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IdentIfIcatIon of data affected by aberrant errors In the study of  
the MIllIng Process on aluMInuM alloys

In this scientific paper it is presented the statistical analysis of the experimental data obtained by the study of the influence 
of the cutting parameters exerted in end-milling process on the surface roughness. The surface roughness parameter is measured 
in the cutting feed direction and against it. The parameters of the cutting process, the number of levels and their values were estab-
lished. Based on these parameters, the research was designed on a complete factorial experiment, randomized with seven blocks. 
The surface roughness values were measured using a roughness tester. The research method used involved the Romanovski test. 
The aim of this test was to identify the data affected by aberrant errors, to remove them from the samples and then to repeat the 
tests for the remaining data strings until all values met the conditions imposed by the test. 
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1. Introduction

Experimental sciences base their knowledge on the prob-
lems most often addressed on experimental results obtained from 
measurement processes [1,2]. It is currently accepted that any 
experimental result is affected by at least random measurement 
errors and as such, the formulation of conclusions and decisions 
must be made considering the existence of these errors, so it is 
implicitly accepted that the statements made will had a certainty 
lower than 100%, respectively the probability that the predicted 
event to occur based on the analysis of the experimental results is 
subunit [3,4]. The fundamental objective of statistics is the prob-
lem of decision in case of uncertainty [5,6]. The decision means 
adopting or rejecting a hypothesis. The hypothesis is statistical 
because it is statistically justified, based on surveys. It refers 
to the law of distribution and the parameters of a random vari-
able [7]. Mathematical statistics provide solutions for extract-
ing those values of interest from the entire data set for further 
processing [8]. Starting from the idea that no statistical method 
can prevent the occurrence of mistakes, false reasoning, etc., 
it is necessary and indicated that the one who applies statistical 
methods to know well the experimental process, its importance 
and to choose the appropriate methods [9].

2. description of the research method

The main purpose of the paper is to analyze the experi-
mental values related to the arithmetic mean deviation of the 
surface profile Ra, resulting from the processing by milling of 
aluminum alloy 7136. Specifically, we are interested in tracking 
data affected by aberrant errors to remove them from the sample 
[10,11]. Reading the results of a measurement also allows high-
lighting data that are inconsistent with reality. Analyzing a series 
of experimental data, obtained by repeated measurements under 
conditions of repeatability, it is possible that one or a few data 
differ relatively much from most others, ie with abnormally high 
or low values compared to them. Their influence on the statisti-
cal parameters of the survey can be quite high, especially when 
the number of measurements n is small. These values are likely 
to be affected by gross errors and it is therefore necessary to 
determine whether they should be removed from the measured 
range [12,13]. The elimination of such errors requires in a first 
phase the analysis of the correctness of the measurement chain, 
of the measurement method, of the conditions in which the 
measurement is carried out, etc. if no anomalies were detected 
in the first phase, these errors are eliminated mathematically, 
based on some criteria, as it is known or not the quadratic mean 

1 ”LuciAn BLAgA” university of siBiu, fAcuLty of engineering, industriAL engineering And MAnAgeMent depArtMent, 10 victoriei street, 550024, siBiu, 
roMAniA

2 technicAL university of cLuj-nApocA, northern university centre of BAiA MAre, fAcuLty of engineering – depArtMent of engineering And technoL-
ogy MAnAgeMent, 62A, victor BABes street, 430083, BAiA MAre, MArAMures, roMAniA

* corresponding author: mihail.titu@ulbsibiu.ro

BY NC

© 2023. the Author(s). this is an open-access article distributed under the terms of the creative commons Attribution-noncom-
mercial License (cc By-nc 4.0, https://creativecommons.org/licenses/by-nc/4.0/deed.en which permits the use, redistribution of 
the material in any medium or format, transforming and building upon the material, provided that the article is properly cited, the 
use is noncommercial, and no modifications or adaptations are made.

https://orcid.org/0000-0002-0054-6535
https://orcid.org/0000-0002-4784-8485


526

error of the measured data. These calculations are made on the 
assumption that all measurements are performed with the same 
degree of accuracy and independently of each other [14]. Sev-
eral tests can be used to study the appropriateness of removing 
certain values from the range of measured values: chauvenet 
test; romanovski test; grubbs test; student test etc.

The following should be considered when applying the 
tests:
– the measuring device must have a normal distribution.
– the test applied, being a statistical decision, may be affected 

by decision errors. An erroneous decision can be made to 
estimate a value that is not wrong and vice versa, a result 
that is wrong can be kept. for this reason, caution should 
be exercised when eliminating errors that are supposed to 
be affected by gross errors.

– the results of statistical data processing are more accurate 
the higher the number of measurements.

– in all cases where the measurement results are affected by 
determinable systematic errors, they shall be removed from 
the gross measurement result and only then verification tests 
shall be applied.
Too little volume of measurements has a negative effect 

on their accuracy, and too many loads the research program 
unnecessarily. Excessive repetition of some measurements can 
even lead to the measurement of trends in the variation of pa-
rameters, because of the inevitable dispersion of data, resulting 
in incomplete and erroneous conclusions.

3. conducting experiments

The material of the semi-finished product used in carrying 
out the research is aluminum alloy 7136. The cutting operation 
is that of milling. The cutting tool used is a standard one in 
aluminum processing. Milling was performed on the hAAs 
vf2 cnc. the collection of experimental data was performed 
after measurements on the surface roughness using the Mitutoyo 
surftest sj-210. starting from an experimental plan based 
on the complete factorial experiment, the research strategy was 
developed. The parameters of the cutting regimes and their 
corresponding levels have been established. The cutting speed, 
the cutting depth and the feed per tooth exert their influence on 
the answer to be analyzed, represented by the arithmetic mean 
deviation of the surface profile. The values assigned to these 
parameters are:
• cutting speed – 6 levels: 495, 530, 570, 610, 660, 710 

[m/min].
• feed per tooth – 5 levels: 0.04, 0.06, 0.08, 0.11, 0.14 

[mm/ tooth].
• cutting depth – 5 levels: 2, 2.5, 3, 3.5, 4 [mm].

After performing the experiments, the measured data are 
collected. According to Montgomery [15] experiments and meas-
urements can be repeated between 3 and 7 times for each set of 
values of the input parameters, to determine the constancy of the 
measurements. In this case, to obtain the most accurate results, 

a repetition will be performed 7 times. In accordance with this 
decision, the subsequent statistical analysis of the resulting data 
will be based on methods that are appropriate in this direction. 
Therefore, the identification of values affected by aberrant errors 
will be performed using the Romanovski test. The reason for this 
choice is that this test can be applied to up to 20 data points, the 
other methods used for this purpose being suitable for a large 
amount of data. In this case the number of data is a maximum 
of 7, represented by the total number of measurements performed 
for each test. All these tests aim to certify that the values obtained 
are real values of the end milling process. In this context, it is 
necessary to perform 6×5×5 = 150 experiments. The roughness 
of the processed Ra surfaces will be determined, on the milling 
direction in the direction of feed as well as transversely on this 
direction, further marked with Ra longitudinally, respective-
ly Ra transversely. This will result in a total of 300 measurements 
– performed on each value combination of the parameters of the 
established cutting regimes, resulting in 300 (= 150×2) measure-
ments. Regarding the repeated experiments (each 7 times), a total 
number of 2100 measurements results (1050 measurements 
related to Ra longitudinally, respectively 1050 measurements 
related to Ra transversely).

4. Identification of data affected by aberrant errors

Identification of data affected by aberrant errors can be 
performed with chauvenet or romanovski tests [16,17]. own 
research will be conducted based on the Romanovski test because 
it can be applied to up to 20 data points. In this case the number 
of data is a maximum of 7, represented by the total number of 
measurements performed for each test. data affected by aber-
rant errors are usually the minimum or maximum values of the 
experimental data string. The Romanovski test assumes that an 
experimental value is considered aberrant if condition (1) is met 
and, after detecting the aberrant values, they are removed from 
the string [16,17]:
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where:
 t – the test variable;
 xe – the value affected by aberrant errors (string value to 

be tested);
 x– – the arithmetic mean of the values in the data string, 

neglecting the tested value xe;
 s – the mean square deviation, neglecting the tested 

value xe;
 n – the number of measurements. 

Test variable t, compares with the critical value tcrt which, 
according to [16], takes the values listed in TABlE 1. here, the 
table value tcrt, is determined by the number of values in the data 
string and the confidence interval. If t > tcrt, then it turns out that 
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we are dealing with an aberrant value, and this is removed from 
the data string. following the analysis of tABLe 1, the three 
confidence levels of 95%, 98% and 99% are observed. given 
that the last two levels are used for calibrations, the results of 
our own research are considered satisfactory in the case of 95%. 
for example, for an accuracy of 95%, the value tcrt = 2.18 for 
a series of 7 data (measurements of the arithmetic mean devia-
tion of the surface profile.

next, based on the calculation method presented, the ro-
manovski test will be applied for the 150 experiments. The main 
topic of interest is the arithmetic mean deviation of the surface 
profile measured longitudinally in the direction of the forward 
motion, respectively transversely on it. The calculation method 
of this test was applied, and a large volume of data was obtained. 
The following conclusions are presented based on these results.

4.1. Ra longitudinally

The situation of the results obtained, regarding the data 
affected by aberrant errors in the case of longitudinally Ra meas-
urements, is presented in TABlE 2. As can be seen from this 
table, in the case of cutting schemes which check the first given 
condition, equivalent to the string of 7 data, namely: tcrt = 2.18, 
only 49 of the 150 tests have no aberrant values. Therefore, after 
detecting these errors, they are removed from the sample and 
the test is repeated, considering the new condition tcrt = 2.07, 
corresponding to the new data string with 6 values.

In this situation, the new strings of 6 values each are tested. 
The result obtained led to 28 tests out of a total of 150, which 

meet the given condition. for the remaining difference, the data 
verification for the remaining 5 measurements was resumed 
after the errors were removed from the sample. This resulted 
in 31 tests that retain the number of data, and the difference of 
42 experiments was retested with respect to the new condition 
tcrt = 1.71, corresponding to the string with 4 values. finally, there 
were no data affected by aberrant errors. finally, all data were 
tested and included in the ranges corresponding to the conditions 
shown in TABlE 2. The total values of the number of tested data, 
completed in the table: 606, 365, respectively 168, we deter-
mined them based on our own calculation method, starting from 
the previous total (in the first situation from 1050) subtracting 
the number of data removed from the sample and the number of 
cutting regimes, which verifies the given condition, multiplied by 
the number of string data (example: 606 = 1050 – 101 – 49 × 7). 
graphic illustration of the statistical results obtained and pre-
sented in TABlE 2, we presented it in figs 1-4.

TABlE 1

critical values tcrt for the Romanovski test after [16]

no of string 
data

Confidence level [%] no of string 
data

Confidence level [%]
0.95 0.98 0.99 0.95 0.98 0.99

3 1.41 1.41 1.41 12 2.52 2.66 2.75
4 1.71 1.72 1.73 13 2.56 2.71 2.81
5 1.92 1.96 1.97 14 2.60 2.76 2.86
6 2.07 2.13 2.16 15 2.64 2.80 2.91
7 2.18 2.27 2.31 16 2.67 2.84 2.95
8 2.27 2.37 2.43 17 2.70 2.87 2.98
9 2.35 2.46 2.53 18 2.73 2.90 3.02
10 2.41 2.54 2.62 19 2.75 2.93 3.05
11 2.47 2.61 2.69 20 2.78 2.96 3.08

TABlE 2

Romanovski test for the identification of data affected by aberrant errors, in the longitudinal direction

no string 
data

The given 
condition

no data tested the number of cutting 
regimes that check the 

given conditiontotal the number of data that 
verifies the condition

The number of data that does not verify  
the condition – is removed from the sample

7 tcrt = 2.18 1050 949 101 49
6 tcrt = 2.07 606 533 73 28
5 tcrt = 1.92 365 323 42 31
4 tcrt = 1.71 168 168 0 42

Total 150

fig. 1. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the longitudinal direction, relative 
to the critical value tcrt = 2.18
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the graph in fig. 1, we made it starting from the total num-
ber of 1050 measurements. After testing this data, we calculated 
the test variable t for each measurement. The value obtained, 
we compared it with the critical value tcrt, corresponding to 
the amount of data in the string, in this case 7. The result is a 
total of 949 data within the required range, and the difference 
of 101 data exceeding the threshold of 2.18 is removed from 
the sample.

fig. 2. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the longitudinal direction, relative 
to the critical value tcrt = 2.07

similarly, in fig. 2 we presented the situation of the tests 
redone on the remaining 606 data out of 1050. Thus, the test 
variables t recalculated, this time are compared with the new 
condition tcrt = 2.07. As can be seen in the graph, some of the 
data meet the required condition and their number is 533 meas-
urements, and the difference exceeding the threshold will be 
removed from the sample.

fig. 3. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the longitudinal direction, relative 
to the critical value tcrt = 1.92

in the case of fig. 3, the total number of data tested is 365. 
After comparing the results of the test variable t with tcrt = 1.92, 
the calculations showed a total of 323 data within the required 
range, eliminating the difference of 42 measurements that ex-
ceeds it.

fig. 4. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the longitudinal direction, relative 
to the critical value tcrt = 1.71

finally, in fig. 4, we plotted the last aberrant error check 
and tested the remaining 168 data. Thus, the last tested data fully 
satisfy the condition t > tcrt, when tcrt = 1.71.

4.2. Ra transversely

In the following we would like to present the situation of 
the obtained results, regarding the data affected by aberrant 
errors, in the case of the measurements of the arithmetic mean 
deviation Ra of the surface profile, measured transversely in the 
direction of the feed movement. In TABlE 3 we summarize the 
total number of cutting regimes that check the given conditions 
for each data set.

Thus, the first condition tcrt = 2.18, is verified by 60 tests 
tcrt = 2.07 of 26 tests tcrt = 1.92 of a total of 21 tests and, finally, 
the last condition tcrt = 1.71 is verified by the difference of 
43 tests. The statistical results obtained and presented in TA-
BlE 3 are graphically represented by figs 5-8.

the graph in fig. 5, we made it starting from the total num-
ber of 1050 measurements. After testing this data, we calculated 
the test variable t for each measurement. We compared the value 
obtained with the critical value tcrt, corresponding to the amount 
of data in the string, in this case 7. A total of 960 data falling 

TABlE 3

Romanovski test for the identification of data affected by aberrant errors, in the transversely direction

no string 
data

The given 
condition

no data tested the number of cutting 
regimes that check the 

given conditiontotal the number of data that 
verifies the condition

The number of data that does not verify the 
condition – is removed from the sample

7 tcrt = 2.18 1050 960 90 60
6 tcrt = 2.07 540 461 79 26
5 tcrt = 1.92 305 277 28 21
4 tcrt = 1.71 172 172 0 43

Total 150
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within the required range resulted, and the difference of 90 data, 
exceeding the threshold of 2.18 is removed from the sample.

fig. 6. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the transverse direction, relative 
to the critical value tcrt = 2.07

in fig. 6 we presented the situation of the tests redone on the 
540 data, remaining from the 1050. Thus, the test variables t re-
calculated, this time we compared them with the new condition, 
tcrt = 2.07. As can be seen in the graph, some of the data meet 
the required condition, and their number is 461 measurements. 
The difference above the threshold is removed from the sample.

fig. 7. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the longitudinal direction, relative 
to the critical value tcrt = 1.92

in the case of fig. 7, the total number of data tested is 
305. Thus, we compared the results of the test variable t with 
tcrt = 1.92, and the calculations obtained showed a total number 
of 277 data, which fall within the required range, and we elimi-
nated the difference of 28 measurements that exceeds this range.

fig. 8. graphical representation of the verification of the existence of 
aberrant data on Ra measurements in the transverse direction, relative 
to the critical value tcrt = 1.71

finally, in fig. 8 we graphically represented the last veri-
fication of the aberrant errors testing the remaining 172 data. 
Thus, all experimental data satisfy the condition t > tcrt, when 
tcrt = 1.71. Based on the results obtained, in the second stage 
of testing the experimental data which involves checking the 
randomness of the data, I will use sets of 7, 6, 5 and 4 measure-
ments, respectively, for the 150 data sets.

5. conclusion

The experimental research carried out aims at maximizing 
the use of the set of experimental data, minimizing measure-
ment errors, ensuring a maximum speed of experimentation, the 
minimum cost of research and maximum efficiency.

After applying the romanovski test – we identified the val-
ues affected by aberrant errors and removed them from the 
sample, we repeated the testing for the remaining data strings 
until all values meet the conditions imposed by the test. Thus, 
the 150 cutting regimes, as verified by the test conditions, are 
grouped as follows:
• in case of arithmetic mean deviation of the surface profile, 

measured longitudinally in the direction of the feed move-
ments:
○ 7-data strings – 49 cutting regimes;
○ 6 data strings – 28 cutting regimes;
○ 5 data strings – 31 cutting regimes;
○ 4 data strings – 42 cutting regimes.

• in case of the arithmetic mean deviation of the surface 
profile, measured transversely in the direction of the feed 
movements:
○ 7 data strings – 60 cutting regimes;
○ 6 data strings – 26 cutting regimes;
○ 5 date strings – 21 cutting regimes;
○ 4 data strings – 43 cutting regimes.

As further research directions, following the analysis of the 
identification of data affected by aberrant errors, the next steps 
are to verify the random nature of the experimental data and to 
verify the normal distribution of the experimental data.

After performing the statistical analysis of the experimental 
data, it will be possible to perform a regression analysis. 
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