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This article presents the results of research related to measurement system improvement 

in the manufacturing process of part box 2ph (luggage box on a motorbike). The research 

used an integrated approach of Failure Mode and Effect Analysis (FMEA) and 

Measurement System Analysis (MSA) to identify and address critical measurement 

failures. Begin by identifying potential failure modes in the manufacturing process through 

FMEA, prioritizing high-risk failure modes, and then align these with critical 

measurements for subsequent evaluation. Implement MSA on the identified critical 

measurements, ensuring the measurement system's reliability and precision, and use the 

integrated results to guide corrective actions and improvements, creating a synchronized 

approach to enhance overall process quality. The limitation of integrating FMEA and MSA 

that focuses only on measurement involves limitations in addressing non-measurement 

aspects of potential failures, such as design issues, overall process variability, and 

qualitative aspects, so it may not provide a holistic picture related to the risk of failure in 

manufacturing processes. Key findings showed that errors in the measuring instruments, 

recorded on the measurement check sheets, were the focal point of urgent improvement. 

Root cause analysis implicated factors such as errors at the start of the project and lack of 

confirmation from the measurement department. In response, key initiatives involved full 

calibration of measuring instruments, control of the calibration schedule, appraiser training 

for consistency of skills and perceptions, and additional operators in quality checking and 

diameter sizing to reduce workload. Prior to improvement, MSA analysis revealed a 

significant level of uncertainty, with the Gage Repeatability and Reproducibility (GRR) 

value reaching 76.90%. Implementation of the improvements resulted in a dramatic 

reduction of GRR to 8.97%, signaling a positive transformation of the measurement 

system. The previously unacceptable system became reliable, with Number of Distinct 

Categories (ndc) values reaching 15, indicating consistency in providing information 

related to process changes. The results of this study provide valuable insights for further 

development in the manufacturing industry. By focusing on improvement strategies 

involving strengthening the calibration of measuring instruments, training appraisers, and 

adding operators, significant improvements in measurement quality and consistency can 

be achieved. The implications of these findings create a foundation for a proactive, data-

driven approach to addressing and preventing measurement failures in manufacturing 

processes.   
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1. INTRODUCTION

In the dynamic landscape of the manufacturing industry, 

where product quality is paramount for customer satisfaction 

and sustaining competitiveness [1-5], the precision of 

measurements emerges as a pivotal factor [6-9]. However, the 

occurrence of measurement failures poses a formidable 

challenge, impacting production outcomes [6, 10-13]. 

Manufacturers of automotive parts also feel this measurement 

failure. This challenge extends to manufacturers of automotive 

parts, including the measurement failures observed in part box 

2ph, thereby prompting this investigation. In this context, this 

study aims to investigate and address the problem of 

measurement failure on part box 2ph in the manufacturing 

industry. This study will analyse the causes of measurement 

failure, evaluate the associated risks, and propose solutions to 

make practical improvements. 

These problems encountered in measuring part box 2ph can 

significantly impact the product's overall quality. 

Measurement failures can lead to incorrect assessment of part 

characteristics, resulting in defective products, increased 

production costs, and loss of customer trust [6, 14-16]. 

Therefore, it is essential to identify the root causes of 

measurement failure and develop effective strategies to reduce 
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these risks [17-21]. This study uniquely integrates Failure 

Mode and Effect Analysis (FMEA) for prioritizing potential 

measurement failures and Measurement System Analysis 

(MSA) for evaluating and correcting measurement 

uncertainties. In this study, the Failure Mode and Effect 

Analysis (FMEA) approach will be used to analyse and 

prioritize potential measurement failures [22], as well as 

Measurement System Analysis (MSA) to evaluate and correct 

measurement uncertainties. 

While prior research has offered valuable insights into 

measurement and quality within the manufacturing industry, 

various studies have identified critical factors contributing to 

measurement failures, encompassing issues such as equipment 

uncertainty, improper measurement methods, and human error 

[6, 11, 12, 23]. For instance, an examination of the resistance 

spot welding process emphasized the significance of selecting 

appropriate measuring instruments. The study employed 

multivariate repeatability and reproducibility analysis, 

revealing that measurements conducted by an image analyzer 

exhibited superior precision and lower variability compared to 

conventional mechanical instruments. This underscores the 

importance of careful instrument selection for accurate and 

consistent results in welding processes. 

Similarly, another study proposed a procedure for 

evaluating measurement systems through gauge repeatability 

and reproducibility (GRR). Focusing on the performance 

assessment of mini-CNC lathe machines, the study utilized 

average and range analysis as well as analysis of variance 

(ANOVA) methods. The results demonstrated significant 

effects of both the part and the interaction between the part and 

the machine on measured values. The study confirmed that the 

proposed Measurement System Analysis (MSA) can 

effectively evaluate machine performance, contributing to the 

maintenance of product quality. 

Additionally, addressing quality measurement issues in the 

manufacturing industry, a study investigated the internal 

acceptance but external rejection of products due to potential 

quality control (QC) checking errors [12]. By applying MSA, 

the research aimed to identify causes of discrepancies and 

provide solutions related to people, tools, or supporting factors 

in the measurement process. The findings of this study can 

assist companies in enhancing their measurement practices, 

ensuring more effective, efficient, and consistent 

measurements, and improving overall quality control. 

In the automotive industry, where the failure of the 

measurement process can have significant consequences for 

product quality and customer satisfaction [24], these insights 

from previous studies collectively underscore the critical 

importance of robust measurement practices. However, 

synthesizing these findings, this study aims to address the 

specific gap in literature regarding measurement failures in 

part box 2ph manufacturing, employing an integrated 

approach of Failure Mode and Effect Analysis (FMEA) and 

Measurement System Analysis (MSA). This unique synthesis 

forms the basis for a comprehensive investigation into the 

causes, risks, and practical solutions for measurement failures 

in the specified context. 

Measurement system analysis (MSA) is a fundamental tool 

for assessing the reliability and effectiveness of measurement 

systems in various industrial processes. The reviewed papers 

underscored the significance of MSA in the welding, 

manufacturing, and automotive industries. The findings 

emphasize the importance of selecting appropriate measuring 

instruments, evaluating machine performance, identifying 

measurement-related issues, and implementing improvements 

to ensure accurate and reliable measurements. Implementing 

MSA techniques can lead to enhanced product quality, 

increased customer satisfaction, and improved process 

efficiency in industrial settings. Future research should 

explore and refine MSA methodologies to address 

measurement challenges in diverse industries. In addition, 

previous research contributions have also proposed solutions 

such as FMEA and MSA to address quality and measurement 

issues.  

The novelty of this study lies in the integration between 

FMEA and MSA in dealing with measurement failures on the 

Part Box 2ph. Research has objectives: 

1. Conduct Comprehensive Risk Assessment: Identify

and assess potential risks contributing to measurement

failures in the manufacturing process of part box 2ph,

including but not limited to equipment uncertainty,

measurement methods, and human errors.

2. Implement Targeted Risk Mitigation: Develop and

deploy strategic interventions based on the findings of

the risk assessment, aiming to mitigate identified risks

and specifically address factors influencing

measurement failures in part box 2ph manufacturing.

3. Evaluate Integrated FMEA and MSA Impact: Assess

the effectiveness of the integrated approach involving

Failure Mode and Effect Analysis (FMEA) and

Measurement System Analysis (MSA) in reducing

measurement failures, with a focus on enhancing

measurement quality and reliability for part box 2ph.

Through risk assessment and risk purging, this research is 

expected to improve measurement quality and reduce the 

failure of part box 2ph in the manufacturing industry. This 

study's most important research contribution is integrating the 

FMEA and MSA approaches in dealing with failure 

measurements on part box 2ph. By conducting a risk analysis 

and evaluating measurement uncertainty, this study will 

provide a deeper understanding of the causes of measurement 

failure and appropriate recommendations for improvement. 

The manufacturing industry can use the results of this study to 

improve the effectiveness of measurement and overall product 

quality.  

2. RESEARCH METHOD

2.1 Research design 

Figure 1. Part box 2ph 
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The research object in this study is automotive parts, 

specifically part box 2ph (Figure 1) in the manufacturing 

industry. The selection of this part is based on its significance 

in the production process, where measurement failure can have 

a major impact on the overall product quality [1, 5, 8, 13, 14, 

25]. These parts were selected to understand and address the 

measurement failure issues that may occur during the 

production process. 

 

2.2 Data and sample 

 

In the execution of FMEA and MSA analyses, meticulous 

sample selection is imperative to ensure the representativeness 

and validity of the results. The criteria guiding sample 

selection are designed to align with the known causes of 

measurement failure in the automotive parts manufacturing 

industry. 

The selection of automotive parts samples is based on a 

thoughtful consideration of various characteristics that have 

been identified as potential contributors to measurement 

failures. The rationale for these specific criteria, drawing from 

the known causes of measurement failure, includes: 

a. Dimensional Variation: Parts with varying dimensional 

characteristics are included to account for potential 

errors stemming from imprecise measurements related to 

size variations, a known factor influencing measurement 

failures in the industry. 

b. Level of Complexity: Parts with differing levels of 

complexity are incorporated to address the challenges 

posed by intricate designs and features, acknowledging 

that complex components may introduce additional 

sources of measurement error. 

c. Frequency of Use in Production: Parts selected based on 

their frequency of use in production aim to capture 

variations that may arise in routine manufacturing 

processes, reflecting real-world scenarios where certain 

components may be more susceptible to measurement 

failures. 

Additionally, following the guidelines outlined in the 

Measurement System Analysis Reference Manual Fourth 

Edition by General Motors [26], sample selection incorporates 

the use of constants k1, k2, and k3 to further enhance the 

methodological rigor. These constants contribute to a more 

systematic and standardized approach in selecting samples for 

analysis. 

 

 
 

Figure 2. Technical drawing of part box 2ph (top view) 

 
 

Figure 3. Technical drawing of part box 2ph (side view) 

 

Data collection involved three appraisers conducting three 

replications for each of the ten parts in point 1 of Part Box 2ph, 

as illustrated in Figure 2 and Figure 3. This comprehensive 

approach to sample selection is designed not only to comply 

with established guidelines but also to align with industry-

specific challenges, ensuring the relevance and applicability of 

the results to the known causes of measurement failure in the 

automotive parts manufacturing context. 

 

2.3 Research process 

 

FMEA Implementation Steps 

1. Identify the Process and FMEA Team [19, 27] 

Define the scope and members of the multidisciplinary team 

involved in the FMEA analysis. Identify the measurement 

process on part box 2ph. 

2. Identify Potential Failure Modes [27, 28] 

The FMEA team identifies potential failure modes that 

could occur during the measurement process. Failure modes 

may include equipment uncertainty, inappropriate 

measurement methods, or human factors. 

3. Severity, Occurrence, and Detection Assessment 

Calculate the Risk Priority Number (RPN) value for each 

failure mode by combining impact, likelihood, and detection. 

Prioritise failure modes based on the highest RPN value. For 

the case of this SME, severity (Table 1), occurrence (Table 2), 

and detection (Table 3) have been determined from the 

company. 

4. Corrective Action 

Implement corrective actions based on the RPN 

prioritisation. These actions may involve equipment 

improvements, personnel training, or changes in measurement 

methods. 

 

Table 1. Scale number of severity 

 
Scale Effect Criteria: Severity of Effect 

5 
Catastrophic - 

Critical 

Critical impact on measurement 

accuracy leading to severe 

consequences (RPN 101-200) 

4 
Major - 

Significant 

Significant impact on measurement 

accuracy with noticeable 

consequences (RPN 51-100) 

3 
Moderate - 

Important 

Moderate impact on measurement 

accuracy with manageable 

consequences (RPN 26-50) 

2 
Minor - Minor 

impact 

Minor impact on measurement 

accuracy with minimal 

consequences (RPN 11-25) 

1 

Negligible - 

Negligible 

impact 

Negligible impact on measurement 

accuracy with no consequences 

(RPN 1-10) 
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Table 2. Scale number of occurrence 

 

Scale Effect 
Criteria: Occurrence of 

Effect 

5 
Very High - Almost 

Certain 

Failure is almost certain to 

occur (O 8-10) 

4 High - Likely 
Failure is likely to occur  

(O 5-7) 

3 
Moderate - 

Occasional 

Failure may occur occasionally 

(O 3-4) 

2 Low -Rare Failure is rare (O 2) 

1 
Very Low - Almost 

Never 
Failure is almost never (O 1) 

 

Table 3. Scale number of detection 

 
Scale Effect Criteria: Detection of Effect 

5 
Very Difficult - 

Almost Impossible 

Very difficult to detect the failure 

and take corrective action before 

it occurs (D 8-10) 

4 
Difficult - 

Challenging 

Difficult to detect the failure and 

take corrective action before it 

occurs (D 5-7) 

3 

Moderate - 

Possible but 

Challenging 

Moderate ability to detect the 

failure and take corrective action 

before it occurs (D 3-4) 

2 Easy - Likely 

Easy to detect the failure and take 

corrective action before it occurs 

(D 2) 

1 
Very Easy - 

Almost Certain 

Very easy to detect the failure and 

take corrective action before it 

occurs (D 1) 

 

MSA Analysis Stages 

1. Data Preparation and Collection 

Collect measurement data from a sample of part box 2ph. 

Ensure that the data includes significant variation. This study 

did not include further discussion of the potential influence of 

external variables that might affect the results. This includes 

factors such as changes in temperature, humidity, or other 

variability in the production environment that could affect the 

precision of the measurements, so this is also a limitation of 

this study. 

2. Repeatability and Reproducibility (GRR) Analysis 

Use the GRR technique to evaluate the extent to which 

measurements can be repeated (repeatability) and the extent to 

which results are consistent between measurers 

(reproducibility). Calculate the GRR value to assess the 

performance of the measurement system. 

3. Use of Specialised Software for MSA 

Implement the MSA analysis with the help of specialised 

software, such as Minitab® Statistical Software. Use the GRR 

formula mentioned in the draft to calculate the GRR, EV, AV, 

PV, and TV values. The calculation formula used is based on 

the following Eqs. (1)-(7): 

 

Repeatability - Equipment Variation (EV): 

 

𝐸𝑉 = �̿� 𝑥 𝐾1 (1) 

 

Reproducibility – Appraiser Variation (AV): 

 

𝐴𝑉 =  √(�̅�𝐷𝐼𝐹𝐹 × 𝐾2) − (𝐸𝑉2/(𝑛𝑟)) (2) 

 

where, n = sample of parts, r = trials. 

Repeatability & Reproducibility (GRR):  

 

𝐺𝑅𝑅 =  √𝐸𝑉2 + 𝐴𝑉2  (3) 

 

Part Variation (PV): 

 

𝑃𝑉 =  𝑅𝑝 x 𝐾3 (4) 

 

Total Variation (TV): 

 

𝑇𝑉 =  √𝐺𝑅𝑅2 +  𝑃𝑉2 (5) 

 

%Total Variation (TV): 

 

%𝐸𝑉 = 100[𝐸𝑉/𝑇𝑉] 

%𝐴𝑉 = 100[𝐴𝑉/𝑇𝑉] 

%𝐺𝑅𝑅 = 100[𝐺𝑅𝑅/𝑇𝑉] 

%𝑃𝑉 = 100[𝑃𝑉/𝑇𝑉] 

(6) 

 

𝑛𝑑𝑐 = 1.41(𝑃𝑉/𝐺𝑅𝑅) (7) 

 

4. Interpretation of Analysis Results 

Evaluate the results of the MSA analysis to determine 

whether the measurement system can provide reliable results. 

If the %GRR and ndc values meet the criteria in Table 4, the 

system is considered acceptable. Otherwise, identify the cause 

of the uncertainty and make the necessary improvements. 

Referring to the results of the improvement, if the variation 

decreases, it is necessary to control the MSA which needs to 

be measured at least once every three months. 

 

Table 4. Border value of %GRR and ndc [6] 

 
Value Description 

%GRR < 

10% 

Acceptable measuring system. The measuring 

system provides reliable information about 

process changes. 

10% 

< %GRR < 

30% 

Conditionally acceptable measurement system. It 

can be used for several applications. 

%GRR > 

30% 

Unacceptable measurement system. The 

measuring system does not provide reliable 

information about process changes. 

ndc ≥ 5 

Acceptable measuring system. The measuring 

system provides reliable information about 

process changes. 

2 ≤ ndc ≤ 4 

Generally unacceptable for estimating process 

parameters and indices since it only provides 

coarse estimates. Rejected measurement 

equipment - more sensitive equipment needs to 

be used. 

ndc = 1 

Unacceptable measurement system. The 

measuring system does not provide reliable 

information about process changes. 

 

 

3. RESULT AND DISCUSSION  
 

3.1 FMEA and MSA integration implementation 

 

The integration of Failure Mode and Effect Analysis 

(FMEA) and Measurement System Analysis (MSA) proved to 

be a pivotal approach in addressing and rectifying 

measurement failures within the part box 2ph manufacturing 

process. This integration aimed at systematically identifying 
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potential failure modes, assessing their impact on the 

measurement process, and implementing robust corrective 

actions using the insights derived from MSA. The following 

outlines the key steps and outcomes of this integrated approach: 

 

3.1.1 Identification of failure modes and prioritization through 

FMEA 

a. Fishbone Analysis (Figure 4): Employed a Fishbone 

Diagram to categorize failure modes into method, 

machine, and human factors, identifying three primary 

influencers on measurement discrepancies. Based on the 

Fishbone Diagram, there are 3 factors that influence the 

problem of differences in measurement results, namely 

the method, machine, and man factors. After analysing the 

causes of failure using a causal diagram continuing to 

determine the severity, occurrence, and detection values 

determined by related parties such as group leaders, 

leaders, and part measurement operators.  

b. Severity, Occurrence, and Detection Assessment: Engaged 

relevant stakeholders to determine severity, occurrence, 

and detection values for each failure mode. Based on 

observations made in the field and brainstorming to 

determine values for severity, occurrence, and detection 

regarding Table 5. 

c. Risk Priority Number (RPN) Calculation: Computed RPN 

for each failure mode, highlighting the non-conformance 

of the measuring instrument on the measurement check 

sheet as the most critical issue with an RPN of 245. In this 

case RPN 245, so it falls into the critical category. 

 

 
 

Figure 4. Fishbone of measurement failures 

 

Table 5. Assessment results of severity, occurrence, detection 

 

Process 
Type of 

Defect 
Problem S O D RPN 

Recommendation 

Action 
Action Plan 

Measurement 

of part box 

2ph 

The 

difference in 

measurement 

results 

Non-

conformance 

of measuring 

instruments 

listed on the 

measurement 

check sheet 

Error at 

start of 

new 

project 

There is no 

confirmation 

to the 

measurement 

department 

5 7 7 245 

Perform testing 

using the MSA 

method 

Testing with 

3 appraisers, 

10 products 

and 3 times 

replication 

Measuring 

instrument has 

not been 

calibrated 

There is 

no 

calibration 

schedule 

yet 

The recap of 

the 

calibration 

schedule has 

not been 

carried out 

yet 

2 3 3 18 

Designate a PIC to 

recap the 

calibration 

schedule 

The 

calibration 

schedule was 

recorded by 

the PIC 

Lack of 

training for 

appraisers 

There is 

no fixed 

schedule 

for 

training 

There is no 

training 

policy yet 

4 4 5 80 

Submitting 

training to the 

company 

Training 

scheduling is 

carried out in 

the 

measurement 

process 

Operators lack 

concentration 

Unhealthy 

body 

condition 

Too many 

parts 

measured on 

a single 

operator 

2 4 3 24 

Operators are 

added for 

measurements 

Add 

operators as 

needed in the 

measurement 

section 
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3.1.2 MSA implementation for critical failure mode 

a. Selection of Measurement System Analysis (MSA) 

Method: Opted for the MSA method to assess and validate 

the measurement process for the critical failure e mode 

identified.   

b. Testing Parameters: Conducted testing using MSA with 

three appraisers, ten products, and three replications, 

focusing on the non-conformance of the measuring 

instrument on the measurement check sheet. 

c. Data Collection: Utilized a caliper measuring instrument 

on ten part box 2ph, capturing measurements from three 

appraisers and three replications (Table 6). 

 

Table 6. Measurement data before improvement 

 

Appraiser Trial 
Parts 

1 2 3 4 5 6 7 8 9 10 

1 

1 9.940 9.810 9.890 9.790 10.200 9.950 9.870 9.790 9.850 9.870 

2 9.900 9.890 9.980 9.780 10.300 10.100 9.860 9.780 9.970 9.850 

3 10.200 9.870 9.970 9.800 9.820 9.900 10.100 9.800 9.870 9.820 

2 

1 9.960 10.320 9.970 9.790 10.200 9.980 9.860 9.780 9.880 9.850 

2 9.970 9.980 9.950 9.810 10.300 10.200 9.850 9.810 9.860 9.830 

3 9.960 10.300 10.250 9.830 9.900 9.800 9.810 9.790 9.830 9.810 

3 

1 9.960 9.790 9.970 9.780 10.200 9.980 9.860 9.780 9.880 9.850 

2 9.970 9.800 9.950 9.810 10.110 10.000 9.850 9.810 9.930 9.830 

3 9.960 9.870 9.970 9.800 9.900 9.930 9.970 9.860 9.870 9.820 

 

3.1.3 Analysis of Measurement System before improvement 

a. Calculation of Variation Metrics: Evaluated the 

measurement process using statistical tools, including 

Equipment Variation (EV), Appraiser Variation (AV), 

Gage Repeatability and Reproducibility (GRR), Part 

Variation (PV), and Total Variation (TV). Based on the 

measurement results in Table 6, the obtained data is 

processed by calculating the Equipment Variation (EV), 

Appraiser Variation (AV), Repeatability and 

Reproducibility (GRR), Part Variation (PV), and Total 

Variation (TV) values (Table 7). The results from GR&R 

analysis of 2ph box part can be seen in Figure 5. 

b. ndc Assessment: Determined the ndc value, indicating an 

unacceptable measurement system with a ndc value of 1. 

 

Table 7. GR&R study of 2ph box part diameters for measurement evaluation before improvement 

 

Source VarComp %Contribution (of VarComp) StdDev (SD) %Study Var (%SV) Number of Distinct Categories (ndc) 

Total Gage R&R 0.0118641 59.14 0.108922 76.90 

1 

Repeatability 0.0117144 58.39 0.108233 76.41 

Reproducibility 0.0001496 0.75 0.012232 8.64 

Operators 0.0001496 0.75 0.012232 8.64 

Part-To-Part 0.0081981 40.86 0.090543 63.92 

Total Variation 0.0200622 100.00 0.141641 100.00 

 

 
 

Figure 5. Results from GR&R analysis of 2ph box part diameters for measurement evaluation before improvement 
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Under the initial conditions, the GR&R analysis results 

showed that repeatability was 76.41%, indicating that the 

variation in measurement on repetition influenced by the 

measuring instrument was significant. On the other hand, 

reproducibility was only 8.64%, indicating that the operator's 

influence on repeatability was not significant. 

However, the total GR&R result of 76.90%, exceeding the 

pre-set value limit, indicates that the measurement system is 

not acceptable. The ndc analysis with a value of 1 makes it 

clear that the system does not provide consistent information 

regarding process changes. Besides that, when the number of 

distinct categories is less than 2, the measurement system is of 

no value for controlling the process, because it cannot 

distinguish between parts. 

From an ANOVA perspective, the GR&R percentage was 

59.14%, with a part-to-part contribution of 40.86%. Although 

most of the variation is due to repeatability and reproducibility, 

the total contribution of GR&R exceeding 30% indicates that 

the operator's measurement process is not an acceptable 

system and is unable to distinguish differences in diameter 

between different parts. 

Figure 4 provides an overview of the variance components 

and standard deviations, showing that most of the variation is 

due to differences in measurement tools or instruments and 

between parts. Although most of the points on the X-bar chart 

are within the control limits, indicating that the measurement 

variation is mainly due to tool and part differences, the main 

effect and interaction plots in Figure 5 confirm significant 

variation due to part and operator. 

From these results, improvement of the measurement 

system is essential. Further evaluation and implementation of 

changes to the measurement system are required to reduce the 

variability and improve the system's ability to provide 

consistent and reliable information regarding the diameter 

measurement of part box 2ph. 

 

3.2 Analyse results 

 

3.2.1 Identification and implementation of improvement 

strategies 

a. Key Improvement Initiatives: Prioritized the 

implementation of testing using the MSA method as the 

primary improvement initiative to address the critical 

failure mode. Based on the results that have been 

determined in this study, an improvement was made in the 

measurement process. The improvement aims to decrease 

the R&R gauge value in the measurement process.  

In order to improve the quality and consistency of the 

measurement system, several key improvement initiatives 

can be implemented. Firstly, a critical step that needs to 

be taken is to conduct a full calibration of measuring 

instruments and establish a strict calibration schedule. 

This step will ensure that all measuring instruments are in 

optimal condition and provide accurate results. Regular 

periodic calibration will also help detect changes in gauge 

performance early on, minimising the risk of variations 

caused by tool changes. 

In addition, training of appraisers is an important aspect. 

This training aims to equalise skills and perceptions 

between appraisers, ensuring that they have a uniform 

understanding of measurement procedures. With 

improved skills and shared understanding, variability in 

measurement caused by individual differences can be 

minimised. 

The addition of operators in quality checking and 

diameter sizing is also a strategic initiative. By increasing 

the number of operators, the workload can be shared more 

efficiently, preventing fatigue that can affect 

measurement accuracy. Diversifying operators also opens 

up opportunities to gain a variety of views and 

experiences, which can enrich perspectives in assessing 

quality and diameter size. 

In addition, increased transparency and documentation in 

calibration processes and training can help create a strong 

track record. This improvement not only supports 

compliance with quality standards but also provides a 

solid basis for continuous evaluation and improvement. 

Comprehensive implementation of these initiatives is 

expected to bring significant improvements to the 

measurement system, reduce variability, and increase the 

accuracy of diameter measurements on part box 2ph. 

b. Validation Through Testing: Conducted post-

improvement testing by refining the measurement process. 

The process of validation through testing is a crucial step 

in the integrated approach of Failure Mode and Effect 

Analysis (FMEA) and Measurement System Analysis 

(MSA). In the context of the part box 2ph manufacturing 

process, this step involves assessing and validating the 

proposed improvements by implementing the chosen 

MSA method after identifying the critical failure mode 

associated with the non-conformance of the measuring 

instrument. The data was generated after improvement 

and analysed again using MSA (Table 8). 

 

3.2.2 Analysis of Measurement System after improvement 

a. Post-Improvement MSA: Following the implementation of 

a series of improvements to the measurement system, 

post-improvement analysis showed a positive evolution 

in the system's overall performance. Improvements were 

made through three main initiatives, namely full 

calibration of measuring instruments and strict 

management of the calibration schedule, intensive 

training of appraisers to harmonise skills and perceptions, 

and the addition of operators in the quality and diameter 

checking process to reduce workload. 

One of the key changes was the implementation of 

comprehensive calibration of measuring instruments. 

This measure aims to ensure that all measuring 

instruments operate at the same level of accuracy and 

provide consistent results. Strict management of the 

calibration schedule also ensured that the gauges 

remained in top condition at all times. The post-repair 

results showed a significant improvement in 

repeatability. As such, this measure has made a positive 

contribution to measurement consistency. 

Intensive training of appraisers is a serious effort to 

ensure that every individual involved in the measurement 

process has uniform skills and perceptions. This 

improvement aims to reduce variability caused by 

individual differences in the interpretation and execution 

of measurements. Post-improvement results show that 

this improvement has been successful, with 

Reproducibility contributing less to total Gage R&R. 

Operators are now more uniform in their approach to 

measurement, improving the reliability and accuracy of 

results. 

The addition of operators in quality checking and 

diameter sizing has had a positive impact in levelling the 
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workload. This improvement not only reduces individual 

fatigue but also ensures that each measurement is 

focused and accurate. As such, post-repair results are 

expected to show a meaningful increase in the Number 

of Distinct Categories (ndc), confirming the system's 

ability to distinguish between different parts clearly. 

 

b. Evaluation Metrics: Based on the results of observations 

after improvements were made, measurement data were 

obtained by three operators with ten parts, and three 

replications were carried out. The MSA calculation using 

the average-range method yields a GRR of 8.97%; with 

this result, there is a decrease in the R&R gauge value, 

which was before it reached 76.90%. In addition, after 

the improvement, it can be concluded that the 

measurement system is acceptable based on the ndc. The 

repeatability and reproducibility values are 8.97% and 

0%. With this, it can be explained that the error variance 

caused by the measuring instrument is 8.97%, and the 

error variance caused by the operator and interaction is 

0%. Based on the ndc value, the results of the 

improvement can be concluded that the measuring 

system is acceptable. The ndc value of 15 indicates that 

the measuring system provides reliable information 

about process changes [6, 26, 29]. 

 

Based on the improvements made to the measurement 

system, the MSA analysis produced findings indicating a 

significant improvement in overall performance. After the 

improvements, the GR&R analysis results showed that the 

repeatability variability was 8.97%, indicating that the 

measuring device still influenced the variation in the 

measurement of repeatability. On the other hand, the 

reproducibility element showed a result of 0%, signalling that 

the operator's influence on repeatability was not significant. 

However, what is interesting is the total GR&R result of 

8.97% (Table 9), which indicates that the measurement system 

is acceptable. The ndc analysis with a value of 15 explains that 

the system can provide consistent information about process 

changes. 

From an ANOVA perspective, the GR&R percentage is 

0.81%, with a part-to-part contribution of 99.19% (Table 9). 

Although most of the variation is due to variation in parts, the 

total GR&R contribution being lower than 10% indicates that 

the operator measurement process is an acceptable system and 

is able to distinguish diameter differences between different 

parts. 

Figure 5 provides an overview of the variance components 

and standard deviations, which shows that most of the 

variation is due to differences between parts. Although most 

of the points on the Xbar diagram exceed the control limits, 

indicating that the measurement variation is mainly due to 

differences between parts, the main effect and interaction plots 

in Figure 6 confirm the significant variation due to differences 

between parts. 

Overall, the MSA results after refinement show that the 

refinement efforts have successfully improved measurement 

consistency and accuracy. Although there are still variations 

stemming from part differences, the improved measurement 

system is able to provide consistent and reliable information 

on changes in the production process. Continuous evaluation 

and monitoring of the system is necessary to ensure the 

continued effectiveness of the improvements that have been 

implemented.

 

 
 

Figure 6. Results from GR&R analysis of 2ph box part diameters for measurement evaluation after improvement 
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Table 8. Measurement data after improvement 

 

Appraiser Trial 
Parts 

1 2 3 4 5 6 7 8 9 10 

1 

1 9.910 9.870 9.870 9.790 10.120 9.950 10.120 9.790 9.850 10.210 

2 9.900 9.890 9.850 9.780 10.130 9.920 10.100 9.780 9.870 10.190 

3 9.900 9.870 9.870 9.800 10.120 9.930 10.100 9.800 9.870 10.190 

2 

1 9.910 9.890 9.870 9.780 10.120 9.950 10.120 9.780 9.880 10.210 

2 9.870 9.880 9.850 9.810 10.130 9.920 10.110 9.810 9.860 10.200 

3 9.880 9.870 9.870 9.800 10.130 9.940 10.110 9.800 9.870 10.190 

3 

1 9.850 9.910 9.860 9.790 10.120 9.960 10.110 9.810 9.860 10.220 

2 9.900 9.900 9.870 9.810 10.120 9.930 10.100 9.810 9.860 10.200 

3 9.860 9.860 9.880 9.780 10.110 9.940 10.100 9.800 9.870 10.200 

 

Table 9. GR&R study of 2ph box part diameters for measurement evaluation before improvement 

 

Source VarComp %Contribution (of VarComp) StdDev (SD) %Study Var (%SV) Number of Distinct Categories (ndc) 

Total Gage R&R 0.0001695 0.81 0.013021 8.97 

15 

Repeatability 0.0001695 0.81 0.013021 8.97 

Reproducibility 0.0000000 0.00 0.000000 0.00 

Operators 0.0000000 0.00 0.000000 0.00 

Part-To-Part 0.0208904 99.19 0.144535 99.60 

Total Variation 0.0210600 100.00 0.145120 100.00 

 

3.3 Discussion 

 

After a series of improvements and enhancements were 

applied to the measurement system, the results of the MSA 

analysis showed a positive development in the system's overall 

performance. These results provide confidence that the 

improved measurement system can be considered acceptable. 

This discussion addresses several key aspects that indicate that 

the measurement system, after the improvements, has reached 

the desired level of acceptability. Although, there are several 

potential factors that will affect the results further such as 

systematic error in the measuring instrument, the pattern of 

measurement sampling, and the measurement environment. 

 

3.3.1 Impairment of GR&R 

It is important to note that the results of the GR&R analysis 

showed a significant reduction in repeatability variability after 

the implementation of the improvements. Repeatability, which 

was 76.41% at baseline, was reduced to 8.97% after the 

improvement (Table 10). This statement indicates that the 

influence of the measuring instrument on measurement 

variation has been significantly minimised. This success can 

be attributed to improvement measures such as thorough 

calibration, strict calibration schedule management, and 

additional operators. 

 

Table 10. Comparison of GR&R Before and after 

improvement 

 
Component of 

Variation 

Before 

Improvement 

After 

Improvement 

Gage R&R 76.90% 8.97% 

Repeatability 76.41% 8.97% 

Reproducibility 8.64% 0.00% 

Part to Part 63.92% 99.60% 

 

3.3.2 Increased ndc 

The ndc analysis is a key indicator in evaluating the 

consistency of the measurement system. Before the 

improvement, ndc was 1, indicating that the system could not 

provide consistent information about process changes. 

However, after the implementation of the improvement, ndc 

increased to 15, reaching the generally accepted threshold. 

This result provides confidence that the measurement system 

is now capable of providing reliable and consistent 

information related to changes in the production process. 

 

3.3.3 Higher part-to-part contribution 

While there is still a significant part-to-part contribution to 

the measurement variability, the improvements that have been 

implemented successfully manage this contribution to within 

acceptable limits. The GR&R results show a part-to-part 

percentage of 99.19%, which, although high, does not hamper 

the system's ability to distinguish diameter differences 

between parts. The part-to-part variation shows that the system 

can capture variations in the product yield produced by the 

production process. In this case, the urgency of quality 

measurement has been resolved. However, further 

improvements can be made in the production process in order 

to obtain products in accordance with the specifications 

required by consumers. 

 

3.3.4 ANOVA analyses in support 

From an analysis of variance (ANOVA) perspective, the 

results show that the GR&R percentage after improvement is 

0.81%, with a part-to-part contribution of 99.19%. Although 

most of the variation still comes from part variation, the total 

GR&R contribution of less than 10% indicates that the current 

operator measurement process is acceptable and capable of 

distinguishing diameter differences between parts. 

 

3.3.5 Improved measurement consistency and reliability 

With the implementation of the improvements, 

measurement consistency and reliability improved 

significantly. This result can be seen from the decreased 

repeatability values and increased ndc values, confirming that 

the changes implemented to the measurement system have 

successfully overcome the main bottlenecks that cause 

instability and uncertainty in measurement results. 

By detailing these achievements, the measurement system 

after improvement can be considered acceptable. While there 

is still some degree of variation stemming from differences 

between sections, the consistent and reliable results of the 

51



 

current measurement system allow the company to gain a 

better understanding of changes in the production process. The 

impact of the improvements made resulted in a decrease in 

checking time on production and a decrease in the number of 

customer claims to the company by 80%. Continuous 

measures for monitoring and evaluation are still needed to 

ensure that the system remains effective in the long term. 

However, this study has not used sensitivity analysis to 

illustrate the extent to which a decision will be consistent 

despite changes in the parameters that affect it. 

 

 

4. CONCLUSION  

 

The research aims to improve the measurement system in 

the manufacturing process of part box 2ph (motorcycle 

panniers). This research uses an integrated approach of Failure 

Mode and Effect Analysis (FMEA) and Measurement System 

Analysis (MSA) to identify and address critical measurement 

failures. It starts by identifying potential failure modes in the 

manufacturing process through FMEA, prioritising high-risk 

failure modes and aligning them with critical measurements 

for subsequent evaluation and applying MSA. 

In this series of studies, the integration of Failure Mode and 

Effect Analysis (FMEA) and Measurement System Analysis 

(MSA) had a significant positive impact on the measurement 

process of part box 2ph. The critical finding of measuring 

instrument mismatch on the measurement check sheet, with a 

Risk Priority Number (RPN) of 245, underlined the urgency 

and importance of targeted improvement. Root cause analysis 

showed that this failure was closely related to errors at the start 

of a new project and a lack of confirmation from the 

measurement department. This root causes is taken from the 

results of the fishbone diagram which states that measurement 

failure is caused by three main factors namely man, machine 

and method. In addressing the recognised severity, the first 

project involving testing with the MSA method was identified 

as a strategic and high-impact initiative to address the 

underlying causes of measurement discrepancies. 

MSA analysis prior to improvement indicated a Gage 

Repeatability and Reproducibility (GRR) value of 76.90%, 

exceeding the acceptable threshold. Implementation of 

improvements that focused on full gauge calibration, 

controlling the calibration schedule, training appraisers to 

harmonise skills and perceptions, and adding operators to 

check quality and diameter size resulted in a notable reduction 

in the GRR value to 8.97%, which means that the 

measurement results are acceptable because GRR is less than 

10%. The significant reduction of 67.93% in the GRR value, 

together with the achievement of an acceptable ndc value of 

15, signalled the successful transformation of the previously 

unacceptable measurement system into a reliable and accurate 

system. As such, this significant change confirms the positive 

impact and effectiveness of the implemented improvements. 

Failure Mode and Effect Analysis (FMEA) and 

Measurement System Analysis (MSA) methods complement 

each other in the context of manufacturing process quality 

improvement. FMEA provides a proactive approach to 

identifying potential failures in processes, including those 

related to measurement, by assessing each failure's severity, 

occurrence, and detectability. Meanwhile, MSA specifically 

evaluates and improves the performance of measurement 

systems, ensuring that the data collected is accurate and 

consistent. The integration of the two becomes particularly 

effective when there are critical measurement-related failures, 

where FMEA can identify such failures, and MSA can guide 

the implementation of strategic fixes to improve the 

measurement system's performance. This combined approach 

provides a holistic framework for improving the reliability and 

accuracy of manufacturing processes with a focus on 

measurement quality. 

Overall, the findings provide important directions for 

continuous improvement in the manufacturing industry. By 

emphasising the aspects of full calibration of measuring 

instruments, controlling the calibration schedule, training 

appraisers, and adding operators, the risk of measurement 

failure can be reduced, and the measurement system can 

become more reliable and accurate. This approach contributes 

significantly to quality improvement and consistency in the 

manufacturing process. 
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