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Al Predictive Maintenance
for the Airline Industry

Transforming Fleet Reliability, Cost Efficiency, and Operational
Resilience Through Al-Enabled Maintenance




1 A Comprehensive Overview

The airline industry is amid profound structural stress and transformation. Airlines are expected to deliver:

e Near-perfect safety and reliability

¢ Industry-leading cost efficiency in a high-inflation environment

¢ Reduced environmental footprint aligned with net-zero trajectories
e Superior passenger experience and punctuality

All this, while dealing with ageing fleets, supply chain disruption, skilled labour shortages, and volatile
demand.

Traditional maintenance strategies, predominantly time-based or basic condition-based, are no longer
sufficient. They drive:

e Excessive preventive maintenance that consumes labour and parts

e Persistently high unscheduled maintenance and Aircraft on Ground (AOG) events
e Disconnected planning between engineering, operations, and supply chain

e Limited ability to systematically reduce delay and cancellation risk

Predictive maintenance (PdM) enabled by sensor-rich aircraft, AI/ML analytics, digital twins, and
integrated MRO systems offers a step-change opportunity:

Typical industry outcomes where PdM is implemented at scale include:

e 15-30% reduction in unscheduled maintenance

¢ 10-20% reduction in maintenance operating costs

e Upto 35% reduction in AOG events for selected systems/components

e 5-7%improvement in aircraft availability

e 2-5%reduction in fuel burn via optimized asset health and configuration
¢ Lower maintenance-related CO, emissions and material waste

Yet, fewer than one in four airlines has implemented predictive maintenance at enterprise scale. Digital
maturity gaps, fragmented data, legacy MRO systems, proprietary OEM data, organizational silos, and
unclear business cases remain significant barriers.

Predictive maintenance is not just a maintenance upgrade; it is a core pillar of the nex
generation airline operating model, directly linked to profitability, competitive

differentiation, and decarbonization. Airlines that move early and scale effectively will
out-perform peers in reliability, cost base, and resilience.




Value Creation
Predictive maintenance generates value across multiple dimensions:

1. Reduced Unscheduled Maintenance
o Fewer AOG events, turn backs,
diversions.
o Lower unplanned overtime and
outstation support costs.
2. Optimized Preventive Maintenance
o Avoid premature removal of
components.
o Extend intervals where risk allows and
regulators approve.
3. Improved Asset Utilisation
o Higher aircraft availability for revenue flights.
o Reduced buffer fleet requirements.
4. Supply Chain Optimization
o Better forecasting of spares demand.
o Reduced safety stock without increasing risk.
5. Engine Life Cycle Optimization
o Deferral of shop visits where safe and justified.
o Targeted work scopes instead of blanket overhauls.

The operational benefits of PdM includes:

o Higher dispatch reliability (e.g., shifting from 98.0% to 99.0-99.5% on certain fleets).
¢ More predictable maintenance windows aligned with rotations and crew planning.
e Faster root-cause identification in recurrent issues, improving fleet-wide reliability.

Predictive insights can be integrated into operations control centre (OCC) and maintenance control
centre (MCC) workflows to shape:

e Tail assignment decisions
e Routing choices for aircraft with emerging issues
e Pre-positioning of parts and technicians at key stations

Predictive maintenance supports sustainability in several ways:
e Fuel efficiency: Healthy components (e.g., bleed air, ECS, flight control surfaces, engines) operate
closer to design efficiency, reducing fuel burn.
e Material efficiency: Avoiding unnecessary removals cuts waste, overhauls, and scrappage.

e Longer asset life: Well-managed degradation extends life of engines and major components.

For airlines with public net-zero commitments, PdM is a practical lever supporting medium-term emissions
reduction, complementary to SAF and fleet renewal.

Second-order benefits include:



¢ Improved employee experience for maintenance staff who move from firefighting to more planned
work.

e Stronger OEM-airline collaboration through shared data and joint improvement programs.

e Better capital planning using robust asset health and life forecasts.

However, these benefits rely on governance and trust around data sharing and decision-making.

2 Why Predictive Maintenance Matters Now
2.1 The Maintenance Cost Burden

Maintenance costs are among the top three controllable cost cateqories for airlines, alongside fuel and
labour. Industry benchmarks indicate:

e For full-service carriers, maintenance can account for 10-15% of total operating costs.

e For low-cost carriers, maintenance is typically 7-10% of operating costs, highly scrutinized for
efficiency.

e Line maintenance labour and outsourced MRO costs have increased 20-35% since 2019 in many
markets, driven by inflation, labour shortages, and capacity constraints.

Traditional preventive maintenance based on flight hours, cycles, or calendar time often leads to:
e Early removal of components with significant remaining useful life (RUL)
e Over-maintenance of low-risk items
¢ Under-maintenance of high-impact risk drivers that manifest between intervals

Net effect: Sub-optimal cost structure, persistent operational risk, and underutilised data.

2.2 Reliability and AOG Exposure

Despite robust preventive frameworks, airlines still experience:

¢ Frequent technical delays and turnback events
o AOG situations due to unexpected component failures
¢ High disruption impact on crew, passengers, and network

Some carriers report that technical issues contribute to 20-40% of all delays and cancellations. A single
AOG incident can cost USD 25,000-150,000+ per day depending on aircraft type, location, and
disruption pattern.

Predictive maintenance seeks to systematically reduce AOG exposure by forecasting failure likelihood
and enabling planned rather than reactive interventions.

2.3 Supply Chain and Parts Shortage

Post-pandemic supply chain instability and geo-political differences have turned parts availability into a
strategic risk:



e Lead times for certain components have extended to 120-180 days.

o Engine shop visit backlogs have increased, with some overhauls taking significantly longer than
pre-2020 norms.

e Logistics challenges and geopolitical disruptions further strain material flows.

Without predictive insight, airlines either:

o Over-stock spares, tying up capital, or
o Accept higher AOG risk due to lean inventories.

PdM, integrated with predictive supply chain planning, can help right-size inventory and align parts
procurement with actual risk.

2.4 Passenger Expectations and Brand Impact
Passengers increasingly expect:

¢ High on-time performance
¢ Minimal last-minute cancellations
o Transparent communication when disruptions occur

Technical-related disruptions have a direct and visible impact on brand perception and loyalty. Airlines
with consistently high reliability scores enjoy:

e Improved Net Promoter Score (NPS)
¢ Higher willingness to pay among premium segments
e Stronger corporate travel relationships

3 Technology Enablers

The rapid growth in Al and other technologies have made Predictive Maintenance more feasible now.

3.1 Data Explosion from Modern Aircraft
Modern fleets generate vast data streams:

e Flight data recorder (FDR) and quick access recorder (QAR)

e Aircraft condition monitoring systems (ACMS / ACMS+ / ACARS-based reports)
¢ Onboard health monitoring for engines, avionics, and airframe systems

e Cabin and environmental systems sensors

Per-flight data volumes for new-generation aircraft can theoretically reach hundreds of gigabytes,
though only a portion is transmitted offboard in near-real time today. As connectivity improves
(broadband satcom, 5G at gate), this will grow.



3.2 OEM & MRO Digital Platforms
OEMs and leading MROs have launched digital platforms to leverage aircraft data:

¢ Boeing: Digital aviation solutions for analytics, fleet intelligence, and health monitoring.

e Airbus: Skywise platform (data integration, predictive analytics, airline apps).

e Embraer: AHEAD (Aircraft Health Analysis and Diagnosis) for continuous monitoring and
diagnostics.

e Collins Aerospace: Digital solutions for asset management, health monitoring, and predictive
analytics.

e Leading MROs offer predictive maintenance packages embedded in broader service portfolios.

These platforms create significant value but can also:
o Sit partially siloed from airline internal data and MRO systems
e Depend on proprietary data models and access controls
e Require careful integration into airline decision workflows

3.3 Al, Machine Learning, and Digital Twins

Key technology enablers for PdM include:

SmartTwin
e Supervised ML models using labelled failure events Mﬂﬁ
¢ Unsupervised anomaly detection where failure data is sparse 5 ‘ 5
e Time series forecasting and survival analysis for RUL estimation u—& =
———

¢ Digital twins of engines, critical systems, and entire aircraft
e Explainable Al (XAl) to meet safety and regulatory expectations [
¢ Cloud-native data platforms for scalable processing and storage

=

The challenge is not the existence of these technologies but their practical,
integrated application in safety-critical environments. Charaoteristios

HCLTech’s SmartTwin - accelerated by NVIDIA Omniverse™, Metropolis and Isaac Sim™ is a :

powerful solution packed with leading-edge capabilities to create intelligent assets, processes
and ecosystems




4 A reference architecture for Predictive Maintenance

Right data sets and integrations for maximum automation is key for the best implementation of PdM.
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A scalable PdM architecture typically has five layers:
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Imegrated MRO Supply Chain

o ACARS, QAR/FDR offload, maintenance logs, defect reports, OEM feeds

o Integration with MRO, ERP, OCC, and supply chain systems
2. Data Lake & Management Layer
o Cloud-based data lake with aviation-specific schema
o Master data management for aircraft, parts, and configurations
o Data quality, lineage, cataloguing, and governance
3. Analytics & Al/ML Layer
o Feature engineering pipelines and model training platforms
o Anomaly detection, classification, regression, survival analysis
o Model management (versioning, monitoring, drift detection)
4. Digital Twin & Simulation Layer
o Virtual models of engines and critical systems

o Scenario simulation for degradation patterns and operational profiles

o "What-if* analysis for maintenance policies and intervals
5. Application & Workflow Layer
o Fleet health dashboards for engineering and OCC/MCC

o Maintenance recommendation engines integrated into short/medium-term planning

o Predictive supply chain and inventory planning tools
4.1 Integration with Existing Systems

Practical success depends on seamless integration with:



e MRO systems (e.g., AMOS, TRAX, SAP MRO, Ramco, in-house)
¢ Flight planning and tail assignment systems

e OCC and crew scheduling tools

o OEM portals and digital platforms

Without this integration, predictive insights remain disconnected from actual decision-making.

HCLTech’s iIMRO/4 is an end-to-end, seamlessly integrated MRO and SAP ERP product. Unlike =
niche MRO applications iMRO/4 combined with SAP ERP supports the entire enterprise, working

together on a single data set across all departments, from the front-line maintenance technicians
to back-office support personnel.

5 Implementation Challenges and Barriers

The implementation of PdM isn’t without challenges.

5.1 Technical and Data Challenges

¢ Heterogeneous fleets with varying data quality and sensor configurations makes it challenging to
have a one fit-all solution.

e Limited access to some high-value data streams due to OEM controls.

e Legacy MRO systems not designed for real-time data or Al integration

e Sparse failure data for rare but critical events (class imbalance problem)

5.2 Organizational and Cultural Challenges

e Resistance to changing established maintenance practices

e Scepticism of Al/ML outputs among experienced engineers

¢ Fragmented ownership across IT, engineering, operations, and supply chain
¢ Limited in-house data science/ML expertise within engineering domains

5.3 Economic and ROI Challenges

e Upfrontinvestments in data platforms, IT integration, and talent
o Difficulty in quantifying avoided AOG and disruption costs ex ante
e Uncertain timelines for payback when starting from low digital maturity

A structured business case anchored in specific components/fleets and measured KPlIs is essential.
5.4 Ecosystem & OEM-Related Challenges
e Data access negotiations with OEMs and third-party MRO providers

e Standardization of data formats and semantics (e.g., fault codes, logbook entries)
e Balancing OEM-provided solutions with airline in-house and partner-built capabilities



6 A Roadmap to Predictive Maintenance at Scale

A typical roadmap for the implementation should include the below 4 phases in minimum.

6.1 Phase1- Strategy & Foundation
Objectives:

* Define the business case, scope, and target outcomes.
¢ Establish data and infrastructure basics.

Key Actions:

e Identify initial focus areas (e.q., specific fleet, high-impact LRU families, chronic reliability issues).

e Build a structured PdM business case including — o
avoided AOG costs, inventory savings, and 7
disruption mitigation. £ =

e Design and implement a cloud-based aviation *
data platform integrating:

Flight data

o Maintenance records

o Defect reports (eTechLog/eLogbook)

o OEM/third-party health feeds

e Establish data governance framework and
security architecture.
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6.2 Phase 2 - Model Development and Pilot
Objectives:

o Develop predictive models for selected components and systems.
e Validate performance and operational fit.

Key Actions:

e Collaborate across data science, engineering, and IT to define failure modes and model targets.

e Use historical data to train and validate ML models (classification, anomaly detection, RUL
estimation).

¢ Implement a "human-in-the-loop* evaluation process with engineering teams reviewing model
outputs.

e Run controlled pilots on selected fleets/routes and measure:

True positive / false positive rates

AOG reduction

Component removal optimization

User confidence and adoption

O O O O



6.3 Phase 3 - Operational Integration
Objectives:

e Embed PdM into day-to-day planning and execution.
Key Actions:

e Integrate PdM outputs into:
o Maintenance planning horizons (daily, weekly, monthly).
o OCC/MCC dashboards.
o Supply chain and inventory planning systems.
e Create standard operating procedures (SOPs) that specify:
o When a model triggers a work order or inspection.
o Who validates and approves actions.
o How feedback is captured and fed back into the model.
e Train controllers, planners, and frontline maintainers on PdM tools and processes.

6.4 Phase 4 - Scale, Optimize, and Extend
Objectives:

e Extend PdM across fleets and systems.
e Continuously improve models and processes.

Key Actions:

e Expand coverage to additional fleets (e.g., widebody vs narrowbody) and new components.
e Implement continuous learning:

o Model retraining with new data.

e Performance monitoring and drift detection.

e Link PdM with broader operations and network optimization (e.g., tail assignment rules).

o Explore extended use cases:

e Predictive cabin maintenance.

e Ground support equipment (GSE) PdM.

e Integrated fuel and maintenance optimization.

7 Regulatory, Safety, and Governance Considerations

7.1 Safety as non-negotiable
Requlators and safety authorities rightly prioritize:
e Proven conservatism in maintenance decision support tools.

¢ Clear accountability for final maintenance decisions (humans, not algorithms).
¢ Robust airworthiness alignment and compliance with maintenance program approvals.



PdM solutions must be designed to augment, not replace, certified processes and qualified personnel.

7.2 Al and Model Governance
Key regulatory-sensitive aspects:

e Explainability: Maintenance controllers and requlators must understand why a model flags a
component.

e Traceability: Full audit trail from raw data » features > model output > decision.

e Validation & verification: Demonstrated performance across fleets, environmental conditions, and
operational patterns.

¢ Change control: How model updates are tested, approved, and deployed.

Airlines should institutionalize an Al governance framework, ideally aligned with emerging cross-industry
Al safety and ethics quidelines.

7.3 Data Governance and Privacy
Airline, OEM, and MRO data-sharing arrangements raise questions around:

o Data ownership and usage rights

o Competitive sensitivity and market power

o Cross-border data transfer requlations

o Cybersecurity of aircraft and ground systems

A federated, role-based access model is often
preferable, ensuring:

o Each party accesses only what is needed

e Sensitive operational or commercial data is
protected

o Regqulators have visibility where required

8 Operating Model & Workforce Transformation
Predictive maintenance changes who does what, when, and how:
8.1 New Roles and Skills
o Data-enabled engineers: Maintenance engineers who interpret model outputs and refine rules.

¢ Reliability data scientists: Data scientists specializing in aviation maintenance data.
o PdM product owners: Business leaders accountable for PdM value delivery and roadmap.

10



8.2 Change Management Priorities

¢ Involve frontline engineers early in model design and validation.

¢ Emphasize that PdM augments experience, rather than replacing it.

e Provide practical training on reading dashboards, interpreting risk scores, and closing the
feedback loop.

8.3 Governance

e Establish a Predictive Maintenance Steering Committee spanning Engineering, Operations, IT,
Finance, and Safety.

e Define clear KPIs and review cadence (e.g., monthly PdM performance reviews).

e Ensure alignment with Safety Management System (SMS) and requlatory oversight.

9 The Role of HCLTech in Predictive Maintenance Transformation

HCLTech combines transport and aviation domain knowledge with deep digital expertise, spanning:

¢ Aviation and MRO modernization: Integration and modernization of MRO platforms, eTechlLoqg,
reliability systems.

e Data platforms and advanced
analytics: Cloud-native data
lakes, pipeline engineering, ML
Ops frameworks.

¢ Digital twins: Model-based
engineering and asset twin
development for engines,
systems, and fleets.

e Al-driven operations: Decision
support tools for OCC/MCC, crew
and fleet planning, and supply
chain.

¢ OEM and aviation ecosystem
experience: Long-standing relationships with leading aerospace OEMs and MROs.

¢ Cybersecurity and governance: Securing aviation data platforms and ensuring compliance.

9.1 HCLTech Accelerators for PdM
HCLTech brings re-usable assets that compress time-to-value:

e Pre-built data ingestion and harmonization frameworks for flight and maintenance data.
¢ PdM model templates for common aircraft systems and failure modes.

¢ Integration connectors to leading MRO and ERP platforms.

¢ Digital twin frameworks for high-value aviation assets.

¢ Domain-specific visualization and workflow components for engineering and OCC users.

11



9.2 Engagement Models
Typical engagement pathways include:

PdM Readiness and Strategy Assessment

Data Platform Enablement and MRO Integration

Pilot Use Cases (e.g., narrowbody fleet, targeted LRUs)
Scaling and Managed PdM Operations

N

HCLTech can also work in joint innovation programs with OEMs and MROs, enabling airlines to leverage
integrated, ecosystem-wide solutions.

9.3 Case-in-points

A Global Aircraft Manufacturer

For an America’s multi-national corporation that manufactures, designs and sells fixed-wing aircrafts,
rockets and satellites, HCLTech implemented a system to acquire, cleanse, harmonize, and analyse the
enormous volume of data across multiple fleets of aircraft that provides the foundation for delivering
relevant data sets.

These data sets enable advanced analytics practitioners to combine text and data sources to uncover
patterns by correlating data from the sensors, the shop floor, and the maintenance logs. This helps
maintenance and reliability experts to identify and predict component behaviour prior to an incident.

HCLTech implemented proactive and predictive diagnostics for immediate detection of potential
failures and in mapping of maintenance schedules.

US based Aerospace Engine Manufacturer

The client was facing challenges in correlation of defects with OEMs Operators and suppliers and in
decisions around disposition of parts due to minimal visibility in data. This was a best fit for Predictive
Maintenance.

HCLTech devised ML use cases to predict defects per serial number, root cause analysis and
implemented anomaly detection. We designed and built modern data pipelines integrating engine
defect data and enterprise data. An analytics layer was implemented to analyze defects using
comparative plots between operators and suppliers.




10 A closure Note

The airline industry stands at an inflection point where data, Al, and digital twins can transform
maintenance from a necessary cost centre into a strategic differentiator.

But success requires more than clever algorithms:

e ltrequires robust data infrastructure, ecosystem integration, and requlatory alignment.
¢ |t depends on organizational buy-in, governance, and skill transformation.
e It benefits from strategic partners with deep domain and digital capabilities.

For airlines ready to act, predictive maintenance is a pragmatic, high-impact pathway to a more resilient,
efficient, and sustainable future.

Credibility Notes

1. IATA - Predictive Maintenance Working Group

Industry-wide airline standards and operational data across fleets.
2. ICAO - Aircraft Airworthiness Guidelines

Requlatory perspective on maintenance evolution and digital technologies.
3. FAA & EASA - Safety Management & Maintenance Regulations

Regqulators defining compliance requirements for maintenance programs.
4. McKinsey, BCG, and Deloitte Aviation Digital Ops Reports

Industry trend analysis on maintenance cost reduction and reliability.
5. SITA/Air Transport IT Insights Report

Marketplace adoption of sensors, loT, Al, and MRO tech.
6. NASA Aviation Safety & Prognostics Research

Foundational academic research on PHM (prognostics & health management).
7. MIT International Centre for Air Transportation (ICAT)

Research on operations disruptions and maintenance planning.
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