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Annotation. Problem. During the study of the influence of tire pressure on the bearing surface of M,
category vehicles, it was found that research on modern tire sizes has not been conducted. This can be
useful when driving general traffic vehicles on the rough terrain. This served as the motivation for the
present study. This article investigates the relationship between internal tire pressure and the pressure
exerted by the vehicle on the bearing surface. The issue of optimizing tire pressure is especially relevant
for ensuring high passability, reducing stress on road surfaces, and improving handling, especially
under operating conditions on soft or uneven terrains such as sand, mud, or snow. Options for
influencing the pressure on the supporting surface to increase the cross-country ability of the vehicle
and practical solutions for increasing the passability are also considered. The purpose of the study was
to determine the relationship between changes in internal tire pressure and the specific pressure exerted
on the bearing surface. Originality. An experimental study was carried out according to the algorithm
presented in the article on a vehicle of category M. of general cross-country ability "Opel Grandland
1.5 BHDI" at the level of a concrete surface with Michelin Primacy 3 summer tires of size 225/55 R18
98V installed. Results. It was determined that reducing the tire pressure from 2.1 to 1.6 atmospheres
leads to a decrease in bearing surface pressure from 1.37 to 1.08 kg/cm?, which potentially improves
vehicle passability. The mechanism of influence of car weight and tire contact area with the supporting
surface from the pressure value in summer tires of standard size 225/55 R18 is described. An almost
inverse proportional relationship between tire pressure and bearing surface pressure was also
established. The article presents graphical and analytical dependencies and substantiates the feasibility
of reducing tire pressure in the context of vehicle operation under challenging road conditions.
Practical value. The results of the study can be applied in the design of wheeled vehicles, as well as in
the practical operation of vehicles in off-road conditions.

Key words: tire pressure, bearing surface pressure, contact patch area, passability, tires, Opel
Grandland.

Introduction Reducing tire pressure is one of the most

accessible ways to lower surface pressure without

The passability of a vehicle largely depends on
the force of interaction between the wheels and
the bearing surface. One of the key parameters
that determines this interaction is the pressure on
the bearing surface—a physical quantity that
reflects how the vehicle’s weight is distributed
over the contact area between the tires and the
road or ground. Under operating conditions on
soft or unstable surfaces (such as sand, snow, or
mud), excessively high surface pressure leads to
wheel sinkage, loss of traction, and reduced
overall mobility efficiency.

altering the vehicle’s design. As the tire pressure
decreases, the contact patch area increases,
allowing the load to be distributed over a larger
surface. This is particularly important for
vehicles operating in off-road conditions, as well
as for special-purpose and agricultural
machinery.

Analysis of publications

In the field of research on the influence of tire
pressure on vehicle surface pressure and related
issues, significant contributions have been made
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by scientists and research institutions. The
problem of the relationship between tire pressure,
contact area, and pressure on the bearing surface
is actively studied in both domestic and
international scientific literature [1-16]. Most
authors emphasize that reducing internal tire
pressure leads to an increase in the contact patch
area, which in turn reduces the pressure on the
bearing surface and improves vehicle passability.

Studies [3, 7] indicate that there is an almost
linear relationship between wheel load, internal
tire pressure, and contact area size. The authors
of [15] and [16] examined the pressure
distribution within the contact zone and found
that tire shape and stiffness also significantly
affect the effectiveness of contact with the
supporting surface.

An analysis of recent experimental and
numerical research suggests that regulating tire
pressure is not only a method of improving
passability, but also an important tool for
reducing the harmful impact on road surfaces,
increasing energy efficiency, and optimizing
vehicle handling. Nevertheless, most studies
highlight the need to adapt the obtained results to
specific vehicle models and operating conditions.

Purpose and Tasks

The aim of this study is to establish a quantitative
relationship between internal tire pressure and the
pressure exerted on the bearing surface by the
vehicle, as well as to assess the impact of tire
pressure variation on the potential passability of
the vehicle under flat road surface conditions.

The method of determining the relationship
between the pressure in the tire and the pressure
on the supporting surface

The pressure exerted on the bearing surface by
a vehicle is an integral parameter that defines the
magnitude of the normal load per unit area of
contact between the supporting elements (wheels
or tracks) and the ground or road surface.
This pressure is determined as the ratio of the
vehicle’s mass (or the mass of its loaded part) to
the total contact area of support.

There are several ways to influence surface
pressure in order to improve vehicle
passability. One approach is reducing the
surface pressure by lowering the weight of the
vehicle or tractor, which helps prevent wheels
or tracks from sinking deeply into soft ground,
thereby reducing the risk of getting stuck.
Another method involves increasing the
diameter and width of the wheels, which
expands the contact area and distributes the
vehicle’s weight more evenly. Tire pressure

regulation is also effective—lowering tire
pressure increases the contact area between the
tire and the ground, enhancing grip and off-
road performance.

Practical solutions for improving vehicle
passability include:

e Increasing contact area:
pressure tires or track systems.

e Reducing vehicle weight: through
lightweight design or decreasing the payload.

e Tire pressure regulation systems:
implementing automatic tire pressure control
systems allows for decreasing tire pressure
while driving on soft terrain and increasing it
on hard surfaces.

These methods enhance vehicle passability
in challenging terrain or on soft ground by
reducing pressure on the supporting surface.

Minimizing surface pressure is one of the
fundamental design criteria for off-road
vehicles, tracked vehicles, and heavy mobile
machinery intended for operation on weak
bearing surfaces (e.g., loose sand, swampy
areas, snow). In such environments, excessive
point loads can cause deep penetration of the
supporting elements into the soil, resulting in
loss of traction due to a reduction in the
coefficient of grip. This underscores the
necessity of optimizing the design of the
running gear to ensure maximum contact area
while maintaining an acceptable vehicle mass.

(1)

using low-

o F
A
where P is the pressure; F is the force (weight)
acting on the bearing surface, and A is the contact
patch area through which the load is transmitted
to the bearing surface.

From the analytical expression for surface
pressure—where the wvehicle’s weight (mass
multiplied by gravitational acceleration) acts on
the bearing surface, and A is the effective contact
area — it follows that two primary factors have a
decisive influence on the pressure exerted by the
vehicle: the vehicle's mass and the geometric
characteristics of the support system.

As the mass of the vehicle increases, the
pressure on the bearing surface rises
proportionally, whereas an increase in the contact
area leads to a reduction in pressure. Therefore,
the use of tracked propulsion systems or
pneumatic tires with reduced internal pressure
(which expand the contact patch) is a reasonable
engineering solution for minimizing the load on
the bearing surface.
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These structural measures significantly
improve the passability of vehicles on soft, low-
bearing surfaces by preventing excessive sinking
of support elements and maintaining traction

performance.
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Fig. 1. Pressure on the bearing surface of an M,
category vehicle
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Thus, regulation of the pressure on the bearing
surface can be achieved either by reducing the
vehicle’s mass or by increasing the contact patch
area between the wheels and the surface.

All of the above approaches to reducing
pressure on the bearing surface have led to the
necessity of this research — namely, exploring
how to increase the off-road capability of an M,
category vehicle when required.

The study was conducted on a flat concrete
surface using an Opel Grandland 1.5 BHDi
vehicle. At the time of the experiment, the total
vehicle mass was 1553 kg.

The tires installed on this My category vehicle
were Michelin Primacy 3 225/55 R18 98V, with
the following specifications:

e Brand: Michelin;

e Season: Summer;

e Vehicle type: SUV;

e Width: 225 mm;

e Aspect ratio: 55;

e Diameter: R18;

e Speed index: V —up to 240 km/h;
o Load index: 98 — up to 750 kg;
e Model: Primacy 3;

o Tread type: Asymmetric;

e Fuel efficiency: C;

o Wet grip rating: A,

o Noise level: 69 dB;

o Tire size: 225/55 R18.

The study was conducted according to the
following procedure:

1. The tire was dirtied to make the tread pattern
visible.

2. Clean sheets of paper were placed under the
front and rear wheels.

3. The vehicle was driven onto the sheets.

4. Using a ruler, the boundaries of the tire’s
contact with the sheet were marked, and control
lines were drawn at the front and rear contact
points.

5. The vehicle was driven off the sheets.

6. The tires were inflated to the next pressure value.
7. The procedure was repeated.

During the study, the tire contact patch
imprints on the paper sheets were recorded. After
obtaining the imprints, photographs were taken.
Using graphic editing software, the images were
scaled to correspond to the actual dimensions.

Subsequently,  the actual  geometric

parameters of the contact patch were applied to
the images, allowing for accurate measurement
of the contact area for further calculations of the
vehicle's pressure on the bearing surface.

Fig. 2. Cnducting the study on the rear wheel of
the vehicle

16127

5197

Fig. 3. Example of a tire contact patch imprint

Such measurements were taken for the wheels
on both the front and rear axles of the vehicle,
since the center of gravity is not located in the
middle, and therefore the front and rear wheels
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have different contact patch areas. The next step
involved calculating the contact patch areas of the
wheels, summing them, and then multiplying by
two to obtain the total contact area of the wheels
on both axles of the entire vehicle.

The final step in our study was to determine
the vehicle’s pressure on the bearing surface for
each tested tire pressure value in the summer
tires, using the formula presented above. All
obtained results were recorded in the table.

Table 1. Test and calculation results

PH_H
Tire pressure | atm

1.60 1.70 1.80

Contact area

of the front A1’2 364.00 | 354.75 | 345.24
cm

wheel

Contact area A

of the rear|’ 2| 354.02 | 329.08 | 309.11

cm
wheel

Contact area

of all four| XA 1436 04 (1367.67|1308.69
wheels of thejcm

vehicle

N

Pressure on P

the vehicle’s /| 108 | 114 | 1.19
bearing cm

surface

PI.I.H

atm 1.90 2.00 2.10

Tire pressure

Contact area
of the front
wheel

»| 336.86 | 323.62 | 319.26

Contact area
of the rear|” )| 286.27
wheel

264.45 | 246.75

Contact area

of all four ™A 1946 77|1176.15(1132.02
wheels of the|¢m

vehicle
Pressure on

the wvehicle’s P,
bearing Kgé 1.25 1.32 1.37
surface cm

As a result of the study, a graph was obtained
showing the relationship between the pressure in
summer tires and the pressure on the bearing
surface of an M category vehicle.
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Fig. 4. Pressure of an M category vehicle on the
bearing surface at different tire pressures

Conclusion

According to the chart shown in the figure, a
clear trend is observed: reducing the tire pressure
from 2.1 atmospheres (which corresponds to the
recommended value for an M; category
vehicle — Opel Grandland 1.5 BHDi) to 1.6
atmospheres leads to a decrease in pressure on the
bearing surface from 1.37 kg/cm? to 1.08 kg/cm?2.
This change contributes to improved vehicle
mobility, especially on soft or uneven terrain. An
almost inversely proportional relationship
between tire pressure and pressure on the bearing
surface was also established. The study results
can be applied when adapting vehicles for
operation on surfaces with reduced load-bearing
capacity.

Prospects for further research: It is advisable
to continue studying the influence of different tire
types, their diameters, road surfaces, temperature
conditions, and dynamic characteristics on
changes in the contact area and pressure on the
vehicle’s bearing surface.
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Anomauin. Ilpoonema. Ili0 uac e6usyenws
NUMAHHA NO  GNAUEY MUCKY V WUHAX Ha
MpAHCcNOpmHux 3acobax kamezopii M1 mHa
ONOPHY NOBEPXHIO, OYI0 6CMAHOGIEHO, WO
O00CAIOIHCEHHST CYYACHUX TMUNOPO3MIPIE WIUH He
nPOBOOUBCH, A Ye Modice cmamu y Hazodi nio wac
PYXy asmomobinie 3a2anbHoi npoxioHocmi no
nepepeciuniiti  micyegocmi. Llum 1 6yn0
00yM081eHO dane docniddcenns. Y yit cmammi
00CHIOINHCEHO B3AEMO38 30K MIdIC GHYMPIUIHIM
MUCKOM Y  WUHAX 1  MUCKOM,  SKUl
MPAHCNOPMHULL  34Ci60  YUHUMb HA  ONOPHY
nogepxtio. Ilumannsa onmumizayii mucky 6
WUHax €  0coOIUBO  AKMYANbHUM  OJis
3abe3neyeHHs 8UCOKOT npoxionocmi
aBmomoOinsa, 3MeHUIeHHs HABAHMANCEHHS HA

OOpOJICHE ~ NOKpumms — ma  NOKPAWEeHHS
Keposanocmi, 0coOIUBO 8 YMOBAX eKCHIAyamayii
no M’AKUX abo HepieHUX NOBEPXHAX (MICOK,
bonomo, cuic mowo). Takooc posenanymi
8apianmu 6naugy Ha MUCK HA ONOPHY NOBEPXHIO,
0151 nidguUerHs NPOXIOHOCMI MPAHCHOPMHO20
3acoby i npakmuuri pivienHs 011 NiOGULUYEHHS
npoxionocmi. Memoto  docnioncenna  6yno
6CMAHOGNIEHHSA — 3QNEHCHOCMI  MIJIC  3MIHOIO
BHYMPIUWHb020 MUCKY 6 WUHAX I BeIUYUHOI)
NUMOMO20  MUCKY HA ONOPHY  NOBEPXHIO.
Opuzinanvhicme. IIpogedero
eKCNepUMeRmanbHi 00CAI0NHCEHHS 3a HABEOEeHUM
y cmammi  aleopummom — HA — a8momooiui
kamezopii M1 3aeanvroi mpoxionocmi «Opel
Grandland 1.5 BHDi» na pisHiti OemoHnHil
NOGEpXHI Npu 6CMAHOBNEHUX JIMHIX WUHAX
Michelin Primacy 3 posmipy 225/55 R18 98V.
Pezynomamu. Busnaueno, wo 3MeHUleHHs
mucky 6 wunax 3 2,1 oo 1,6 ammocghepu
npu3e00UMb 00 3HUMNCEHHA MUCKY HA ONOPHY
noegepxuio 3 1,37 0o 1,08 ke/cm? wo nomenyiiino
niosuwye npoxionicme. ONUCAHO MeXAHI3M
BNIIUBY 8a2U MPAHCNOPMHO20 34C00y ma Niowi
KOHMAKMYy WuH 3 ONOPHOI0 NOBEPXHEI 8iI0HOCHO
BENIUYUHU TMUCKY Y JIMHIX WUHAX MUNOPO3MIDY
225/55 R18.  Takxooc  bynra  ycmauosiena
HasABHiCMb  Matidce 00epHeHO NPONOPYIUHOL
3AAEHCHOCE MIHC MUCKOM Y WUHAX | MUCKOM HA
ONnopHy nosepxHio. Y cmammi HagedeHO
epapiuni ma aHALIMU4HI 3A1EHCHOCMI, A MAKONC
00TPYHMOBAHO OOYINLHICMb 3HUNCEHHS MUCKY
WUH Y KOHMEKCMI eKCNLyamayii mpaHcnopmHux
3acobi6 Yy  CKAAOHUX  OOPOJICHIX  YMOBAX.
Ilpakmuuna yinHicmy. Pezynomamu
00CTIOMNCEHHST MOJCYMb OYymu GUKOPUCMAHI 8
NPOeKmyB8aHHi KOIICHUX MPAHCNOPMHUX 3AC00i8,
a makodc y  mpakmuyi  excnayamayii
asmomobinie 8 ymosax 6e300pidicicsl.

Key words: muck y wuni, muck na onopmy
nosepxHio, niowa nasmMu KOHmMaKmy,
npoxionicms, wunu, Opel Grandland.
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