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VERIFICATION OF THE RANDOM NATURE OF THE EXPERIMENTAL DATA
IN THE END-MILLING PROCESS OF ALUMINUM ALLOYS

From a theoretical point of view, the research carried out in this manuscript was carried out starting from the study of the links
between surface roughness and cutting speed, cutting depth and feed per tooth in the end milling process. From an experimental point
of view, it started from the organization and development of the physical cutting process, the cutting regimes to be analyzed were
established, after which the surface roughness was determined and measured. In this way, the connections between the factors and
parameters pursued in the research resulted. The main purpose of this research is to check the random nature of the measured data
related to the quality of the end milled surface of the A17136 aluminum alloy. The main types of statistical processing performed
on the sample values from the experimental measurements, the algorithms and the corresponding work modes are according to the
method of research that is based on the use of the Young test. The conclusions highlighted the importance of adopting this research

method and opened new directions of study.
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1. Introduction

Experimental research involves organizing the development
of a phenomenon or process under well-established conditions,
eliminating as much as possible the disturbing external influ-
ences [1,2]. The general objective is to perform measurements
to establish the value or intensity of the physical quantity’s
characteristic of the phenomenon or process considered [3,4].
By measuring the quantities that characterize them, a series of
connections can be deduced between the factors and the laws that
govern the phenomenon [5,6]. The value of the results obtained
from the research, the cost, and the duration of the research pro-
gram, depend on the choice of methods, means and techniques of
investigation, the organization of the stages of experimentation
and the way of processing the results [7,8]. From a theoretical
point of view, the research made during this work was carried out
starting from the study of the links between different factors and
parameters used in the analyzed cutting processes, based on the
knowledge provided by the basic sciences. place the evolution
of these processes [9,10]. From an experimental point of view,
the problems were approached starting from the organization and
development of the physical cutting process by cylindrical-front

milling. The cutting regimes to be analyzed were established,
after which the characteristic quantities were determined and
measured, thus resulting in the links between the factors and
parameters pursued in the research.

In situations where the determination of the value of
a variable in a certain process is sought, when it is desired to
eliminate or reduce the effects due to various types of errors, the
obtained experimental values are subjected to tests that evaluate
the influences induced by the factors that generate measurement
errors [11,12]. The main categories of statistical tests applicable
to a sample of experimental values are dedicated to the identi-
fication and eventual elimination of influences due to the three
types of errors that can lead to differences between the measured
and real values of the variable that is to be determined: aberrant
(gross) errors, systematic errors, random errors [13-15]. Statisti-
cal tests are the name given to methods for verifying statistical
hypotheses. They are practically the procedure for verifying
a statistical hypothesis, which has as its object the decision
to reject or accept a statistical hypothesis [16].

The processing of experimental data is performed in the
following stages [17]: checking statistical hypotheses; esti-
mating the true value of a measured quantity; elimination of
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aberrant results from the series of measurements performed
under the same conditions; checking the randomness of the
scattering of the values of the quality characteristic; checking
the normal distribution of experimental data; determining the
interval and the level of confidence; distribution and reporting
of statistical data; comparing the values of arithmetic means;
dispersion comparison. If the identification of experimental
values affected by outliers can be followed by the elimination
of the respective values from the sample of experimental data,
the presence of systematic errors can only be perceived through
its influence on the entire sample of experimental values [18].
Reducing the effects induced by systematic errors can only be
achieved by comparing the results of processing several sam-
ples of experimental values [19]. Since random errors appear
in most samples of experimental values (except for making
some precise determinations of some variables of a discrete
nature), statistical tests in this case only seek to highlight the
degree to which these errors have affected the respective sample,
indicating whether its probability density it also coincides as
a general form with that of the real variable that was measured
[20]. The problem of detecting and eliminating systematic er-
rors is more difficult due to the multitude of interrelated factors.
In this research, Young’s test will be used because this test does
not provide the possibility of eliminating systematic errors, but
only that of assessing the influence of systematic causes on the
analyzed data.

2. Materials and methods

The fundamental objective of the present research — is the
study of the arithmetic mean deviation of the surface profile R,
resulting from the processing by end milling, of aluminum al-
loy parts code 7136, depending on the parameters of the cutting
process. In this study, the point problem analyzed is to verify
the randomness of a sample of measurements taken from the
processing of seven blocks. One of the most used tests to check
the randomness of a sample of experimental values is the Young’s
test [8]. The planning of the research activity aims to obtain the
expected results in conditions of maximum efficiency. The choice
of measurement volume will be made based on the following
considerations: precision; duration of purchase of measuring
instruments and devices; duration of processing the results; the
cost price of the research. 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 parameters, because of the inevitable dispersion of
data, resulting in incomplete and erroneous conclusions. The
cutting operation chosen for the experimental research is the
end milling, using a SECO R217.69-1616.0-09-2AN cutting tool
with 2 teeth and a diameter of 16 mm. The CNC used is HAAS
VF2. The device for measuring surface roughness is the Mitutoyo

SURFTEST SJ-210. The research’s own strategy involves con-
ducting an experimental study on the defined research problem,
based on an experimental plan. The parameters of the cutting
regime were chosen, the influence of which is monitored on the
surface roughness. This study is part of a larger research project
in which the cutting parameters that have the greatest influence
in the end milling process were analyzed. Given the proposed
objective, the study factors pursued in achieving the objective
are: cutting speed: 495, 530, 570, 610, 660, 710 [m/min]; cutting
depth: 2, 2.5, 3, 3.5, 4 [mm]; feed per tooth: 0.04, 0.06, 0.08,
0.11, 0.14 [mm/tooth]. Following the experiments, the measure-
ments are performed. Montgomery [7] states that experiments
and measurements can be repeated between 3 and 7 times for
each set of values of the input parameters, to determine the con-
stancy of the measurements. To obtain the most accurate results,
this research will be repeated 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.
Verification of the random nature of the experimental data will
be performed using the Young’s test. The purpose of this test is
to certify that the values obtained are real values of the milling
process. For the three factors chosen for the study: cutting speed,
cutting depth and feed rate and their corresponding levels, it is
necessary to perform 6 x5 x5 =150 experiments. The roughness
of the processed R, surfaces will be determined, on the milling
direction in the direction of advance as well as transversely on
this direction, further marked with R, longitudinally, respectively
R, transversely. The measurements were performed on each
combination of values of the parameters of the established cut-
ting regimes, resulting in a total of 300 (150 x 2) measurements.
Regarding the repeated experiments (Fig. 1) (each 7 times), we
will have a total of 2100 measurements (1050 measurements
related to R, longitudinally, respectively 1050 measurements
related to R, transversely).

Fig. 1. Experimental procedure



3. Result and discussion

The test proposed in this step is the Young’s test. A string of
experimental data is random if the following condition is met [9]:

vei <m < ves (1)

where: vci is the lower critical value; m is the test coefficient;
ves 18 the higher critical value.
Lower critical value vci is calculated according to the

Eq. (2) [9]:
vei = 0,491 + 0,081 - n— 0,003 - n?, fora=0,95  (2)
Test coefficient m is calculated according to the Eq. (3) [9]:
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where: 0 represents the average of the successive differences
and is calculated according to Eq. (4) [9]:
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o represents the dispersion of the experimental data and is cal-
culated according to Eq. (5) [9]:
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n represents the number of values in the experimental data string;
x; is the string of experimental data; x is the arithmetic mean;
o 1s the confidence level chosen in this case a = 0,95.

Higher critical value ves is calculated according to the

Eq. (6) [9]:
ves = 3,317 — 1,057 39197 for g = 0,95 (6)

If the test value m satisfies condition (1), then the experi-
mental data strings satisfy the random condition [9]. Respecting
the calculation methodology imposed by the Youg test, we per-
formed the calculations related to the verification of the random
character of the experimental data related to the arithmetic mean
deviations of the surface profile, measured longitudinally and
transversely in the direction of the advance movement. The re-
sults obtained are presented below. In tables 1 and 2 we presented
the situation resulting from the calculation steps to determine
the random nature of the data.

4.1. R, longitudinally — discussions

For the first R, longitudinally case, we centralized the
statistical data through TABLE 1. This table shows that all
strings of 7, 6, 5, and 4 data, respectively, are random. In Fig. 2,
we argued this finding, in terms of graphical representations
related to the tested statistical data. In all the cases presented in
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Fig. 2. Graphical representations of Young’s test results on longitudinal R, measurements



970

this figure (a, b, ¢ and d) we presented graphically the results
obtained from the calculations of the lower critical values vci,
the upper critical values vcs, as well as the test coefficients m,
corresponding to each data string.

TABLE 1
Young test — verification of the random nature
of R, longitudinally data

No of string The given No of cutting Random
data condition regimes character

7 49 YES

6 o 28 YES

Vv
5 vei <m < ves 31 YES
4 42 YES

Therefore, the conditions imposed were as follows:

limits. Therefore, as mentioned in TABLE 1, the randomness of
the data tested for the surface roughness measured longitudinally
in the direction of the feed rate is fulfilled.

4.2. R, transversely — discussions

Like the previous case, through TABLE 2, we synthesized
the statistical data regarding the results of the calculations of
the verification of the random character of the experimental
data related to R, transversely. As it results from this table, all
the strings of 7, 6, 5, and 4 data, respectively, have a random
character. The arguments of this finding were made based on
graphical representations related to the statistical data tested
for R, transversely, presented in Fig. 3. In the mentioned figure,
we presented graphically the results obtained after performing

a) vci =0,91 and ves = 3,06 — for the 7-value strings of the
49 experiments;

b) wvci=0,87 and ves = 3,11
28 experiments;

c) vci=0,82 and ves = 3,17 — for the 5-value strings of the
31 experiments;

d) wvci =0,77 and ves = 3,22 — for the 4-value strings of the
42 experiments.
Thus, according to these graphs, it appears that all the values

calculated for m, fall within the determined lower and upper

— for the 6-value strings of the
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TABLE 2

Young test — verification of the random nature of the data
on R, transversely

No of string
data

The given
condition

No of cutting
regimes

Random
character

7

vei <m <vcs

6
5
4

60

YES

26

YES
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YES

43

YES
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Fig. 3. Graphical representations of Young’s test results on transversely R, measurements



the calculations of the lower critical values vci, respectively of
the higher critical values vcs, as well as of the test coefficients
m, related to each data series.

According to these graphs, it appears that all the values
calculated for m, fall within the determined lower and upper
limits. These conditions imposed by vci and ves, have the fol-
lowing values, corresponding to each data string:

a) vci =0,91 and ves = 3,06 — for the 7-value strings of the

60 experiments;

b) wvci=0,87 and ves = 3,11 — for the 6-value strings of the

26 experiments;

c) vci=0,82 and ves = 3,17 — for the 5-value strings of the

21 experiments;

d) vci =0,77 and ves = 3,22 — for the 4-value strings of the

43 experiments.

Therefore, the random nature of the related tested data is
fulfilled.

As a general conclusion, for all 150 measurements the stages
of the Young test were completed and, it turns out, all experi-
mental data sets verify the condition of randomness of the data,
both in the situation of the roughness of the measured surface
longitudinally and transversely in the feed rate direction.

5. Conclusions

After checking the randomness of the experimental data,
using the Young test:

1. We found that all the tested values fall within the critical
limits imposed by the test.

2. Therefore, all tested data strings are random in both cases:
both in the case of the arithmetic mean deviation of the
measured surface profile longitudinally and transversely,
in the direction of the feed rate.

3. In carrying out the experimental study of the end milling
process, the aim is to obtain the best surface quality under
the influence of the parameters of the cutting regime.

4. Subsequent research directions include regression analysis
that aims to identify a quantitative relationship between the
parameters of the studied cutting process and the arithmetic
mean deviation of the R, surface profile, describing the
system studied at any point in the chosen experimental
field.

5. Inthe specialized literature, no research has been identified
that analyzes the subject of processing aluminum alloys in
this manner. In conclusion, the current research constitutes
a new element brought to this area.

[10]

[11]

[17]

[18]

971
REFERENCES

M. Balaji, K.V. Rao, N.M. Rao, B. Murthy, Measurement 114,
332-339 (2018).

S. Wojciechowski, R. Maruda, S. Barrans, P. Nieslony, G. Krol-
czyk, Measurement 111, 18-28 (2017).

M. Banica, N. Medan, Academic Journal of Manufacturing En-
gineering 13 (1) (2015).

1. Mukherjee, P.K. Ray, Comput. Ind. Eng. 50 (1), 15-34 (2006).
M. Wan, J. Feng, Y.C. Ma, W.H. Zhang, Int. J. Mach. Tools. Manuf.
122, 120-131 (2017).

A. Polishetty, M. Shunmugavel, M. Goldberg, G. Littlefair,
R.K. Singh, Proc. Manuf. 7, 284-289 (2017).

D. Montgomery, Design and Analysis of Experiments. Eighth
Edition ed. Hoboken: John Wiley & Sons, Inc, (2013).

V. Nasui, A. Cotetiu, R. Cotetiu, M. Lobontiu, N. Ungureanu,
Basics of experimental research of electromechanical actuators.
Northern University Publishing House, Baia MARE, ISBN 973-
1729-08-9, (2007).

C. Opariuc-Dan, Statistics applied in the socio-human sciences.
Analysis of associations and statistical differences, Cluj-Napoca,
ASCR & Cognitrom, (2011).

A.K.Y.Jain, Y. Shrivastava. Mater. Today Proceed. 21, 1680-1684
(2019).

1. Hanif, M. Aamir, N. Ahmed, S. Magsood, R. Muhammad,
A. Akhtar, I. Hussain, Int. J. Adv. Manuf. Technol. 100, 1893-1905
(2019).

M. Aamir, M. Tolouei-Rad, K. Giasin, A. Vafadar, Machinability of
Al2024, A16061, and A15083 alloys using multi-hole simultaneous
drilling approach, J. Mater. Res. Technol. 9, 10991-11002 (2020).
M. Wan, J. Feng, Y.C. Ma, W.H. Zhang, Int. J. Mach. Tools. Manuf.
122, 120-131 (2017).

M. Wan, X.B. Dang, W.H. Zhang, Y. Yang, Mech. Syst. Signal.
Process. 103, 196-215 (2018).

L.M. Chihara, T.C. Hesterberg, Mathematical statistics with
resampling and R. John Wiley & Sons, (2022).

C. Selvan, S.R. Balasundaram, Data Analysis in Context-Based
Statistical Modeling in Predictive Analytics. In Handbook of
Research on Engineering, Business, and Healthcare Applications
of Data Science and Analytics (2021) (pp. 96-114). IGI Global.
E.B. Manoukian, Mathematical nonparametric statistics, Taylor
& Francis. (2022).

J. Wright, Y. Ma, High-dimensional data analysis with low-
dimensional models: Principles, computation, and applications.
Cambridge University Press, (2022).

J.K. Kim, Shao, J. Statistical methods for handling incomplete
data. Chapman and Hall/CRC, (2021).

C. Giraud, Introduction to high-dimensional statistics. Chapman
and Hall/CRC, (2021).



	D.-P. Burduhos-Nergis￼1, C. Bejinariu￼1, A.M. Cazac￼1, A.V. Sandu￼1, P. Vizureanu￼1*
	XRD and STA Characterization of Phosphate Layers Deposited 
on the Carbon Steel Surface

	A.M. Țîțu￼1*, A.B. Pop￼2, M. Nabiałek￼3
	Modelling the Natural Gas Transportation Process using the Factorial 
Experiment Method


