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Abstract. The purpose of this research is to analyze the molding quality and energy consumption of 
biomass pellet fuel under three compression methods of uniform speed, uniform deceleration and 
superposition vibration. This article established a discrete element model of sandy shrub particles 
uniaxial compressed. The simulation results shows that the compression method has no significant 
influence on the maximum compression force. The degree of particle aggregation and deformation 
is better than the other methods in vibration compression method. The forming quality of vibration 
compression method is better than the other methods. The particle bonding effect is poor in uniform 
compression method. This research calculates the work of uniform speed, uniform deceleration and 
superposition vibration by using numerical integration through the force-displacement data. They 
are respectively 25.898 J, 24.496 J, 28.019J. This result shows that vibration compression method 
consumes the most energy, the uniform deceleration compression method is the least. The total 
energy of particles under different compression methods can also indicate the accuracy of this 
conclusion. The simulation results can provide a theoretical basis for the selection of compression 
methods in the process of biomass solidification. 

Introduction 

The development of new energy is imminent. It’s closely watched by countries all over the 
world due to emphasizing on environmental protection and future development of human society. 
Biomass energy is a green and non-polluting renewable energy compared to other kinds of energy[1]. 
Sandy shrub resources are very rich in China. Its compact compression treatment can provide a way 
for the effective utilization of vast sandy resources. It is also important to reduce environmental 
pollution and ease energy shortage. 

In recent years, domestic and foreign scholars had carried out a lot of researches on biomass 
dense molding technology, and obtained a number of research results, which provide a certain 
research foundation for the research of high-efficiency and energy-saving compact forming 
technology. Xiaojie Zhou[2] test axial and radial compression forces of the clover by using a special 
compression test device. It is found that there is a linear relationship between axial and radial 
compression forces. The compression velocity and initial density have a great influence on the 
radial compression force when the compression density is more than 50kg/m3. Mingshao Yang[3] 
study the rheological properties of grass materials by open compression tests, and conclude that the 
movement of grass blades is an iterative process of expansion and compression. Rolfe[4] studies 
shows that the increase of ring velocity makes the material height decrease, thus the extrution force 
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is decreases, it results the decrease of the molding quality. And the increase of particles temperature 
results the increase of energy consumption. Xinzhu Liu[5] conduct a closed compression test of 
different compression velocity for the same type and different lengths straws on an electronic 
universal material testing machine. The results show that the greater compression velocity, the 
greater pressure under the same compression density. Yuezhu Sun[6] research the compression and 
stress relaxation process of corn straws unidirectional compressed at different compression speeds. 
The results show that the change of compression speed has little effect on the balance force after 
stress relaxation when the compression displacement is constant. The above studies focus more on 
the effect of compression speed on compression force and the molding quality, and does not study 
the movement method of loading surface during compression. 

Because of cell structure and arrangement and so on of biomass materials, its mechanical 
properties are mostly anisotropic[7]. Particles are a discrete state before formation, and it is a 
acicular geometry. It is difficult to study exactly with the continuous physical analysis method, so it 
is more practical to adopt the discrete element method. Impact and dwell time are the main factors 
affecting compacting process of biomass. This paper simulates the extrusion process of uniform 
speed, uniform deceleration and superposition vibration taking sandy shrub particles as the research 
object by using discrete element method. The research analyzes the molding quality and energy 
consumption of forming fuels under three compression methods. 

Theoretical basis 

Discrete Element Method (DEM) is a particle material micromechanical analysis method 
proposed by Cundall in 1971 based on the interaction between elements and Newton’s law of 
motion[8]. The solution process is cumbersome in discrete element spherical particle contact theory. 
It is necessary to simplify the process without producing significant errors. At present, the 
simplified models mainly includes soft ball model and hard ball model. The hard ball model ignores 
the surface deformation of particles, and it’s mainly applied to the numerical simulation of rapid 
collisions between particles with low concentration. The soft ball model calculates the contact force 
based on the normal overlap and tangential displacement between particles. It is suitable for 
numerical calculation of engineering problems due to the low computational intensity[9]. 

The particle collision can produce a significant plastic deformation because sandy shrubs are a 
viscoelastic material. Therefore, the soft ball model (Fig. 1) is used to describe the contact between 
particles. This model simplifies the normal contact mechanics model into spring (Kn) and damper 
(ηn). The tangential contact mechanics model is simplified to spring (Ks),  damper (ηs) and sliding 
friction gear (μ). The coupler (C) is used to determine the particle-pairing relationship when the 
contact occurred. The force between particles surface is very weak compared to the contact force. 
The particles are homogeneous in the macroscopic field and the contact surface is small compared 
to the particles surface. Therefore, the Hertz-Mindlin (no slip) contact model is chosen to simulate 
the extrusion process. 
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Particles i,j are in contact; Kn: Normal stiffness, Ks: Shear stiffness (N/m); ηn: Normal damping, ηs: Shear damping; 

μ: Friction between particles; C: Relationship between particles 
Fig.1  Soft ball model 

Discrete element simulation 

Discrete element model. In order to promote sandy shrub particles to enter the cavity more 
easily, there should be a certain taper at the feed inlet. The size of the taper is related to the force of 
the conical surface. The stress is small on the feed cone when the taper angle is 60°[11]. So, the mold 
of 60° cone angle is selected. The Length to diameter ratio of molding cavity is selected as 6:1 
through literature research[12]. The dimension parameters of the mold shown in Fig.2a. The discrete 
element model built from mold parameters and constraint conditions in Fig.2a shown in Fig.2b. 

                       
  a. Mold parameters                     b. Discrete element model 

1.Load surface  2.Storage bin  3.Feed cone  4.Mold cavity  5.Bottom baffle 
Fig.2  Mold parameters and discrete element model 

Particle model and contact parameters. Sandy shrub particles size range is 0.5~1.5mm after 
sieving in molding process. Therefore, this simulation uses spherical particles with a mean radius of 
1mm to replace the original material. Table 1 shows the material parameters[13]. Table 2 shows the 
contact parameters[14]. 

Tab.1  Material parameters 

Items 
Poisson’ 

Ratio 
Shear 

Modulus[Pa] 
Density 
[Kg·m-3] 

Normal 
stiffness[N·m-1] 

Shear 
stiffness[N·m-1] 

Sandy shrubs 0.4 2×108 1500 6.2×105 2.43×105 
Mold 0.3 7×1010 7800 108 108 

Tab.2  Contact parameters 

Items 
Coefficient of 

Restitution 
Coefficient of Static 

Friction 
Coefficient of Rolling 

Friction 
Sandy shrubs-Sandy shrubs 0.5 0.5 0.02 
Sandy shrubs -Mold 0.7 0.65 0.03 

Setting working parameters and particle factory. Particle factory randomly generates 
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particles according to the cavity volume and particle size range. The mold cavity filled with 
particles. It is equivalent to the initial state of compression after the material is filled in the 
experiment. The loading surface squeezes particles by uniform speed, uniform deceleration and 
superposition vibration. The purpose of using uniform deceleration compression method is to 
increase the dwell time. The purpose of using superposition vibration compression method is to 
provide impact so that particles are compacted more densely. 

The gravity acceleration is 9.81m/s2, and its direction is Z-axis negative direction. Particle 
factory uses a dynamic method to generate 2500 particles at a rate of 1000/s. Taking 29% of the 
Rayleigh time step as a fixed time step, which is 2.649×10-6s. The total simulation time is 50s. The 
total movement displacement is 50mm. Setting the cell size to 3Rmin (minimum particle radius). 
The moving velocity of uniform speed is 1mm/s, and its direction is Z-axis negative direction. The 
initial velocity of uniform deceleration is 2mm/s, and its direction is Z-axis negative direction. The 
acceleration is 0.04mm/s2, and its direction is Z-axis positive direction. The uniform velocity of 
superposition vibration is 1mm/s, and its direction is Z-axis negative direction. The vibration 
amplitude is 0.5 mm, and the frequency is 5 Hz. 

Results and discussion 

Compression force analysis. Compression force-time curve shown in Fig.3. The comparative 
analysis shows that the compression methods has little effect on the maximum compression force, 
but has a significant effect on dwell time and force variation trend. 

The dwell time is longer in uniform deceleration method. The external load increases the time 
that particles bond together. It is more difficult for deformed particles to restore the original state. 
Therefore, the molding fuel quality is better than uniform speed method. 

The compression force-time curve is basically coincide by comparing uniform speed and 
superposition vibration, but the curve of vibration has fluctuating tendency. Vibration can not only 
provide impact to materials, but also reduce resistance in the compression process, prevent the 
recovery of deformed particles and improve the quality of molding fuel. 

10 20 30 40 50 60
0

500

1000

1500

C
om

pr
es

si
on

 fo
rc

e/
N

Time/s

 uniform speed
 uniform deceleration
 superposition vibration 

 
Fig.3  Compression force-time curve under different compression methods 

Particle contact quantity analysis. Particle contact quantity under three compression methods 
shown in Fig.4. The trend of the three curves is roughly same, but three is a certain difference in the 
maximum contact quantity. The maximum contact quantity is 14278 in superposition vibration 
compression method, which is higher than the other compression methods. As the maximum contact 
quantity represents the degree of particle agglomeration, so the degree is greatest under vibration 
compression method. Its molding fuel quality is better than the other compression method. The 
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molding quality of uniform deceleration is better compared to uniform method. 
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Fig.4  Particle contact quantity curve 

Particle contact vector analysis. Particle contact vector curve shown in Fig.5. The contact 
vector describes the distance between centers of any two contact particles. The particle deformation 
of vibration method is the largest, uniform deceleration method is the second, and uniform method 
is the least when the compression reaches a steady state. The forming quality of superposition 
vibration is better than the other methods according to the degree of particle deformation. 
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Fig.5  Particle contact vector curve 

Energy analysis. Force-displacement curve shown in Fig.6 under three compression methods. 
The numerical integration is used to calculate the work of three compression methods through 
force-displacement date by using origin software. Uniform speed method is 25.898J, uniform 
deceleration method is 24.496J, superposition vibration method is 28.019J. 
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Fig.6  Force-displacement curve 

The total energy of particles shown in Fig.7. It can be seen from the figure that the total energy 
of superposition vibration method is higher than the other two compression methods. Uniform 
deceleration method has the lowest energy. 
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a. Uniform speed        b.Uniform deceleration    c.Superposition vibration 

Fig.7  The total energy of particles 

Conclusions 

 This paper established ① a discrete element model of sandy shrub particles uniaxial 
compressed to analyze the molding quality and energy consumption under three compression 
methods of uniform speed, uniform deceleration, and superposition vibration. The simulation result 
shows that the compression methods has no significant effect on the maximum compression force. 

The degree of particle aggregation and deformation is better than ② the other methods under 
superposition vibration method by analyzing contact quantity and contact vector between particles. 
Its forming quality is better. The degree of particle aggregation and deformation is the lowest under 
uniform speed method. Its forming quality is poor. 

By analyzing the work of three compression methods, it is③  concluded that superposition 
vibration method consumes the most energy, uniform speed method is the second, uniform 
deceleration method is the least. The total energy of particles under different compression methods 
also shows the accuracy of this conclusion. 

The article analyzes the molding quality and energy consumption under three compression 
methods. The simulation results provide a reference for the selection of compression method in the 
biomass pellet fuel compacting process. 
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