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Abstract. The objective of this work is to apply the Measurement System Analysis (MSA) as 

well as the capability coefficient Cdl*, which consider both variability and central tendency in 

its calculation to evaluate the roughness measurement process of surfaces obtained by planning 

operations. Through this study, it was possible to carry out a comparison between the two 

methods with the purpose of verifying the variations presented between them with the intention 

of adopting only the capability coefficient as a parameter for verifying the capability of the 

measurement process. In this work, a systematic approach was proposed for the use of the Cdl* 

coefficient for evaluation of measurement processes. This capability coefficient was recently 

developed by our research group entitled Tolerancing and Metrology. 

1.  Introduction 

The guarantee of a reliable measurement involves a series of interconnected steps which go far beyond 

just having an instrument or a measurement system suitable for a given measurement. It involves several 

parameters such as the monitoring and control of environmental conditions, the use of validated 

measuring methods, suitable accessories, qualified personnel and other things. There are two types of 

measurements to verify the quality and quantify performance in the industry: measurement of its 

products and measurement of its processes [1]. When the data quality is low, the benefit of measurement 

system is also low. When the data quality is high, this benefit becomes higher [2]. In this context, the 

Measurement System Analysis (MSA) aims to verify the suitability of a measurement system for a given 

application [3]. 

According to the IQA [3], the MSA study divides the variability into two categories: Location (where 

the tendency, linearity and stability of the measurement system are studied) and Dispersion (where the 

repeatability, reproducibility and analysis of the R&R parameter is often considered as the total 

variability of the measuring, excluding the part variation and the process tendency) [4]. 

Another way to verify the suitability of a measurement process concerns the use of specific capability 

coefficients for measurement systems such as the capability coefficient Cdl* [5, 6] developed by our 

research group and as presented in Equation (1). 

 



 
 

                                                                                                             (1) 

Where: U = maximum allowed measurement uncertainty; s = sample standard deviation; n = sample 

size; Ucal = uncertainty inherited from the measuring instrument or measuring system, obtained directly 

from its calibration certificate; kcal = coverage factor associated with the uncertainty Ucal and l = variable 

that expresses the relationship between the indication average (�̅�) and the nominal value (VN), being 

assigned the value l1 given by Equation (2) or l2 according to Equation (3). The maximum value of l is 

1. 
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The total analysis of measurement systems constitutes on of the basic foundations for quality assurance, 

since unreliable measurement results can generate two types of basic problems: the approval of defective 

parts or the disapproval of good parts, impacting in the competitiveness of organizations [7]. 

This work aims to verify the suitability of the roughness measurement process for surfaces obtained by 

planning process, as well as to verify the convergence between the MSA and the Cdl* coefficient in 

order to be able to use it for this purpose, minimizing costs and time spent on measurements and 

processing measured data. 

2.  Methodology 

Initially, ten parts of carbon steel (specification ABNT 1020) were taken, and the surfaces of the 

parts have been planed using a horizontal shaper and a carbide tool according to figure 1. The cutting 

depth was 0.5 mm and the cutting speed was 60 strokes/min. The roughness parameter used was Ra [8]. 

The rugosimeter used in the measures has the following characteristics: model DR 130, nominal range 

= 10 µm; resolution = 0.01 µm; Cut-off = 0.25 mm/ 0.8 mm/ 2.5 mm and uncertainty in measurement 

(Ucal) = 0.08 µm for a coverage factor (kcal) = 2.0. The pieces were measured taking the reference 

temperature = (20+1)oC and relative humidity = (50+10)% [9, 10]. The uncertainty in measurement 

maximum allowable (U) = 0.025 µm and the nominal value (VN) = 3.5 µm. 

Regarding the MSA, the study of repeatability and reproducibility [11, 12] was carried out by two 

metrologists in ten samples which each one of them measured five times. The procedure used is showed 

in Figure 2, where: σrepe = estimate of the standard deviation for repeatability; σrepro = estimate of the 

standard deviation for reproducibility; R&R = absolute parameter of repeatability and reproducibility 

and %R&R = relative parameter of repeatability and reproducibility. 

To apply the Cdl* capability coefficient, the study was divided in three parts: Considering all points 

measured by the two metrologists; Considering only the points measured by the metrologist number one 

and considering only the points measured by the metrologist number two to compare the results and 

verify the possible implications. The value of the maximum allowable uncertainty in measurement (U) 

is equal 0,1 µm, corresponding to approximately 33% of the maximum allowable tolerance. 

To the statistical treatment of the measured data, the normality of the samples was initially verified, 

applying the Shapiro-Wilk test, Kolmogorov Smirnov test and Cramer von Mises test [13, 14, 15, 16, 

17]. If the samples were approved in at least one of the tests, they are considered to come from a 



 
population with normal distribution. Then, the verification of possible outliers in the samples was carried 

out, applying the Dixon test (Q-test); Grubbs test and Chauvenet test [18, 19, 20]. 

 

 
Figure 1. Planing operation 

 

 
Figure 2. Stages of the repeatability and reproducibility study 



 
3.  Results and Discussions 

The Table 1 presents the measurements taken and the Table 2 shows the values of the variables used 

in the calculation of the %R&R with a value approximately equal to 86%. According to the Table 3, the 

measurement process is considered unacceptable. 

The Figure 3 shows the interaction between the two metrologists and the Figures 4 and 5 present the 

mean and range charts per metrologist, respectively. It is verified that all points are found within the 

control limits. The Figures 3, 4 and 5 were generated using Minitab Software, version 19. 

The roughness suitability verification through the Cdl* capability coefficient was divided into three 

parts: using all measured points (n = 100) with Cdl* = 0.67; using only the data of metrologist number 

one (n = 50) with Cdl* = 0.61 and using only the data of metrologist number two (n = 50) with 

Cdl* = 0,57. The values of the capability coefficient were approximately equal for the three situations 

and presented a result of inadequacy of the measurement process, since its value was less than 1.33, 

corroborating the results obtained through the R&R study. The Cdl* coefficient can be calculated per 

sample as shown in Figure 6. This chart was obtained with data generated by metrologist number one, 

using the 3C Control Chart and Capability Software [21]. The Cdl* did not remain constant for each 

peace. 

 

Table1. Measurement data 

Part Metrologist number one (µm) Metrologist number two (µm) 

x1 x2 x3 x4 x5 x1 x2 x3 x4 x5 

1 3.23 3.69 3.68 3.39 3.31 3.41 3.33 3.44 3.16 3.04 

2 3.36 3.24 3.61 3.52 3.08 3.07 3.06 3.77 3.82 3.09 

3 3.02 3.85 3.23 3.03 3.38 3.64 3.57 3.92 3.05 3.19 

4 3.35 3.40 3.19 3.13 3.30 3.40 3.12 3.44 3.16 3.63 

5 3.31 3.35 3.67 3.20 3.40 3.57 3.04 3.12 3.17 3.49 

6 3.29 3.61 3.37 3.02 3.16 3.30 3.54 3.89 3.52 3.18 

7 3.09 3.15 3.07 3.31 3.33 3.13 3.16 3.26 3.17 3.26 

8 3.93 3.39 3.96 3.77 3.08 3.85 3.79 3.17 3.92 3.41 

9 3.32 3.52 3.73 3.33 3.60 3.01 3.95 3.04 3.56 3.47 

10 3.23 3.10 3.02 3.45 3.42 3.38 3.36 3.06 3.20 3.50 

 

Table 2. R&R study parameters 

Parameter Value 

σrepe 0.240 µm 

σrepro 0 

R&R 1.441 µm 

σ 0.261 µm 

%R&R 86.2% 

 

Table 3. Classification of the measurement process 

%R&R Decision 

If %R&R < 10% Acceptable  

If 10% < %R&R < 30% Partially acceptable 

If %R&R > 30% Not acceptable 

 

 



 

 
Figure 3. Interaction between metrologists 

 

 

 

 
Figure 4. Mean control chart for both metrologists 

 

 
Figure 5. Range control chart for both metrologists 

 



 

 
Figure 6. Variation of the capability coefficient Cdl* for parts measured by 

metrologist number one 

In order to verify if the manufacturing process was in statistical control, the 3C Control Chart and 

Capability Software [21] was used to generate the mean and range control charts, according to Figure 7 

and Figure 8. Regarding the range chart, the process is in statistical control. However, regarding the 

mean control chart, there is a point above the upper control limit, and it is also verified by six consecutive 

points going up and down, characterizing that the process is out of statistical control, according to ISO 

7870-2 [22]. 

 

 
Figure 7. Statistical process control chart mean 

 

 
Figure 8. Statistical process control chart for range 



 
 

4.  Conclusions 

Analyzing the data related to the R&R study,  the standard deviation for reproducibility was equal to 

zero, as both metrologists were trained for measurement, and they followed the same measurement 

procedure. On the other hand, the standard deviation referring to repeatability presents a high value, 

which may indicate a problem in the rugosimeter. However, this problem may be due to the planing, 

which generated surfaces with variations in surface finish, even maintaining the repeatability conditions 

in the manufacturing process (the same operator, the same cutting conditions, the same machine tool, 

the same manufacturing procedure, the same cutting tool and the same environmental conditions). A 

possible explanation is that it is a very old horizontal shaper. 

In order to verify the stability of the process, mean and range control charts were generated. 

Analyzing these charts, it was verified that the process was not in statistical control, corroborating the 

idea that the problem is not with the rugosimeter, but with the manufacturing process. Thus, before 

applying a R&R study or a capability study, it should be verified whether the manufacturing process is 

in statistical control. 

When analyzing the variation chart of the Cdl* coefficient for the data of the metrologist number 

one, a variation is verified for each part (n = 5). However, it is reasonable to calculate the capability 

coefficient for all points measured by each metrologist. The Cdl* value was equal to 0.61 for all data of 

the metrologist number one. If the arithmetic mean of the ten Cdl* values presented in Figure 2 were 

used, the result of Cdl* would be equal to 0.33. This value represents a difference of approximately 51% 

for the Cdl* value equal to 0.61. 
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