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Research on screening performance of double layer vibrating 
screen for soybean harvester based on discrete element method

In order to improve the screening effect of grain combine har-
vester, it is necessary to study the influence of different screen-
ing parameters on screening performance.In this paper, discrete 
element method was used to simulate the screening process of 
soybean and short stems by selecting different screening param-
eters, and dynamic screening efficiency and the number of short 
stems under screening were introduced as evaluation criteria.The 
results show that under certain other conditions, the vibration fre-
quency, amplitude and direction angle have significant influence 
on the screening performance, while the inclination angle of the 
upper screen has little influence on the screening performance. 
With the increase of vibration frequency, amplitude and direction 
angle, screening efficiency increased first and then decreased, 
while the number of short stalks under screening increased first 
and then decreased. Considering the screening efficiency and 
the number of short stalks under the screening, it is concluded 
that the screening performance is better when the amplitude is 
25 mm, the vibration frequency is 4 Hz, the vibration direction 
angle is 25 degrees and the upper screening angle is 3 degrees. 
The simulation results are verified by field experiments, and the 
simulation results meet the requirements of field experiments.
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1 Introduction 

Cleaning device is an important working part of 

grain combine harvester. As a key component 

of cleaning device, vibration screen directly 

affects the efficiency and screening effect of the 

whole machine. By studying the influence of 

working parameters of vibrating screen on 

screening performance, it is of great 

significance to find the optimum screening 

parameters and improve the cleaning effect of 

cleaning device. 

In recent years, discrete method (DEM) has 

been widely used in the field of agricultural 

material screening, and has become an 

important research method. In order to improve 

the screening performance of vibrating screen, 

experts and scholars have carried out a lot of 

research on vibrating screen by using discrete 

element method. Li et al. discrete element 

method was used to study the screening law of 

different materials under different sizes of sieve 

holes. Cleary et al. used DEM simulation to 

analyze the movement process of different 

spherical particles on the screen surface, and 

focused on the influence of particle shape and 

size on the screening. Dong et al. used the 

discrete element method to simulate and 

analyze the influence of shaker parameters on 

the screening effect. Jiao used the discrete 

method to simulate the screen surface 

movement and the screening process of the 

material group. The screening motion curve was 

obtained and verified by experiments. Li et al. 

used DEM software to simulate and study the 

grain penetration law under different working 

parameters of vibrating screen. The influence of 

sieve surface with different sieve hole shapes 

on the sieving performance of materials was 

studied by discrete element method. Li studied 

the influence of different working parameters of 

single-layer vibrating screen on cleaning 

performance of grain combine harvester by 

discrete element method. Wang et al. used 

CFD-DEM coupling to study the influence of 

structural parameters of fisheye screen on 

vibration screening, and obtained the optimum 

structural parameters of fisheye screen. 

In the existing research, the screening 

performance of single-layer vibrating screen 

has been studied more, but the research on the 

screening performance of double-layer vibrating 

screen is less, and the influence of different 

working parameters of double-layer vibrating 

screen on the screening performance of 

cleaning device is still unclear. In order to 

improve the screening efficiency of the 

double-layer vibrating screen cleaning device, 

the number of short stems under the sieve is 

reduced. In this paper, by analyzing the 

movement of materials on the screen surface, 

the numerical simulation analysis of the 

double-layer vibrating screen is carried out by 

using discrete element software. The influence 

of different working parameters of the 

double-layer vibrating screen on the screening 

efficiency of the cleaning device and the 

number of short stems under the sieve is 

obtained, which provides a theoretical reference 

for the subsequent research and design of the 

double-layer vibrating screen. 

2. Model structure and theoretical analysis  

2.1 Cleaning device model  

The model structure of double-layer vibrating 

screen is shown in Fig. 1. The length, width and 

height of double-layer vibrating screen are 1000 

mm, 742 mm, 350 mm, the length of dither plate 

is 200 mm, the length of tail screen is 260 mm, 

the width of dither plate and tail screen is 740 

mm, the distance between upper and lower 

screen is 200 mm, and the thickness of screen 
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is 1 mm. In order to avoid pelleting material

particles ejecting from the side wall of the model,

the side wall of the model is 100 mm higher than 

that of the shaker. 

 

 

Figure 1 Double-layer vibrating screen model 

1. Lower screen 2. Jitter version 3. Grain feeding inlet 4. Upper screen 5. Tail screen 

 

2.2 Vibrating screen model  

The upper layer of the double-layer vibrating 

screen model is screened with a fisheye sieve, 

and the lower sieve is a Round-hole screen. 

The model is shown in Fig. 2. The sieve hole of 

fish-eye sieve is located on the vertical surface 

of the convex sieve surface. The sieve hole has 

good unidirectional pushing effect on soybean 

threshing materials, which is beneficial to the 

sieving of soybean seeds and reduces the 

chances of residual sieving such as stalks. The 

round hole sieve has the characteristics of good 

sorting performance and simple structure, and 

is often used as a lower layer sieve. The length 

of the fisheye sieve used in the test is 550mm, 

the width is 740mm, the length of the mesh hole 

is 40mm, the width is 20mm, the height is 10mm, 

the opening ratio of the sieve surface is 40%, 

the mesh hole is arranged in a diamond shape, 

and the length of the round hole sieve is 460mm. 

The width is 740 mm, the hole diameter is 12 

mm, and the opening ratio of the sieve surface 

is 65%. 

 

  

       (a) Fisheye screen             (b) Round-hole screen 

Figure 2 Vibrating screen model 

 

2.3 Theoretical analysis  

In grain combine harvester, when threshing 

material falls into the cleaning device, under the 

action of the movement of the screen surface, 

the grain and short stalk continuously vibrate 

and throw up, the short stalk and other 
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impurities are thrown out of the cleaning device,

and the grain grain is collected by the silo

through the sieve hole.The vibrating screen is

generally composed of a crank-link mechanism,

a screen body and a swing rod, in order to find

out the screening efficiency and influence law of

the different vibrating screen working

parameters on the cleaning device. Assume

that the four-bar mechanism composed of the

screen surface and the swing rod is 

approximately a parallelogram mechanism. 

Since the crank radius is much smaller than the 

length of the connecting rod, it can be 

approximated that the screen surface is linearly 

reciprocated with the amplitude as the crank 

radius. The schematic diagram of the screening 

movement is shown in Fig.3. 

 

 

Note: OP is crank; PM is connecting rod; AB is screen surface; AD and CB are swing rod. 

Figure 3 Motion sketch of vibrating screen 

 

As can be seen from Figure 1, the movement 

of material on the screen surface can be 

expressed by the following formula. 













−+=

=

=

=

)sin(cos

cos

cos

cos-

2

2









ImgN

tmrwI

twra

trS

          (1) 

Nomenclature: 

 S —Displacement,mm 

     a —Acceleration,m/s2 

     I —Inertia force,N                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

     N —Normal counterforce,N 

      —Dip angle of screen surface,° 

      —Vibration direction angle,° 

      —Angular velocity,rad/s 

When the grain is thrown along the screen 

surface instantaneously, there are: 

 cos)sin( mgIN −−=               (2) 

Substituting Equation (1), into Equation (2) 

with some algebraic manipulations,it follows 
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Equation (3) can be rewritten as: 
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Where, K  is the vibration intensity; D  is

the throwing index. When D 1 , the material

can not be thrown up, but can only be

stationary or relative sliding. Only when D 1,

the grain will be thrown up.

3 Evaluation indicators

3.1 Screening efficiency

Screening efficiency is an important index to

measure the screening performance.

Screening efficiency usually refers to the

mass of the material under the screen and the

percentage of the mass of the material under

the screen in the raw material. In the actual

operation of combine harvester, threshing

material enters the cleaning device for

screening. Its screening efficiency is a

dynamic process that changes continuously

with time. In order to investigate the

screening performance of the cleaning device,

dynamic screening efficiency is introduced to

measure the screening performance.

According to its physical meaning, the

expression is as follows:

%
A

A

t

1t
dt =

                       (6) 

Where, ηdt refers to the screening efficiency 

at time t； At refers to the mass of particles 

that can be sifted down in the material at time 

t; Mass of material passing sieve-through at 

time t 

3.2 Number of short stems under screening  

Under ideal operation conditions, soybean 

seeds are screened and entered the granary, 

while the impurities such as short stems and 

pods are discharged out of the harvester 

through screening operation. However, in 

actual operation, some impurities always 

enter the granary through the sieve hole, 

resulting in unclean grain. Therefore, the 

number of short stems under screening was 

used as another index to measure the 

screening performance. 

4 Simulation test  

4.1 Establishment of particle model  

Soybean threshing materials are mainly 

composed of soybean seeds, short stems 

and pods. In simulation, soybean seeds and 

short stems are usually selected as screening 

objects, without considering other 

components. Taking Suike 20 soybean as a 

reference, the grain and short stem of 

soybean were determined according to the 

actual proportion, and the model was 

established as shown in Fig. 2. Among them, 

soybean seeds are ellipsoid, with 8.2 mm 

long axis, 6.4 mm short axis, 32 mm long 

short stem and 1 mm diameter.  

 

  

Figure 4 Solid and model of soybean grain and short stem 



AJAR: https://escipub.com/american-journal-of-agricultural-research/                     6

Ning Xinjie et al., AJAR, 2019; 4:68

4.2 Setting of simulation parameters

Hertz-minflin non-sliding model is selected in

the discrete element software. The time step

is 20% of Rayleigh time, the falling height of

soybean seeds and short stems is 200 mm,

the speed of grain production is 5000 per

second, the short stems are 300, the 

generating time is 2 s, and the total 

simulation time is 8 s. The mechanical 

properties of materials are shown in Table 1 

and the contact property parameters between 

materials are shown in Table 2.  

 

Table 1 Mechanical properties of materials 

material Poisson ratio Shear modulus/MPa Density/(kg·m-3) 

soybean 0.40 1.04 1149 

soybean short stem 0.45 1.00 160 

vibrating screen(steel) 0.30 700 7800 

 

Table 2  Material contact properties 

material Collision friction 

coefficient 

Static friction coefficient Rolling friction coefficient 

soybean-soybean 0.5 0.45 0.01 

soybean-short stem 0.3 0.5 0.01 

soybean-vibrating screen 0.6 0.3 0.01 

short stem-short stem 0.2 0.5 0.01 

short stem-vibrating screen 0.3 0.2 0.01 

 

4.3 Vibrating screen screening simulation  

Starting from the simulation, the model particles 

of soybean seeds and short stalks were 

produced in the granular factory. The particles 

fell to the screen surface under the action of 

gravity. After vibration screening by double-layer 

vibrating screen, the soybean seeds fell from 

the lower screen, and the short stalks were 

discharged from the rear of the vibrating screen. 

Under the vibrating screen, there was a model 

area for counting the number of soybean seeds 

and short stalks. The screening simulation 

process is shown in Fig. 5. 

4.4 Simulation of material motion on screen 

surface  

4.4.1 Effect of amplitude on screening 

performance  

When the vibration frequency is 5 Hz, the 

direction angle of vibration is 25 degrees and 

the inclination angle of screen surface is 4 
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degrees, the amplitudes of vibration are 15,

20, 25, 30, 35, 40 and 45 mm respectively.

The simulation parameters are shown in

Table 3. Fig. 6 shows the curve of screening

efficiency from the beginning of simulation to

the completion of material screening in 8

seconds when different amplitude parameters 

are selected. Figure 7 shows the change 

curve of the number of short stems under 

screening when different vibration 

frequencies are selected. 

 

      

(a)0.5s Vibrating screen screening process   (b)2sVibrating screen screening process 

     

(c)4s Vibrating screen screening process   (d)8s Vibrating screen screening process 

Fegure 5 Vibrating screen screening simulation 

 

Table 3 Simulated parameters of different amplitudes 

Amplitude/m

m 

X 

component 

/mm 

Z 

component 

/mm 

Vibration 

frequency/Hz 

Vibration 

intensity(ms2) 

Vibration 

Direction 

Angle/° 

Inclination angle of 

upper sieve/° 

Throwing 

index 

15 13.60 6.33 5 1.51 25 4 0.54 

20 18.13 8.45 5 2.01 25 4 0.72 

25 22.66 10.56 5 2.51 25 4 0.90 

30 27.19 12.68 5 3.02 25 4 1.08 

35 31.72 14.79 5 3.52 25 4 1.26 

40 36.25 16.90 5 4.02 25 4 1.45 

45 40.78 19.01 5 4.53 25 4 1.73 
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Figure 6  Effect of amplitude on screening efficiency 
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Figure7  Effect of amplitude on the number of short stems under screening 

 

It can be seen from Fig. 6 that the screening 

efficiency increases first and then decreases 

with the increase of the amplitude. The 

screening efficiency reaches its maximum 

value between 25 mm and 30 mm. The 

reasons are as follows: when the amplitude is 

small, the vibration intensity and throwing 

index of threshing materials are small, the 

threshing materials are not easy to stratify on 

the screen surface, the contact chance 
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between soybean seeds and the screen

surface is reduced, and the probability of

passing through the screen is reduced. The

screening efficiency is low. As the amplitude

increases, the vibration intensity and the

throwing index of the threshed material

increase on the sieve surface, so that the

soybean seed with higher density has more

opportunities for screening, and the chance of

screening for short stalk with small mass and

large volume is reduced. The screening

efficiency is improved; when the amplitude is

too large, the soybean grain and the short

stalk bounce vigorously on the sieve surface,

the contact time with the sieve surface is

reduced, the screening probability is lowered,

and the screening efficiency is lowered.

From the figure 7, it can be seen that the

number of short stems under screening

increases with the increase of amplitude, and

also shows the rule of first increasing and

then decreasing. The number of short stems

under screening is the largest when the

amplitude is 35 mm, and the number of short

stems under screening is the smallest when

the amplitude is 45 mm. Suitable amplitude 

can accelerate the stratification of soybean 

seeds and short stems, improve screening 

efficiency and reduce the number of short 

stems under screening. 

In conclusion, the screening efficiency has 

little difference between 25 mm and 30 mm. 

When the amplitude is 25 mm, the number of 

short stems under the screening is less. 

Therefore, when the amplitude is 25 mm, the 

screening efficiency is the best. 

4.4.2 Vibration frequency on screening 

performance 

When the amplitude is 30 mm, the direction 

angle of vibration is 25 degrees and the 

inclination angle of screen surface is 4 

degrees, the vibration frequencies are 2, 3, 4, 

5, 6, 7 and 8 Hz respectively, and the specific 

parameters are shown in table 4. Figure 8 

shows the change curve of screening 

efficiency when different vibration 

frequencies are selected. Figure 9 shows the 

variation curve of the number of short stems 

under sieve when different vibration 

frequencies are selected. 

 

Table4 Simulated parameters of different vibration frequencies 

Amplitude/m

m 

X 

component 

/mm 

Z component 

/mm 

Vibration 

frequency/Hz 

Vibration 

intensity(ms2) 

Vibration 

Direction 

Angle/° 

Inclination 

angle of upper 

sieve/° 

Throwing 

index 

30 27.19 12.68 2.0 0.48 25 4 0.17 

30 27.19 12.68 3.0 1.09 25 4 0.39 

30 27.19 12.68 4.0 1.93 25 4 0.69 

30 27.19 12.68 5.0 3.02 25 4 1.08 

30 27.19 12.68 6.0 4.35 25 4 1.56 

30 27.19 12.68 7.0 5.92 25 4 2.13 

30 27.19 12.68 8.0 7.73 25 4 2.78 
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Figure 8  Effect of vibration frequency on screening efficiency 
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Figure 9  Effect of vibration frequency on the number of short stems under screening 

 

From figure 8, it can be seen that the 

screening efficiency increases first and then 

decreases with the increase of vibration 

frequency. Increasing the vibration frequency 

is conducive to improving the vibration 

intensity and throwing index of threshing 

materials, and then affecting the screening 

efficiency.When the vibration frequency is 

less than 5Hz, the threshing material has a 

smaller jumping range on the screen surface, 

and is not easy to stratify. It is easy to 

accumulate in the front of the fisheye screen, 

which reduces the screening efficiency. When 

the vibration frequency is 5Hz, the screening 

efficiency reaches the maximum. When the 

vibration frequency continues to increase, the 

movement speed and jumping amplitude of 

threshing material particles on the screen 

surface increase greatly, the contact time 

between soybean seeds and the screen 
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surface decreases, and the screening

probability decreases, resulting in the

decrease of screening efficiency.When the

vibration frequency is 2 Hz, the vibration

intensity and throwing index of the threshing

material are low. From the simulation process,

the threshing material is not thrown up and

accumulated in the front of the upper screen,

which makes it difficult to move backward.

Only in the front of the fisheye screen, the

screening efficiency curve changes

approximately linearly.

From figure 9, it can be seen that the number

of short stalks under the screen reaches the

maximum at the vibration frequency of 5Hz.

When the vibration frequency is less than 5

Hz, the number of short stalks under the

screen increases with the increase of the

vibration frequency. When the vibration

frequency is more than 5 Hz, the number of

short stalks under the screen decreases with

the increase of the vibration frequency, which

is basically consistent with the change rule of

the screening frequency curve.

Generally speaking, increasing vibration 

frequency properly is helpful for the 

delamination of threshing materials on the 

screen surface and improving the contact 

opportunities between threshing materials 

and the screen surface. When the frequency 

is 4 Hz, the screening efficiency is 95.4%, 

and the number of short stalks under 

screening is less, the screening performance 

is better.  

4.4.3 Upper screen inclination angle on 

screening performance  

When the amplitude is 30 mm, the vibration 

frequency is 5 Hz and the direction angle of 

vibration is 25 degrees, the inclination angles 

of the upper screen are selected to simulate 

and analyze under the conditions of 0°、1°、

2°、3°、4°、5°、6°, respectively. The specific 

parameters are shown in Table 5. Fig. 10 

shows the influence of different upper screen 

angles on screening efficiency. Fig. 11 shows 

the variation curve of the number of short 

stems under sieve with different inclination 

angles of upper sieve. 

 

Table 5  Simulated parameters of upper screen angle 

Amplitude/m

m 

X component 

/mm 

Z component 

/mm 

Vibration 

frequency/Hz 

Vibration 

intensity(ms2) 

Vibration 

Direction 

Angle/° 

Inclination 

angle of upper 

sieve/° 

Throwing 

index 

30 27.19 12.68 5 3.02 25 0 1.27 

30 27.19 12.68 5 3.02 25 1 1.23 

30 27.19 12.68 5 3.02 25 2 1.18 

30 27.19 12.68 5 3.02 25 3 1.13 

30 27.19 12.68 5 3.02 25 4 1.08 

30 27.19 12.68 5 3.02 25 5 1.04 

30 27.19 12.68 5 3.02 25 6 0.99 



Ning Xinjie et al., AJAR, 2019; 4:68

AJAR: https://escipub.com/american-journal-of-agricultural-research/                    12

0 1 2 3 4 5 6 7 8
0

10

20

30

40

50

60

70

80

90

100

S
c
r
e
e
n
i
n
g
 
e
f
f
i
c
i
e
n
c
y
/
%

Time/s

Angle/°
 0
 1
 2
 3
 4
 5
 6

 

Figure 10 Effect of upper screening angle on screening efficiency 
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Figure 11 The effect of upper screen angle on the number of short stalks under screening 

 

It can be seen from Fig. 10 that the inclination 

angle of the upper screen has little effect on 

the screening efficiency. When the inclination 

angle of the upper screen is 2 degrees, the 

screening efficiency is the highest, and when 

the inclination angle of the upper screen is 0 

degrees, the screening efficiency is the 

lowest. The reason is that the inclination 

angle of the screen mainly affects the gravity 

component and throwing index along the 

direction of the screen. When the inclination 

angle of the upper sieve is 0°, the throwing 

index of the threshing material is large, which 

easily causes the slipping of the threshed 

material to the rear of the sieve surface, so 

that the soybean grain slides through the 
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sieve hole without passing through the sieve,

and the screening efficiency decreases.The

screening efficiency is higher in the first three

seconds of simulation when the upper screen

angle is 5, 6. The reason is that with the

increase of the upper screen angle, the

gravity component along the screen surface

increases, which makes it easier for soybean

seeds to slide into the screen hole when the

screen surface moves, and the screening

efficiency is improved.

It can be seen from Fig. 11 that the number of

short stems under the sieve is close to 0°~4°,

and the stalks under the sieve are obviously

increased at 5°and 6°.The reason is that the

throwing index of the threshing material on

the screen surface decreases with the

increase of the inclination angle of the upper

screen, and the threshing material is not easy

to stratify on the screen surface. However,

due to the increase of the gravity component

along the screen surface, the short stalk is

easier to sift through the fisheye screen hole,

resulting in the increase of the number of

short stems under the screen when the

inclination angle of the screen surface is 

larger. 

In summary, the screening efficiency has little 

change in the range of inclination angle of 

screen surface from 1 ~6°, but when the 

inclination angle of upper screen is 3 °, the 

amount of straw under screen is small. When 

the inclination angle of the screen surface is 

3°, the screening performance of the vibrating 

screen is better. 

4.4.4 Vibration direction angle on screening 

performance  

The vibration amplitude is 30 mm, the 

vibration frequency is 5 Hz, the inclination 

angle of the upper screen is 4 degrees, and 

the selected vibration direction angles are 

15°、25°、35°、45°、55°、65°、75°, respectively. 

Specific parameters are shown in Table 5 

below. Figure 12 shows the influence of 

different orientation angles on screening 

efficiency. Fig. 13 shows the variation curve 

of the number of short stems under sieve 

when different orientation angles are 

selected. 

 

Table 6 Simulated parameters of vibration direction angle 

Amplitude/mm 
X component 

/mm 

Z component 

/mm 

Vibration 

frequency/Hz 

Vibration 

intensity(ms2) 

Vibration 

Direction 

Angle/° 

Inclination 

angle of upper 

sieve/° 

Throwing 

index 

30 27.19 12.68 5 3.02 15 4 0.58 

30 27.19 12.68 5 3.02 25 4 1.08 

30 24.57 17.20 5 3.02 35 4 1.56 

30 21.21 21.21 5 3.02 45 4 1.98 

30 24.57 24.57 5 3.02 55 4 2.35 

30 12.68 27.19 5 3.02 65 4 2.65 

30 12.68 27.19 5 3.02 75 4 2.86 
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Figure 12 Effect of vibration sirection angle on screening efficiency 
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Figure 13 Effect of vibration direction angle on the number of short stems under screening 

 

It can be seen from Fig. 12 that the screening 

efficiency increases first and then decreases 

with the increase of the direction angle, and 

reaches a maximum at 25°. The reason is 

that the vibration direction angle is one of the 

main factors affecting the particle runout of 

threshing material. The appropriate vibration 

direction angle can make the particle of 

threshing material run uniformly on the 

screen surface, and help the threshing 

material stratify on the screen surface and 

improve the screening efficiency. The upper 

screening is fish-eye screen. Because of the 

fish-eye-shaped screen hole, when the force 

along the screen surface is large, the material 

is easy to pass through the screen 

hole.Therefore, when the vibration direction 

angle is small, there is a larger sieve direction 

force, which is beneficial to the soybean grain 

sieving movement and the screening 

efficiency. On the contrary, with the increase 

of the vibration direction, the force along the 

sieving direction decreases, the soybean 

grain sieving movement weakens, and the 
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screening efficiency decreases. When the

vibration angle is 15 degrees, the normal

force of soybean grain on the screen surface

is too small, the normal displacement is also

reduced, the threshing material is not easy to

move and stratify, and the screening

movement is weak, and the screening

efficiency is low.

As can be seen from Fig. 13, with the

increase of vibration direction angle, the

number of short stems under sieve increases

first and then decreases.When the orientation

angle is 35 degrees, the number of short

stems under sieve is the largest.The number

of short stems under screening was positively

correlated with screening efficiency, and

increased with the increase of screening

efficiency.When the directional angle is 35

degrees, the screening efficiency is higher,

and the number of short stems under the

screen is the largest. After 35 degrees, the

number of short stems under the screen

decreases with the decrease of vibration

frequency.

To sum up, the screening efficiency is the

highest when the vibration direction angle is

35 degrees, but the number of short stems 

under the screening is also more. When the 

vibration direction angle is 25 degrees, the 

screening efficiency is higher and the number 

of short stems under the screening is less, so 

the screening performance is relatively 

better. 

5 Field experiment 

On October 8, 2018, a field trial was carried 

out in Liufeng Seed Industry, Suixi County, 

Huaibei City, Anhui Province (see Figure 14). 

The upper sieve used in the field test was a 

fisheye sieve, and the lower sieve was a 

circular-hole. The parameter was 25 mm in 

amplitude. When the vibration frequency is 

selected as 4Hz, the vibration direction angle 

is 25°, and the upper sieve angle is selected 

as 3°, the test is carried out according to 

GB/T8097-2008 “Harvesting Machinery 

Combine Harvester Test Method”, and the 

materials of the cleaning device outlet and 

the granary are collected, respectively. The 

measured loss rate is 1.60%, the impurity 

content is 0.97%, and the cleaning 

performance is in line with national 

standards. 

 

 

Figure 14 Field trials 
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6 Conclusion 

1)With the increase of vibration frequency, 

amplitude and direction angle, i.e. throwing 

index, the screening efficiency increases first 

and then decreases. The variation of the 

number of short stems under the sieve is 

increased first and then decreased. When the 

vibration frequency is 5 Hz, the vibration 

amplitude is 25-30 mm and the vibration 

direction angle is 25 degrees, the screening 

efficiency reaches the maximum respectively. 

When the vibration frequency is 2 Hz, the 

vibration amplitude is 45 mm and the 

vibration direction angle is 75 degrees, the 

number of short stems under the screen 

reaches the minimum respectively. Vibration 

frequency, amplitude and direction angle 

have great influence on screening efficiency 

and the number of short stems under the 

screen. The inclination angle of the upper 

screen has little influence on screening 

efficiency and the number of short stems 

under the screen. The screening efficiency 

reaches the maximum when the inclination 

angle of the upper screen is 2 degrees, and 

the number of short stems under the screen 

reaches the minimum when the inclination 

angle of the upper screen is 0 degrees. 

2)Vibration frequency, amplitude, vibration 

direction angle and upper screen angle all 

have effects on screening efficiency and the 

number of short stems under the screen.For 

single factor test, there is an optimum value 

in screening efficiency and the number of 

short stems under screening. Considering the 

influence of screening efficiency and the 

number of short stems under screening on 

screening performance, the screening 

performance is better when the amplitude is 

25 mm, the vibration frequency is 4 Hz, the 

vibration direction angle is 25 and the upper 

screening angle is 3. 

3)The relationship curves between the 

screening efficiency and the number of short 

stems under the screen were established, 

which provided a reference for further 

analysis of the mathematical model of 

double-layer vibrating screen under single or 

multi-factor conditions. 
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