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Abstract: The article is devoted to the analysis of the designs of sorting machines for processing
solid household waste. Based on the analysis of the advantages and disadvantages of machine
designs, analogues of machines have been selected. When choosing an analogue, not only the design
features, but also the properties of recycled waste are taken into account.
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Introduction

Various equipment is used for crushing the constituents of municipal solid waste. The decisive
factor influencing the choice of crusher design is the properties of municipal solid waste, the specific
energy intensity of the waste crushing process, as well as the specific material consumption of the
crusher design. Here it is necessary to add that the choice of the design of the crushing machine is
also influenced by the quality of the products, versatility and maintainability [1; pp.4-11, 2; pp.7-9,
3; pp.12-16]. Figure 1 shows the classification of crushing machines by design [11, 12, 13, 14, 15,
16, 17, 18, 19, 20].
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Fig.1. Crusher classification

Main Part

When choosing crushing equipment, it is necessary to take into account the significant
characteristics of the equipment [21, 22, 23, 24, 25, 26, 27, 28]. Table 1 below presents an improved
system of significant characteristics developed by the author.

Table 1. Crusher Significant Enhanced Performance System

crushers The system of significant characteristics of crushers
Specific Specific Versatility Cap.
energy material expenses
intensity consumption-
bone
cheek Very Very Low(4) Very
high(5) high(5) high(5)
cone High(4) High(4) Low(4) High(4)
Valkovaya High(4) High(4) Low(4) High(4)
Rotary Low(3) Low(3) Low(5) Low(3)
Molotkovaya Low (3) Low(3) Low(4) Low (3)"*

* the lower the crusher scores, the more efficient it is.

The analysis of table 1 shows that, according to improved indicators, hammer crushers have
undeniable advantages over other types of crushers, especially when crushing organic waste
components.

In hammer crushers, the force of impacts inflicted by impactors crushes solid waste
components. Hammer crushers are generally designed to grind medium to low strength materials.
The production of crushing machines ranges from 3 to 400 m%hour[4; pp.11-15, 5; pp.12-16, 6;
pp.5-11]. Grinding of organic components is carried out:

- due to the impact of the hammer on the organic components of the waste and the impact of
the components of the waste on each other;

- impact of organic components on the walls of the working chamber;

- collision of organic components on the blade of knives welded on the walls of the working
chamber;

-between the organic components and the grate.

A significant part of the waste is crushed due to collision with each other.

Crushers include a crushing chamber with a grate at the bottom through which the crushed
material is discharged, and a rotating shaft with beaters (impacting rotating tools, often called
hammers) fixed or suspended on it. Hammer crushers come in two types - horizontal and vertical.

Figure 2 shows the design of a horizontal hammer crusher for crushing MSW. The machine
was developed by the All-Russian Scientific Research Institute of Municipal Engineering. The waste
is sent by means of a conveyor to the loading device 1, and then by a feeder to the working chamber,
where grinding takes place with rapidly rotating hammers pivotally attached to the rotor 10. Waste
fragments are fed to the plate 2, where additional grinding takes place. In addition, the grinding
device is equipped with a bar 3, which crushes MSW. On the surface grate 4, additional grinding of
the material takes place and fine waste falls on the lower conveyor.

Soft materials, as well as metal objects that are difficult to grind with hammer blows, hit the
plate 9 from the end of the surface grate. Large pieces, moving the shutter 8, fall into the slot 7 and
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are then taken aside, and the remaining material under the action of a toothed crusher, in which left 5
and right 6 rolls rotate at different speeds, grinding the material. When strong materials are fed into
the crusher, one of the rollers moves back and the gap between the rollers increases, passing the
object down to the collecting conveyor installed under the crusher.

L
g :

Fig.2. Hammer crushing machine designed by the All-Russian Research Institute of
Municipal Engineering

The crushing machine for crushing solid waste designed by the All-Russian Research Institute
of Municipal Engineering differs from conventional hammer crushers by the presence of “combs”,
between the fixed teeth-knives of which hammers rotating on the rotor pass, thereby increasing the
crushing effect of the crushing machine. Hammers 7, hinged on the rotor 6, which is installed in the
casing 4 of the crushing machine, act on the waste coming through the feed opening 1. A crushing
plate 5 and combs are also attached to the body. The teeth of the combs 3 are suspended on the axes
2. In front of the first comb, a breaking plate 10 is installed. After the crushing plate, a breaking bar
is installed, the distance of the working edge of which to the circle of rotation of the hammers can be
adjusted with a bolt 8. A grate 9 is installed at the bottom, the position of which relative to the
hammers can also be adjusted. Indestructible objects are thrown by hammer blows onto the impact
plate 10, and from it they ricochet into a vertical shaft, where they lose speed, fall into the unloading
chute and are removed. It should be noted that the tests of crushing machines, made according to the
above scheme, revealed their shortcomings, for example, during processing, various fibrous
materials (rags) were wound on rolls and quickly brought them to a non-working state. At the same
time, the principle of the machine seems to be promising; fine-tuning the design is an urgent task.

Figure 3 shows a crusher with a vertical shaft, which is installed in the Minsk Waste
Processing Plant.
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Fig.3. Vertical Shaft Hammer Crusher Separator

The crushing machine - separator is designed for additional grinding of compost and glass
during the processing of solid waste. The crushing machine (DM) consists of a base 1, on which the
crusher body 2 is mounted, a vertical drive shaft 4 and a crushing element, including hammers
(beater) 5, rippers 7, a spreader 6, with knife guides and a discharge disk 3. From the top to the body
a loading hopper 8 is attached, inside of which a receiving cone 9 is placed.

The shaft of the machine is driven by an electric motor 10 and a V-belt drive. The compost to
be crushed is fed into the receiving hopper and falls on the cultivator, made in the form of three
conical discs installed one above the other.

It should be noted the abundance of various designs offered by leading firms in the USA,
Germany, France, England and Japan for the processing of solid waste.

In most cases, these are hammer and impact crushers, which have been modified to reflect the
specifics of waste processing. For example, impact and hammer crushers are equipped with beak-
shaped beaters and hammers that crush and tear the material being processed. Impact plates are not
smooth or corrugated surfaces, but are equipped with protrusions with sharp edges (knives). When
crushing waste with a significant proportion of rags, paper, polyethylene, for example, in the
National Recycling (USA) crushers, the crusher rotor is reversed, which increases the tearing and
abrasive effect [1; pp.3-77; pp.23-26, 8; pp.11-15, 9; pp.7-11, 10; pp.32-36].

Figure 4 shows a hammer crusher from Tollemache (Great Britain).
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Fig.4. Crusher of the Tollemache system (Great Britain)

In the Tollemache crusher, the raw material is loaded into opening 1 of the cover 7 of the hatch
and enters the working area of the grinder, where it immediately falls under the action of a strong air
flow created by the vertical rotor 2. Soft components are reflected by hammers 3 and the air flow is
directed to the opening 8 of the cover 7. The crushed waste enters the cylindrical chamber 4, from
where it enters the cyclone 5 and further down to the discharge conveyor, and the dusty particles are
taken out into the exhaust pipe 6. The cyclone 5 is placed on a carriage that allows it to be removed
from the DM during repair work.

The technical characteristics of the Tollemache DM system are presented in Table 2

Table 2. Technical characteristics of the DM system ""Tollemache™

Ne Main parameters of crushers

1 Type 42 58 72 92

2 Productivity, t/h 15-18 30 40 60-70

3 Drive power, kW 110-148 258 368 552-736

Over 150 Tollemache type 42 crushers installed in various countries. The largest shredders
type 92 are used in the USA and Japan.

BrniBoanbl

1. An analysis of the principles of operation of all the above impact crushers, as well as a
patent search on this topic, showed that waste is effectively crushed after passing through
preparatory manual sorting and fractional sorting on drum screens on hammer crushers.

2. Based on the analysis of the advantages and disadvantages of impact crushing machines, it
was found that hammer crushers with a vertical shaft are more efficient than those with a horizontal
shaft.

3. Based on the use of the principles of physical modeling, prototypes of impact crushers have
been developed.
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