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Abstract 

Aircraft heavy maintenance consists of complex sets of 

interrelated activities that must be performed in a given period 

of time regarding the maintenance schedule. However, delays 

of aircraft delivery, particularly in heavy maintenance, seem 

to be a common problem for aviation industry due to its 

complexity and a vast number of tasks to carry out with 

limited resources. This paper presents an approach to solve 

the complexity of the interrelated activities and the resource-

constrained project scheduling problem (RCPSP) of the 

aircraft heavy maintenance. It applies DSM to sequence the 

interrelated activities in proper order. The priority rules-based 

heuristic is employed to solve the RCPSP with the minimum 

makespan. Regarding the maintenance schedule and the 

stochastic data sets of the actual duration, a simulation model 

is therefore conducted to evaluate the system of the aircraft 

heavy maintenance. 
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INTRODUCTION 

Air transport has become a popular alternative to other 

traditional transports over the last two decades due to short 

travel time, reliable service and affordable price. The rapid 

rise of low-cost carriers has brought airline business into a 

very high competition environment. Nevertheless, not only the 

price that influences the customer’s purchase decision but a 

prompt and reliable service, and safety issue are also 

important as much as the price. Aircraft maintenance therefore 

plays an important role behind the scene to provide 

convenience, prompt services and to ensure the safety of the 

aircraft and its operations. However, the maintenance of 

aircraft is one of the main direct operating costs for an airline. 

It should be performed at the lowest possible cost but in 

compliance with the quality standards, regulatory, and 

specified schedule [1]. 

An aircraft requires regular inspection and maintenance. 

Engines, landing gear, and other major systems have limits on 

their life in service before overhaul [2]. Aircraft maintenance 

for airlines can simply be divided from A-check through to D-

check. The type of check required depends on the number of 

hours the aircraft has flown since its last check, the age of the 

aircraft, and the number of cycles (take-offs and landings) 

carried out. These checks are labor intensive and require 

taking the aircraft out of service resulting in lost revenues and 

aircraft availability.  

A and B checks are lighter checks, while C and D checks are 

considered heavier checks which must be performed inside a 

hangar using specialized equipment and highly trained 

personnel [3]. 

The A-check is carried out approximately every 80 to 100 

aircraft flight hours (approximately 7 to 9 days). It needs 

about 10 to 20 man-hours and is usually performed overnight. 

The B-check is normally carried out every 500 to 600 aircraft 

flying hours (approximately two months). It needs about 100-

300 man-hours in the hangar. The C-check typically occurs 

every two years and requires 10,000-30,000 man-hours (2 to 4 

weeks) to inspect and to overhaul exhaustively the entire 

aircraft. The D-check is the most comprehensive and occurs 

approximately every 6 years. It takes the entire airplane apart 

for inspection and overhaul. It needs up to 50,000 man-hours 

to complete [4]. However, each type of check may require 

different number of resource and usage depending upon the 

size and complexity of the aircraft, the guidelines of aircraft 

manufacturers, and the requirements of the airline. 

Aircraft heavy maintenance consists of complex sets of 

interrelated activities that must be performed in a given period 

of time. The timely delivery of aircraft regarding maintenance 

schedule is a critical issue that directly affects to revenue 

opportunity and survival of airline business. A delay of 

delivery aircraft usually causes a lost opportunity cost and 

consequently affect to the flight schedule. In such an 

environment, maintenance planning become very important to 

the airline business. Nevertheless, delays of aircraft delivery, 

particularly in heavy maintenance, seem to be a common 

problem for aviation industry due to its complexity, a vast 

number of tasks to carry out with limited resources. Aircraft 

heavy maintenance services usually require several weeks in a 

hangar to accomplish inspection and maintenance work 

packages referring specific maintenance programs provided 

by airworthiness authorities such as Federal Aviation 

Administration (FAA), European Aviation Safety Agency 
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(EASA), International Civil Aviation Organization (ICAO). It 

requires carefully planning and coordinating of all resources 

(workforce, tools, equipment, materials). Hence the vast 

number of the interrelated activities of heavy maintenance 

plan should have a right sequence and be scheduled to 

minimize the project duration and maximize the use of 

resources. 

The main objectives of this paper are to manage the complex 

sets of interrelated activities and to schedule the heavy 

maintenance plan with limited resources. This paper proposes 

an approach to solve the complexity of the interrelated 

activities and the problem of resource-constrained project 

known as resource-constrained project scheduling problem 

(RCPSP) of the aircraft heavy maintenance. The rest of the 

paper is structured as follow. In the section 2, a brief of 

literature review is described, design structure matrix (DSM), 

heuristic method, and simulation method as the tools to ad-

dress the problem. Section 3 describes the overview of the 

aircraft heavy maintenance and the problem statement and the 

approach to solve the complexity and RCPSP of the aircraft 

heavy maintenance. Section 4 presents the research 

methodology of a case study and experiment results. Section 5 

concludes the study and indicates the scope for the future 

research. 

 

LITERATURE REVIEW 

Design Structure Matrix (DSM) 

Design Structure Matrix, also called Dependency Structure 

Matrix or DSM, is a network modeling tool used to represent 

the elements comprising a system and their interactions. DSM 

is particularly well suited to applications in the development 

of complex, engineered systems and has been used in the area 

of engineering management. DSM is represented as a square 

N x N matrix, mapping the interactions among the set of N 

system elements. There are four types of DSM model i.e. 

product architecture DSM, organization architecture DSM, 

process architecture DSM, and multidomain matrix (MDM) 

models [5]. 

This study applies process architecture DSM, so called 

activity-based or schedule DSM [6]. It is a simple but efficient 

tool that is used to represent dependencies among activities in 

a project or a system. While some traditional tools, such as 

CPM and PERT, focus on representing work flows as a 

network diagram which does not address problems of 

interdependency (feedback and iteration) which is common in 

complex projects [7] [8] [9]. DSM simplifies complex 

relationships of activities and reduces waiting time by sorting 

the activities in appropriate order. It represents relationships in 

a form of a square matrix. To construct a DSM, all activities 

are listed in the first row and left column in the same order as 

headings. The precedence relationships among activities are 

indicated in the off-diagonal elements of the matrix. If activity 

j depends on activity i, then the value of element ij (column i, 
row j) is 1 (flagged with a mark such as ‘‘X”) in a binary 

DSM. Otherwise, the value of the element is 0 (left empty). 

The marks that appear below the diagonal in the DSM 

represent forward information from activity i to j, while those 

above the diagonal represent feedback information from 

activity j to i. Feed-forward dependencies (below the diagonal 

marks) are typical to deal with, but feedback dependencies 

(above the diagonal marks) are more challenging due to the 

uncertainty in performing some activities with a lack of 

information. The feedback dependencies will cause rework, 

repetition, or iteration in the upstream activity [10].  

In the aircraft heavy maintenance, the aircraft is located in a 

fixed position where resources are moved to it. Network 

planning techniques, such as PERT and CPM, are usually 

utilized for scheduling and controlling the implementation of 

the project [11]. However, these traditional tools do not 

address problems of the feedback dependencies. This paper 

therefore applies DSM to analyze relationships of the 

interrelated activities in order to understand and manage the 

highly complex system of the aircraft heavy maintenance. 

Any feedback dependencies and feedback loops should be 

rearranged and solved if exist. 

 

Heuristics Solutions for RCPSP 

The resource-constrained project scheduling problem 

(RCPSP) involves the scheduling of a project in order to 

minimize its duration, subject to zero-lag finish-start 

precedence constraints between the activities and constant 

availability constraints on the required set or renewable 

resources [12]. Heuristics method is a technique that search 

close solutions to optimal with acceptable computational cost 

and usually requires less time than exact solutions. The 

heuristics often are defined as scheduling rules with dispatch 

rules [13]. 

The objective of RCPSP is to find precedence and resource 

feasible completion times for all activities such that the 

makespan of the project is minimized [14]. Heuristics for the 

RCPSP can be classified in four methodologies as follow: 

priority rules-based scheduling, truncated branch and bound, 

disjunctive arc concepts, and metaheuristic techniques [15]. 

The priority rules-based heuristic is one of the most common 

tools used to solve RCPSP. A priority rule is a mapping which 

assigns each activity j in the decision set Dg a value v(j) and 

an objective stating whether the activity with the minimum or 

the maximum value is selected. In case of ties, one or several 

tie breaking rules have to be employed [14]. Priority rule-

based heuristics can be classified according to different 

criteria with the respect to the type of information employed 

to calculate value v(j). There were many priority rule-based 

heuristics for the RCPSP as summarized in [14]. This study 

uses multi priority rule methods to solve the RCPSP for the 

heavy maintenance. 

 

Simulation 

Aircraft heavy maintenance consists of complex sets of 

interrelated activities and usually requires various resources. It 

is very difficult to manage the complex systems in such 

environment. Simulation is a widely used technique to 

heuristically compute the project makespan distribution and 

therefore applied to this study. Simulation is defined as a 
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model of a real or imaginary system and conducted an 

experiment to study behaviors of the system under the planned 

requirements to evaluate system efficiency and analyze results 

of the experiment before applying it to solve the problem in 

real situation [16]. The simulation model allows us to 

diagnose the problems of complex systems that are almost 

impossible to handle within the real environment. It can be 

extensively as a decision-making tool for aiding the 

management with issues such as efficient capacity utilization, 

sequencing and scheduling and allocation of resources. 

A priority-based heuristic method is applied to preliminary 

solve the RCPSP of the aircraft heavy maintenance. Due to 

the stochastic data sets of the maintenance duration, a 

simulation method is therefore applied to analyze the system 

of the aircraft heavy maintenance regarding the result of the 

heuristic method and system’s assumptions. 

 

PROBLEM DESCRIPTION 

To guarantee airworthiness, the maintenance of an aircraft and 

its components must be performed under the strictest 

standards of quality and safety, following the requirements 

and procedures specified by aircraft manufacturers and in 

strict compliance with regulations controlled by different 

airworthiness authorities as described in [17]. According to 

Maintenance Planning Document (MPD), the operator 

(airline) generally customizes the maintenance packages 

according to operation and maintenance policies, 

environmental conditions, available facilities. This customized 

program is called Operator Approved Maintenance Program 

(OAMP) which is consequently divided and integrated into 

scheduled maintenance packages or checks (A, B, C and D 

checks). 

The difficulty and complexity of managing heavy 

maintenance services has two main elements that are closely 

interrelated, firstly the complexity and the huge number of 

resources involved in the process; and secondly, the 

uncertainty of unscheduled tasks during the maintenance 

service [17]. They must execute different tasks with 

significant time constraints, little feedback and environmental 

and working conditions [18]. 

This paper deals with the heavy maintenance and consider 

only the scheduled maintenance work packages regarding the 

OAMP. The difficulties of solving complexity of the heavy 

maintenance are that to deal with the large number of 

maintenance packages. Several work packages cannot be done 

at once, require rework(s), or become an iterative work due to 

inappropriate sequences of the maintenance plan. These 

iterations waste time and resources, and often cause delays in 

heavy maintenance. 

The work packages of heavy maintenance are usually 

categorized into groups as follow: cabin, floor, IERA 

(Instrument Electronic Radio and Avionics), and wing. 

Moreover, each group is divided into several sub groups as 

shown in Figure 1. However, it would have another group 

“shop” for some heavier checks when some components need 

to be repaired or refurbished in a workshop. Furthermore, 

there are usually some initial (preparation) tasks before 

starting the maintenance and finalize work packages after the 

maintenance including in the heavy maintenance checks. 

 

Figure 1: Work breakdown structure of heavy maintenance 

check. 

 

This paper applies DSM to a case study heavy maintenance, 

C2-check of Boeing 777-300ER, in order to analyze the 

relationships and interrelationships among activities 

(maintenance packages) both in the same group and between 

groups. DSM helps support to sequence the ordering in which 

the activities have to performed.  

The heavy maintenance scheduling is considered as a 

resource-constrained project scheduling problem (RCPSP) 

which involves the scheduling of maintenance packages 

subject to precedence and resource constraints. It typically 

requires specialists or highly trained personnel that are limited 

resources and have to deal with the optimal allocation of 

scarce resources over time. The objective of this problem is to 

minimize the total duration of the heavy maintenance. 

 

RESEARCH METHODOLOGY 

In this section, we describe the application of DSM as 

proposed solution for solving complexity and the application 

of simulation method for resource-constrained project 

scheduling to the case study heavy maintenance, C2-check of 

Boeing 777-300ER which has never been developed for the 

case study company. 

 

Solving Complexity in Aircraft Heavy Maintenance 

According to the OAMP, C2-check has totally 801 activities 

including initial (preparation tasks) and finalize work 

packages. It can be written into a single DSM to represent the 

interrelationships of all activities. However, with limit space, 

a partial of the current DSM is shown in Figure 2. The red 

square frames represent the subgroups of maintenance work 

packages. The forward and feedback dependencies are shaded 
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in yellow. It notices that the work packages are not sequenced 

properly due to the feedback marks in the upper triangular. 

Moreover, the dependencies are scattered all around the 

matrix. In the other words, there are interrelationships among 

the groups and sub groups. 

The “cabin” group has the highest number of maintenance 

packages, while “floor” and “wing” groups are the most 

complex due to their number of dependencies as shown in the 

Table 1. The DSM of the current OAMP that has totally 1,422 

marks; 1,288 forward dependencies and 134 feedback 

dependencies. These feedback dependencies exist due to the 

uncertainty in performing some activities with a lack of 

information [10]. They frequently create feedback loops that 

cause reworks, iterations, or waiting time to the succeeding 

maintenance packages. In order to solve this complexity, 

DSM helps support to analyze the dependencies and allow to 

rearrange the maintenance packages that are in the upper 

triangular (feedback marks) to the lower triangular. 

Furthermore, DSM can resolve the couple block problem by 

using these methods: further decomposition, aggregation, 

adding new activities, and tearing [5]. Figure 3 represents with 

limit space the partial of the improved DSM after applied 

DSM method. It solves the complexity by rearrange and 

convert all feedback dependencies into forward marks as 

summarized  

in Table 2. 

Table 1: Current OAMP of C2-check 

Group Tasks Forward marks Feedback marks Sum 

Initial 5 2 8 10 

Cabin 154 245 24 269 

Floor 25 389 49 438 

IERA 8 138 4 142 

Wing 29 495 47 542 

Finalize 9 21 - 21 

Sum 801 1,290 132 1,422 

 

Table 2: Improved OAMP of C2-check 

Group Tasks Forward 

marks 

Feedback 

marks 

Sum 

Initial 5 10 - 10 

Cabin 154 269 - 269 

Floor 25 438 - 438 

IERA 8 142 - 142 

Wing 29 542 - 542 

Finalize 9 21 - 21 

Sum 801 1,422 - 1,422 

 

 

 

Figure 2: A partial of the current DSM of C2-check of Boeing 

777-300ER. 

 

 

Figure 3: A partial of the improved DSM of C2-check of 

Boeing 777-300ER. 

 

RCPSP in Aircraft Heavy Maintenance 

Regarding the ordering by DSM and the maintenance work 

packages information (duration: te, and resource usage) from 

OAMP, a new maintenance schedule is developed regarding 

the available resources. The objective is to minimize the total 

duration of the heavy maintenance. This study simplifies the 

problemby using scheduling engine in MS Project as a tool to 

solve the resource-constrained project scheduling problem 

(RCPSP). It schedules the activities based on heuristic method 

following the leveling order. It looks first at predecessor 

relationships and then at slack, dates, constraints, priorities, 

duration, and ID to determine whether and how activities 

should be scheduled [19] [20] [21]. 

Note that all maintenance packages have the same priority 

value. The result shows that the maintenance schedule 
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requires 61.9 hours to complete the C2-check of Boeing 777-

300ER as shown as Gantt chart in Figure 4. 

This C2-check plan however uses the durations (te) regarding 

OAMP which is deterministic value. But the actual durations, 

according to the recorded data, often deviate comparing to the 

OAMP. The simulation tool is then applied to modeling the 

heavy maintenance simulation from the stochastic data sets. 

 

Simulation Model of Heavy Maintenance 

The maintenance plan shown in Figure 4 is a result of resource 

scheduling based on the deterministic duration from OAMP. 

However, according to the historical records of maintenance 

work packages, it is found that each activity has distribution 

duration. In the other words, the actual data is stochastic 

duration. This study therefore simulates the system of the C2-

check in order to evaluate the system operations and analyze 

results before implementing in the real situation. Arena 

software is used as a tool to develop a simulation model 

regarding the results of the scheduled network from the 

previous section and the duration distribution of each activity. 

With limit space, Figure 5 shows a partial of the simulation 

model of C2-check.  

The number of replications (n) is based on the standard 

deviation (s) of the data sets. The simulation model reaches 

the steady state after 79 replications. The simulation result 

shows that the mean value is 75.01 hours and the half width 

for 95% confidence intervals (α= 0.05) is 0.6, after 198 

replications. In the other words, the C2-check might take 

75.01 ± 0.6 (74.41~75.61) hours to complete the C2-check. 

 

 

 

Figure 4: A partial Gantt chart of C2-check of Boeing 777-300ER. 

 

 

Figure 5: A partial simulation model of C2-check system. 
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In the comparison with the heuristic method, the simulation 

model requires more maintenance time around 12.51~13.71 

hours. This variation occurs due to the use of different 

durations. The heuristic method uses the estimated duration 

according to the OAMP while the simulation model uses the 

durations of the actual operations. The result of the simulation 

model is usually more reliable because it uses the data sets 

from the actual operations. This result notifies the planner to 

schedule the maintenance plan by using the proper expected 

completion time to avoid the delay of aircraft delivery. In 

additions, a large deviation of one activity’s duration indicates 

the irregular estimated duration of OAMP, otherwise there 

might be some irregular operations during the maintenance. 

 

CONCLUSION 

The complexity in the aircraft heavy maintenance is a 

common problem in the aviation industry. They are trying to 

manage this problem to assure that aircrafts are delivered on 

time as promised. Sequencing and scheduling skills of the 

planner have a tremendous effect on the maintenance 

completion time. Yet, many planners often sequence activities 

and schedule resources plan based on their own experiences. 

This frequently makes some iterations and waiting times in 

the system due to the vast number of heavy maintenance 

activities. Some traditional tools such as CPM or PERT do not 

address problem of interdependency and complex 

environment.  

In this study, we analyze the interrelationships of the heavy 

maintenance activities by using DSM. It allows us to 

recognize the feedback dependencies of the current plan and 

rearrange them into the proper sequences. Consequently, the 

multi priority rule methods are considered to solve the RCPSP 

in order to minimize the maintenance completion time. 

Finally, we develop the simulation model to mimic the heavy 

maintenance system according to the recorded data sets of 

actual operation which are stochastic data. The difference of 

the results between the heuristic method and the simulation 

model depend on the input data, the estimated durations (from 

OAMP) and the actual durations (number of data sets and 

duration distribution). 

For the future research, this study could apply metaheuristic 

methods such as genetic algorithm (GA) to close to optimal 

solutions. Furthermore, there are often some unplanned 

activities occurred during the heavy maintenance. The number 

of the unplanned activity depends on the type of check and the 

flight hours of the aircraft. The higher number of unplanned 

activities mean the higher probability of delay delivery. 

Hence, the unplanned activities should be turned into foreseen 

activities, then the concerned activities should be included 

into the maintenance plan. 
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