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Abstract
The in�uencing factors of biomass molding play an important role in the entire biomass molding
research. This study uses the arch structure to study the relationship between the microscopic and
macroscopic in�uencing factors.Using PFC2D software to carry out uniaxial compression simulation, by
changing the two in�uencing factors of compression speed and forming granularity, the in�uence of
arched structure on the compact forming of Salix granules from the meso level. By analyzing the stress-
strain relationship and the changes of various types of energy, the in�uence of the arched structure on the
energy during the compression process is re�ected. The research results show that the arched structure
formed in the compression process will cause the stagnation or even decrease of the stress and bonding
energy; the destruction of the arched structure will also cause a sudden increase in the friction energy of
the particles.When the compression speeds are 0.075mm·s-1, 0.1mm·s-1, and 0.125mm·s-1, the number
of particles in the arched structure are 55, 60 and 75, respectively, and the boundary energy is
transformed into cohesive energy. The e�ciencies are 87.2%, 73.8% and 89.9%, respectively. When the
molding particle size is 0.1mm to 0.25mm, 0.25mm to 0.4mm, 0.4mm to 0.55mm, the �rst sudden
change in stress during the compression molding process is 0.746MPa, 0.812MPa and 1.161MPa.

1. Introduction
As one of the most promising new energy sources, biomass energy has the characteristics of large
reserves, low pollution and renewable energy compared with traditional energy sources such as
petroleum and coal. Countries in the world have made considerable progress in the utilization of biomass
energy, but the utilization of biomass particles is still at a relatively slow stage.China is a country with a
huge amount of biomass resources. Proper use of biomass can effectively alleviate the current energy
crisis, and it also conforms to the scienti�c concept of sustainable development.The development and
utilization of biomass energy has become a part of Chinese national energy strategy.At present, most of
the research on the forming mechanism of biomass is still on the in�uence of macroscopic factors
(temperature, moisture, lignin content, etc.) on the forming process.There are few studies on the
microscopic in�uencing factors on biomass molding. In this paper, the in�uence of compression speed
and molding particle size on the molding process is further studied by observing the arch structure.

Salix is a kind of sand shrub widely distributed in Inner Mongolia. Because of its repeated growth
biological habit, it is a good raw material for the development of biomass fuel.Due to its shortcomings of
inconvenient storage and high transportation cost, it is di�cult to use. This article will further discuss this
situation.

At present, the research on arching of bulk materials mainly focuses on rock and soil mechanics. The
physical properties of Salix granules at the meso-level are similar to those of rock and soil particles, so
this paper analyzes them with the help of rock and soil mechanics methods and theories.Rumpf believes
that bridging or bridging between particles is one of the main bonding methods inside particles.Wu Zishu
and others believe that soil particles will spontaneously produce "wedge tightness", and then form a
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particle arching effect within a certain range.Jia Haili et al. pointed out that the particle arching effect is
to generate force �rst and then form an arched structure.In the simulation process, different compression
speeds and forming granularities are used. Analyze the in�uence of the arched structure from the
changes in stress-strain and each group of energy to provide a certain theoretical basis for the production
of biomass fuels.

In this study, different compression speeds and molding granularities were used in the PFC2D simulation
process. Analyze the in�uence of the arched structure from the changes in stress-strain and each group
of energy to provide a certain theoretical basis for the production of biomass fuels.

2. Simulation Method
2.1 Discrete element model and simulation parameters

In this paper, the spherical particle model is used for simulation. Compared with the sheet model and the
needle model, the spherical model can better re�ect the formation of the arched structure in the structure.
According to the physical and mechanical properties of Salix granules, the simulation parameters are set
as shown in Table 1.Refer to the contact properties between the raw material particles and the contact
model in PFC2D. The linear parallel bonded contact model (linearpbond) that can transmit force and
torque is selected between the particles. The default between the particles and the mold is the linear
contact model (linear).According to the actual simulation process, a mold with a length-to-diameter ratio
of 5:1 is established and the wall is loaded up and down, and the data is recorded every 5 time steps. Use
the ball attribute command to create particles, and use the cmat default command to assign values to the
contact parameters to generate a model; wait for the particle state to stabilize, and then use different
compression speeds to compress.

With the given parameters in the designated calculation area, the model shown in Figure 1 below is
generated. The size of the model is 50mm×250mm, and the size of the model is one-tenth of the actual
size.This study focuses on the arched structures ,and does not consider the impact of the size effect.

Table 1  Setting of model parameter
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parameter material Numerical value

Relative modulus emod particle 1.0e9

density/ kg m-3 particle

mould

650

no

porosity particle 0.26

Stiffness ratio

kratio

particle

mould

1.5

2.0

coefficient of static friction granules and granules

mold and pellets

0.07

0.05

sliding friction coefficient granules and granules

mold and pellets

0.03

0.03

2.2 Experimental design and theoretical analysis

Compression speed and molding particle size have a signi�cant impact on the molding characteristics of
biomass fuel. Wang Yunshan[4] obtained the least speci�c energy consumption of corn stover and lignite
at a compression speed of 25mm·min-1 through experimental analysis.At the same time, the particle size
of the material is also one of the important factors affecting fuel formation. Li Zhen et al[5]. used the
discrete element software EDEM to perform orthogonal analysis on the forming factors of Salix granules,
and obtained the best forming characteristics when the particle size is 1~4mm, the compression speed is
60mm·min-1, and the holding time is 75s. In this paper, through the in�uence of compression speed and
molding granularity on the arch structure, the macroscopic effect during the molding process is further
connected with the microstructure, and the in�uence of compression speed on fuel molding
characteristics is deeply re�ected.Since the PFC software cannot directly analyze the in�uence of
temperature and moisture, this paper takes the two in�uencing factors of compression speed and
molding particle size as experimental variables. Since the PFC software sets the contact bonding strength
and �nal molding density in advance, set the same contact bonding strength and �nal molding density to
re�ect the compression quality through energy analysis.The arched structure is a good load-bearing
structure, but the existence of the arched structure affects the molding quality of Salix pill. Based on the
characteristics of the contact network, Sun Qicheng et al[8]. revealed the criterion of the size of strong and
weak force chains (Fc is greater than the average contact force <F>) and the criterion of angle θc
(θc=180/Z, where <Z > Is the average coordination number) 

During the compression molding process, some particles are in the weak force chain, and the stress is
small or even not stressed. In this paper, these particles are considered to be in an arched structure, and
the function of the �sh language in the PFC2D software is used to realize the criterion of strong and weak
force chains, and they are separated.
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Based on the above analysis, this experiment uses the same preset contact bonding model and uses
different compression speeds and raw material particle sizes for compression, and selects three sets of
data to observe the in�uence of the arch structure on the molding process for analysis.

2. Analysis of simulation results at different compression speeds

3. Analysis Of Simulation Results At Different Compression Speeds
3.1 Quantity analysis of arched structures

Simulate with the compression speeds of 0.075mm·s-1, 0.1mm·s-1 and 0.125mm·s-1, divide them into
three groups A, B, and C. Use the polt function in PFC2D to form blocks The number of particles in the
arched structure is counted. The total number of particles in the model is 258. Under the compression
speed of 0.075mm·s-1, 0.1mm·s-1 and 0.125mm·s-1, when the compression produces When the strain is
0.15, the numbers of particles in the weak force chain are 55, 60, and 75, respectively.

In the molding process, the faster the compression speed, the more uneven the contact force between the
particles, resulting in more arched structures formed between the particles, that is, the more weak force
chains formed.The particles are rearranged and appear “wedge-caulking”,forming the arched structure to
resist vertical forces.

3.2 Stress-strain analysis

Under different compression speeds, the stress-strain curve shown in the �gure below is obtained. When
the strain is 0 to 0.08, there is almost no change in the stress. The reason is that when the strain is small,
the main effect of compression is to reduce the gap between particles and promote contact between
particles. When the strain increases, the three curves all show a gradual increase in stress as the strain
increases.

It can be seen from the curve that the greater the compression speed, the greater the �nal stress. In the
stress-strain curve, during the compression molding process of the three curves, the stress suddenly
decreases. The reason is that the arched structure is destroyed at this stage. By observing the dynamic
compression molding process, it can be known that the �uctuation of the stress is caused by the
destruction of the arched structure.

It can be known from the stress-strain curve that the faster the compression speed, the greater the �nal
stress on the sample. It is proved that the destruction of the arch structure leads to the reduction of stress
during the compression molding process.

2.3 Energy analysis

Since the molding process is a quasi-static process, the kinetic energy increases slowly during the entire
compression molding process, so the change of the particle kinetic energy is not analyzed. The energy



Page 6/16

obtained by the wall in the compression molding process is called boundary energy, which is equivalent
to the total work in mechanical energy; the energy required for bonding between particles is called
cohesive energy, which is equivalent to useful work in mechanical energy; friction energy is equivalent to
mechanical energy. The useless work. Use the history command to record the boundary energy, cohesive
energy and friction energy of the particles during the compression process, and also analyze the
conversion rate from boundary energy to cohesive energy.

The various energy change curves in compression molding are shown in Figures 4, 5, and 6 below. In the
stage of particle gap reduction during the compression process, the bonding energy between particles
remains unchanged, accompanied by a slow increase in friction energy. When an arched structure is
formed between the particles, the frictional energy begins to stagnate; the arched structure is destroyed,
and the frictional energy begins to increase. The increase in frictional energy during the entire
compression molding process is accompanied by the formation and destruction of arched structures.

The conversion e�ciency of the boundary energy to the bonding energy at each compression speed is
respectively, the e�ciency at the compression speed of 0.075mm·s-1, 0.1mm·s-1 and 0.125mm·s-1 is
87.2%, 73.8% and 89.9%.

4. Analysis Of Simulation Results Under Different Raw Material
Particle Sizes
4.1Arch structure and force chain network analysis

The force chain network can re�ect the macroscopic mechanical properties of the entire particle system
through its dynamic response [9,12,14]. PFC is used to simulate and observe the arch structure and force
chain network formed during the molding process, re�ecting the in�uence of different raw material
particle sizes on it.

Select three raw material particle sizes, namely 0.1mm to 0.25mm, 0.25mm to 0.4mm, 0.4mm to
0.55mm, and divide them into D, E, and F groups for compression simulation. The force chain network of
the model after the simulation reaches equilibrium is shown in the �gure below. The image distinguishes
the size of the force chain by the color of the force chain.

From the extension direction of the power chain, it can be judged that the direction of the principal stress
is the vertical direction, and the strength of the power chain at the bottom is greater. The average contact
force under each particle size is similar, but the larger the particle size of the raw material, the worse the
uniformity of the internal contact force, that is, the larger the particle size of the raw material, the greater
the in�uence of the arched structure; the arched structure surrounded by the compression molding
process The larger the area.

4.2Stress-strain analysis
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In the compression molding process of different raw material particle sizes, the measured stress and
strain of each group are shown in Figure 8 below. Due to the different particle sizes of the raw materials
of each group, the strain required to achieve close contact inside the particles of each group is also
different, that is, the smaller the particle size of the raw material, the greater the strain required to make
the particles come into close contact.

4.2Stress-strain analysis

In the compression molding process of different raw material particle sizes, the measured stress and
strain of each group are shown in Figure 8 below. Due to the different particle sizes of the raw materials
of each group, the strain required to achieve close contact inside the particles of each group is also
different, that is, the smaller the particle size of the raw material, the greater the strain required to make
the particles come into close contact.

It can be seen from the stress-strain image that as the particle size of the raw material increases, the
maximum stress during compression molding also decreases, but the amount of mold compression
required for the raw materials of each particle size from close contact with the particles to compression
molding is almost the same. When the raw material particle size is 0.1mm to 0.25mm, 0.25mm to 0.4mm,
0.4mm to 0.55mm, the stress mutations caused by the destruction of the �rst arch structure during the
molding process are 0.746MPa, 0.812MPa and 1.161 MPa. It can be seen that the larger the particle size
of the raw material, the more obvious the sudden change in strain, that is, the larger the particle size of
the raw material, the more obvious the in�uence of each arch structure; the smaller the particle size of the
raw material, the more arch structures are formed, but The less affected by each arch structure.

4.3Energy analysis

The energy change during compression molding under different molding particle diameters is shown in
the �gure. The change trend of the cohesive energy of different raw material particle sizes is the same as
the trend of its stress-strain curve.

It can be seen from the friction energy curve that the increase in friction energy is not continuous, but in
stages. At the beginning of the particle gap reduction stage, the friction energy begins to increase in the
same trend, until the particles are in close contact with each other to form an arched structure, and the
friction energy stops growing until the arched structure is destroyed, and the friction energy begins to
increase. From the point of view of friction energy, the larger the particle size of the raw material, the less
friction energy will eventually be generated, and the greater the mutation of friction energy, that is, the
greater the mutation of friction energy.

5. Conclusion
1) Compare the number of particles in the arched structure at different compression speeds. At
compression speeds of 0.075mm·s-1, 0.1mm·s-1, and 0.125mm·s-1, the number of particles in the arched
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structure are 55, 60, and 75, respectively.

2) Through the energy curve at different forming speeds, when the arched structure is formed, it will
prevent the material gap from further forming, and the frictional energy will enter the stagnation stage
until the arched structure is damaged, and the frictional energy will begin to increase. The conversion
e�ciency of boundary energy to cohesive energy at each compression speed is 87.2%, 73.8%, and 89.9%,
respectively.

3) Due to the difference of the forming particle size, the strain required to make the particles reach close
contact is also different. From the stress-strain curves of different forming particle sizes, it can be seen
that the larger the particle size of the raw material, the smaller the number of arched structures formed,
the worse the uniformity of contact force, and the greater the range of in�uence of the arched structure.

4) According to the various energy curves under different raw material particle sizes, for friction energy,
the larger the raw material particle size, the less the number of arched structures formed, and the greater
the increase in friction energy when the arched structure is broken.
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Figure 1

Particle mode
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Figure 2

Force chain network under different compression speeds

Figure 3

Stress-strain curves at different speeds
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Figure 4

Boundary energy curves at different speeds

Figure 5

Cohesive energy curves at different speeds
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Figure 6

Friction energy curve at different speeds

Figure 7

Force Chain Network under different granularities
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Figure 8

Stress-strain curves under different grain sizes

Figure 9

Boundary energy curves under different particle sizes
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Figure 10

Cohesive energy curve under different particle sizes

Figure 11

Friction energy curve under different particle sizes


