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THE AUTOMOBILE TIRES VULCANIZATION METHOD
REPAIR PROCESS EXPERIMENTAL INVESTIGATION

In the article local repair automobile tires expediency by vulcanization means in
mechanical damage carcass case is shown. It has been established that analytical and
experimental data on determining the required temperature of the heating element have a
significant discrepancy. It was found that on the vulcanization degree among all factors
temperature and pressure on the welding surfaces are the most influential. After processing
the experimental data and using the static methods, mathematical dependence of the
temperature on the welding surface from the heating element temperature and on the welding
surfaces as a second-degree polynomial is obtained. In order to verify the research results
reliability, the control welding of the automobile tires with cord lateral rupture was
conducted, which gave positive results.
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EKCHEPUMEHTAJIbHI JOCIKEHHS IIPOOECY PEMOHTY
ABTOMOBUIbBHHUX HINH CITOCOBOM BYJIKAHI3ALII

Obrpynmosano 0oyinvbHicmb NPOBEOEHHS MICUEB020 PEMOHM) ABMOMODIILHOI WUHU
Ccnocobom 8yIKAHI3ayii Npu MEexXaniyHux YWKOONCEHHAX Kapkacd. YcmanoeneHo, wo anauii-
MUYHI Ma eKCNepUMEeHMAlbHI OaHi 3 BU3HAYEHHA He0OXIOHOI memnepamypu HA2pi8anibHO20
eleMenma Marmo 3HA4Hy po3didcHicmy. 3 ’ac068aHO, WO HA CMYNIHbL 8VIKAHI3aYil ceped yCix
Gaxmopis naubinbwull 8NIUE MAIOMb MEeMNepamypa ma muck Ha NOBEPXHAX 38aAPI0GAHHS.
3a O0onomozor0 cmamucmuyHux Memooié 0OpOOKU eKCNePUMEHMANbHUX OAHUX OMPUMAHO
MamemMamuyHy 3Aa1ediCHICmMb memnepamypu Ha NO8epXHi GYIKaHizayii 6i0 memnepamypu
HA2PIBANLHO2O eleMeHma U MUCKY HA NOBEPXHAX 36APIOGAHHS Y 8UNIAOI NONIHOMA OPY2020
cmynens. 3 Mmemow nepegipku  O0OCMOBIPHOCMI  pe3yabmamie O0CAI0NCeHb BUKOHAHO
KOHMPOIbHE 36API0OGAHHA ABMOMOOINbHOI WUHU 3 OOKOBUM PO3PUBOM KOPOY, AKe 0alo
NO3UMUBHI pe3yIbmamu.

Knrwouosi cnosa: mennionpogionicme, 8yaKaHizayis, asmomoOiibHa WUHA.
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Introduction. Nowadays tires repair is one of the most demanded services in the
automobile service market. The statistics show that in the course of operation from 25 to 75% of
tires prematurely fail due to mechanical damage to the carcass (punctures and cuts) that require
local repair. In most cases, the tread does not exceed 30 — 50%, and timely and qualified repairs
allow to continue using this tire. In this case local repairs are more effective than restorative. Its
cost i1s 2 — 7% from a new product price, so even a slight increase in after-repair runs can
significantly increase the economic effect from such tires use [1].

One of the most effective methods to automobile tires repairing with local injuries is
vulcanization, which is the converting process general purpose caoutchouc (natural and
synthetic) into rubber under pressure and at temperature of 140 — 160 © C. Compliance with
the necessary and stable temperature regime in the vulcanization zone has a decisive influence
on the quality of the repaired product. The numerous studies results show, that the
temperature variation in the tire vulcanization zone at 5 °C leads to a change in the
vulcanization degree by more than 30% [2]. However, in a number by the industry
manufactured vulcanizers, there is a significant difference in temperature across the entire
heating element surface (more than 5 °C), and it is difficult or sometimes impossible to
control the temperature in the vulcanization zone. It is also noticed that the temperature
regime in the vulcanization zone is influenced by the pressure force between tire and the
repair material and the heating element [3 — 5].

Analysis of the last research sources and publications. Analytical calculations the
heating element required temperature, based on the thermal conductivity of multilayer walls
theory [6], do not give objective results. There is considerable discrepancy between calculated
and experimental data. Is is due to the fact that, in the analytical calculation method, it is
assumed that the contact is perfect at the point of contact of the individual layers [7] and the
heat transfer is carried out from the layer to the layer without considering the spaces between
them. However, in a real object research, the touch of individual layers is not dense and it
gives an error in the calculations. It is difficult to consider the lack of tight contact by
analytical method is difficult [8]. In this connection, it was decided to conduct a physical
experiment using methods of statistical data processing [9 — 11] to determine the required
heating element temperature when vulcanizing the various sizes tires and with different
pressures on the vulcanized surfaces. This method also gives an opportunity to obtain a
mathematical investigated process model, which in the future will allow determining required
temperature of heating element by the calculation method.

Objectives setting. The article purpose is to highlight the experimental studies results
of the vulcanization car tires process with new improved design vulcanizer.

The mains and researches. Studies have shown that the vulcanization process with
local tire repair takes place under constantly changing conditions. These changes are caused
by the thermophysical vulcanizer characteristics, the uneven distribution the layer inside
temperature, which is vulcanized and fluctuations in the environment temperature. Also, the
clamping force is significantly influenced by the vulcanization process.

Known mathematical models and automatic control systems for the vulcanization process
[8] do not consider the uncertainty factors. This leads to significant temperature deviations from
the given mode, resulting in the required complex of physical and mechanical properties of the
repaired product is violated. And there is also an irrational electricity use present here.

The car tyres vulcanization process was investigated on the advanced vulcanizer
«Asogis EVU-3MP» [12]. In order to ensure uniform heating elements pressure and
vulcanizing materials to the tyres, the cavity frame was reinforced (Fig. 1) and a bag with
sand or aluminum balls was applied (Fig. 2). Experimental studies were carried out using a
baking form for 215/60/R16 type tyres (Fig. 3), which was made independently. The surface
temperature for baking is determined by «Laserliner» laser pyrometer (Fig. 4).
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Figure 1 — The new reinforced Figure 2 — Use the bag with sand
vulcanizer frame

Figure 3 — A new baked form

Figure 4 — The temperature definition with «Laserliner» laser pyrometer

In order to determine the optimum vulcanization and mathematical dependence regimes
describing this process, the experiment planning was applied. Since the main factors
influencing the vulcanization process are the heating element temperature and the pressure on
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the vulcanization surface, and the form of the received dependence is unknown, it is decided
to accept the two-factor three-level plan of the experiment [8, 9].

During the experiment, the factors varied on three levels — the average (main), the lower
and upper, the distances from the main to the same magnitude. The intervals values variables
and the investigated range variables are given in Table 1.

Table 1 — The variables value intervals

Factors Variable intervals
The heating element temperature, © C 155-195
Pressure force on the welding surface, kgf/cm® 0-16

The temperature welding surfaces at different heating element temperatures and the
clamping force is determined by the plan are given in Table 2.

Table 2 — The three-tier experiments plan with the factors number k=2 ... (N=N;+N,+n)

) The planning Variable Interaction, | The surface welding
Experiment matrix, (x;) squares, (x2,~) (x; x;7) temperature
number 3 5 ‘
X1 X2 X1 X2 X1 X2 Yy
1 + + + + + 167,3
+ — + + —
N, 2 1323
3 — + + + — 158,4
4 — — + + + 110,5
5 + 0 + 0 0 145,8
N 6 — 0 + 0 0 125,5
1T 0 + 0 + 0 149,3
8 0 — 0 + 0 122,2
9 0 0 0 0 0 141,5
n, 10 0 0 0 0 0 142,5
11 0 0 0 0 0 142,1

In an investigation on vulcanization, experiments are divided into groups so that
experiments at the zero point are evenly distributed among others. In particular, it is taken
the following procedure for the implementation of the plan: Experiments 1, 2,9, 3, 7, 4, 5, 10,
6,7,8,11.

The experimental results are processed using from the mathematical statistics [8, 9].
As an implementation result of this experimental plan, it is obtained an algebraic equation in
the form

¥, = by +bx, +b,x, + by X +byx; +byxx, (1)
where y, — the investigated surface welding temperature ;
x,, X, —outgoing factors;
b,, b, b,, b,, b,,, b, —equation coefficients.

Having determined by the method [6, 7] the coefficients and substituting them in to (1)
it is obtained the regression equation in code form
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¥, =139,4 +8,5x, +18,34x, +0,26x, +0,36x; —3,23x,x, , )

Further equation (2) refine by checking the difference coefficients b; zero by Student's
test. Check the equations for the Fisher criterion confirms its suitability to describe the
process under study.

For the convenience of further calculations, the equation (2) is reduced to the natural
form (3)

t,=0,0041-P*>+0,0009-¢>, +4,52-P+0,76-t,, —0,02-P-¢t,  —30,02. (3)

Using equation (3) building graphical dependencies from surface temperature welding
depend on the heating element temperature and values pressure (fig. 5).

Based on the graphic depending determine the necessary heating element temperature
and values pressure which provide temperature at bottom 150 °© C, which is the best value.

According to experimental studies, control of car tyre vulcanization with the side gap
rupture of the rubber-coated layer was carried out (Fig. 6). The quality of the repaired tyre is
tested pumped to pressure that exceeds the operating in twice. The repair defects is not found.
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Figure 5 — The graphical dependencies from surface temperature welding depending
on the heating element temperature and values pressure

Figure 6 — The control automobile tire vulcanization
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Conclusions. In experimental investigation result of the automobile tires vulcanization
process with the vulcanizer «Asogis EVU-3MP» help, the mathematical relationship between
the temperature welding surfaces at heating element temperatures and the clamping force in a
regression equation was received which is suitable for vulcanization modes optimization.

Practical recommendations for improving the automobile tires vulcanization process are
developed, depending on the pressing force and heating element temperature.

During the work, the frame «Asogis EVU-3MP» structure was developed, and
additional equipment for local tire repair was developed too.
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