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DEVELOPMENT OF A WINTER ALL-WEATHER SAFETY TIRE MODEL

In the conditions of a constant increase in the speed and intensity of motor
transport, it is of particular importance to ensure its active safety on roads of
different categories, including those with a layer of snow and ice mass on the surface,
which significantly reduces the coupling properties of the car — the main factor in
guaranteeing its stable controlled movement.

In this regard, carrying out works aimed at improving the reliability of the
wheel’s grip with the road is of great importance, and taking into account the change
in the temperature regime and the condition of the road surface, it often requires an
extraordinary approach to solving this problem.

In this regard, a conceptual model of a winter all-weather safe car tire has been
developed to ensure the safety of driving a car in extreme winter conditions, increase
the reliability of the tire and anti-skid spikes, improve the resource saving of the road
network.

Keywords: traffic safety, car tire, road surface, traffic accident.

Introduction

The safety of road transport will always remain an urgent task, as it is associated with
the death and injury of people, estimated in the tens of thousands killed and hundreds of
thousands injured and disabled. Thus, in 2018, 18,214 people were killed and 214,853
injured in road accidents in our country, and in the first four months of 2019, 4,000
people were killed and 54,847 people were injured [1].

According to statistics, slippery surfaces and poor road maintenance in winter are
among the top three causes of road accidents related to road conditions [2]. As traffic
increases, this problem becomes more acute, becoming particularly important in extreme
winter operating conditions, characterized by the presence of frozen precipitation on
the road surface and limited visibility, and requiring increased vigilance from drivers
and strictly controlled speed limits.

In these conditions, the wheel’s grip on the road becomes of paramount importance
among other traffic safety factors [3], since it determines the implementation of traction
capabilities, stability, handling and, most importantly, the braking dynamics of the car
as the most common cause of accidents.
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When developing design measures aimed at ensuring traffic safety, one of the
fundamental factors is the reliable grip of the wheel on the road, at least minimizing
the risk of loss of control of traffic in high-speed traffic, especially on urban roads.
The study of the coupling properties of tires with support surfaces is devoted to a lot
of work, in particular.

When developing the concept of a winter tire, the main requirement that others
should be subject to is safety, especially in conditions where the road, covered with a
layer of melting ice, has almost zero coefficient of traction. The most reliable means of
eliminating the sliding of the tire are anti-skid spikes (SHP), the lack of an alternative
to which is confirmed by the practice of operation and the results of the experiments
listed below.

In order to determine the effectiveness of studded tires on snow-covered, icy and
clean asphalt roads, we conducted tests on Autopoligon by US. To do this, on the
dynamometer road (straight in plan, horizontal), sections were prepared that were
covered with rolled snow, a layer of ice and free of snow-ice layer (clean). The tests
involved winter tires and non-studded tires.

On a road covered with an ice layer, studded tires provided qualitatively better
results in all driving modes, including acceleration, uniform movement and braking
with different intensity. On the section with rolled snow, studded and non-studded
tires showed almost the same results, since the nature of the grip determined the tread
pattern, the presence of spikes did not manifest itself in any way. In the clean section,
the performance of non-studded tires was better than that of studded tires, since the
coefficient of adhesion of hard-alloy spikes is slightly less than that of rubber.

These tests allowed us to conclude that studded tires are absolutely effective on
an icy surface, that spikes are useless on areas covered with rolled snow, and that they
perform slightly worse on a clean road.

If we consider the interaction of the tire with the road surface covered with a layer of
melting ice, schematically shown in Figure 1, it becomes clear that almost all measures,
including the tread pattern, the composition of its rubber compound and the so-called
sticky tread, are powerless if a water film has formed between the tire and the ice surface.

In order to ensure the wheel’s grip on the road under these conditions, it is necessary
to overcome the water layer and introduce a rigid body into the road surface, which
is achieved by using the SHP. An attempt to get by with the “stickiness” of the tread
without spikes is doomed to bad luck in advance. This is clear to every specialist, and
is designed for amateurs as a promotional move.

193



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770. Ne 2, 2021

i

7~ 5

1 — water film; 2 — ice
Figure 1 — Interaction of the tire with the road surface covered
with a layer of melting ice

However, as effective as they are on an icy surface, they are also useless and even
harmful on a clear road. This is due to several reasons, including the damage that is
caused to the tire itself in terms of intense wear, loosening and falling out of the spikes
and, as a result, loss of their performance. But no less damage is caused to the road [4—10]:
its surface experiences concentric impacts of carbide spikes and becomes unusable.

In some European countries with a milder climate than in Russia, the use of SHP
is prohibited in order to save resources on the road network. At the same time, in the
Scandinavian countries — the birthplace of such spikes, as in Russia, SHP is recommended
for winter operation. Currently, in order to minimize the damage caused by spikes on
the road network, work is being carried out to determine the minimum number of spikes
allowed under safety conditions. In our opinion, this activity has no prospects, since the
expected gain in resource-saving roads cannot be sacrificed for safety.

Thus, when developing the concept of a safe tire, the studded tire should be the
basis, which effectively solves the problem of safety on icy roads. As for the period
when the road is free of ice cover, the spikes should be turned off from interaction with
its surface. Therefore, the problem consists of two opposite conditions, which at first
glance excludes the traditional solution.

Materials and methods

To successfully solve this problem, it is necessary to find a mechanism for adapting
the tire to road conditions. This mechanism was suggested by the tire itself, which is
an elastic pneumatic shell. When interacting with a rigid reference plane, this shell
changes the position of the resultant force, redistributing its position between the center
when the stiffness increases and the periphery when this parameter decreases, while
increasing the contact area.

This position, which is widely known to specialists, is used for variable pressure
tires. In particular, when overcoming difficult sections, the internal pressure in the
tire decreases, as a result of which its support area becomes larger, the stiffness of the
central part of the treadmill decreases, and the stiffness of the extreme contact zones of
the tire increases, where the resultant contact force shifts. At the same time, the softer
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central part of the tire deforms the track to a lesser extent, and the harder contacting part
at the edges prevents the dirt from being squeezed out from under the wheels, which
contributes to increased cross-country ability.

Therefore, by adjusting the internal air pressure in the tire and thus varying its
stiffness, it is possible to concentrate the resultant contact forces either in the center with
a slight increase in this pressure, or on the periphery of the treadmill with a decrease
in this parameter.

It is this property that was the basis for the creation of a conceptual model of a winter
all-weather safe car wheel tire. Then, placing the SPS where they are most effective,
you can create a mechanism for adapting the tire to road conditions. The spikes will
either be turned on when there is an ice layer on the road, lowering the air pressure in
the tire by 0.01...0.02 MPa, or they will be turned off if the road is dry, by increasing
this pressure by the specified value.

Tires of the radial design 205/55R16 were carried out at the Yaroslavl Tire Plant
under the leadership of Yu.V. Kremlev with the help of a special laboratory installation
of XSENSOR Technology Corporation. The experiments were performed in the range
of internal pressure in the tire rvn = 50...300 kPa in increments of 50 kPa with a load
of P = 6.7 and 5.0 kN, which corresponds to the full and curb weight of the car per
wheel. The obtained pressure distributions in the contact of the 205/55R 16 tire with
the support base.

The analysis of the obtained results showed that the variation of the load P does
not significantly affect the nature of the change in the contact area, which, as expected,
increases slightly with increasing load. At the same time, the influence of the internal
air pressure in the tire increases significantly due to changes in the length of the contact
area, increasing for every 50 kPa, the air pressure decreases by about 15.20 %.

The use of the XSENSOR system for tire testing, based on the principle of color
identification of the measured pressure in the tire contact, did not allow us to obtain an
accurate quantitative value of this parameter. Nevertheless, the results of the experiment
make it possible to fairly accurately assess the qualitative picture of the pressure
distribution in the contact, as well as to confirm the fact of the redistribution of contact
forces depending on the internal air pressure in the tire, concentrating their resultant
either in the central part of the contact area when the air pressure increases, or on the
periphery when it decreases.

The decrease in air pressure in the tire is accompanied by an increase in the contact
area, which should be considered as a positive factor contributing to an increase in the
coupling area of the tire, the number of spikes engaged with the road, and therefore
the total coupling force of the wheel. According to the results of the experiment, these
patterns appear both at maximum load and at partial load, asserting the invariance of the
properties of the tire to redistribute the specific forces in the contact of the tire between
the central and peripheral sections of the treadmill, regardless of the load on the wheel.

In addition, the data obtained allow us to recommend reducing the internal air
pressure in tires when operating on slippery winter roads, thereby increasing their
traction capabilities and driving safety.
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The results of computer studies of the tire of the radial design 175/70R 13, conducted
under the guidance of Professor S. L. Sokolov. Here is the distribution of the contact
pressure over the width of the tire footprint 175/70R 13 at an internal pressure rvn = 0.25
and 0.40 MPa and the load on the wheel corresponding to the total weight of the car.

As shown by the analysis of curve 1, at an internal pressure of rvn =0.25 MPa,
the distribution of contact pressure over the width of the tire footprint is more or less
uniform, including in the extreme zones of the tread that carry the SHP. With an increase
in the internal air pressure in the tire, there is an increase in the contact pressure in the
middle part of the treadmill and its significant decrease (almost to zero) in the extreme
zones, completely freeing them from contact with the support surface.

The analysis of the research results clearly confirmed the inherent property of all
elastic pneumatic shells of tires to distribute the contact pressure along the reference
plane, depending on the stiffness. By adjusting the stiffness by changing the internal
pressure, you can purposefully focus the interaction forces either in the center of the
treadmill (at high pressure), or in its extreme zones (at low pressure), which opens up
the possibility of developing the concept of an all-weather winter tire adaptable to road
conditions.

Results and discussion

The conducted research cycle allows us to form a conceptual model of an all-
weather safe tire that can adapt to various road conditions, ensuring the implementation
of optimal driving characteristics of a mobile car. This tire will have advantages over
its analogues both on roads covered with a snow-ice layer (due to spikes) and on clean
roads (due to the ability to interact with the road surface with the part of the treadmill
on which there are no SPS).

The tool for adapting the tire to the condition of the road surface allows you to either
use the spikes or disable them from engaging by adjusting the internal air pressure in the
tire. In this regard, the question arises, how can the change in the internal environment
be reflected.

An increase in the internal air pressure in the tire, which is recommended to be
resorted to to remove the SHP from operation, leads to an increase in the stiffness of
the tire and a reduction in the area of the treadmill, which should negatively affect the
intensity of tire wear and reduce its resource. It can be assumed that this will also not
have a significant negative impact according to the reasoning outlined earlier. At the
same time, it is expected that as a result of a decrease in the intensity of the deformation
mode, at least, the rolling resistance value will not change.

When assessing the effect of increased tire stiffness on the vibration-acoustic mode
of a mobile car, it is also necessary to take into account the quantitative aspect. As is
known, at high vehicle speed, it is recommended to increase the internal air pressure in
the tires to reduce the intensity of heating of ordinary summer tires, and, accordingly,
the intensity of deformations from the increased dynamic background.

Conclusions

All the above considerations are based on a logical premise and are justified by
the accumulated experience of operation, as well as the laws of mechanics. In order
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to get an accurate idea of the working process of the proposed winter all-weather safe
pneumatic tire, it is necessary to carry out the next stage of development of this project,
experimenting on real models. This will allow you to clarify some of the provisions and
create design and technological documentation for the mass production of such a product.

The proposed promising solution has no foreign analogues and guarantees
commercial success in the international market. This solution will help to improve
the safety of operation in extreme winter and provide financial preference for users,
increasing the resource of winter studded tires.
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KBICKBI AYA-PAMBIHBIH KAVIIICI3 IIMHACBIHBIH
MOJIEJIIH )KACAY

Asmomobune Keniei Ko32aNbICHIHbIY JHCHLIOAMObI2bl MEH KAPKbIHOLLIbIZLIHBIH
mypakmol oCyi 2ca20atblHOA OHbIY Op MYPJL CaHAMmMaesvl HCON0apoa, OHLIY [UiHOe
beminOe Kap MeH My3 MACCacbiHbIY Kabambl 6ap, Oy MaUUHAHLIH LITHICY KACUemmepiH
e0oyip memendemedi. byn oHvly mypaxmol Ko3eanvic Keninlieiniy Heeizel gpaxmopul.

Ocvizan  Oatinanvbicmovl  OOH2ALAKMbIY ~ HCONl2A  AO2E3USICbIHbIY, —~ CeHIMOLLIZIH
apmmuipy2a 6A2blMman2au HeymMovlcmapobly Manbi3vl 30p, Al MEMREPAMYPA MeH HCOT
beminiy Jicatl-KyUiHiy 632epyiH ecKepe omblpbln, KobiHece Oy MoceneHi weutyoiy
epexuie mocinin Kaxcem emeoi.

Ocvlzan 6ataHbICMbl KblC Me32LNHOe2l a8MoMOOUTb KO32AIbICbIHbIH KAYINCI30iiH
KAMMAMAChl3 emy, WUHAIAP MeH Cblpaanayaa Kapcobl wblObIKMapobly CeHiMOLnizin
apmmulpy, JHCOJL HCENICIHIH PecypC YHEeMOeYiH JHcaKcapmy YUlin KblCKbl aya-paublHbly
KAyinciz agmomoouns wuHaCbIHbIY MYAHCLIPHIMOAMATBIK MOOETE HCACANObL.

Kinmmi co30ep: Ko3zzanvlc Kayincizoiel, aemomoOuIb WUHACHL, HCOJL HCAMBLIZbICHL,
JHCOI-KOJIIK OKU2ACHI.
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PA3BPABOTKA MOJEJIN 3UMHEM BCEIIOI'OJJHON
BE3OIIACHOM IHIUHBI

B ycnosusix nocmosinnoeo 6ospacmanus ckopocmu U UHMEHCUBHOCTU OBUIICEHUS
ABMOMODUTLHO20 MPAHCNOPMA 0COOVIO 8ANCHOCIL NpUobpemaem obecneuenue e2o
AKMUGHOU 6E30NACHOCIIU HA 00PO2aX PA3HLIX KAMe20pull, 6 MOM YUCie UMEIOWUX HA
NOBEPXHOCMU CIOU  CHENHCHO-IEOSTHOU MACChl, CYUWECMBEHHO CHUNCAIOWel cyentvle
CBOUICMBA MAWUHBL — 21AGHO20 (DAKMOpA 2apaHmuy ee YCMouYUugo20 YHpasisiemo2o
0BUIICEHUSL.

B cesa3u ¢ omum nposedenue pabom, HanpaeneHHbix HA NOBbIUEHUE HAOEHCHOCTU
cyenienust Koaeca ¢ 00poeoll, umeenm OOTLULYIO 3HAYUMOCHb, d C VYEMOM CMeHbl
MEMNEPANYPHOLO PENHCUMA U COCOSTHUS OOPOIHCHOU NOBEPXHOCHU 3a4ACTTYIO Mpebyem
HeOpOUHAPHO20 NOOX00A K peteHuto OaHHOU npooemsl.

B cea3u ¢ smum pazpabomano KomyenmyamwHas Mooenb 3UMHell 8Cen0200HOU
6e30nacHoll  a8MOMOOUILHOU  WUHbL Ol 0becneyenusi Oe30NACHOCHU  O8UNCEHUS.
ABMOMOOUIA 8 IKCPEMATLHBIX 3UMHUX YCI0BUSIX, NOGBIUEHUSI HAOEHCHOCIU PAdOmbl
WIUHBL U WURO8 NPOMUBOCKOTIbIICEHUS], VIIVYUIEHUS PECYPCOCOEPENCEHUsT OOPOHCHOU
cemu.

Kniouesvie crnosa: bezonacnocms 08udicenus:, aBMoMoOULbHAS WUHA, O0OPOIICHOE
nOKpvimue, 00POIHCHO-MPAHCHOPMHOE NPOUCULECTBUE.
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