

in block 3 of Figure 16. [5] 

 

2.3. Maintenance Planning 
 

When taking into account the billions of dollars that airlines spend each year on aircraft maintenance, it 

becomes clear how good planning can contribute to a better cost management, and how bad planning 

can have ruinous consequences.  

The effectiveness of maintenance planning depends on knowing each inspection/task requirements, 

such as the type of certified staff, materials, parts, tools, equipment, components, manpower and 

downtime necessary to accomplish the work. With all this data, maintenance planners shall have the full 

knowledge of the constrains to perform each task, and as a result it is possible to establish the company 

maintenance capability. 
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2.3.1.  Maintenance Planning and Scheduling 
 

The maintenance department plans and schedules all maintenance windows taking into account not 

only the tasks on the AMP, but also all maintenance activities related with aircraft modifications, repairs, 

airworthiness directives, service bulletins and service letters. These maintenance activities can be 

allocated under routine or non-routine maintenance according to its specifications and requirements.  

• Routine Maintenance is performed in accordance with the operator’s AMP. 

• Non Routine Maintenance is related with component failure, deferred and immediate 

rectification of defects. 

Maintenance planning are generally divided in long, medium and short term planning. The difference 

between each generally lies on the time horizon for planning the maintenance activities, on the 

maintenance planners priorities, and on the type of maintenance performed, Line and/or Base. Figure 

16, exposes the interaction between routine/non routine maintenance and long, medium and short term 

planning. 

	

Figure	16:	Maintenance	planning	phases	(Source:	Anthony	K.	Muchiri,	2002)	[14] 

 

Long term planning:  

Long term planning is generally defined as the planning of future maintenance events within a time 

window usually greater than a year. According with the AMP developed, the maintenance activities that 

fall in this time category are mainly inspections with multiple intervals of 1C (12 months), or 2A (600 

flight hours), and involve a long downtime. When planning these activities, the annual aircraft utilization 

pattern has to be taken into account. In other words, planners must check the annual utilization of the 

aircraft and determine the high and low season in order not to compromise the time of the year with 

higher aircraft demand. The study of the utilization pattern can be observed in section (1.1.2.). 
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Medium term planning:  

The planning of future maintenance activities to be performed within a time frame ranging from two 

months to a year, is defined as Medium term planning. At this stage maintenance slots have to be 

scheduled and the commercial department has to be notified, from this point on the aircraft availability 

will be monitored. 

Short term planning:  

Short term planning entails all maintenance tasks and/or inspections that need to be accomplished 

within two months. At this phase all prior scheduled activities have to be reviewed and maintenance 

slots confirmed. Final arrangements to the maintenance package have to be made within the remaining 

three weeks before reaching the scheduled date. The final maintenance slot has to be determined in 

conciliation with the commercial department in order to make the aircraft unavailable for revenue flights 

during that period.  

Figure 17 illustrates the maintenance forecast of random routine tasks/inspections and whenever they 

fall into short, medium and long-term planning.  

 

 

 

 

 

Deviations from planning 

Deviations from the initial planning take place quite often and are generally related to the factors listed 

below: 

E. Availability needed to perform on demand flights scheduled in short noticed (major concern for 

Business Aviation and Air taxi market); 

F. Abnormal increase of flight hours flown or scheduled, leading to a faster consumption of the 

maintenance intervals than expected; 
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H. Parts / Components unavailability; 

I. Manpower unavailability; 

J. External services unavailability, such as non-destructive tests (NDTs); 

K. Flight cancellations (leading to earlier aircraft availability); 

L. Non routine events leading to incidents and repairs; 

M. Parts/Components failure requiring immediate repair; 

N. Corrective actions related to deferred items listed on the Hold Item List (HIL). 

 

Short-term planning requires planners to review every aspect of the upcoming maintenance. In other 

words, it is necessary to confirm all prior scheduled dates with the service center, or proceed to minor 

adjustments in order not to interrupt flight operations and without compromising the task yield, confirm 

parts availability and downtime required. 

 

Line & Base Maintenance Planning  

In Cessna Citation CJ3 maintenance programme, developed by Valair’s airworthiness department, all 

scheduled airframe tasks can be classified as Line or Base Maintenance. Further information is 

presented in Appendix A.  

• Line Maintenance: Line Maintenance is usually associated with maintenance activities that don’t 

require the opening of access panels or access doors for detailed inspections, such as pre-

flight, daily or weekly inspections, and routine maintenance that mainly consists of visual 

inspections, lubrication and general servicing. 

• Base Maintenance: Base Maintenance is generally defined as maintenance tasks that demand 

opening panels and access doors, detailed inspections requiring disassembling and NDTs, as 

well as replacements of life limit parts. This type of maintenance is generally characterised by 

a long downtime and large maintenance packages in terms of man-hours needed. 

Valair does not hold a PART 145 certification for the time being, therefore, all maintenance activities, 

scheduled or unscheduled, shall be liaised with Part 145 organizations to ensure the aircraft 

airworthiness. However, for maintenance availability purposes, since the company shares hangar space 

with an unauthorized service center certified to perform all Line Maintenance on Cessna Citation CJ3, 

and taking into account the close business relation kept between the two companies, it can be seen as 

having its own certification. 

The difference between an authorized and unauthorized service center lays mainly in warranty claims, 

parts and labour coverage in aircraft enrolled in paid by the hour programs, and ultimately in the aircraft 

resale value. 
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Bearing in mind all said above, the maintenance planning department plans all Line and Base 

Maintenance bearing in mind the company operational requirements and the available service centers 

in close proximity.  

Line Maintenance Planning 

As mentioned before, line maintenance is usually associated with short downtime, for this reason it shall 

be primarily planned as in-house work. This decreases the number of flights performed to position the 

aircraft at service centers, and consequently the Direct Maintenance Costs involved. 

Despite having all the information concerning the aircraft annual utilization pattern, since the company 

works with on demand flights on daily basis, planners are constantly subject to last minute requests for 

aircraft availability by the sales department. For this reason, planners must plan maintenance activities 

allowing some flexibility in regard to slot allocation, as to meet the challenge of disruptive changes. 

Owing to the fact that Valair operational requirements alter on a daily basis, and that scheduled hangar 

visits require aircraft withdrawal from service, scheduling of hangar visits for line maintenance is 

accomplished in the medium and short-term planning, the second being responsible for ensuring that 

both, flight operations and scheduled work are not interrupted. 

Base Maintenance Planning  

As previously said, this type of maintenance is generally characterized by long downtime periods, and 

it requires Part 145 organizations to have an additional certification apart from line maintenance. For 

this reason, base maintenance tasks are always contracted to service centers, preferably to Cessna 

authorized service centers, and require a long-term and medium-term planning in conjunction with the 

sales department.  

These type of maintenance visits are usually scheduled during the low season so that it will not interrupt 

the flight operations, the visit intervals are determined by the base maintenance package with the lowest 

interval. For the purpose of reducing the amount of times the aircraft is withdrawn from service, planners 

shall take advantage of the long downtime period to perform additional maintenance tasks. 

Additional maintenance tasks performed when scheduling heavy maintenance packages: 

• Aircraft modifications related with SBs, ADs, customized demands from aircraft operations or 

from technical proposals; 

• Aircraft repairs related with structural damage, wear, tear or failure; 

• Cosmetic work that can follow from the aircraft usage or incidents, such as aircraft repainting 

and bright work; 

• Deferred work. 

Despite the additional work stated above, it is important to take into account that during the 

accomplishment of heavy maintenance inspections, many findings can be detected. Findings can have 
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high, low or no impact in the aircraft airworthiness, but nonetheless, they represent the main cause for 

delays in the aircraft release, and consequently one of the main concerns for maintenance planners. 

Table 2 and 3 summarise the latest heavy maintenance performed in the aircraft with registration CS-

DGW, and provide a comparison between the man-hours dedicated to accomplish the scheduled base 

maintenance and the findings detected during the accomplishment of such inspections.  

Table	2:	CS-DGW	heavy	maintenance	summary	

Total Routine Non-Routine/Findings Total 

Nº of Inspections 6 N/A 6 

Nº of Tasks 42 = (49,4%) 43 = (50,6%) 85 

Man-Hours 305 = (66,3%) 155 = (33,7%) 460 

 

Table 2 reveals that 43 findings were detected out of 6 scheduled inspection documents, consisting of 

42 tasks in total, representing more than 50% of the total tasks accomplished. However, the time 

required to close all findings represent approximately 33,7% of the total downtime.  

Table	3:	CS-DGW	heavy	maintenance	overview	

 Expected Values Exact Values Increase 

Downtime (Man-Hours) 305 460 50,8% 

Tasks 42 85 102,4% 

 

From Table 2 and 3, it can be seen that despite the time required to close all findings represented 

approximately 33,7% of the total downtime, such increase led to an additional 50 % of the total expected 

downtime. This case clearly shows the importance of taking into account the detection of findings when 

calculating the estimated aircraft downtime. 

Figure 18 and 19 illustrate the results obtained in Table 2 and Table 3 for a better understanding. [15] 

 

																				 	

Figure	18:	CS-DGW	Routine	and	Findings	Man-hour	proportions				Figure	19:	CS-DGW	Routine	and	Findings	tasks	proportions	
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49.450.6

Tasks

Routine Findings



	 26	

Line and Base maintenance planning process at Valair: 

As previously stressed, all maintenance activities should be planned taking into account the high and 

low season of the company’s operation. 

Valair maintenance planning department uses CAMP, to keep track of all routine and non-routine tasks, 

to keep record of all accomplished activities, deferred items, and to help in engine trend monitoring.  

CAMP provides all data concerning the inspections that will become overdue in the time horizon 

specified by the user. Therefore, the long, medium and short-term planning is done as described as 

follows: 

Long-term planning  

The user shall select a range of 14 months in the project section, by doing so the planner will get all the 

activities due within the next 14 months, see Figure 20. Afterwards, the planner shall focus on the tasks 

that will be due later than one year from now. The intention behind the selection of 14 months consists 

of good maintenance planning, by selecting a gap of 2 months, planners aim to avoid being surprised 

with unforeseen activities after having already scheduled maintenance slots. However, it is the medium 

and short-term planning responsibility to detect those activities when the time comes. 

Once the tasks/inspections are identified, they are added to an excel control file. This file keeps a 

constant track of the current hours and cycles of the aircraft, as well as of the remaining time of the 

maintenance activities inserted. 

Medium-term & short-term planning  

In a similar way to the long-term planning, the user selects first a range of 12 months and then 2 months 

in the project section, see Figure 20. All maintenance activities are allocated in each respective category 

in the excel control file. 

Each maintenance activity interval is determined by one or more of the following parameters: 

• Flight Hours (FH); 

• Flight Cycles (FC); 

• Calendar days; 

• FH and Calendar days, whichever comes first. 

Given that the exact due date will change according to the aircraft utilization during the remaining time 

of the maintenance interval. Planners shall pay a special attention to the short-term planning, in order 

to monitor these changes and perform the tasks before reaching an overdue status, with the minimum 

impact on the flight operations. 
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Figure	20:	CAMP	-	Due	list	for	maintenance	planning 

 

Figure 20 shows the data obtained with the computer aided maintenance programme. In this specific 

example, the project section is formatted for six months, which corresponds to a conservative short-

term planning. 

This process requires constant attention and can be very time consuming. The idea behind this 

dissertation is to improve this process by having more detailed information at the time of the long and 

medium-term planning, and by having an auxiliary software to perform an effective clustering process.  
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3.  Improvement Proposal 
 

 

The main goal of this chapter is to establish a methodology to group random maintenance ID’s and 

checks into packages. The grouping process will be referred as clustering, and the groups resulting from 

clustering will be referred to as clusters. 

To begin with, it is necessary to determine which tasks can and should be grouped, as well as how the 

tasks can be grouped. In order to answer these questions, the following section 3.1 will review and 

examine two approach strategies suggested by Anthony K. Muchiri. Afterwards, it will be explained 

which method, combination or variation was implemented in this assignment.  

 

3.1. Clustering Methods 
 

For a start, two distinctive methods can be used to group maintenance activities bearing in mind two 

different approaches. 

3.1.1. Top-Down approach 
 

 

 

This method consists of examining the aircraft utilization pattern to determine which periods are 

propitious to perform maintenance tasks. Once these periods have been determined, planners shall 

examine which maintenance activities, (ID’s, checks, deferred works, etc), can be allocated in the 

maintenance windows. 

Top-Down approach is the ideal way to take advantage of the aircraft ground-time described on block 2 

in Figure 12. By predicting the company’s low season and having accurate information concerning the 

aircraft scheduled flights, it is possible to perform the clusters without compromising the aircraft 

availability. For this reason, it is essential to keep an excellent interaction between both maintenance 

planning and sales department (see Figure 8 in section 2.1.1.). 

 

When
Clusters	can	be	
accomplished

What
Tasks	and/or	ID's		should

be	grouped
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3.1.2. Bottom-Up approach 
 

 

 

This method consists of examining the aircraft maintenance forecast and determining which tasks will 

be due and when. Afterwards, planners shall ascertain which maintenance activities can be grouped 

together. 

Bottom-Up approach is of special importance for maintenance activities associated with long downtime 

periods, and/or tasks that require the service of an authorized service center as well as positioning 

flights. Therefore, this method can and should be adopted mainly for heavy maintenance activities.   

3.1.3. Method implemented 
 

Apart from grouping tasks together, both methods entail a secondary analysis, such as which type of 

maintenance (Line or Base) is to be performed and where can it be performed. 

As mentioned before, for the Bottom-Up approach it is important to take into consideration mainly heavy 

maintenance inspections, which are usually related to base maintenance activities. As for the Top-Down 

approach, it clearly benefits the accomplishment of line maintenance activities, which usual manifest a 

lower maintenance interval, (see Appendix - A). 

The current method running by the maintenance planning department at Valair is a combination of both 

approaches mentioned above and it suits the operational needs. However, since it is not computerized 

or straightforward it becomes very time consuming and more error prone, it relies solely on the planner’s 

ability to adapt and review constantly all maintenance windows opportunities, as well as the aircraft 

maintenance forecast.  

At the first stage of maintenance planning and scheduling, most inspections and maintenance tasks are 

planned based on the Bottom-Up approach. This begins by determining when maintenance tasks are 

due based on their maintenance interval, last time accomplished and average flight hours and flight 

cycles of the aircraft or fleet. Once the due dates are known the second stage begins, at this stage, 

planners use the Top-Down approach in order to confirm aircraft availability to fulfil all maintenance 

requirements. It consists of determining the aircraft utilization demand and verify if it compromises the 

maintenance demand. In other words, if there are any scheduled flights booked for the same period 

required to perform the maintenance activities. If compromised could affect the aircraft operation and/or 

its airworthiness. Hence, planners shall try to reschedule the activities to other periods, which do not 

compromise the commercial planning and without exceeding the allowable intervals stated in the AMP. 

What
Tasks	and/or	ID's		should

be	grouped

When
Clusters	can	be	
accomplished
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If such rescheduling method is possible then it leads to a maintenance clustering opportunity. If not, 

planners shall accomplish exclusively the tasks that will be due, without adding any additional 

maintenance activities in order not to increase the aircraft downtime. See Figure 21 concerning the 

maintenance planning strategy at Valair. 

 

 

 

The programme developed in the course of this assignment runs based on the presumption that no flight 

was yet scheduled for the year in study. With this in mind, the main objective of the algorithm is not only 

to provide the exact number of times the aircraft should be removed from service, but also the exact 

dates and downtime required to perform all scheduled maintenance within the year in analysis.  In other 

words, the programme runs first a Bottom-Up approach, planning and scheduling all maintenance 

activities taking into consideration that at the moment of the analysis there is no aircraft utilization 

demand established. For the specific case of on-demand operators as described in section (2.1.1.), a 

later Top-Down approach is required in order to provide aircraft availability for flights scheduled after the 

initial analysis, as well as to take advantage of  any available maintenance windows. 

 

 

 

 

 

 

 

Maintenance	Tasks	 Maintenance	Scheduling	 Aircraft	Maintenance	Demand	

Aircraft	Utilization	Demand	Maintenance	Rescheduling	

Maintenance	Task	Clustering	 Accomplishment	of	maintenance	tasks	with	direct	
influence	on	aircraft	utilization	demand.	

Possible	 Not	Possible	

Bottom-Up	approach	

Top-Down	approach	

Figure	21:	Maintenance	planning	strategy	at	Valair 

Maintenance	Tasks	 Maintenance	Scheduling	 Maintenance	Clustering	

Aircraft	Maintenance	Demand	

Bottom-Up	approach	

Figure	22:	Assignment	maintenance	planning	approach 
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3.2. Determining scheduled maintenance forecast (Maintenance 
Scheduling) 

 

3.2.1. Determining due dates 
 

For the purpose of determining the maintenance inspections due dates it is necessary to gather data 

from two sources, namely: 

• CAMP systems: All data regarding the last time each maintenance inspection was performed is 

kept updated at CAMP systems under each aircraft profile. The programme in question is used 

to monitor component history, ages and to predict the next inspections due dates. In order to 

determine the due dates, the software first acquires all base information from the AMP provided 

by the operator. 

• AMM & EMM: The AMP provided to CAMP is based on several documents as explained in 

section 2.2.3. However, the aircraft maintenance manual (AMM) and the engine maintenance 

manual (EMM) are the primary source of information concerning the aircraft maintenance 

compliance intervals and permissible inspection interval tolerances. AMM chapter 5 gives the 

time limits and maintenance checks for the airplane, as well as the necessary information to set 

standard inspections. Chapter 4 of the same manual provides the airworthiness limitations data, 

which consists of interval limitations that cannot be exceeded. [16] 

Figure 23 illustrates the process in use to determine all scheduled maintenance items due dates. 

	

Figure	23:	Maintenance	inspections	next	due	date	cycle 
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In Figure 23, it is mentioned that maintenance inspections may be based on flight hours, flight cycles, 

calendar limits, or both flight hours and calendar limit simultaneously, whichever comes first. Although, 

inspections based on FH and FC are dependent on the aircraft utilization, calendar limited inspections 

are independent. In addition to this, aircraft maintenance records and results of both CAMP and the 

programme developed in this assignment, all show that inspections based on both flight hours and 

calendar limits simultaneously reach the flight-hours limit much earlier than the calendar limit. 

Next due date and maximum next due date are calculated based on the time remaining and aircraft 

utilization. Time remaining for both cases is calculated as follows: 

Time remaining for next due date: 

𝑇𝑖𝑚𝑒	𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 = 𝐴𝐶𝑇𝐿𝑃 + 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 − 𝐴𝐶𝑇𝑇    (1) 

Time remaining for maximum next due date: 

Time	Remaining = ACTLP + Interval + Tolerance − ACTT   (2) 

ACTT: Aircraft total time ACTLP: Aircraft time last performed TR: Time remaining 

3.2.2. Aircraft utilization 
 

The process described in the previous section, 3.2.1., explains how to determine the remaining time and 

due date of the next inspections. However, despite the fact that inspections based on flight hours and 

calendar limits (months) can be approached straightforward with the aircraft utilization in order to 

determine its due date, inspections based on FC require another analysis beforehand. 

FH/FC Ratio Analysis 

For the purpose of determining due dates of inspections based on flight cycles, it is necessary to 

determine the FH/FC ratio and its monthly average value. Table 4 and Figure 24 show the aircraft FH/FC 

ratio per month during years 2014, 2015 and 2016. 

Table	4:	Aircraft	FH/FC	Ration	Utilization	

 FH/FC Ration  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average 
2014 1:54 1:18 1:16 2:02 1:48 1:33 1:43 1:36 1:26 1:50 1:41 1:22 1:37 
2015 1:21 1:41 1:37 1:18 1:45 1:28 1:45 1:42 1:18 1:45 1:42 1:46 1:36 
2016 1:32 1:26 1:40 1:21 1:42 1:30 1:21 1:30 - - - - 1:30 

 

From Table 4, it can be seen that despite the variation between the aircraft FH/FC ratio on a monthly 

basis, its average per year is very similar. All data missing from year 2016 is due to its unavailability at 

this stage. 
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Figure	24:	Aircraft	FH/FC	Ratio	Utilization	During	2014	&	2015	

	

Average FH/Day Ratio Analysis 

Currently, the inspections next due date and the aircraft utilization data used by Valair is achieved by 

means of two programs, CAMP and an excel control file developed by the maintenance department. 

Both programs, together with the programme developed in this assignment use different methodologies 

in order to calculate the flight hours and flight cycles averages leading to different due dates. 

For further reference, the programme developed in this dissertation shall be referred to as MPSP 

(Maintenance Planning and Scheduling Programme), and the excel control file developed by the 

maintenance department shall be referred to as ATLCF, (Aircraft Technical Logbook Control File). 

The following analysis reveals which methods are currently implemented in the programs mentioned 

above, and which leads to the most accurate approach. 

 

Programs vs Methods implemented for the FH/Day ratio calculation: 

1. CAMP: The algorithm used by CAMP systems is not known. Therefore, the analysis of such 

programme is done through comparison of the next inspections due dates with the other 

programs in use. 

 

2. ATLCF: This programme is used to predict and provide crews with the aircraft availability. In 

other words, it calculates and distributes the next inspections due dates according to equation 

(3). 
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𝐹𝐻𝐴 = KLMN
OPQR

       (3) 

FHA: Flight-hours Average TDOR: Total Days On Record 

ACFH: Aircraft flight hours flown since first date of TDOR 

3. MPSP: This programme calculates the due dates using an average value of the FH per day 

ratio specific to each month, which is based on the aircraft utilization records from 2011 until 

2015. In addition to this method, MPSP allows to test two other values of the FH per day ratio, 

one being the total average of FH per day ratio based on the same time frame of 2011 until 

2015, and the other being the maximum value of the specific monthly flight hours per day ratio. 

All three methods are calculated in Table 5. 
 

Table	5:	Average	of	FH/Day	

Average of FH / Day 
 2011 2012 2013 2014 2015 Monthly Ratio 

January 01:59 01:40 01:07 01:54 00:57 1:31 
February 02:18 01:34 01:07 01:15 01:48 1:36 
March 00:56 01:30 01:30 01:11 01:52 1:24 
April 00:25 01:43 00:26 03:03 01:42 1:28 
May 01:40 02:22 01:55 02:40 02:19 2:11 
June 01:35 01:04 02:35 02:49 01:16 1:52 
July 02:02 02:06 03:12 03:10 02:06 2:31 
August 01:17 02:32 02:40 03:05 02:37 2:26 
September 01:27 01:33 02:00 01:26 01:46 1:38 
October 01:32 01:15 01:40 02:08 01:59 1:43 
November 01:38 01:18 01:30 01:41 01:32 1:32 
December 01:20 01:07 01:44 01:27 02:00 1:32 

Average 1:47 
Maximum FH/Day Monthly Ratio 2:31 

 

Table 5 shows all data used to perform the analysis mentioned on point (3) of methods implemented 

and tested in the MPSP. 

• Method implemented in MPSP: Monthly ratio of FH/Day, consists of all values at the utmost 

right position of the Table 5, (Monthly Ratio) column. It is expected to be the most accurate 

method used to determine all due dates. 

• Method tested in MPSP: Average FH/Day ratio taking into account the aircraft utilization in the 

last 5 years, 1:47 FH/Day. 

• Most conservative method tested in MPSP: Maximum FH/Day monthly ratio, it corresponds 

to the average FH/Day value obtained in July, 2:31 FH/Day. It is expected to be the most 

unreliable method since it will anticipate most of the actual due dates. 
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Table 6 shows the results obtained from all methods mentioned in points 1,2 and 3. It entails a 

comparison between the values acquired from CAMP, ATLCF and from MPSP using data collected by 

the airworthiness department over a period of 5 years.  

Table	6:	Due	dates	for	different	values	of	average	FH/Day	ratio	

	 1	 2	 3	 4	 5	 6	

	 Time	Remaining	 CAMP	 ATLCF	
MPSP		

Monthly	FH/Day	
Average	

MPSP		
Total	FH/Day	
Average	

MPSP		
Max.	FH/Day	

ID	 Hours	 Estimated	Due	Date	
1	 141:07	 12/12/16	 30/11/16	 12/12/16	 03/12/16	 10/11/16	
11	 300:00	 25/03/17	 23/02/17	 26/03/17	 02/03/17	 12/01/17	
12	 270:23	 05/03/17	 07/02/17	 05/03/17	 13/02/17	 31/12/16	
14	 674:06	 26/10/17	 10/09/17	 27/09/17	 27/09/17	 09/06/17	
16	 1874:06	 26/10/19	 13/06/19	 04/08/19	 28/07/19	 27/09/18	
22	 989:24	 14/06/18	 26/02/18	 18/04/18	 22/03/18	 12/10/17	
23	 141:07	 12/12/16	 30/11/16	 12/12/16	 03/12/16	 10/11/16	
24	 989:24	 14/06/18	 26/02/18	 18/04/18	 22/03/18	 12/10/17	
29	 34:10	 04/10/16	 04/10/16	 06/10/16	 05/10/16	 29/09/16	
39	 480:26	 19/07/17	 30/05/17	 02/07/17	 11/06/17	 25/03/17	
MA	 404:22	 31/05/17	 19/04/17	 24/05/17	 29/04/17	 22/02/17	
MC	 1474:06	 23/04/19	 12/11/18	 26/12/18	 17/12/18	 22/04/18	
MD	 -34:42	 20/08/16	 28/08/16	 15/08/16	 15/08/16	 15/08/16	
MF	 11:11	 19/09/16	 21/09/16	 22/09/16	 22/09/16	 20/09/16	
MG	 480:26	 19/07/17	 30/05/17	 02/07/17	 11/06/17	 25/03/17	
MH	 530:26	 21/08/17	 26/06/17	 21/07/17	 08/07/17	 13/04/17	
MI	 1323:32	 28/04/19	 23/08/18	 30/12/18	 21/12/18	 24/04/18	
MJ	 1323:32	 16/01/19	 23/08/18	 23/09/18	 24/09/18	 21/02/18	

 

• Dates highlighted in orange indicate a later date in comparison with the date in the column on 

the left. 

• Dates highlighted in green indicate an earlier date in comparison with the date in the column on 

the left.   

A complete list of all inspections running on a flight-hours or on a combination of flight-hours and 

calendar limit basis are listed in Table 6. This list consists of a total of 18 maintenance inspections and 

its due dates according to the method used for obtaining the average FH/Day ratio. Table 6 entails also 

a direct comparison of the due dates. By comparing each column to the column on its left it becomes 

evident that the method in use leads to an earlier or later aircraft utilization prediction, this analysis starts 

in column (3) with the ATLCF results. 

Due dates comparison: 

From Table 6, it can be seen that 15 out of 18 due dates calculated by the ATLCF have an earlier 

prediction when compared with the dates obtained from CAMP systems. The remaining dates are equal 

or later than the corresponding date on CAMP. 

 



	 37	

Table 7 shows a better comparison between values from CAMP and ATLCF. With this in mind, it 

compares 7 out of 18 inspection documents, where IDs 16, MC, MI and MJ have been predicted to 

achieve its due date much earlier by the ATLCF, while IDs 1, 29 and MF have an estimated due date 

very similar between both programs. 

IDs 16, MC, MI and MJ have been estimated to become due with a difference of more than 4 months in 

case of ID 16 and MJ, and more than 8 months in case of ID MI when comparing values from ATLCF 

and CAMP. This results, in conjunction with the values of Table 6 lead to the conclusion that in case the 

time remaining to perform the inspections is at least higher that 140:00 FH, the FH/Day ratio used by 

CAMP is in overhaul lower than the FH/Day ratio used to calculate the due dates in ATLCF. However, 

with the decrease of the remaining days, the FH/Day permissible variations are higher, as it can be seen 

in Table 9. This leads to the convergence of due dates between different methods used to predict the 

aircraft utilization.  

Table	7:	CAMP	vs	ATLCF	(Due	Dates	Comparison)	

CAMP	vs	ATLCF	
ID	 1 16 29 MC MF MI MJ 

CAMP	 12/12/16	 26/10/19	 04/10/16	 23/04/19	 19/09/16	 28/04/19	 16/01/19	
ATLCF	 30/11/16	 13/06/19	 04/10/16	 12/11/18	 21/09/16	 23/08/18	 23/08/18	
Days	

Between	
(months)		

12	 134	(4,5)	 0	 162	(5,4)	 -2	 247	(8,2)	 145	(4,8)	

 

ID 29 is a clear example of the convergence mentioned before, from Table 7 it can be seen that the due 

dates determined by both CAMP and ATLCF are exactly the same (4th of October 2016), and from Table 

6 it can be seen that the remaining time of this ID is small when compared to other IDs, 34:10 FH. 

According to Table 8 the days remaining at the time of the study were 18 days, which can be achieved 

with a FH/Day ratio starting from 1:48 FH/Day until 1:53 FH/Day according to Table 8. Since ATLCF had 

a 1:52 FH/Day ratio at the time, CAMP could be taking into account any of the other permissible values. 

Table	8:	Permissible	range	of	FH/Day	ratio	in	order	to	achieve	18	days	remaining	prediction.	
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Table	9:	FH/Day	ratio	according	to	number	of	remaining	days.	

ID 29 FH / Day 
FH/Day Wane 

Nº of Days 34:10 (RT) 
2 17:05 17:05 
4 8:32 8:32 
6 5:41 2:50 
8 4:16 1:25 

10 3:25 0:51 
12 2:50 0:34 
14 2:26 0:24 
16 2:08 0:18 
18 1:53 0:14 
20 1:42 0:11 

 

A similar comparative analysis can be done regarding the remaining methods in Table 6 column 4, 5 

and 6.  

With the previous analysis, it has become clear what is at the root of the due date discrepancy between 

methods. Hence, the comparison made of the due dates obtained by all the three methods used in 

MPSP lays mainly in its reliability.    

MPSP, Monthly FH/Day Average: As mentioned before, this method takes into account the FH/Day 

average ratio per each specific month, and by doing so, it addresses the aircraft utilization pattern 

specified in Table 1 and in Figure 4 in section (2.1.1.). The data acquired from this analysis reinforces 

the convergence tendency mentioned before as it can be seen in Table 10. 

Table	10:	CAMP	vs	MPSP	(Due	Dates	Comparison)	

CAMP	vs	MPSP	(1st	method)	
ID	 1 16 29 MC MF MI MJ 

CAMP	 12/12/16	 26/10/19	 04/10/16	 23/04/19	 19/09/16	 28/04/19	 16/01/19	
MPSP		

1st	method	 12/12/16	 04/08/19	 06/10/16	 26/12/18	 22/09/16	 30/12/18	 23/09/18	

Days	
Between	
(months)		

0	 83	(2,8)	 -2	 118	(3,9)	 -3	 119	(4)	 115	(3,8)	

 

MPSP, Total FH/Day Average ratio: This method calculates the due dates through the use of the total 

FH/Day average ratio, 1:47 according to Table 5. In this case, since the method used acts in a similar 

way to the method used in ATLCF, the results of both methods shall be compared. In other words, with 

the use of a constant FH/Day ratio, the difference in the results depend solely on the value in use. 

ATLCF FH/Day ratio is 1:52, compared to 1:47 FH/Day ratio of MPSP, it should lead to due dates earlier 

than the ones obtained from MPSP in inspections with still long time remaining. 
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MPSP, Maximum FH/Day Average: Since all the three methods, ATLCF and the last two tested in MPSP 

use a constant value of the FH/Day ratio to predict due dates, they shall be analysed all together. An 

initial analysis can be carried out simply by observing the FH/Day ratio values. It has been mentioned 

before that the ATLCF should lead to earlier dates when compared to the method used in the column 5 

from Table 6. However, since this method uses the maximum FH/Day average value, 2:31, as 

mentioned in Table 5, it is expected to be the method leading to the earlier due dates predicted in this 

study. See Table 11. 

Table	11:	ATLCF	vs	MPSP	(Due	Dates	Comparison)	

ATLCF	vs	MPSP	(2nd	method)	
ID	 1 16 29 MC MF MI MJ 

ATLCF	 30/11/16	 13/06/19	 04/10/16	 12/11/18	 21/09/16	 23/08/18	 23/08/18	
MPSP		

2nd	method	 3/12/16	 28/07/19	 05/10/16	 17/12/18	 22/09/16	 21/12/18	 24/09/18	

MPSP		
3nd	method	 10/11/16	 27/09/18	 29/09/16	 22/04/18	 20/09/16	 24/04/18	 21/02/18	

 

To sum up, according to the analysis performed, all methods will eventually predict the same due dates 

with the decrease of the remaining time, and consequently with the convergence of the average FH/Day 

ratio. However, if there is still plenty of remaining time left, the results will differ, and can reach an eight 

months difference between the estimated values. In this case, while the first two methods of MPSP lead 

to quite similar predictions, ATLCF leads to earlier estimated due dates, see Figure 25. Moreover, the 

third method tested in MPSP is the most conservative approach and it does not represent the actual 

utilization of the aircraft, this method would lead to 900 FH per year, which does not match the reality 

described in Table 1. On the other hand, CAMP seems to have the least conservative method 

implemented as it leads to the highest due dates predicted.  

In order to reach a conclusion regarding the most accurate method, it is necessary to perform and 

compare other predictions in the future with the results in Table 6, the most accurate method shall be 

the done with the column that remains the same or very similar. However, in theory, the method that 

takes into account the actual aircraft utilization variations is the first method tested in MPSP, which has 

a monthly average FH/Day ratio implemented. Hence, this will be the one used from this point on. 



	 40	

 

	

Figure	25:	Analysis	of	Average	FH/Day	Calculation	Methods	

  

3.3. Maintenance clustering objectives 
 

The main goal of this assignment is to achieve valid maintenance packages for all scheduled airframe 

maintenance inspections in the AMP of the aircraft in question. In order to achieve those maintenance 

packages, it is necessary to follow both the Bottom-Up and Top-Down approaches mentioned before. 

From previous sections it was already explained how MPSP calculates the due dates of all inspection 

documents, and as a result the maintenance scheduling phase stated in Figure 22. The methodology 

used to perform maintenance clustering is described in Chapter 4. 

Maintenance clustering main goals: 

A. Decrease the annual downtime of the aircraft; 

B. Better resources planning, manpower allocation, parts and hangar slots; 

C. Elimination of unnecessary grounding situations; 

D. Increase aircraft commercial availability. 

 

A. At first sight, it may seem clear that the annual downtime of the aircraft has to be the result of the 

sum of all man-hours required to accomplish each maintenance inspection, not taking into account 

any failure, incident or repair resulting in unscheduled maintenance interventions. However, there 

are many different approaches that shall be used to cut down downtime, namely: 

• Grouping tasks that require the opening of the same access panels: The actual maintenance 

planning document delivered by the manufacturer (Cessna), see Figure 15, entails already the 

grouping of tasks with the same interval and similar access requirements. The grouping process 

of these tasks led to the creation of inspection documents (IDs), as described in Appendix A. 
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Additionally, planners shall always try to allocate IDs with similar due dates and access 

requirements in the same maintenance input. 

• Increase manpower: By increasing the manpower available it is possible to decrease the 

estimated downtime of a maintenance input. However, there is a limit for this optimisation, which 

can be related to reduced access space or tasks that have to be done in a sequence. In other 

words, it is not possible to have more than a few people inside the aircraft, hence, additional 

manpower will not make a difference.  

• Take advantage of maintenance window opportunities resulting from the aircraft ground-time: 

As explained in section 2.1.2. Figure 12, the finest method to reduce the aircraft downtime is to 

use the aircraft ground-time. 

• Maintenance clustering: This approach will decrease the number of times the aircraft will have 

to be removed from service and the number of positioning flights in order to perform 

maintenance actions. This process must be combined with the increase of manpower in order 

to settle each maintenance input downtime in a value similar to the heaviest ID in the cluster. 

That is to say, the ID that requires the most man-hours to be accomplished will determine the 

cluster’s downtime.  

All the points above combined shall lead to an effective maintenance planning. However, combining all 

these approaches is very unlikely and hence, the necessity to have both Bottom-Up and Top-Down 

approach implemented in the planning process. 

B. MPSP clustering process improves the department long and medium-term planning. Hence, it 

becomes easier to plan not only hangar slots and parts availability, but also the manpower and 

equipment needed to perform each inspection in the cluster.   

C. By improving long and medium-term planning, maintenance clustering will consequently make it 

harder to leave any ID unattended or uncontrolled. In other words, with a better planning strategy, 

the chance to mistime a task and exceed the allowable interval decreases, and with it the possible 

catastrophic costs incurred by grounding the aircraft.  

D. With the accomplishment of all points above the annual downtime should be reduced and hence, 

the aircraft commercial availability should increase. 

 

3.3.1. Analysis of maintenance windows resulting from the aircraft ground-time 
 

The following analysis results from the necessity of determining whether it is, or it is not adequate to use 

a maintenance window opportunity resulting from the aircraft ground-time as a common approach to 

maintenance planning, or merely as an ad-hoc alternative. 

From Table 12, it is evident that the aircraft regular utilization leads to an average of 6 to 10 stops per 

month at the base station according to the records of the last three years, with an average of 18 to 50 

hours per ground-time during the working hours, that is, 18 to 50 hours in the time frame of 7AM until 
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23:30 PM. With such ground-time per stop it is possible to perform minor inspections, and by doing so, 

the downtime of the clusters where the inspections were first allocated shall decrease accordingly. 

Table	12:	Average	ground-time	per	stop	at	LPCS	

Average ground-time per stop at LPCS, (Cascais) 
Months Average ground-time per month Nº of Stops Average ground-time per stop 

Jan 209:37 6,0 34:05 
Feb 296:47 6,0 50:18 
Mar 206:24 8,0 27:10 
Apr 144:21 5,7 26:13 
May 225:37 9,7 24:44 
Jun 281:32 7,0 40:36 
Jul 156:54 8,0 21:34 
Aug 121:15 8,0 16:47 
Sep 92:03 6,5 18:17 
Oct 179:15 9,0 19:56 
Nov 183:03 6,5 28:17 
Dec 186:36 6,5 29:06 

Given the average ground-time per stop at the base station, it is possible to conclude that maintenance 

activities requiring short downtime may be accomplished during these maintenance window 

opportunities, mainly during the low season and taking into account the additional costs incurred by its 

performance during the weekends. However, the average ground-time is not sufficient to perform any 

planned heavy maintenance inspections in both seasons.  

3.4. In-House Maintenance Scheduling vs. Top-Down approach 

As a result of the previous analysis in section 3.3.1, maintenance costs resulting from the annual aircraft 

downtime can be reduced by implementing a Top-Down approach. However, it is important to confirm 

if the number of stop at the base station usually occur during working days or on weekends.  This has 

to be taken into account since the company may not have enough manpower resources to have 

accomplish maintenance activities during the weekend. If so, planners may need to subcontract 

technicians to accomplish the work required or waste precious ground-time. 

	

Figure	26:	Nº	of	Stops	at	Base	Station	-	Low	Season 
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Figure	27:	Nº	of	Stops	at	Base	Station	-	High	Season 

 

Figure 26 and 27 illustrates the aircraft utilization at the base station during the company low and high 

season. These figures do not show an obvious weekly pattern in either the seasons, for this reason, it 

is inconclusive whether the aircraft stops more or less during the weekdays when compared to 

weekends. The reason why the analysis performed is inconclusive may lay in the lack of information 

and data used to perform the study, with only two full years of data available (2014 and 2015), and the 

year 2016 until August, it is not possible to reach a definitive conclusion.  

However, from both graphs, it seems that during summer time (July and August) the aircraft tends to 

return to base mostly on Sundays than on any other day, on the contrary, in most of the remaining 

months the aircraft tends to return to base more during the weekdays. Figure 28 shows the total amount 

of times the aircraft returned to base in the last three years, and with the difference of only two/three 

number of stops between the days of the week, it remains impossible to reach a conclusion. 

	

Figure	28:	Total	number	of	stops	at	base	station	since	2014	

	

Taking into account that the company in question is in the air taxi market, the scheduled flights during 

the low season are mainly related to executive or business company’s affairs, which should lead to a 

return to base before the end of the week. On the other hand, scheduled flights during the high season 

are primarily related to client’s vacations, which may justify the return to base before the beginning of 

the week. 
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To sum up, since it is very difficult to predict the specific days the aircraft usually returns to base, it is 

necessary to perform the Top-Down approach mentioned before on a weekly and daily basis. In order 

to reach an effective maintenance planning with this approach, planners shall keep regular 

communications with the commercial and sales department, as described in Figure 8. 

 

3.5. Direct maintenance costs vs. Maintenance Clustering 
 

One of the perks of implementing a maintenance clustering improvement is the acquisition of sufficient 

data, that shall permit the maintenance department to predict and determine the annual Direct 

Maintenance Costs (DMC). 

In order to calculate the DMC related with labour spent in each maintenance cluster, it is necessary to 

bear in mind two different calculations. At first, the sum of man-hours spent in each cluster during the 

entire period in study. Secondly, the de-escalation factor implicit in every cluster with an ID being 

anticipated. The first calculation is a simple sum, therefore, it should be easy to calculate after knowing 

which tasks will be due during the year in study. On the other hand, the process to calculate the cost 

associated with task de-escalation entails first the determination of the number of hours anticipated from 

the actual due date. 

According to Anthony Muchiri and as it can be easily verified, the de-escalation of a maintenance 

inspection interval is the fraction of the maintenance interval lost due to early accomplishment. Figure 

29 illustrates the de-escalation concept. [14] 

 

 

 

 

De-escalation calculation method: 

𝑑𝑒 − 𝑒𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛 = WXXYOZ[\
WXX

= OR
WXX
	 ; 𝑇𝑆𝐿𝑃 ≤ 𝑀𝐼𝐼     (4) 

 

MII = Maintenance inspection interval TSLP = time since last performed TR =Time remaining 

 

Figure	29:	Maintenance	de-escalation	illustration 
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The direct maintenance cost incurred by de-escalation of maintenance activities is related with the 

frequency that maintenance inspections are supposed to be performed and the actual frequency. With 

the anticipation of accomplishment times, inspections are done more frequently than what is determined 

by the maintenance interval. See example provided by Paul Dibble in section 2.1.2. [6] 

Taking all this into consideration, the cost of de-escalation shall be calculated in terms of labour and 

according to the following formula: 

𝐷𝑀𝐶	𝑜𝑓	𝑑𝑒 − 𝑒𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛 = OR
WXX
	×	𝐼𝑀ℎ𝑟𝑠	×	𝑀ℎ𝑟𝑅    (5) 

DMC = Direct Maintenance Cost IMhrs = Inspection Man-hours MhrsR = Man-hour rate 

 

3.6. Algorithm Implemented 
 

The algorithm implemented in MPSP is primarily related with the Bottom-Up approach mentioned before. 

Following Figure 22, the first step of the process is to determine as accurately as possible the scheduling 

date of all maintenance inspections. Figure 30 illustrates the first phase of maintenance clustering, which 

ends with the maintenance scheduling of all primary and secondary items during the coming years. 

 

 

 

 

In block 1, planners shall introduce all information concerning the last time each maintenance inspection 

was performed, as this will be the starting point of the entire clustering process. The necessary data is 

noted in the aircraft certificate of release to service (CRS), and has to fulfil the following parameters: 

• Date 

• Aircraft Flight Hours 

• Aircraft Flight Cycles 
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Performed	(TSLP)	

Maintenance	Item	Interval	
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the	coming	years.		(4)	

Primary	Item	Frequency								
(Alpha	Item)																								(5)	

Secondary	Items	Frequency			
(6)	

Figure	30:	First	Phase	of	Maintenance	Clustering 
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Block 2 concerns all maintenance intervals stablished in the aircraft maintenance programme (AMP) as 

explained in section 2.2.3. In block 3, a variety of aircraft utilization scenarios can be tested by using 

different values of FH/Day and FH/FC ratios, such scenarios can be reviewed in section 3.2. Block 4 is 

the result of the combination of the aircraft total time with each inspection interval and the aircraft 

utilization scenarios. This combination is illustrated in section 3.2.1 and 3.2.2, and ends up determining 

not only each inspection next due date, but also all the following due dates concerning the same ID 

during the period in study. Block 5 and 6 consist of identifying which inspections shall be considered 

primary or secondary items. 

Primary items: An item shall be considered primary when its interval and allowable tolerance is 

responsible for establishing a cluster time frame. The primary item that matches the inspection with the 

lowest interval among all other inspections shall be referred to as Alpha item. Its frequency establishes 

the number of times the aircraft has to be removed from service. Therefore, every primary item shall 

take the position as head of cluster. 

Secondary items: All items that do not fit the description or conditions of a primary item are considered 

secondary. A secondary item can become a primary item in case it does not fit any existing cluster, in 

such case it shall be referred to as Bravo item. 

 

 

 

 

 

 

 

Figure	31:	Second	Phase	of	Maintenance	Clustering 
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Figure 31 illustrates the second and final phase of maintenance clustering. Block 5 and 6 in this second 

phase are practically the same determined at the end of the first phase, hence the same block number.  

As mentioned before, Alpha items determine the primary clusters maintenance windows, and are as is 

illustrated in block 7 and 11. From block 8 thru 11, each secondary item is analysed, if the estimated 

due date or tolerance fits into any of the maintenance windows established by Alpha, then it shall be 

added to an existing cluster, and the de-escalation or escalation ratio shall be calculated. If it does not 

fit the existing clusters, then it shall lead to the formation of a new cluster and it will become a Bravo 

item, meaning that its allowable tolerance shall be the new cluster’s maintenance window. As soon as 

one secondary item is finished being analysed, MPSP shall check if there are any other secondary items 

remaining to be allocated. If yes, then MPSP shall try to allocate those items into any of the existing 

clusters or create a new one.  

At the end of the second phase all items shall be allocated into clusters, and as a result, planners shall 

have a few number of task packages to be performed and the exact date on which the aircraft should 

be removed from service. 
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4. Tool Application and Validation of of Maintenance 
Planning and Scheduling Programme 

	

This chapter will demonstrate and evaluate how MPSP (Maintenance planning and scheduling program) 

follows the maintenance clustering process established in chapter 3. In order to do so, this chapter will 

follow a step by step approach strategy focused on the results achieved. 

4.1. Maintenance Planning and Scheduling Programme (MPSP) 
	

As mentioned before, MPSP main goal is to help planners to create effective clusters in order to reduce 

the aircraft total downtime and hence, the Direct Maintenance Costs. The programme developed works 

on the base of the two complementary approaches discussed earlier, Bottom-Up and Top-Down 

approaches. 

Constraints / Boundary conditions: 

• Seasonal aircraft utilization pattern: Maximum aircraft utilization demand during high season; 

• Small number of aircrafts per fleet: Grounding an aircraft may lead to leasing other aircraft in 

order to comply with scheduled flights;  

• Number of service centers available and their distance from base: This information establishes 

the cost of a positioning flight required before a maintenance input; 

• Not enough data on record: Information available is not enough to determine accurately all 

trends of the aircraft utilization, namely the stops at the base station.  

Inputs: 

• Inspections maintenance intervals; 

• Man-hours required;   

• Service centers man-hour rate; 

• Flights data (take-off and landing times);  

• Last time each inspection was accomplished (FH / FC / Date).   

Outputs: 

• Inspections due dates during a specific period;  

• Maintenance clusters;  

• Total labour maintenance cost.  
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The programme developed in this dissertation was written in MS Excel Visual Basic due to its availability 

and familiar user interface. 

 

4.2.  First phase of maintenance clustering 
 

Both phases of maintenance clustering are based on the Bottom-Up approach mentioned before. This 

section will follow a step by step analysis of the algorithm illustrated in Figure 30.  

 

4.2.1. Maintenance inspections selection criteria 
 

For the purpose of this assignment, the maintenance inspections used for running the software 

programme concern only scheduled airframe maintenance, this because there is no need to use all 

tasks in the AMP to prove the proper work of the software. See Appendix A for more detailed information 

regarding the inspections in Table 13. 

Table	13:	Scheduled	airframe	inspection	documents	

Scheduled Airframe Inspection Documents (ID) 
ID Frequency ID Frequency ID Frequency 
1 300 hours 18 24 MA 500 hours 

5 12 months 19 6 MC 2000 hours 

6 24 months 20 60 MD 1500 hours 

7 36 months 22 1200 hours / 36 months ME 5000 FC then 1000 FC 

8 48 months 23 300 hours / 24 months MF 2500 hours 

9 72 months 24 2400 hours / 72 months MG 5000 hours 

10 144 months … 1200 hours / 36 months MH 5050 hours 

11 300 hours / 12 months 25 60 months MI 6000 hours 

12 600 hours / 24 months 29 400 hours MJ 3000 hours 

14 1200 hours / 24 months 38 6 months MK 330 hours / 12 months 

16 2400 hours / 48 months 39 5000 hours - - 

17 12 40 6 months - - 

 

The inspections in Table 13 as well as the respective intervals are subject to constant change and review 

by the company’s airworthiness department. Many of them can be cancelled or have its interval changed 

according to the latest aircraft manufacturer specifications. 
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4.2.2. Time since last performed & Time remaining  
 

According to Table 13, some inspection documents can be controlled on a flight-hour and calendar day 

basis, such as ID 11 for example. In cases like this, it is necessary to determine the due date of the item 

in question taking into account both parameters and the respective tolerances. With this in mind, despite 

the different parameters, the calculation method and formulas are the same and are illustrated in Figure 

32. 

 

 

 

 

 

 

According to Figure 32, it is evident that the calculation of the inspection Time Remaining (TR) is done 

through the calculation of the time passed since the inspection was last performed (TSLP) as follows: 

𝑇𝑅 = 𝑀𝐼𝐼 − 𝑇𝑆𝐿𝑃 = 𝑀𝐼𝐼 − 𝐴𝐶𝑇𝑇 − 𝐴𝐶𝑇𝐿𝑃 = 𝑀𝐼𝐼 + 𝐴𝐶𝑇𝐿𝑃 − 𝐴𝐶𝑇𝑇 

TR = Time Remaining               MII = Maintenance Inspection Interval         TSLP = Time Since Last Performed                            

ACTT = Aircraft Total Time            ACTLP = Aircraft Time Last Performed 

The formula above is proven to be identical to the one mentioned in section 3.2.1. and shall be used to 

calculate the time remaining of every inspection required. 

Figure 33 and 34 illustrates the time remaining calculated on September 1st of 2016 by the MPSP. 

	

Figure	33:	MPSP	-	Time	remaining	for	ID's	1	to	23 
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Figure	32:	Maintenance	Inspection	Time	Remaining	Illustration 
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Figure	34:	MPSP	-	Time	remaining	for	ID's	24	to	MJ 

In both Figures concerning the remaining time of each inspection, it is possible to see two main groups, 

one being the data concerning the last time each inspection was performed, which is one of the 

programme inputs requested, and the other being the remaining time to next inspection taking into 

account not only the time to reach the due date, but also the time to reach the maximum limit, which is 

illustrated in the columns with the letter (T) as an abbreviation of tolerance. 

 

4.2.3.  Aircraft utilization scenarios  
 

Several aircraft utilization scenarios were compared in section (3.2.2). when performing the analysis of 

the flight-hours per day ratio. In this section, a different analysis of the aircraft utilization shall be 

performed using the FH per day ratio considered to be the best representative of the actual aircraft 

utilization in the end of section 3.2.  

Figure 35 illustrates the method used to compare the accuracy of the aircraft utilization prediction, and 

it begins with the selection of two dates in the past.  

 

 

 

 

 

According to Figure 35, it is evident that with the decrease of the difference between both values (ATG 

vs. ETG), the more accurate the prediction performed by the MPSP will be. Several dates shall be 

chosen in order to cover both the high and lower seasons in this analysis.   

 

Oldest	date						
ACTT	=	ACTT_1	

Recent	date						
ACTT	=	ACTT_2	

Actual	time	gap	(ATG)	=	ACTT_2	-	ACTT_1	

Estimated	time	gap	(ETG)	

Figure	35:	MPSP	–	ETG	accuracy	analysis 



	 53	

Figure 36 illustrates the analysis of the estimated time gaps during the low and high season from October 

2014 until October 2015.  

 

 

Figure 37 illustrates the analysis of the estimated time gaps during the low and high season from October 

2015 until October 2016.  

 

 

 

From Figure 36 and 37 it is evident that the difference between the actual and estimated time gaps are 

in most cases less than 6 %, reaching a difference of less than 1% in the total flight-hours flown during 

the whole period that goes from the end of the high season in 2014 to the end of the high season in 

2015. The discrepancy in the difference between ETG_2 and ATG_2 is most probably related with the 

time the aircraft was grounded in June 2015, which was due to an unscheduled maintenance input 

concerning the early failure of the pre-coolers installed in the airplane. This shows that in normal 

circumstances the estimated aircraft utilization scenario is very close to the actual aircraft utilization.  

 

ATG_1	=	4240:25	–	3897:54	=	342:31	Hrs	 ATG_2	=	4519:34	–	4240:25	=	279:09	Hrs	

ETG_1	=	334:18	Hrs	

End	of	high	season	»	01/09/2015					
ACTT_1	=	3897:54	Hrs	

ATG_3	=	4519:34	–	3897:54	=	621:40	Hrs	

Beginning	of	high	season	»	01/04/2016			
ACTT_2	=	4240:25	Hrs	

End	of	high	season	»	01/09/2016					
ACTT_3	=		4519:34	Hrs	

ETG_2	=	322:40	Hrs	

ETG_3	=	656:58	Hrs	

Figure	36:	MPSP	–	ETG	accuracy	analysis	2014/2015 

Figure	37:	MPSP	–	ETG	accuracy	analysis	2015/2016 

ATG_1	=	3592:29	–	3293:19	=	299:10	Hrs	 ATG_2	=	3953:03	–	3592:29	=	360:34	Hrs	

ETG_1	=	283:10	Hrs	

End	of	high	season	»	01/10/2014					
ACTT_1	=	3293:19	Hrs	

ATG_3	=	3953:03	–	3293:19	=	659:44	Hrs	

Beginning	of	high	season	»	01/04/2015			
ACTT_2	=	3592:29	Hrs	

End	of	high	season	»	01/10/2015					
ACTT_3	=		3953:03	Hrs	

ETG_2=	372:11	Hrs	

ETG_3	=	655:21	Hrs	

D_1	=	-	16:00	Hrs		=	-	5,3	%								D_2	=	11:37	Hrs		=		3,2	%							D_3	=	-	4:23	Hrs		=		-	0,7	%	

D_1	=	-	8:13	Hrs		=	-	2,4	%								D_2	=	43:31	Hrs		=		15,6	%							D_3	=	35:18	Hrs		=		5,7	%	
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4.2.4.  Due dates 
 

As mentioned in section 4.2.2., inspections can be controlled on a flight-hours and calendar basis 

simultaneously, which requires to determine all due dates taking into account both parameters and the 

respective tolerances. This means that for an inspection like this, six dates will have to be determined 

before it is possible to reach a conclusion on the final estimated due date. From the six dates, three 

shall be related to the flight-hours limit and tolerance, and the remaining three with the calendar limit 

and tolerance. Figure 38 shows all dates concerning the next inspection of each inspection document 

(Insp. Doc.). 

	

Figure	38:	MPSP	-	Next	Due	Dates 

 

The first three columns concern the estimated due date of each inspection considering only the 

maintenance interval stablished for each ID. This means that according to the parameter(s), the due 

dates will be estimated driven by the flight-hours, calendar or flight-cycles. The four remaining columns 

concern the same parameters used in the first two columns, but this time applying the minimum and 

maximum limit allowed by the applicable tolerance. 
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With the information gathered in Figure 38, MPSP confirms which is the parameter leading to the earliest 

estimated due date between the first three columns in each row. The date stablished as the due date 

will be allocated in a column ahead, as well as the dates concerning the allowable tolerance for the 

same parameter. See Figure 39 last three columns. 

 

	

Figure	39:	MPSP-	Estimated	Due	Date	and	Tolerance 

 

From all dates in the last three columns in Figure 39, only the dates that fall into the time frame chosen 

by the user, for the type of planning desired, shall pass to the next phase. The time frame established 

by default is one year and two months since the beginning of the study. With this time frame, planners 

shall be able to perform the long-term planning (one year), not being surprised with maintenance 

activities coming due short after the planning is done. In addition to this selection criteria, MPSP confirms 

if any of the inspection becoming due in the time frame of the project will have to be accomplished again 

within the same time frame, this assuming its performance at the time of the estimated due date. In 

other words, MPSP will determine all possible inspections becoming due within the time frame 

established for the project. See Figure 40. 
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Figure	40:	MPSP	-	All	inspections	due	within	the	project	period	

Figure 40 illustrates all inspections due within the project time frame. Inspection documents 1, 11, 23 

and 29 are a clear example of ID’s turning due more than once within the stablished time frame, which 

starts on September 1st 2016 and ends in November 1st 2017. 

 

4.3.  Second phase of maintenance clustering 
 

The main objective of this phase is to allocate all inspections determined in the previous section into 

maintenance packages. With this purpose, this section will follow a step by step approach of the 

algorithm illustrated in Figure 31.  

 

4.3.1.  Primary items selection criteria and clusters maintenance windows 
 

According to section 3.6. the primary item is the one with the lowest maintenance interval, which leads 

to a higher frequency. Consequently, its frequency establishes the number of times the aircraft has to 

be removed from service, and hence the initial number of clusters. 

From Figure 40 it is evident that two inspections, ID 1 and 23, have smaller maintenance intervals, 

leading to a higher frequency when compared with the remaining inspections. In this case, it can be 

seen that each one of these inspections will have to be performed three times within the project time 

frame, leading to the formation of at least three clusters.  
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Figure 41 shows the item responsible for the formation of each cluster before the final cluster validation. 

	

Figure	41:	MPSP	-	Primary	Item	vs.	Maintenance	Clustering 

 

4.3.2.   Secondary item allocation criteria 
 

The secondary item allocation process entails a separate evaluation of each one of the three dates 

concerning every single inspection. This is achieved taking into account all the following cases illustrated 

in Figure 42, 43 and 44. 

 

 

 

 

 

 

 

P.I.Start Date; S.I. Start Date = Primary/Secondary Item date related to the beginning of its maintenance window. 

P.I.Est Date; S.I. Est Date = Primary/Secondary Item estimated date according to its maintenance interval. 

P.I.End Date; S.I. End Date = Primary/Secondary Item date related to the end of its maintenance window. 

Figure 42 illustrates the maintenance clustering allocation method applied to secondary items with the 

estimated due date (S.I. Est) inside the primary item’s maintenance window. These cases shall be 

determined according to the following boundary conditions: 

𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒 ≥ 𝑆. 𝐼. 𝐸𝑠𝑡	𝐷𝑎𝑡𝑒	 ≥ 𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒								(𝐴) 

Figure	42:	MPSP	-	Secondary	Item	allocation	method	according	to	S.I.	Est 

P.I.	Est	P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Est	 S.I.	End_Date	S.I.	Start_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	
(	A	)	
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Figure 43 illustrates the maintenance clustering allocation method applied to secondary items with the 

estimated tolerance starting date (S.I. Start Date) inside the primary item’s maintenance window, or 

covering the entire maintenance window.  

 

 

 

 

 

 

These cases shall be determined according to the following boundary conditions: 

𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 > 	𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒 > 𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒								(𝐵)	 

OR 

𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒	 ≥ 	𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒		𝐴𝑁𝐷		𝑆. 𝐼. 𝐸𝑠𝑡	𝐷𝑎𝑡𝑒 > 𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒								(𝐶) 

Figure 44 illustrates the maintenance clustering allocation method applied to secondary items with the 

estimated tolerance ending date (S.I. End Date) inside the primary item’s maintenance window, or 

covering the entire maintenance window.  

 

 

 

 

 

 

These cases shall be determined according to the following boundary conditions: 

𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 > 	𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒 > 𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒								(𝐷)	 

OR 

𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 ≥ 	𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒		𝐴𝑁𝐷		𝑆. 𝐼. 𝐸𝑠𝑡	𝐷𝑎𝑡𝑒 < 𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒								(𝐸) 

 

Figure	43:	MPSP	-	Secondary	Item	allocation	method	according	to	S.I.	Start	Date 

Figure	44:	MPSP	-	Secondary	Item	allocation	method	according	to	S.I.	End	Date 

P.I.	Est	P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Est	 S.I.	End_Date	S.I.	Start_Date	

(	B	)	

(	C	)	

P.I.	Est	P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Est	 S.I.	End_Date	S.I.	Start_Date	

(	D	)	

(	E	)	
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As a result of the application of all methods mentioned before, it is possible to allocate every inspection 

from Figure 33 and 34 in clusters. See Figure 45. 

 

	

Figure	45:	MPSP	-	Initial	Maintenance	Clusters 

 

Figure 45 shows every cluster formed as a result of the initial maintenance clustering analysis. Counting 

clusters from left to right, the method applied by MPSP to allocate each ID is as follows: 

1st Cluster: ID 6 and 23 allocated according to their estimated due date (method A), ID 17 allocated 

according to its tolerance starting date (method C). 

2nd Cluster: ID 25, 39, MG allocated according to their tolerance starting date (method B), ID 23 and 29 

allocated according to their estimated due date (method A), ID MA allocated according to its tolerance 

ending date (method D), ID 7 allocated according to its tolerance ending date (method E). 

3rd Cluster: ID 23 allocated according to its estimated due date (method A). 

4th Cluster: ID 12 allocated according to its estimated due date (method A). 

5th Cluster: ID 14 led to the formation of a new cluster after not being allocated in any other cluster. 

6th Cluster: ID MF allocated according to its estimated due date (method A). 

7th Cluster: ID MH led to the formation of a new cluster after not being allocated in any other cluster. 

8th Cluster: ID 11 led to the formation of a new cluster after not being allocated in any other cluster. 
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Even though all items are allocated into clusters, it does not mean the clusters are viable. It only shows 

that each specific inspection fits the maintenance windows created by the primary item, through the 

application of the many methods mentioned before. In case an item does not fit a cluster then it creates 

a new one in accordance to Figure 31, block 8 and 9. 

In order to convert the unviable clusters into viable maintenance packages, one should first analyse 

what makes them unfeasible. Figure 46 illustrates all cases associated with the root cause of 

maintenance cluster unviability.  

 

 

 

 

Tolerance status description and respective case: 

𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒	 ≥ 	𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒			𝐴𝑁𝐷			𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 ≥ 	𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒														(1)  Tol.Case1 

𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒	 > 	𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒			𝐴𝑁𝐷			𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 ≥ 	𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒														(2)  Tol.Case2 

𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒	 ≥ 	𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒			𝐴𝑁𝐷			𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 > 	𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒														(3)  Tol.Case3 

𝑆. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒	 > 	𝑃. 𝐼. 𝑆𝑡𝑎𝑟𝑡	𝐷𝑎𝑡𝑒			𝐴𝑁𝐷			𝑃. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒	 > 	𝑆. 𝐼. 𝐸𝑛𝑑	𝐷𝑎𝑡𝑒														(4)  Tol.Case4 

 

From Figure 46, it is evident that some inspections cannot be performed in the same maintenance input, 

for instance, inspection 1 and 2 are not compatible with inspection 3 and 4. Therefore, in order to convert 

an unviable cluster into a viable one, it is necessary to determine which is the tolerance status of each 

inspection allocated in the cluster. All possible cases regarding the tolerance status are tagged in Figure 

46 and described below the figure in question. 

MPSP algorithm used to convert and/or confirm maintenance cluster feasibility: 

• Max.Tol.Case2 = Maximum starting date within all inspections with tolerance type 2 

• Min.Tol.Case3 = Minimum ending date within all inspections with tolerance type 3 

 

5	

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	
(	2	)	

(	2	)	

(	3	)	

(	3	)	
1	

2	

3	

4	

(	2	)	
S.I.	Est	 S.I.	End_Date	S.I.	Start_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

6	
(	4	)	

Figure	46:	MPSP	-	Maintenance	Cluster	Unfeasibility	Cases 
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Figure 47 illustrates the maximum starting date from all inspections with tolerance type 2 and the 

minimum ending date from all inspections with tolerance type 3. 

 

 

 

As a result of the application of the algorithm illustrated in Figure 48, all clusters formed in Figure 45 

shall now be viable, as well as all new clusters resultant from the reallocation process. See all viable 

clusters in Figure 50. 

A first analysis of Figure 45 shows that according to the algorithm in Figure 48, the only cluster that is 

not viable is the second cluster, where inspections with both types of tolerance can be found, 

(Tol.Case2, Tol.Case3). This cluster unfeasibility case is illustrated in Figure 49. 

 

 

 

 

Maintenance	
Cluster	

Counts	number	
of	inspections	
with	tolerance	
case	2	

Counts	number	
of	inspections	
with	tolerance	
case	3	

Calculation:	
Max.Tol.Case2	
Min.Tol.Case3	

Max.Tol.Case2		<	Min.Tol.Case3	

Maintenance	
cluster	is	viable	

Reallocation	of	
Inspection	with	
Tol.Case2		

=	0	

¹	0	 ¹	0	

=	0	

YES	 NO	

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	

Max.Tol.Case2	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 Min.Tol.Case3	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	
(	2	)	

(	2	)	

(	3	)	

(	3	)	
1	

2	

3	

4	

Figure	47:	MPSP	-	Max.Tol.Case2	vs.	Min.Tol.Case3 

Figure	48:	MPSP	-	Algorithm	for	Maintenance	Cluster	Feasibility 

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	

9-6-17	 9-8-17	 9-10-17	

3-6-17	 19-6-17	 4-7-17	

29-4-17	 13-5-17	 26-5-17	

12-5-17	 26-5-17	 10-6-17	

(	2	)	

(	2	)	

(	3	)	

(	3	)	

MA	

29	

25	

39	
3-6-17	 19-6-17	 4-7-17	

MG	

Figure	49:	MPSP	-	Second	cluster	unfeasibility	case 
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Observing Figure 49, it is clear that all inspections with the second type of tolerance status must be 

reallocated in order to convert the second cluster into a viable maintenance package. This reallocation 

process is evident in Figure 50, where all clusters are viable and closed. 

 

	

Figure	50:	MPSP	-	Viable	Maintenance	Clusters 

 

 4.3.3.  Maintenance cluster total cost 
 

The total labour cost of each maintenance cluster shall be determined taking into account all the 

following parameters: 

• Man-hours required to perform the inspections; 

• De-escalation; 

• Escalation. 

In order to calculate the total de-escalation cost entailed to all inspections performed before their 

estimated due date, and the profit related to all inspections performed after their estimated due date, it 

is first necessary to determine the ideal date to start the maintenance input.  

The ideal date shall be determined according to the following cases, in order to increase the escalation 

ratio and hence, decrease the de-escalation cost: 
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• Cluster with both tolerance type 2 and 3: Minimum ending date within all inspections. It leads to 

the reduction of total de-escalations cost, and hence, to the higher escalation profit possible; 

 

 

 

 

 

• Cluster with only tolerance type 2 or 2 and 1 simultaneously: Ending date of the primary item, 

which leads to the reduction of total de-escalation cost; 

 

 

 

• Cluster with only tolerance type 3 or 3 and 1 simultaneously: Minimum ending date within all 

inspections, which leads to the higher escalation profit possible; 

 

 

 

 

 

• Any other case: Ideal date is determined according to primary item ending date, P.I. End_Date. 

 

 

 

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 Min.S.I.	End_Date	=	IDEAL	DATE	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

(	2	)	

(	2	)	

(	3	)	

(	3	)	
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2	

							
3	

4	

Max.S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

Figure	51:	MPSP	-	Ideal	date	for	cluster	with	both	tolerance	cases	2	and	3 

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	=	IDEAL	DATE	

Max.S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	
(	2	)	

(	2	)	
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	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 Min.S.I.	End_Date	=	IDEAL	DATE	
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(	3	)	
1	

2	

Figure	52:	MPSP	-	Ideal	date	for	cluster	with	only	tolerance	cases	2	or	both	2	and	1	simultaneously 

Figure	53:	MPSP	-	Ideal	date	for	cluster	with	only	tolerance	cases	3	or	both	3	and	1	simultaneously 

	P.I.	Est		P.I.	Start_Date	 P.I.	End_Date	=	IDEAL	DATE	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

(	1	)	
1	

2	

S.I.	Est	S.I.	Start_Date	 S.I.	End_Date	

S.I.	Start_Date	 S.I.	Est	 S.I.	End_Date	

(	1	)	

(	1	)	

3	
Figure	54:	MPSP	-	Ideal	date	for	cluster	with	no	tolerance	case	and/or	tolerance	case	1 
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Taking into account both the ideal date to remove the aircraft from service, and the estimated aircraft 

total time at that date, MPSP calculates each cluster total cost based on the man-hours required, size, 

and based on the influence of the de-escalation and escalation ratio applied to each inspection within 

the cluster in question. 

From the data in Figure 55, 56, 57 and 58, it is evident that 6 out of 8 clusters have a total labour cost 

lower than the value expected if each inspection was performed at different times. The remaining 

clusters have an increment in their labour cost lower than 1%, which becomes insignificant when 

compared to all the additional costs that the company would face if each document was performed 

separately. 

	

Figure	55:	MPSP	-	Cluster	1	&	2	Total	Cost 

	

Figure	56:	MPSP	-	Cluster	3	&	4	Total	Cost 

	

Figure	57:	MPSP	-	Cluster	5	&	6	Total	Cost 

	

Figure	58:	MPSP	-	Cluster	7	&	8	Total	Cost 
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4.4.  Top-Down approach using MPSP 
 

As mentioned before, the MPSP algorithm takes only into consideration the Bottom-Up to achieve 

effective maintenance clusters, see Figure 50. However, as explained in section 3.3. and as has been 

proved in section 3.4, an effective maintenance planning shall only be achieved through the combination 

of both Bottom-Up and Top-Down approaches. 

The Top-Down approach can be easily implemented in the MPSP by allowing the sales department to 

have restricted access to the programme, where people or another programme can update a list of 

available maintenance windows according to the latest scheduled flights. MPSP can be edited in order 

to allow planners to choose a specific time-frame matching the aircraft ground-time, and consequently 

providing the list of all inspections that can be performed during that specific maintenance window. With 

this information, planners can remove specific inspections from the already formed clusters, or take this 

maintenance window opportunity to perform unscheduled maintenance activities. This will allow 

planners to take advantage of the aircraft ground-time and hence, reducing the man-hours required to 

perform the cluster in question, which ultimately shall reduce the maintenance input downtime. 
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5. Conclusions and Future Research 
 

 

5.1. Conclusions 
 

This dissertation main objective is to improve the maintenance planning and scheduling process at a 

maintenance department. This shall be achieved through the implementation of two main strategies for 

maintenance planning, in order to reach valid and effective maintenance packages (clusters). Such 

strategies have been designated as the Bottom-Up and Top-Down approaches, which combined shall 

take into account both the maintenance and the aircraft utilization demand. 

From the initial analysis concerning the aircraft utilization pattern and the current planning method 

applied at the company, it is evident that it is not easy to plan and schedule maintenance activities in a 

company with such core business, and depending severely on the availability of one aircraft. In 

opposition to the regular use of an aircraft at an airline, where the commercial department deals with 

plane capacity, in air taxi companies the same department leads with plane availability instead. In this 

type of business, different clients cannot be transported in the same aircraft, which leads to few 

alternatives besides cancelling, denying or leasing other planes every time an aircraft is removed from 

service. 

So that the costs incurred by removing the aircraft from service and performing maintenance activities 

could be reduced, an improvement proposal was presented in chapter 3 taking into account both 

methods mentioned earlier in this chapter. The first method and the most important according to this 

dissertation concerns the Bottom-Up approach, which works on the assumption that one of the best 

ways to avoid unscheduled costs in maintenance planning is to have all inspections scheduled and 

planned at least one year ahead. By applying this approach, the commercial department will know the 

aircraft availability during the entire period in study, not counting with any unscheduled maintenance 

events, before it has many or any flights scheduled. Hence, this will automatically solve all 

communication problems that could ground the aircraft due to an inspection interval exceedance, or due 

to a full consumption of the task’s yield at a location far from any service center. Situations like these 

have catastrophic consequences and costs for the company.  

The algorithm implemented in MPSP leads to the formation of all maintenance clusters needed to 

allocate all inspections that will become due during the period in study, and it can be constantly updated 

by running a new analysis every time it is desired, or every time one of the inspections is removed from 

a cluster due to an earlier maintenance window opportunity. After the cluster’s feasibility conversion and 

/or validation, planners shall have all scheduled inspections allocated into the mentioned clusters. 
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Hence, it will be possible to determine the total labour cost of each cluster by summing the man-hours 

required to perform each inspection, and by determining the escalation or de-escalation ratio if applied.  

The second approach mentioned earlier, the Top-Down approach, shall be applied by the maintenance 

department in conjunction with the commercial department, in order to ascertain to an effective 

maintenance planning strategy and to obtain the maximum direct maintenance cost reduction. Top-

Down approach allows planners to reallocate inspections in accordance with the maintenance window 

opportunities, which can come to surface during the period in study, matching the aircraft ground-time, 

or due to unscheduled maintenance inputs. 

To sum up, an effective maintenance planning and scheduling can be achieved, through the combination 

of both the information provided by the MPSP, with the constantly communication between departments, 

whether done through the programme itself or by any other means available. 

 

5.2. Future Research 
 

Despite the process and analysis presented in this dissertation, it is important to mention a few additional 

analysis or applications that could be developed and/or improved in the future. The following is 

recommended: 

1. Periodic review of the de-escalation and escalation balance during the period in study. 

2. Accomplishment of an analysis in order to confirm if the combination of the increase in aircraft 

availability, the reduction of positioning flights and the escalation ration, make up for the de-

escalation cost incurred with this maintenance planning strategy. 

3. Develop a better communication strategy between the commercial and planning department, 

so that MPSP could include the aircraft utilization demand in the cluster formation. 
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A- Cessna Citation CJ3 Maintenance Programme 

 

Scheduled Airframe Inspections Classification 
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