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ABSTRACT

The influence of water and ice on the performance properties of lubricants
is analysed. The tribotechnical properties of Era VNIINP 286M and
AeroShell Grease 33 aviation lithium greases at low temperatures, in the
presence of water in the grease, are presented. The research was conducted
using a test rig simulating a block-on-ring sliding contact. AeroShell Grease
33 demonstrates high demulsifying properties in emulsions with a water
content of up to 20 %, at temperatures ranging from -10 to +10 °C.
Experiments showed that the presence of water in AeroShell Grease 33 does
not reduce the wear resistance of the tribosystem under sliding conditions.
The temperature variation in the tribotechnical contact was analysed in
relation to the heat capacity of the emulsion, depending on the
concentration of dissolved water in the lubricant. The mechanism of
structural adaptation, based on the principle of the optimal mechanical
scheme of contact interaction in sliding pairs lubricated with lithium grease
emulsions, was identified. This mechanism involves the formation of a
microrelief on the contact surfaces, increasing the relative bearing length
of the profile to up to 25 % under conditions of effective demulsifying action
of the grease. It was established that the microgeometric parameters of the
structural adaptability of friction pairs are characterised by a reduction in
both maximum profile height and equilibrium roughness.

© 2025 Published by Faculty of Engineering

1. INTRODUCTION

The reliability of mechanical

production, and confirmed during operation.
Lubricants play a crucial role in this process and

systems is are continuously developed to enhance their

established at the design stage, ensured during physical, chemical, and operational properties.
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The primary function of modern lubricants is to
reduce friction and wear in the tribological
contacts of machines, mechanisms, and
instruments used in various fields of technology
[1]. In many cases, the reliability of friction pairs
is determined by the quality of the lubricant;
therefore, its properties must be considered on
par with the properties of the materials used to
manufacture the components when designing a
friction unit. In practice, liquid, semi-solid
(grease), and solid lubricants are widely used.

The issue of improving the efficiency of lubricant
use is a complex scientific and technical task
within the fields of tribology, materials science,
and chemotology. As an element of a complex
tribosystem, lubricants act as indicators of the
operating modes and conditions of assemblies
and their technical state. Thus, the reliability of
friction components depends on the quality of
the lubricants.

The production of aviation lubricants focuses on
enhancing their physical, chemical, and
operational properties to meet the ever-
increasing demands of modern technologies,
international regulations, and standards. When
evaluating the quality of aviation lubricants,
special attention should be given to monitoring
their performance characteristics [2,3]. This
ensures benefits such as extended service life of
aircraft components, a reduced number of
failures, and longer lubricant replacement
intervals.

Water is one of the factors that can affect the
effectiveness of lubricating properties. The
ingress of water into lubricants may occur
during transportation, storage, fuelling, and
operational use [4].

During service, water in lubricants may exist in
several states [5]: dissolved or chemically bound
water, which cannot be removed by
conventional methods and is practically
harmless in concentrations up to 0.05%; and
water in concentrations up to 2-3 %, forming
emulsions with varying degrees of bonding to
the lubricant components.

Water can be present in lubricants in the form of
free, dissolved, or emulsified water. Due to their
differing chemical properties, lubricants and
water do not mix but rather separate into two
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distinct layers. Since water has a higher density
than lubricants, free water accumulates at the
bottom. However, depending on the base oil
composition and the type of additives used,
different lubricants can retain varying amounts
of water in the dissolved phase (temperature and
pressure also affect the amount of water a fluid
can hold) [6].

Once the lubricant’s saturation limit is exceeded,
water is present as either free water or an
emulsion. An emulsion is a state in which water
exists as fine droplets dispersed during agitation.
The presence of emulsifying additives in the
lubricant may also lead to emulsion formation.
According to [7], emulsified and free water are
the most harmful to bearings, as emulsions can
reduce film strength, while free water can readily
cause corrosive damage.

Water induces hydrolysis and degradation of
additives in oils, leading to a decline in their
lubricating,  detergent, and  neutralizing
properties. It also increases corrosive effects and
raises the risk of catastrophic failure of
antifriction coatings in tribological pairs [8].
According to [9], the presence of water in oil
facilitates the hydrolysis of additives with
specific chemical compositions, which may result
in severe corrosive-mechanical wear and scuffing
of friction surfaces.

In addition, water causes intense coagulation of
impurities and additives in the oil, resulting in
sludge formation [10]. In the work [11], it was
established that water negatively affects the
properties of lubricants. When lubricants become
water-contaminated, their alkalinity decreases,
dispersing ability deteriorates, and corrosive
aggressiveness increases. All of this leads to
increased wear of component parts and also
necessitates premature replacement of the
lubricant in the event of water contamination,
which significantly raises operating costs.

According to the data in [12], the addition of
water and an increase in its concentration in CaS
and Li-based lubricants lead to increased
roughness of the friction surface profile as well
as higher wear.

At low temperatures, water freezes and
interferes with the normal operation of friction
parts. Especially the processes of changes in the
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physical and chemical properties of lubricants
due to their watering are characteristic of
lubricants used in the lubrication of friction units
in aircraft [13]. Specifically, aircraft can rapidly
move between different temperature zones. For
instance, an aircraft may take offin warm regions
where the air temperature can reach +50 °C, and
then remain in prolonged flight at altitudes of up
to 9,000 m (= 29500 ft), where air temperatures
can drop to between -40 °C and -57 °C. These
changes in environmental conditions cause the
lubricant to solidify quickly, and any water it
contains may crystallise. During landing, the
lubricant may not have enough time to thaw
completely, leaving ice crystals present [14].
Under such conditions, the ice acts as an abrasive
that enters the contact zone of the friction pairs.
Accordingly, this can lead to catastrophic
consequences.

Studies investigating the effect of ice on friction
processes demonstrate that the antifriction
performance of a contact is dependent on both
velocity and temperature [15]. Reference [16]
reports that frictional heating and fluid film
thickness increase with rising speed, resulting in
reduced friction. At speeds below approximately
0.01 m/s, frictional heating is inadequate to
maintain lubrication, causing frictional sliding
dominated by deformation of surface asperities
and micro-fractures.

The study presented in [17] investigates the
friction processes of ice on resinous butadiene
rubber filled with carbon. It was found that at
low speeds and low  temperatures,
morphological features indicative of dry contact
were observed. The high friction (friction
coefficient p ~ 1) at low speeds and
temperatures around -25 °C was attributed to
internal friction. At higher temperatures and
low speed, the formation of liquid films was
observed due to the salt content in the ice.

The friction processes of ice samples sliding on
steel were analyzed by studying the morphology
of wear particles using low-temperature electron
scanning microscopy [18]. High antifriction
properties (u < 0.1) are observed at a high
temperature (-3.4 °C) and low speed (0.02 m/s),
as well as at a low temperature

(-25.1°C) and high speed (0.30 m/s), which is
due to the presence of liquid water that

lubricates the sliding surface. Diagnostic
morphological features of lubricated sliding
surfaces include the presence of residual liquid
in the wear grooves. A decrease in antifriction
properties (i > 0.15) at alow temperature (-24.5
°C) and low sliding speed (0.03 m/s) is caused
by insufficient lubrication at the sliding
interface, which leads to plastic deformation.
Under these conditions, diagnostics of contact
morphology during plastic deformation reveal
signs of abrasion on the wear surface and the
accumulation of wear particles on the trailing
edge of the wear surface.

Under operating conditions that lead to watering
oflubricants, it is necessary to use lubricants with
improved physical and chemical properties. This
is achieved by introducing multifunctional
additives and supplements into the base oil [19].

One of the most important tasks in the
development of aircraft maintenance at the
present stage is the development of measures
aimed at improving the operational reliability
and efficiency of their assemblies. The primary
focus of research is increasing the durability and
faultlessness of friction units through targeted
enhancement of the properties of structural,
functional, and composite materials, as well as
improvement of their designs. However,
operational experience with aircraft shows that
insufficient attention has been paid to the
effective selection of lubricants to ensure the
reliability of aircraft tribosystems.

Unfortunately, there are few experimental
studies assessing the tribotechnical properties
of lubricants in the presence of water at low
temperatures, where ice crystals form. Research
in this area will enable the evaluation of the
performance  characteristics of  water-
contaminated lubricants at temperatures below
0 °C. The importance of such research lies in the
fact that most modern lubricants, including
aviation lubricants, are all-season and have a
long service life. In case water enters the
lubricant, special attention should be paid to its
demulsifying  properties (water-rejection
ability), oxidation stability, and tribotechnical
characteristics.

Thus, the quality of lubricants largely determines

the durability and service life of friction units in
aviation equipment as a whole.
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2. PURPOSE OF RESEARCH

The purpose of this research is to determine the
tribotechnical properties of aviation greases at
low temperatures in the presence of water in the
lubricant with conducting visually assessing
qualitative changes in grease consistency and
investigating changes in the microgeometry
parameters of tribocontact during, friction.

3. METHODS AND MATERIALS USED IN THE
RESEARCH

Lithium greases for aviation purposes, Era
VNIINP 286M and AeroShell Grease 33, were
studied as lubricating materials.

AeroShell Grease 33 is recommended for use as a
universal lubricant for aircraft airframes,
components and assemblies. It is formulated
from a blend of synthetic hydrocarbon oil and
esters, thickened with a lithium complex. The
grease contains corrosion and oxidation
inhibitors, as well as additives that enhance its
load-bearing capacity [20]. Its operating
temperature range is -73 to +121 °C. Effective
operational properties of the grease include high
anti-wear and anti-corrosion characteristics,
increased resistance to washing out by water,
anti-freezing fluids, and other liquids, as well as

low additive depletion, which ensures a long
service life. [21]. AeroShell Grease 33 has proven
to be a versatile, general-purpose lubricant—
except for wheel bearings operating above 121 °C
and sliding friction pairs requiring molybdenum
disulfide. It has received approval from Boeing
and Airbus, as well as aircraft manufacturers
such as McDonnell Douglas, BAe Regional
Aircraft, Canadair, Lockheed, Embraer, Fokker,
Gulfstream, and Antonov. Additionally, it meets
the requirements of international standards BMS
3-33C, MIL-PRF-23827C (Type I), AIMS 09-06-
002, COMAC QPL-CMS-0OL-302, SAE AMS 3052,
and NATO Code G-354 [22].

The main physical characteristics of AeroShell
Grease 33 are presented in Table 1 [23].

Aviation grease "ERA" (VNIIINP-286M) (TU
38.101950-83, classified under DIN 51502 as
grease type KP2-3K-60) is intended for use in
aircraft components, such as rolling and plain
bearings, gears of electrical mechanisms, and
aircraft control systems. The grease has high
mechanical stability, excellent antioxidant
stability, good anti-corrosion, anti-wear, and
anti-scuffing properties, and does not cause
swelling of rubber products. The grease has low
volatility and can be used in a wide temperature
range from -60 to +120 °C.

Table 1. Typical physical and chemical characteristics of AeroShell Grease 33.

Properties Method Requirements by specifications AeroShell Grease 33
BMS 3-33C
AIMS 09-06-002
SAE AMS3052A
Oil type Synthetic Hydrocarbon / Ester |Synthetic Hydrocarbon / Ester
Colour Blue-green Green
Thickener type Lithium Complex Lithium Complex
Base 0il viscosity at, mm?/s
-40°C ASTM D445 - 1840
40°C - 14.2
100°C - 3.4
Operating temperature, °C from -73 to +121 from -73 to +121
Dropping point, °C ASTM D556 205 min 227
Worked penetration at 25°C ASTM D217 from 265 to 315 297
Oil separation at 100°C in 30 hrs., %m! | ASTM D6184 8 max 2
Water Washout at 79°C, %m ASTM D1264 7,5 max <6
Evaporation loss 500 hrs. at 121°C, %m | ASTM D2595 10 max <10
Anti-friction performance at 121°C, hrs | ASTM D3336 1000 min >1200
Load Carrying Capability LWIZ at 27°C, kg| ASTM D2596 60 min >60
Copper corrosion in 24 hrs. at 100 °C ASTM D4048 1B max

2 - Load Wear Index in accordance with ASTM D2596

1 - Percentage of weight loss in accordance with the accepted standard;
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Era grease (VNIINP-286M) is produced by
thickening a mixture of hydro isomerization and
hydrocracking oils with hydrogenated castor oil
acids and stearic acid lithium soap, along with
additional extreme pressure and antioxidant
additives. The grease exhibits high antioxidant
and anticorrosive properties and is characterized
by high mechanical stability. Effective extreme
pressure and wear characteristics have been
established during operation.

The main physical characteristics of VNIINP-
286M are presented in Table 2.

The study was conducted for three cases:

1. Commercial greases Era VNIINP 286M and
AeroShell Grease 33, which, according to the
quality certificate, do not contain water;

2. Emulsions of grease (Era VNIINP 286M or
AeroShell Grease 33) and water with a water
concentration of 10%;

3. Emulsions of grease (Era VNIINP 286M or
AeroShell Grease 33) and water with a water
concentration of 20%.

Table 2. Standardization of ERA Grease Quality Indicators (VNIINP-286M).

Properties Standard Test method
Dropping point, °C, not less than: 180 Under GOST 6793
Penetration at 25 °C, x10-1 mm 210-250
Viscosity at 0 °C and 10s-1, Pa-s, not more than: 110
Effective viscosity, Pa-s, determined by a capillary viscometer at a temperature 900 Under GOST 7163
of -50 °C and an average strain rate gradient of 10 s, not more than:
Colloidal stability at a 3N load, %, not more than: 22 Under GOST 7142
Shear strength at 20 °C, Pa, within: 500-600
Shear strength at 50 °C, Pa, within: 200-350 Under GOST 7143, Method b
Mass fraction water None Under GOST 2477
Mechanical impurities content None Under GOST 6479
Corrosive effects on metals Withstands | Under GOST 9.080 with the
addition of clause 4.3
Colloidal stability, %, not more than: 35
Mass fraction of free alkali in terms of NaOH, %, not more than: 0,1 Under GOST 6707
Evaporation loss 150°C in 1 hrs., % masses, not more than: 5,0 Under GOST 9565

After thorough mixing, the samples were placed
in a freezer at a temperature of minus 10 °C.

Oil-water emulsions were prepared in a
transparent container. First, the lubricant was
poured into the container and weighed on a
precision balance to the nearest 0.1 g. Then, the
appropriate mass of water was added to achieve
the required mass percentage. The components
were mixed with a spatula for 10-15 minutes.
The quality of mixing and emulsion formation
was then visually assessed using an optical
microscope. After preparation, a sample was
taken for testing.

To study aviation greases and emulsions under
sliding conditions, tests are carried out on a
full-scale setup that simulates a cylinder-to-flat
contact. The control unit allows for the
management of the setup and, during testing,
displays the current rotational speed of the
movable sample and the torque. The rotational

speed is measured using a Hall effect sensor,
which registers parameters on the shaft driven
by a belt transmission connected to the
machine's main rotating shaft. The setup is
equipped with a system of Pt100
thermoresistive Ssensors, enabling the
monitoring of both the research objects' and
the ambient temperatures.

According to the methodology, two test samples
are placed at diametrically opposite points of the
counter-sample (Figure 1).

The maximum pressure (pmax) in the contact is
determined based on the theory of contact
deformation in an elastic body, which assumes a
linear initial contact of the tested samples [24,25]
as shown in formula (1):

P, =0.564 /l [MPa]. (1)
o,r
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Where Niis the normal load per unit length, r is
the radius of the cylindrical body, and X = ©1+ 0>
is the elastic constant for the case of two
deformable bodies.

The maximum pressure (pmqx) in the contact is:

N 30/20
p... =0564 |— =0.564 /—6
O,r 8.46x10° x 25

=47.5MPa

n—t

T ]

/ P
| I]O ——i—

Fig. 1. Diagram of roller-cylinder contact on a full-
scale setup: 1 - test samples; 2 - counter-sample.

The sliding speed was 1.1-1.15 m/s. During the
study, the friction torque, temperature of the
sample and the counter-sample were
determined. The duration of the tests on the full-
scale setup was 20 minutes, corresponding to the
complete thawing time of the frozen water added
to the lubricant test samples, which were
previously frozen at -10 °C.
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The weight wear of the samples was measured
using Axis ANG200C scales of class 2 accuracy
with a resolution of 0.0001 g.

Each series of experiments was conducted three
times. The measurement errors of the investigated
parameters are within 5% at a confidence level of P
= 95% and a significance level of a = 5%. The
standard deviation of the friction coefficient is 0.01,
and that of the weight wear is 0.005 g.

For the study, a counter sample and samples
made of 30KhGSA steel were selected. This steel
grade is a structural alloy of chromium, silicon,
and manganese as shown in Table 3 [26].

Table 3. The chemical composition in % of the
material is 30ChGSA.

C 0.28-0.34
Si 09-1.2
Mn 08-1.1
Ni <03
S <0.025
<0.025
Cr 0.8-1.1
Cu <03

The microgeometric characteristics of the initial
surface of 30ChGSA steel and the surface formed
via structural adaptation during friction were
analyzed using a laser scanning differential-
phase microscope-profilometer for surface
quality assessment [27].

4. RESEARCH RESULTS

Visual inspection of the grease-water emulsions
revealed significant differences in the degree of
water dissolution among the lubricants tested
(Figure 2).
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(b)
Fig. 2. Grease-water emulsions in the cooled state at-10
°C with a water concentration of 20% in Era VNIINP-
286M grease (a) and AeroShell Grease 33 (b), (x4.8).

For Era VNIINP-286M grease, a high affinity for
water was observed - water at a concentration of
10% is homogeneously distributed throughout the
grease at room temperature. When cooled to -10 °C,
water crystallization is predominantly observed.
However, at a water concentration of 20 %, single
structures of bound, uncrystallized water occupy
10 % of the observation area (Figure 3. a, b, c).

When 10% water is added to VNIINP-286M grease,
a homogeneous emulsion is formed; however,
when the water concentration is increased to 20%,
partial separation of the emulsion is observed, with
up to 5 % of free water separating. Thus, VNIINP-
286M grease forms a stable emulsion with water at
concentrations of up to 15%.

(d)

)

Fig. 3. Visual inspection of the oil-water emulsion at-10 °C: Era VNIINP-286M commercial grease (a), emulsions with 10
% (b) and 20 % (c) water; AeroShell Grease 33 commercial grease (d), emulsions with 10 % (e) and 20 % (f) water, (x32).

Regardless of the water concentration, AeroShell
Grease 33 exhibits effective demulsifying
properties. Within 1-3 minutes, the emulsion
completely separates into oil and water. When
cooled, the consistency of the grease remains
homogeneous, with water crystallizing in the
lower part of the container (Figure 3. d, e, f).

When the cooled emulsions are heated to +10°C,
delamination is observed in VNIINP-286M

grease, while AeroShell Grease 33 exhibits a
homogeneous texture (Figure 4).

Let’s analyse the tribotechnical characteristics of
the emulsions. For  VNIINP-286M-water
emulsions, a 10 % increase in the coefficient of
friction was observed in contact, regardless of the
operating time, compared to the commercial
lubricant (Figure 5).
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(b)
Fig. 4. Grease-water emulsions (20%) after cooling at
-10°C and subsequent heating to +10°C: (a) Era
VNIINP-286M grease, (b) AeroShell Grease 33 (x32).

0,060

0,055

01234567 891011121314151617181920
t, min

—A—FEra0% =—A—FEral0% —A—Era20%

Fig. 5. Changes in the coefficient of friction during
operation for commercial greases Era VNIINP-286M
and AeroShell Grease 33, and their emulsions with
water: 0%, 10%, and 20% water concentration.

The obtained friction coefficient vs. running-in
time dependencies presented in Figure 5 were
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analysed using trendlines based on polynomial
functions. The quality of approximation was
evaluated using the coefficient of determination
(R?). For example, the following polynomial
functions were obtained:

For the emulsion of grease ERA VNIINP-286M
with 20% water:

y = 4E-05x2 - 0,0014x + 0,0763 (R* = 0,9698);
for the commercial grease AeroShell Grease 33:
y = 3E-05x2 - 0,0008x + 0,0641 (R* = 0,9143);

for the emulsion of AeroShell Grease 33 with 20%
water:

y = 2E-05x2 - 0,0005x + 0,0628 (R? = 0,7438).

While the friction coefficient for the
commercial grease stabilized at 0.061 after 7-8
minutes, for the emulsions, this parameter
stabilized after 11-12 minutes of operation. The
analysis of the temperature change kinetics in
tribotechnical contact is also noteworthy. By
the end of the experiment, the temperature
increase in the contact was +13 °C, +11 °C, and
+10 °C, respectively, for the commercial grease
and emulsions with 10 % and 20 % water
(Figure 6).

AT, °C
14 13
12 12
12 11 11
B B
10
8
6
4
2
0
1 2 3 1 2 3
Era VNIINP-286M Aero Shell Grease 33

Fig. 6. Temperature increase in the contact zone after 20
minutes of operation: 1 - commercial lubricants; 2 -
emulsion with 10 % water; 3 - emulsion with 20 % water.

Thus, the intensity of temperature rise in the
tribotechnical contact is reduced by 15% and
23% when lubricated with emulsions containing
10% and 20% water, respectively. We suggest
that the mechanism behind this process lies in
the thermophysical properties of water, which
differ significantly from those of oils. In
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particular, the specific heat capacity of water is
4200 ]/ (kg-°C), which is approximately twice as
high as that of a lubricant; the thermal
conductivity of water is 0.58 W/ (m-°C), which is
three times higher than that of a lubricant. These
thermophysical properties determine a
lubricant’s ability to remove heat from the
contact zone, thereby reducing thermal stress in
the tribosystem. In our case, an increase in the
concentration of dissolved water in the
emulsion results in a less intense temperature
rise in the tribotechnical contact, due to the
increased heat capacity of the emulsion
compared to the commercial lubricant.

Unlike VNIINP-286M grease, the addition of
water to AeroShell Grease 33 does not degrade its
antifriction characteristics. During the initial
period of operation, the coefficient of friction for
both commercial AeroShell Grease 33 and its
emulsions with water is 0.065, which is 8% lower
than for VNIINP-286M grease and 15% lower
than the coefficient of friction for VNIINP-286M-
water emulsions. Stabilization of the friction
coefficient at 0.059 occurs after 5 minutes of
operation, compared to VNIINP-286M grease.
AeroShell Grease 33 reduces the friction
coefficient 3% more effectively, and by 11 %
compared to the emulsions. The temperature
increase in the contact after 20 minutes of
operation is 11-12 °C for both the commercial
grease AeroShell Grease 33 and its emulsions
with water (Figure 7).

Wear, g
0,03
0,0195 0,0205
0,02
0,0101
0,01
0
1 2 3
B Aero Shell Grease 33  OEra VNIINP-286M

Fig. 7. Weight wear of 30KhGSA steel when lubricated
with commercial lubricants (1), and emulsions of
lubricants with water at concentrations of 10% (2)
and 20% (3).

Thus, due to the effective demulsifying properties
of AeroShell Grease 33, the separation of the
emulsion into oil and water ensures that the
ingress of water into the grease does not affect its
antifriction characteristics.

Let’s analyse the effect of water on the anti-wear
properties of the lubricants under study.
Emulsions of VNIINP-286M with 10 % and 20 %
water lead to an increase in tribosystem weight
wear by 11 % and 15 %, respectively (Figure 7).

The use of AeroShell Grease 33 results ina 1.75-fold
reduction in wear of 30KhGSA steel, and a 2-fold
reduction in wear for emulsions with 20% water,
compared to VNIINP-286M grease. The presence of
up to 20% water in AeroShell Grease 33 does not
affect the wear resistance of the tribosystem under
the experimental conditions studied.

The surface microrelief was assessed for sample
1 (Figure 2), comparing the original surface and
the friction surface after 20 minutes of operation
when lubricated with emulsions of the studied
lubricants containing 20% water (Figure 8).

(b)
Fig. 8. The initial surface of 30KhGSA steel (a) and the
friction track after running-in (b) when lubricated
with a VNIINP-286M water-20% emulsion.

The presented images show the 3D state and
configuration of the friction surfaces, obtained
using a profilometer microscope with height
sensitivity up to 1 nanometer.

The quality of the steel surface layer was assessed

based on the parameters presented in Table 4
and (Figure 9).
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Table 4. Microrelief parameters of the surface layer of 30KhGSA steel.

Properties Initial Friction track* (lubrication | Friction track* (lubrication Friction track*
surface | witha VNIINP-286M water- | with a AeroShell Grease 33 | (lubrication with
20 % emulsion) - water-20 % emulsion) a Grease 33)
Ra, pm (arithmetic mean 0.08 0.041 0.038 0.038
deviation of the profile)
Rmax, pm (maximum profile 0.21 0.26 0.1 0.11
height)
Rpk, pm (average height of 0.022 0.1 0.018 0.016
the protrusions)
Rx, pm (central height of 0.078 0.021 0.03 0.033
micron irregularities)
Rvk, pm (adjusted depth of 0.03 0.017 0.018 0.02
the indentations)
A Mr,% - proportion of the 58 33 71 73
central area of the profile
according to DIN 4776
* - contact zone between the test samples and the counterbody (Figure 1).

Ra, ym
o3
| 52% (A Mr) '
o - >
KE | | }h "Ripk.
. F\\KE Rk
a8 \‘_“—u}\____uv_\: e
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Fig. 9. Determination of the central region share of the
profile (AMr) of the 30ChGSA steel surface according
to the Abbott curve: (a) - initial surface, (b) - after
friction with an emulsion based on AeroShell Grease
33, (c) - after friction with an emulsion based on VNII
NP-286M grease.
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Numerous experimental studies have shown that
lubricant significantly affects the process of
structural adaptation in tribological elements,
with the key aspect being the formation of the
microrelief on contact surfaces during the
running-in process [28,29].

A comparative analysis of the microgeometric
characteristics of the initial surface and the
friction raceway has established a more effective
structural adaptability of contact surfaces when
lubricated with an emulsion based on AeroShell
Grease 33 compared to an emulsion based on
VNIINP-286M grease, according to the following
criteria:

1. Both the equilibrium roughness and the
maximum height of the surface layer profile
during the running-in process are reduced by
a factor of 2;

2. The proportion of the base material, which
determines the relative bearing length of the
profile, increases by 26 % (Figure 9).

It should be noted that the presence of water in
AeroShell Grease 33 does not affect the
microgeometric parameters of the structural
adaptability of friction pairs within the studied
time interval. However, we believe that longer
studies are needed to assess the effect of water in
lubricant-water  emulsions. The negative
consequences of water in the lubricant may
include the dissolution and leaching of additives,
leading to intensified oxidation and wear of
friction pairs. This part of the research focused on
assessing the effect of water at temperatures
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below 0°C. The experiments were short-term, as
no additional cooling equipment was used in the
tribocontact; only pre-cooled lubricant was used.

Comparing the antifriction properties of the
commercial grease AeroShell Grease 33 at +10°C
and in a cooled state at -10°C, it was found that
the friction coefficient during the initial operating
period increases by 1.4 times for the cooled
grease. Upon stabilization, f is 1.27 times higher
than at +10°C (Figure 10 (1, 2)).

J | coefficient of friction L% 40

temperature

15
01 234356 7 8 91011121314 151617 18 19 204 min

01 —-—2 —-4-3 ——4

Fig. 10. Kinetics of changes in the coefficient of friction
(f) and temperature in the tribological contact (T)
during lubrication with AeroShell Grease 33: 1 - f at
grease temperature of -10°C; 2 - f at grease
temperature of +10 °C; 3 - initial grease temperature -
10 °C; 4 - initial grease temperature +10 °C.

After 20 minutes of tribosystem operation, the
temperature increase in the contact zone is 7°C
and 13°C, respectively, for grease with an initial
temperature of -10°C and +10°C (Fig. 10 (3, 4)).

Based on the data on changes in the coefficient of
friction and temperature for AeroShell Grease 33,
the following lubrication mechanism for grease-
water emulsions is assumed: when water enters
the grease, it is effectively demulsified,
preventing it from reaching the friction zone. This
is evidenced by the stability, consistency and lack
of variation in the antifriction and anti-wear
properties of commercial grease, the parameters
of the microrelief of the surface layer of 30KhGSA
steel with structural adaptability in the friction
process under conditions of water ingress into
the grease. The high hydrophobic properties of
this grease prevent the onset of corrosion
processes during operation.

Further research may focus on improving the
testing methodology to better simulate real flight
conditions of aircraft. This could include

expanding the temperature range for testing
lubricants and their water emulsions, as well as
conducting cyclic freeze-thaw tests of the
lubricants and their emulsions.

5. CONCLUSION

AeroShell Grease 33 has demonstrated high
demulsifying properties: the emulsion of this
grease with water, at concentrations of up to 20%
and temperatures ranging from -10 to +10 °C,
completely separates, and preventing water from
entering the contact zone. In contrast, Era
VNIINP-286M grease forms a stable emulsion
with water at concentrations of up to 15%.

It was found that the presence of water in
AeroShell Grease 33 does not affect its
antifriction characteristics. The coefficient of
friction is 15% and 11% lower, respectively,
during the initial running-in period and when the
parameter stabilizes in contact, compared to the
emulsions of Era VNIINP-286M.

The mechanism for reducing the temperature
rise in the sliding pair contact when lubricated
with Era VNIIINP-286M grease emulsions has
been established. It involves an increase in the
heat capacity of the emulsion due to the dissolved
water, which has higher thermophysical
properties compared to the grease, resulting in a
decrease in the thermal stress of the tribosystem.

AeroShell Grease 33 is characterized by high anti-
wear properties, reducing the weight wear of
30KhSA steel by 1.75 times compared to Era
VNIINP-286M. The presence of water in the
grease does not lead to an increase in steel wear,
unlike Era VNIINP-286M, where emulsions
containing 10% and 20% water cause an increase
in steel weight wear by 11% and 15%,
respectively.

A more effective structural adaptation of local
contacts in sliding pairs lubricated with AeroShell
Grease 33 and its emulsions was observed, in
contrast to Era VNIINP-286M grease and its
emulsions. This is manifested by a two-fold
reduction in equilibrium roughness, a 1.6-fold
decrease in the maximum profile height, and a
26% increase in the relative reference length of
the profile. Such changes in microgeometric
characteristics during friction facilitate the
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formation of an optimal microroughness of the
tribological pairs during running-in.

The presented methodology for evaluating the
tribotechnical properties of lubricants with
varying water content (percentage) was applied
during laboratory testing of the flap lift actuator
gearbox, model 148.00.5737.000.000, used in
AN-148 aircraft.

REFERENCES

[1]

524

Y. Lianget al, “Effect of material selection and
surface texture on tribological properties of key
friction pairs in water Hydraulic axial piston
pumps: a review,” Lubricants, vol. 11, no. 8, p. 324,
Jul. 2023, doi: 10.3390/lubricants11080324.

T. M. A. Al-Quraan, O. Ilina, M. Kulyk, R.
Mnatsakanov, O. Mikosianchyk, and V. Melnyk,
“Dynamic processes of Self-Organization in
nonstationary conditions of friction,” Advances in
Tribology, vol. 2023, pp. 1-13, Feb. 2023, 2023,
doi: 10.1155/2023/6676706.

R. G. Mnatsakanov, 0. A. Mikosianchyk, O. E.
Yakobchuk, and B. D. Khalmuradov, “Lubricating
Properties of Boundary Films in Tribosystems
under Critical Operation Conditions,” Journal of
Machinery Manufacture and Reliability, vol. 50,
no. 3, pp. 229-235 May 2021, doi:
10.3103/S1052618821030110.

W. Gotebiowski, A. Wolak, and B. Sarkan, “Engine
oil degradation in the Real-World bus fleet test
based on two consecutive operational
intervals,” Lubricants, vol. 12, no. 3, p. 101, Mar.
2024, doi: 10.3390/lubricants12030101.

G. Kokieva, A. Spiridonova, A. Anosova, V.
Belomestnykh, and A. Pekhutov, “Research of
problems of technical operation of agricultural
machines,” IOP Conference Series Earth and
Environmental Science, vol. 937, no. 3, p. 032053,
Dec. 2021, doi: 10.1088/1755-
1315/937/3/032053.

R. E. Cantley, “The effect of water in lubricating
oil on bearing Fatigue life,” A S L E Transactions,
vol. 20, no. 3, pp. 244-248, Jan. 1977, doi:
10.1080/05698197708982838.

A. Gurt and M. Khonsari, “An overview of grease
water resistance,” Lubricants, vol. 8, no. 9, p. 86,
Aug. 2020, doi: 10.3390/lubricants8090086.

Y. Meged, “Bi-Modal failure mechanism of rolling
contact bearings,” Advances in Materials Physics
and Chemistry, vol. 10, no. 10, pp. 230-238, Jan.
2020, doi: 10.4236/ampc.2020.1010017.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

X. Liang and Z. Yang, “Experimental study on the
influence of friction pair material hardness on
the tribological behaviors of water lubricated
thrust bearings,” Industrial Lubrication and
Tribology, vol. 73, no. 6, pp. 929-936, Aug. 2021,
doi: 10.1108/ilt-03-2021-0083.

A. Yu. Albagachiev, 1. A. Buyanovskii, A. V.
Dunaev, A. A. Gvozdev, and V. D. Samusenko,
“Serpentines as additives to oils: Efficiency and
mechanism of lubrication,” Journal of Machinery
Manufacture and Reliability, vol. 50, no. 5, pp.
459-468, Sep. 2021, doi:
10.3103/s1052618821050034.

S. V. Korneev, V. M. Dudkin, and A. V. Kolunin,
“Water contamination and colloidal stability of
motor oils,” Chemistry and Technology of Fuels
and Oils,vol. 42, no. 4, pp. 273-275, Jul. 2006, doi:
10.1007/s10553-006-0071-6.

C. B. Hudedagaddi, A. G. Raghav, A. M. Tortora,
and D. H. Veeregowda, “Water molecules
influence the lubricity of greases and fuel,” Wear,
vol. 376-377, pp. 831-835, Apr. 2017, doi:
10.1016/j.wear.2017.02.002.

M. Skolniak and A. Turlej, “Critical
physicochemical properties of lubricating oils for
aviation applications and their significance in
terms of flight safety,” Journal of Konbin, vol. 48,
no. 1, pp. 223-251, Dec. 2018, doi: 10.2478/jok-
2018-0054.

G. Reeve, Meteorology for PPL Pilots, 2nd ed.
Wellington, New Zealand: Meteorological Service
of New Zealand Ltd, 2022.

D. C.B. Evans, ]. F. Nye, and K. ]. Cheeseman, “The
kinetic friction of ice,” Proceedings of the Royal
Society of London a Mathematical and Physical
Sciences, vol. 347, no. 1651, pp. 493-512, Jan.
1976, doi: 10.1098/rspa.1976.0013.

M. Montagnat and E. M. Schulson, “On friction
and surface cracking during sliding of ice on
ice,” Journal of Glaciology, vol. 49, no. 166, pp.
391-396, Jan. 2003, doi:
10.3189/172756503781830647.

D. D. Higgins, B. A. Marmo, C. E. Jeffree, V.
Koutsos, and J. R. Blackford, “Morphology of ice
wear from rubber-ice friction tests and its
dependence on temperature and sliding
velocity,” Wear, vol. 265, no. 5-6, pp. 634-644,
Mar. 2008, doi: 10.1016/j.wear.2007.12.015.

B. A. Marmo, J. R. Blackford, and C. E. Jeffree, “Ice
friction, wear features and their dependence on
sliding velocity and temperature,” Journal of
Glaciology, vol. 51, no. 174, pp. 391-398, Jan.
2005, doi: 10.3189/172756505781829304.


https://doi.org/10.3390/lubricants11080324
https://doi.org/10.3390/lubricants12030101
https://doi.org/10.3390/lubricants8090086
https://doi.org/10.1108/ilt-03-2021-0083
https://doi.org/10.1016/j.wear.2017.02.002
https://doi.org/10.1016/j.wear.2017.02.002
https://doi.org/10.3189/172756503781830647
https://doi.org/10.3189/172756503781830647
https://doi.org/10.1016/j.wear.2007.12.015
https://doi.org/10.3189/172756505781829304

[19]

[23]

[24]

[25]

Tareq M.A. Al-Quraan et al, Tribology in Industry Vol. 47, No. 3 (2025) 513-525

N. Maeno and M. Arakawa, “Adhesion shear
theory of ice friction at low sliding velocities,
combined with ice sintering,” Journal of Applied
Physics, vol. 95, no. 1, pp. 134-139, Dec. 2003,
doi: 10.1063/1.1633654.

The AeroShell Book, 18th ed. London, UK: Shell
Aviation Limited, 2012.

0. 0. Mikosyanchyk, R. H. Mnatsakanov, L. A.
Lopata, V. E. Marchuk, and O. E. Yakobchuk,
“Wear Resistance of 30KhGSA Steel Under the
Conditions of Rolling with Sliding,” Materials
Science, vol. 55, no. 3, pp. 402-408, Nov. 2019,
doi: 10.1007/s11003-019-00317-9.

BMS 3-33 (Boeing Specification for general
purpose corrosion inhibiting grease), QC
Lubricants, [Online]. Available:
https://qclubricants.com/mcdonnelldouglas/b
ms333.htm.

AeroShell Grease 33: Technical data sheet, pp. 2,
2019, [Online]. Available: https://www.shell-
livedocs.com/data/published/en-GB/358a0adb-
8cB84-4744-9548-61e84316fcc5.pdf.

I. V. Kragelsky, V. V. Alisin, Friction Wear
Lubrication:  Tribology =~ Handbook, Elsevier
Science & Technology Books, 1981.

B. N. Mordyuk, 0. 0. Mikosyanchik, and R. G.
Mnatsakanov, “Structure-Phase State and Wear
of Ni-Cr-B-Si-C Coating on Steel 1045 under

[26]

[27]

[28]

[29]

Friction Conditions with the Shear Load
Component,” Metallofizika i noveishie
tekhnologii, vol. 42, no. 2, pp. 175-195, Mar.
2020, doi: 10.15407/mfint.42.02.0175.

T. M. Al-Quraan, 0. Mikosianchyk, V. Tokaruk, R.
Mnatsakanov, 0. Kharchenko, S. Kharchenko,
“Determination of the criteria for the transition
of the tribosystem to disastrous wear,” Jurnal
Tribologi, vol.41, pp.93-112, 2024.

A. Stelmakh et al., “Improvement of Operational
Parameters for Precision Rolling Bearings by
Cleaning Working Surfaces from Micro Pollution
of Various Nature,” Journal of Engineering
Sciences, vol. 10, no. 1, pp. A31-A40, Jan. 2023,
doi: 10.21272/jes.2023.10(1).a5.

0. Mikosyanchyk, R. Mnatsakanov, A.
Zaporozhets, and R. Kostynik, “Influence of the
nature of boundary lubricating layers on
adhesion component of friction coefficient under
rolling conditions,” Eastern-European Journal of
Enterprise Technologies, vol. 4, no. 1(82), p. 24,
Aug. 2016, doi: 10.15587/1729-
4061.2016.75857.

M. V. Boiko, A. V. Sidashov, T. G. Boiko, . V. Burykin,
and 1. E. Uflyand, “The mechanism of formation of
boundary lubricating films during friction in a
medium of di(2-ethylhexyl) sebacate,” Tribology
International, vol. 165, p. 107222, Aug. 2021, doi:
10.1016/j.triboint.2021.107222.

525


https://doi.org/10.1063/1.1633654
https://doi.org/10.1016/j.triboint.2021.107222
https://doi.org/10.1016/j.triboint.2021.107222

