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Abstract

Advanced Product Quality Planning, or APQP, is a structured approach to ensuring that the product
development process meets customer requirements, which is one of the most important aspects of
manufacturing mechanical components. APQP's key importance is its capability to reduce the length of
the development cycle by reducing TTM without sacrificing product quality.

This paper reviews the benefits of APQP in the context of mechanical components, analyzing exactly how
this methodology speeds up entry into the market while minimizing risks through early planning and
process validation.
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Key Points

1. Purpose of APQP:

Advanced Product Quality Planning (APQP) is a framework that helps ensure product development in
mechanical components meets customer needs. It improves processes and reduces the time-to-market
(TTM) while maintaining product quality.

2. Importance of TTM:

Reducing TTM is crucial in today's competitive market. A reduced TTM allows manufacturing companies
to get their products onto the market faster, thus meeting customers' demands and outpacing their
competitors.

3. Challenges in Mechanical Component Development:

Mechanical component development faces several challenges, including long development cycles due to
design iterations, quality assurance issues from late quality control integration, and poor communication
among teams, leading to delays.

4. APQP Phases:

APQP consists of five major phases: planning and program definition, which identify customer needs and
define timelines; product design and development, where the products are designed and developed to be
manufacturable in the second phase; process design and development for ensuring manufacturing
processes are efficient; product and process validation to test for defects early; and feedback and corrective
action, which show ways to make future processes better.
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5. Key Tools Utilized in APQP:

APQP uses several tools to manage risks and ensure quality. FMEA identifies potential design and process
failures. Control plans document procedures for monitoring product quality. Process flow diagrams allow
for visualization of the overall manufacturing steps, which further aids in finding inefficiencies early.

6. Benefits of APQP:

Some of the key benefits of APQP include early identification of risks, improved communications across
teams, fewer design changes, efficient production, and early involvement of suppliers for quality materials.

1. INTRODUCTION

TTM has become one of the most competitive factors in the modern globalized manufacturing era.
Manufacturers, especially in the mechanical component industry, are under increasing pressure to develop
new products quickly and get them into the market without compromising quality. APQP was initially
designed for the automotive sector, which originally created it. It has since proven to be an invaluable tool
in reducing product development timelines while guaranteeing high-quality standards.

APQP, with its structured approach to product development, places a strong emphasis on early risk
identification, efficient communication, and process optimization. When applied to mechanical
components, APQP significantly reduces development cycles and, importantly, enhances cross-functional
collaboration, thereby accelerating time to market.

Consequently, this paper aims to establish the role of APQP in reducing TTM for mechanical components.
The coverage will include phases of APQP, its tools, and case studies where APQP has resulted in
successful product launches. In addition, the paper discusses common challenges in the development of
mechanical components and how APQP addresses such issues.

2. MECHANICAL COMPONENT DEVELOPMENT CHALLENGES
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Mechanical components, designed to precise tolerances, require the attention to detail of various
departments—design, manufacturing, and quality control. The mechanical piece does not easily lend itself
to production mistakes, as the assembly process is usually intricate, materials may vary, and quality
standards are higher than for an electrical or software product. Your attention to detail is crucial in this
complex assembly process.
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Common key issues during the development process of mechanical component development are as
follows.

A. Long Development Cycles

The conventional product development cycles in the field of mechanical components take a lot of time
because of the iterative procedure that design comprises, and validation does, with lots of time involved.
It's late when design flaws during testing may involve reworks, thereby adding more time to the product
development cycle.

B. Quality Assurance Issues

Product quality consistency is always of great concern, especially when transitioning from prototype to
production. If quality control measures are not integrated into the development process early on in the
process, many issues may arise during production due to dimensional inaccuracies or even material defects
and often lead to costly delays.

C. Poor Communication

Effective communication is key to the building of products, especially when several teams are working
on it. Mechanical component projects are especially prone to innumerable breakdowns in communication.
This in turn leads to friction in objectives and delays in production-most of the time, unforeseen.

3. APQP: AN OVERVIEW

APQP is a structured methodology developed by the automotive industry to ensure product quality meets
customer expectations throughout the development process. Its structure ensures early planning and
continuous improvement in a system approach toward risk management.
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The concept of smoothness in project execution and leaving no room for delays can be ensured through

the following five major phases of APQP:

1. Plan and Define Program: The customer requirements are identified at this stage and spelled out
clearly with product specifications. A high-level timeline is drawn up that will direct the project from
conception to market launch.

2. Product Design and Development: The design phase gives attention to product development by
meeting customer requirements. Much emphasis is given at the early stages of product design on
ensuring manufacturability and reliability.

3. Process Design and Development: This phase ensures that manufacturing processes are capable of
producing the product consistently and efficiently. The production process can then be enhanced by
techniques like the design of experiments.

4. Product and Process Validation: APQP necessitates pilot lots and testing of products prior to full
production, the purpose of which is to validate the design and manufacturing processes. A validation
phase reduces the likelihood of defects in large-scale production.

IJFMR21059995 Volume 3, Issue 5, September-October 2021 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

5. Feedback, Assessment, and Corrective Action: The APQP principle is founded on the basis of
continuous improvements. Validation phase feedback is utilized to fine-tune the design and production
processes, hence preventing recurring issues in other future projects.

A. Key Tools in APQP

Under APQP, several tools are enforced, which guarantee the management of risk and assure the quality

of the product during its development process.

These include:

a) Failure Mode and Effects Analysis (FMEA):
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FMEA is a tool for finding potential problems that might exist within the design of a product or in its
manufacturing process. It considers three major factors:

o The severity of the problem that may arise.

e The occurrence or probability of its happening.

o Its detectability.

By understanding these factors, teams can decide which issues to fix first. FMEA helps teams proactively
think and stop problems before they affect production or the customer.

b) Control Plans:

Control plans define how to monitor and control characteristics when manufacturing a product. They
include detailing the steps, such as the measurement method/criteria for conducting any quality check.
Control plans ensure that the products are made consistently to meet quality standards. These control plans
promote better communication among team members and serve as a guideline for conducting quality
checks.

¢) Process Flow Diagrams:

Process flow diagrams are graphical representations of different stages involved in the manufacturing
process. They enable consideration of material flow and information across various process stages.
Working groups could visualize some preliminary bottlenecks or problems with these diagrams. This will
simplify the manufacturing process and reduce the time it takes to produce goods or deliver services. The
process flow diagram leads to a better understanding of the job by each person associated with it.
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4. APQP'S ROLE IN REDUCING TIME-TO-MARKET
!
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A. Early Risk Identification

One of the most important APQP benefits is its potential to detect risks earlier in product development
cycles. With tools like FMEA, teams can anticipate possible design or manufacturing issues much sooner
than they otherwise would, before these issues grow into major headaches. This proactive mindset reduces
the chances of possible rework or delays in the latter stages of development.

For instance, FMEA is instrumental in estimating potential failures in mechanical parts manufacturing due
to material fatigue, improper tolerances, or improper assembly. By proactively identifying and mitigating
these risks, teams can focus on ensuring that the final product meets both customer and manufacturing
requirements without the need for extensive redesigns.

B. Streamlined Communication

APQP improves communication among all stakeholders in product development. The structured phases
and defined timelines within this framework help to set things up for everyone, from the engineer to quality
control personnel. This removes any doubt caused by poor communication, hence resulting in more
effectiveness in actual project execution.

Moreover, this structured approach to component development means that the cross-functional teams of
design, manufacturing, and suppliers will possess a common understanding of product objectives, helping
to minimize missteps that delay a production timeline.

C. Reduced Design Iterations

Typically, design iteration consumes the most time in product development. However, APQP stands out
by prioritizing early quality planning and validation, thereby reducing the need for multiple iterations. It
achieves this by enabling early design validation through simulation and prototyping, supplemented with
pilot runs. This ensures that the final product is optimized for full-scale production, thereby reducing
design iteration time.

An APQP, for example, facilitates early testing of a mechanical component intended for automotive
development against vital factors like stress resistance, thermal behavior, or tolerance limits. In that
respect, it reduces the chances of last-minute changes, which delay the product launch date.

D. Process Efficiency

One of the main aspects of APQP is ensuring that processes are designed to be efficient and repeatable for
manufacturing. This becomes critical in the manufacture of mechanical components, where several minor
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inefficiencies might contribute to substantial delays in mass production. APQP encourages the smoothing

of processes with tools like DOE and process flow analysis so that production can ramp up easily and

without hiccups.

E. Supplier Integration

Most mechanical components depend on material or sub-assembly supplies from outside vendors. APQP

allows suppliers to be involved early in the development process so that they fully understand product

requirements and can achieve stated quality levels. This helps minimize the overall risk of delays due to

defective pieces or tardy delivery.

F. Case Study: Automotive Component Manufacturing

One of the major automotive suppliers implemented APQP to simplify its product development process.

TTM was hard to reduce for a new mechanical component invented and designed in such a company for

a next-generation vehicle platform. Implementation of APQP measured the following improvement.:

1. Early Risk Mitigation: FMEA highlighted some failure modes related to material fatigue and
misalignment during assembly, which were resolved prior to production.

2. Process Optimization: DOE was used to optimize the welding process for maintaining consistent
quality welds throughout batches.

3. Improved Supplier Coordination: The suppliers of the materials were put through APQP, which
ensured that there was good coordination in the timely delivery of the raw materials with high quality.

It resulted in a 15% TTM reduction, with the company's intervention, hence affording them the window

to launch their product on time and ink an important deal with an automotive OEM.

5. CONCLUSION

APQP is a critical methodology that reduces the time to market for manufacturing mechanical
components. By early identifying risk, smoothing communication, and optimizing processes, APQP
ensures the efficient development of products, not at the cost of quality. In a competitive manufacturing
environment, adopting APQP will give any company an added advantage in bringing quality products to
the market quickly and efficiently.
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