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Abstract: Aircraft engines are the heart of any aircraft, providing the necessary thrust and power for safe and efficient operation. As the
complexity of modern jet engines increases, maintaining these engines in optimal working conditions is essential not only for safety but
also for operational cost-effectiveness and regulatory compliance. Engine failures, though rare, can have severe consequences, which
make regular maintenance and proactive care critical to aviation operations. Aircraft engine care involves a variety of maintenance
strategies, ranging from routine inspections to sophisticated health monitoring systems, each aimed at ensuring that engines perform
reliably throughout their operational life. Traditionally, engine care has relied on fixed maintenance schedules, where parts are replaced
or serviced at set intervals, often regardless of their actual condition. However, with advances in technology, there has been a shift toward
condition-based and predictive maintenance practices. These methods leverage real-time data, sensors, and analytics to optimize engine
care by detecting potential failures before they happen and extending the life of critical components. The ongoing integration of
technologies such as Engine Health Monitoring (EHM), Predictive Analytics, and Digital Twins has revolutionized how engine
maintenance is approached, offering more precision, efficiency, and cost savings. The aim of this paper is to explore the various facets of
aircraft engine care, emphasizing the shift from scheduled to data-driven maintenance practices, the role of advanced technologies, and
the importance of continuous vigilance in maintaining engine airworthiness. By understanding and implementing best practices in engine
care, airlines can minimize unscheduled downtime, optimize maintenance costs, and ensure that their aircraft operate safely and
efficiently, day after day.
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maintenance costs, and ensure that their aircraft operate safely
and efficiently, day after day.

1. Introduction

Aircraft engines are the heart of any aircraft, providing the

necessary thrust and power for safe and efficient operation. ~ In the aerospace industry, the Engine is the heart of the

As the complexity of modern jet engines increases,
maintaining these engines in optimal working conditions is
essential not only for safety but also for operational cost-
effectiveness and regulatory compliance. Engine failures,
though rare, can have severe consequences, which make
regular maintenance and proactive care critical to aviation
operations.

Aircraft engine care involves a variety of maintenance
strategies, ranging from routine inspections to sophisticated
health monitoring systems, each aimed at ensuring that
engines perform reliably throughout their operational life.
Traditionally, engine care has relied on fixed maintenance
schedules, where parts are replaced or serviced at set
intervals, often regardless of their actual condition. However,
with advances in technology, there has been a shift toward
condition-based and predictive maintenance practices. These
methods leverage real-time data, sensors, and analytics to
optimize engine care by detecting potential failures before
they happen and extending the life of critical components.

The ongoing integration of technologies such as Engine
Health Monitoring (EHM), Predictive Analytics, and Digital
Twins has revolutionized how engine maintenance is
approached, offering more precision, efficiency, and cost
savings. The aim of this paper is to explore the various facets
of aircraft engine care, emphasizing the shift from scheduled
to data-driven maintenance practices, the role of advanced
technologies, and the importance of continuous vigilance in
maintaining engine airworthiness.

By understanding and implementing best practices in engine
care, airlines can minimize unscheduled downtime, optimize

aircraft. Maintaining its cleanliness is not merely a routine
task, it is a critical practice that ensures operational efficiency,
extends engine life, and reduces fuel consumption.

Every flight exposes the engine to environmental
contaminants such as dust, salt, soot, oil, and airborne
particles. These factors can affect airflow, reduce
compression, increase internal temperatures, and lead to
premature wear of components. Therefore, engine cleaning—
both on-wing and off-wing—is a cornerstone of modern
maintenance programs.

Types of Engine Cleaning

1) On-wing cleaning: Performed with the engine still
installed. Specialized compounds are injected or
atomized to remove deposits. This is a quick and
effective method to restore performance without
disassembly.

2) Off-wing cleaning: Conducted with the engine removed,
typically during major overhauls. This allows for a
deeper, more thorough cleaning process.

Key Manufacturers of Engine Cleaning Compounds

1) Eastman (USA) — SkyKleen Line Eastman is a global
leader in aerospace chemical solutions. Its SkyKleen
range is known for being non-flammable,
environmentally responsible, and highly effective at
removing oils, greases, and particulate residue.SkyKleen
1000, 2000, 2500: OEM-approved solvents widely used
in off-wing engine cleaning.Approved by GE, Pratt &
Whitney, Rolls-Royce, and Safran. Designed to replace
chlorinated solvents while improving safety and
sustainability.
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2) Vantage (USA)— B&B Tritech Line Vantage, through its
acquisition of B&B Tritech, offers trusted engine
cleaning compounds’ 3100 and 3100RX: Approved by
Airbus and Boeing for commercial and business aviation
engine maintenance. Known for excellent cleaning
performance, low toxicity, and environmental
compliance.

3) Ardrox (Chemetall — BASF Group) Ardrox is a well-
established name in aerospace chemicals, particularly in
cleaning and NDT processes.Ardrox 6345, 6367, 6370:
Designed for engine cleaning, heat exchanger
maintenance, and metallic surface treatment.Compatible
with sensitive alloys and widely used in civil and defense
aviation.

4) Socomore (France) Socomore offers a range of
specialized products for engine cleaning:

a) HDL-202: A heavy-duty alkaline liquid that removes
carbon deposits, complex metallic oxides, and heat
scale from hot sections of jet engines during
maintenance operations. Approved by major OEMs
including CFM, GE, Pratt & Whitney, Rolls-Royce,
and Safran.

b) Soluwax: A non-flammable aqueous degreaser used
to dissolve and remove wax, and clean wheels and
brakes. Approved by major aircraft engine OEMs.

c¢) Diestone SRM: A heavy-duty, residue-free, higher
flash point solvent-based cleaner and degreaser for
surface cleaning during Aerospace MRO and OEM
parts cleaning operations.

The above-mentioned cleaning agents are used on a wide
range of engines, including:

a) CFMS56, LEAPIA, LEAPIB

b) GE90, GEnx, #CF6, #CF34

c) PWwW4000, PW1000G (GTF), JTSD

d) Rolls-Royce #Trent700, 800, 1000, XWB

e) IAE #V2500, #RB211

Engine cleaning is not just a support task—it’s a performance
enabler. The use of certified compounds from companies like
Eastman, Vantage (B&B Tritech), Ardrox, and Socomore
ensures that airlines and MROs meet safety, environmental,
and operational standards while keeping engine performance
at its peak.

2. Recommendations

Based on the findings of this study, several recommendations
are proposed to optimize aircraft engine care practices,
enhance operational efficiency, and address the challenges
faced by aviation maintenance organizations. These
recommendations focus on technological adoption, training,
cost management, and regulatory alignment to ensure the
continued airworthiness of aircraft engines.

1) Prioritize the Integration of Predictive and Condition-
Based Maintenance Systems
Given the significant benefits observed from the adoption of
predictive maintenance and condition-based monitoring, it is
recommended that airlines and MRO organizations continue
to prioritize the implementation of Engine Health Monitoring
(EHM) systems. These technologies not only help identify
potential engine failures before they occur but also reduce

unnecessary maintenance events and downtime. Operators
should invest in integrated systems that can continuously
track engine parameters such as temperature, vibration, oil
quality, and fuel consumption, providing real-time insights
into engine health.

Action Item: Airlines should allocate budgets for upgrading
legacy systems to more modern, data-driven platforms that
enable predictive analytics and real-time monitoring of
engine performance.

2) Expand the Use of Digital Twin Technology

The adoption of Digital Twin technology has proven to be a
valuable tool in simulating engine behavior and predicting
maintenance needs. To maximize its benefits, airlines should
consider expanding the use of Digital Twins across their entire
fleet. This technology provides an opportunity for airlines to
proactively monitor the performance of each engine, simulate
future wear and tear, and optimize maintenance schedules,
ultimately extending engine life.

Action Item: Work with technology providers to create virtual
replicas of engines and integrate them with real-time data
feeds from aircraft to continuously monitor and simulate
engine performance under varying operational conditions.

3) Invest in Al and Machine Learning for Maintenance
Optimization

Artificial Intelligence (AI) and Machine Learning (ML) offer
substantial advantages in predictive maintenance by
analyzing large datasets to detect patterns and anomalies that
may be missed by traditional methods. It is recommended that
airlines integrate Al-based diagnostic tools into their
maintenance practices to improve the accuracy of failure
predictions, optimize maintenance schedules, and reduce
human error in maintenance decision-making.

Action Item: Collaborate with Al and ML experts to develop
or acquire custom algorithms that can analyze engine data and
automatically generate actionable insights for maintenance
teams.

4) Provide Continuous Training for Maintenance Personnel
Even as technologies like Al and Digital Twins become more
integral to engine maintenance, the importance of well-
trained personnel cannot be overstated. Maintenance
technicians must have up-to-date knowledge on the latest
technologies, tools, and diagnostic methods to ensure the
efficient operation of new systems. Therefore, airlines and
MRO organizations should implement regular training
programs that cover the use of new technologies, data
interpretation, and decision-making skills.

Action Item: Establish training and certification programs
focused on digital diagnostics, Al-based tools, and data
interpretation to ensure that maintenance teams are equipped
to handle modern engine care technologies.

5) Develop a Strategic Plan for Overcoming Cost Barriers

The high upfront costs of adopting advanced technologies
such as predictive maintenance tools, Digital Twins, and Al-
powered systems remain a barrier for some smaller airlines
and MROs. To address this, it is recommended that airlines
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develop a strategic investment plan that allows them to phase
in technology upgrades over time. Collaborating with
technology providers for cost-effective solutions and seeking
government incentives or subsidies for innovation could also
ease the financial burden.

Action Item: Create a multi-year implementation plan to
gradually adopt predictive maintenance technologies, starting
with the most critical fleet assets, and explore partnership
opportunities with technology vendors to reduce upfront
costs.

6) Strengthen Data Security and Cybersecurity Measures

As more critical maintenance decisions are made based on
data generated by digital systems, the importance of data
security becomes paramount. Airlines and MROs must ensure
that cybersecurity measures are robust, and that sensitive
engine data is protected from unauthorized access.
Establishing secure  communication channels and
collaborating with cybersecurity experts will be key to
safeguarding the integrity of engine health data.

Action Item: Implement end-to-end encryption for all engine
health data streams, ensure compliance with industry
standards for data privacy, and conduct regular cybersecurity
audits to mitigate the risk of breaches.

7) Engage with Regulators to Establish Clear Guidelines for
Digital Maintenance Practices

As new technologies continue to reshape the landscape of
aircraft engine care, it is crucial that airlines and MROs
remain aligned with regulatory requirements. Working
closely with aviation regulators such as the FAA and EASA
to develop clear guidelines for the use of digital tools in
maintenance can ensure compliance with safety and
airworthiness standards.

Action Item: Participate in industry forums and regulatory
working groups focused on digital maintenance to help shape
guidelines that encourage innovation while maintaining high
safety standards.

3. Conclusion

In conclusion, ensuring the airworthiness of aircraft engines
day after day is a multifaceted process that requires a
combination of traditional maintenance practices and
innovative technological advancements. The research
findings reveal that adopting advanced tools such as
predictive maintenance systems, Digital Twin technology,
and Al-powered analytics has significantly enhanced the
ability of airlines and MRO organizations to maintain engine
health, reduce operational costs, and increase safety.

The shift towards condition-based maintenance and real-time
monitoring has allowed operators to move away from
traditional time-based maintenance schedules, providing
more precise, data-driven approaches to engine care.
Technologies like Engine Health Monitoring (EHM) and
predictive analytics have proven to be invaluable in extending
engine lifespan, improving fuel efficiency, and minimizing
unscheduled downtime. These technologies not only increase
operational efficiency but also play a crucial role in reducing

the environmental footprint of aviation by promoting fuel-
efficient engine operation.

However, the successful implementation of these
technologies requires a continuous focus on training and
upskilling maintenance personnel to work effectively with
advanced digital tools. Human expertise remains essential in
interpreting data, making informed decisions, and ensuring
that the latest technologies are integrated seamlessly into
existing maintenance workflows. Airlines and MROs must
also address the financial and regulatory challenges
associated with adopting cutting-edge technologies,
particularly for smaller operators, by developing strategic
investment plans and collaborating with regulators to create
clear guidelines for digital maintenance.

As the aviation industry continues to evolve, the integration
of digital technologies into aircraft engine care is no longer
optional but a necessity. Collaboration between airlines,
MROs, technology providers, and regulators will be key to
overcoming the challenges of adoption and maximizing the
potential benefits of these innovations. By embracing
predictive maintenance, Al, and Digital Twin technology, the
aviation industry can ensure the long-term reliability and
efficiency of aircraft engines, supporting the continued safe
and sustainable operation of global air travel.
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