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Abstract — This study, conducted in collaboration
with Pratt & Whitney, addresses the challenges
faced in optimizing repair processes for airplane
engine parts within the aerospace aftermarket
industry. With a focus on reducing turnaround time,
optimizing resource use, enhancing quality control,
and standardizing repair procedures, the study
aims to improve operational efficiency and elevate
service standards. Through a comprehensive
literature review leveraging Lean Six Sigma
principles and exploring quality control strategies,
key methodologies and best practices were
identified. Repair development data from Pratt &
Whitney's Puerto Rico location was collected,
followed by quantitative analysis techniques.
Findings revealed varying average development
times across tasks, with identified challenges
including ground rule updates, scheduling conflicts,
and workload-related delays. The qualitative
analysis highlighted the importance of effective
communication and workload management. The
study concluded by emphasizing the significance of
leveraging insights to refine repair development
strategies, enhancing resource allocation, and
improving project management, ultimately striving
for  operational excellence and customer
satisfaction in the aerospace aftermarket industry.
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INTRODUCTION

This study was undertaken in collaboration
with Pratt & Whitney, a distinguished global leader
in aerospace manufacturing and maintenance,
repair, and overhaul (MRO) services. With over

nine decades of experience in the aerospace
industry, Pratt & Whitney is renowned for its
pioneering engine technologies and comprehensive
aftermarket support solutions.

The aerospace aftermarket industry plays a
pivotal role in upholding the operational integrity
and safety standards of aircraft on a global scale.
Within this sector, the repair processes for airplane
engine parts hold particular significance in ensuring
the sustained performance and reliability of aircraft
engines throughout their operational lifespan.

Optimizing engine component repair processes
represents a critical endeavor within the dynamic
aerospace aftermarket industry. This study
endeavors to delve into the multifaceted challenges
confronting this sector to enhance resource
efficiency, streamline operational procedures, and
elevate service standards. The initiative seeks to
chart a course toward operational excellence and
customer  satisfaction by  navigating  the
complexities inherent in aftermarket maintenance
operations.

PROBLEM STATEMENT

Extended repair lead times, uneven quality
control procedures, and inadequate resource
utilization pose significant challenges in the repair
processes for airplane engine parts within the
aerospace aftermarket industry. These issues hinder
operational efficiency, increase costs, and
compromise  service quality.  Consequently,
addressing these challenges is imperative to ensure
timely delivery of repaired components, enhance
quality control measures, optimize resource
allocation, and standardize repair procedures.



OBJECTIVES

The objectives of this project were to:

e Reduce Turnaround Time: Strive to achieve
a 50% reduction in repair time to enhance
operational efficiency and bolster customer
satisfaction.

e Optimize Resource Use: Aim for a 15%
increase in resource efficiency to drive cost

savings and amplify productivity across
operations.
e Enhance Quality Control: Implement

targeted strategies to diminish warranty claims
and rework rates by 10%, thereby upholding
service standards and curbing expenses.

e Standardize Repair Procedures: Develop
comprehensive standardized repair protocols
tailored to each engine model, facilitating
streamlined operations and mitigating errors in
the repair process.

LITERATURE REVIEW

The aerospace aftermarket industry faces
mounting pressure to optimize repair processes
while upholding stringent quality standards. Lean
Six Sigma principles have emerged as effective
methodologies for achieving these goals, focusing
on waste elimination and continuous operational
improvement. Smith et al. (2019) demonstrated the
application of Lean Six Sigma principles in
aerospace maintenance operations, resulting in
substantial reductions in repair lead times and
enhanced resource utilization [1]. By identifying
and eliminating non-value-added activities,
organizations can attain operational excellence and
elevate customer satisfaction.

Moreover, industry-specific challenges in
repair process optimization have been extensively
documented. Johnson and  Carter (2018)
underscored the unique complexities inherent in
engine component repair processes, including
intricate disassembly and reassembly procedures,
specialized tooling requirements, and the necessity
for skilled labor. These challenges emphasize the
need to tailor Lean Six Sigma methodologies to suit

the distinct needs of the aerospace aftermarket
industry [2].

Ensuring consistent quality standards is
paramount in this industry, where the reliability and
safety of aircraft components are paramount.
Various quality control strategies have been
explored to mitigate quality-related issues and
enhance overall product reliability. Brown and
Williams (2020) demonstrated the efficacy of
rigorous inspection protocols in identifying defects
and deviations from specifications during the repair
process. Through comprehensive inspections at
each stage, organizations can detect and rectify
quality issues promptly, thereby reducing rework
rates and warranty claims [3].

Furthermore, the integration of advanced
testing technologies has played a pivotal role in
enhancing quality control measures in engine
component repair processes. Non-destructive
testing (NDT) techniques such as ultrasonic testing
and eddy current testing allow organizations to
conduct thorough assessments of component
integrity without compromising structural integrity.
Leveraging these technologies enables
organizations to ensure the reliability and
airworthiness of repaired components, enhancing
customer confidence and satisfaction.

In summary, repair process optimization and
robust quality control strategies are indispensable
for effective aftermarket maintenance operations.
By embracing Lean Six Sigma principles and
implementing rigorous quality control measures,
organizations can achieve operational excellence,
minimize costs, and bolster customer satisfaction in
the aerospace aftermarket industry.

METHODOLOGY

Given the logistical constraints of conducting
onsite observations and interviews at Pratt &
Whitney's repair facilities on the US mainland, the
study focused on utilizing repair development data
accessible from the Puerto Rico location. The data
collection process involved the following methods:
e Accessing Repair Development Data: Access

was sought to repair development databases,



archives, and documentation available at the
Puerto Rico location. These datasets contained
valuable information on repair development
projects, including timelines, resource
allocation, project milestones, and challenges
encountered during the development process.

e Document Analysis: Repair development
documents, including project reports, technical
specifications, and progress updates, were
analyzed to extract relevant data on repair
development timelines, bottlenecks, and areas
for improvement. Document analysis provided
insights into the factors influencing the time
required to develop repairs and identified
opportunities for optimization.

Upon obtaining repair development data,
quantitative analysis techniques were employed to
evaluate repair development timelines, identify
inefficiencies, and  prioritize  improvement
opportunities. The data analysis process included
the following:

e Quantitative Analysis: Quantitative data
extracted from repair development records was
analyzed using statistical methods to calculate
average development times, variance, and
distribution of development timelines for
different repair types and components. This
analysis identified trends, outliers, and areas
where development processes could be
streamlined to reduce time-to-market.

While direct stakeholder engagement through
interviews and onsite observations was not feasible,
stakeholder perspectives and input were still
integrated into the study through alternative means.
Stakeholder engagement activities included the
following:

e Expert Consultations: Consultations were held
with  subject matter experts and key
stakeholders involved in repair development
processes remotely. These consultations
provided insights into the challenges and
opportunities associated with repair
development and informed the study's findings
and recommendations.

e Review Meetings: Review meetings were
conducted with project managers, engineering
teams, and other relevant stakeholders to
discuss findings, validate data analysis results,
and solicit feedback on proposed improvement
strategies. These meetings ensured alignment
between the study's objectives and stakeholder
expectations.

RESULTS

The analysis of repair development timelines
revealed the following average development times
for each task: Task A (Engine Module 1) had an
average development time of 62 days, Task B
(Engine Module 1) averaged 58 days, Task C
(Engine Module I1) had an average of 218.5 days,
and Task D (Engine Module IIl) averaged 29.5
days. Variations in development times across repair
types were observed, with Task C exhibiting
significant variation compared to the other tasks as
shown in Table 1. Factors contributing to delays
varied across tasks, with Task A experiencing
ground rule updates and scheduling conflicts, while
Task B faced delays due to workload-related issues.
Task C and D did not encounter major challenges
during the development process but is worth
mentioning that these tasks belong to a different
engine module.

Table 1
Current Repair Times

Repair Repair Total
Task Engine Time Time R.epair
Module Milestone  Milestone  Time
1 (days) 2 (days)
Task A Module | 60 64 124
Task B Module | 80 36 116
Task C Module Il 155 122 277
Task D Module Il 50 9 59

The qualitative analysis identified several
challenges and observations across the tasks. Task
A and B, both from Engine Module 1, faced
significant challenges related to ground rule
updates and scheduling conflicts with validation
engineers. Similarly, Task B experienced delays



due to workload-related issues, particularly the
postponement of an important review meeting. In
contrast, Tasks C and D, from Other Engine
Modules, did not encounter major challenges
during their development processes. Common
themes  across tasks  included  workload
management and the importance of effective
communication and coordination to address
challenges and improve project efficiency.

CONCLUSION

The findings of this study shed light on the
intricacies of repair development processes within
the aerospace aftermarket industry. The quantitative
analysis revealed varying average development
times across different tasks, with Task A and B,
pertaining to Engine Module 1, demonstrating
relatively shorter development times compared to
Task C and D, associated with Other Engine
Modules. Additionally, variations in development
times and factors contributing to delays were
observed, highlighting the importance of addressing
specific challenges within each task to optimize
efficiency.

Furthermore, the qualitative analysis identified
common themes such as workload management and
effective communication as critical factors
influencing the success of repair development
projects. Challenges encountered, particularly in
Task A and B, underscored the need for proactive
measures to mitigate scheduling conflicts and
streamline ground rule updates. However, the
absence of significant challenges in Task C and D
suggests the potential for smoother development
processes in certain engine modules.

Moving forward, it is imperative for
stakeholders in the aerospace aftermarket industry
to leverage these insights to refine repair
development  strategies, enhance  resource
allocation, and improve overall  project
management. By addressing key challenges and
embracing best practices identified in this study,
organizations can strive towards operational
excellence, reduced turnaround times, and

enhanced customer satisfaction in the repair and
maintenance of aircraft components.
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