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Abstract - With the rising consumer awareness, the
emphasis on quality management and risk control has
significantly increased. Without an effective quality
assurance system, manufacturing costs can rise due to
yield issues, and inconsistent quality may lead to
market backlash. This study applies the Six Sigma
DMAIC methodology to wheelchair accessory parts,
focusing on the critical stages of Define, Measure,
Analyze, Improve, and Control.

Initially, during the sampling stage, the production
process is planned, incorporating inspection points
into the key processes using a production flowchart.
Failure Modes and Effects Analysis (FMEA) is used
to identify potential failures, assess their severity,
frequency, and detectability to implement preventive
measures. Simultaneously, the control plan outlines
quality characteristics from mechanical equipment
and inspection methods to process parameters,
evaluation methods, inspection ratios, frequencies,
and analysis methods, and proposes improvement
recommendations when anomalies are detected.

Finally, the process capability index is used to evaluate
the quality stability of the product in continuous
production, aiming to control defects within three
standard deviations, reduce complaints, transportation,
and technical maintenance carbon emissions, promote
sustainable development, reduce production costs, and
improve customer loyalty.

Keywords: Six Sigma - Process Capability
Index - Quality Function Deployment -
FMEA

. INTRODUCTION

With the increasing standards of global market
supply chains, this study aims to utilize the Six Sigma
DMAIC methodology to review potential defect risks
in multi-process product manufacturing. The potential
failures of each process are evaluated, and the severity
of undetected risks is analyzed and classified for
planning. Corresponding preventive measures are
implemented to ensure source management, enhance
product quality in multi-process products, and reduce
production costs.
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Based on the definition of the Six Sigma DMAIC
methodology in [1], the following is a list of tools
used in this study:

TABLE I. DMAIC OBJECTIVES AND
QUALITY TOOLS CORRESPONDENCE TABLE

Stage objectives Quality tools

Definition | Define the problem, QFD
customer
requirements,and project
objectives.

Measure Understand the current Process

mente process performance and | Flow
collect relevant data. Diagram

Analysis Identify and validate the | FMEA
relationships between
causes and effects.

Improve Enhance process Control
performance by Plan
implementing solutions

Control Sustain improvements Process
and ensure process Capabilit
stability. y Index ;

Cpk

Il. Literature Review

Six Sigma is an optimization strategy used to
enhance a company's profitability by avoiding waste,
scrap, and losses . [2]

Quality Function Deployment (QFD) translates
customer requirements into design specifications
during the product's conceptual design stage, with the
House of Quality being a key component . [3][6]

FMEA is primarily used for product reliability and
safety analysis.[4] Control Plans document the
systems used to control and minimize product and
process variation . [8]

Process Capability Indices (PCA) assess a
process's ability to meet specified limits set by
customers, engineers, or designers .[5]
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I111. EXPERIMENTS & APPLICATIONS
3.1 Definition

According to [1], the key point of the Definition
phase in the DMAIC framework is "Define the
problem, customer requirements, and project
objectives". This study integrates Quality Function
Deployment (QFD) with Product Engineering
Diagrams to achieve the objectives of the Definition
phase. The research uses wheelchair components as a
case study, and upon execution, establishes project
goals and foundational framework as follows:

TABLE Il. QUALITY HOUSE TABLE

Technical requirements

Customer quality needs

1. Brake drum rigidity

[2.Aluminum alloy composite material
3. There

0 risk of the brake drum and hub falling off

4. Equipped with quick release function

5. Adapt to existing peripheral parts

6.Surface gloss
7. Lightweight
8. Product reliability
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3.2 Measuremente

According to [1], the key point of the Measurement
phase in the DMAIC framework is to "Understand the
current process performance and collect relevant
data.” This study uses a Process Flow Diagram (PFD)
to assess the current production process of wheelchair
components.

Based on the product characteristics defined in the
House of Quality and Engineering Diagrams from the
Define phase, the production stages are integrated into
four processing blocks in the PFD:

Receiving and Shipping
Outsourcing

In-house Production Processing
Quality Issue Handling

Due to the multiple production processes required
for wheelchair components defined in the Definition
phase, the PFD includes plans for outsourcing and in-
house production processing. To minimize quality
variations, quality issue handling methods and
inspection points are incorporated into the PFD. These
inspection points are marked with red diamonds, with
"Y" indicating pass and "N" indicating fail. Details
and specifications for these inspections will be
discussed in the Improve phase.

To integrate the FMEA tool from the Analyze
phase and the Control Plan from the Design phase,
each production process is defined with a workstation
number, marked with an orange circle in the upper
right corner of the workstation name for easy
identification.

FIGURE | . PROCESS FLOW DIAGRAM
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3.3 Analysis

According to [1], the key point of the Analyze
phase in the DMAIC methodology is to "ldentify and
validate the relationships between causes and effects."
This phase will use the Failure Modes and Effects
Analysis (FMEA) method to assess the severity,
occurrence frequency, and detection probability of
potential defects.

TABLE I1l. FMEA ASSESSMENT FORM
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After FMEA evaluation, two significant issues
were identified:

1.During CNC lathe clamping, deformation easily
occurs, preventing proper alignment with the mold
during gravity casting. This results in molten
aluminum alloy leaking into the workpiece, potentially
leading to brake malfunction.

FIGURE I .SIGNIFICANT ISSUES 1

2.During the stamping process, if leftover materials
are not effectively cleared by personnel, it may result
in workpiece damage.

FIGURE 111 .SIGNIFICANT ISSUES 2

The improvement method is as follows:
1. CNC lathe

Nel[Vjifel

Redesign and manufacture the CNC lathe chuck to
increase the brake drum clamping area.

Before improvement Improved

Before improvement

FIGURE IV . CNC LATHE IMPROVEMENT

2. Stamping

The original punching mold was manually placed,
manually closed, and manually jetted to remove scraps.
It was changed to manual placement, pneumatic
closing of the mold, and automatic jetting to remove
scraps, reducing defects caused by human operations
and increasing production efficiency.

Before improvement Improved

FIGURE V. STAMPING IMPROVEMENT

After improvement, the reassessment of the two
improvement points for FMEA is as follows:

TABLE IV. IMPROVED FMEA ASSESSMENT
FORM

3.4 Improve

According to [1], the key point of the Improve
phase in the DMAIC methodology is to "Enhance
process performance by implementing solutions.” This
study will use a Control Plan to finalize the production
processes, machinery, locations, quality
characteristics, specification tolerances, measurement
conditions, analysis methods, and improvement
measures. This will optimize customer requirements
and finalize production conditions, inspection
standards, and limitations.
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After evaluation, the list is as follows:

TABLE V. CONTROL PLAN TABLE

3.5 Control

According to [1], the key point of the Improve phase
in the DMAIC methodology is to "Sustain
improvements and ensure process stability.” In this
study, we will implement the Process Capability Index
(Cpk) to achieve this. The Process Capability Index is
used to measure the manufacturing capability of a
product and to quantify process yield, evaluating
whether it meets the requirements. The calculation of
the Process Capability Index is based on the mean and
standard deviation of the product characteristics of the
process, and it is compared to the upper and lower
design specification limits.

The process capability index will be assessed
following the methodology outlined by Chen et al[7].
in their paper on "Capability performance analysis for
processes with multiple characteristics using accuracy
and precision." This method will be applied to
evaluate the process capability index of products with

multiple quality characteristics.
Methods as below:
1-ulé|
Couw)(0,y) = —F/—= 1
puw)(3,7) 3721062 @

o0 represents the index of accuracy, measuring the
centrality of the process.

y is defined as the index of precision, measuring the
dispersion of the process.

u=0orl

v=0orl

Cp(0,0) (w,0)= Cp

Cp(1,0) (wo)= Cpk

Cp(0,1) (u,0)= Cpm

Cp(l,1) (u,0)= Cpmk

After analysis, the list is as follows:

TABLE VI. PROCESS CAPABILITY INDEX
EVALUATION FORM

Za A
// — N\

When the value falls within Zone A, it indicates 1.33
< Cpk > 1; when it falls within Zone B, it indicates
Cpk > 1.33. When Cpk > 1.33, the coordinates (1, 0.25)
and (-1, -0.25) define the accepted region. When Cpk
=1, the coordinates (1, 0.33) and (-1, -0.33) define the
accepted region.

IV. CONCLUSIONS

This study aims to investigate the production part
approval process by integrating methods such as Six
Sigma, Quality Function Deployment (QFD),
manufacturing flowcharts, control plans, Process
Capability Index (Cpk), and Failure Modes and
Effects Analysis (FMEA). The goal is to improve
manufacturing processes, enhance product quality,
and reduce risks. By utilizing various risk planning
and quality tools, the study hopes to avoid learning
from accidents or failures and to prevent costly
losses. Additionally, the application of these quality
tools is expected to increase customer satisfaction
and enhance product competitiveness.
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