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OPERATIONAL EVALUATION OF MOTOR
OILS OF TRUCKS BY THEIR THERMAL
OXIDATIVE STABILITY

O6’ckmom docrioncenis € npouec GUSHAUCHHS MEPMIUH020 OKUCICHIS POOOUOT MOTMOPHOL OIUGU BAHMANCHUX
aemomobinie niduac ix excnayamauii. OOnumu 3 HAUOIILUL NPOOIEMHUX MICUD € BCMANOBIECHH BI0NOBIONUX DEICUMIS
oKuUCLeHMsL POOOUOTL MOMOPHOT 0AUSU Ma NI0GIP 1e00Xi0H020 1abOPaAmMoPH020 06AA0NANNS, A MAKONC POPMYEAHIL
pexomendayitl 6i0HOCHO eKCnIyamauiinoi ouinKu 0ocaioNcy8anux oaue.

B x00i docnioxcenns 6uKopucmosyeaiu cnocoou mepmiuiozo OKucienns npod pobouoi momopnoi oausu
8 PeNCUMAX TAMIHAPHO20 NEPEMIUYBANIHL, A MAKONC DOMOMEMPYBANs 0Nl GUIHAUEHHS CIynens 3a0pyonens
NPOOYKMAMU OKUCHEHHSL.

Busisneno, wo momopuna onusa TEMOL Extra Diesel 15W-40, CF-4/CG ¢ asmomobinsix KamA3 6520 (Pocis)
3abesneuye ce0i Qynxyionarvui moxcausocmi. Pazom 3 mum sminrosamu inmepsanu npobizy 0is 3aminu 0IUGU, NPU
YCMaLenux eKcniyamayitiinux pexcumax, saboponeno. Ockinvru na npobizy 12,8 muc. xm 3nauenis 3a mepmooxKuc-
JI0BANLIOI0 cMabiibHicmio 01Uy niduac excniyamauii mae peseps auute 0,2 %, ujo xapaxmepue sx kpumuune. Ile
NOB’A3AN0 3 MUM, U0 3ANPONOHOBANUT MEMOO KOHMPOTIO CMaiy pobouoi 01usu 6i006PaANCAE 3ANUUKOBUL PecypC
OUBU 3A3HAUCHOL MAPKU 1A Q0CTLONCYBANOMY THMepeani npobizy sanmaxcuux asmomobinie. Bcmanosneno, wo mo-
mopna oausa Rovas Truck 15W-40, CI-4/SN, sika excnayamyemocsi na sanmaxchux asmomooiisix MAN TGA 6x4
(Himewuuna), 3a Xapaxmepucmuxoio mepmooKuUcio8aivioi cmadiibnocmi 6i0n06ioae excnayamauitiium yMosam.
Excnayamayitinuii sanac 3a mepmooKuciosaivioln cmabiionicmio oanoi mapxu oausu cxiaoae 2,5 % na npoobizy
43,2 muc. xm, wo dae nidcmasu 0ns poswupens inmepeany ii saminu na 1,1 muc. km npobizy. 36invuens pecypcy
MOMOPHOL OIUBU, 6CMANOBICHOT MAPKU, MONCIUBO 304 PAXYHOK GUSHAUCHIHS MEPMOOKUCIOBALLHOL CMAGIIbHOCTI,
W0 MAaKoHc ONOCcePedK08arHO XapaKmepusye nPaye30amuicms npucadox i 00CMynHiCmy pecypcy 0IUsU HA 3A3HA-
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1. Introduction

The effectiveness of machines is characterized by pro-
cesses that occur in the mates of parts. Corresponding pairing
of parts can be characterized by high wear resistance and
self-organization of their surface layers, in the first place, it
directly affects the performance of consumable lubricant —
oil. Analysis and evaluation of the characteristics of the oil
during operation makes it possible to gradually solve the
problem of increasing the operational reliability of systems
and units of transport vehicles.

Currently, increasing the reliability of systems and as-
semblies of transport vehicles is carried out by selecting
structural materials, as well as the formation of oils for
them. The solution to the problem of selecting structural
materials for mating parts has achieved significant success,
but the choice of lubricant for tribological mating of the
parts of systems and assemblies of machines is a more
complex problem. In the market of lubricants there is
fairly large number of oils, the use of which has a low
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level of validity. The service life of oils is considered to
be constant, characterized by the corresponding guarantee
operating time. This parameter does not take into ac-
count the operating conditions and the current state of
the mates of the parts of the corresponding systems and
units of transport vehicles, the presence of an oil filtration
system, its actual properties during operation, renovations
and destructive changes in materials.

The processes of destructive changes in the materials
of mating parts during operation are significantly depends
on the properties of the oil. The main properties of oils
are formed when additives are added to them during their
production and further operation. The operational proper-
ties of oils change during the course of friction and wear
processes in the mates of parts, intensifies their oxidation
and the physicochemical transformations of additives and
additives. All this creates the prerequisites for the aging
of working oils.

The processes of oil oxidation during operation largely
occur in the adjacent layers to the working surfaces of
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the parts, which is due to high temperatures and the cata-
lytic effect of the materials of the surface layers of the
part. Therefore, an important and urgent task during the
operation of transport vehicles is in determination of the
state of working oils by thermal oxidative stability and
to determine the dynamics of its change.

2. The ohject of research
and its technological audit

The object of research is the process of determining
the thermal oxidation of the working motor oil of trucks
during their operation.

One of the most problematic places is the establishment
of appropriate oxidation regimes for working engine oil
and the selection of the necessary laboratory equipment,
as well as the formation of recommendations regarding
the operational evaluation of the investigated oils.

3. The aim and ohjectives of research

The aim of research is determination of the condition
of motor oils of trucks by their thermal oxidative stability.

To solve this aim, the following objectives are developed:

1. To obtain analytical expressions and identify pat-
terns of change in the process of oxidation of motor oil
of the corresponding brand during operation.

2. To establish the appropriateness of the operation of
motor oils of the corresponding brand on the basis of the
study of their condition by thermal oxidative stability.

4. Research of existing solutions
of the prohlem

The destructive processes of oxidation of the working
oil can be approximately estimated by acid and alkaline
numbers, as well as using a specific set of their chemmo-
tological analysis. An analysis of scientific literature makes
it possible to establish a significant number of methods and
equipment for evaluating the thermal oxidative stability
of gear oils [1]. But the authors did not obtain the laws
of thermal oxidative stability of working motor oils. The
main diagnostic parameters of working motor oils are the
characteristics of viscosity, electrical conductivity, and the
change in the specific dielectric loss of working oils for gear-
boxes [2]. At the same time, it is necessary a more detailed
operational assessment of the compliance of working motor
oils with thermal oxidative stability. The main indicators of
working oils at present are the period of sedimentation, the
tendency to varnish, optical density, and corrosion properties
that can be used to predict the operational reliability of
vehicles [3]. However, most of these parameters for diagnos-
ing the condition of working oils were not widely used due
to the lack of depleted developed methods and complexes
for their implementation during operation. A significant
part of indicators for studying the state of working mo-
tor oils requires the use of expensive equipment and they
are determined mainly only in laboratory conditions [4].
Therefore, it is desirable to develop methodological and
analytical tools for using available diagnostic equipment
during the operation of working motor oils.

The use of modeling methods for mating parts of the
cylinder-piston group allows for more detailed identification
of their main stress-strain states, as well as the study of the

corresponding loading and temperature conditions during
the course of the friction process [5]. In turn, the authors
do not address the issue of oxidation of the working oil
and its effect on the operation of a car’s diesel engine.
The introduction of a wide range of automated systems
that operate on the effect of adherence of a substance flow
to an adjacent working surface allows, on the other hand,
to approach the issue of cleaning working fluids [6]. It is
desirable to identify the effect of contamination of the
substance flows on the main characteristics of the sticking
process of their stream during cleaning. The solution to
the issue of controlling the friction process in interfacing
parts with ultimate lubrication is possible using various
tribological tests, such as pendulum tests. Based on these
tests, it is possible to evaluate the condition of the lu-
bricant and the effectiveness of the oil under boundary
conditions [7]. In turn, it is desirable to assess the influ-
ence of the temperature factor in the tribological parts,
as well as to identify patterns of oxidation of the studied
oil. Particular attention is paid to industrial monitoring
of the condition of working oils and the development of
heterogeneous methods for diagnosing lubricants [8]. But
the authors examine in detail the assessment of the state
of the oil using the photometric process. Carrying out pe-
riodic monitoring of motor oil makes it possible to increase
the efficiency of the formation of the diagnostic base of
diesel trucks [9]. However, the authors have not developed
a methodological apparatus for the regimes of replacing
motor oils, it is important during the operation of trucks.

On the basis of the formed approaches to studying
the state of the oil, it is often difficult to draw the cor-
rect conclusion about the working capacity of the engine
oil even when the diagnostic parameters are within their
tolerance fields [10]. In the operational analysis of the
working oil, it is necessary to evaluate their functional
reserve, as well as give recommendations based on the
diagnosis of the actual state for further operation.

A significant number of service companies claim that
they are faced with power unit failures due to the condi-
tion of the oil. These failures are most associated with
extreme operating conditions, increased operating tem-
peratures, which lead to an increase in the temperature
regime of tribological conjugation of parts and oils [11].
Therefore, it is desirable to develop an operational complex
for monitoring and evaluating working engine oils, taking
into account the temperature regime. The change in the
physicochemical parameters of motor oils depends on the
fuel used in this engine. A low accumulation in working
motor oils during their operation, indicators of wear, as
well as carbon and varnish deposits on the working sur-
faces of parts, in gas-fueled engines, was revealed [12].
These neoplasms significantly affect the further aging of
the working engine oil during operation, but in addition
it is necessary to establish their effect on the thermal
oxidative stability of the oil in the operating modes of
the engines. For many years, diesel engine operating ser-
vices have used a chemmotological analysis of used oil to
refine its resource interval by periodically monitoring the
condition of the oil and the diesel engine as a whole. To
control the condition of motor oil, its linear voltammetric
regularities were carried out during operation of trucks
in the vehicle fleet [13]. But, the current-voltage charac-
teristics of the working engine oil are more dependent
on the metal wear particles present in it. This type of
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monitoring the condition of the working engine oil does
not fully reflect the aging process.

The use of oils that do not meet the technical condi-
tions, its untimely diagnosis and replacement contribute
to the rapid development of their oxidation process and
micropitting of parts, which can lead to breakdown of
the power unit [14]. To prevent the occurrence of these
situations, it is desirable to introduce a methodology for
determining the dynamics of changes in the state of motor
oil in the technology of technical service.

Thus, at the moment, for diesel engines of trucks is
the need to develop an appropriate methodology for deter-
mining the condition of oils to confirm their compliance
with operating conditions. As a basis for the development
of this technique, it is possible to use the methodological
and analytical apparatus for studying the thermal oxidative
stability of working motor oils during their operation.

5. Methods of research

The following grades of oil were selected for the re-
search: TEMOL Extra Diesel 15W-40, CF-4/CG and Rovas
Truck 15W-40, CI-4/SN. Samples of the studied brands of
working oils were formed from KamAZ 6520 truck, Russia
(3 pes.) With a mileage interval (102—116 thousand km)
and MAN TGA 6x4, Germany (3 pcs.) with a mileage in-
terval (86—129 thousand km) were in the rolling stock of
the auto transport enterprise 2004, Kropyvnytskyi, Ukraine.
Drivers of vehicles have been required a driving experience
of more than 7 years; serious violations and emergency
situations with their participation were not recorded at
the enterprise. Sampling was carried out in KamAZ 6520
every 3.2 thousand km of mileage, with maintenance No. 1,
and MAN TGA 6x4 every 10.8 thousand km of mileage,
that is, 4 studies were carried out on the operating pe-
riod of the oil. Samples were formed with 250 ml of oil
from each diesel engine at a time. Sites for sampling were
respectively measured places of oil in a diesel engine of
the corresponding brand of a transport vehicle.

When determining the thermal oxidative stability, the
TOS-10 equipment (Ukraine) is used; it consists of me-
chanical and electrical units. The mechanical block contains
a glass cup on which a heater with thermal insulation is
installed and placed in the housing and made with a handle.
The heater is connected to an electrical unit through an
electric wire. A container with the studied oil samples is
installed on a platform with hinges and the possibility of
its removal. In the upper position, the platform is fixed. In
this case, a thermocouple and a glass stirrer are immersed
in the tank, connected to an electric motor that ensures its
rotation. The electric unit includes a temperature regulator
TRM-200 (Russia), a heater power source and a micromotor.

Laboratory scales TBE-0.21 (Ukraine) with a permis-
sible measurement mass of 300 g and an error value of
0.01 g is used. These weights are necessary to determine
the mass of evaporating motor oil. The mass determina-
tion of the motor oil sample was carried out before each
start and completion of the oxidation process.

As photometric equipment designed to assess the con-
tamination of hydraulic, industrial, motor and gear oils,
the KFK-2 device (Russia) is used. Using this device, the
absorption coefficient of the luminous flux of engine oil is
determined. During the study of the absorption coefficient
of the light flux, 3 mm cuvettes are used. The device passes

stabilized monochrome light waves through a layer of the
studied oil to a photodetector. Depending on the concen-
tration of harmful impurities and oil oxidation products,
the photodetector takes a different light dose, which is
inversely proportional to the amount and size of impuri-
ties. The optical density of the oil was measured using
a KFK-2 device, which makes it possible to determine
the optical density in the range of 0—2 units, the light
wavelength of 440 nm. After 15-20 minutes in the on
state of KFK-2 in mode 2, the sensitivity coefficient of
the device is determined. Cuvette before and after each
measurement are wiped with alcohol-ethereal liquid. 40 ml
of the test oil was poured into a measuring cup and di-
luted with 4 ml of benzene. The resulting mixtures are
intensively mixed and poured into cuvettes, 3 portions of
10 ml each are prepared. The oil samples formed are nec-
essary for calibrating the device for a specific type of oil.
When the arrows are shifted from the zero position, it is
brought to zero using the adjustment knobs. After setting
the instrument to zero for oil, the photometer was ready
to measure working oils. By installing a sample of work-
ing oil in a cuvette holder KMF-2 (Russia) on a solution
in the ratio of 10:1 working oil and benzene, the optical
density of the studied oil is determined on a scale of the
device. Repeated measurements are performed 3 times in
a row, determining the average optical density of the oil.

It is known that the oxidation stability of working
oils determines their antioxidant properties. High oxida-
tion intensity occurs on the surfaces of parts heated to
high temperatures (from 90 °C). Tests for thermal oxida-
tive stability are carried out using a TOS-10 device that
simulates the oxidation processes in the working mates of
parts during operation of the studied engine oils in diesel
engines of trucks. The process of research on thermal oxi-
dative stability is carried out as follows: an oil sample of
250+0.1 ml is poured into a device for determining thermal
oxidative stability, in which it is maintained at a tempera-
ture of 180 °C with stirring with a stirrer at 350+3 rpm.
The rotation mode of the mixer is selected experimentally,
the turbulent mode is not allowed, and the oxidation rate
reaches a maximum. The test time is 3 hours. After each
hour, samples were weighed to determine the mass of oil
evaporation and samples are taken for photometry. The
remainder of the volume of the studied oil is continued
to be investigated previously by the modes.

Photometry of oxidized oils is carried out at an oil
layer thickness of 2 mm. The limiting values of the ab-
sorption coefficients of the light flux and volatility of the
studied brands of oils are characterized by the values of
0.82 and 0.13, respectively. The limits of variation of these
coefficients are determined on the basis of tribological
studies of oils according to ASTMD 2783. The evapora-
tion coefficient is characterized as the fraction between
the oxidation are represented by the coefficient of rela-
tive viscosity, characterized as the corresponding mass
after the i-th oxidation (g) and the mass before the i-th
oxidation (g). The kinematic viscosity of motor oil is
determined according to DSTU 33-2003 using a BITJKT-2
viscometer (Russia). The dependences of measuring visco-
sity during oil proportion between the kinematic viscosity
at the beginning of the i-th oxidation (m?/s) and the
kinematic viscosity after the i-th oxidation (m?/s).

The reliability of instrument readings and experimental
data when determining the absorption coefficients of the
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light flux and volatility is duplicated three times for the
corresponding brands of working motor oils. The results
are processed in the Excel 2010 product program, in which
the determination of the coefficient of determination and
the limits of error with relative errors are performed. Diag-
nosing the condition of the oil using the above methods
is important for the technology of technical operation
of transport enterprises. Therefore, they are selected to
ensure a minimum amount of time for implementation.

6. Research results

In the operation of the trucks that were under ob-
servation, samples of working oil were periodically taken
from their diesel engines for research and determination of
their thermal oxidative stability. All data on the techni-
cal condition of motor oils were entered in Tables 1, 2.
The mileages of transport vehicles were deducted from
the last maintenance No. 2 of the corresponding year in
order to cover the full operational period of the corre-
sponding oil grade.

Table 1

Averaged data on the study of the state of TEMOL Extra Diesel 15W-40,
CF-4/CG engine oil (KamAZ 6520 — 3 pcs.) according to thermally oxidized
stability during car operation for 2018

Mileage, Light flux Evaporation Thermal Relative

thousand | permeability pora oxidative stability | viscosity
- coefficient - -

km coefficient coefficient coefficient
0 0.38 0.025 0.405 1.0
3.2 0.48 0.05 0.54 1.11
6.4 0.62 0.1 0.72 1.21
9.6 0.75 0.125 0.875 1.36
12.8 0.81 0.138 0.948 1.48

Tahle 2

Averaged research data on the state of Rovas Truck 15W-40, CI-4/5N
engine oil (MAN TGA 6x4 — 3 pcs.) on thermal oxidative stability during
car operation for 2018

Mileage, Light fh.D.( Evapaoration | Thermal oxidative Belatix.ie

thousand | permeability - a6 - viscosity
- coefficient | stability coefficient -

km coefficient coefficient

0 0.44 0.0325 0.4725 1

10.8 0.52 0.0625 0.5825 1.04
21.6 0.66 0.095 0.755 1.1
32.4 0.72 0.11 0.83 1.16
43.2 0.78 0.115 0.895 1.27

Formed experimental data in Table 1 are shown graphi-
cally (Fig. 1, 2) and their mathematical models are ob-
tained with a determination coefficient that was not less
than 0.95.

Formed experimental data in Table 2 are subjected
to regression analysis and graphically shown (Fig. 3, 4).
The mathematical models with the specified limits and

estimates are obtained. The coefficient of determination
is greater than or equal to 0.95.

The change in the thermally oxidized stability of motor
oils also reflects a change in the relative viscosity of the
oil, which additionally takes into account the conditions
for the operation of the additive complex, their additional
elements. The more additives and functional additives
are worked out, the more the process of formation of
clusters of waste inclusions in the working oil begins.
Control of these inclusions and further oil performance
is determined by the stability of the oil relative to the
temperature factor.
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Fig. 1. Change in the coefficient of thermal oxidative stability
of TEMOL Extra Diesel 15W-40, CF-4/CG engine oil depending
on the mileage of vehicles
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Fig. 2. Change in the coefficient of thermal oxidative stability
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Fig. 3. Change in the coefficient of thermal oxidative stability
of Rovas Truck 15W-40, CI-4/5N engine oil depending
on the vehicle mileage
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Fig. 4. Change in the coefficient of thermal oxidative stability
of Rovas Truck 15W-40, CI-4/5N engine oil, depending on the relative
coefficient viscosity of the oil

The process of engine oil oxidation causes a change in
its optical characteristics, volatility, and viscosity. There-
fore, it is possible to assume that the viscosity changes
as a result of additional ingress of fuel vapors, aqueous
mixtures, coolants, as well as intense wear of the addi-
tive package and functional additives. This leads to the
intensity of the formation of wear clusters of working
oils and surfaces of materials. A decrease in the viscosity
index of engine oil provides the conditions for maximum
lubrication of diesel parts, can’t ensure a normal fric-
tion during operation. Under such conditions, there is
a lubrication problem, because the portion of oil is not
enough to form the necessary oil wedge, it contributes
to overheating of the diesel parts and thereby increases
the intensity of the oil oxidation process. In this case, it
is advisable to analyze the performance of the working
engine oil by changing the value of its thermal oxidative
stability coefficient. This indicator characterizes the amount
of thermal energy that is absorbed in cash, or formed
by clusters of products of wear, oxidation, and also the
evaporation of various inclusions in the investigated oils.

Analyzing the results of thermal oxidative stability
of TEMOL Extra Diesel 15W-40, CF-4/CG motor oil
on KamAZ 6520 vehicles in the amount of 3 pcs., an oil
change every 12.8 thousand km ensures operating condi-
tions. This is evidenced by Fig. 1, according to which the
mathematical model of changes in thermal oxidative stability
on the mileage of 0—12.8 thousand km of vehicles does
not go beyond the permissible limits of 0.95 of its value.
This nature of the development of the process reflects the
conformity of the investigated brand oil to the operating
modes of KamAZ 6520 transport vehicles in full. But it
is forbidden to change the mileage intervals to replace
the oil of the investigated brand on this vehicle under
the prevailing operating conditions. Since on the mileage
12.8 thousand km, this value during operation has a re-
serve of only 0.2 %, which is typical as critical. Analyzing
the dependence of changes in the coefficient of thermal
oxidative stability of oil on the increase in its viscosity
Fig. 2, it is possible to conclude that the investigated
brand of oil in the load conditions of the diesel engine.

Analyzing the results of a study of the thermal oxidative
stability of Rovas Truck 15W-40, CI-4/SN engine oil on
MAN TGA 6x4 vehicles in an amount of 3 pcs., its security
to operating conditions is revealed. The indicated can be
observed on the basis of the absence of a significant increase

in the mathematical model in Fig. 3, as well as the failure
to achieve the level of thermal oxidative stability of the
oil of 0.95 units during research time 0—43.2 thousand km.
Since the operational margin for thermal oxidative stabi-
lity of this brand of oil is 2.5 %, it can be argued about
the possibility of extending the oil change interval by
1.1 thousand kilometers. An analysis of the dependence of
the change in the coefficient of thermal oxidative stability
of the oil on the increase in its viscosity indicates that
there is compliance with the loading conditions of the diesel
engine. The nature of the development of the mathematical
model is shown in Fig. 4, reflects the gradual actuation
of the constituent oil components during operation. The
results of operational studies confirm that the operating
modes for these brands of trucks are rational and that
Rovas Truck 15W-40, CI-4/SN oils correspond to them.

7. SWOT analysis of research results

Strengths. Determination of the condition of the working
engine oil by the parameter of thermal oxidative stability
allows to determine the correctly selected brand of oil
for a truck of a particular brand during their operation.
Also, this study of the condition of the oil makes it pos-
sible to estimate the resource intervals of working engine
oils for a truck of a particular brand. It is revealed that
the studied brands of motor oils, the samples of which
are taken from vehicles at the auto transport enterprise
2004 (Kropyvnytskyi, Ukraine) are selected correctly, in
accordance with the operating conditions.

Weaknesses. When determining the state of oil by thermal
oxidative stability, it is difficult to automate this process
to autonomous mode. In its definition, a reasonable and
fixed periodicity of sampling of working oil from a diesel
engine of a truck is required. As well as the methodo-
logy for determining thermal oxidative stability, it takes
appropriate time to prepare equipment and prototypes of
working oil before each study.

Opportunities. Further study of this diagnostic parameter
will solve the problem of selecting a complex of additives
and functional additives to oils, as well as the possibi-
lity of their addition during operation. Determining the
state of motor oil by thermal oxidative stability involves
establishing reasonable vehicle mileages on which additives
or functional additives must be added to the working oil
for a guaranteed lifetime.

Threats. When introducing an operational evaluation
of working oil by thermal oxidative stability at an enter-
prise, additional costs are required to equip a laboratory
to determine the technical condition of oils, as well as
training a laboratory assistant. The most developed ana-
logue of determining the state of the working oil is its full
laboratory chemmotological analysis. This analysis makes
it possible to further describe the nature of the reduction
in the resource of diesel engines of trucks in general.

1. It is revealed that TEMOL Extra Diesel 15W-40,
CF-4/CG engine oil on KamAZ 6520 trucks provides its
functionality for 0-12.8 thousand km of mileage. It is
forbidden to change the mileage intervals to replace the
oil of the investigated brand on these vehicles under the
prevailing operating conditions. Since on the mileage of
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12.8 thousand km, the value of the coefficient of thermal
oxidative stability during operation has a reserve of about
0.2 %, which can be characterized as a critical value.

2. It is shown that Rovas Truck 15W-40, CI-4/SN
engine oil, which is used on MAN TGA 6x4 trucks, cor-
responds to operating conditions in terms of its thermal
oxidative stability. The development of changes in ther-
mal oxidative stability from relative viscosity reflects the
gradual activation of additives and functional additives
in the working oil. The operational margin for thermal
oxidative stability of this brand of oil is 2.5 %, which
can be argued about the extension of the interval for its
replacement by 1.1 thousand kilometers of mileage.
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