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When organizing a site for the processing of used
tires at a motor transport enterprise, a wide range
of harmful and hazardous production factors leads
to increased noise levels. The source of his educa-
tion is a disintegrator. It was established that at the
studied workplace the equivalent sound level is 88
dBA with a norm of not more than 80 dBA (for the
2nd class). Not only the operator, but also workers
performing their labor functions nearby are ex-
posed to noise in the study area. The solution to the
problem of reducing noise exposure is associated
with a preliminary calculation of acoustic screens,
determining the necessary area of sound-absorbing
material, fasteners, etc. The performed studies
show the need to install 7 screens with a total area
of 20 m? to satisfactorily reduce the sound level to
the values regulated by sanitary and hygienic re-
quirements. A decrease in the prevailing factor will
entail a general decrease in the class of working
conditions by hazard and hazard of the operator by
one degree.
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Ha ydactke mo mepepaOoTKe W3HOIIEHHBIX IIWH
buKCcUpYIOTCS pa3iuyHble BpPEIHBIE M OIACHBIC
MIPOU3BOJICTBEHHBIE (DAaKTOPHI, B TOM YHCIIE MOBbI-
IICHHBIN YPOBEHD LIIyMa OT JIe3UHTErpaTopa. 31ech
SKBUBAJICHTHBIN ypOBEHb 3ByKa paBeH 88 n1bA npu
Hopme He Oonee 80 nbA (mis 2-ro knacca). Ilpu-
4eM BO3ICHCTBHUIO IIIyMa MOJBEPracTcss HE TOJIBKO
OTepaTop, HO U COTPYAHUKH, pabOTArOIINE TTOOIIN-
30CTH. 3ajaya MO CHUKEHHUIO IIYMOBOI'O BO3JEH-
CTBHSI MOXET OBITh PEIICHAa, €CIIH HCIIOJIb30BaTh
aKyCTUYECKHEe IIMPMBbI. BakHO mpaBHIBHO pac-
CUMTaTh MX HEOOXOAMMOE KOJMYECTBO, IUIOIIAb
HIyMoInorjioaromnero marepuaia u np. Hccneno-
BaHUs TOKAa3bIBAIOT, YTO YCTAHOBKa 7 IIMPM 00-
e iomanaeio 20 KB. M 00€CIeYrBaeT ypOBEHb
nryma,
THTHeHHYecKuM TpeboBaHusaM. Kak crenctsue,

COOTBETCTBYOLIUHI CaHUTApPHO-
MOXXET OBITh CHWIKEH KJIacC YCIOBUU TpyAa IO
BPEIHOCTH U OIIACHOCTH.

KiroueBble ciioBa: nepepaboTka IIMH, YCTAHOBKA
10 U3MENBYCHHIO, JE€3UHTErPaTop, U3MEIbUYHUTEID,
YCIIOBHSI TPyZAa, BPEIHBIE U OIACHBIE ITPOU3BOJ-
CTBEHHBIE (DaKTOPbI, CHIYKEHUE IIyMa.

Introduction. The activities of small road transport enterprises involve the generation of waste
such as used engine oil, batteries, worn or damaged vehicle components and tires. The latter are extreme-
ly flammable. The burning temperature of tires is equal to the temperature of combustion of coal; harmful
products, including carcinogens, are emitted into the air [1]. Tires are virtually biodegradable, and when
stored and buried, serve as an ideal breeding ground for rodents and blood-sucking insects, vectors of in-
fectious diseases. However, valuable raw materials can be extracted from tires: rubber, metal and textile
cord. These materials do not change their original properties during operation.

Rational use of worn tires is of significant socio-economic importance. Transport enterprise
"TransLogistikExpress" (Sarapul) solves the problem of reducing the volume of waste and involving
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them in the resource cycle in order to reduce costs and form a careful attitude to the environment. This
actualizes the development of technologies for recycling. A centralized tires collection system has not yet
been established. In case of introduction of a physical method of their processing (cutting) in crumbs, the
technological process will be accompanied by the raised levels of harmful influence (mainly vibroacous-
tic and chemical). When creating the technology of waste disposal at the transport enterprise "Trans-
LogistikExpress", it is necessary to solve a number of problems, taking into account the requirements of
labor safety.

1. To identify the main types of waste generated at the enterprise.

2. To analyze the quantitative composition and identify the dominant types of waste with the as-
sessment of their impact on staff health.

3. To analyze the existing methods of processing and utilization of the main types of waste gener-
ated at the enterprise.

4. To develop technologies of utilization of used automobile tires taking into account safety of
work of the operator on the disintegrator.

Main part

Analysis of the existing methods of tire recycling and selection of a suitable option for im-
plementation. According to the survey of the owners of motor transport companies, about 40% of them
use the services of waste disposal enterprises, 60% dispose of them in other ways, including on their own.
Recycling of worn tires is a difficult technical task, which is further complicated by the use of metal cord.

Tires consist of rubber, which is made from natural and synthetic rubbers, and cord. Tire fabric
can be made of polymer, textile and metal (metal cord) threads. The tire consists of a frame, cap plies, a
tread, a bead and a lateral part. Fabric and polymer cord are used in passenger and light truck tires, metal
cord - in trucks. Depending on the orientation of the cord threads in the frame, radial and diagonal tires
are distinguished.

Car tires can be recycled in a variety of ways. One of the simplest is burning. In this case, there is
a complete destruction of the initial products with the release of a significant amount of thermal energy.
The energy potential of the tire is comparable to high-quality coal: its heat-carrying capacity is about 30
MJ/kg [2]. On the other hand, tires burning is accompanied by the formation of toxic substances, and the
organization of an adequate cleaning system requires significant investment.

Another method is pyrolysis, that is, the chemical decomposition of rubber without access to oxy-
gen. In this way, we get products for reuse in the petrochemical industry. Carbon black and other solids
remaining after pyrolysis can be used as fillers. However, the organization of pyrolysis production (as
well as any chemical production) requires significant resources and energy, which is not always advisable
in a small enterprise.

The technology of tires grinding at moderate cutting speeds seems promising. In this case, we per-
form alternately: washing, beads cutting, pre-crushing, coarse crushing, fine crushing, separation and
grinding. At the stage of preliminary crushing, a debeader, mechanical knives and a tire cutter are used, at
the subsequent stages — crushing and grinding rollers, a separator for extracting metal particles and a vi-
brating screen. Currently, various types of equipment for rubber tires grinding are developed, which differ
in the nature and speed of loading, the design of the working body, etc. For these purposes, abrasive belts
and circles, guillotines, disc knives, presses, rollers, rotary knife crushers and other equipment are used.
Domestic and foreign manufacturers develop technologies for worn tires crushing. For example, the com-
pany Cumberland (Germany) [3] produces high-performance plants for the processing of worn tires.
Netmus companies (http://netmus.ru) and Polimech (https://polimech.ru/) are actively working in this di-
rection on the Russian market. 1 ton of tires contains 600-650 kg of rubber, 130-150 kg of textile, 130-
200 kg of metal. Waste tire is a valuable secondary raw material containing 65-70% rubber, 15-25% car-
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bon black, 10-15% high-quality material. So, an acceptable option for tires processing in a small enter-
prise is the technology of mechanical grinding.

Brief description of the technological process of mechanical grinding of tires and working
conditions of the operator. The disintegrator (shredder) produced by Tekhnoresursy [4] is shown in Fig. 1.

Tires attach- Mechanical unit
ment point @

Knives for
cutting crumbs

@ — Noise source . @
Engine

Fig. 1. Tire recycling plant

The equipment allows you to process all types of tires into crumbs. Its main characteristics:

— diameter of a landing ring of tires — from R15 to R33;

— outer diameter of tires — up to 2000 mm;

—weight of the tire — up to 600 kg;

— dimensions of the device (LxWxH) - 2200%2000%3000 mm;

-— weight of the device is not more than 1500 kg;

— cutting group — 10 milling cutters;

— service life of cutters — 180-350 tires (depending on the condition of the tire and its size);

— optimal performance of the machine-6-20 tires/h (up to 120 kg of rubber crumbs).

Up to 20 kg of clean rubber crumb (depending on the degree of tread wear) is removed from each
worn truck tire with a diameter of up to 1200 mm. Next, the rubber-cord layer is removed, and the output
is crumbs with pieces of cord, requiring additional cleaning. When processing large-sized tires with a di-
ameter from 1600 to 2000 mm, it is possible to produce a clean crumb with small inclusions of textile fi-
ber or metal wire weighing 60-150 kg. The productivity in the processing of large-sized tires is much
higher than in the processing of standard truck tires of smaller sizes. In addition, the mechanical grinder
has additional technical features to optimize the grinding process. As raw materials they used: used mine
giant tires of "BelAZ", tractor, truck and off-road tires of various sizes with radial and diagonal construc-
tion of the cord.

When working on the installation, the operator performs the following actions:

1. Delivery of tires to the machine by rolling method.

2. Installation of the tire in the gripping drum manually (with a tire weight of 25-35 kg), installa-
tion of heavy tires using the lifting and landing mechanism.

3. Fixing the tire in the device by hydraulic latch mechanism.

4. Turning on the rotation drive of the latch mechanism and the beginning of the tire cutting —
mechanical removal of the rubber layer at a fixed speed of rotation of the tire (more than 2000 rpm).

5. Adjusting the speed of supply of the cutting edge of the cutters to the tire in order to obtain a
fraction of the rubber crumb of the required size, on which the productivity of the installation depends. It
is higher in the production of large granules and decreases in the production of small fractions.
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6. Then the clean rubber crumb is cut off before the appearance of the cord, and the second stage
begins — the processing of the cord layers of the tire.

The management of the company "TransLogistikExpress" approved the following production pa-
rameters:

1) minimum area of the section — 25 sq. m;

2) number of operators per shift — 1 person;

3) electricity consumption — no more than 10 kW/h.

The finished products are stored in a metal foot container with a capacity of up to 30 thousand kg
of crushed rubber. So, the production is divided into three areas: raw material storage area, crumb produc-
tion sector, finished goods storage area.

Characteristics of harmful and dangerous factors created by the work of the installation. A
specialist in labor protection at the enterprise notes that when working with a small-sizes grinding plant,
harmful and dangerous production factors are recorded, shown in table 1.

Table 1
Actual state of working conditions
. Permissibl
Name of the production factor er?;:fsllb ¢ Actual level Excess
Noise:
equivalent sound level, dBA 80 88 8
Infrasound:
. . 1 -
equivalent sound pressure level, dB Lin 00 %
General vibration:
equivalent level of vibration speed, dB on X/Y/Z 92/92/92 70/68/73 -
axes
Local vibration:
equivalent level of vibration speed, dB on the X/Y/Z| 126/126/126 118/120/118 -
axes
. Microclimate: 9123 29 3
air temperature, °C (category-1b)
including air velocity, m/s 0-0.2 0.2 -
including humidity, % 15-75 48 -

Noise, vibration, etc. occur due to the work of the cutting edges of the knives, the motor and the
mechanical transmission (see Fig. 1). The general class of working conditions is the third, the second de-
gree of danger.

The analysis of the table allows us to draw a conclusion that at work on installation the dominat-
ing negative factor is the raised noise level. General class of working conditions — 3.2. Practice shows
that, as a rule, exceeding the noise level is a key aspect of the work of all types of small-sized plants,
which implement cutting processes. These are drilling, turning and other machines.

Measures to improve working conditions when working on the installation. The level of noise
in the workplace exceeds acceptable standards and should be reduced. Technical safety measures take
precedence over organizational ones. Workers should be provided with personal hearing protection
equipment.

The simplest method of noise suppression is the organization of obstacles to the propagation of
sound from point A to point B. In practice, this is realized by the installation of noise screens. If the
source emits sound in all directions, it is appropriate to manufacture a noise protective casing. On the one
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hand, a logical solution may be the construction of a brick fence, but it is not always profitable. The con-
ditions for placing such a fence in the general layout of the territory may not meet the requirements of er-
gonomics and rational use of available space. There is a need to build a portable or collapsible device. As
a measure to improve working conditions at the workplace of the operator, it is proposed to establish a set
of noise screens — corner and front screens (Fig. 2).

Fig. 2. Noise screen

The effectiveness of such devices depends on many factors, including the “impermeability" of the
fence as a whole.

The corner screen is structurally two panels lined with foil acoustic felt enclosed in a metal frame.
The screens are mounted on wheel supports, two of which are located on the inner side and equipped with
a braking device. Thus, the bulk structure can move freely and be installed anywhere in the production
area. The degree of protection of the cabin or room depends on the number of screens used. In the condi-
tions of the enterprise "TransLogistikExpress" seven screens with a total area of 20 m? are needed.

The analysis of the market of noise-proof materials and designs showed that the best option in the
conditions of work of the motor transport enterprise is application of acoustic felt with the foiled surface.
This safe and eco-friendly solution improves vibroacoustic characteristics of passenger car interiors [5].
Thus, acoustic felt "HL Komfortmat" has the following characteristics: thickness 15 mm; size of one
sheet 1500x1000 mm; specific gravity 0.7 kg/m?; sound absorption coefficient 0.5 at a frequency of 1000
Hz [6]. Felt occupies one of the first positions among noise-absorbing materials. In addition, it is charac-
terized by a low ability to form dust, resistance to high humidity, low weight, fire resistance, absence of
abrasive materials in the composition, environmental friendliness.

According to preliminary estimates, the installation of a noise barrier in the form of screens is suf-
ficient to ensure that the noise level meets the requirements for the class of working conditions 3.1 (82
dBA, with 80 dBA for the second class of harm and danger).

Fig. 3 shows the distribution of sound pressure levels at the operator's workplace.
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Fig. 3. Distribution of sound pressure levels at the operator's workplace

The initial data for plotting the normative values of the sound pressure level are given in [7]. The
actual sound pressure level in the workplace is 88 dBA. The actual sound pressure level without the in-
stallation of the machine and the level of sound pressure achieved due to the noise screen during opera-
tion of the equipment are calculated according to the reference books [6, 8, 9]. The achieved level of
sound insulation is calculated by the formula [8]:

1+4“Q[1_1j

® (A S

2 i)
L, 4rQ 1_1)

® (4 S

where @ — the source directivity factor; r —the distance from the source to the calculated point, m; Q —
the spatial angle of radiation, steradian; S — the area of sound absorbing material, m?; 4, 4' — the total
and equivalent area of sound absorption, m?; AL — the achieved level of sound insulation, dB.

AL =10Ig

It is possible to reasonably compare the real sound pressure level before and after the introduction
of collective protection equipment only after the relevant activities. However, preliminary calculations
show their feasibility and sufficiency.

Conclusion. Motor transport companies replace the used parts and components of vehicles and
form production waste: tires with metal cord, tires with fabric cord, used metal car parts, batteries, card-
board air filters, used brake pads, and other types of waste. It is economically and ecologically expedient
to recycle used tires (waste of hazard class 1V), to involve them in the resource cycle. During the opera-
tion of the tire shredding plant on the production site, harmful factors, especially noise, begin to act (or
worsen). The sound pressure distribution characteristics should be calculated at the design stage of such
installations, which is not always possible. If the technological process is already established, the installa-
tion of collective protective means leads to the redistribution of sound levels in the room. Measurement of
the actual sound level and its comparison with the maximum permissible values allow you to justify the

.
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need for additional noise protection measures. With regard to the study conducted on the basis of calcula-

tions, it is assumed that the installation of noise screens in the circle around the machine for cutting used
tires will reduce the actual sound level to indicators corresponding to class 3.1.

Further work in this direction involves the study of more large-scale industries for the processing
of tires and improving the noise properties of acoustic screens by changing their design. As a result, the
class of working conditions will be reduced to the second class.
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