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1. INTRODUCTION 

Maintenance is a key component of a successful aircraft 
operation. Rapid advancements of not only aircraft, but also 
their systems, instruments and engines require adequate 
maintenance program. In such programs, there is an ever-
increasing need for modern technology and advanced 
procedures. Should companies take steps towards optimised 
maintenance, including recent solutions with complex systems, 
there will be an abundance of data. Our researched topic, digital 
twin, integrates well with these operations. Its use is becoming 
common, especially in commercial aviation. Different 
applications exist, where our aim is to explore the potential of 
digital twins in general aviation, more specifically in 
maintenance therein.  

2. BACKGROUND 

Each period in history is marked with certain characteristics of 
its industry. Industrial revolutions brought extensive 
advancements which completely changed set practices. 
Optimised workflow connected with new technologies meant 
lower overall costs for even better results. However, progress 
never halted, on the contrary it only pushed even further. It had 
never taken long before the next breakthrough has taken the 
market by storm. Not only from economic standpoint, was it 
necessary to swiftly adjust to keep up with the competition. 
Furthermore, new trends improved the speed, effectiveness, 
ecology and quality of products and operations [1]. 

First industrial revolution dates to the end of the 18th century 
when steam machines improved productivity. They reduced the 
need for manual labour of people and animals. Trains also 
helped with the distribution of materials and products. 
Nevertheless, machinery took its toll on the environment with 
severe pollution. In return, their work was also not reliable 
which perhaps foresaw further advancements in the future [2]. 

From 1870 we may talk about the second industrial revolution 
which continued the boom of first revolution with its own 
additions. Forth came inventions such as the first plane of the 
Wright brothers. Cities took the opportunities of electricity 
while production plants made use of production lines. Even the 
beginnings of connectivity in large cities could be seen in the 
form of telephone lines [3]. 

After the casualties of first and second world war researchers 
got inspired by revolutionary equipment used in said wars and 
here came the third revolution. Characteristic to this era which 
concerns us even today is the transfer from analogue and 
mechanical to digital technologies and data. Industry 4.0 further 
enhances these technologies and puts emphasis on maximum 
usage of internet and virtual space in general [3]. 

That brings us to one of the highlights of our current era in fact, 
which is IoT (Internet of Things). It enables seamless connection 
between physical objects and computer systems. Thanks to the 
integration of electronics, software and sensors, it is even 
possible to control devices remotely [4]. 

3. DIGITAL TWIN 

With all the advancements, the idea of mirroring a physical 
object has become very attractive. By creating a virtual copy of 
a real product, we can make all the operations from design 
through manufacture to maintenance much easier and more 
precise. This concept has already seen various definitions and 
interpretations, but the general idea always stays the same: 

• Exchange data between both versions and further analyse 
them.  

• Ensure interchangeable work on either version by keeping 
both identical. 

• Maintain and update each version [6].  
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While the concept of a digital twin stems back all the way to the 
end of 20th century, it was not until 2003 that dedicated 
research started outside specialized organizations like NASA. 
That year M. Grieves proposed his paper on a digital twin as we 
know it today. The proposal stood on three bases which are the 
physical product, its virtual copy and their connection. In 2005 
he also came up with three categories of digital twin: 

• DTP (digital twin prototype) – created before the physical 
product, 

• DTI (digital twin instance) – with the intention of testing and 

• DTA (digital twin aggregate) – which gathers data and 
diagnosis [7].  

The breakthrough of this technology worldwide came from 2012 
through 2014, when said technology was applied in various 
sectors around the world. In 2017, digital twin was said to be 
one of the best technological trends [8].  

3.1. Principle 

The basis of digital twin is the collection of data fed from sensors 
on the physical object. These data allow the system to analyse 
and compute the past, present and future states of the product. 
That comes with higher safety in the form of anticipation of 
errors and relevant troubleshooting, and overall, a smoother 
operation. From the point of view of manufacturing, digital twin 
presents an assurance of the success of the actual product. On 
the other hand, in maintenance it ensures optimal and most 
importantly safe operation. There is even an aspect of comfort, 
where a mechanic for instance does not have to work in 
proximity of physical object at all times. The possibilities are 
without a doubt limitless but certain requirements stay in place 
no matter what [9].  

 

 

Figure 1 - Relationship between physical asset and digital twin [4] 

Each of the twins exist within their own space (virtual and 
physical). It is far more beneficial during the development of a 
new product to create the digital twin first. That goes for 
updates further down the line as well. In the digital space 
mistakes and faults do not pose as much of a threat as in the real 
world. Therefore, this space serves as an excellent testing 
ground. Furthermore, it contributes with various useful built-in 
functions depending on the specific software used. It must not 
be forgotten however, that the ultimate focus should be placed 
on the physical object, because without it, the whole concept 
remains a fantasy so to speak. Digital twin integrates itself by 
also communicating with both the object and people involved in 
the operation. It is of utmost importance therefore, that the 

concerned personnel understand the innerworkings of the 
entire system. This may be achieved by the digital twin sharing 
its data including the applied processes. In this manner, humans 
can interfere in time should the system malfunction. By storing 
and analysing actions leading to an error, it is also possible to 
prevent similar accidents in the future. This can be further 
automatized by assigning such preventive action to the system 
itself [10].  

3.2. Preparation 

Before even pursuing just the creation of digital twin it is often 
necessary to carry out tests and simulations. One of these is 
FMEA (Failure Mode and Effect Analysis) which can uncover 
underlying threats and imperfections before even starting the 
project itself. Upon discovery, threats can identified and their 
consequences specified. Controlling and decision-making of 
hazards is a science of its own. FMEA has been already used 
during APOLLO program in order to optimise and verify the 
project. The method is made of two phases: 

• Identification – where we identify: 

o potential errors, 

o their consequences and 

o their root. 

• Numerical phase – where we calculate the extent of risks 
[11]. 

Another key element of the preparation for a project is FEA 
(Finite Element Analysis), where the effect of outside forces on 
tested subject are found. Most products are expected to 
function in various conditions which can sometimes be extreme. 
During the analysis, object is meshed with finite elements as the 
name implies and subsequent calculations are made feasible. 
With more powerful hardware comes the opportunity to create 
more detailed mesh leading to more precise results. However, 
computing time can still be extended [12].  

 

 

Figure 2 - FEA [13] 

Overall, the general goal during preparation phase is to gain 
awareness. Heap of data presents little to no benefit to a human 
being unless it is further processed. In order to make data easier 
to digest for the human mind, we can transform it, simplify it 
and present it in a more appealing way. Such ways include but 
are not limited to: 
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• Visualisation – which makes the task more transparent. 

• Simulation models – which serve as the core of most 
research. 

• Signal processing – graphical interpretation 

• Deep learning – which is the most complex way by means of 
artificial intelligence [14]. 

These days we have the option to walk the extra mile by using 
AR (Augmented Reality) and similar technology to further 
optimise our work. The ability to work in both virtual and 
physical environment at the same time has never been easier. 
All previously mentioned factors, especially awareness, pose 
perfect candidates for utilization of combined workspace. In 
such space outputs are not limited to numerical and linguistic 
data but rather present prime opportunity for visualisation in 
real time. In complex operations with multiple large 
components it might prove very beneficial to connect multiple 
digital twins, where output data are exchanged and compared 
for maximum synergy [10]. 

With the open interconnected operation that digital twins 
present, come certain liabilities. There are cybernetic threats 
which pose multitude of threats on their own. However, even 
within the specific organisation lie threats. It is not uncommon 
for companies to incline towards cheaper materials for the sake 
of lower costs. Such materials endanger every phase of 
operations and they should be avoided. Digital twin 
infrastructure protects against inferior components by means of 
RFID (Radio Frequency Identification). This technology is similar 
to bar codes and they assure that every part used is of adequate 
quality [10].  

Although digital twins are appreciated for their benefits, they 
are not guaranteed for every stakeholder. Not all products and 
services are complex enough to justify the large investment and 
upkeep. Its costs come mainly in the form of required hardware, 
software and their maintenance. In general, projects that can 
greatly benefit from digital twins are: 

• Physically large projects,  

• Mechanically complex projects, 

• Heavy machinery and 

• Production [15]. 

Digital twin market saw a severe decline during COVID-19. 
Logistics suffered the most and the other areas followed. Albeit 
the motivation for application of the technology in medicine, the 
delays posed too big of a hit for the entire market. Before the 
pandemic there was an ever-increasing demand for smart 
technology in cities but with the arrival of COVID-19 these 
projects got postponed [16].  

4. AIRCRAFT MAINTENANCE 

In order to operate aircraft safely, it is vitally important to 
maintain them in not only functional state but rather durable. 
Every component of an aircraft is vital to safe flight and it is 
therefore necessary to have a proper maintenance program in 
place. With the development of more and more advanced 
aircraft come the need for cutting-edge maintenance as well. 

Basic maintenance procedures are not sufficient anymore and 
companies have to apply modern methods [17].  

Looking back at the development of maintenance throughout 
history, the first generation provided bare minimum to keep 
aircraft in the air. Faults were repaired after they had already 
materialised. With the arrival of jet aircraft came a need for 
adequate maintenance. Airlines had hundreds of lives in their 
hands and any incident meant immoderate financial losses. 
Authorities also started applying regulations which have been 
getting stricter by the year to ensure safety of all lives onboard. 
Extensive maintenance at the time meant performing 
inspections, replacements and repairs at fixed times. This 
methodology went by the name “Hard-Time maintenance” and 
while its practices are to some extent used until now, on its own 
it presents very inefficient operation. Direct upgrade to Hard-
Time maintenance is “On-Condition”, which is defined by the 
FAA (Federal Aviation Administration) as: 

“a preventive primary maintenance process that requires a 
system, component, or appliance be inspected periodically or 
checked against some appropriate physical standard to 
determine if it can continue in service. The standard ensures 
that the unit is removed from service before failure during 
normal operation. These standards may be adjusted based on 
operating experience or tests, as appropriate, IAW a carrier's 
approved reliability program or maintenance manual.” [18] 

Upon the arrival of large airliners involved parties discovered 
that even the most recent methods are insufficient and there is 
an immediate need of further advancements in maintenance. 
Old ways were impractical and costly for such complex machines 
and they posed unacceptable time contribution. Various 
interested parties including Boeing formed MSG (Maintenance 
Steering Group) which placed focus on reliability with RCM 
(Reliability Centered Maintenance) [17].  

 

 

Figure 3 - MSG-1 [19] 

4.1. Digital twin in maintenance 

The digital twin concept was used in 2011 by researcher E. J. 
Tuegel and his team for forecasting and life management in the 
framework of predicting aircraft structural life [20]. Later, B. R. 
Seshadri and T. Krishnamurthy used it for damage detection, 
classification and isolation [21]. 

Effective damage detection is key, but despite developments in 
computing and mathematical optimization, the human 
component remains essential. Autonomous maintenance 
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systems need to evaluate different situations with the help of a 
digital twin. For a digital twin, the following aspects must be 
taken into account: 

• Structural – contains information about the structure, 
including the interrelationships and functioning of the 
components 

• Product - it is a representation of components 

• Performance - collects data generated by the system in real 
time [22] 

These aspects highlight why technology data is needed at every 
stage of the system's life cycle. The ability to generate and store 
information is essential for the proper operation of autonomous 
maintenance. Information must be stored in a standard format 
and delivered to the relevant interfaces. The digital twin 
integrates sensor data from onboard systems, maintenance 
history, and other historical records [23]. 

One of the research questions in recent years on the topic of 
digital twin and maintenance automation is: "If the simulation 
and the physical environment are shaped in the same way, will 
this allow the self-learning algorithm to guide itself without 
manual intervention?" This would solve the previously 
mentioned problems and reduce the necessary human factor. It 
is a promising solution as previous parameters would not be 
needed to fine-tune the system. The system could be adapted 
to more complex situations using the information collected so 
far [22]. 

As already mentioned, we know several types of maintenance, 
each type applying a different strategy to achieve the same goal 
- a functional product. In the aviation sector (and others), 
maintenance represents a significant cost that justifies the 
investment in a digital twin. The main idea would therefore be 
the optimization of maintenance processes in order to reduce 
costs [24]. 

By predicting the condition of the product, the digital twin can 
adjust the maintenance schedule accordingly, which is all the 
more important in the harsh conditions in which the product (in 
our case, the aircraft) operates. In these activities, there is still 
not enough emphasis and the possibilities of the virtual 
environment are not appreciated. For optimal results, it is 
necessary to connect the virtual and physical environment. 
However, there are basic requirements without which the 
process cannot function properly: 

• The digital twin must describe the physical object in detail. 

• The connection between the virtual and the physical world 
must take place naturally and without problems. 

• Individual information must be combined and appropriately 
processed [24]. 

4.2. 5D Digital twin 

While initially all digital twin research focused on three-
dimensional architecture, Tao et al. were devoted to 5D. In the 
case of 3D, the twin is built on the basis of a physical object, a 
virtual model and their connection. The remaining two 
dimensions in the 5D structure are data and functions. In this 
structure proposed by Tao, we can obtain more comprehensive 

and accurate information by combining the output data from 
the virtual and physical versions [24]. 

The proposal also accurately describes the principle of the new 
architecture, in which a 5D digital twin is used to create PHM 
(Prognostics and Health Management). Within this structure, we 
distinguish two types of faults. These are gradual disturbances 
that we can predict and intervene in and sudden disturbances 
that occur unexpectedly. The principle is shown schematically in 
fig. 4. The scheme is divided into three parts, namely: 
observation, analysis and decision-making [24]. 

In the first part, observation, 3 primary steps are covered. First 
of all, it is necessary to model and calibrate the digital twin. Tao 
refers to a physical object and a virtual copy with the 
abbreviations PE (Physical Entity) and VE (Virtual Equipment) 
respectively. In case these two objects differ, it defines the 
following solutions: either we manually calibrate the VE using 
the simplest method or we maintain CN_PV (Connection 
model_Physical Entity-Virtual Equipment) to ensure constant 
communication between PE and VE. In this step, we can also 
notice other relevant factors that also have their own 
abbreviations. Ss (Services model) includes services for both PE 
and VE. It optimizes PE operation and ensures VE accuracy by 
continuously calibrating VE parameters based on PE activity. DD 
(Data model) is a subset of data from individual sources, namely: 
Dp – data from PE; Dv – data from VE; Ds – data from Ss and 
other data [24]. 

In the second step, we focus on simulations and interaction of 
objects. Tao describes this and other steps mathematically using 
a number of parameters. Simply put, in step 2 we address the 
work and state of the PE. This step is directly related to other 
steps that build on it. Step 3 just compares the work and status 
of the PE with the VE and makes sure the values are the 
same/similar with tolerances. If the results are correct and 
consistent, we move smoothly to step 4, where we detect the 
wear of the device. Otherwise, when the results do not meet 
expectations, we skip to step 5, where we look for the cause of 
the discrepancy, which is caused by either PE or VE, where PE is 
the more dangerous case, and we continue to step 6. In the sixth 
step, we identify and predict the cause of the malfunction, 
which can be: 

• gradual or 

• sudden [24]. 

If step 5 detects irregularities in the VE, it goes back to step 1 
and the whole process is reset. If we get to the last step, it 
defines the strategy of the maintenance itself. The maintenance 
is adapted to the detected results and is tested first on the VE 
[24]. 
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Figure 4 - PHM structure with 5D digital twin [24] 

5. WORK RESULTS 

With the help of software such as Autodesk Inventor and Unity, 
we were able to create a prototype of our own. Our digital twin 
is based on Lycoming AEIO-360-A1B6 aircraft engine used 
amongst others in Zlín 242. Our proposal incorporates a 
functional 3D model of said engine and a custom program which 
displays necessary maintenance steps for the requested engine 
part.  

 

 

Figure 5 - 3D model 

First, we modeled all of the required parts individually based on 
maintenance documentation, real life observations, 
measurements and calculations. Making the parts separately 
made it not only easier to adjust them and keep track of them, 
but also later proved useful in their detection for the purposes 
of our virtual checklist program. 

We were able to assemble the parts into the final object 
including their adequate movements, clearances and 
synchronization. By exporting the object from Inventor to Unity, 
we could further work with it as a part of the virtual checklist. 
We set the desired camera angle and distance, keeping in mind 
pleasant and simple user experience and started coding.  

We coded the program in C#, creating 3 separate scripts. First 
script controls the camera when the program is running based 
on the user input. This allows not only the inspection of the 

model, but also makes it possible to select parts which may not 
be in view, thus not selectable.  

 

 

Figure 6 - Camera control script showcase 

Next, we created the maintenance instructions script, which 
creates a pop-up window on user interface, displaying necessary 
maintenance procedures on selected component. This is the 
core of the whole program, and all the other parts involve 
around it. We decided to split the window into a header and 
main text which show the name of maintenance step and 
instructions correspondingly. These elements are also editable 
outside of IDE (Integrated Development Environment) making 
the program even more user-friendly and adjustable to ones 
liking.  

 

 

Figure 7 - Maintenance instructions script showcase 

Lastly, it was necessary to develop a way for the user to view 
instructions of the desired part but also open the maintenance 
instructions window in the first place. For the sake of simplicity, 
track-keeping and troubleshooting we decided to implement 
this in a separate script too. Since right mouse click controls 
camera, we assigned left click to opening of the window.  
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Figure 8 - Maintenance window initiation script showcase 

6. CONCLUSION 

One of the beneficial technologies in aircraft maintenance is the 
digital twin. A virtual copy of a physical object carries countless 
advantages, and additional functions and uses are constantly 
being developed. We transform the necessary information from 
a paper form, in which it is confusing and needs to be constantly 
manually updated, to a digital form, in which new possibilities 
open up. Data can be automatically updated and forwarded via 
the Internet. Their representation is much clearer and the 
system will produce other adequate outputs. 

In our work, we investigated the use of a digital twin in general 
aviation, in the form of a virtual checklist. From the operator's 
point of view, it may seem like modern technologies and 
digitization are not economically advantageous, as they present 
a significant investment. However, our proposal represents a 
simpler concept that would not represent such significant costs 
in terms of maintenance and overall operation. 

The first phase of our project was the creation of a Lycoming 
engine model. The modeled engine was used to create a virtual 
checklist, which we developed in the Unity software 
environment. We programmed it in the C# programming 
language.  

One of the shortcomings of our program that we encountered is 
the problem of getting to the internal components. Parts that 
are inside the crankcase, cylinders, etc. are not possible for users 
to select and display their relevant maintenance procedures. We 
propose to solve the problem by splitting the object by means 
of a standalone function into individual components that the 
user can see and choose. An alternative solution may be to list 
the components in a separate window when selecting the unit. 

The concept can be used even more effectively for the aircraft 
as a whole, not just for the engine. In such a case, all the 
obtained information would have a greater value, as it can be 
compared and merged with the values of other sub-assemblies 
and parts. Such a project presents a number of additional 
challenges and is clearly beyond the scope of our work. 
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