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Abstract
Introduction. Briquetting is an effective way to improve technological, environmental and 
economic indicators of waste utilization in various industries. Roller presses hold a special 
place among the aggregates for briquetting materials, since they are characterized by high 
reliability and productivity, as well as low energy consumption. It is known that the density of 
the source material conditions the compression force the press rollers apply to the material to 
obtain briquettes of the required quality. Thus, a press with given design parameters provides 
the required quality of briquettes in a certain range of the source material densities. However, 
there is currently no method for selecting the design parameters of a roller press depending on 
the density of the material to be briquetted. A discrepancy between the source material density 
and the roller press parameters can either result in the poor-quality of briquettes due to 
insufficient power, or in the employment of a press with excess capacity. Both alternatives are 
unacceptable, so the development of a method for choosing the roller press design parameters, 
depending on the density of the source material, can be considered relevant.
Research objective is to develop a method for selecting the design parameters of a roller press 
depending on source material density.
Methods of research. The paper considers the roller press pressing zone showing an increased 
density of the source material. The boundary of the pressing zone is determined by the pressing 
angle, which depends on the source material density and press roller radius. To determine the 
pressing angle value, a laboratory method has been developed, which consists in pressing 
batches of preheated source material in a special form at different force values. The quality 
indicators of the obtained briquettes are compared with the standard ones, and a briquette 
with the required values of quality indicators obtained with the least effort is selected. Then,  
the briquette density and compaction coefficient are determined by hydrostatic weighing. Based 
on the results obtained, the pressing angle is calculated. The values of the pressing force and 
the roller rotation resistance moment are obtained by employing the obtained pressing angle 
value, given roller press design parameters, as well as the pressed material physical and 
mechanical characteristics. Taking into account the obtained value of the resistance moment, 
as well as the specified operating speed of rollers rotation, the drive power required to 
obtain high-quality briquettes from a given source material is determined. Comparison of the 
calculated capacity and the nameplate capacity of the press indicates whether the considered 
roller press model can produce high-quality briquettes from the source material with a given 
density.
Conclusions. The developed method allows to take into account specific production conditions 
when choosing a roller press model, and, consequently, reduce the expenditures for pressing 
equipment. The proposed method can also be used when designing new roller press models 
when determining rational design parameters of rollers.

Keywords: production waste; briquetting; roller press; pressing angle; density; roller radius; 
pressing force; drive power.
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Introduction. Briquetting is an effective way to improve technological, environmental 
and economic indicators of waste utilization in various industries [1, 2].

Roller presses (Figure 1) hold a special place among the aggregates for briquetting 
materials, since they are characterized by high reliability and productivity, as well as 
low energy consumption [3–5]. Briquettes 4 are produced from source material 1 by 
compacting it with counter-rotating rollers 2.

 
Figure 1. Roller press:  

1 – source material; 2 – roller; 3 – drive; 4 – briquette 
Рисунок 1. Валковый пресс:  

1 – исходный материал; 2 – валок; 3 – привод; 4 – брикет 
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It is known that the density of the source material conditions the compression force 
the press rollers apply to the material to obtain briquettes of the required quality [6–8]. 
Thus, a press with given design parameters provides the required quality of briquettes in 
a certain range of the source material densities [9, 10]. However, there is currently no method 
for choosing roller press design parameters depending on the briquetted material density. 
A discrepancy between the source material density and the roller press parameters can 
either result in poor-quality briquettes due to insuffi cient power, or to the employment of 
a press with excess capacity. Both alternatives are unacceptable, so the development of a 
method for choosing the roller press design parameters, depending on the density of the 
source material, can be considered relevant.

Methods of research. Let us consider a certain volume of the source material subject 
to compression by the press rollers (Figure 2). It is known that a material density increase 
is observed below the boundary of the pressing zone [11] determined by the pressing 
angle αpr [12, 13].

The pressing angle (Figure 2) is determined by the following expression [13]:
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where Kc is the briquette compaction coefficient; R0 is the circle radius of the dents on 
the working surface of the rollers, m; Hbr is the thickness of a briquette, m.

The briquette compaction coefficient is determined by the following expression 
[13]:
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where ρbr is the density of a briquette, kg/m3; ρbulk is the density of the source material, 
kg/m3.

The circle radius of dents on the working surface of the rollers according to Figure 
2 is defined by the following expression:
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where R is the circle radius of humps in the working surface of the rollers, m.
Considering (2) and (3), expression (1) takes the following form
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Analysis of equation (4) shows that the value of αpr determines the maximum 
density of a briquette at given parameters of the press [14].

To determine the value of αpr, laboratory tests of the source material are carried out. 
Figure 3 shows the layout of a test setup used in this research. The test setup can 
change the strain rate and record the “force–strain” diagram.

The scheme of a test form is shown in Figure 4. Fine coal was used as the source 
material. A batch of the source material preheated in a dewatering box [15] is fed in a 
cylinder bushing between two dies. The dies shape coincides with the shape of the 
roller working surface in a roller press.

                                                (1)
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where Kc is the briquette compaction coeffi cient; R0 is the circle radius of the dents on 
the working surface of the rollers, m; Hbr is the thickness of a briquette, m.

The briquette compaction coeffi cient is determined by the following expression [13]:
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where ρbr is the density of a briquette, kg/m3; ρbulk is the density of the source 
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Figure 2. Roller press operation diagram 

Рисунок 2. Схема работы валкового пресса 
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Figure 3. Test scheme:  

a – general view of the test setup; b – “force–deformation” diagram 
Рисунок 3. Схема испытаний:  

a – общий вид испытательной установки; b – диаграмма «усилие–деформация» 
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Figure 4. Diagram of the test form 

Рисунок 4. Схема испытательной формы 
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a cylinder bushing between two dies. The dies shape coincides with the shape of the roller 
working surface in a roller press.

Laboratory tests involve a series of tests using batches of material of various masses 
(Figure 5). The minimum batch of the source material is determined according to the 
given briquette geometry
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Laboratory tests involve a series of tests using batches of material of various 
masses (Figure 5). The minimum batch of the source material is determined according 
to the given briquette geometry

min bulk br ,m V= ρ (5)

where Vbr is the volume of the briquette, m3.
The batches with mass mmin, m2, …, mn are compressed up to the value l equal to 

the given briquette thickness Hbr.
After compression, the density of briquettes ρbr is determined by the hydrostatic

method (Figure 6). The design density is the density of the i-th briquette ρbr i with the 
required values of quality indicators [16, 17], obtained under the minimum force Pi.
The compaction coefficient of the i-th briquette Kc is calculated according to (2).

Using (3), from the outer circle radius of the humps on the working surface of the 
rollers R known for a given roller press model, the circle radius of dents on the 
working surface of the rollers R0 is calculated. Then according to (1), the value of the 
pressing angle αpr is determined.

The values of the pressing force and the roller rotation resistance moment are 
obtained using the obtained value of the pressing angle, the design parameters of a 
given roller press, as well as the physical and mechanical characteristics of the pressed 
material, according to [18]. The press drive power Prequired, kW, required to obtain 
high-quality briquettes from a given source material is determined taking account of 
the obtained value of the resistance moment and rollers specified operating speed. The 
possibility of obtaining briquettes of the required quality using a given roller press 
model is estimated by the condition

nameplate required ,P P≥ (6)

where Рnameplate is the nameplate capacity of the roller press, kW.
If condition (6) is met, then the roller press model under consideration ensures the 

quality of briquettes made of a given source material.
Conclusions. The developed method makes it possible to consider specific 

production conditions when choosing a roller press model and, consequently, to 
reduce the expenditures for press equipment.

The proposed method can also be used when designing new models of roller
presses to determine the rational design parameters of the rollers.
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where Vbr is the volume of the briquette, m3.

 
Figure 5. Series of uniaxial compression tests of specimens of different masses 
Рисунок 5. Серия испытаний образцов разной массы на одноосное сжатие 
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of obtaining briquettes of the required quality using a given roller press model is 
estimated by the condition
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where Рnameplate is the nameplate capacity of the roller press, kW.
If condition (6) is met, then the roller press model under consideration ensures  

the quality of briquettes made of a given source material.
Conclusions. The developed method makes it possible to consider specific production 

conditions when choosing a roller press model and, consequently, to reduce the 
expenditures for press equipment.

The proposed method can also be used when designing new models of roller presses to 
determine the rational design parameters of the rollers.
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Методика выбора параметров валкового пресса, учитывающая 
характеристики брикетируемого материала

Шишкин Е. А.1, Михеева А. А.1
1 Тихоокеанский государственный университет, Хабаровск, Россия. 

Реферат
Введение. Брикетирование является эффективным способом улучшения 
технологических, экологических и экономических показателей использования 
отходов различных производств. Особое место среди агрегатов для брикетирования 
материалов занимают валковые прессы, характеризующиеся высокой надежностью 
и производительностью, а также низким энергопотреблением. Известно, что от 
плотности исходного материала зависит усилие сжатия материала валками пресса 
для получения брикетов требуемого качества. Таким образом, пресс с заданными 
конструктивными параметрами обеспечивает требуемое качество брикетов в 
определенном диапазоне плотности исходного материала. Однако в настоящее 
время отсутствует методика выбора конструктивных параметров валкового 
пресса в зависимости от плотности материала, подлежащего брикетированию. 
Несоответствие плотности исходного материала параметрам используемого 
валкового пресса может привести либо к получению некачественных брикетов по 
причине недостаточной мощности, либо к использованию пресса с избыточной 
мощностью. Оба варианта являются недопустимыми, поэтому задачу разработки 
методики выбора конструктивных параметров валкового пресса в зависимости от 
плотности исходного материала можно считать актуальной.
Цель работы. Разработка методики выбора конструктивных параметров валкового 
пресса в зависимости от плотности исходного материала.
Методология. Рассмотрена зона прессования валкового пресса, в которой наблюдается 
рост плотности исходного материала. Граница зоны прессования определяется 
углом прессования, который зависит от плотности исходного материала и радиуса 
валка пресса. Для определения значения угла прессования разработана лабораторная 
методика, заключающаяся в прессовании порций предварительно нагретого исходного 
материала в специальной форме при различных значениях усилия. Показатели качества 
полученных брикетов сравниваются с нормативными и выбирается брикет с требуемыми 
значениями показателей качества, полученный при наименьшем усилии. Далее методом 
гидростатического взвешивания определяется плотность и коэффициент уплотнения 
брикета. На основе полученных результатов вычисляется угол прессования. Используя 
полученное значение угла прессования, конструктивные параметры заданного валкового 
пресса, а также физико-механические характеристики прессуемого материала, получают 
значения усилия прессования и момента сопротивления вращению валка. С учетом 
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полученной величины момента сопротивления, а также заданной рабочей частоты 
вращения валков определяют мощность привода, требуемую для получения качественных 
брикетов из заданного исходного материала. Сравнение расчетной мощности с 
паспортной мощностью пресса позволяет судить о возможности получения качественных 
брикетов рассматриваемой моделью валкового пресса из исходного материала с заданной 
плотностью.
Выводы. Разработанная методика позволяет учитывать конкретные условия производства 
при выборе модели валкового пресса и, следовательно, снижать затраты на покупку 
прессового оборудования. Также предлагаемая методика может быть использована 
при проектировании новых моделей валковых прессов для определения рациональных 
конструктивных параметров валков.
Ключевые слова: отходы производства; брикетирование; валковый пресс; угол  
прессования; плотность; радиус валка; усилие прессования; мощность привода.
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