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The article considers the issue of substantiating and optimizing the design parameters of the working
chamber of a hammer crusher intended for grinding oil cake in order to improve the efficiency, productivity and
energy performance of the grinding process. The relevance of the study is determined by the fact that the installed
power of the electric drive of existing hammer crushers often does not fully correspond to the geometric
dimensions and technological capabilities of the working chamber, which may limit throughput, reduce the
stability of operation and increase specific energy consumption. The influence of the diameter of the working
chamber, the effective area of the sieve and the diameter of its holes on the intensity of material grinding, pressure
formation in the annular product layer, particle movement and sieve throughput is substantiated.

An experimental approach to determining the rational power of the electric drive depending on the
main structural and technological parameters of the crusher is proposed. Particular attention is paid to the
dependence of specific energy consumption on the degree of crusher loading, working chamber dimensions
and sieve parameters, as well as to their influence on the quality and uniformity of the obtained ground
product. The methodological basis of the work consists of experimental studies carried out on a specially
manufactured crusher with a variable working chamber diameter ranging from 400 to 1200 mm. Barley with
a moisture content of 13% was used as the model material during the experiments.

As aresult of the research, rational operating modes were established that provide a favorable combination
of minimum specific energy consumption, high productivity and the required grinding quality. The obtained
dependencies make it possible to more accurately coordinate the power of the electric drive with the geometric
parameters and throughput capacity of the working chamber. The research results can be used in the design,
modernization and engineering calculation of hammer crushers for livestock and feed production, contributing to
improved energy efficiency, reduced operating costs and more rational use of technological equipment.

Keywords: hammer crusher, working chamber, chamber diameter, sieve, specific energy consumption,
productivity, electric drive power, cake grinding, design parameters, energy efficiency.

Eq. 5. Fig. 2. Ref. 10.

1. Statement of the problem

Modern trends development techniques for preparation feed in livestock farming associated with the
increase energy efficiency processes crushing, reduction specific expenses electricity and provision stable
qualities ready product. One from promising directions achievement the specified indicators are improving
constructive parameters hammerhead crushers , in particular working camera , which determines area sieve ,
intensity percussion actions and pass ability cars .

Simultaneously existing hammer crushers that used in animal husbandry, not always are working with
maximum efficiency. Power their electric drive often does not allow fully download crusher, and the dimensions
working cameras are not responding established power engine. This leads to increased specific expenses energy,
reduction performance and deterioration quality indicators grinding [1].

Special relevance acquires definition influence diameter working cameras on the process grinding.
Change diameter accompanied change sieve area, quantity blows hammers on the product per unit of time,
pressure in the annular layer and the curvature of the sieve. All these factors directly affect the necessary power
electric drive and specific flow rate energy. Existing constructions mainly focused on fixed dimensions cameras
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and do not take into account opportunities optimization diameters for different types sieves and types raw
materials. This causes necessity development scientifically justified technical and technological approach to
choice constructive parameters working hammer crusher chambers

2. Analysis of recent research and publications

The problem of increasing the efficiency of hammer crushers is the subject of a significant amount of
research in the field of agricultural production mechanization [1]. It becomes especially relevant when working
with various types of feed raw materials, in particular, cake and grain, the physical and mechanical properties
of which significantly affect the grinding process.

Domestic studies [3] show that the power of the electric drive of DKU-type crushers often does not
correspond to the dimensions of the working chamber, which limits the possibility of full loading of the machine.
It has been experimentally established that increasing the power of the drive electric motor allows reducing
specific energy consumption with a corresponding increase in productivity. At the same time, changing the width
of the working chamber is equivalent to the parallel operation of several crushers and does not significantly affect
the intensity of the grinding process itself. Instead, changing the diameter of the chamber changes both the sieve
area and the dynamics of the impact interaction of the hammers with the product.

When the diameter of the working chamber increases at a constant circular speed of the hammers, the
number of blows to the product decreases, which reduces the intensity of grinding [4]. With a decrease in
diameter, the pressure in the annular layer of the product increases, since the pressure increase is inversely
proportional to the radius of the rotor. In addition, an increase in the radius reduces the curvature of the sieve
and the area of the projection of the holes onto the normal plane, which can affect the throughput [5] .

However, the existing studies do not sufficiently address the complex influence of the working
chamber diameter on the optimal power of the electric drive for different sieve hole diameters. Most of the
work is focused on fixed structures, while the relationship between the design parameters of the chamber and
the energy and quality indicators of the grinding process requires additional experimental justification.

3. Purpose of the study

The purpose of the study is to substantiate the design parameters of the working chamber of the
hammer mill and determine the influence of the chamber diameter and the diameter of the sieve holes on the
optimal power of the electric drive, specific energy consumption, and machine productivity.

4. Results and discussion

Hammer crushers, widely used in livestock farming for grinding grain and cake, are not always able
to operate in the mode of maximum energy efficiency. The main reason for this is the mismatch of the power
of the electric drive with the capabilities of the working chamber: the engine often does not allow to fully load
the machine, as a result of which the specific energy consumption remains elevated [6] . Experimental studies
conducted on a serial DKU crusher with a nominal capacity of 1500 kg/h showed that increasing the power of
the drive electric motor to 20 kW is accompanied by a noticeable decrease in the specific energy consumption.
This indicates the presence of a reserve for increasing efficiency due to the correct coordination of the drive
power with the parameters of the working chamber.

When studying the characteristics of hammer crushers in detail, it is worth noting that the power of the
electric motor, as a rule, does not correspond to the dimensions of the working chamber, which is the main factor
determining the performance of the machine. Changing the geometric dimensions of the working chamber directly
affects the area of the sieve, and therefore the throughput and the required power of the electric drive. The area of
the sieve can be changed in two ways: by changing the width of the chamber or by changing its diameter.

Changing the sieve area by increasing (or decreasing) the width of the working chamber has practically
no effect on the intensity of the crushing process itself [7, 8] . Such a change is equivalent to the parallel
operation of several identical crushers and only scales the productivity in proportion to the width. On the other
hand, changing the diameter of the working chamber significantly changes the physics of the process: not only
the sieve area changes, but also the frequency of hammer blows on the product particles, the pressure in the
annular layer of the material and the conditions of the passage of particles through the sieve holes.

When the diameter of the working chamber increases, while maintaining a constant circular speed of
the hammers, the number of blows per unit mass of the product per unit time decreases. This leads to a decrease
in the intensity of grinding [9] . On the contrary, with a decrease in the diameter of the working chamber, the
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pressure in the annular layer of the product increases. The increase in pressure in the layer is inversely
proportional to the radius of the crusher rotor:

1

where AP — pressure increase in the annular layer, Pa; R — radius of the rotor (working chamber), m.

In addition, as the radius of the working chamber increases, the curvature of the sieve decreases. As a
result, the projection area of the sieve holes on the plane normal to the sieve surface decreases [10] . This can
negatively affect the throughput of the sieve. All of these factors have a complex effect on the amount of
required power of the crusher's electric drive.

To quantitatively determine the influence of the diameter of the working chamber on the optimal power
of the electric drive, a series of experiments were conducted on a specially manufactured experimental setup.
The design of the setup allowed changing the diameter of the working chamber in the range from 400 to 1200
mm. The drive was carried out by an electric motor with a power of 40 kW. The experiments used
interchangeable sieves with a hole diameter of 1.7; 2.5; 3.5 and 4 mm. Barley with a moisture content of 13%
was used as the grinding object. The results of the experiments are presented in graphs (Fig. 1 and Fig. 2).

From the analysis of the graph in Fig. 1, a clear relationship between the specific energy consumption
and the degree of loading of the crusher follows. With increasing loading, both the power consumption and
the productivity increase simultaneously. In this case, the increase in productivity occurs much faster than the
increase in the power consumption, as a result of which the specific energy consumption decreases. The
decrease in the specific energy consumption continues to a certain critical limit, the value of which depends
on the diameter of the sieve holes and the design features of the crusher.

If the load exceeds this limit, the efficiency of the machine decreases. Therefore, to maximize the use
of energy spent on grinding, the crusher must be loaded to the limit mode. In this case, the grinding module
increases slightly due to the reduction of the proportion of dust particles, which has a positive effect on the
quality of the finished product.

The lowest value of specific energy consumption is achieved above the limit point of the direct
proportional dependence of the effective (useful) energy consumption on the crusher productivity. This follows
from the following relations:

Specific cost energy in the limit point direct proportionality:

Nyx+N
A= Q—l (2)

1
where A;— specific energy consumption at the limit point, KWh /t;N,.,— idle power of the crusher,
kW; N,— useful power at the limit point, KW; Q,— productivity at the limit point, t/h.
Lowest specific energy consumption (optimal mode):

Ay =" ®3)
2
where A;— specific energy consumption at the minimum point, KWh /t; N,,— idle power of the
crusher, KW; N, — useful power at the minimum point, KW; Q,— productivity at the minimum point, t/h.
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Fig. 1. Dependence of specific energy consumption and productivity of the hammer mill on drive power

Correlation between these values can be write in the form:
Ay < AqatQy > Q4 (4)
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Based on experimental data, a graph was constructed (Fig. 1), which demonstrates the dependence of
specific energy consumption (A) and productivity (Q) on the power of the electric drive when grinding
barley with a moisture content of 13% on sieves with a hole diameter of 1.7; 2.5; 3.5 and 4 mm.

The second graph (Fig. 2) illustrates the dependence of the power consumed by the electric motor on the working
chamber diameter for different sieve aperture diameters. The curves correspond to different sieve aperture sizes.
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Fig. 2. Dependency of required motor power on crusher diameter

The obtained results indicate that an increase in the sieve aperture diameter leads to an increase in the
power required by the electric motor. For fixed design parameters of the hammer crusher, the power demand
of the drive motor is significantly influenced by the sieve aperture size. Since commercially available crushers
are typically equipped with interchangeable sieves of different aperture diameters, selecting an appropriate
electric motor becomes more challenging. In practical calculations, a permissible deviation of £30% from the
minimum calculated power value may be adopted for a specific set of sieves.

For the investigated operating conditions, a sieve with an aperture diameter of 4 mm is considered the
reference configuration. The use of sieves with smaller apertures (1.5-1.7 mm) at the same motor power
increases the specific energy consumption and may reduce the crusher throughput due to greater resistance to
material passage through the sieve. Therefore, the selection of the sieve aperture diameter should be based on
a compromise between the required particle size, crusher productivity, and energy efficiency.

Of particular importance is the dependence of power on the diameter of the working chamber: reducing
the diameter from 1200 mm to 400 mm requires an increase in drive power by about three times. This
dependence is practically constant for all the sieves studied and can be described by the relationship:

T~ 3 (5)

Ni200
where N, — the required power for chamber diameters of 400 and 1200 mm, respectively.

Thus, to ensure minimum specific energy consumption and maximum efficiency of the hammer
crusher, several interrelated conditions must be observed.

First, the machine should be loaded as close as possible to the optimum point, which lies above the
limit of the direct proportional relationship between useful power and productivity. It is in this zone that the
specific energy consumption reaches its lowest value. At a lower load, part of the power is spent inefficiently,
and when the optimal limit is exceeded, the efficiency decreases again due to overloading of the working
chamber and deterioration of the conditions for product separation through the sieve. In addition, operation in
the optimal mode helps to reduce the amount of dusty fractions and improve the quality of the finished feed.

Secondly, the power of the drive motor must be matched to the largest diameter of the sieve holes in the
set supplied with the crusher. Since sieves with different hole diameters (from 1.7 to 4 mm) significantly affect
the required power, choosing a motor with the largest hole allows you to avoid both underloading and
overloading the machine. In this case, the permissible power deviation can be taken within £30% of the
minimum calculated value. Working with sieves of smaller diameter with the same motor power leads to an
increase in specific energy consumption, although productivity can increase by 15-20%.

Thirdly, when designing or upgrading a crusher, it is imperative to take into account the influence of the
diameter of the working chamber. Reducing the diameter from 1200 mm to 400 mm intensifies the crushing
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process by increasing the pressure in the annular layer of the product and increasing the frequency of hammer
blows. However, this is accompanied by a significant (approximately threefold) increase in the required power
of the electric drive. Therefore, the choice of the chamber diameter should be a compromise solution between
the desired crushing intensity, the available engine power and the performance requirements.

Following these recommendations allows you to significantly increase the energy efficiency of hammer
crushers, reduce specific electricity consumption, and ensure stable quality of the crushed product when
working with various types of raw materials, in particular, cake and grain.

5. Conclusions

As a result of the conducted experimental study, the influence of the main design parameters of the
working chamber of the hammer crusher on the energy and quality indicators of the crushing process of cake
and grain materials was substantiated. It was shown that the power of the electric drive, the diameter of the
working chamber and the diameter of the sieve holes are interrelated factors that determine both the
productivity of the machine and the specific energy consumption.

It has been established that changing the diameter of the working chamber significantly affects the intensity
of the grinding process. Reducing the diameter from 1200 mm to 400 mm while maintaining the circular speed of the
hammers leads to an increase in the required power of the electric drive approximately three times. This is explained
by the increase in pressure in the annular layer of the product (the increase in pressure is inversely proportional to the
radius of the rotor) and an increase in the frequency of hammer blows on the material particles. At the same time,
increasing the diameter of the chamber reduces the intensity of grinding due to a decrease in the number of blows per
unit of time and a change in the curvature of the sieve, which affects the throughput of the holes.

It has been experimentally confirmed that the specific energy consumption decreases with increasing
crusher loading to a certain limit point. Further exceeding this mode leads to a decrease in efficiency. The lowest
value of the specific energy consumption is achieved in the zone above the limit point of the direct proportional
dependence of useful power on productivity. At the same time, the grinding modulus increases slightly due to a
decrease in the proportion of dust particles, which has a positive effect on the quality of the finished product.

It has been established that the power of the drive electric motor depends on the diameter of the sieve
holes. An increase in the diameter of the holes is accompanied by an increase in the required power. Since
serial crushers are equipped with sets of sieves with different hole diameters (1.7; 2.5; 3.5 and 4 mm), it is
advisable to select the electric motor based on the sieve with the largest hole diameter, allowing deviations
within £30% of the minimum power value. Working with sieves of smaller diameter at the same engine power
leads to an increase in specific energy consumption, although productivity can increase by 15-20%.
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OBIPYHTYBAHHSI KOHCTPYKTUBHUX ITAPAMETPIB POGOYOI KAMEPU ITOIPIGHIOBAYA MAKYXHW

Y cmammi posensmymo numanus 0OIpYHMYSaHHA MA ONMUMI3AYTT KOHCMPYKMUBHUX NAPAMEmpie
poboUOI Kamepu MOIOMKOB0I OpobapKu 018 NOOPIOHEeHHs MAKyXu 3 Memoi NIOBUWEHHS eqeKmUsHOCH,
NPOOYKMUBHOCII MA eHepeemuyHOi pe3yIbmamueHoCmi npoyecy noopioHents. AKmyanbHicms 00CIONCEHHS
3YMOGIeHa MUM, WO BCHAHOBIEHA NOMYNHCHICIb eNeKMPONPUBOOd ICHYIOUUX MOLOMKOBUX OPODAPOK 4ACMO He
NOBHOI MIPOI0 BION0GIOAE 20MEMPUHHUM POIMIPAM | MEXHOIOTYHUM MONCTUBOCHISIM POOOHOT KAMepPU, U0 MOdice
obmedcysamu nPOOYKMUBHICMb O0ONAOHAHHSA, NoZipulysamu cmabiibHicmy 1020 pobomu ma niosuuyeamu
numomi eumpamu efekmpoerepeii. OorpyHmosearo enaue oiamempa pooouoi kamepu, epekmusHoi niowi peuiema
ma diamempa 1020 0Meopie Ha IHMEHCUBHICIb NOOPIOHEHH Mamepiany, (YOPMYBAHH MUCK) 8 KiIbUe8OMY wapi
NPOOYKMY, XapaKmep nepemiujeHHs YacmuHOoK i BPONYCKHY 30amuicmy peuiema.

3anpononosano  excnepumeHmMaibHUlL  NIOXi0 00  BUBHAYEHHA — PAYIOHANLHOI  NOMYIHCHOCI
eNeKMPONPUBOOA 3ANEHCHO BI0 OCHOBHUX KOHCHMPYKMUGHUX | MEXHOA02IYHUX napamempig opobapku. Ocobnusy
y8azy NpUOiNeHO 3AeHCHOCI NUMOMUX SUMPAM eHepeii 8I0 CMyneHs 3a68aHMANCEHHsT OpodapKu, po3mipie
pobouoi Kamepu ma napamempié peulemd, a MaKodC iX 6naugy Ha SKiCMb [ PIBHOMIPHICIND 00ePICAHO20
noopibHeHo20 npodykmy. Memoouurow 0CHO8010 pobomu € eKCnepuMenmaibHi OOCTIONCEeHHs, NPOBeOeHi Ha
CcneyianbHo 8U20mMosieHiti Opobapyi 3i sMinHUM diamempom pobouoi kamepu 6i0 400 0o 1200 mm. Ak mooenvhuil
Mamepian nio yac 00cnioie GUKOPUCMOBYBANU AYMIHL 6onozicmio 13 %.

Y pesynremami 0ocniddiceHb 6CMAHOGIEHO PAYIOHANbHI pexcumu pobomu, SKi 3abe3neyyromo
cnpusimauge NOEOHAHHA MIHIMAIbHUX NUMOMUX 8UMPAm eHepeii, 8UCOKOi NPOOYKMUBHOCMI ma HeoOXiOHOI
aKocmi noopionenns. Ompumani 3anedlicHOCmi 0aromb 3M02y MOYHIWE Y320021CY8amu  NOMYAICHICID
eNeKMpPOnpUBOOd 3 2eOMEMPUYHUMU NAPAMEMPAMU Ma NPONYCKHOIO 30AMHICI0 poboYoi Kamepu.
Pesynomamu  0ocniosicennss modcymos Oymu  GUKOPUCMAHI NIO HAC NPOEKMYBAHHS, MOOepHizayii ma
IHJICEHEePHO20 PO3PAXYHKY MOJOMKOBUX OPOOAPOK 0Jisk nOmped MEAPUHHUYMEBA | KOPMOBUPOOHUYMEA.

Knrouosi cnosa: monomixosa opobapika, poboua xamepa, diamemp Kamepu, pewemo, NUmomMa 6UmMpama eHepei,
NPOOYKIMUGHICIT, NONTYIICHICIb €EKIMPONPUS0Od, NOODIOHEHHS MAK)XU, KOHCIPYKIUGHL NAPAMENPU, HEP2OePHEKINUSHICITID.
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