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STATISTICAL ANALYSIS OF THE MASS
VARIATION OF SAMPLES AS A RESULT
OF THE WEAR PROCESS

Summary: This paper presents a statistical analysis of the variation of the mass of
samples caused by the process of wear of kinematic vapor of conformal contact wor-
king in the presence of a consumable of a defined content. It contains the presentation
of test conditions and design of a test rig. Tribological tests were carried out at a ro-
om temperature for one velocity of relative motion. Determined was the impact of the
concentration of a selected consumable in SN-150 oil base on the mass decrement of
tested samples. The statistical analysis was produced on the basis of R software.
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1. INTRODUCTION

The object of research in this paper is the process of wear of samples with
conformal contact ongoing in the presence of a consumable of a defined content.
In order to find out its course, tests were carried out on a tribological wear test
rig. The object of the test were samples in the shape of a cube. A counter sample
was in the form of a flat ring-shaped plate.

2. TEST CONDITIONS

Values, which constitute the set of input factors, were selected on the basis
of gathered literature information and preliminary tests:
e average relative motion velocity v,
e type of lubricating compound.

The average velocity of relative motion during the test amounted to:
4.8 m'min! (0.08 m-s™).

Samples with a counter sample were mating at the external load of 600 N
which — for the contact surface of samples with a counter sample amounting to
300 mm? — corresponds to the theoretical pressure in the contact zone of 2.0 MPa.

Taking into account the material of samples and counter sample, the following
hardness of samples was adopted: 40 HRC, and for a counter sample: 60 HRC.

As additives to SN-150 oil base selected were consumables: Motor Life and
Mind M. For their selection I followed the criteria listed below: availability,
operations mechanism, purpose. Apart from that no research was found in the
analyzed literature as regards testing of a lubricating compound consisting of
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consumables mentioned above. The first mentioned consumable is widespread in
Poland. It causes the modification of the surface layer by creating a boundary
layer as a result of physisorption and chemisorption. It contains synthetic base
components, anti-wear additives, antioxidants, extreme pressure additives. Whe-
reas Mind M constitutes a hydrocarbon complex which combines chemically
with the metal of the base forming a microscopic monomolecular layer which
cannot be washed out. It distributes pressure forces on a greater surface thereby
increasing the durability of construction materials. It interacts with the metallic
base (ferrous or non-ferrous) mainly in places of an increased temperature of the
friction process [11, 12].

Producers of consumables mentioned above recommend their 5% concen-
tration in the oil base. In order to learn more about their operation, both lower
than this value and higher concentration values were used in this paper. The
following concentrations were used: 0% (pure oil base); 0.5%; 1%; 2%; 5% and
7% of tested additive in the oil base. The third consumable was a composition
consisting of Motor Life and Mind M in a 1:1 ratio of concentrations mentioned
above [15, 16, 18, 19].

On the basis of literature information, for the set of output factors taken we-
re values which characterize the wear process, including the mass decrement Am
whose statistical analysis prepared in R software is presented below.

Mass decrement is an absolute measure of wear commonly used in the rese-
arch and industrial practice. It is a value which describes the wear process in
a representative way.

Constant factors in the tests included the construction material of samples,
i.e. steel 102Cr6 (NC6). This steel is characterized by, inter alia, a small hard-
ness straggling after heat treatment, therefore in order that hardness of samples is
within a narrow range, this material was selected for testing. Samples were in the
shape of a cube measuring 10 x 10 x 10 [mm].

It was assumed that the material of a counter sample and its hardness (H)
remained unchanged during the tests. Thus, these features of samples were also
included into the constant factors. A counter sample was made of steel
X210Cr12 (formerly NC11) quenched to the hardness of 60+2 HRC. The hard-
ness of the counter sample was much greater than the hardness of samples in
order that the process of wear be directed, and results of transformation of the
surface layer be visible primarily on samples. The condition of the surface textu-
re of the counter sample was periodically controlled — its texture did not show
any significant symptoms of wear.

Conditions of treatment of tested elements were also accepted as constant
factors — ground surface, friction face equal to L = 2000 m, pressure force of the
counter sample onto samples F = 600 N, work temperature (temperature in
which the transformation of the surface layer took place) equal to the ambient
temperature: 20°C.
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Random, uncontrolled input factors — disturbances include inter alia:

e vibrations resulting from deviations of structure elements of the test rig;

e contamination of the work environment;

e diversification of geometric surface structure of samples caused for example
by the process of wear of tools during the treatment;

e variation of the pressure force resulting from the installation deviation of the
spring deflection as well as progressive wear of samples.

e samples hardness straggling caused for example by heterogeneity of the sam-
ples material in its whole volume

Tests were carried out on the rig presented in Fig. 1. Tested samples were
fixed in three grooves every 120° on the face of the bush stabilizing samples in
order to ensure a reliable and uniform three-surface pressure of mating elements.

- Lelsl4

Fig. 1. Structural form of the test rig [15-19]: 1 — eccentric handle, 2 — eccentric, 3 — lever, 4 — counter
sample, 5 — tested samples, 6 — samples stabilizing bush, 7 — spring, 8 — central screw,
9 — nut, 10 — distance bush, 11 — single-row ball bearing, 12 — pipe jacket, 13 — steel plate
of the base, 14 — washer, 15 — tested lubricating compound

Rys. 1. Posta¢ konstrukcyjna stanowiska badawczego [15-19]: 1 — uchwyt mimo$rodu, 2 — mimosrod,
3 — dzwignia, 4 — przeciwprobka, 5 — badane probki, 6 — tuleja ustalajaca probki, 7 — sprezyna,
8 — $ruba centralna, 9 — nakretka, 10 — tuleja dystansowa, 11 — lozysko kulkowe jednorze-
dowe, 12 — ptaszcz rury, 13 — plyta stalowa podstawy, 14 — podktadka, 15 — badana kom-
pozycja smarowa

3. TEST RESULTS

Table 1 presents measured mass decrements of samples on the length
L = 2000 m at a relative motion velocity V = 0.08 m-s"! mating with a counter
sample immersed in Composition consumable. 0% indicates pure oil base
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SN-150 (100%) without additives. Mass decrement of 0.0 mg indicates that the
mass decrement was below the sensitivity threshold of a balance (wear traces
testify for it). These data were implemented into R software in order to generate

a box plot [1-10, 13, 14, 20, 21].
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Fig. 2. A box plot generated in R software referring to the samples mass decrement for different
concentrations of the Composition consumable. Relative motion velocity V = 0.08 m-s!,
path of friction L = 2000 m; on the vertical axis — mass decrement [mg]; V1 — pure oil base
(100% SN-150); V2 — 0.5% Composition consumable, V3 — 1% Composition consumable,
V4 — 2% Composition consumable, V5 — 5% Composition consumable, V6 — 7% Compo-
sition consumable

Rys. 2. Wykres pudetkowy wygenerowany w programie R dotyczacy ubytku masy probek dla roz-
nych stezen PE Kompozycja; predko$é ruchu wzglednego V = 0,08 m-s!, droga tarcia
L =2000 m; na osi pionowej — ubytek masy [mg]; V1 — czysta baza olejowa (100% SN-150);
V2 - 0,5% PE Kompozycja, V3 — 1% PE Kompozycja, V4 — 2% PE Kompozycja, V5 — 5%
PE Kompozycja, V6 — 7% PE Kompozycja

Table 1. Mass increment [mg] of samples for particular concentrations of Composition consuma-
ble; relative motion velocity V = 0.08 m-s™! [15, 16, 19]

Tabela 1. Ubytki masy [mg] probek dla poszczegélnych stezen PE Kompozycja; predkos¢ ruchu
wzglednego V = 0,08 m-s! [15, 16, 19]

Sample 1 |Sample 2 | Sample 3 | Sample 4 | Sample 5| Sample 6 | Sample 7| Sample 8| Sample 9
0% 0.2 0.3 0.6 0.1 0.5 0.7 0.1 0.4 0.1
0.5%| 0.3 0.1 0.4 0.7 0.0 0.2 0.4 0.1 0.1
1% 0.2 0.2 0.5 0.6 0.1 0.1 0.3 0.2 0.1
2% 0.1 0.2 0.2 0.2 0.0 0.2 0.4 0.1 0.0
5% 0.1 0.3 0.1 0.1 0.1 0.1 04 0.2 0.0
7% 0.4 0.3 0.0 0.0 0.1 0.1 0.0 0.3 0.2
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In order to analyze the obtained results the following statistical parameters were
calculated, using R software, for measured values of the mass decrement of samples:
Min — minimum value;
1stQu. — lower (first) sample quartile (Q1);

Median — median (‘medial value’ Q,);
Mean — arithmetic mean;

3rdQu. — upper (third) sample quartile (Q3);
Max — maximum value;

IQR — interquartile range;

R — sample range;

s — standard deviation;

d; — average deviation from the mean value.

Statistical parameters mentioned above are tabulated in Table 2.

Table 2. List of selected statistical parameters for measured mass decrements of samples for the
Composition consumable

Tabela 2. Zestawienie wybranych parametrow statystycznych dla zmierzonych ubytkéw masy
probek dla PE Kompozycja

Min | IstQu. | Median | 3rdQu. | Max 1Qr R s di Mean

0% 0.1 0.1 0.3 0.5 0.7 0.4 0.6 | 0.229 | 0.192 | 0.3333

0.5% | 0.0 0.1 0.2 0.4 0.7 0.3 0.7 10.218 | 0.172 | 0.2556
1% 0.1 0.1 0.2 0.3 0.6 0.2 0.5 | 0.181 | 0.140 | 0.2556

2% 0.0 0.1 0.2 0.2 0.4 0.1 0.4 | 0.123 | 0.093 | 0.1556
5% 0.0 0.1 0.1 0.2 0.4 0.1 0.4 | 0.123 | 0.096 | 0.1556

7% 0.0 0.0 0.1 0.3 0.4 0.3 04 | 0.150 | 0.128 | 0.1556

In order to determine a possible dependence between individual mass de-
crements of samples for given concentrations of tested Composition consuma-
ble, correlations were calculated using the Pearson’s and Spearman’s method.
It was assumed at the same time that results have a normal distribution. If corre-
lation values are close to 1 or -1 value, then variables are dependent. If correla-
tion values are close to 0 value, then we deal with independent variables. Results
are presented in Table 3.

Table 3. Results of correlation between individual concentrations of the Composition consuma-
ble. Relative motion velocity V = 0.08 m-s™!, path of friction L = 2000 m

Tabela 3. Wyniki korelacji pomiedzy poszczegolnymi stezeniami PE Kompozycja. Predkos$¢ ruchu
wzglednego V = 0,08 m-s™!, droga tarcia L = 2000 m

Pearson Spearman
0,
005/(;) -0.34 -0.29
n '0% 0.89 0.82
i% 0.45 0.63
59 0.75 0.61
79 -0.05 0.00

55



Jarostaw Robert MIKOLAJCZYK

Next, in Table 4 presented are measured mass decrements of samples for par-
ticular concentrations of the next consumable — Motor Life, on the basis of which
— after their implementation into R software — a box plot was made (Fig. 3).
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Fig. 3. A box plot generated in R software referring to the mass decrement of samples for diffe-
rent concentrations of Motor Life consumable; relative motion velocity V = 0.08 m's’,
path of friction L = 2000 m; on the vertical axis — mass decrement [mg]; V1 — pure oil base
(100% SN-150); V2 — 0.5% Motor Life consumable, V3 — 1% Motor Life consumable,
V4 — 2% Motor Life consumable, V5 — 5% Motor Life consumable, V6 — 7% Motor Life
consumable

Rys. 3. Wykres pudetkowy wygenerowany w programie R dotyczacy ubytku masy probek dla
roznych stezen PE Motor Life; predko$¢ ruchu wzglednego V = 0,08 m-s™!, droga tarcia
L = 2000 m; na osi pionowej — ubytek masy [mg]; V1 — czysta baza olejowa (100%
SN-150); V2 — 0,5% PE Motor Life, V3 — 1% PE Motor Life, V4 — 2% PE Motor Life,
V5 — 5% PE Motor Life, V6 — 7% PE Motor Life

Table 4. Mass increments [mg] of samples for particular concentrations of Motor Life consuma-
ble; relative motion velocity V = 0.08 m-s™!, path of friction L = 2000 m [15, 16, 19]

Tabela 4. Ubytki masy [mg] probek dla poszczegélnych stgzen PE Motor Life; predkos¢ ruchu
wzglednego V = 0,08 m-s™!, droga tarcia L = 2000 m [15, 16, 19]

Sample 1 |Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6 | Sample 7 | Sample 8 | Sample 9
0% 0.2 0.3 0.6 0.1 0.5 0.7 0.1 04 0.1
0.5%| 0.1 0.3 0.5 0.3 0.4 0.4 0.2 0.3 0.0
1% 0.0 0.8 0.4 0.4 0.3 0.1 0.3 0.1 0.1
2% 0.3 0.5 0.2 0.2 0.9 0.3 0.2 0.1 0.0
5% 0.1 0.1 0.3 0.2 0.0 0.3 0.1 0.0 0.0
7% 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.3 0.2
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In order to analyze the obtained results the selected statistical parameters
were calculated, using R software, for measured values of the mass decrement of
samples: Statistical parameters mentioned above are tabulated in Table 5.

Table 5. List of main statistical parameters of measured mass decrements of samples for Motor

Life consumable; relative motion velocity V = 0.08 m-s™!, path of friction L = 2000 m

Tabela 5. Zestawienie gtéwnych parametréw statystycznych zmierzonych ubytkéw masy probek
dla PE Motor Life; predko$¢ ruchu wzglednego V = 0,08 m-s™!, droga tarcia L = 2000 m

Min | IstQu. | Median | 3rdQu. | Max | IQr R s di Mean

0% 0.1 0.1 0.3 0.5 0.7 0.4 0.6 | 0.229 | 0.192 | 0.3333

0.5% 0.0 0.2 0.3 0.4 0.5 0.2 0.5 0.156 | 0.118 | 0.2778
1% 0.0 0.1 0.3 0.4 0.8 0.3 0.8 0.243 | 0.180 | 0.2778

2% 0.0 0.2 0.2 0.3 0.9 0.1 0.9 | 0.264 | 0.177 | 0.3000
5% 0.0 0.0 0.1 0.2 0.3 0.2 0.3 | 0.120 | 0.096 | 0.1222

7% 0.0 0.1 0.1 0.1 0.3 0.0 0.3 ]0.092 | 0.061 | 0.1111

In order to determine a possible dependence between individual mass de-
crements of samples for given concentrations of tested Motor Life consumable,
correlations were calculated using the Pearson’s and Spearman’s method. It was
assumed at the same time that results have a normal distribution. If correlation
values are close to 1 or -1 value, then variables are dependent. If correlation
values are close to 0 value, then we deal with independent variables. Results are
presented in table 6.

Table 6. Results of correlation between individual concentrations of Motor Life consumable;
relative motion velocity V = 0.08 m-s!, path of friction L = 2000 m

Tabela 6. Wyniki korelacji pomiedzy poszczegdlnymi stezeniami PE Motor Life; predkos¢ ruchu
wzglednego V = 0,08 m-s”!, droga tarcia L = 2000 m

Pearson Spearman
0,
005/(;) 0.79 0.83
1'0% 0.37 0.44
é% 0.34 0.23
59, -0.15 0.15
70 -0.47 -0.43

The last consumable, for which tests were conducted, was Mind M, for
which in table 7 presented are mass decrements of samples depending on its
concentrations in the oil base SN-150. For these data, upon their implementation
into R software, generated is the box plot (Fig. 4).
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Fig. 4. A box plot generated in R software referring to the mass decrement of samples for diffe-
rent concentrations of Mind M consumable; relative motion velocity V = 0.08 m-s™!, path
of friction L = 2000 m; on the vertical axis — mass decrement [mg]; V1 — pure oil base
(100% SN-150); V2 — 0.5% Mind M consumable, V3 — 1% Mind M consumable, V4 — 2%
Mind M consumable, V5 — 5% Mind M consumable, V6 — 7% Mind M consumable

Rys. 4. Wykres pudelkowy wygenerowany w programie R dotyczacy ubytku masy probek dla
roznych stezen PE Mind M; predko$¢ ruchu wzglednego V = 0,08 m's”!, droga tarcia
L =2000 m; na osi pionowej — ubytek masy [mg]; V1 — czysta baza olejowa (100% SN-150);
V2 - 0,5% PE Mind M, V3 — 1% PE Mind M, V4 — 2% PE Mind M, V5 — 5% PE Mind
M, V6 — 7% PE Mind M

Table 7. Mass increments [mg] of samples for particular concentrations of Mind M consumable.
Relative motion velocity V = 0.08 m's’!, path of friction L = 2000 m [15, 16, 19]

Tabela 7. Ubytki masy [mg] probek dla poszczegélnych stezen PE Mind M; predkos¢ ruchu
wzglednego V = 0,08 m-s’!, droga tarcia L = 2000 m [15, 16, 19]

Sample 1 |Sample 2 | Sample 3 | Sample 4 | Sample 5| Sample 6 | Sample 7| Sample 8| Sample 9
0% 0.2 0.3 0.6 0.1 0.5 0.7 0.1 0.4 0.1
0.5%| 0.3 0.0 0.2 0.2 0.2 0.1 0.2 0.0 0.2
1% 0.1 0.1 0.2 0.1 0.0 0.3 0.1 0.4 0.1
2% 0.3 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0
5% 0.3 0.0 0.1 0.0 0.0 0.0 0.2 0.1 0.0
7% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0

In order to analyze the obtained results the selected statistical parameters
were calculated, using R software, for measured values of the mass decrement of
samples: Statistical parameters mentioned above are tabulated in Table 8.
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Table 8. List of selected statistical parameters of measured mass decrements of samples for Mind

M consumable; relative motion velocity V = 0.08 m*s™, path of friction L = 2000 m

Tabela 8. Zestawienie wybranych parametréw statystycznych zmierzonych ubytkow masy probek

dla PE Mind M; predko$¢ ruchu wzglednego V = 0,08 m-s!, droga tarcia L = 2000 m

Min | IstQu. | Median | 3rdQu. | Max | IQr R s di Mean

0% 0.1 0.1 0.3 0.5 0.7 0.4 0.6 | 0.229 | 0.192 | 0.3333

0.5% 0.0 0.1 0.2 0.2 0.3 0.1 0.3 0.101 | 0.081 | 0.1556
1% 0.0 0.1 0.1 0.2 0.4 0.1 0.4 | 0.123 | 0.096 | 0.1556

2% 0.0 0.0 0.0 0.1 0.3 0.1 0.3 | 0.111 | 0.088 | 0.0666

5% 0.0 0.0 0.0 0.1 0.3 0.1 0.3 | 0.109 | 0.086 | 0.0777

7% 0.0 0.0 0.0 0.0 0.1 0.0 0.1 ]0.033 ] 0.019 | 0.0111

4. SUMMARY

The following conclusions can be formulated upon the analysis of obtained

characteristics of the mass decrement of tested samples during the process of
friction:

the increase of concentration of the Composition consumable in the oil base
SN-150 causes the decrease of average mass decrement of samples from the
value of 0.33 mg (pure oil base) to 0.155 mg (for 2%, 5% and 7% Composi-
tion consumable) — Fig. 2;

despite the fact that for Composition consumable concentrations of 0.5% and
1% as well as for 2%, 5% and 7% the mean values of mass decrement are
identical, the scatter of results is different — Fig. 2;

for concentrations of Composition consumable 2% and 5% there are outliers
present. It is difficult to determine the cause of their formation, however they
do have an impact on the mean value;

the smallest values of a standard deviation s for Composition consumable
appear for concentrations of 2% and 5% (0.123) for which also the average
deviation from the mean value d; is the lowest (0.096);

for Composition consumable the concentrations of 0.5% and 1% as well as 2%
and 5% are characterized by big values of correlation both in the Pearson’s
method and Spearman’s method (Table 3), i.e. these concentrations are cha-
racterized by very similar effects of operation (similar mass decrements of
samples);

the increase of concentration of Motor Life consumable in the oil base
SN-150 causes the decrease of average mass decrement of samples from the
value of 0.33 mg (pure oil base) to 0.111 mg (7% Motor Life consumable);
despite the fact that for Motor Life consumable concentrations of 0.5% and
1% identical mean values of the mass decrement were obtained (Fig. 3), the
scatter of results is significantly different;

for Motor Life consumable concentrations of 2% and 7% there are as many
as three outliers;

for Motor Life consumable the smallest standard deviation s is for 7%
(0.092) — Table 5;
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e for Motor Life consumable only for concentrations of 0% and 0.5% there is
a strong correlation of the mass decrement of samples (respectively 0.79
Pearson, 0.83 Spearman); this indicates that small concentrations of this con-
sumable do not have a significant impact on the decrease of the mass decre-
ment of samples;

e for Mind M consumable the increase of concentration in the oil base causes the
decrease of average mass decrement of samples from the value of 0.33 mg (pu-
re oil base) to 0.011 mg (for 7%);

e concentrations of Mind M consumable 0.5% and 1% have the same mean
value of the mass decrement but different scatter of results (Fig. 4);

e for concentrations of Mind M consumable 1%, 2%, 5% and 7% there are
outliers which have an effect on the mean value; it is difficult to determine
the cause of such a big number of outlier results for this consumable;

e for Mind M consumable the smallest standard deviation s was observed for
7% (0.019).

LITERATURE

[1] Bendat J.S., Piersol A.G.: Metody analizy i pomiaru sygnalow losowych. Panstwowe Wy-
dawnictwo Naukowe, Warszawa 1976.

[2] Biecek P.: Analiza danych z programem R. Modele liniowe z efektami stalymi, losowymi
i mieszanymi. Wydawnictwa Naukowe PWN, Warszawa 2013.

[3] Biecek P.: Przewodnik po pakiecie R. Oficyna Wydawnicza GIS, Wroctaw 2017.

[4] Crawley M.: The R Book. Wiley-Blackwell, 2012.

[5] Everitt B., Hothorn T.: A Handbook of Statistical Analyses Using R. Chapman&Hall/CRC
Computer Science & Data Analysis. 2010.

[6] Gagolewski M.: Programowanie w jezyku R. Analiza danych, obliczenia, symulacje. Wy-
dawnictwo Naukowe PWN SA, Warszawa 2016.

[7] Gillespie C., Lovelace R.: Wydajne programowanie w R. Praktyczny przewodnik po lepszym
programowaniu. APN Promise, Warszawa 2018.

[8] Koronacki J., Mielniczuk J.: Statystyka dla studentow kierunkoéw technicznych i przyrodni-
czych. Wydawnictwo WNT, Warszawa 2018.

[9] Krzysztofiak M., Urbanek D.: Metody statystyczne. Panstwowe Wydawnictwo Naukowe,
Warszawa 1977.

[10] Krzysko M: Statystyka matematyczna. Wydawnictwo Naukowe Uniwersytetu Adama Mic-
kiewicza w Poznaniu, Poznan 1996.

[11] Laber S.: Badania wtasnosci eksploatacyjnych i smarnych uszlachetniacza metalu Motor Life
Professional. Uniwersytet Zielonogorski, Zielona Goéra 2008.

[12] Laber S.: Preparaty eksploatacyjne. Wydzial Mechaniczny Instytutu Budowy Maszyn i Po-
jazdow, Uniwersytet Zielonogorski, Zielona Gora 2001.

[13] Luszniewicz A.: Statystyka ogodlna. Panstwowe Wydawnictwo Ekonomiczne, Warszawa
1987.

[14] Morrison D.F.: Wielowymiarowa analiza statystyczna. Panstwowe Wydawnictwo Naukowe,
Warszawa 1990.

[15] Mikotajczyk J.: Badanie wptywu preparatu eksploatacyjnego Mind M na zmian¢ wlasnosci
smarnych oleju bazowego SN-150. Inzynieria i Aparatura Chemiczna 5, 2012, 235-236.

[16] Mikotajczyk J.: Maszyny tarciowe. Budowa, przeznaczenie. Wydawnictwo Panstwowej
Wyzszej Szkoly Zawodowej w Pile, Pita 2018.

60



Statistical analysis of the mass...

[17] Mikotajczyk J.: System wizualizacji i archiwizacji danych stanowiska do badan tribologicz-
nych. Praca dyplomowa na Wydziale Elektrotechniki i Telekomunikacji Uniwersytetu Tech-
nologiczno-Przyrodniczego w Bydgoszczy, Bydgoszcz 2011.

[18] Mikotajczyk J.: Tribotestery. Budowa, przeznaczenie. Wydawnictwo Panstwowej Wyzszej
Szkoty Zawodowej w Pile, Pita 2019.

[19] Mikotajczyk J.: Wpltyw dodatkow smarowych na transformacj¢ warstwy wierzchniej. Wy-
dawnictwo Panstwowej Wyzszej Szkoty Zawodowej w Pile, Pita 2017.

[20] Praca zbiorowa pod red. Szydlowskiego H.: Teoria pomiaréw. Panstwowe Wydawnictwo
Naukowe, Warszawa 1981.

[21] Zakowski W., Kotodziej W.: Matematyka. Cz. II. Analiza matematyczna. Wydawnictwo
Naukowo-Techniczne, Warszawa 2003.

ANALIZA STATYSTYCZNA ZMIANY MASY PROBEK
W WYNIKU PROCESU ZUZYWANIA

Streszczenie: W pracy przedstawiono analiz¢ statystyczng zmiany masy probek
w wyniku procesu zuzywania pary kinematycznej o styku konforemnym, pracuja-
cej w obecnosci preparatu eksploatacyjnego PE o zdefiniowanym skladzie. Omo-
wiono warunki badan oraz budowg stanowiska badawczego. Badania tribologiczne
wykonano w temperaturze pokojowej dla jednej predkosci ruchu wzglednego.
Okreslono wplyw stezenia wybranego PE w bazie olejowej SN-150 na ubytek ma-
sy badanych probek. Analizg statystyczna wykonano w oparciu o program R.

Stowa kluczowe: struktura geometryczna powierzchni, warstwa wierzchnia, olej
bazowy, dodatki do olejow, preparat eksploatacyjny
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