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Abstract  

This study applies the Six Sigma DMAIC method to enhance the quality of Product B by 

addressing its defects. The Define phase outlines the production process and key issues, using a 

Pareto chart to prioritize the main defects. The Measure phase verifies data accuracy and 

collects relevant quality data. The Analyze phase employs an NP control chart to assess system 

stability and identify root causes. The Improve phase implements targeted solutions, while the 

Control phase ensures sustained results. Post-improvement, defect rates significantly 

decreased.The results demonstrate Six Sigma DMAIC’s effectiveness in quality improvement, 

offering a practical case for SMEs to optimize product quality. 

Keywords  Six Sigma  DMAIC  Quality Improvement  NP Control Chart, Process capability 

Analysis 

1. Introduction 
1.1 Research Background 

In recent years, the Chinese government has introduced a 

series of policies, such as Made in China 2025, to promote 

quality reform in the manufacturing sector. With the rise of 

"Industry 4.0" and increasing global competition, product 

quality has become a critical factor in maintaining market 

competitiveness. However, small and medium-sized 

enterprises (SMEs) often face challenges in achieving 

consistent quality due to limited resources and technical 

constraints. 

HW Company, a manufacturer specializing in customized 

stainless steel chain plates (referred to as Product B), has 

encountered rising customer complaints regarding quality 

issues, including misaligned punching positions, poor welding 

of gaskets, and restricted rolling of beads. These defects not 

only affect production efficiency but also damage customer 

trust. Addressing these issues is essential for the company’s 

sustainable growth. 

1.2 Research Significance 

This study applies the Six Sigma DMAIC (Define, Measure, 

Analyze, Improve, Control) methodology to systematically 

improve the quality of Product B. The research contributes to 

both theory and practice in the following ways: 

Theoretical Value: Validates the adaptability of DMAIC in 

SMEs, enriching case studies on quality management in 

resource-limited settings. 

Practical Impact: Reduces defect rates, lowers production 

costs, and enhances customer satisfaction, providing a 

replicable model for similar enterprises. 

1.3 Research Objectives 

The primary goals of this study are: 

1. To identify root causes of key defects using Pareto 

analysis and fishbone diagrams. 

2. To implement targeted improvements (e.g., fixture 

optimization, operator training). 

3. To validate effectiveness through statistical tools 

(e.g., NP control charts, process capability indices). 

1.4 Paper Structure 

The remainder of this paper is organized as follows: 

Section 2: Literature review on DMAIC and quality 

improvement. 

Section 3: Methodology detailing DMAIC stages. 

Sections 4–5: Problem analysis, improvement actions, and 

results. 

Section 6: Conclusions and future research directions. 

2. Literature Review 
The Six Sigma methodology, with its DMAIC framework, has 

established itself as a powerful approach for quality 

improvement across various industries since its inception at 

Motorola in the 1980s. The structured five-phase approach 

(Define, Measure, Analyze, Improve, Control) provides 

organizations with a systematic way to identify and eliminate 

sources of variation in processes. Research by Yan et al. 

(2023) demonstrates how this methodology has evolved to 

address complex quality challenges in modern manufacturing 
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environments, particularly in achieving the stringent quality 

standards required by today's competitive markets. 

In manufacturing applications, the DMAIC approach has 

proven particularly effective for defect reduction and process 

optimization. A study by Trishul et al. (2023) provides 

compelling evidence of this effectiveness, showing how 

DMAIC implementation led to a 40% reduction in bearing 

defects through careful process analysis and optimization. 

Similar success stories have been documented in small and 

medium enterprises, with Hendy and Edi (2021) illustrating 

how even resource-constrained packaging manufacturers in 

Indonesia could achieve significant quality improvements 

through focused DMAIC projects. These case studies 

collectively suggest that the methodology's principles are 

adaptable across different scales of operation and industrial 

contexts. 

The academic literature reveals several important trends in 

DMAIC applications for quality improvement. Recent work 

by Chen et al. (2021) highlights how the methodology's 

analytical rigor can lead to substantial reductions in scrap 

rates, as demonstrated in their 35% improvement in steering 

shaft production. Meanwhile, Liu et al. (2023) have shown 

how DMAIC tools like control charts and design of 

experiments can enhance machining accuracy for precision 

components. However, despite these successes, the literature 

also identifies gaps in current research, particularly regarding 

the adaptation of DMAIC for small and medium enterprises 

with limited resources, as noted by Yang (2021). 

Additionally, few studies have successfully integrated both 

qualitative factors like employee skills with quantitative 

process metrics to provide a comprehensive view of quality 

improvement. 

When comparing DMAIC with other quality improvement 

methodologies, the literature presents interesting contrasts. 

The PDCA cycle, as examined by Xu and Sun (2018), offers a 

more iterative approach to problem-solving but generally 

lacks the statistical depth of DMAIC. On the other hand, 

Failure Mode and Effects Analysis (FMEA), as implemented 

by Li et al. (2019), excels in risk prioritization but often 

requires complementary methodologies like DMAIC to 

implement and sustain improvements. These comparative 

studies suggest that while various quality tools have their 

strengths, DMAIC provides a particularly robust framework 

for sustained quality enhancement. 

This study builds upon existing literature while addressing 

several identified gaps. By applying DMAIC in the specific 

context of HW Company's stainless steel chain plate 

production, the research contributes to the limited body of 

work on quality improvement in SMEs. The approach 

combines rigorous statistical analysis with practical, 

implementable solutions, offering insights that bridge the gap 

between academic research and industrial application. The 

methodology's emphasis on data-driven decision making and 

control mechanisms aligns well with the need for sustainable 

quality improvements in manufacturing environments. 

3. Research Methodology 
This study employs the structured DMAIC (Define, Measure, 

Analyze, Improve, Control) methodology from the Six Sigma 

framework to systematically address quality issues in Product 

B manufacturing. The research design follows five sequential 

phases, each with specific objectives and analytical tools, 

ensuring a data-driven approach to quality improvement. 

3.1 Define Phase 

The initial phase focused on problem identification and scope 

definition. Through stakeholder interviews and production 

data analysis, three critical quality issues were identified: 

misaligned punching positions, inconsistent gasket welding, 

and restricted bead movement. A SIPOC (Suppliers, Inputs, 

Process, Outputs, Customers) diagram was developed to map 

the entire production process, while Pareto analysis helped 

prioritize the most significant defects based on their frequency 

and impact. This phase established clear improvement targets: 

reducing each major defect category by at least 80% while 

maintaining current production efficiency levels. 

3.2 Measure Phase 

The measurement system's reliability was verified through 

rigorous evaluation. A Kappa statistical analysis (κ = 1.0 for 

all defect categories) confirmed perfect inter-rater agreement 

among quality inspectors. Process capability indices were 

calculated using Minitab software, revealing concerning 

baseline performance (e.g., initial Cpk of 0.37 for punching 

alignment). Data collection protocols were standardized, with 

sampling procedures designed to ensure representative data 

from all production shifts. Key metrics included dimensional 

accuracy measurements (for punching alignment), tensile 

strength tests (for welded gaskets), and surface roughness 

analysis (for bead movement). 

3.3 Analyze Phase 

Root cause analysis employed multiple quality tools in 

combination. Fishbone diagrams helped categorize potential 

causes into five key areas: materials, methods, machines, 

measurements, and personnel. For punching misalignment, 

vibration analysis confirmed machine instability during 

operation. The gasket welding issues showed strong 

correlation (r = 0.92) with operator experience levels, while 

bead movement problems were traced to inconsistent surface 

finishing in bearing seats. Hypothesis testing, including 

ANOVA and regression analysis, validated these findings 

statistically. The analysis revealed that approximately 78% of 

quality variation could be attributed to these identified root 

causes. 

3.4 Improve Phase 

Targeted solutions were developed and pilot-tested for each 

root cause. For punching alignment, customized fixtures with 

vibration damping were designed and implemented, reducing 

positional variation by 89%. The welding process 

improvement combined enhanced training programs 

(including competency certification) with standardized work 

instructions, while bead quality was addressed through revised 

machining parameters and upgraded tooling maintenance 

schedules. Design of Experiments (DOE) techniques 
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optimized the solution parameters, with confirmation runs 

demonstrating significant improvement (p < 0.01) in all key 

metrics. 

3.5 Control Phase 

To sustain improvements, multiple control mechanisms were 

institutionalized. Standard Operating Procedures (SOPs) were 

updated and digitized for all modified processes. A statistical 

process control (SPC) system was implemented using NP 

control charts to monitor defect rates continuously. Process 

owners were assigned with clear accountability for 

maintaining improved performance levels. The control plan 

included regular audits, with response protocols for any out-

of-control signals. Employee training programs were revised 

to incorporate the new standards into onboarding and 

refresher training. 

The methodology's robustness stems from its iterative nature, 

with each phase building on previous findings while 

maintaining flexibility for refinement based on new data. All 

analytical methods were selected based on their 

appropriateness for manufacturing quality data, with 

validation through both statistical significance and practical 

implementation feasibility. The comprehensive approach 

ensures that improvements are data-validated, sustainable, and 

aligned with operational realities. 

4. Problem Analysis and Improvement 

Implementation 
4.1 Punching Position Misalignment Analysis 

Through comprehensive vibration testing and process 

capability analysis, the root causes of punching position 

deviation were systematically identified. The primary factor 

was equipment vibration during operation, with measurements 

showing an average amplitude of 0.28mm, exceeding the 

allowable standard by 86%. Further investigation revealed a 

0.15mm clearance in the mold positioning mechanism and 

suboptimal punching parameters, where the 120 

strokes/minute operation frequency created a resonant 

vibration at 82Hz. Statistical process control data 

demonstrated concerning performance with a Cpk of 0.37, 

significantly below the acceptable threshold of 1.33. The 

deviation measurements followed a normal distribution 

(μ=0.19cm, σ=0.03cm), showing strong correlation with 

vibration amplitude (r=0.89, p<0.001). 

4.2 Gasket Welding Quality Issues 

The analysis of inconsistent welding quality uncovered three 

fundamental problems. New employees with less than six 

months of experience accounted for 68% of welding defects, 

highlighting a significant skills gap. Pressure control 

variability was another critical factor, with measurements 

showing fluctuations of ±15N during operation. Additionally, 

welding gun angle deviation averaged 5.2°, contributing to 

inconsistent joint quality. Tensile test results revealed a 

bimodal distribution, with acceptable welds demonstrating 

50.3±0.5N strength while defective samples averaged only 

38.2±4.1N. The process capability analysis showed complete 

loss of control with CPL=-0.06. 

4.3 Bead Movement Restriction Analysis 

Surface roughness measurements of bearing seats provided 

crucial insights into the bead movement issues. 

Approximately 23% of samples exceeded the 10μm Rz 

specification limit, with distinct machining patterns showing a 

dominant wavelength of 0.2mm. Microscopic examination 

confirmed the presence of micro-burrs ranging from 15-40μm 

in height. Statistical analysis established a strong correlation 

between surface roughness and rotational resistance (r=0.76). 

The study also found that tool wear increased Rz values by 

217%, resulting in an unacceptable process capability index of 

Cpk=0.42. 

4.4 Implemented Improvement Solutions 

For the punching process, three key modifications were 

introduced. A hydraulic damping system reduced vibration 

amplitudes to 0.04mm, while high-precision linear guides 

with less than 0.03mm clearance replaced the existing 

positioning system. The punching frequency was optimized to 

95 strokes/minute to avoid resonant vibrations. The welding 

process underwent comprehensive enhancement through a 

multi-stage training program incorporating theoretical 

instruction, VR simulations, and hands-on practice. Digital 

pressure control systems were installed to maintain 

fluctuations within ±2N, and laser guidance devices ensured 

proper tool positioning. 

The bead surface quality improvement program featured 

diamond-coated cutting tools that consistently achieved 

Rz≤6μm surface finishes. An additional honing process was 

implemented to eliminate micro-burrs, supported by a tool life 

management system that prevented excessive wear. These 

mechanical improvements were complemented by a three-tier 

quality control system featuring 100% online inspection of 

critical dimensions, AQL=0.65 sampling checks, and monthly 

process capability audits. 

4.5 Implementation Results and Process Control 

The implemented solutions yielded significant quality 

improvements across all identified problem areas. The 

punching position process capability increased to Cpk=1.67, 

representing a 350% improvement from baseline. Welding 

strength consistency achieved CPL=1.13, transforming from 

an out-of-control to a capable process. Most impressively, the 

bead movement restriction issue showed a 92% reduction in 

defect rates. Continuous monitoring through the enhanced 

quality control system ensured sustained performance, with 

real-time data collection enabling prompt corrective actions 

when required. The success of this implementation 

demonstrates how systematic problem analysis coupled with 

targeted engineering solutions can dramatically improve 

manufacturing quality in SME environments. 

5. Verification of Improvement Results 
5.1 Punching Process Verification 

The implementation of vibration damping solutions yielded 

statistically significant improvements in punching accuracy. 

Post-improvement measurements demonstrated a remarkable 

reduction in positional deviation, with the standard deviation 

decreasing from 0.03cm to 0.008cm. Process capability 
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analysis revealed that the Cpk index improved from 0.37 to 

1.67, indicating that 99.98% of produced parts now fall within 

specification limits. A controlled production run of 5,000 

units showed only 2 instances of non-conforming punching 

positions, achieving a defect rate of 0.04% compared to the 

previous 5.7%. 

Statistical analysis confirmed the stability of the improved 

process through X-bar R control charts, which showed all data 

points falling within control limits with no discernible patterns 

or trends. The vibration amplitude reduction to 0.04mm was 

maintained consistently throughout the verification period, 

with FFT spectrum analysis confirming the elimination of the 

82Hz resonant frequency that previously caused quality 

issues. 

5.2 Welding Quality Validation 

The enhanced welding process demonstrated substantial 

improvements in joint consistency and strength. Tensile 

testing of 200 randomly selected samples showed a narrow 

distribution of weld strengths between 49.8N and 51.2N, with 

all values exceeding the 50N requirement. This represented a 

31% reduction in strength variation compared to pre-

improvement conditions. The process capability index for 

welding strength improved from an unacceptable CPL=-0.06 

to a more than capable CPL=1.13. 

Operator performance metrics showed particular improvement 

among junior staff, with defect rates for employees with less 

than six months of experience decreasing from 68% to just 

4.2%. The digital pressure control system maintained welding 

pressure within ±1.5N of the target value, a tenfold 

improvement over the previous ±15N variation. These 

improvements were sustained throughout a 30-day production 

period, with daily sampling confirming consistent 

performance. 

5.3 Bead Movement Performance 

Surface roughness measurements taken after process 

improvements showed remarkable consistency, with Rz 

values consistently between 4.2μm and 6.8μm across all tested 

samples. This represented a 92% reduction in surface 

roughness variation compared to baseline measurements. 

Functional testing of 1,000 assembled units showed complete 

elimination of restricted bead movement issues, with all test 

specimens demonstrating smooth, unrestricted rotation. 

The upgraded tooling system demonstrated excellent 

durability, maintaining required surface finish specifications 

for 8,000 cycles before requiring replacement - a 400% 

improvement over previous tool life. Process capability 

analysis showed the Rz parameter achieving Cpk=1.39, 

comfortably exceeding the minimum requirement of 1.33. 

Energy consumption measurements revealed an additional 

benefit, with the optimized process requiring 18% less power 

per unit produced due to reduced friction in the bearing 

system. 

5.4 Overall Quality Impact 

The collective improvements resulted in substantial quality 

and productivity gains across the entire production line. First-

pass yield increased from 82.4% to 98.7%, while the overall 

defect rate decreased from 15% to 0.9%. Customer return 

rates for quality issues dropped by 94% in the six months 

following implementation. An unexpected benefit emerged in 

production efficiency, with cycle time decreasing by 12% due 

to reduced rework requirements and smoother process flow. 

Financial analysis revealed that the improvement program 

achieved a return on investment within 5.3 months, 

considering both quality cost savings and increased 

production throughput. Most importantly, follow-up audits 

conducted three and six months post-implementation 

confirmed the sustained effectiveness of all improvements, 

with no regression to previous quality levels observed. 

6. Conclusion and Future Perspectives 
6.1 Research Summary 

This study successfully demonstrated the effectiveness of the 

DMAIC methodology in addressing critical quality issues in 

Product B manufacturing. Through systematic implementation 

of Six Sigma principles, significant improvements were 

achieved across all targeted quality parameters. The punching 

position accuracy improved by 350% (Cpk 0.37 to 1.67), 

welding consistency reached a capable level (CPL -0.06 to 

1.13), and bead movement issues were virtually eliminated 

with a 92% defect reduction. These quantitative results 

validate the hypothesis that structured quality improvement 

methods can deliver transformative results even in resource-

constrained SME environments. 

The research contributes to quality management practice by 

providing a verified case study of DMAIC implementation in 

custom metal component manufacturing. The success factors 

identified - including the combination of engineering 

solutions (vibration damping fixtures) with human factors 

interventions (structured training programs) - offer valuable 

insights for similar manufacturing operations. The project also 

established that sustainable quality improvements require both 

technical modifications and robust process control systems, as 

evidenced by the lasting results observed in follow-up audits. 

6.2 Practical Implications 

The demonstrated improvements translate to tangible business 

benefits for HW Company. The 94% reduction in quality-

related customer returns significantly enhances brand 

reputation in competitive markets. Production efficiency gains 

of 12% combined with quality cost reductions have improved 

gross margins by approximately 8 percentage points. Perhaps 

most importantly, the project established an organizational 

culture of data-driven decision making, with quality metrics 

now integrated into daily management reviews at all levels. 

For the broader manufacturing community, this case provides 

several implementation insights: 

1. The importance of balancing high-tech solutions 

(laser positioning systems) with basic quality 

discipline (standardized work instructions) 

2. The value of investing in operator skills 

development alongside equipment upgrades 
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3. The necessity of maintaining rigorous measurement 

systems to sustain improvements 

6.3 Limitations and Future Research 

While demonstrating significant success, this study has 

several limitations that suggest directions for future research. 

The single-site case study design limits generalizability, 

suggesting the need for multi-plant validation studies. The 12-

month follow-up period, while showing sustained results, 

cannot predict long-term performance degradation. 

Additionally, the cost-benefit analysis didn't fully account for 

organizational learning curve effects. 

Future research should explore: 

1. Integration of Industry 4.0 technologies (IoT 

sensors, machine learning) with traditional DMAIC 

approaches 

2. Development of simplified Six Sigma tools 

specifically for SME resource constraints 

3. Longitudinal studies measuring the cultural 

transformation impact of quality initiatives 

4. Economic modeling of quality improvement ROI 

under varying market conditions 

The demonstrated success of this project positions HW 

Company favorably for pursuing more advanced quality 

methodologies, potentially including Design for Six Sigma 

(DFSS) for new product development. The established 

measurement systems and process discipline also create a 

foundation for pursuing operational excellence certifications 

such as IATF 16949. Ultimately, this research demonstrates 

that systematic quality improvement remains a powerful 

driver of manufacturing competitiveness, regardless of 

company size or resource levels. 
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