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This study explores the use of metrology in manufacturing, specifically 
for measuring rectangular part assemblies, aims to identify the critical-
to-quality (CTQ) variable features and evaluate repeatability of the 
measurement system when dealing with contact-based and non-
contact-based measuring method. This study provides a positive 
implication in improving industrial quality control, minimizing 
production mistakes, and giving practical approache for industry 
practitioners and academics. The findings are vital for enhancing 
industrial quality control by providing methods to reduce errors and 
optimise production processes. This paper offers practical guidance for 
industry professionals and academics alike, aiming to improve 
operational efficiency and ensure high-quality manufacturing. The 
potential economic benefits underscore the significance of these 
advancements in advancing manufacturing practices and contributing 
to overall economic growth. 
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1. Introduction 

This study focuses on the metrology of rectangular distances in wireless keyboards, emphasizing the repeatability 
and reproducibility of measurement systems. It identifies key quality parameters, appropriate equipment, and 
methodologies for assessing rectangular part assemblies. The findings will contribute to enhancing metrology 
practices and precision measurement skills, benefiting academic research and industrial applications. 

In the manufacturing industry, quality control of precision parts or components is strongly dependent on 
metrology and measurement methodology. The critical-to-quality (CTQ) features are inspected specifically to 
ensure the parts and components satisfy the required specifications and standards. For a new industrial 
practitioner, measuring CTQ features is a challenging task, and it requires in-depth knowledge of metrology. 
Inconsistent measurements, poor selection of measuring equipment, and lack of information about gauge 
repeatability and reproducibility will impair the inspection result. Based on the literature review of metrology 
studies, there is a lack of repeatability studies comparing contact-based and non-contact-based equipment when 
dealing with wireless keyboard manufacturing and quality control. Thus, this study aims to conduct such an 
analysis as a supportive knowledge contribution in this field. 
 

1.1 Metrology and Measurement 

Metrology is the science of measurement that ensures accuracy, precision, and consistency across industrial 
production. It involves creating and maintaining measurement standards, calibration, and verification, which are 
essential for ensuring the reliability of measurement systems. Tools like coordinate measuring machines (CMM) 



139 Research Progress in Mechanical and Manufacturing Engineering,  Vol. 6 No. 1 (2025) p. 138-146 

 

 

are widely used for precise dimensional analysis in sectors such as automotive, aerospace, and electronics. These 
instruments provide high-precision measurements, enabling quality control and enhancing manufacturing 
process. In industrial production, metrology supports in-process measurements and real-time feedback 
mechanisms, which improve the repeatability and reliability of measurements for components like rectangular 
assemblies in wireless keyboards. Advanced metrology systems, such as laser trackers and optical digitizers, are 
also used to measure complex geometries accurately, ensuring precise and consistent results in manufacturing 
processes [1, 2]. 

Rectangular components are widely used in manufacturing due to their simple shape and versatility across 
industries such as aerospace, automotive, and construction. In automotive production, sheet metal shaping and 
stamping are commonly used to create precise rectangular parts. Similarly, rectangular parts are integral in the 
electronics industry, with wireless keyboards being a key example. These keyboards, commonly used in 
computers and laptops, rely on rectangular components for their assembly, requiring accurate measurements for 
consistent performance and quality control in production [3]. Wireless keyboards allow for more flexible device 
use but come with security risks due to potential radio-frequency leakage. These keyboards, which consist of 
various keys for typing and input, are designed to provide convenience and efficiency for users. The design and 
production of wireless keyboards involve precise measurement of rectangular components to ensure proper 
functionality and user experience. Accurate dimensional measurements of these parts are critical for quality 
control and repeatability in the manufacturing process [4]. 

Metrology for rectangular parts involves precise measurements to ensure accuracy in manufacturing 
processes, particularly when working with components such as those used in wireless keyboards. Linear 
dimensions can represent the feature shape of the rectangular component.   

Measurement System Analysis (MSA) is crucial in evaluating the consistency and accuracy of measurement 
systems in the manufacturing process, including in wireless keyboard production. It helps identify measurement 
variability, which can affect the overall process variability. MSA ensures that experiments, such as statistical 
process control or regression analyses, are based on reliable data and that measurements are reproducible. It 
detects errors from various sources, including part-to-part variation, gauge differences, and differences among 
evaluators, ensuring the reliability of the measurements used to assess the product's quality and consistency [6]. 
In production processes, MSA is essential for ensuring that measurement systems accurately reflect the quality of 
the product. Consistent and accurate measurement systems are necessary for assessing the parameters of the 
manufacturing process and ensuring that products meet quality standards. Variations in measurement can 
obscure key product deviations, so having a quality measurement system is critical for maintaining product 
functionality and appearance. The effectiveness of MSA directly influences customer satisfaction and profitability 
by improving the manufacturing process and ensuring quality control [7]. 

 

2. Methodology 

2.1 Process Flow Chart 

The metrology begins with selecting and understanding the product or component. The critical-to-quality (CTQ) 
parameters are then identified. Once the component was identified, 3D CAD modelling and drawing ballooning 
are carried out. Measurement was conducted using Flexible Measurement Machine (FMM) and Vertical Profile 
Projector (VPP). These steps involve planning and performing Gauge Repeatability and Reproducibility (GR&R) 
analysis. The last phase involves analyzing data and discussing GR&R to determine the measuring capability of 
the measuring equipment. Fig. 1 displays a flow chart. 

  

2.2 Selection Product 

This study involves metrology of rectangular distances (critical dimension) in a wireless keyboard such as length, 
width, and flatness, which are essential for product quality. SolidWorks software was used to create CAD model 
of the wireless keyboard and perform drawing ballooning to specify dimensions and tolerances (e.g., length, edge 
radius, width, and flatness). This process guarantees the wireless keyboard's quality, functionality, and ensuring 
it meets customer expectations and performance criteria. 
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2.3 Identifying Measuring Equipment 

Two measuring equipment were utilized to evaluate the GR&R analysis, as mentioned in Section 2.1. The VPP is 
capable to measure geometric and linear dimensions with high accuracy, and detecting small features like angle, 
with surface accuracy of 0.12% and enlargement accuracy of 0.08%. The FMM (small scale of coordinate 
measuring machine) is capable to assess the part quality manually, with measurements recorded and displayed 
on a screen. Both devices ensure precise and repeatable measurements, crucial for measuring the rectangular 
distances of the wireless keyboard. 

 
Fig 1: Process flow chart 

 
 

2.4 GR&R Acceptance Criteria                                                                                                           

The average range approach was used for the GR&R analysis. Three appraisers (quality inspectors A, B, C) were 
measured the wireless keyboard’s orientation multiple times in a random order to calculate the range and average 
range (R̅). The control limits (UCL and LCL) were determined based on the average range. Repeatability (EV) and 
reproducibility (AV) were calculated using standard equation, considering factors like appraiser differences and 
trials. The overall GR&R was calculated by combining repeatability and reproducibility. Additionally, process 
capability (Cp) analysis was performed to evaluate the measurement process competence, aiming for a Cp value 
of 1.33 or higher, which indicates an acceptable measurement range. 
 

𝑅̅ = 𝑀𝑎𝑥 − 𝑀𝑖𝑛 

𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡 (𝑈𝐶𝐿) =  𝐷4 ×  𝑅̅ 

𝐸𝑉 =  𝑅̅ ×  𝐾1 

𝐴𝑉 =  √(𝑋̅𝑑𝑖𝑓𝑓 ×  𝐾2)2 −
𝐸𝑉2

𝑛𝑟
 

𝑅&𝑅 =  √(𝐸𝑉)2 + (𝐴𝑉)2 

 

(1) 

(2) 

(3) 
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The Automotive Industry Action Group (AIAG) states that a % R&R under 10% indicates a good measuring system, 
while values between 10% and 30% may also be acceptable in certain situations. These criteria are shown in Table 
1 as follows. 
 

Table 1: GR&R acceptance criteria 
%R&R Decision Decision Comments 

Under 10 Generally considered to be an 
acceptable measurement 

This tool is highly recommended for sorting or 
classifying component, as well as for improving 
process control 

10 to 30 Maybe acceptable for some 
applications 

Consider the relevance of the application 
measurement, the cost of the measuring 
instrument, and the cost of rework or repair 
when making your decision. Customer approval 
is essential 

Over 30 Considered to be 
unacceptable 

Improving the measuring system should be a 
priority 

 
 

2.5 Minitab Software 

Minitab is the statistical process control programme utilised in this study to analyse our data. The researchers 
created Minitab, which uses statistics and data to optimise processes. It is used as a tool for quickly analysing 
research data and creating graphs. Experts use various methods, tactics, and data formats to identify process 
issues. To solve the problem, execute appropriate software modifications and monitor the situation. 

 
Fig 2: Minitab Software 

 

3. Results and Discussion 

3.1 Data Collection 

The data collection process involves careful measurement to ensure accuracy and repeatability. First, a Flexible 
Measuring Machine (FMM) was used to measure each component at nine different points, with three 
measurements taken at each point. The same procedure was followed using a Vertical Profile Projector. Both 
machines provided three sets of data for each component. This dual-method approach generated reliable data for 
analysis, ensuring accurate measurements and repeatable results. 

 

 

 



Research Progress in Mechanical and Manufacturing Engineering Vol. 6 No. 1 (2025) p. 138-146 142 

 

 

Table 2: Measurement data (in mm) 

 

 

3.2 Minitab Analysis 

Flexible Measuring Machine 

For Data Set 1 (X-axis) shown in Fig. 3, the 0.00% repeatability indicates no significant variation when the same 
operator measures the same point multiple times, demonstrating excellent measurement consistency. A low % 
Study Variance (0.33%) confirms minimal variation due to repeatability. Similarly, for Data Set 1 (Y-axis), the % 
Study Variance for repeatability is also low (0.44%), highlighting minimal measurement variation. Overall, the 
measurement system is highly precise, reliable, and exhibits negligible error in repeatability. 

  

Fig 3: Data Set 1 (FMM) 

 For Data Set 2 (X-axis) as shown in Fig. 4, the % Study Variance of 0.14% for Total Gage R&R indicates that 
the measurement system contributes minimally to overall process variation, demonstrating high precision. The 
repeatability % Study Variance of 0.14% confirms consistent measurements when the same operator measures 
the same point multiple times. Similarly, for Data Set 2 (Y-axis), the repeatability % Study Variance of 0.24% is 
low, indicating the measurement system is highly reliable and consistent in repeated measurements. 
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Fig 4: Data Set 2 (FMM) 

  

For Data Set 3 (Fig. 5), the % Study Variance for Total Gage R&R is 0.13% on the X-axis, indicating extremely low 
variability from the measurement system, showcasing high precision and capability. The % Study Variance for 
Repeatability is also 0.13%, confirming the measuring equipment's precision and consistency. On the Y-axis, the 
% Study Variance for Total Gage R&R is 0.24%, still very low, further highlighting the measurement system's 
minimal contribution to overall process variation and its high reliability. 

  

Fig 5: Data Set 3 (FMM) 
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Vertical Profile Projector 

In Data Set 1 (X-axis) as shown in Fig. 6, repeatability refers to the consistency of measurements taken by the same 
operator with the same instrument. The 0.00% repeatability shows no significant variation, meaning the system 
is highly consistent. A low study variance of 0.04% further indicates minimal variation and good repeatability. For 
Data Set 1 (Y-axis), the repeatability variance is also very low at 0.03%, confirming that the measurement system 
is precise and reliable, with almost no error. 

  

Fig 6: Data Set 1 (VPP) 

 In Data Set 2 (X-axis and Y-axis) as shown in Fig. 7, the % Study Variance for Total Gage R&R and 
Repeatability is extremely low at 0.02%, meaning the measurement system contributes very little to the overall 
variation. The main variation comes from part-to-part differences rather than measurement issues. These low 
values demonstrate that the system is precise, repeatable, and effective at distinguishing variations among parts. 
Both Data Set 2 (X-axis and Y-axis) show identical variance values, indicating the measurement system's stability 
and reliability. 

  

Fig 7: Data Set 2 (VPP) 



145 Research Progress in Mechanical and Manufacturing Engineering,  Vol. 6 No. 1 (2025) p. 138-146 

 

 

 For both Data Sets (X-axis and Y-axis) in Fig. 8, the % Study Variance for Total Gage R&R is 0.02%, indicating 
that the measurement system has minimal impact on overall variation and is highly precise. Likewise, the % Study 
Variance for Repeatability percentage is also 0.02%, showing excellent consistency in repeated measurements. 
These results confirm that the measurement system is both precise and reliable, with most of the variation coming 
from Part-to-Part differences rather than the measurement process. 

  

Fig 8: Data Set 3 (VPP) 

 

3.3 Gauge Repeatability Result 

The values of 0.253 and 0.025 indicate that the variation in measurements is mainly due to repeatability errors, 
such as equipment variation, operator consistency, or environmental factors. A % study variance below 10% is 
considered good, and between 10-30% is acceptable. The value of 0.253 for the Flexible Measuring Machine 
(FMM) is considered low, while the Vertical Profile Projector shows very high precision, with only 0.025% of the 
variation due to repeatability errors. A lower % repeatability indicates better measurement consistency, while a 
higher value suggests the need for improvements in equipment calibration, operator training, or environmental 
controls. 

Table 3: Gauge repeatability results 
Machine Lowest % 

Variance 
Highest & 
Variance 

 Average % 
Variance 

FMM 0.13 0.44  0.253 

VPP 0.02 0.04  0.025 

Conclusion 

The conclusion drawn from the study underscores precision of the measurement systems employed. Through a 
meticulous analysis using Minitab software, both precision machines have been proven suitable for measuring 
rectangular distance of wireless keyboard product. Based on its consistent results, that are, the % variance of 
gauge repeatability 0.253% and 0.025% for FMM and VPP respectively, prove that both measuring equipment are 
highly precise to measure an intended linear dimension. The results also represent the variability as indicated by 
the measurement systems themselves is very minimal, below the acceptable limit of 10%. This underscores their 
reliability in accurately assessing CTQ variables. Generally, the findings provide confidence in terms of 
measurement consistency and effectiveness of the measurement system for quality control of precision products. 
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