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INTRODUCTION 

 High-load screw presses are key components in bulk material 

processing lines, responsible for compressing, shaping, and conveying 

materials under high pressure. In the production of clean charcoal from 

sawdust, the screw press plays a decisive role in determining bonding strength, 

density, and overall product quality. However, harsh operating conditions 

involving high pressure, intense friction, and elevated temperatures lead to 

rapid wear of the screw, reducing service life, increasing maintenance costs, 

and negatively affecting productivity. This doctoral research focuses on 

solutions to improve the wear resistance of high-load screw presses through 

optimized geometric design, numerical simulation, and the application of 

combined high-velocity oxygen fuel (HVOF) thermal spray coating 

technology, with the aim of extending service life, reducing costs, and 

enhancing operational efficiency. 

 The dissertation aims to optimize the design of high-load screw 

presses and to master HVOF coating technology in order to improve wear 

resistance in clean charcoal production. The research object is a high-load 

screw press used for compressing and conveying sawdust under conditions of 

high pressure and friction, where severe wear and deformation are likely to 

occur. The study integrates geometric optimization, numerical simulation of 

material flow and wear, and surface coating using the HVOF method to 

enhance screw durability. The research has scientific significance in that it is 

among the first to establish a comprehensive integrated simulation model 

capable of accurately predicting wear-prone regions and proposing effective 

solutions to enhance wear resistance. It also contributes to the theoretical 

foundation of mechanical equipment simulation involving bulk materials and 

expands applications in component design and service life prediction. The 

practical significance of the research is reflected in extending component 

lifespan, reducing maintenance costs, improving production efficiency, and 

enhancing the competitiveness of enterprises. The research methodology 

includes theoretical analysis for geometric optimization of the screw, numerical 

simulation based on the discrete element method, experimental investigation of 

advanced surface treatment technologies, and the combination of evaluation 

and model calibration to propose optimal solutions. The dissertation is 

structured into four chapters. Chapter 1 presents an overview of high-load 

screw presses, operating conditions, wear mechanisms, and HVOF coating 

technology. Chapter 2 focuses on geometric design optimization of the screw 
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and numerical simulation of the bulk material compression process to predict 

pressure distribution, compressive forces, and wear-prone regions. Chapter 3 

introduces the materials, experimental equipment, and experimental results 

related to coating microstructure and hardness. Chapter 4 presents 

experimental testing, analysis, and evaluation of the wear resistance 

performance of high-load screw presses, with comparisons to simulation results 

for model validation. The study offers novel contributions by developing an 

integrated framework for design-simulation-wear prediction, proposing a 

method for identifying localized wear regions, selecting appropriate HVOF 

coating parameters, and introducing a new screw press design with enhanced 

service life, reduced costs, and improved efficiency in clean charcoal 

production. 
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CHAPTER 1. LITERATURE REVIEW ON HIGH-LOAD SCREW 

PRESSES 

 Chapter 1 presents a comprehensive overview of high-load screw 

presses, which are critical mechanical components in bulk material processing 

and manufacturing lines, responsible for compacting, shaping, and conveying 

materials under high pressure. A screw press typically consists of a screw shaft 

and helical flights, and is divided into three functional zones: the feeding zone, 

the compression zone, and the forming zone. As the screw rotates, the material 

is transported along the axial direction while the volume between successive 

flights gradually decreases, leading to an increase in pressure, temperature, and 

material density. As a result, the final product exhibits high bonding strength, 

compactness, and favorable mechanical properties. In clean charcoal 

production from sawdust, the screw press is a decisive component that directly 

affects briquette quality, including burning duration, low smoke emissions, and 

overall usability. However, continuous operation under high loads, severe 

friction, and elevated temperatures makes the screw press highly susceptible to 

wear, deformation, and loss of its working profile, which in turn shortens 

service life, increases maintenance costs, and reduces production efficiency. 

 The theoretical basis for screw press design emphasizes key operating 

parameters such as throughput, pressure, compressive force, torque, 

compression ratio, and compression chamber length. These parameters govern 

compaction capability, conveying speed, and energy efficiency. Traditional 

screw press design methods are largely based on semi-empirical formulas, 

practical experience, and basic geometric ratios (such as L/D ratio, screw pitch, 

and helix angle). While these approaches allow rapid calculations, they fail to 

accurately capture the complex interactions between the bulk material and the 

screw surface, particularly under severe compression conditions. In contrast, 

modern non-traditional approaches combine numerical simulation techniques 

(such as FEM and DEM) with optimization methods (the Taguchi method and 

genetic algorithms, GA). These approaches enable detailed analysis of stress, 

deformation, temperature, material flow, friction, and wear prediction, thereby 

facilitating geometric optimization of the screw to improve performance and 

reduce wear. In particular, the Discrete Element Method (DEM) offers 

significant advantages in simulating bulk material flow, as it can explicitly 

describe particle collisions, compaction, friction, and force distribution among 
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particles, while accurately predicting localized wear regions on the screw 

surface - capabilities that FEM and conventional methods struggle to achieve. 

 In addition to geometric design optimization, surface engineering is a 

crucial solution for enhancing the wear resistance of screw presses. Surface 

treatment methods such as electroplating, thermochemical treatments, plasma 

spraying, vacuum spraying, and cold spraying have been applied, but they still 

exhibit limitations in terms of coating adhesion and load-bearing capacity. 

Among these technologies, high-velocity oxygen fuel (HVOF) thermal 

spraying stands out due to its ability to produce WC-Co or WC-CoCr coatings 

with high hardness, dense microstructure, excellent adhesion, and superior 

resistance to wear and corrosion. HVOF coatings are particularly suitable for 

components operating in harsh environments such as high-load screw presses, 

where high pressure and intense friction occur continuously. The combination 

of optimized screw design with HVOF surface coatings significantly extends 

service life, reduces maintenance costs, stabilizes production, and improves 

product quality. 

 An overview of international research indicates that numerous studies 

have focused on the design, optimization, and simulation of screw conveyors, 

extruders, mixers, and presses, employing advanced methods such as DEM, 

FEM, and GA to enhance performance. However, most existing studies 

primarily address screws operating under moderate loads or with non-cohesive 

materials, and pay limited attention to high-load screw presses working in harsh 

environments with highly abrasive bulk materials such as sawdust. Moreover, 

only a few studies have simultaneously integrated optimized geometric design, 

DEM-based wear prediction, and advanced surface treatment technologies 

within a unified research framework. 

 In Vietnam, several studies have investigated the influence of screw 

geometry on pressing efficiency and product quality, while others have applied 

genetic algorithms to optimize screw profiles for clean charcoal production. 

Nevertheless, these studies are largely limited to isolated experimental 

investigations and have not incorporated DEM simulations for wear prediction, 

nor have they implemented advanced coating technologies for screw presses. 

Meanwhile, although HVOF surface treatment has been studied in certain 

industrial applications, its use in high-load screw press systems remains 

limited. 
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In conclusion, Chapter 1 highlights the necessity of researching 

solutions to improve the wear resistance of high-load screw presses, driven by 

practical demands in clean charcoal production and related industries. The 

comprehensive approach adopted in this dissertation optimized geometric 

design, DEM-based simulation for material flow analysis and wear prediction, 

and HVOF coating technology to enhance wear resistance and extend service 

life. This approach not only meets scientific research requirements but also 

offers significant practical value, providing a solid foundation for the design, 

simulation, and experimental investigations presented in the subsequent 

chapters. 
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CHAPTER 2. RESEARCH ON DESIGN AND SIMULATION 

SOLUTIONS TO IMPROVE THE WEAR RESISTANCE OF HIGH-

LOAD SCREW PRESSES 

 Chapter 2 focuses on the optimization of high-load screw press design 

and the numerical simulation of the bulk material pressing process. The 

operating behavior of a high-load screw press is influenced by several key 

factors, including compressive pressure, compression volume, temperature, and 

pressing time. Among these, compressive pressure and compression volume are 

the two most critical factors, as they are directly related to the wear level of the 

screw. Therefore, it is necessary to design the screw profile in such a way that 

pressure is generated rapidly within the material while simultaneously reducing 

friction between the material flow and the screw surface. This ensures stable 

material transport throughout the pressing process and minimizes wear of the 

component. 

 The compression volume is determined based on the assumption that 

the space between the leading flank, groove bottom, and trailing flank of the 

screw groove is completely filled with material. This volume represents the 

amount of material conveyed per unit axial length of the screw. The geometric 

parameters of the screw - including the leading angle α1, trailing angle α2, fillet 

radii R1 and R2, screw pitch s, flight crest width e, and groove depth h - govern 

the magnitude of this volume. Axial variation of the compression volume can 

be achieved by adjusting the outer diameter of the screw (forming a conical 

screw), varying the groove depth (using a conical core), or modifying the screw 

pitch. The combination of these geometric variations allows a suitable 

compression ratio to be achieved, thereby improving pressing efficiency and 

reducing wear. 

 

Figure 1: Screw press profile (longitudinal section) 

 The compressive pressure in a screw press depends on multiple 

factors, including the initial pressure of the material, screw length, friction 
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coefficients between the material and the pressing chamber as well as between 

the material and the screw flights, and the friction angle. The angles defining 

the screw profile - at the outer surface, within the groove, and at the groove 

bottom - also play a crucial role in determining the pressure distribution along 

the screw. These angles are defined based on the relationship between screw 

pitch and diameter at different axial positions. 

 This study establishes a method for determining the profile of a high-

load screw press by applying a genetic algorithm combined with a weighted-

sum approach to solve a multi-objective optimization problem. Two primary 

objectives are considered: compression volume and compressive pressure. 

During optimization, the screw profile is treated as an objective function 

simultaneously dependent on these two factors. Increasing the compression 

volume improves throughput but reduces pressure; conversely, increasing 

pressure enhances bonding among bulk material particles but decreases volume 

and increases friction, leading to accelerated wear. Because these objectives are 

inherently conflicting, the weighted-sum method is employed to construct a 

composite objective function while imposing constraints based on actual 

operating conditions. The design variables in the optimization problem include 

the leading angle α1, trailing angle α2, leading fillet radius R1, trailing fillet 

radius R2, and groove depth h. The optimization program was implemented in 

MATLAB using a multi-objective optimization toolbox, with crossover rates 

ranging from 60% to 80%, mutation rates from 2% to 5%, and a total of 800 

generations to identify optimal parameter sets. Boundary conditions were 

selected according to the actual operating parameters of the screw press, with 

an outer diameter D = 66 mm, inner diameter d = 36 mm, and flight crest width 

e = 8 mm. The optimization results yielded three different screw profile 

configurations. In the first case, the compressive pressure increases most 

slowly, and the pressure distribution along the screw profile is highly non-

uniform, leading to localized wear concentrated at the thread roots, particularly 

in the last three flights, which degrades the operational performance of the 

screw. In the second case, the pressure increases more rapidly and the 

compaction capability is improved; however, the screw angles hinder material 

movement to the next pitch, resulting in increased friction and wear 

concentrated mainly on the trailing side of the profile. The third case exhibits 

the fastest pressure increase, smoother material conveying behavior, and a more 

uniform distribution of wear, thereby reducing localized wear phenomena. 

Based on the analysis of these three cases, the third configuration is evaluated 
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as the optimal solution, as it ensures high compressive pressure, effective 

material transport, and a balanced wear distribution. On the basis of these 

optimal results, three screw profile models corresponding to the three cases 

were designed for further numerical simulations in order to evaluate and predict 

the operating behavior of the high-load screw press. This process is described 

through a block diagram representing the simulation of sawdust pressing in the 

screw press–compression chamber system. 

 The geometric model of the screw press–compression chamber system 

was designed to include three main components. The feeding hopper 1 is 

responsible for delivering sawdust uniformly onto the screw shaft, thereby 

minimizing the risk of clogging. The screw press 2 is designed to generate axial 

compressive forces acting on the material, increasing its density and forming 

the briquettes. The compression chamber and outlet die 3 serve to control the 

material flow, ensuring that the final product achieves a stable shape and 

consistent dimensions. 

 

Figure 2: Geometric model of the screw press–compression chamber system 

 Using the EDEM software, three simulation models were developed to 

investigate the sawdust pressing process. The first model simulates the pressing 

process using the screw geometry currently employed in the factory. The 

second model simulates the process with a screw whose geometry has been 

modified based on the results of the previous analyses. The third model 

represents the pressing process using a more highly optimized screw geometry, 

also derived from analytical results and actual operating conditions. These 

models form the basis for evaluating and comparing compression capability, 

force distribution, and wear behavior, thereby identifying the most effective 

design solution. 



 

9 

 

 

Figure 3: 3D model of the screw press - Model 1 

 

Figure 4: 3D model of the screw press - Model 2 

 

 

Figure 5: 3D model of the screw press - Model 3 

 In this study, two types of materials were considered: sawdust and C45 

steel. Sawdust particles exhibit irregular shapes and sizes, typically ranging 

from 0.08 mm to 0.6 mm, and their composition varies depending on wood 

type and manufacturing process. Due to these characteristics, the Discrete 

Element Method (DEM) was selected, as it enables detailed description of 

particle interactions throughout the pressing process. To obtain accurate 

simulation results, it is necessary to define operating conditions that closely 

match real conditions, including parameters such as particle size and shape, 

density, elastic modulus, Poisson’s ratio, friction coefficient, cohesive force, 

and restitution coefficient. These parameters govern the ability to predict flow 

behavior, compaction level, and wear on the screw surface. In DEM 

simulations, two common approaches are used: the perfectly rigid model and 

the relatively rigid model. In this research, the relatively rigid approach was 

adopted because it allows more detailed representation of particle collisions and 

wear processes. Particle motion is computed according to Newton’s laws, with 

particle positions and velocities updated at each small time step, enabling 

accurate reproduction of the system’s particle dynamics. The time step is 

selected based on the Rayleigh time criterion to ensure numerical stability and 

simulation accuracy. To reduce computational cost, a spatial subdivision 

algorithm is employed to divide the simulation domain into three-dimensional 

cells, such that collision detection is performed only between particles within 

the same or neighboring cells. Once collisions are detected, contact forces are 
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calculated and used to update particle positions and velocities in the subsequent 

time step. 

 The wear of the screw press is determined based on the difference in 

mass before and after operation or calculated from the measured wear depth. In 

DEM simulations, particle shape is a critical factor for ensuring accuracy. A 

simple spherical particle model offers the advantage of low computational cost 

but cannot adequately represent the irregular geometry and mechanical 

interlocking mechanisms of real materials. In contrast, polyhedral particle 

models or highly detailed particle shape descriptions provide higher accuracy 

but require significantly greater computational effort. Therefore, this study 

adopts a calibrated representative model that uses clusters of multiple spherical 

particles to reproduce the irregular geometric characteristics of sawdust while 

maintaining reasonable computational efficiency. During the simulation 

process, in addition to the properties of the bulk material, the mechanical 

characteristics of rigid components such as the screw press and compression 

chamber made of C45 steel must also be accurately defined. Appropriate 

boundary conditions play a crucial role, not only in simulating material 

conveying and compaction but also in predicting force distribution along the 

screw axis, identifying high-pressure regions, and locating areas prone to wear. 

After establishing these parameters, the sawdust pressing process was 

simulated using the EDEM software with a simulation time scaling factor of 

1:1. The simulation was conducted over a working duration equivalent to 60 

hours, using a very small time step to ensure high accuracy in calculating and 

tracking interactions between particles and the screw surface. With 

approximately 60 million computational steps per 60 seconds of simulated time 

on the computer, the results allow for detailed analysis of force distribution, 

pressure evolution, and wear generation. The same modeling and simulation 

setup was applied to the other geometric models of the screw press that were 

developed. The simulation results from these models were then compared and 

analyzed to evaluate design effectiveness and identify regions requiring 

adjustment in order to enhance system performance and durability under real 

operating conditions. 

 The simulation results of the three screw press models under the 

established conditions reveal clear differences in compressive pressure 

distribution and magnitude. In the first model, pressure increases slowly at the 

initial stage and then rises rapidly, indicating instability during the early phase 

of operation. The pressure distribution is highly non-uniform along the screw, 



 

11 

 

with localized concentration at specific regions, leading to material 

accumulation, localized blockage, and significant heat generation. The second 

model exhibits a rapid initial compression stage, followed by relatively stable 

pressure with small fluctuations. In this case, the pressing process reaches a 

well-compacted state, with particles effectively rearranged to minimize void 

spaces. However, the high pressure at the final sections of the screw shaft 

results in severe wear in these regions. The third model demonstrates a rapid 

initial compression phase, after which the pressure remains stable at a lower 

level compared to the other two models. The pressure distribution within the 

compression chamber is uniform across the entire pressing zone, without 

forming regions of excessive pressure concentration. This behavior helps 

reduce wear and limit damage while maintaining stable operating conditions. 

 

Figure 6: Pressure-time curves for the three models 

 

Figure 7: Pressure distribution contours for the 3 models 

 The compressive force is a key factor that directly affects the 

operating performance of a screw press, as it represents the total force acting on 

the material along the screw axis throughout the pressing process. Simulation 

results show that, in the first model, the compressive force is strongly 

concentrated in the last three screw flights, with a particularly high increase at 
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the second flight. The force distribution is highly non-uniform, appears 

relatively late, and is concentrated near the outlet region, causing the screw to 

experience large localized stresses. This condition leads to accelerated wear 

and a high risk of damage at these locations. In the second model, the 

compressive force appears earlier, is more evenly distributed along the 

compression zone, and gradually increases toward the end of the screw. This 

trend is beneficial for enhancing compaction in the final stage, allowing the 

briquettes to reach maximum density before exiting the compression chamber. 

However, the sharp increase in compressive force near the outlet causes the 

screw to be subjected to high loads and stresses, which may result in severe 

wear and deformation in this region during long-term operation. The third 

model exhibits a relatively low and stable compressive force over the entire 

length of the compression zone. This characteristic reduces the mechanical load 

acting on the screw, limits friction and wear, and contributes to an extended 

service life of the equipment. Nevertheless, because the compressive force 

remains at a lower level, the briquettes produced by this model may not achieve 

the same compactness and density as those obtained from the first two models. 

From the comparative results, the first and second models ensure high briquette 

strength but are associated with a higher risk of wear, whereas the third model 

prioritizes screw durability by maintaining a lower compressive force, albeit at 

the potential expense of final product quality. 

 

 Figure 8: Total compressive force curves of the 3 models 
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 Figure 9: Distribution of total compressive force in the three models 

 The total force acting on the screw press consists of normal force, 

tangential force, and friction force, which are mainly concentrated in the bulk 

material compression zone. Simulation results indicate clear differences in 

force distribution among the three models. In the first model, the total force is 

strongly concentrated at the second screw flight and increases significantly 

toward the outlet region. This high force level ensures strong material 

compaction, producing briquettes with high density and mechanical strength. 

However, it also imposes substantial mechanical loads on the screw surface, 

leading to rapid wear, localized deformation, and a potential risk of cracking in 

regions subjected to high stresses. In the second model, the total force is 

slightly lower than that of the first model but remains relatively high overall. 

The force distribution is more uniform and shows a gradual increase from the 

inlet to the outlet of the screw. This progressive increase supports a more 

controlled compaction process, enabling the production of briquettes with more 

uniform quality while reducing sudden stress concentration. Nevertheless, the 

final section of the screw still experiences high loads, which may result in 

significant wear in this region. The third model exhibits a considerably lower 

total force compared to the other two models and maintains a stable force level 

along the entire compression zone. There is no sudden force increase near the 

outlet, which significantly reduces the mechanical load on the screw and limits 

friction and wear. Although the lower force may reduce the compaction 

capability of the material, this model offers a clear advantage in extending 

screw service life and minimizing the risk of damage during operation. 

 

Figure 10: Distribution of total force in the three models 

 The axial stress of bulk material particles arises when the particles are 

compressed inside the compression chamber and are subjected to forces 

transmitted from neighboring particles or from the screw surface. This 

compressive force is distributed over the cross-sectional area of each particle, 

generating a certain level of stress. Analysis of the stress distribution in the 

three models indicates that stress concentration zones are mainly located at the 

second and third screw flights, where the compressive loads are highest. 

Simulation results show that the first model maintains the highest axial stress 

level. This ensures strong material compaction, enhances interparticle bonding, 
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and produces dense, mechanically robust briquettes; however, it also 

significantly increases wear on the screw press, particularly in high-load 

regions. The second model exhibits lower axial stress than the first model, 

while maintaining a more stable stress distribution with smaller fluctuations. 

This characteristic reduces the mechanical load acting on the screw compared 

to the first model, while still ensuring satisfactory briquette compaction quality. 

The third model shows the lowest axial stress and maintains a stable stress level 

throughout the simulation. Although this lower stress reduces the compaction 

degree of the final product, it significantly limits mechanical loading on the 

screw press, thereby reducing the risk of deformation and wear. Consequently, 

this model offers a clear advantage in extending the service life of the screw 

and related mechanical components. 

 

Figure 11: Axial stress curves of the 3 models 

 The compressive force acting on bulk material during the pressing 

process originates from contacts between particles and between particles and 

the screw surface. Simulation results indicate that the average compressive 

force acting on particles is consistently highest in the first model. This reflects 

strong compaction capability, enabling the product to achieve high bonding 

strength and compactness. However, the large compressive force also increases 

the load acting on the screw press, leading to higher friction and accelerated 

wear, as well as increased maintenance costs. The second model exhibits an 

average compressive force only slightly lower than that of the first model. As a 

result, it still ensures effective compaction of the briquettes while reducing 
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screw wear to some extent compared to the first model. The third model has the 

lowest average compressive force and maintains a stable level throughout 

operation. Although this may result in less compact products, it provides a 

distinct advantage in reducing the mechanical load on the screw and 

compression chamber surfaces, limiting friction and wear, extending equipment 

service life, and lowering maintenance requirements. 

 

Figure 12: Average compressive force acting on bulk material for the 3 models 

 The average heat flux is an indicator reflecting the level of heat 

exchange among particles during the pressing process. A higher heat flux 

indicates more intense thermal interaction within the particle system, which can 

promote compaction but also poses a risk of localized overheating. Conversely, 

a lower heat flux helps limit thermal deformation but may reduce interparticle 

bonding. Simulation results show that, in all 3 models, heat flux is mainly 

concentrated in the material compression zone. The first model maintains the 

highest average heat flux, indicating strong heat generation and transfer within 

the material system. This enhances compaction and improves briquette 

bonding; however, it also subjects the screw press to significant thermal 

loading, increasing the risk of thermal deformation, cracking, and accelerated 

wear. The second model exhibits a lower average heat flux than the first model, 

with a more stable thermal distribution. As a result, the risk of thermal 

deformation of the screw press is reduced while maintaining acceptable 

compaction performance and briquette quality. The third model shows the 

lowest and most stable heat flux throughout operation. This significantly 

reduces thermal effects on the screw, limits deformation, and extends 

equipment service life. Nevertheless, the lower temperature level may slightly 
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reduce interparticle bonding, leading to briquettes that are less compact 

compared to those produced by the other 2 models. 

 

Figure 13: Average heat flux distribution for the 3 models 

 The average stress tensor on particles reflects the combined stress state 

within individual particles and across the entire material system during 

pressing. Simulation results indicate that, in all 3 models, the stress tensor is 

mainly concentrated at the initial screw flights, particularly the first and second 

flights, where material compaction is most intense. These regions experience 

the highest internal forces and directly determine the density and bonding 

quality of the briquettes. In the first model, the stress tensor consistently 

remains at the highest level. This enhances compaction capability and produces 

dense, high-strength briquettes; however, the high stress values also subject the 

screw press to complex internal loads, increasing the risk of wear, deformation, 

and cracking at multiple locations, thereby reducing equipment service life. The 

second model exhibits lower stress tensor values than the first model, with 

more stable variations. This stability enables better control of the compaction 

process, ensuring product quality while reducing complex mechanical loading 

on the screw press. However, because stress levels remain relatively high, the 

risk of wear in load-bearing regions still exists. The third model shows the 

lowest stress tensor values among the three models. This indicates reduced 

internal loading on the screw press, helping to limit wear, minimize 

deformation, and lower the risk of failure, while also extending continuous 

operating time without frequent maintenance. 
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Figure 14: Stress tensor distribution for the three models 

 The average particle velocity reflects the movement of the material 

flow during the pressing process and is strongly influenced by the compression 

conditions at different positions along the screw axis. Simulation results show 

that higher velocities occur mainly in the feeding zone and at the outlet, where 

particles move more freely. In contrast, in the highly compacted region, 

particularly at the second screw flight, the particle velocity decreases 

significantly due to increased compressive forces that slow down particle 

motion, thereby increasing density and stabilizing the briquette structure. The 

calculated results indicate that, in the first model, the average particle velocity 

is the highest among the three models. This supports rapid feeding and higher 

throughput, but it also intensifies impacts and friction between particles and the 

screw surface as well as the compression chamber, leading to accelerated wear. 

The second model exhibits a lower average particle velocity, with a gradual 

increase from the inlet to the outlet of the screw. This behavior indicates a more 

controlled compaction process, limiting sudden impacts and partially reducing 

wear, although a risk of high friction remains near the outlet region. The third 

model maintains very low and stable particle velocities throughout the pressing 

process. This characteristic significantly reduces collisions and friction between 

particles and the screw surface, thereby lowering wear and extending 

equipment service life. However, the low velocity may result in reduced 

productivity and insufficient compaction of the final briquettes unless 

additional supporting measures are applied. 
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Figure 15: Average particle velocity curves for the 3 models 

 From the analysis of average particle velocity in the 3 screw press 

models, it can be observed that velocity not only determines the ability of the 

particle system to move along the compression chamber but also directly 

governs the energy state of the material. According to fundamental mechanical 

theory, the mechanical energy of each particle in DEM simulations consists of 

two components: kinetic energy, which depends on particle velocity, and 

potential energy, which depends on particle position in a gravitational field. 

However, in a screw press operating in a confined space with a horizontally 

oriented axis, changes in particle position in the gravitational direction are 

negligible; therefore, potential energy remains nearly constant. In contrast, 

particle velocity continuously changes due to the action of normal forces, 

tangential forces, and sliding friction, making kinetic energy the dominant 

component governing energy transfer within the bulk material system. 

Consequently, analyzing particle kinetic energy is essential for evaluating the 

degree of agitation, collision intensity, and energy transmission efficiency of 

each screw press model. 
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Figure 16: Particle kinetic energy curves for the three models 

 Wear is the material loss occurring on the surface of the screw press 

due to the combined effects of friction, mechanical loading, particle impacts, 

and harsh operating conditions. Simulation results indicate that the first screw 

press model exhibits the highest wear level, with wear concentrated mainly on 

the first three screw flights, particularly at the flight roots. The wear rate 

increases rapidly over time, reaching an average wear depth of 0.0687 mm and 

a total wear amount of 497.8 mm after 60 hours of simulation. The wear 

distribution is highly non-uniform and locally concentrated, posing a high risk 

of premature failure. The second screw press model shows a significant 

reduction in wear compared to the first model. Wear still primarily occurs on 

the initial screw flights, but it is more evenly distributed. After 60 hours of 

simulation, the average wear depth reaches 0.0254 mm, with a total wear 

amount of 163.2 mm. The geometric modifications applied in this model 

reduce compressive pressure and improve force distribution, thereby lowering 

wear and enabling more stable operation. The third screw press model 

demonstrates superior wear reduction performance. Wear is uniformly 

distributed over the first three screw flights and is significantly reduced at 

critical locations. The average wear depth is only 0.0058 mm, while the total 

wear amount reaches 40.6 mm after 60 hours of simulation. These results 

clearly demonstrate that optimized geometric design effectively reduces 

mechanical loading, limits friction, and provides better protection of the screw 

surface compared to the other 2 models. From an overall comparison, the first 
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model experiences the highest wear due to high pressure and force levels, 

which lead to increased friction and heat generation. The second model 

improves force distribution and reduces wear but still presents a risk of stress 

concentration at certain locations. The third model achieves the lowest and 

most stable wear level, significantly extending the service life of the screw 

press, although additional measures may be required to maintain briquette 

quality when operating under lower force and pressure conditions. 

 

 

 

 Figure 17: Average wear depth of the three models 
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Figure 18: Total wear amount of the 3 models 

 The results presented in Chapter 2 confirm that the screw press-

compression chamber system for sawdust has been successfully established in 

terms of block diagram representation, geometric modeling, and numerical 

simulation. Simulation outcomes show that the first and second models achieve 

high pressure, compressive force, and axial stress, resulting in dense and 

mechanically robust briquettes. However, these conditions also lead to large 

total wear amounts, concentrated mainly near the end of the screw shaft, 

thereby increasing the risk of failure and maintenance costs. In contrast, the 

third model maintains mechanical indicators at lower and more stable levels, 

with reduced particle velocity, fewer impacts and frictional interactions, 

effective wear control, and a more uniform wear distribution along the screw 

length. Based on the obtained results, it can be concluded that the third model 

represents the optimal solution, simultaneously satisfying the objectives of 

wear resistance improvement, maintenance of pressing performance, and 

enhancement of the operational durability of the screw press. The geometric 

parameters of Model 3 are presented in Table 1. 

Table 1. Geometric Parameters of Screw Press Model 3 

No   
R1 

(mm) 

R2 

(mm) 

h 

(mm) 

S1 

(mm) 

S2 

(mm) 

e1 

(mm) 

e2 

(mm) 

e3 

(mm) 

e4 

(mm) 

Screw 

Press 

Model 3 

99o 93o 10 10 12 40 39,5 15 12 9,8 8,5 
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CHAPTER 3: MATERIALS, EQUIPMENT, AND EXPERIMENTAL 

INVESTIGATION OF HVOF COATING FORMATION 

 Chapter 3 presents the fundamental factors governing the wear 

resistance of coatings, together with the research methodology and 

experimental evaluation procedures. Wear resistance does not depend on a 

single parameter but is the combined result of multiple physical and mechanical 

characteristics, such as coating microstructure, hardness, and coating thickness. 

These factors interact with one another and collectively influence the ability of 

the coating to protect the surface against wear. In this context, high-velocity 

oxygen fuel (HVOF) thermal spraying technology enables precise control of 

influential parameters, thereby producing coatings with high and stable wear 

resistance. The experimental methodology was developed to comprehensively 

evaluate coating wear resistance, and the research steps are illustrated through a 

block diagram of the experimental procedure. 

 The substrate material used for manufacturing the screw press and 

experimental specimens is C45 steel, a widely used material in mechanical 

engineering that is particularly suitable for helical screw components due to its 

favorable mechanical properties. Experimental samples were cut directly from 

the screw press to preserve the actual working geometry and were subsequently 

surface-coated using HVOF technology. Prior to scanning electron microscopy 

(SEM) observation and hardness testing, the samples were ground, polished, 

and etched to ensure adequate surface quality for analysis. The coating material 

employed consisted of a nickel-based alloy powder reinforced with tungsten 

carbide (WC). 

 The HVOF spraying system used in this study was the HP-2700M, 

which includes a PF-3350 powder feeder with precise flow-rate control, a gas 

supply system consisting of oxygen, propane, nitrogen, and compressed air, and 

an MP-2100 flow control unit. The HP-2700M spray gun was selected to 

ensure appropriate spraying conditions matched to particle size and material 

properties, thereby enabling effective control of the coating formation process. 

During the experimental investigation, various measurement instruments were 

employed to characterize coating properties. A Leica DM750 M optical 

microscope was used to analyze particle size and coating microstructure at 

different magnifications, in combination with LAS V4.12 image analysis 

software. Coating hardness was measured using an ISOSCAN HV2 AC 

hardness tester, applying Vickers or Knoop diamond indentation methods, with 



 

23 

 

adjustable loads and precise three-axis positioning. All experiments were 

conducted at the laboratory of the Faculty of Automotive Mechanical 

Engineering, Hanoi University of Industry, ensuring high measurement 

accuracy. 

 In this study, coating microstructural characterization focused on two 

key factors: particle size and porosity, both of which have a significant 

influence on the wear resistance of HVOF-sprayed coatings. The spraying 

powder used was a nickel alloy reinforced with tungsten carbide (WC), known 

for its excellent friction resistance and wear resistance, making it suitable for 

protecting screw presses operating under severe pressure and temperature 

conditions. The HVOF spraying process was carried out using key parameters 

including powder feed rate, spraying distance, and oxygen-to-propane ratio. To 

ensure coating quality, optimal parameters were selected as follows: powder 

feed rate of 25-35 g/min, spraying distance of 0.2-0.3 m, and an 

oxygen/propane ratio ranging from 3 to 5. Particle size of the coating was 

measured using the Leica optical microscope at a magnification of x300. The 

results indicate that the particle size after HVOF spraying ranged from 401 nm 

to 2.78 µm. The presence of fine and uniformly distributed particles confirms 

the high quality of the coating, resulting in a dense surface structure that 

contributes to improved wear resistance. Coating porosity was also evaluated 

using SEM images at a magnification of x300, combined with quantitative 

analysis of porosity percentage. The results show that when appropriate 

spraying parameters are selected, the coating structure exhibits good density 

with minimized porosity. This significantly enhances the protective capability 

of the coating surface under harsh operating conditions of the screw press. 

Table 2. Taguchi L9 array with measured porosity values 

No 
F 

(g/min) 

D  

(m) 
R 

Po (%) 

(1st) 

Po (%) 

(2nd) 

Po (%) 

(3rd) 
Po (%) 

1 25 0.2 4 5.249 5.152 5.373 5.258 

2 25 0.25 5 4.973 4.863 4.845 4.894 

3 25 0.3 6 3.228 3.348 3.148 3.241 

4 30 0.2 5 5.059 4.943 4.875 4.959 

5 30 0.25 6 3.086 3.294 3.102 3.161 

6 30 0.3 4 3.986 4.034 3.883 3.968 

7 35 0.2 6 4.688 4.832 4.593 4.704 

8 35 0.25 4 3.767 3.912 3.871 3.850 

9 35 0.3 5 3.109 3.135 3.285 3.176 
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Figure 19: Percentage-based analysis image of coating porosity 

 Coating hardness is a key factor determining wear resistance. During 

the coating formation process, sprayed particles impact the surface at high 

velocity, causing plastic deformation and peening of the material, which 

increases coating density and hardness. In particular, HVOF spraying 

technology, characterized by high particle velocities and relatively lower heat 

source temperatures, enhances coating strength and hardness compared to other 

thermal spraying methods. In this study, experimental specimens were 

produced under 9 different spraying conditions to investigate the influence of 

spraying parameters on coating hardness. Three parameters were varied at 3 

levels each: powder feed rate at 25, 30, and 35 g/min; spraying distance at 0.2, 

0.25, and 0.3 m; and oxygen-to-propane ratio at 4, 5, and 6. The hardness 

values measured for samples produced under the 9 spraying conditions are 

summarized in the Taguchi L9 orthogonal array. The results reveal a clear 

variation in coating hardness depending on the combination of spraying 

parameters. 

Table 3. Taguchi L9 array with measured hardness values 

No 
F 

(g/min) 

D  

(m) 
R 

H (HRC) 

(1st) 

H 

(HRC) 

(2nd) 

H 

(HRC) 

(3rd) 

H (HRC) 

1 25 0.2 4 70.51 71.07 70.92 70.83 

2 25 0.25 5 75.76 74.70 73.96 74.81 

3 25 0.3 6 70.03 69.29 69.12 69.48 

4 30 0.2 5 71.30 70.66 69.72 70.56 

5 30 0.25 6 72.45 71.87 72.98 72.43 

6 30 0.3 4 76.44 75.85 75.19 75.83 

7 35 0.2 6 70.78 71.21 71.73 71.24 

8 35 0.25 4 78.67 79.3 76.50 78.16 
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9 35 0.3 5 71.57 70.22 71.28 71.02 

 The coating thickness on the C45 steel substrate was determined using 

a Leica optical microscope at a magnification of x300, allowing accurate 

observation and measurement of the coating structure after HVOF spraying. 

Measurements from nine experimental samples show that the coating thickness 

ranges from 406.518 µm to 747.009 µm. This range reflects the stability of the 

spraying process and demonstrates effective control of spraying parameters to 

produce coatings with high thickness uniformity. The results also confirm that 

the HVOF method not only provides strong coating adhesion but also ensures 

sufficient thickness, thereby contributing to extended service life and improved 

operational performance of coated mechanical components. 

  

Figure 20: x300 magnification image used to measure coating particle size 

 In this study, HVOF spraying powders composed of WC and Ni were 

selected due to their excellent resistance to wear, high temperature, and high pressure, 

making them suitable for producing wear- and corrosion-resistant coatings. The 

powders were mixed at different ratios for spraying, mechanical property 

measurement, and practical testing. Experimental results indicate that the resulting 

coatings exhibit fine particle sizes (0.4-2.8 µm), low porosity, and high hardness. 

HVOF-sprayed coatings form dense, thick layers (400-750 µm). Microstructural 

analysis reveals a lamellar structure characterized by stacked metallic splats. 

Thickness measurements obtained using the Leica optical microscope confirm 

coating thicknesses in the range of 400-750 µm, which are sufficient to protect the 

surface without inducing excessive residual stresses. A Taguchi experimental design 

was developed to evaluate the microstructure and hardness of HVOF coatings, 

enabling the identification of optimal processing parameters that yield the best 
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coating structure and hardness. These characteristics are decisive factors governing 

coating wear resistance. The wear resistance of the screw press will be further tested 

and evaluated through practical operation of the screw press under real working 

conditions. 
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CHAPTER 4: EXPERIMENTAL TESTING AND EVALUATION OF 

THE WEAR RESISTANCE OF HIGH-LOAD SCREW PRESSES 

 Chapter 4 focuses on experimental investigations and result analysis 

to evaluate the wear resistance of high-load screw presses under real operating 

conditions. 

 The experimental procedure and evaluation of wear resistance under 

actual working conditions are presented in this chapter. The experiments were 

conducted by comparing the wear amounts of 4 types of screws: screw press 

Model 1, screw press Model 1 with HVOF coating, optimized screw press 

(Model 3) without coating, and optimized screw press with HVOF coating. 

Each screw was installed in the same pressing machine and operated 

continuously for 24 hours under identical working conditions and operating 

parameters. After testing, the screws were accurately weighed to determine 

mass loss due to wear. The results show that the uncoated factory screw 

exhibits the highest average wear, reaching 94.44 g, whereas the factory screw 

with HVOF coating shows a significantly reduced wear of 43.33 g, 

corresponding to a reduction of 52.2%. Similarly, improvements in screw 

geometry alone demonstrate a clear effect: the optimized uncoated screw 

exhibits a reduced wear of 70 g compared to 94.44 g for the original design. 

When combined with HVOF coating, the optimized screw achieves the lowest 

wear level of only 28.89 g, representing a reduction of 58.2% compared to the 

uncoated optimized screw. These results confirm that both geometric 

optimization of the screw design and the application of HVOF coating play 

critical roles in enhancing the wear resistance of high-load screw presses. 

Notably, the combination of both solutions provides the most effective 

improvement, significantly extending service life, reducing maintenance costs, 

and enhancing the operational efficiency of high-load screw press systems. 

 After completing the wear measurements using the mass-loss method, 

3D scanning technology was employed to perform a more detailed inspection 

of the distribution, morphology, and degree of localized wear on the screw 

press surface. Statistical analysis of geometric deviations for the three screw 

press models reveals clear differences in wear severity and surface stability. 

Model 1 exhibits the largest negative deviation (-2.613 mm) and the highest 

mean negative deviation (-0.3991 mm), indicating severe and non-uniform 

surface wear. In addition, the standard deviation (1.8446) and variance (2.7046) 

are relatively high, reflecting a wide dispersion of errors and significant 

instability during operation. In Model 2, although the mean deviation (-0.3302 
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mm) and average wear level (-1.5065 mm) show some improvement compared 

to Model 1, the overall root-mean-square (RMS) deviation (2.0766) and 

variance (3.0914) are higher. This suggests that, despite a moderate average 

deviation, errors are unevenly distributed, with the presence of localized 

surface defects. The standard deviation of this model (1.6227) remains 

relatively high, indicating insufficient stability for high-precision engineering 

applications. In contrast, Model 3 demonstrates superior geometric quality, 

with a small mean deviation (-0.2263 mm), an RMS value of only 0.8523, a 

standard deviation of 0.8518, and a variance of just 0.7256 - the lowest among 

the 3 models. These results indicate that geometric deviations are well 

controlled and uniformly distributed over the entire surface. Notably, the mean 

negative deviation is only -0.2333 mm, reflecting a low wear level and minimal 

material loss. Overall, these findings confirm that Model 3 is the optimal choice 

in terms of geometric accuracy, wear resistance, and surface stability, 

outperforming the other two models and offering greater reliability for 

industrial production. 

 The comparison results between the CAD design model and the 3D 

scanning data obtained from the actual manufactured product show that the 

geometric deviations remain within allowable limits and are fully consistent 

with the previously calculated results. This confirms that the design approach, 

geometric calculations, and selection of initial parameters are appropriate, 

ensuring both dimensional accuracy and manufacturability. 

 In conclusion, this research has focused on optimizing the design of 

high-load screw presses and applying HVOF coating technology to improve 

wear resistance. Analytical and experimental investigations demonstrate that 

adjusting the screw profile - particularly increasing the flight thickness in load-

bearing regions - helps to achieve a more uniform force distribution and 

reduces localized wear. The third screw press model, featuring an optimized 

design combined with HVOF coating, exhibits superior load-bearing capacity, 

reduced deformation, and stable geometric integrity during operation. 

Simulation results further confirm that wear is primarily concentrated in the 

region spanning the first to the third screw flights; however, the wear level 

decreases progressively from Model 1 to Model 3, significantly extending 

service life. 

HVOF coating technology has proven effective in producing high-quality 

protective layers. The coatings exhibit a lamellar structure with thicknesses 

ranging from 400 µm to 750 µm, as verified by optical microscopy. The key 
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factors influencing coating properties were clearly identified: spraying distance 

has the greatest effect on porosity and hardness, while the oxygen-to-propane 

ratio primarily governs coating adhesion. Based on experimental data, 

regression-based mathematical models were developed, enabling the 

determination of optimal spraying parameters to enhance coating performance. 

For future research, further investigation of alternative coating materials and 

optimization of HVOF parameters is recommended to continue improving wear 

resistance while reducing costs. Advanced coating solutions, such as composite 

coatings or high-temperature-resistant coatings, should be explored to enhance 

surface protection. In parallel, the application of artificial intelligence 

techniques in simulation and design optimization is expected to improve the 

accuracy of wear and service life prediction. Moreover, extending experimental 

validation across diverse production environments will allow for a more 

comprehensive assessment of varying operating conditions. Finally, the 

development of intelligent screw press designs incorporating sensors, along 

with the exploration of environmentally friendly bio-based coatings, represents 

a promising research direction that addresses both technical performance and 

environmental sustainability requirements. 
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