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Abstract 

The technical data that supports the Maintenance, Repair and Overhaul (MRO) of components 

is made up of great quantities of data since they have complex product tree with a considerable 

number of parts and singular layout.  

The solution presented in this paper aims to integrate both component’s MRO technical data, 

such as its Product Breakdown Structure (PBS), i.e. identification and description of all parts and their 

hierarchical relation to one another within the component’s product tree, and its Work Breakdown 

Structure (WBS), i.e. disassembly, repair and assembly processes, into a database with a tree structure 

model. That, posteriorly combined with analytic tools, enables for the full mapping between every 

single node of this database. To achieve such solution, a program using Microsoft Excel and Visual 

Basic for Applications (VBA) was developed to serve as a decision support system within the 

Departamento de Engenharia de Componentes of the case company OGMA. 

Finally, research and development of this database with a tree structure model was done using 

as reference the current solution used by the case company OGMA as well as concepts that proved 

efficient when applied to related works. Moreover, validation of this concept’s potential was obtained 

by implementing it as a Research & Development (R&D) project for two verified components. Results 

show that this software can contribute to a more intuitive, accurate, faster, integrated and responsive 

solution in the case company for the MRO of components. 

Keywords: Aeronautical Components, MRO, Technical Data, Product Tree, Database with Tree 

Structure, Decision Support System.

1. Introduction 

This paper is the result of an internship in 

Indústria Aeronáutica de Portugal, S.A (OGMA), 

an important worldwide player in the 

aerospace MRO and manufacturing business. 

Once the current component’s technical data 

management solution was presented, it was 

clear that it only considered technical data 

storage. Such solution did not allow for 

efficient decision-making when met with MRO 

projects. In fact, efficient decision-making is 

only possible by access to the right 

information, or at least, to more information. 

Since then, this problem became the 

background of the research conducted 

throughout this paper.  

However, transforming this kind of data into 

information must consider mathematical 

models that can be later implemented into 

computerized functions. In turn, mathematical 

models can only emerge when standards for 

the process of data entry are established. 

Furthermore, adding capabilities such as 

enabling visualization of the component’s 

product tree on a chart with tree structure, and 

by that, allowing data manipulation, e.g. 

automatic mapping between parts and repair 

processes should allow the user, i.e. the 
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Maintenance Engineer, more information 

when planning the MRO of a component.  

Firstly, and considering all existing variables in 

the MRO activity, the actual data requirements 

need to be determined [1]: 

• Identification and characterization of 

the assets that are going to be tracked, 

and the technical data that needs to be 

collected for each.   

• Implementation of new mapping 

strategies to the technical data 

collected, considering what would be 

an upgrade to the current MRO 

technical data management solution of 

the case company OGMA.  

• Determination of what types of 

analysis will be performed, and the 

technical data required for each.  

Once the requirements have been defined, a 

checklist was compiled to set research goals. 

The following list identifies the specific 

functionalities that are expected to be 

impacted positively using this solution [1], [2]:   

Asset Data Management 

• Component’s parts data (part number, 

description). 

• Component’s PBS hierarchy (part 

number, location on product tree, 

component’s root part and its children 

parts are listed). 

• Component’s parts mapping with 

repair processes (part number, 

description, repair processes 

standardization). 

• Faulty parts identification on the 

database with tree structure (displays 

repair processes for each part). 

Work Order System- Scheduling 

• Compilation and storage of asset’s 

MRO technical data, integration of its 

parts (PBS) and processes (WBS). 

• Support specific MRO projects.  

• Accounts for priority of work when 

generating Task Cards. 

 

2. Literature Review 

In the field of aerospace MRO, a component is 

defined as any self-contained part, 

combination of parts, assemblies or units, 

which perform a distinctive function to the 

operation of a system [3].  

2.1. MRO of Components 

To maximize aircraft utilization, the most 

critical functions in an aircraft are designed as 

component modules. Every time a faulty 

modular component is detected it is removed 

from an aircraft and a functional component is 

installed in the aircraft while the faulty 

component undergoes MRO [4].  

Once the component is removed from the 

aircraft and routed to the MRO company, the 

focus shifts to the repair cycle [5] as depicted 

in Figure 1, and the component falls under the 

“off-aircraft” category. Depending on the 

reason of its removal, several MRO processes 

are performed on it. When it is fully functional, 

it is certified and sent back to the spares 

supply. With the certification, the component 

becomes airworthy, i.e. it can be installed again 

in an aircraft [4]. 

Figure 1: Off-aircraft component repair/overhaul cycle, 
adapted from [5]. 
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The Repair/Overhaul step performed to a 

component during its repair/overhaul cycle 

and highlighted in red in Figure 1 consists of 

distinct processes. Figure 2 shows the general 

outline of this step [6].  

2.2. Asset Maintenance Optimization 

The term “asset” is used throughout this paper 

to denote a complex system or individual 

equipment, i.e. a component [7]. In this field, 

to execute efficient MRO, one needs to have a 

good understanding of a variety of concepts 

and techniques for each of the issues 

presented. Regarding the solution developed 

for the case company OGMA, the issues 

highlighted in blue in Figure 4 are perceived as 

of preeminent importance and thus requiring 

extensive research and an inter-disciplinary 

approach [7]. 

The key disciplines involved in the issues 

highlighted in Figure 3 are vast. Besides 

Engineering and Statistics, Operational 

Research and Information Technology (IT) are 

of great relevance [7]: 

• Operational Research: Provides the 

tools and techniques for model 

building, analysis and optimization. 

Often, simulation approaches are 

relevant to evaluate the outcomes of 

different decisions and to choose the 

optimal or near optimal strategies. 

• IT: The operation and MRO of 

components generate a lot of data. 

One needs efficient ways to store and 

manipulate the data and to extract 

relevant information from data. IT 

provides a range of artificial 

intelligence techniques such as data 

mining, expert systems, neural 

networks etc., which are useful in the 

MRO context. 

 

2.3. Current OGMA Model 

At the current state within the case company 

OGMA, a component’s MRO technical data is 

gathered through access to technical 

documentation and displayed on a table in 

Microsoft Excel, with segmentation of 

properties as depicted in Figure 4. 

This table follows rules of data insertion and 

organization, in fact, every part that 

constitutes the component’s product tree is 

represented by a row in this table, and each 

row has PBS and WBS properties segmented in 

the form of columns.  

By analysis of this database construction, 

depicted in Figure 4, some initial 

considerations that supported the need for an 

enhanced database solution are presented: 

• This solution for technical data storage 

of components is not completely 

developed nor clear. 

• There is no standardization nor 

automation present in any of the 

processes associated with the 

Figure 2: General outline of repair/overhaul step, 
adapted from [6]. 

Figure 3: Key issues involved in the MRO of a component, 
adapted from [7]. 
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construction of a reliable database 

such as data insertion, organization 

and analysis, thus human error may 

occur quite often when handling this 

database. 

• Only automated analysis tools can 

manipulate or validate, at a reliable 

level, the data present in this complex 

database. 

• Besides, only data insertion and 

organization feature in this database, 

lacking other elements such as: 

o Schematic representation of 

the component’s product tree 

through, e.g. a chart with tree 

structure. 

o Data analysis tools, with 

outputs as seemed fit by the 

company. 

• These additional features can only be 

developed when there is 

standardization and full integration of 

data for both PBS and WBS properties. 

• Information gathering from this 

database is possible but not easy for 

the end-user. Difficulties arise due to 

substantial lack of data integration, 

and application of appropriate 

conceptual techniques. In fact, at this 

stage, data access can only be done by 

means of filters in any of the 

properties, as shown in Figure 4.  

 

 

3. Related Works 

Through the knowledge and data gathered 

from access to multiple component’s database 

and considering the initial conclusions made, a 

search was initiated for concepts that proved 

efficient when applied to related works.  

3.1. PBS and WBS nodes properties 

In theory, the WBS should be a combination of 

the PBS together with the tasks that must be 

performed to repair the component. Some 

authors call this the Project Work Breakdown 

Structure (PWBS) to emphasise that it is the 

combination of product and processes [8]. 

The research conducted, analyzed the possible 

relations between PBS and WBS properties, 

and provided a logical model to accomplish the 

mapping process between parts and processes. 

Considering the database construction 

envisaged, i.e. a database with tree structure, 

the PBS should express parts within the 

component’s product tree, and the WBS 

express the task composition of a MRO project. 

Both should cover the natural properties of 

each node and the relation between nodes, as 

shown in Table 1 [8]. 
Table 1: Natural Properties and Relations between WBS 

and PBS nodes, adapted from [8]. 

 PBS WBS 

Natural 

Properties 

Properties depicted 

in Figure 4 and an 

additional property 

“shape”. 

Properties depicted 

in Figure 4 and an 

additional property 

“shape”. 

 

 

Relations 

The hierarchical 

relation between 

the parts (parent-

child relation). 

The hierarchical 

relation between 

processes (parent-

child relation). 

Integration of both concepts, the constraint 

relation between parts and 

 tasks (parent-child relation). 

 

The natural properties of each node 

corresponding to the PBS, part, and WBS, 

process, should describe the basic information 

such as the ones presented in Figure 4. 

Therefore, the “part” nodes and the “task” 

nodes can be correspondingly mapped taking 

Figure 4: Database properties segmentation, PBS properties segmentation highlighted in red, WBS properties or repair 
processes discretization highlighted in blue. 
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advantage of these properties, and considering 

their shape, as depicted in Figure 5 [8]. 

 

 

 

 

 

 

 

The parent-child relations in the PWBS are built 

accordingly to the parent-child relations of the 

parts in the PBS. This process is repeated until 

all the mapping decomposition of a MRO 

project is finished thus enabling full integration 

of PBS and WBS, also known as IPWBS [8]. 

3.2. Database with Tree Structure 

To improve the accuracy of task decomposition 

on a MRO project, a new decomposition 

method based on the IPWBS concept was 

developed. Any project data, such as MRO 

technical documentation can be stored using 

this IPWBS structure. The IPWBS usually works 

with a numbering system to identify the 

different nodes in it. The integration of the 

parts and processes into distinct levels is 

facilitated by this numbering system and 

technical data is collated and processed 

accordingly. The number of levels in the IPWBS 

varies depending on the complexity of the 

component[9]. In what concerns to the IPWBS 

visual representation, the database system 

envisaged will follow: A Chart with tree 

structure, as shown in Figure 6. 

Figure 6: Chart with tree structure, adapted from [10]. 

The IPWBS of a MRO project, featuring a 

component, is a result of a hierarchical 

decomposition. There are hierarchical relations 

between the parts (i.e. parent-child relation). 

Therefore, the hierarchical relation of parts 

decides the hierarchical position of tasks of the 

WBS.  

To sum up, this paper puts forward a 

decomposition method based on the IPWBS 

concept by analyzing deeply the relations 

between PBS and WBS according to their data 

composition. Based on these relations, this 

paper comes up with a solution comprised of 

mapping rules from parts to processes, 

including generative rules to associate 

processes to parts, and decomposition rules 

based on parent-child relations. 

4. Concept Development  

The IPWBS concept allows for the 

establishment of mathematical models that 

allow mapping identification and the mapping 

of parent-child node relations, while designing 

a variety of node connection functions 

including 1:1, 1:n, and n:1. Posteriorly, these 

mathematical models were incorporated and 

applied, taking into consideration the 

characteristics found along the way for the 

case study in hands, i.e. component’s MRO 

technical data management. 

4.1. WBS and PBS nodes integration in the 

database with tree structure 

Figure 7 depicts the hierarchical structure of 

the concept proposed. On a note, since level 

discretization of the IPWBS concept is only 

associated to parts of a component’s product 

tree, processes are considered middle-levels, 

i.e. 1.5, 2.5, 3.5, etc… This step taken enables 

integration of the PBS and WBS nodes in the 

database with tree structure. 

 

 

Figure 5: PBS and WBS nodes shape 
property. 
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4.2. Virtual Concept 

A difficulty that arose during concept 

development was that repair processes could 

be associated to parts from various levels, e.g. 

from Level 2 to Level 3 as shown in Figure 7. 

Since PBS and WBS nodes integration in the 

IPWBS concept is proposed, there is a need for 

standardization and thus definition of what 

level is occupied by the repair processes. 

Various solutions were experimented to this 

problem and ultimately it was decided to align 

all repair processes to the same vertical 

position, thus creating a new middle-level 

associated only to repair processes. The 

location of this new middle-level is preceded by 

the last level of a component’s product tree 

PBS, in this case level 3.5, as shown in Figure 8. 

4.3. Symmetry Characteristic 

 By overcoming this difficulty and presenting 

the solution depicted in Figure 8 another 

characteristic was found during concept 

development. Any MRO project following this 

IPWBS concept shows now a structural 

arrangement that is symmetrical to the repair 

processes middle-level in what concerns to its 

PBS nodes. 

In fact, parts are associated with disassembly 

processes till the symmetry line and posteriorly 

to assembly processes. Besides, the concept 

proposed includes the decomposition of the 

root part from which, through disassembly 

processes, all parts that make up the 

component’s product tree come out. Thus, 

increasing gradually the width of the chart at 

each level, till the symmetry line. Moreover, 

and posteriorly to the symmetry line, all parts 

that are now repaired, are assembled till the 

root part is again achieved. Taking as reference 

the example presented in Figure 8 a conceptual 

model is built, see Figure 9.  

Figure 7: Database Hierarchy. 

Figure 9: Conceptual Model. Figure 8: Repair Processes location. 
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5. Prototype Development 

In this scenario, a prototype application was 

established to be applicable to the 

Departamento de Engenharia de Componentes 

of OGMA. Considering the current solution of 

the case company OGMA depicted in Figure 4, 

and in Figure 10 by “Data collection”, further 

steps were developed to optimize these assets’ 

MRO technical maintenance data management 

solution. 

Considering the prototype implementation and 

the general development of applications using 

Excel and VBA, one should take as much 

advantage as possible from the Excel native 

functionality, i.e. developing interfaces using 

worksheets, making extensive use of 

mathematical formulations and minimizing the 

use of VBA code [12], [13]. These principles 

were followed throughout the development of 

the program prototype and are of great 

relevance once they enable the application to 

be more robust and faster while becoming 

easily adaptable to the business logic. 

 

5.1. Template Design 

The template created enables the mapping of 

every single component’s PBS and WBS nodes 

into the IPWBS concept. To this template there 

were associated some segmented properties 

as illustrated in Table 2. 

Table 2: Six segmented node’s IPWBS database structure. 

Level Identifier Description P/N Parents Processes 

• Level: Follows the component’s IPWBS 

hierarchical decomposition by 

including middle-levels associated to 

disassembly, repair and assembly 

processes. 

• Identifier: Identifies every node by a 

variable set of numeric characters. This 

numbering codification allows 

mapping identification and association 

to each node. 

• Description- Designation, name or 

description of the part (PBS). 

• P/N- This property takes the form of a 

variable set of alphanumeric 

characters. Together those characters 

form a code whose function is to 

clearly identify a part (PBS). 

• Parents- Uses “Identifier” property 

that allows for mapping between every 

single node within this database by 

integrating parent-child relations. 

• Processes- Associates data to every 

single repair, assembly and 

disassembly process (WBS).  

 

5.2. Implementing Chart Functionality 

Once the template database is created for any 

component’s IPWBS draws, through a macro, 

the component’s database with tree structure, 

as depicted in Figure 10 by “Data visualization 

Chart”. The macro developed is constituted by 

a set of functions developed using VBA code. 

All functions are now explained through the 

flowchart shown in Figure 11. 

Figure 10: Prototype Model, adapted from [11]. 
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• Function DeleteAllShapes: Simply resets 

the chart worksheet environment. Does 

not delete the chart shapes (explained in 

Function InsertShape). 

• Function ShowData: When the user clicks 

in a shape on the chart drawn, this 

function shows the associated data to that 

node in a message box.  

• Function ParentsList: Generate a parents' 

list of a node, based on the node location 

(cell row) in the template database and 

considering its shape type. Obtains the 

data associated to that node’s “Parents” 

property. The result is a string with all the 

parents of a node. 

• Function InsertShape: Inserts a single 

shape, using the chart shapes as 

illustrated in Figure 5. Assuming boxes are 

for integer levels or parts (1,2,3, etc…) and 

diamonds for x.5 levels or processes (1.5, 

2.5, 3.5, etc…). Calls Function ParentsList 

and Function ShowData.  

• Function InsertAllShapes: Insert all shapes 

by running the entire template database 

and introducing shapes according to each 

node “Level” property’s number. Calls 

Function InsertShape. 

• Function ConnectAllShapes: For all nodes 

check if a node has a “Parent” string and 

makes the connection between nodes 

accordingly.  

• Function GenerateChildsList: This function 

generates, for each node, it's children list.  

• Function AlignAllShapes: Align all shapes 

according to the following rule, nodes with 

multiple parents and children are centred 

according to the parents and children 

positions respectively. 

 

5.3. Implementing Analysis Functionality 

The analysis interface was designed to take as 

much advantage as possible from the mapping 

already achieved between parts and repair 

processes. This data analysis interface follows 

steps when interacting with the user, as 

depicted in Figure 10 by “Data Simulation 

Inputs” which generate automatic outputs 

depicted in Figure 10 by “Data analysis 

Outputs”. Figure 12 shows the general outline 

of this interface.  

 

 

Each of these steps depicted in Figure 12, i.e. 

steps 1,2,3 and 4, were implemented using VBA 

code. All functions developed are now 

explained through the flowchart presented in 

Figure 13.  

 

• Function AnalyzePhase1, enables Step 

1 functionality depicted in Figure 12: 

Figure 11: Macro called for Chart drawing. 

Figure 12: Analysis Interface steps. 

Figure 13: Functions developed for the Analysis Interface. 
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Generates automatically the list of “Identifiers” 

or parts in the component’s IPWBS that are 

reparable, in other words, creates a list of parts 

with repair processes associated. This list 

enables the user to select faulty parts using a 

checkbox. 

• Function AnalyzePhase2, enables Step 

2 functionality depicted in Figure 12: 

Identifies and generates the list of repair 

processes associated to the “Identifiers” 

previously selected on Step 1. This list enables 

the user to deselect any repair process, using a 

checkbox, that can’t be undergone at the time 

of analysis, e.g. due to lack of tools or repair 

process work overburden.  

Step 1 and 2 constitute what is commonly 

called a simulation study, once different 

selections in any of these inputs will present 

the user with different results. In fact, once 

Step 1 and 2 selections are concluded the 

program will generate automatically 2 outputs.  

• Function AnalyzePhase3, enables Step 

3 functionality depicted in Figure 12: 

Generate outputs by “Identifiers” or parts, i.e. 

“OUTPUT 1”, and by repair processes, i.e. 

“OUTPUT 2”. “OUTPUT 1” creates a list that 

associates to each part selected in “INPUT 1” 

the repair processes undergone, if selected in 

“INPUT 2”. “OUTPUT 2” will generate a list that 

associates to each repair process selected in 

“INPUT 2” all parts selected in “INPUT 1” that 

undergo this same repair process.  

• FunctionAnalyzePhase4, enables Step 

4 functionality depicted in Figure 12: 

“OUTPUT 3” gives additional information by 

highlighting the parts selected in “INPUT 1” in 

the “Data Visualization Chart” shown in Figure 

10. Making use of Function ShowData, the user 

can click the repair process nodes associated to 

the highlighted parts and validate the 

information previously obtained in “OUTPUT 

1” and “OUTPUT 2”. 

6. Conclusions 

Nowadays, aerospace MRO is ruled by constant 

development and innovative solutions are 

being developed upstream to determine 

correctly the lifecycle of components shifting 

the paradigm from scheduled to predictive 

maintenance [14]. However, the fact that these 

components will need MRO downstream is 

incontestable. In this context, and in face of an 

increasing dynamic market MRO companies, 

like OGMA, will need to be more efficient in 

processes and enable decision-making tools. In 

fact, the main purpose of the model designed 

is aimed at the streamlining of OGMA’s MRO 

processes. However, this program should be 

considered as a R&D work and should follow all 

necessary steps for its full validation and 

implementation in the case company OGMA if 

seemed fit.  

7. Future Works 

In terms of future work, there are a few 

interesting ideas that might be implemented in 

the scope of this paper to achieve a wider 

solution. In addition, it is proposed the model 

assessment regarding its impact throughout 

the company, both in terms of expectable time 

and resources needed for its implementation. 

To ensure the model validation and to test its 

fluidity at a practical level, it is suggested that 

the model be pre-tested in a simulated 

environment before its final implementation if 

seemed by the company OGMA. 

One of the concrete suggestions, considers the 

replication of the template database to all 

components that are or will be in MRO 

operation in the foreseeable future. At this 

point, the program prototype developed only 

considers the analysis of MRO technical data 

individually by component. However, there are 

several components under MRO operation at a 

given time in the Departamento de Engenharia 

de Componentes. It is conceivable that all 

‘OUTPUTS’ shown previously could be obtained 
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by analysis of MRO technical data from all 

components under MRO. With this further 

development, a broader decision support 

system that enables MRO planning for the 

entire department could be achieved.  
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