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Abstract: The automatic screening machine can screen the crops by adjusting the 

spacing between the sieve rods, which can bring better benefits to farmers. This paper 

mainly introduces the structure composition and characteristics of the screen sorter. 

Through the finite element modal analysis of the screen sorter, the first six order 

vibration patterns and natural frequencies of the screen sorter are obtained to prevent 

the resonance of the screen sorter. It provides a theoretical basis for the design and 

application of the screening machine. 
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1. Overview 

At present, the planting area and scale of China's crops are gradually expanding, and 

the output is increasing year by year.In order to bring higher benefits to farmers, it is 

necessary to screen crops, and the efficiency of manual screening is relatively low. 

Automatic screening machine can realize the screening of the size of crops by adjusting 

the spacing between the sieve rods, so that the screening results can be unified. It 

improves the efficiency of screening and saves a lot of manpower and time for farmers. 

Now the type and function of the screening machines on the market are relatively 

simple, which causes farmers to buy different kinds of screening machines to screen 

agricultural products. For small individual farmers, more cost savings are added. The 

multi-function screening machine integrates the screening of various products and 

realizes the screening of multiple varieties on one machine to reduce the cost of 

farmers. In China, due to the increasing mechanization of industry and agriculture, 

environmental pollution is becoming increasingly serious in China. The noise of multi-

function screening machines is low, energy consumption is low and pollution is low, 

which fully conforms to the national strategy of energy conservation, environmental 

protection and sustainable development. 
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2. Development Status of Screening Machines 

In the life, the application range of screening machines is very wide, in agriculture and 

industry are involved. In industry, screening machines are involved in all aspects of 

industry, such as metallurgy, coal, building materials, electricity, chemicals and food 

processing. In the metallurgical industry, mining companies use screening machines 

to screen and pre-screen the ore produced, so as to classify the ore produced. In the 

construction industry, workers use screening machines to screen the size of sand and 

stone to distinguish between good and bad concrete. In paving the road, the size of 

sand and stone can determine the durability of the road, so the screening machine 

plays a very important role in the construction industry. In chemical enterprises, people 

use a screening machine to screen chemical materials and products. In the 

pharmaceutical industry, the use of the screening machine is also very extensive, in 

the pharmaceutical process, it is very important to screen the crushed medicinal 

materials with the screening machine. In agriculture, screening machines are playing 

an increasingly important role. The development of China's agriculture is supported by 

national policies, and the mechanization level in agricultural production is also 

increasing. The future development trend of screening machines is mainly towards 

high efficiency, energy saving, environmental protection, simple structure, convenient 

operation and diversified functions, standardization and universalization. 

At present, the main screening methods of the screening machine include vibrating 

screen and roller device, among which vibrating screen is the main screening method. 

Vibrating screen is fast and efficient, but it can only be used to screen hard shells or 

crops with low impact requirements. Drum sieve is mainly by using the principle of the 

washing machine to dry clothes, place left barrel axis into acute Angle with the ground, 

the use of centrifugal force will be unqualified crops out, using its own gravity to make 

qualified crops out from the other end of the export, the high efficiency of the device, 

but is only suitable for shell or afraid of collision of crops. 

In this paper, SolidWorks is adopted to build a structural solid model for a multi-

functional screen sorter. Different boundary constraints are imposed by changing the 

connection mode. 

 

3. Simplified Finite Element Analysis Model 

3.1 Structure of the Screening Machine 

As shown in fig.1, the structure of the multi-functional screening machine is mainly 

composed of reducer motor, feed inlet, discharge port, sieve surface, roller slide and 

bearing seat. The screening machine is divided into three layers. The first layer is 

divided into inlet, sieve surface and discharge channel. The second layer is divided 

into feeding belt, sieve surface and discharge channel. The third layer is the same as 
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the second layer in the basic structure, except at the bottom of the third layer there 

is a discharge port designed to collect unqualified materials. The two discharge outlets 

of the third floor adopt large inclined plane design, so that the material will not be 

piled up, so as to facilitate the collection of materials and delivery of materials. In 

order to facilitate the collection of materials, the direction of each emerging material 

passage is different, the first layer leads to the left, the second layer is opposite to the 

first layer, and the third layer is the slope passage, so that the screened materials will 

not be mixed. 

Its working principle is that the machine of the screening machine is powered by the 

reducer motor. The motor rotates through the rotation of the toothed belt with wheel 

drive and the roller is driven by the toothed belt to realize the screening of the product. 

Pour the product into the feed inlet and transport the material to the roller by the belt 

drive for screening. Due to the different size of the roller spacing, products greater 

than the distance between rollers are transported to the discharge port through the 

rotation of the rollers. Products less than the distance between rollers will fall to the 

next level through the clearance of the rollers. The distance between rollers in each 

stage of the screening machine can be adjusted according to the size of the products 

to complete the screening of crops on demand. 

 

Figure 1. The structure of the screening machine 

 

3.2 Model Creation 

ANSYS software provides two modeling methods. The first one is to model in the 

working environment of ANSYS software, and the second one is to create 3d models 

by 3d software, save files as Parasolid neutral file format, and then import them into 

ANSYS. In this paper, SolidWorks software is used to build the 3d solid model of the 

screening machine. The physical model is simplified, and the fillet, chamfer and 

structural weld are neglected. 

 

3.3 Fundamentals of Modal Analysis 

 Modal analysis is a method to determine the system modal parameters as the ultimate 

goal. The mode is the natural vibration characteristic of mechanical structure, each 

mode has its own natural frequency, mode and damping ratio. The output results of 

modal analysis include natural frequencies and corresponding modes of 
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vibration.Modal analysis can help designers determine the natural frequency and 

vibration patterns of structures, so as to avoid resonance in structural design and guide 

engineers to predict the vibration patterns of structures under different loads. 

The motion equation of an elastic system with finite degrees of freedom can be derived 

by applying the principle of dynamic load virtual work. The moment matrix equation 

is: 

          PKCM   
 

Type in the:  M ——Total structure mass matrix;  C ——Structural damping matrix; 

 K ——Total stiffness matrix; , , ——Node displacement, velocity, and 

acceleration matrix; ——Structural load matrix. 

Through the modal analysis of the sieve separator, the natural frequency and mode of 

vibration of the sieve analyzer can be clearly known, and under what circumstances 

the sieve analyzer generates resonance phenomenon, so as to avoid the occurrence 

of resonance phenomenon in practice and use. 

 

3.4 Modal Analysis Results 

 

                  

Figure 2.first order formation            Figure 3.Second order formation 

 

              

Figure 4. Third order formation               Figure 5. Fourth order formation 

                    

Figure 6. Fifth order formation              Figure 7. Sixth order formation 

It can be seen from the above figure that the most obvious vibration deformation is 

the third layer and the support frame under the middle stage screen separator in the 
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first-stage formation; In the second order formation, it is also the supporting frame of 

the third layer; In the third-order formation, the largest formation appears at the feed 

inlet; In the fourth and fifth formations, the largest formation appears at the support 

frame under the first layer, where vibration is most obvious because the support frame 

directly touches the ground;The sixth-order formation diagram is closer to the 

operating frequency of the screening machine. Therefore, in the design and use of the 

screening machine, the resonance should be avoided as far as possible, and the 

service life of the screening machine should be extended. 

 

4. Conclusion 

 The modal analysis of the screening machine by finite element method provides a 

theoretical basis for the subsequent design, so that the structure of the screening 

machine will be further optimized and the structural configuration will be more 

reasonable. The screening machine is safe, reliable, no harmful gas, no pollution to 

the environment, and the noise is small, the working efficiency is high, the energy 

consumption is low, conforms to the concept of energy conservation and 

environmental protection, and the multifunctional screening machine's manufacturing 

materials are chosen according to the principles of safety, stability and energy 

conservation. At the same time, the screening machine in line with the safety and 

reliable principle of mechanical design, as long as the regular operation in the 

production process, can ensure the safety of staff. 
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