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Abstract. A set of events, such as the airline deregulation act of 1978 and the creation of the single EU aviation 

market, led to an increasing competitive market, in which airline companies began to focus more and more on cost 

control. An effective and reasonable method to increase profits is to optimize operations, namely maintenance 

activities, and minimize the associated costs. In the present work, a mixed-integer linear programming model is 

presented, which minimizes maintenance costs in airline companies. This optimization model establishes a 

maintenance schedule, including short-term maintenance checks (A-type) and long-term maintenance checks (C-

type), during a given planning horizon. The optimization model is applied to the fleet of “narrow-body” aircraft of 

TAP Air Portugal, for a six-month planning horizon. Previously, smaller cases were tested, in order to validate the 

implemented model. The analysis of the results showed that the use of this model can reduce the number of 

maintenance activities, in about 15%, which means that maintenance costs can be reduced. A sensitivity analysis 

was also performed, showing that the reduction of the optimality gap after 1 hour of computational time was 

negligible compared with a 24-hour computation. A sensitivity analysis associated with the unavailability cost 

parameter was also added and discussed. Therefore, this decision framework can support maintenance planning, 

contributing to the reduction of the planning time, providing feasible solutions for the stated problem. 

Keywords: Maintenance, Maintenance planning, Air transportation, Scheduling, Optimization, Mixed-integer 

linear programming 

 

1. Introduction 

1.1. Background 

A set of events, such as the airline deregulation act 

of 1978 and the creation of the single EU aviation 

market, led the big revolution in the air market and 

major steps were taken to build a more open mean of 

transportation to everyone, mainly, by increasing 

safety of aircraft, and, consequently reducing air 

fares. These steps forward resulted in an intense 

competition between airline companies. Therefore, 

cost savings are vital to airline companies to follow 

their budget and to increase profits. Since then, 

maintenance scheduling optimization started to be 

seen has an activity with high potential to reduce 

costs.  

Similar to other European countries, air 

transportation in Portugal has a fundamental role in 

its economy and in social development. In Portugal, 

the major airline company is TAP Air Portugal. TAP 

Maintenance & Engineering, is responsible for the 

TAP Air Portugal fleet’s maintenance and provides 

also services for external clients (other airline 

companies). 

Maintenance is “the process of preserving a 

condition or situation or the state of being 

preserved” (Oxford Dictionaries, 2018). 

Maintenance has a major influence in transportation 

because it directly controls safety and it indirectly 

has impact on transportation’s availability and 

companies’ profits. Maintenance, in aeronautical 

industry, is controlled and limited by maximum 

flight hours, flight cycles and flight days between 

two maintenance checks. If a maintenance activity is 

controlled by this deadline, it is called preventive 

maintenance, but if, a maintenance activity is just 

executed after the failure occurs it is called 

corrective maintenance. 

Therefore, according to which is the aircraft type, its 

characteristics, flight hours and cycles, its route 

assignment and several other factors related to the 

maintenance bases, such as workforce and hangar’s 

available area, the maintenance schedule is defined. 

 

1.2. Problem statement 

The formulated problem for this research is to define 

when an aircraft should stop to start maintenance 

activities and the minimization of the maintenance’s 

costs of airline operating companies, by reducing 

maintenance activities and, consequently, increase 

availability of the aircraft from the existing fleet. 

The main goals of this research are to develop a 

model that solves this problem and apply it to the 

case study, TAP Air Portugal’s fleet and, 

consequently, create a maintenance schedule that 

incorporates all maintenance activities according 

with TAP Air Portugal fleet’s assignment. 

 

1.3. Document Structure 

This document is divided in the following sections. 

In Section 2 is exhibited a literature review. The 

mixed-integer linear programming model is 

presented and explained in section 3. The Tap Air 

Portugal’s case study is exposed in section 4. The 

results for the case study and its analysis are 

displayed in section 5. The conclusions and the 

future research are presented in section 6. 
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2. Related Literature  

Throughout this chapter a brief chronological review 

is presented on the work done on maintenance 

planning optimization in air transportation.  

 

2.1. Aircraft maintenance planning 

Sriram and Haghani (2003) extended the model of 

Feo and Bard (1989) and presented a model that 

minimizes the costs of aircraft maintenance based on 

fleet scheduling and any other costs related to the re-

assignment of the flights, by means of a 

mathematical formulation and a heuristic 

methodology. The optimization model program, 

based on a schedule with the different flights and 

different assigned aircraft, obtained as an input the 

places where and when A-type and B-type 

maintenance checks should be done to minimize the 

costs. The heurist method approximated the 

mathematical formulation, reducing the 

computational time for solving the problem. 

Kozanidis and Skipis (2006) developed an 

innovative bi-objective optimization model that 

describes the flight and maintenance problem, whose 

main goal is to maximize the availability of aircraft 

and the residual flight time of the fleet, in other 

words, the time left until an aircraft needs to be 

grounded to take a maintenance check, and solve it 

with data from the Hellenic Air Force. 

Bartolomeu (2016) developed a mathematical 

formulation to assist maintenance planning in TAP 

Air Portugal. The objective was to maximize 

availability of the fleet- A319, A320, A321, A330 

and A340-  by reducing aircraft maintenance 

activities, with a focus on the A-type maintenance 

checks. The model considered as input the flight 

hours, the number of cycles and the planning horizon 

and delivered an optimized schedule for the A-type 

maintenance checks for all aircraft. 

2.2. Maintenance checks 

Sriram and Haghani (2003) synthesized the Federal 

Aviation Administration policies for aircraft 

maintenance checks, defining four different types of 

maintenance checks and their periodicities. The first 

one, the type-A, includes the inspection of landing 

gear, engines and control surfaces, and occurs once 

a week or every 65 flight-hours. Then, the B-type is 

based on the horizontal stabilizers’ and ailerons’ 

lubrication and a visual inspection of the plane, and 

it is done every 300 to 600 flight hours. The last two 

checks are C-type and D-type, which are major 

checks, and take place every 1 and 4 years, 

respectively. To safeguard Federal Aviation 

Administration safety guidelines and to make 

maintenance cost-efficient, the biggest goal for 

airline companies is to meet A-type and B-type, by 

doing a A-type maintenance check every 4 days. 

 

Van den Bergh et al. (2013) divided the maintenance 

checks in three groups, i) short-term, ii) mid-term or 

iii) regular checks and long-term. Short-term checks 

are pre-flight, transit and daily checks, which take 

place on line maintenance. Mid-term checks are A-

type and B-type checks and depending on their 

duration may happen on line maintenance or at the 

hangar. Long-term checks are C-type and D-type 

checks, and for any of them, the aircraft must go to 

the maintenance hangar. 

 

Therefore, aircraft maintenance planning is a subject 

that can still be explored and improved. Some of 

these articles can serve as a good basis to start this 

research, such as Sriram and Haghani (2003), 

Kozanidis and Skipis (2006) and Bartolomeu (2016), 

but neither of them include all the restrictions and 

constraints involved in the maintenance planning 

problem in TAP Air Portugal, as it will be later 

explored in the next chapters. 

 

3. Mixed-integer linear programming model 

In this section, the mathematical formulation is 

presented and explained. One possible solution for 

this problem is minimizing the times that an aircraft 

is immobilized to enter in maintenance activities. 

This mathematical formulation is based on this 

approach, and by thus maintenance costs should be 

reduced and fleet’s availability should be increased. 

The model will try to reduce the maintenance 

activities, by following the defined flight hours, 

flight cycles and days limits between two 

maintenance checks of the same type, as Figure 1 

shows. In the day t=0, a given aircraft has several 

accumulated flight hours, flight cycles and days after 

its lasts maintenance checks. Every day t, it will 

accumulate a certain number of flight hours and 

flight cycles. Until it reaches any of the maximum 

limits of flight hours, flight cycles or days between 

two consecutive maintenance checks, it will be 

available to serve passengers’ demand. When one of 

these limits is reached, the aircraft has to me 

immobilized to enter in maintenance activities. 

Furthermore, the fleet’s availability also depends on 

the available maintenance slots, which vary every 

day. This variability is depending on different 

factors, such as workforce shifts or the hangar’s 

space, and in this model this variability is already 

calculated and considered in the definition of the 

maintenance slots through the planning horizon. 

 

3.1 Constants 

𝑵𝒑 Number of aircraft 

𝑵𝒄 Number of different maintenance checks 

(A, C) 

𝑵𝒅 Number of days in the planning horizon 

𝑵𝒄𝑨 Number of different A-type maintenance 

checks 

𝑵𝒄𝑪 Number of different C-type maintenance 

checks  
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𝑭𝑯𝒎𝒂𝒙𝑨 Maximum flight hours, between 

two consecutive A-type 

maintenance checks 

𝑭𝑪𝒎𝒂𝒙𝑨 Maximum flight cycles, between 

two consecutive A-type 

maintenance checks 

𝑫𝒎𝒂𝒙𝑨 Maximum days, between two 

consecutive A-type maintenance 

checks 

𝑭𝑯𝒎𝒂𝒙𝑪 Maximum flight hours, between 

two consecutive C-type 

maintenance checks 

𝑭𝑪𝒎𝒂𝒙𝑪 Maximum flight cycles, between 

two consecutive C-type 

maintenance checks 

𝑫𝒎𝒂𝒙𝑪 Maximum days, between two 

consecutive C-type maintenance 

checks 

 

3.2 Sets  

𝑷 Set of aircraft (with associated index p) 

𝑪  Set of maintenance checks (with associated 

index c) 

𝑻 Set of days (with associated index t) 

𝑪𝑨 Set of A-type maintenance checks (with 

associated index cc) 

𝑪𝑪 Set of C-type maintenance checks (with 

associated index ca) 

 

3.3. Parameters 

𝒔𝒕  Available maintenance slots, on day t 

𝑳𝑨𝒑 Last A-type maintenance check, for 

aircraft  p 

𝑳𝑪𝒑 Last C-type maintenance check, for 

aircraft  p 

𝑭𝑯𝑨𝒑  Accumulated flight hours, since last A-type 

maintenance check, for aircraft p, on day 

t=0 

𝑭𝑪𝑨𝒑 Accumulated flight cycles, since last A-

type maintenance check, for aircraft p, on 

day t=0 

𝑫𝑨𝒑 Accumulated days, since last A-type 

maintenance check, for aircraft p, on day 

t=0 

𝑭𝑯𝑪𝒑 Accumulated flight hours, since last C-type 

maintenance check, for aircraft p, on day 

t=0 

𝑭𝑪𝑪𝒑 Accumulated flight cycles, since last C-

type maintenance check, for aircraft p, on 

day t=0 

𝑫𝑪𝒑 Accumulated days, since last C-type 

maintenance check, for aircraft p, on day 

t=0 

𝑭𝑯𝒅𝒑,𝒕 Estimated flight hours, for aircraft p, on 

day  t 

𝑭𝑪𝒅𝒑,𝒕 Estimated flight cycles, for aircraft p, on 

day t 

𝑴 Large number 

𝜺 Small number 

𝒄𝒐𝒔𝒕𝑼 Aircraft unavailability cost 

𝒄𝒐𝒔𝒕𝑨 A-type maintenance check cost 

𝒄𝒐𝒔𝒕𝑪 C-type maintenance check cost 

 

3.4. Variables 

𝒙𝒑,𝒄,𝒄𝒄,𝒕  {
=1  if Nc is performed, on aircraft p,                                                           

on day t;                                                                                               

=0 otherwise                                                                                                 

    

Note: if c = 1 (corresponding to A-type 

maintenance checks), then 𝑐𝑐 ∈ 𝐶𝐴; and if 

c = 2 (corresponding to C-type 

maintenance checks), then 𝑐𝑐 ∈ 𝐶𝐶 

𝒚𝒑,𝒕         {
=1 if aircraft p, is on the hangar, on day t; 

=0 otherwise                                               
  

𝑭𝑯𝒑,𝒄,𝒕 Accumulated flight hours, for aircraft 𝑝, 

since last check 𝑁𝑐, on day 𝑡 

𝑭𝑪𝒑,𝒄,𝒕 Accumulated flight cycles, for aircraft 𝑝, 

since last check 𝑁𝑐, on day 𝑡 

𝑫𝒑,𝒄,𝒕 Accumulated days, for aircraft 𝑝, since last 

check 𝑁𝑐, on day 𝑡 

 
Figure 1 - MILP model scheme 

 

3.5. Objective function 

Minimize (∑ ∑ 𝑐𝑜𝑠𝑡𝑈 ∗ 𝑦𝑝,𝑡𝑡 ∈ 𝑇  𝑝 ∈ 𝑃 ) + (∑ ∑ ∑ 𝑐𝑜𝑠𝑡𝐴 ∗ 𝑥𝑝,1,𝑐𝑐,𝑡 + 𝑐𝑜𝑠𝑡𝐶 ∗ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ 𝐶𝐶𝑡 ∈ 𝑇𝑝 ∈ 𝑃 )     (1) 

Subject to: 

𝑥𝑝,𝑐,𝑐𝑐,𝑡  𝑖𝑠 𝑏𝑖𝑛𝑎𝑟𝑦,      ∀ 𝑝 ∈ 𝑃, 𝑛𝑐 ∈ 𝐶, 𝑐𝑐 ∈ 𝐶𝐶, 𝑡 ∈ 𝑇         (2) 

𝑦𝑝,𝑡  𝑖𝑠 𝑏𝑖𝑛𝑎𝑟𝑦,       ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇            (3) 

𝐹𝐻𝑝,1,𝑡 ≤ 𝐹𝐻𝑚𝑎𝑥𝐴,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇               (4) 

𝐹𝐶𝑝,1,𝑡 ≤ 𝐹𝐶𝑚𝑎𝑥𝐴,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇              (5) 
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𝐷𝑝,1,𝑡 ≤ 𝐷𝑚𝑎𝑥𝐴,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇              (6) 

𝐹𝐻𝑝,2,𝑡 ≤ 𝐹𝐻𝑚𝑎𝑥𝐶,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇               (7) 

𝐹𝐶𝑝,2,𝑡 ≤ 𝐹𝐶𝑚𝑎𝑥𝐶,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇               (8) 

𝐷𝑝,2,𝑡 ≤ 𝐷𝑚𝑎𝑥𝐶,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇               (9) 

𝐹𝐻𝑝,1,1 = 𝐹𝐻𝐴𝑝,     ∀ 𝑝 ∈ 𝑃          (10) 

𝐹𝐻𝑝,1,𝑡 ≥ 𝐹𝐻(𝑝, 1, 𝑡 − 1) + 𝐹𝐻𝑑(𝑝, 𝑡) ∗ (1 − ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ) − 𝐹𝐻𝑚𝑎𝑥𝐴 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ,    (11) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐹𝐻𝑝,1,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}       (12) 

𝐹𝐶𝑝,1,1 = 𝐹𝐶𝐴𝑝,     ∀ 𝑝 ∈ 𝑃          (13) 

𝐹𝐶𝑝,1,𝑡 ≥ 𝐹𝐶(𝑝, 1, 𝑡 − 1) + 𝐹𝐶𝑑(𝑝, 𝑡) ∗ (1 − ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ) − 𝐹𝐶𝑚𝑎𝑥𝐴 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴}    (14) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐹𝐶𝑝,1,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}        (15) 

𝐷𝑝,1,1 = 𝐷𝐶𝑝,     ∀ 𝑝 ∈ 𝑃            (16) 

𝐷𝑝,1,𝑡 ≥ 𝐷(𝑝, 1, 𝑡 − 1) + (1 − ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ) − 𝐷𝑚𝑎𝑥𝐴 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴}      (17) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐷𝑝,1,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐴} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}        (18) 

𝐹𝐻𝑝,2,1 = 𝐹𝐻𝐴𝑝,     ∀ 𝑝 ∈ 𝑃          (19) 

𝐹𝐻𝑝,2,𝑡 ≥ 𝐹𝐻(𝑝, 2, 𝑡 − 1) + 𝐹𝐻𝑑(𝑝, 𝑡) ∗ (1 − ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ) − 𝐹𝐻𝑚𝑎𝑥𝐶 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ,    (20) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐹𝐻𝑝,2,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}       (21) 

𝐹𝐶𝑝,2,1 = 𝐹𝐶𝐴𝑝,     ∀ 𝑝 ∈ 𝑃          (22) 

𝐹𝐶𝑝,2,𝑡 ≥ 𝐹𝐶(𝑝, 2, 𝑡 − 1) + 𝐹𝐶𝑑(𝑝, 𝑡) ∗ (1 − ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ) − 𝐹𝐶𝑚𝑎𝑥𝐶 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶}    (23) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐹𝐶𝑝,2,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}        (24) 

𝐷𝑝,2,1 = 𝐷𝐶𝑝,     ∀ 𝑝 ∈ 𝑃            (25) 

𝐷𝑝,2,𝑡 ≥ 𝐷(𝑝, 2, 𝑡 − 1) + (1 − ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ) − 𝐷𝑚𝑎𝑥𝐶 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶}       (26) 

∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑} 

𝐷𝑝,2,𝑡 ≥ 𝜀 ∗ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ {1,…,𝑁𝑐𝐶} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ {2, … , 𝑁𝑑}        (27) 

∑ 𝑥𝑝,1,𝑐𝑐,𝑡 ≤ 𝑀 ∗ 𝑦𝑝,𝑡𝑐𝑐∈{1,…,𝑁𝑐𝐴} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇         (28) 

∑ 𝑥𝑝,2,𝑐𝑐,𝑡 ≤ 𝑀 ∗ 𝑦𝑝,𝑡𝑐𝑐∈{1,…,𝑁𝑐𝐶} ,     ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇                           (29) 

∑ 𝑦𝑝,𝑡 ≤ 𝑠𝑡𝑝∈𝑃 ,      ∀ 𝑡 ∈ 𝑇            (30) 

∑ 𝑥𝑝,1,𝑐𝑐,𝑡 ≤ 1,𝑐𝑐∈{1,…,𝑁𝑐𝐴}      ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇           (31) 

∑ 𝑥𝑝,2,𝑐𝑐,𝑡 ≤ 1,𝑐𝑐∈{1,…,𝑁𝑐𝐶}      ∀ 𝑝 ∈ 𝑃, 𝑡 ∈ 𝑇           (32) 

∑ 𝑥𝑝,1,𝑐𝑐,𝑡 ≤ 1,𝑡∈𝑇      ∀ 𝑝 ∈ 𝑃, 𝑐𝑐 ∈ {1, … , 𝑁𝑐𝐴}         (33) 

∑ 𝑥𝑝,2,𝑐𝑐,𝑡 ≤ 1,𝑡∈𝑇      ∀ 𝑝 ∈ 𝑃, 𝑐𝑐 ∈ {1, … , 𝑁𝑐𝐶}          (34) 

∑ 𝑥𝑝,1,𝑐𝑐+1,𝑡 ≥ 1𝑡∈𝑇 ,     ∀ 𝑝 ∈ 𝑃, 𝑐𝑐 ∈ {1,2,3}, 𝐿𝐴(𝑝) = 𝑘         (35) 

∑ 𝑥𝑝,1,1,𝑡 ≥ 1𝑡∈𝑇 ,     ∀ 𝑝 ∈ 𝑃, 𝐿𝐴(𝑝) = 4           (36) 

∑ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐∈{1,…,12}|𝑐𝑐≠𝑘+1 = 0𝑡∈𝑇 ,     ∀ 𝑝 ∈ 𝑃, 𝑘 ∈ {1, … ,11}, 𝐿𝐶(𝑝) = 𝑘       (37) 

∑ ∑ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐∈{2,…,12} = 0𝑡∈𝑇 ,     ∀ 𝑝 ∈ 𝑃, 𝐿𝐶(𝑝) = 12         (38) 

 

Objective (1) is to minimize the total maintenance 

costs of the fleet, which is the sum of the 

unavailability penalty cost (expressed in the first 

term), which is the associated cost to the 

immobilization of an aircraft that needs to stay on the 

hangar for maintenance activities and cannot make 

its defined routing plan, and the maintenance checks 

cost (expressed in the second term), which is the sum 

of the A-type maintenance check cost plus the C-

type maintenance check cost. 

The unavailability cost can be qualified as the cost of 

renting an aircraft to perform the service that cannot 

be accomplished by the immobilized plane, which is 

under maintenance activities, i.e. the average value 

of a deal with another airline company to ensure that 

the flight leg is still done by a subcontracted aircraft. 

𝑐𝑜𝑠𝑡𝑈 needs to be previously defined by the 
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company and in this model is equal for every type of 

aircraft. The sum of all unavailability costs on every 

aircraft 𝑝 and at every day 𝑡 for the planning horizon 

represents this cost. 

𝑈 = (∑ ∑ 𝑐𝑜𝑠𝑡𝑈 ∗ 𝑦𝑝,𝑡𝑡 ∈ 𝑇  𝑝 ∈ 𝑃 )       (39) 

 

The A-type maintenance check cost correspond to 

the cost of performing this type of maintenance 

check, including the value of labour and the material 

resources’ cost. This cost is defined in this model as 

the sum of all A-type maintenance check, 𝑐𝑜𝑠𝑡𝐴, 

cost on every plane 𝑝, every kind of A-type 

maintenance check 𝑐𝑐 and at every day 𝑡 for the 

planning horizon. 

𝐴 = (∑ ∑ ∑ 𝑐𝑜𝑠𝑡𝐴 ∗ 𝑥𝑝,1,𝑐𝑐,𝑡𝑐𝑐 ∈ 𝐶𝐶𝑡 ∈ 𝑇𝑝 ∈ 𝑃 )      (40) 

 

The C-type maintenance check cost, as the A-type 

maintenance check cost, is expressed by the cost of 

performing this type of maintenance check. This cost 

is defined in this model as the sum of all C-type 

maintenance check cost, 𝑐𝑜𝑠𝑡𝐶, on every plane 𝑝, 

every kind of C-type maintenance check 𝑐𝑐 and at 

every day 𝑡 for the planning horizon. 

𝐶 = (∑ ∑ ∑ 𝑐𝑜𝑠𝑡𝐶 ∗ 𝑥𝑝,2,𝑐𝑐,𝑡𝑐𝑐 ∈ 𝐶𝐶𝑡 ∈ 𝑇𝑝 ∈ 𝑃 )      (41) 

 

Constraints (2) and (3) define the decision variables 

𝒙𝒑,𝒄,𝒄𝒄,𝒕 and 𝒚𝒑,𝒕 as binary variables. 

 

Constraints (4)-(9) guarantee that the maximum 

limits between maintenance checks are not 

exceeded, where constraints (4) and (7) refer to the 

flight hours limit, constraints (5) and (8) to the flight 

cycles limit and constraints (6) and (9) to the days 

limit. Moreover, constraints (4), (5) and (6) are 

related with type-A maintenance checks and 

constraints (7), (8) and (9) with C-type maintenance 

checks.  

 

The constraints (10)-(27) can be divided, into groups 

of three. Constraints (10)-(12) are responsible for 

evaluate the number of flight hours of each plane and 

by that evaluation decide if a A-type maintenance 

check is necessary. Constraint (10) is an 

initialization constraint, which sets the initial 

number flight hours, 𝑭𝑯𝒑,𝒄,𝒕, for a certain aircraft 𝑝, 

as the same number of flights done since the last A-

type maintenance check until the operation day, 𝑡 =
0. Constraint (11) allows a continuous update of 

𝑭𝑯𝒑,𝒄,𝒕, by adding the daily estimated number of 

flight hours, 𝑭𝑯𝒅𝒑,𝒕, to the previous 𝑭𝑯𝒑,𝒄,𝒕−𝟏, for 

all the aircraft out of maintenance activities, on day 

𝑡, and at same time checking if the limit of flight 

hours has been reached. If an A-type maintenance 

check is performed, constraint (12) ensures that the 

flight hours counter, 𝑭𝑯𝒑,𝒄,𝒕, for a certain aircraft 𝑝, 

is set to zero. The procedures for the other groups of 

constraints are similar, but they vary on the type of 

counter, i.e. flight hours, flight cycles or days, and 

on the type of maintenance check they are associated 

with. Constraints (13)-(15) refer to flight cycles and 

relate with A-type maintenance check, constraints 

(16)-(18) refer to days and relate with A-type 

maintenance check, constraints (19)-(21) refer to 

flight hours and relate with C-type maintenance 

check, constraints (22)-(24) refer to flight cycles and 

relate with C-type maintenance check and, finally, 

constraints  (25)-(27) refer to days and relate with C-

type maintenance check. 

 

Constraints (28) and (29) impose that if an aircraft 𝑝 

is under a maintenance check 𝑐𝑐, then it needs to be 

on the hangar, on day 𝑡. Besides that, constraint (28) 

applies to A-type maintenance checks and constraint 

(29) relates to C-type maintenance checks. 

 

Constraint (30) is a capacity constraint related with 

the maintenance slots available. Basically, It sums 

up the relation between number of aircraft on the 

hangar and a ratio between the daily available space 

on the hangar, the available workforce and the 

necessary and available resources to perform 

maintenance on the aircrafts, certifying that the 

number of aircraft under maintenance activities is 

less than or equal to the daily available maintenance 

slots. The parameter 𝑠𝑡 is a daily weighting of the 

available space to immobilize the aircraft on the 

hangar and it is associated with the availability of the 

workforce, for instance, maximum daily works 

hours, holidays and number of persons that compose 

the maintenance teams, which corresponds to the 

maximum maintenance checks that can daily 

happen. Therefore, this constraint simplifies other 

constraints (not included in the model) related with 

amount of work, maintenance crew scheduling and 

others, and it simplifies all this information in 

parameter 𝑠𝑡.     

 

Constraint (31) defines mutual exclusiveness of A-

type maintenance checks at a given day t and 

constraint (32) does the same for C-type 

maintenance checks, i.e. constraints (31) and (32) 

together make that a given aircraft 𝑝, on certain day 

𝑡, can only do an A-type maintenance check or a 

C- type maintenance check or both, but it cannot do 

more than one maintenance check of the same type 

per day. 

 

Constraint (33) ensures that different A-type 

maintenance checks only happen once during the 

defined planning horizon, i.e. for a given aircraft 𝑝, 

during the defined planning horizon, this aircraft can 

only do one 𝐴. 1, one 𝐴. 2, one 𝐴. 3 and 𝐴. 4. 

Constraint (34) imposes the same procedure for C-

type maintenance checks. 

 

Constraints (35)-(38) impose an order constraint for 

both maintenance checks, as Figure 3.2 shows. 

Constraints (35) and (36) refer to A-type 
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maintenance check and constraints (37) and (38) 

relate to C-type maintenance check.  

Constraint (35) imposes that if the last A-type 

maintenance check, from a given aircraft 𝑝, is a 𝐴. 4, 

the next A-type maintenance check to be done is 

𝐴. 1, and constraint (36) imposes that if the last A-

type maintenance check, from a given aircraft 𝑝, is 

𝐴. 𝑘, with 𝑘 =  {1,2,3}, the next A- type 

maintenance check to be done is 𝐴. (𝑘 + 1). 

Constraint (37) ensures that if the last C-type 

maintenance check, from a given aircraft 𝑝, is 𝐶. 𝑘, 

with 𝑘 =  {1, … ,11}, the sum of all C-type 

maintenance checks done, for every day 𝑡 of the 

planning horizon and for all 𝑐𝑐 maintenance checks, 

with 𝑐𝑐 =  {1, … ,12} for all cc different 𝑘 + 1, is 

equal to zero, thereby the next C-type maintenance 

check to be done must be 𝐶. (𝑘 + 1).  Constraint (38) 

certifies that if the last C-type maintenance check, 

from a given aircraft 𝑝, is a 𝐶. 12, the sum of every 

𝑐𝑐 maintenance checks, with 𝑐𝑐 =  {2, … ,12}, for 

every day 𝑡 of the planning horizon is equal to zero, 

thereby the next C-type maintenance check to be 

done must be 𝐶. 1. 

 

4. Case study of TAP Air Portugal 

Section 4 explores the case study under analysis in 

the present document, in which the previous decision 

approach is applied to the TAP Air Portugal’s 

narrow-body fleet. 

 

4.1. Problem specifications 

Although TAP Air Portugal fleet includes narrow-

body and wide-body aircraft and various 

maintenance bases, for this case study, the spectrum 

is reduced to the 45 narrow-body aircraft (A319, 

A320 and A321) and to the maintenance base placed 

in Lisbon. This decision is aimed at reducing the 

complexity of the problem, but in a way keeping the 

quality of the solutions and the inherent complexity 

of the problem. 

The main goal is planning maintenance, including all 

the safety measures and checks, for a six-month 

planning horizon, by reducing the maintenance costs 

and the number of times that aircraft needs to be 

immobilized. There are four different kinds of A-

type and twelve different kinds of C-type 

maintenance checks. These specifications are 

introduced as constants in the MILP model, as 

represented in Table 1.  
Table 1 - Case study's specifications 

Constant Description Unit Value 

𝑵𝒑 Number of aircraft ----- 45 

𝑵𝒄 
Number of different 

maintenance checks 
----- 2 

𝑵𝒅 
Number of days in 
planning horizon 

Working 
day 

182 

𝑵𝒄𝑨 
Number of different A-

type maintenance checks 
----- 4 

𝑵𝒄𝑪 
Number of different C-

type maintenance checks 
----- 12 

 

4.2. Parameters for the case study 

In order to illustrate this case study, several 

parameters need to be characterized, such as: the 

limiting intervals between consecutive maintenance 

checks and its costs, the daily flight hours and cycles 

for a certain type of aircraft, the accumulated flight 

hours and cycles on the operation day, the last 

maintenance checks done by the selected fleet and 

the available maintenance slots per day during the 

planning horizon. For this reason, the necessary 

information is exposed in the following tables. 

Table 2 displays the attributed values to the cost 

parameters of the objective function: the 

unavailability cost, the A-type maintenance check 

cost and the C-type maintenance check cost. These 

costs are average values given by TAP M&E, that 

can vary depending on several factors. 

 
Table 2 - Cost parameters of the objective function for 

the case study 

Constant Description Unit Value 

𝒄𝒐𝒔𝒕𝑼 Unavailability cost k€ 20 

𝒄𝒐𝒔𝒕𝑨 
A-type maintenance check 

cost 
k€ 30 

𝒄𝒐𝒔𝒕𝑪 
C-type maintenance check 

cost 
k€ 600 

 

Table 3 features the limiting intervals between two 

maintenance checks of the same type. Basically, 

between two maintenance checks of the same type, 

an aircraft has three eliminatory limits, to define 

when it should be immobilized to start maintenance. 

days. 

Table 4 shows the daily available maintenance slots 

for every week and month of the six-month planning 

horizon. These values are ratios that reflect the 

number of maintenance checks that can be done on 

each day of the planning horizon taking in account 

the available personnel, the available hangar’s space 

and the available material resources in each day. The 

exception to this schedule is the holidays, on these 

days there are no available maintenance slots 

because there are no personnel working. 

Tables 5-6 show the accumulated flight hours, flight 

cycles and days since the last A-type and C-type 

maintenance checks for each aircraft until the 

operation day. Table 5 corresponds to the Airbus 

A319 fleet, Table 6 corresponds to the Airbus A320 

fleet and Table 7 corresponds to the Airbus A321 

fleet. Tables 8 and 9 present the estimated average 

values for the daily flight hours and flight cycles, 

respectively, in every month belonging to the 

planning horizon, for the different types of aircraft in 

the fleet. Tables 10 show which kind of the last A-

type and C-type maintenance checks were done by 

each aircraft. 
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Table 3 - Limiting intervals between consecutive 

maintenance checks for the case study 
Constant Description Unit Value 

𝑭𝑯𝒎𝒂𝒙𝑨 

Maximum number of 
flight hours between two 

A-type maintenance 

checks 

Working 

hour 
750 

𝑭𝑪𝒎𝒂𝒙𝑨 

Maximum number of 

flight cycles between 

two A-type maintenance 
checks 

Working 

cycle 
750 

𝑫𝒎𝒂𝒙𝑨 

Maximum number of 

days between two 
A- type maintenance 

checks 

Working 
day 

120 

𝑭𝑯𝒎𝒂𝒙𝑪 

Maximum number of 

flight hours between two 

C-type maintenance 

checks 

Working 

hour 
7500 

𝑭𝑪𝒎𝒂𝒙𝑪 

Maximum number of 
flight cycles between 

two C-type maintenance 

checks 

Working 

cycle 
5000 

𝑫𝒎𝒂𝒙𝑪 

Maximum number of 
days between two 

C- type maintenance 

checks 

Working 

day 
730 

 
Table 4 - Available maintenance slots for the case study 

Month 

𝒔𝒕 

M

o

n 

T

u
e

s 

W

e

d 

T
h

u

r

s 

F

r

i 

S

a

t 

S

u

n 

February 2 2 2 2 0 0 0 

March 2 2 2 2 0 0 0 

April 2 2 2 2 0 0 0 

May 2 2 2 2 0 0 0 

June 2 2 2 2 0 0 0 

July 2 2 2 2 0 0 0 

August 2 2 2 2 0 0 0 

 
Table 5 - Accumulated flight hours, flight cycles and 

days since the last maintenance checks of each Airbus 

A319 

Aircraft 

Constant 

𝑭𝑯𝑨𝒑 

(h) 

𝑭𝑪𝑨𝒑 

(h) 

𝑫𝑨𝒑 

(h) 

𝑭𝑯𝑪𝒑 

(h) 

𝑭𝑪𝑪𝒑 

(h) 

𝑫𝑪𝒑 

(h) 

1 515 255 52 2612 1296 262 

2 162 82 17 825 390 85 

3 684 344 71 684 344 71 

4 648 306 72 0 0 0 

5 222 108 23 4060 2019 430 

6 150 64 16 150 64 16 

7 351 164 36 3756 1808 385 

8 154 66 15 4084 2004 420 

9 455 216 13 3180 1552 316 

10 476 252 51 1161 583 118 

11 114 62 15 298 172 34 

12 54 27 7 6137 3098 657 

13 534 254 56 6645 3316 693 

14 659 296 67 4689 2275 484 

15 273 122 29 4377 2134 451 

16 23 9 3 3442 1684 349 

17 589 269 58 4516 2082 463 

18 233 108 24 6561 3248 680 

19 384 169 38 6460 3120 658 

20 573 281 58 6220 2999 636 

21 258 108 24 6095 2914 619 

Table 6 - Accumulated flight hours, flight cycles and 

days since the last maintenance checks of each Airbus 

A320 

Aircraft 

Constant 

𝑭𝑯𝑨𝒑 

(h) 

𝑭𝑪𝑨𝒑 

(h) 

𝑫𝑨𝒑 

(h) 

𝑭𝑯𝑪𝒑 

(h) 

𝑭𝑪𝑪𝒑 

(h) 

𝑫𝑪𝒑 

(h) 

22 250 98 22 5013 1981 450 

23 530 219 50 3862 1699 365 

24 24 10 4 2600 1153 251 

25 577 247 86 558 235 53 

26 339 155 30 4314 1965 419 

27 180 81 18 2836 1284 268 

28 495 201 45 2551 1133 239 

29 539 225 52 7435 3255 707 

30 33 9 3 6698 2868 640 

31 446 165 37 5453 2093 472 

32 10 3 2 667 233 55 

33 611 231 54 611 231 56 

34 9 5 2 9 5 1 

35 221 93 20 221 93 20 

36 230 85 38 7134 2763 629 

37 256 97 23 7171 2761 617 

38 333 123 30 3526 1352 294 

39 126 48 10 126 48 10 

40 96 37 9 2237 915 252 

41 0 0 1 1427 536 125 

 

Table 7 - Accumulated flight hours, flight cycles and 

days since the last maintenance checks of each Airbus 

A321 

Aircraft 

Constant 

𝑭𝑯𝑨𝒑 

(h) 

𝑭𝑪𝑨𝒑 

(h) 

𝑫𝑨𝒑 

(h) 

𝑭𝑯𝑪𝒑 

(h) 

𝑭𝑪𝑪𝒑 

(h) 

𝑫𝑪𝒑 

(h) 

42 94 42 8 3840 1582 350 

43 336 143 32 1149 477 106 

44 431 189 43 3630 1483 334 

45 166 64 17 2818 1172 380 

 
Table 8 - Estimated average flight hours per day in each 

month from the planning horizon of each aircraft type 

Month 
𝑭𝑯𝒅𝒑,𝒕 

Unit 
A319 A320 A321 

February 9.5 11 10.5 

Flight hours per 

day 

March 9.5 11 10.5 

April 10 11.5 11.5 

May 10 11.5 11.5 

June 10.5 12 11.5 

July 10.5 12 11.5 

August 10.5 12 11.5 

 

Table 9 - Estimated average flight hours per day in each 

month from the planning horizon of each aircraft type 

Month 
𝑭𝑪𝒅𝒑,𝒕 

Unit 
A319 A320 A321 

February 5.28 4.4 4.56 

Flight hours per 
day 

March 5.28 4.4 4.56 

April 5.56 4.6 5 

May 5.56 4.6 5 

June 5.83 4.8 5 

July 5.83 4.8 5 

August 5.83 4.8 5 
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Table 10 -  Last A-type and C-type maintenance checks 

of the fleet 

Aircraft 
Constant 

𝑳𝑨𝒑 𝑳𝑪𝒑 

1 1 1 

2 3 1 

3 1 1 

4 1 12 

5 3 12 

6 4 1 

7 4 12 

8 3 12 

9 2 12 

10 2 12 

11 4 12 

12 1 11 

13 1 11 

14 1 11 

15 2 11 

16 1 11 

17 1 12 

18 1 9 

19 1 9 

20 1 9 

21 1 9 

22 4 10 

23 3 12 

24 3 12 

25 3 12 

26 4 11 

27 2 11 

28 2 11 

29 1 9 

30 4 9 

31 2 8 

32 1 5 

33 3 5 

34 2 5 

35 1 5 

36 1 4 

37 1 4 

38 3 7 

39 1 7 

40 4 3 

41 1 12 

42 2 11 

43 1 11 

44 1 10 

45 2 8 

 

5. Results 

In this section, the results for the case study 

described in the previous chapter are presented, and 

analysed. Moreover, an analysis of the optimality 

gap as a function of computational time is conducted 

and a sensitivity analysis of the total maintenance 

cost as a function of the unavailability cost 

component is also explored.  

5.1. Results of the case study 

After 5 minutes of computational time, the first 

feasible solution was found, however it was 

performed a 24-hour optimization run, in order to 

find solutions closer to the optimal solution. The best 

feasible solution found for a 24-hour optimization 

run corresponds to a minimum cost of 11020 k€, and 

the different influence of the various cost 

components of the objective function, is showed in 

Table 11. The best feasible solution found for this 

case study, features a proposal, in which the fleet, 

must do a total of 112 A-type maintenance checks, 9 

C-type maintenance checks and must be 

immobilized 113 times during the defined planning 

horizon. The results for maintenance planning of the 

selected fleet are displayed in table 12.  

 
Table 11 - Influence of the cost components for the best 

feasible solution found (Objective Function = 11020 k€) 

Cost component Value (k€) 

Percentage of 

the total cost 

(%) 

𝒄𝒐𝒔𝒕𝑼  113 ∗ 20 = 2260 20.51 

𝒄𝒐𝒔𝒕𝑨  112 ∗ 30 = 3360 30.49 

𝒄𝒐𝒔𝒕𝑪  9 ∗ 600 = 5400 49.00 

 
Table 12 - Results for the fleet’s maintenance planning 

Aircraft 
1st  

A-type 

2nd  

A-type 

3rd  

A-type 
C-type 

1 26 (A.2) 76 (A.3) 140 (A.4) - 

2 63 (A.4) 131 (A.4) - - 

3 5 (A.2) 82 (A.3) 131 (A.4) - 

4 49 (A.2) 124 (A.3) - - 

5 56 (A.4) 117 (A.1) - - 

6 49 (A.1) 119 (A.2) - - 

7 42 (A.1) 112 (A.2) - - 

8 64 (A.4) 138 (A.1) - - 

9 33 (A.3) 106 (A.4) 139 (A.1) - 

10 28 (A.3) 104 (A.4) 159 (A.1) - 

11 68 (A.1) 132 (A.2) - - 

12 61 (A.2) 124(A.3) - 61 (C.12) 

13 22 (A.2) 99 (A.3) 148 (A.4) 22 (C.12) 

14 8 (A.2) 85 (A.3) 152 (A.4) - 

15 47 (A.3) 111 (A.4) - - 

16 75 (A.2) 148 (A.3) - - 

17 15 (A.2) 89 (A.3) 160 (A.4) - 

18 48 (A.2) 119 (A.3) - 48 (C.10) 

19 36 (A.2) 112 (A.3) - 36 (C.10) 

20 20 (A.2) 97 (A.3) 153 (A:4) 20 (C.10) 

21 47 (A.2) 111 (A.3) - 47 (C.10) 

22 43 (A.1) 90 (A.2) 141 (A.3) - 

23 22 (A.4) 89 (A.1) 145 (A.2) - 

24 64 (A.4) 125 (A.1) - - 

25 8 (A.4) 62 (A.1) 127 (A.2) - 

26 32 (A.1) 98 (A.2) 145 (A.3) - 

27 50 (A.3) 103 (A.4) 141 (A.1) - 

28 19 (A.3) 82 (A.4) 140 (A.1) - 

29 69 (A.2) 132 (A.3) - - 

30 63 (A.1) 120 (A.2) - 62 (C.10) 

31 27 (A.3) 90 (A.4) 147 (A.1) 27 (C.9) 

32 68 (A.2) 133 (A.3) - - 

33 14 (A.4) 78 (A.1) 138 (A.2) - 

34 63 (A.3) 127 (A.4) - - 

35 50 (A.2) 84 (A.3) 146 (A.4) - 

36 42 (A.2) 75 (A.3) 139 (A.4) - 

37 29 (A.2) 91 (A.3) 154 (A.4) 29 (C.5) 

38 36 (A.4) 98 (A.3) 146 (A.4) - 

39 57 (A.2) 120 (A.3) - - 

40 61 (A.1) 125 (A.2) - - 

41 69 (A.2) 134 (A.3) - - 

42 57 (A.3) 118 (A.4) - - 

43 41 (A.2) 103 (A.3) 133 (A.4) - 

44 29 (A.2) 97 (A.3) 118 (A.4) - 

45 55 (A.3) 117 (A.4) - - 
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5.2. Analysis of results 

 

5.2.1. Comparison with the typical TAP M&E 

approach 

This comparison was performed based in the results 

of this decision approach and the data which was 

collected from TAP M&E These results show a 

significant decrease, about 15%, of the total 

maintenance checks and immobilizations by 

applying the proposed MILP model in this research, 

proving that the created framework can support the 

reduction of the total maintenance costs and 

increasing the fleet’s availability. Every time an 

aircraft needs to go under maintenance activities, it 

counts as an immobilization. It should be noted that 

A-type maintenance checks and C-type maintenance 

checks of any given aircraft can be done together, so 

when it happens it just counts as one immobilization. 

 

5.2.2. Sensitivity analysis of the optimality gap as a 

function of computational time 

Studying the specific parameters of the problem, as 

the computational time and the optimality gap, is 

important to decide the viability of a given solution. 

This analysis shows the optimality gap and the 

number of feasible solutions found with a 

progressive increasing computational time from two 

minutes until twenty-four hours. Since the first 

integer solution was found, the evolution of the 

optimality gap is small, with a first stabilization 

between ten minutes and ten hours and a second one 

between ten hours and twenty-four hours, as it is 

possible to see in Figure 2. This means that it is not 

a linear evolution but confirms that the increasing 

computational time decreases the optimality gap. 

The difference between a five-minute analysis and a 

twenty-four-hour analysis is about 1.5%. Therefore, 

the decision maker needs to understand if it is worth 

spending much more computational time finding a 

solution closer to the optimal solution or if this 

solution is viable (or good enough) for the case 

study. 

 
Figure 2 - Optimality gap evolution in function of the 

computational time 

5.2.2. Sensitivity analysis of the maintenance costs 

as a function of unavailability cost component  

This sensitivity analysis can support the decision 

maker to calibrate the parameters of the decision 

model as best suits his needs. Figures 3,4 and 5 

display these correlations and how they evolve and 

serve as basis of this sensitivity analysis. For 

instance, the decision maker may want to reduce the 

number of immobilizations, the optimality gap or 

even increase the influence of the unavailability cost. 

Therefore, if the objective is to reduce the number of 

immobilizations, if the decrease of the optimality 

gap is the main goal the client should select a low 

value for 𝑐𝑜𝑠𝑡𝑈, such as 0𝑘€ or 5𝑘€, the client 

should consider 𝑐𝑜𝑠𝑡𝑈 = 5𝑘€ and, if the client 

pretends to increase the influence of 𝑐𝑜𝑠𝑡𝑈, 𝑐𝑜𝑠𝑡𝑈 

should increase too. The calibration of the 

parameters of the decision model to the preferences 

of the decision maker is out of the scope of the 

present research and it is left for further research.  

  
Figure 3 - Number of immobilizations in function of 

𝑐𝑜𝑠𝑡𝑈 

 
Figure 4 - Optimality gap in function of 𝑐𝑜𝑠𝑡𝑈 

 

 
Figure 5 - Total maintenance cost and 𝑐𝑜𝑠𝑡𝑈 component 

influence in function of 𝑐𝑜𝑠𝑡𝑈 

 

6. Conclusion and future research 

This is the chapter dedicated to the research’s 

conclusions and final discussion, as well as 

identifying the limitations and the possible directions 

for further research. 

 
6.1. Conclusion 

The main objective of this research was to create an 

optimization framework that could help maintenance 

planning in airline companies, by minimizing 

maintenance costs and maximizing fleet’s 

availability. The proposed framework is an 

innovative MILP model that allows to schedule A-

type and C-type maintenance checks for a given fleet 

and a given planning horizon, by knowing the 

number of flight hours, flight cycles and days 

elapsed since the last maintenance check of each 

type, the last maintenance check of each type and the 
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available maintenance slots. This model was adapted 

to the TAP Air Portugal case study, but it can be used 

by different airline companies. These results were 

balanced with the typical results from TAP Air 

Portugal’s approach, by comparing maintenance 

schedules of the same fleet for the same six-month 

planning horizon, proving that this optimization 

model can decrease maintenance activities, in about 

15%, and consequently, decreasing maintenance 

costs and increasing fleet’s availability. 

To sum up, an airline company should not be totally 

dependent on the solutions of an optimization model 

such as this one, because there are some unexpected 

events that could force to change maintenance 

planning, which are not reproduced in this model, 

such as accidents or aircraft failures found during 

maintenance checks, however it can be considered as 

a decision framework that supports the maintenance 

planning, contributing to the reduction of the 

planning time and increasing the quality of the 

problem’s solution. 

 

6.2. Limitations 

The major limitation of this optimization model is 

the dependency from real-world inputs, inserted by 

the user. To correctly characterize a real-world 

situation, the inputs must properly represent it. If 

they do not represent it accurately, even if feasible 

solutions were found, the solutions found cannot be 

applied. Therefore, in order to circumvent this 

limitation, the collection of data must be precisely 

done, so as to represent the problem correctly and not 

to hinder the obtaining of feasible solutions. 

Other limitation focuses on the estimations of the 

available maintenance slots per day (𝑠𝑡) and of daily 

flight hours and flight cycles estimation. These 

parameters served to reduce the complexity of other 

constraints. Considering the maintenance slots, the 

associated with the amount of work, the crew 

scheduling, the skills of each worker (for instance, a 

worker that does A-type maintenance checks, may 

not be able to do C-type maintenance checks) and 

hangar’s available space are approximately 

reproduced in this estimation. Considering the daily 

flight hours and flight cycles, estimation this 

estimation can decrease the model’s accuracy, 

because the real-world situation could not be 

completely reproduced, because the flight hours and 

cycles can vary day by day. Although the estimations 

worked reasonably well, they did not affect largely 

the quality of the solutions. 

 

6.3 Future Research 

As mentioned across this document, this research 

topic can still be explored and improved in several 

aspects, such as the suitability of an optimization 

model to different preferences of the decision maker, 

the applicability of this model for a larger case study, 

which could include a larger fleet’s heterogeneity, a 

larger number of maintenance facilities or a larger 

number of specific maintenance activities that are 

not included in the presented version of the model, 

the development of an optimization model focused 

on maintenance crew scheduling or the expansion of 

the sensitivity analysis with simulation studies using, 

for example, Monte Carlo simulation techniques. 
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