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Abstract 

The sedimentation chamber is a key dust removal component in waste heat boilers, 
during boiler operation, the heat-exchange fumes entering the subsidence chamber will 
be mixed with a large number of dust particles, high-speed dust particles hit the flue wall, 
resulting in the wear of the flue wall. This paper is based on the EDEM-Fluent coupling 
method to study the flue wear characteristics in the settling chamber of the waste heat 
boiler. The dust concentration in the flue gas stream is 55g/Nm3, the particle size of the 
flue gas is 1mm, the particle density is 2500kg/m3. Comparative analysis of the flow field 
characteristics of each section and the particle distribution in the flue under three 
different intake loads of 0.8Vt, 1.0Vt and 1.2Vt. At the same time, the Archard wear model 
is introduced to obtain the wear distribution and wear law of each part of the flue, The 
result shows that The relative wear of the second ash hopper increased from 28% to 
37%, the relative wear of the upper part of the ash baffle increased from 20% to 27%, 
and the relative wear of the first ash hopper decreased from 17% to 9%. The reason for 
the change in the amount of wear can be attributed to the change in the flue gas flow rate 
and particle distribution. After the flue gas flow enters the sedimentation chamber from 
the entrance, the velocity first increases and then decreases. The flow velocity reaches 
the maximum at the second ash hopper and the ash baffle, and a longitudinal swirling 
flow is formed at the second ash hopper, and some particles follow the flue gas flow. The 
rapid ascent collides with the wall, which makes the wear degree of the No. 2 ash hopper 
obviously greater than the rest of the parts under all working conditions. At the same 
time, the increase in the load also makes the distribution of particles show a tendency to 
accumulate in the No. 3 ash hopper, and the number of particles settled from the No. 1 
ash hopper is reduced, and the amount of wear is reduced. The collision of a large 
amount of accumulated particles with the wall of the No. 3 ash hopper increases the wear 
of the No. 3 ash hopper. 
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1. Introduction 

The traditional electro-spindle centrifuge for chemical fiber and textile fiber centrifugal spinning is 

mainly composed of a centrifugal tank, a fixed plate, a solid shaft, a hollow shaft, a motor rotor, a 

motor stator, upper and lower support bearings, a fixed shell and a bracket. Although this kind of 

electrospindle centrifuge has a compact structure and low cost, it is based on the rigid connection 

between the motor rotor and the centrifuge. During the startup, high-speed operation (usually above 

8500r/min) and shutdown of the electrospindle centrifuge, due to the manufacture of centrifuge tanks, 
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The dynamic unbalanced moment of inertia (yaw moment) formed by factors such as installation and 

fiber filament winding into ingots in the tank, and has a certain randomness, so that the supporting 

bearing has a large additional centrifugal stress or impact load, which is prone to vibration , Yaw, and 

in severe cases, there may even be friction between the motor rotor and stator, deceleration, vibration, 

and motor burnout. The solid shaft of different centrifugal tanks and the hollow hole in the motor 

rotor shaft adopt small taper surfaces for positioning and installation, which will further Generate 

positioning eccentricity and eccentric centrifugal load. In addition to the centrifugal tank and the fiber 

thread in the tank, there will be a large dynamic eccentric unbalanced moment of inertia, which makes 

the mating cone surface prone to occlusion damage and accelerates the dynamic eccentric unbalanced 

moment of inertia. In addition, the support bearing adopts traditional deep groove ball bearing and 

grease lubrication, and its high-speed rotation resistance is relatively large. In the end, the rotor 

support of the electric spindle centrifuge has a large alternating load, which makes its fatigue life low. 

High energy consumption, high damage rate, high maintenance cost and other problems are mainly 

due to the certain defects in the structural design of the traditional electro-spindle centrifuge. 

2. Research vehicle and object 

This project implements the development of a new type of spinning electro-spindle centrifuge. It is 

based on the shortcomings of traditional electro-spindle centrifuges for chemical fiber and textile 

fiber centrifugal spinning. Through the research of damping vibration reduction and gyro center 

stabilization technology, labyrinth sealing technology, Implement research on key technologies such 

as reducing the eccentric centrifugal dynamic load of the rotor support bearing of the electric spindle 

centrifuge, and then research and develop a new type of spinning electric spindle centrifuge to 

improve its service life, reduce the bearing damage rate and the electric spindle centrifuge Repair and 

maintenance costs are promoted and applied as much as possible. Its basic structure is shown in Figure 

1(a), and the produced product is shown in Figure 1(b). 

 

          

(a) Centrifuge structure              (b) Qualified products 

Fig. 1 Centrifuge and products 

 

3. Research methods 

3.1 Ansys-Adams coupling method 

Mainly aiming at the electric spindle centrifuge, the research object of the subject, in Adams, the 

inherent characteristics of the electric spindle system are obtained by the modal analysis of the 

undamped free vibration method. Firstly, based on the actual structure of the electric spindle, the solid 

model of the electric spindle is established in the 3D modeling software; then the flexible member 

rubber support ring in the electric spindle shall be flexibly treated. Because Adams is dealing with 
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the flexible body, the processing accuracy is There are shortcomings in terms of speed and speed. 

Therefore, the finite element analysis software Ansys is used to complete the processing of the elastic 

rubber ring, and then the modal neutral file of the rubber ring is exported through the Ansys and 

Adams interface; finally, the 3D solid model is imported into the power In Adams, the scientific 

analysis software, the original rigid body is replaced with the generated modal neutral file, so that the 

creation of the rigid-flexible coupling model of the centrifugal spindle is completed in the Adams 

environment. Further add constraints and loads to perform rigid-flexible coupling dynamic analysis, 

and get the corresponding analysis results. 

3.2 Model assembly 

The structural features and working principle of the centrifugal electric spindle have been described 

in more detail above. Here, some small features in the electric spindle and the assembly relationship 

between the parts are discussed in detail. 

There is only one degree of freedom of rotation during the entire working process of the electric 

spindle, that is, the electric spindle has only one rotational movement driven by a motor. In order to 

reduce the number of parts, the assembly of many components adopts interference fit to determine 

whether the two components are in contact with each other. The common movement relationship 

between them. In addition, there are some other ways to complete the connection between two 

components with the same movement. In addition to the interference fit between the rotor and the 

bearing, the seal ring and the shaft, the simple straight hole of the electric spindle, the complex 

matching relationship, Describe as follows: 

Self-locking position coordination between the rotating shaft and the rotor cone: The working 

principle of the electric spindle is to use the electromagnetic torque of the electromagnetic system to 

drive the rotor to rotate at a high speed, and the drive shaft is driven to rotate through the cooperation 

between the rotor and the rotating shaft, thereby realizing the high-speed operation of the electric 

spindle. Therefore, the cooperation between the rotor and the rotating shaft is very important, which 

will directly affect the working performance of the electric spindle. In order to ensure that the rotating 

shaft rotates at a high speed and avoid the phenomenon of slippage between the rotor and the rotating 

shaft due to insufficient friction, the rotating shaft and the rotating shaft are required to have a very 

high cylindricity, so that there will be no excessive malfunction during the working process of the 

electric spindle. The balance force affects the working stability of the electric spindle. Therefore, the 

self-locking interference fit of the cone is selected to assemble the rotor and the rotating shaft, which 

has a self-centering effect. Specifically, the two-dimensional structure diagram shown in Figure 3 

below, and the three-dimensional assembly diagram shown in Figure 2. 

 

Fig. 2 Rotor model 

3.3 Calculate node 

In actual engineering, the choice of unit type has a very close relationship with the actual problem to 

be solved. Before choosing the appropriate unit type, we must first have a very clear understanding 

of the problem itself. Considering the function of the electric spindle rubber ring and the content to 

be analyzed, the solid unit Solidworks186 and the structural particle 3Dmass21 are selected as the 

units required to establish the finite element model of the rubber ring. 

solid186 is a high-order 3D 20-node solid structural element with a secondary displacement mode 

that can better simulate irregular networks (for example, models established by different CAD/CAM 

systems). The element is defined by 20 nodes, and each node has 3 degrees of freedom for translation 
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along the xyz direction. Solid186 can have any spatial anisotropy, and the unit supports plasticity, 

superelasticity, creep, stress toughening, large deformation and large strain capacity. Mixed mode 

can also be used to simulate almost incompressible elastic-plastic materials and completely 

incompressible super-elastic materials. The specific nodes of the unit are shown in Figure 3 below. 

 

Fig. 3 Solid186 Cell 

 

3.4 Finite element mesh 

In actual engineering, the choice of unit type is related to the actual problem to be solved. 

The other parts of the flexible body except for the interface points can be used to establish a finite 

element model using common modeling methods. The following issues should be paid attention to 

when defining interface points. 

The connection between the interface point and the other parts of the flexible body must be 

appropriate, so that the force of the interface point is evenly distributed on the nearby area; otherwise 

it will cause serious deformation and distortion of the interface node, so the commonly used mass 

unit 3DMass21 is built at the interface node. A mass element, and given the element a small attribute 

data, and then use the constraint equation to connect the mass element and the flexible body at the 

interface point, and then use the rigid region (Rigid Region) to deal with the nodes on the interface, 

because in the establishment of the flexible body In the finite element model, there is no need to 

define the boundary conditions of the structure, so the finite element flexible body model of the rubber 

ring is established, as shown in Figure 8 below, where the red area is the established rigid area: 

 

 

Fig. 4 Rigid and flexible grid 

 

3.5 Rigid-flexible coupling model 

At present, the modeling theory of multi-rigid body systems has been developed quite maturely. 

Although scholars at home and abroad have done a lot of research in the modeling of rigid-flexible 

coupling systems, there are still some problems that have not been effectively solved. The coupled 

system not only has a wide range of rigid body motions of the components, but also has elastic 

deformation to a certain extent, so the rigid-flexible coupling analysis is closely related to the dynamic 

analysis of the multi-rigid body system and the finite element analysis. Strictly speaking, most 

practical engineering problems are rigid-flexible coupling multi-body dynamics problems. With the 
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development of related theories, large-scale general analysis software based on similar theories 

(Adams, Ansys, etc.) appear as complex mechanical systems with multi-body Kinetic analysis 

provides a relatively reliable and effective reference method. Mechanical system dynamics analysis 

and virtual simulation software Adams is an application-based software for virtual prototype design, 

analysis and optimization. It can perform structural statics, kinematics and dynamics analysis of the 

entire mechanical system, mainly for multi-rigid body motion And kinetic analysis. In order to 

consider the impact of the elastic deformation of some large flexible components in the actual 

mechanical system on the system movement, in response to this problem, Adams also integrates the 

flexible body module Adams/Flex, which provides a modal expansion method to describe the 

flexibility The elastic deformation of the body and the import of the modal neutral file are two 

methods to construct the flexible body. The Adams multi-body system is composed of components, 

constraints, and forces. The components can be any rigid body or flexible body. For the modeling of 

multi-body systems, the prime minister is to create each rigid body and some flexible body 

components that constitute the virtual prototype, and then add corresponding constraints and loads at 

appropriate positions according to the actual situation. Adams will automatically generate the 

Lagrangian equations of motion based on Cartesian generalized coordinates based on the model of 

the system. In Adams software, the components of the multi-body system are connected by hinges, 

and the generalized coordinate system describing the movement of the components of the system is 

not completely independent. The connection between related coordinate systems is the so-called 

constraint equation. Due to the existence of the flexible body in the system, the deformation of the 

flexible body needs to be considered. This is also the main difference between a pure rigid body 

system and a rigid-flexible coupling system in a multi-body system. 

The form of the default constraint equations in the software is a set of nonlinear equations, and the 

relationship between the system constraint equations is linear and independent: 

𝐶(𝑞, 𝑡) = 0 

Then, the built-in coordinate system of Adams establishes Lagrangian equations for each component 

of the system according to the constraint relationship between the components of the multi-body 

system. Therefore, the ith flexible or rigid body of the system, its Lagrangian equation form is: 

𝑑

𝑑𝑡
(
∂𝐾

∂�̇�𝑖
)
𝑇

− (
∂𝐾

∂�̇�𝑖
)
𝑇

+ 𝐶𝑞
𝑖𝑇𝜆 = 𝑄𝑖 

In the formula: λ is the Lagrangian multiplier; Qi is the generalized force (including the generalized 

force caused by the elastic deformation of the element and the external load); K is the kinetic energy 

of the flexible or rigid body of the system. In this way, the matrix equation constitutes the dynamic 

equation of the multi-body system. 

4. Results and discussion 

4.1 Rubber ring mode 

The established finite element mesh model of the rubber ring can directly output the modal neutral 

file of the rubber ring through the interface between Ansys and Adams. By identifying and processing 

the data of the rubber ring neutral file, the natural vibration characteristics of the rubber ring can be 

obtained Since the rubber ring has more modal information, for the convenience of analysis, extract 

the first ten-order modal characteristics for analysis, as shown in Figure 9 below. 

 

 

Fig. 5 1-10 Vibration Shape Diagram 
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4.2 Modal Analysis of Natural Frequency of Traditional Electric Spindle Centrifuge 

Dynamic analysis and simulation of mechanical systems need to go through several stages, such as 

physical modeling, mathematical modeling, problem solving and result post-processing. Adams 

software uses a humanized interactive graphical interface, complete parts library, constraint library 

and load library to complete the system physical analysis model. Users can not only use general-

purpose modules for simulation analysis of general mechanical systems, but also use special modules 

for effective professional analysis of specific industrial problems. 

The vibration analysis module Adams/Vibration of Adams software can be used for the modal 

analysis of the electric ingot. Adams/Vibration's processing system for the system's nonlinear factors 

is linearized and approximated near the operating point. Strictly speaking, this module is not suitable 

for any vibration system. The electric spindle system studied in this subject is generally a typical 

linear system, and better analysis results can be obtained by applying Vibration. When using 

Adams/Vibration to analyze and calculate the system, just call the Vibration plug-in directly on the 

modeling interface of the electric spindle to start the vibration analysis module. The main content and 

steps of free vibration modal analysis are shown in Figure 6. 

 

 

Fig. 6 Modal distribution map 

 

Table 1. Modal parameter table 

Mode Number Natural Frequency Damping Ratio Real Imaginary 

1 0.000023 0.000027865 -0.000000649 +/-0.000238628 

2 0.004965 0.0000568804 -0.0000028246 +/-0.00496509 

3 0.040769 0.000074667 -0.0000030449 +/-0.040769 

4 0.042609 0.00013558 -0.0000019644 +/-0.0420609 

5 0.060766 0.0000553733 -0.0000082388 +/-0.0607665 

6 0.183774 0.000126198 -00000010176 +/-0.183774 

7 1.56653 0.000157939 -0.00197692 +/-1.56653 

8 2.73905 0.00043548 -0.00412873 +/-2.73902 

9 4.63144 0.000197527 -0.0019292 +/-4.63142 

10 12.91798 0.000438171 -0.04892 +/-12.876 

11 13.0137 0.000438137 -0.8462 +/-12.2476 

12 20.5674 0.000438015 -1.3654 +/-18.3657 

13 40.6589 0.000193292 -2.56784 +/-38.6547 

14 62.6621 0.000439924 -4.68752 +/-60.2358 

15 92.8747 0.000439815 -7.3648 +/-90.3687 

16 120.6542 0.00222559 -10.2564 +/-110.2546 

17 189.6324 0.00274282 -15.6547 +/-176.5879 

18 196.4568 0.00141937 -18.5478 +/-178.364 

19 234.3647 0.00141914 -18.4796 +/-212.487 

20 256.6426 0.00146815 -19.3587 +/-238.3657 

21 267.6485 0.00163235 -19.7864 +/-248.3657 

22 284.5986 0.00250564 -18.3678 +/-260.4785 

23 292.5632 0.00279222 -19.1465 +/-268.3624 

24 298.7896 0.00281452 -19.9687 +/-274.2648 

 

4.3 Modal analysis 

When performing modal analysis through Laplace transform, the relationship between the imaginary 

part and real part of the eigenvalue of the system model matrix and the natural frequency and damping 

ratio of undamped free vibration is expressed as: 
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𝜆 = 𝜆𝑟 ± 𝑖𝜆𝑖 = −𝜉𝑤𝑛 ± 𝑖𝑤𝑛√1 − 𝜉2 

For the specific modal information of the electric spindle system, it can be displayed in a list, as 

shown in Table 1: 

By analyzing the modal distribution diagram of the electric ingot and the data values related to the 

modal in Adams/ PostProcessor, it can be seen that the modal damping ratio of each order of the 

electric ingot system is relatively small. The first six orders basically have no damping. As a result, 

the shock energy generated by resonance in the system work project can not be dissipated in a short 

time, and cause certain damage to the system components. Further observation of the mode shape 

animation of each mode, it can be seen that the first six orders of the system are the rigid vibration of 

the system, so its natural frequency and damping ratio are very small, which can basically be regarded 

as zero; the 7-9 orders of the system It is the small amplitude of the electric spindle's front and rear, 

left and right vibrations, and they are all single vibration characteristics; the 10-12 order of the system 

is the larger amplitude of the mixed vibration of the electric spindle, that is, there are more 

complicated and irregular twisting and swing vibrations, to a certain extent The system has a greater 

impact on the system; ④ Systems 13 and 14 are vertical vibrations of the electric spindle system 

with a small amplitude, which are also single vibrations; ⑤ Systems 15 and 16 are integrated 

vibrations with a small amplitude of the electric spindle, and have certain laws, which have a certain 

impact on the system. Certain influence; ⑥ The rest of the orders are basically the small local 

vibration of the rubber ring of the system, and the working condition of the electric spindle is 

8500r/min, which is no longer within the resonance range of the system, so it can be considered that 

it has no effect on the system. The influence of each mode on the system can also be reflected by the 

modal coordination factor. The influence curve of the electric spindle system frequency on the overall 

model of the system is shown in Figure 7: 

It can be seen from the figure that the frequency in the range of 10-20Hz has a great influence on the 

modal of the system, and 90-120Hz also has a certain influence on the modal of the system, while the 

influence of other frequencies on the system is very small and can be ignored. The above analysis of 

the system modal through the mode shape animation is consistent, which is of great significance to 

the analysis of the vibration response of the following system. 

 

 

Fig. 7 Modal coordination diagram 

5. Conclusion 

As an important part of the mechanical system, it occupies a pivotal and irreplaceable position in 

aerospace, automobiles, ships, power generation equipment, construction machinery and other major 

fields. In our daily victory, most of the common machines are also rotating machines. They use 

electric energy, mechanical energy, solar energy, etc. to drive the rotor to move to complete certain 

tasks, such as steam turbine rotors, centrifuge rotors, compressor rotors, etc. Mixer rotors, gyro rotors, 

etc., but all kinds of machinery will vibrate during work and cause machine failures. According to 
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the reason of vibration, vibration faults can be divided into rotor imbalance, shaft misalignment, 

bearing fatigue damage, bearing seat asymmetry, sliding bearing oil film vibration, etc. Among them, 

rotor imbalance is the most common cause of failure. According to relevant statistics: due to the 

unbalanced mass of the machine rotor itself or the unbalanced force generated during the working 

process, the mechanical vibration causes the failure to account for about 70% of all causes. For 

rotating machinery, unreasonable operation and design such as unreasonable structural design, 

insufficient accuracy, transfer error, uneven rotor material, unbalanced coupling, etc. will cause the 

original unbalance of the rotor. Even in the process of mechanical work, there will be vibrations due 

to adhesion of products, corrosion of bearings, uneven wear and additional additional loads. 

Especially the unbalanced rotor and unbalanced force in the working engineering of rotating 

machinery, due to the periodic centrifugal inertial force, will produce forced vibration to a certain 

extent. As a result, the rotor cannot run smoothly. With the continuous accumulation of vibration 

energy and the continuous increase of unbalanced force, the vibration response will become more and 

more intense, which will eventually cause premature fatigue damage to the bearing, reduce the service 

life and work efficiency of the mechanical system, and cause greater economic losses ; At the same 

time, noise will be generated during the work process, which will pollute the work environment and 

affect the health of the staff. What is more worthy of attention is that serious damage may cause major 

accidents. With the rapid development of modern equipment, the speed of the rotor is also increasing 

rapidly. Therefore, it is imperative to study the vibration response and its hazards caused by the 

unbalance of the rotor. By studying the vibration effect of the unbalance of the rotor, the structural 

design of the mechanical system is improved. Or use the vibration characteristics of the machinery to 

ensure the efficient, high-speed and smooth operation of the rotating machinery, and create more 

economic and social benefits for the society. Therefore, the research on rotor dynamic unbalance 

theory and the development of related research software have important practical significance. 
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