
	 1	

Maintenance Planning Improvement - Cessna Citation 525B 
Filipe Henriques Martins 

filipe.h.martins@tecnico.ulisboa.pt 
Instituto Superior Técnico, Universidade de Lisboa, Portugal 

December 2016 
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 for maintenance departments, that aim to reduce all maintenance costs 

and increase the aircraft availability. Therefore, the development and use of informatics tools to upgrade 

and automate the maintenance planning process are extraordinarily useful. 

The main goal of this paper is to develop and implement 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. 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 optimum maintenance planning strategy. First by developing feasible maintenance packages 

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

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

matching the aircraft ground-time. 
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1. INTRODUCTION  
Over the last decade, many industries have made an effort to keep on being competitive and profitable. 

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

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

In order to reduce the direct operating costs, the maintenance department has an important role to play 

by establishing and executing an adequate strategy for short, medium and long term planning. 

MPSP (Maintenance Planning and Scheduling Program) was specifically created to improve the 

maintenance planning of the Cessna Citation CJ3 at commercial business aviation company, and hence, 

to reduce the maintenance costs incurred. Nevertheless, it may be used for many other scenarios and 

industries after implementing the appropriate modifications. All data used to develop MPSP has been 

collected from a commercial business aviation company. [1 - 4] 

2. MAINTENANCE PLANNING AND SCHEDULING 
AIRCRAFT UTILIZATION DEMAND 
After a quick glance at the annual utilization pattern over the last 5 years in Figure 1, it is clear that the 

year 2014 stands out from the rest by showing a distinct peak from April to August. That time of the year 

is referred to as the high season and it requires maximum aircraft availability. Therefore, all maintenance 

tasks that require extensive downtime shall 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. From looking at the maintenance history of the years on record, it is possible to 
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identify the causes for the discrepancies in the annual utilization pattern of the aircraft, generally 

consisting of heavy maintenance inspections requiring longer downtime and/or unscheduled 

maintenance events. 

	
Figure	1:	CS-DGW	Annual	Aircraft	Utilization	Summary 

AIRCRAFT MAINTENANCE PROGRAM (AMP) 
Computer aided maintenance programs are based on the 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. 

In order to keep pace with the industry demands and needs, both safety and economic, AMP’s are 

becoming more sophisticated, providing more flexibility to operators to decide when tasks should be 

performed. [5] 

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. In order to achieve viable and cost effective clusters, it is 

necessary to follow two complementary approaches, namely as follows: 

TOP-DOWN APPROACH 
This method consists of examining the aircraft utilization pattern to determine which periods are 

propitious to perform maintenance tasks, and then, which maintenance activities can be allocated in 

these maintenance windows. This approach focuses mainly on the aircraft utilization demand. 

BOTTOM-UP APPROACH 
This method consists of examining the aircraft maintenance forecast and determining which tasks will 

be due and when. This approach focuses mainly on the aircraft maintenance demand. 

METHOD IMPLEMENTED 
The current method in use by some maintenance planning departments is a combination of both 

approaches mentioned above since 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. 

The program developed (MPSP) runs first on a bottom-up approach, planning and scheduling all 

maintenance activities, based on the assumption that there is no aircraft utilization demand established 

at the time of the first analysis. For the specific case of on-demand operators, 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. 
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Figure	2:	MPSP	Maintenance	Planning	Approach 

MAINTENANCE CLUSTERING MAIN GOALS: 

• Decrease the annual downtime of the aircraft; 

• Better resources planning, manpower 

allocation, parts and hangar slots; 

• Elimination of unnecessary grounding 

situations; 

• Increase aircraft commercial availability. 

	

	
Figure	3:	Maintenance	Planning	Improvement	Objectives

DIRECT MAINTENANCE COSTS VS. MAINTENANCE CLUSTERING 

One of the advantages of maintenance clustering is to provide planners with the necessary tools to 

predict and analyse the annual maintenance costs related to labour. These costs entail not only the 

man-hours required to perform the inspections but also the de-escalation and escalation factors 

inherent. The de-escalation of a maintenance inspection interval is the fraction of the maintenance 

interval lost due to early accomplishment. Figure 4 illustrates the de-escalation concept. 

	
Figure	4:	Maintenance	de-escalation	illustration 
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	 ; 𝑇𝑆𝐿𝑃 ≤ 𝑀𝐼𝐼     (1) 

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

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. 

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 = 04
-..

	×	𝐼𝑀ℎ𝑟𝑠	×	𝑀ℎ𝑟𝑅     (2) 

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

ALGORITHM IMPLEMENTED IN THE MAINTENANCE PLANNING AND SCHEDULING PROGRAM 

The first step of the process is to predict as accurately as possible the next due date of each inspection. 

Figure 5 illustrates the first phase of maintenance clustering, which ends with the maintenance 

scheduling of all primary and secondary items during the coming years. 
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Figure	5:	First	Phase	of	Maintenance	Clustering 

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	6:	Second	Phase	of	Maintenance	Clustering 

Figure 6 illustrates the second and final phase of maintenance clustering. Block 5 and 6 in the 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 

a 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, 
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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. 

4. APPLICATION AND VALIDATION OF MAINTENANCE PLANNING AND 
SCHEDULING PROGRAM (MPSP) 

Constraints: 

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

• Small number of aircrafts per fleet: Grounding an aircraft may require to lease 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 & landing times); 

• Last time each inspection was 

accomplished (FH / FC / Date).    

Outputs: 

• Inspection due dates during the period 

specified by the user;  

• Maintenance clusters;  

• Total maintenance cost related to 

labour.  

MPSP was developed in MS Excel Visual Basic due to its availability and familiar user interface within 

the organization. 

4.1. MPSP – FIRST PHASE OF MAINTENANCE CLUSTERING 

TIME SINCE LAST PERFORMED & TIME REMAINING  

The calculation method used to determine every inspection’s due date is illustrated in Figure 

	

Figure	7:	Maintenance	inspection	time	remaining	illustration 

From Figure 7, it is evident that the calculation of 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    (3) 
TR = Time Remaining               MII = Maintenance Inspection Interval         TSLP = Time Since Last Performed                            

ACTT = Aircraft Total Time            ACTLP = Aircraft Time Last Performed 

DUE DATES 

Inspections can be controlled separately by flight-hours, flight-cycles, calendar limit or by flight-hours 

and calendar limit simultaneously, which requires the MPSP to determine all due dates taking into 

account both parameters and the respective tolerances. This means that for an inspection like this, six 



	 6	

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. Afterwards, 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. MPSP will determine all 

possible inspections becoming due within the time frame established for the project. See Figure 8. 

	
Figure	8:	MPSP	-	All	inspections	due	within	the	project	period	

4.2.  MPSP – SECOND PHASE OF MAINTENANCE CLUSTERING 

The main objective of this phase is to allocate all inspections determined in the previous section into 

maintenance packages, clusters. 

PRIMARY ITEMS SELECTION CRITERIA AND CLUSTERS MAINTENANCE WINDOWS 

As mentioned before, 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. 

SECONDARY ITEM ALLOCATION CRITERIA 

The secondary item allocation process entails a separate evaluation of each one of the three dates 

concerning every inspection. This is achieved taking into account all the following cases illustrated in 

Figure 9, 10 and 11. 

	
Figure	9:	MPSP	-	Secondary	item	allocation	method	according	to	S.I.	Est	value 

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. 
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Figure 9 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 10 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.  

	
Figure	10:	MPSP	-	Secondary	Item	allocation	method	according	to	S.I.	Start	Date	value 

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 11 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.  

	
Figure	11:	MPSP	-	Secondary	Item	allocation	method	according	to	S.I.	End	Date	value 

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) 

As a result of the application of all methods mentioned before, it is possible to allocate every inspection 

from Figure 8 in clusters. See Figure 12 and 13. 

	
Figure	12:	MPSP	-	First	Two	Maintenance	Clusters 
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Figure	13:	MPSP	–	Remaining	Maintenance	Clusters 

 

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.  

 

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 14, 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 

14 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 

	
Figure	15:	MPSP	-	Max.Tol.Case2	vs.	Min.Tol.Case3 

 

Figure	14:	MPSP	-	Maintenance	Cluster	Unfeasibility	Cases 
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Figure 15 illustrates the maximum starting date from all inspections with tolerance type 2 and the 

minimum ending date from all inspections with tolerance type 3. 

	
Figure	16:	MPSP	-	Algorithm	for	Maintenance	Cluster	Feasibility 

As a result of the application of the algorithm illustrated in Figure 16, all clusters formed in Figure 12 

and 13 shall now be viable, as well as all new clusters resultant from the reallocation process. See all 

viable clusters in Figure 17. 

	
Figure	17:	MPSP	-	Viable	Maintenance	Clusters 

4.3. 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 while choosing the latest possible date without compromising the 

cluster feasibility. 
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5. CONCLUSIONS 
According to this study, the best way to avoid unexpected costs incurred by a poor maintenance 

planning strategy is to focus primarily on the Bottom-up approach. Through the implementation of this 

approach, it is possible to have all inspections scheduled and planned as much time ahead as desired. 

Hence, the commercial department shall know the aircraft availability during the entire period in study, 

not counting with any unscheduled maintenance events, before scheduling flights that can compromise 

the aircraft airworthiness.  

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 viable clusters, as well as the 

exact due date on which the aircraft should be removed from service. 

Moreover, at the end of the maintenance clustering process, planners will have the information regarding 

each cluster’s total labour cost, not only taking into account the sum of the man-hours required to 

perform each inspection, but also the profit and cost associated with the escalation or de-escalation 

ratio when applied.  

The second approach taken into account, Top-down approach, shall be applied by the maintenance 

department in conjunction with the commercial department, in order to obtain the maximum direct 

maintenance cost reduction possible. 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, this maintenance planning and scheduling improvement proposal can be achieved through 

the combination of both the information provided by the MPSP, with the constantly communication 

between departments, whether done through the program itself or by any other means available. 
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