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Executive Summary

The commercial aviation industry is facing increasing operational complexity as aircraft
become more modular and asset cycles grow shorter. Among the most technically and
commercially significant elements affected are Removable Structural Components
(RSCs)—critical parts such as doors, flaps, stabilizers, and nacelles that can be detached,
exchanged, and reused across multiple aircraft types or airframes.

Technically, RSCs are governed by airworthiness limitations that include structural fatigue
life, repair tolerance, and inspection intervals, often expressed in Flight Hours (FH), Flight
Cycles (FC), or calendar time. Because RSCs can follow a usage profile distinct from the
airframe they are installed on, component-level traceability is not only recommended but
increasingly mandated under regulatory standards such as EASA AMC 20-20B, FAA AC 120-
93, and ATA Spec 120. These frameworks demand that any RSC—especially one removed
and reinstalled—has a traceable, validated operational history and complies with all
applicable service limits and instructions for continued airworthiness.

From a commercial standpoint, the lack of reliable traceability introduces uncertainty that
can lead to devaluation of assets during lease transitions, sales, or fleet retirement. In
situations where records are missing or incomplete, regulatory guidance calls for
conservative estimation using “fleet leader” assumptions, often attributing the most severe
duty profile in the operator’s fleet to the component in question. This can artificially reduce
the component’s remaining life and diminish the aircraft's residual value.

Moreover, discrepancies in RSC documentation frequently cause lease return friction,
increased MRO workloads, and compliance risk exposure. The industry is moving toward
standardized, digital, and auditable tracking systems to support both continuing
airworthiness and portfolio-level asset optimization.

This whitepaper presents a holistic view of the RSC challenge, combining regulatory
expectations with real-world operational impacts. It also introduces Avtrac’s methodology
for producing validated RSC Status Reports and Determination of Fatigue Parameters
(DFPs). This includes on-site component inspection, OEM data reconciliation, records
recovery, and advanced analytical methods such as the Monte-Carlo Counting Method
(MCCM) to reconstruct lost usage data.

The result is a defensible, audit-ready component history that enhances safety, ensures
compliance, and maximizes asset value—core priorities for airlines, leasing companies,
and CAMOs operating in today’s highly scrutinized aviation environment.
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Understanding Removable Structural Components (RSCs)

What Are RSCs?

Removable Structural Components (RSCs) are major aircraft structural assemblies that are
designed to be detached, replaced, or reinstalled on different aircraft—either of the same type or
across compatible fleets. Unlike line-replaceable units (LRUs), which are frequently swapped and
designed for modularity, RSCs are structural in nature and often contribute to an aircraft’s load-
bearing capability, aerodynamic performance, and regulatory compliance envelope.

Common RSCs include but are not limited to:
e Passenger/Crew Doors (ATA 5210)
¢ Emergency Exit and Cargo Doors (ATA 5220, 5230)
e Slats, Flaps, and Spoilers (ATA 5740, 5750, 5770)
e Stabilizers and Rudders (ATA 5510-5540)
e Landing Gear Doors (ATA 5280)
e Engine Nacelles, Cowls, Mounts (ATA 7110-7120)
e Pylon Assemblies and attachment fittings (ATA 5450)

These components may undergo different operational conditions than the primary airframe,
accumulating cycles and fatigue life in ways not always synchronized with the aircraft they are
currently installed on. RSCs may also be moved across aircraft during MRO events, accident
recovery, part pooling, or mid-life conversions.

While such flexibility offers commercial and operational advantages—such as reduced downtime
and component reuse—it introduces significant challenges in maintaining airworthiness
compliance, life tracking, and historical documentation.
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ATA Chapter to Removable Structural Component Mapping

ATA Chapter Component
5210 Passenger/Crew Doors
5220 Emergency Exit Doors
5230 Cargo Doors
5240 Avionics Access Doors
5260 Entrance Stair Door
5280 Landing Gear Doors
5310 Radome
5380 Tailcone
5450 Pylon Assembly
5510 Horizontal Stabilizer
5520 Elevator
5530 Vertical Stabilizer
5540 Rudder
5730 Winglets/Tip Fences
5740 Slats
5750 Flaps
5760 Ailerons
5770 Spoilers
7110 Nose Cowl / Fan Cowl
7120 Engine Mounts
7810 Exhaust Nozzle
7830 Thrust Reverser

Why RSCs Matter Technically and Commercially
RSCs often fall under mandatory maintenance requirements such as:
e Structural inspections (visual, NDT)
e Repairs and Service Bulletin (SB) embodiment
e Life-limiting values in terms of FH, FC, and/or calendar time
e Configuration compliance per OEM standards

Many RSCs are directly referenced in the Airworthiness Limitations Section (ALS) or impacted by
Airworthiness Directives (ADs). In such cases, failure to track their life independently may
invalidate the aircraft’s compliance status or compromise safety.

In commercial terms, RSC traceability has emerged as a key determinant of asset value. During
lease transitions or secondary market sales, uncertainty around the life, usage, or configuration of
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an RSC often leads to conservative assumptions by lessors and appraisers. Components with

incomplete histories may be de-rated or deemed unserviceable, reducing both the aircraft's appeal
and resale potential.

RSC Traceability Workflow

RSC Removal
(from donor A/C)

N

Visual Inspection & ID

(PN/SN/DOM)
\Om Document Review

OCCM Cross-Check

e

Component-Level Life Tracking

Monte-Carlo Method (if history lost)

RSC Status Repq;:_‘____ /

Repair Audit

Airbus Recommendations on RSC Control

Airbus, through its internal maintenance and structure task groups, has defined a comprehensive

list of main RSCs (high-level assemblies) that it recommends operators track and control. These
include:

e Structural Attachments: Horizontal stabilizers, pylons, ailerons
e Control Surfaces: Elevators, rudders, spoilers, flaps

e Access Panels and Doors: Passenger, cargo, avionics, gear doors
¢ Engine Assemblies: Nacelles, cowls, thrust reversers, mounts

This list is detailed in Airbus FAST Magazine #60 and further supported by several In-Service

Information (ISI) documents that provide methods for rebuilding component history when data is
incomplete or lost.

Types of RSC Life Control

Operators have two primary options when implementing control systems for RSCs:



1. Aircraft-Level Control: The RSC is assumed to share the same life profile as the aircraftitis
currently installed on. Suitable when parts remain with the same aircraft since
manufacture.

2. Component-Level Control: The RSC is tracked independently, with its own flight hours,
cycles, and calendar life. Essential when parts are transferred between airframes.

Given the increasing interchangeability and service life extension practices within the industry,
component-level control is becoming the default best practice—particularly for lessors, large
operators, and CAMOs managing aging fleets or mixed portfolios.

In summary, RSCs represent both a technical challenge and a commercial opportunity.
Understanding their operational significance, regulatory requirements, and impact on valuation is
critical to safe, compliant, and optimized fleet management.
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Traceability & Airworthiness Compliance

As aircraft become more modular and fleet transitions more frequent, the traceability of
Removable Structural Components (RSCs) has emerged as a critical factor in ensuring continued
airworthiness and compliance with global aviation regulations. Due to their structural significance
and the operational demands placed on them, RSCs must be tracked with the same rigor as
engines and landing gear—especially when removed, replaced, or reinstalled on different aircraft.

Lifecycle Desynchronization and Risk Exposure

Unlike fixed structure components that are logged within the life of a single airframe, RSCs can be
transferred across aircraft types and operators. This introduces the phenomenon of lifecycle
desynchronization, where the component’s accumulated Flight Hours (FH), Flight Cycles (FC), and
calendar age no longer align with the aircraft they are installed on.

This misalighment can lead to:
o Missed or misapplied inspections and service bulletins
o Violations of component life limitations
e Increased risk of component fatigue or failure
e Potential aircraft grounding or audit non-conformities

For this reason, global regulators require operators to independently track and verify the
airworthiness status of any RSC that has been removed and reinstalled elsewhere.

Regulatory Framework and Guidance

The requirement for RSC traceability is clearly defined across multiple airworthiness guidance
documents and regulatory positions:

e EASA AMC 20-20B and FAA AC 120-93: These advisories detail acceptable methods for
assigning operational life when a component’s exact history cannot be determined.
Operators are expected to apply conservative assumptions based on fleet leader usage
data or manufacturing dates.

e ATA Spec 120: Developed in coordination with the Airworthiness Assurance Working Group
(AAWG) and Airline for America (A4A), this specification provides recommendations for
tracking RSCs either at the aircraft level (if the RSC remains with the aircraft) or at the
component level (if transferred). It also outlines industry expectations for inspection
records, certificates, and maintenance applicability.
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¢ Airworthiness Limitations Section (ALS) and Airworthiness Directives (ADs): These
documents may contain life limits, inspection intervals, or modification requirements
specific to RSCs. Compliance must be demonstrated based on the actual life of the
component—not that of the aircraft.

Traceability Models
Operators typically employ one of two traceability models:
Aircraft-Level Tracking

This model assumes that the RSC shares the same operational history as the aircraft it was
originally installed on and has not been moved. This is acceptable only if:

e The componentis confirmed to be original to the MSN (Manufacturer Serial Number)

e Thereis continuous documentation supporting this lineage
Component-Level Tracking
This is the preferred and increasingly mandated model. It applies when:

e The RSC has been removed, reinstalled, or swapped

e The component has a different maintenance or fatigue profile than the aircraft

o Regulatory authorities or leasing terms require discrete traceability
Component-level tracking necessitates individualized documentation, including:

e Part Number (PN) / Serial Number (SN) logs

e Determination of Fatigue Parameters (DFP)

e Certificates of Conformance and historical usage records

e Repair and modification history, including embodied Service Bulletins

Managing Partial or Lost Histories

In cases where an RSC’s complete history is unavailable, airworthiness authorities allow for
conservative estimations using structured methodologies:

o Fleet Leader Assignment: If no usage data is available, assume the component’s time
equals the most heavily used aircraft in the fleet or global model.

¢ Manufacturing Date-Based Assignment: If a date of manufacture is present, usage can be
approximated by matching that date to known aircraft data from the same period.



¢ Monte-Carlo Counting Method (MCCM): This statistical approach simulates thousands of
plausible life histories using known fleet utilization patterns.

These methods must be well-documented and defensible to regulators, lessors, and auditors.

Compliance, Safety, and Commercial Implications

Traceability is no longer just a technical exercise—it is a business imperative. Without it, operators
risk:

¢ Regulatory penalties and airworthiness findings

o Asset devaluation due to unverified service life

e Operational disruptions during audits or transitions
Conversely, robust RSC traceability delivers measurable benefits:

e Audit-readiness across leases, sales, and inspections

o Higher aircraft residual value

¢ Reduced compliance risk and downtime

In conclusion, maintaining accurate, independent life tracking for RSCs is essential for meeting
today’s regulatory requirements and maximizing the commercial potential of each component. The
industry consensus is clear: operators and lessors must treat RSCs as traceable, life-limited
assets—and structure their technical operations accordingly.

*Avtrac is a UK, 2_REG, and Cayman Islands approved Continuing Airworthiness Management
Organization (CAMO) - View our aircraft type approvals at AVTRAC CAMO Webpage

U K CIVIL AVIATION AUTHORITY
_ of the Cayman Islands

Civil Aviation
Authorit AIRCRAFT REGISTRY



https://www.avtracint.com/continuing-airworthiness-management
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Monte-Carlo Counting Method (MCCM) in RSC Traceability
Objective

To reconstruct or estimate the usage history (FH/FC) of an RSC with incomplete or undocumented
operational records, ensuring compliance with airworthiness limitations and maintaining asset
value.

When Is MCCM Used?

MCCM is typically applied when:
e The RSC has moved across multiple aircraft without complete documentation.
e Maintenance records are lost or insufficient to verify life-limiting data.
e The component has no original DFP (Dirty Fingerprint Records) available.

e No confirmed Part Number (PN) / Serial Number (SN) correlation with OEM delivery
documents.

How It Works
1. Scenario Simulation:

o MCCM simulates a large number (often tens or hundreds of thousands) of potential
usage scenarios for the RSC across a known aircraft fleet or subset.

o Each simulation randomly samples plausible combinations of usage intensity
(FH/FC per year) based on the aircraft types and time periods in which the RSC
could have operated.

2. Fleet Data Inputs:
o Aircraft types where the RSC could have been installed.
o Typicaland maximum FH/FC rates per aircraft model.
o Calendar windows of potential operation.

3. Distribution Modeling:

o MCCM uses statistical distributions (often normal, log-normal, or empirical) to
model how FH and FC accumulate over time.



‘

o These distributions are derived from known fleet utilization patterns or OEM
guidance.

4. Life Reconstruction:

o Foreach Monte-Carlo iteration, the simulation accumulates FH and FC totals for
the component over the hypothetical timeline.

o Theresultis a statistical spread of possible usage histories.
5. Conservative Bound Selection:

o From the distribution, a 95th percentile value (or another agreed-upon
conservative threshold) is selected.

o Thisvalue is then assigned to the component as its “reconstructed life,” ensuring
compliance and risk aversion.

Outputs
e Component Life Assessment Sheet, detailing:
o Estimated FH and FC
o Confidence intervals
o Applicable OEM limits and service bulletins
o Any conditional assumptions used in the model
e Traceability Support Document:
o Justifies life assignment methodology

o Aligns with EASA AMC 20-20B and FAA AC 120-93 regulatory guidance

Advantages
e Provides a defensible methodology for lifecycle attribution when hard data is missing.
¢ Minimizes compliance risk by favoring conservative estimation.
e Preserves asset value that might otherwise be written off due to untraceability.

e Accepted in regulatory audits, especially when validated with In-Service Information (ISI)
from OEMs like Airbus.
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Limitations

e Requires credible input data from operator or fleet context.

e Cannot be used if no plausible operating context is known (i.e., total history loss with no
fleet linkage).

¢ Should be paired with physical inspection and repair audit for completeness.

Avtrac’s Application of MCCM

Avtrac uses MCCM as a core component of its RSC traceability service, applying it in combination

with:

¢ OEM documentation cross-checks

¢ OCCM (OEM Component Configuration Matrix) status validation

o Physical inspection and serial/placard identification

e Structured lifecycle matrices

Each analysis is documented and integrated into a comprehensive RSC Status Report, ensuring

that the reconstructed life is transparently calculated and supports both continuing airworthiness

and asset valuation.

Sample MCCM Component Life Reconstruction Table

Component | OEM S/N Est. FH Est. FC Limit Limit Remaining
P/N (95%ile) | (95%ile) | (FH) (FC) Life %

LH Flap A320- FL12345 | 36500 21000 45000 27000 81.1

Assy FLP-123

RH Slat A320- SL22331 | 31200 18800 42000 25000 85.7
SLT-221

Tail Cone A320- TC90012 | 22800 14200 30000 18000 76.0
TCN-009

Nose Cowl | A320- NC80177 | 19500 13100 25000 16000 77.5
NCL-802

Rudder Assy | A320- RD44555 | 27800 16700 35000 20000 82.3
RDR-443
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Traceability Methodologies

Establishing effective traceability for Removable Structural Components (RSCs) requires a blend of
documentation review, physical verification, and analytical reconstruction. Operators and
asset managers must implement traceability systems that can accommodate varying levels of data
quality, especially for legacy or transferred components.

Recording Approaches

Operators have two primary approaches to traceability:

Aircraft-Level Recording: Suitable when the RSC has remained with the aircraft since
production. Documentation typically includes delivery records, OEM manufacturing data,
and integrated flight logs.

Component-Level Recording: Required when an RSC has been removed or transferred.
This method involves independent lifecycle tracking with discrete logs for:

o Flight Hours (FH)
o Flight Cycles (FC)
o Repair and modification records

o Certificates of conformity or DFP (Determination of Fatigue Parameters)

Reconstructing Usage History

When component histories are incomplete, several techniques are used to rebuild operational

data:

OEM Cross-Referencing: Comparing component PN/SN against the OCCM (OEM
Component Configuration Matrix) or delivery documentation.

Monte-Carlo Counting Method (MCCM): A probabilistic simulation estimating usage over
a plausible range of aircraft and timelines.

Fleet Leader or Oldest Model Assignment: If no data is available, usage is assigned based
on the most conservative applicable fleet metrics.

In-Service Information (ISI) Support: OEM-issued ISI bulletins (e.g., Airbus) provide
accepted methodologies for life reconstruction and compliance.
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Avtrac’s RSC Traceability Program

Avtrac offers a structured, end-to-end program for RSC life validation, tailored for both operators
and lessors. This service supports compliance, risk reduction, and asset valuation enhancement.

Program Workflow
1. Site-Based Inspection & Documentation
o Physical review and photo logging of each RSC.

o Documentation of PN, SN, and DOM (Date of Manufacture), including placard
validation.

2. OEM and OCCM Correlation

o Verifies whether the component is original to the aircraft or a post-production
replacement.

3. Records and Certification Review
o Audit of historical usage, DFPs, EASA/FAA Form 1, or other compliance paperwork.
4. Monte-Carlo Analysis (if required)

o Used when no history is found; lifecycle estimation is built from plausible data
profiles.

5. Repair Review

o Evaluates repair schemes and modification history for life-limiting or inspection
implications.

6. Lifecycle Matrix Compilation

o Consolidates known and estimated data into a structured matrix, showing FH, FC,
limits, and remaining life.

Deliverables
e RSC Status Report
e Component Life Assessment Sheets
e Reconstructed lifecycle profiles with regulatory alignment
e Supporting certificates and digital photo registry

o Executive summary for auditors or lessors



‘

Strategic Implications for Operators and Lessors

RSC traceability is not simply a matter of engineering—it directly impacts commercial performance
and financial risk.

For Operators:

¢ Maximized Airworthiness: Avoids grounding and ensures regulatory continuity across
global jurisdictions.

¢ Enhanced Maintenance Forecasting: Aligns inspection schedules to true component life,
not assumptions.

o Smooth Transitions: Reduces friction and cost during lease return, resale, or phase-out
events.

For Lessors:

o Higher Asset Value: Aircraft with verifiable RSC traceability are more desirable in
secondary markets.

¢ Reduced Audit Exposure: Demonstrable compliance eases asset acceptance and lease
enforcement.

o Improved Portfolio Transparency: Standardized tracking across fleets simplifies residual
value projections.

In both cases, traceability serves as a hedge against uncertainty—a key differentiator in a value-
driven aviation ecosystem.

Conclusion

Removable Structural Components (RSCs) are no longer background elements in aircraft
maintenance—they are traceable, life-limited assets that require the same rigor as engines and
landing gear. In an environment where component reuse, leasing transitions, and extended service
lives are the norm, lifecycle transparency is essential.

By implementing robust traceability practices—especially component-level control—operators and
lessors can align with regulatory mandates, increase aircraft value, and reduce operational risk.
Tools like Monte-Carlo estimation and structured status reporting make this process both
defensible and scalable.



Avtrac’s dedicated methodology transforms traceability from a compliance burden into a strategic
advantage—positioning aviation stakeholders to manage their assets with confidence, compliance,
and clarity.

Behind the Expertise: Natalie Paine, Lead Project Manager — Avtrac

Natalie Paine is a senior Project Manager at Avtrac and
the client technical lead for a major global aircraft lessor
with a fleet exceeding 400 aircraft. As an integral part of
the Avtrac team, Natalie oversees all technical records
auditing, contractor coordination, and reporting activities
for this client—ensuring operational continuity and
compliance across a dynamic global portfolio.

Since joining Avtrac in 2012 as an Aircraft Records

Technician, Natalie has built her expertise from the
ground up—initially supporting document scanning and
auditing, then progressing to hands-on, on-site records audits and OIL (Operator
Information Letter) resolution across international engagements. By 2018, she had
advanced to project leadership and CAMO support for aircraft take-ons, and by 2019 was
managing multiple client programs involving deliveries, redeliveries, and inspections.

With over a decade of experience, Natalie has established herself as a leading technical
authority in aircraft asset and transition management. Her consultative approach,
attention to regulatory detail, and deep operational insight were instrumental in shaping
the framework and methodology presented in this whitepaper on RSC traceability.

Natalie Paine LinkedIn
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