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Abstract: According to the linear viscoelastic model, the population discrete elements under the vibration working condi-
tion of the seed tray of the seeder were assumed as rigid conditions to analyze the collision process. The dynamic charac-
teristics among the population collision process for the vibration process of the seeder were analyzed by tracing the mic-
rocosmic motion of each seed. The following conclusions were made, including the relationship between population velo-
city, phase angle as well as coefficient of restitution and the vibration intensity, the relationship between the center-of-
gravity position as well as volume expansion coefficient of the population after collision and the vibration period, the rela-
tionship between the center-of-gravity position as well as volume expansion coefficient of the population after collision 
and the vibration frequency. This provides basis for determining the vibration work parameters of the precise vibration se-
eder. Based on agricultural machinery design experience and air-suction vibration principles, a new test bench for precise 
vibration air-suction tray seed metering device was researched by electromechanical integration technology. Performance 
test was carried out with oilseed rapeseeds as the research object. The test results show that when the vibration frequency 
is 10.5Hz, the vibration amplitude is 4mm, the vacuum negative pressure value is 3kPa, the rotating velocity of the disc-
harge plate is near 15r/min, and the pass index of the seeder will exceed 96%, which provides basis for the structural ad-
justment and work parameter optimization of the seeder.  
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1. INTRODUCTION 

The seeds of agricultural crops are generally granular, 
which mechanical characteristics are between solid and fluid. 
Under natural stacking status, there is complicated squeezing 
and friction among the seeds, and then reasonably regulating 
the vibration parameters of the seed tray can make the seeds 
present “boiling” motion status, which can significantly re-
duce the seed suction resistance. To reduce miss-seeding and 
reseeding indexes and reduce the test strength in farmland, 
it’s necessary to carry out dynamic analysis of the population 
collision process under working condition of the seeder.  

Currently, abundant achievements have been made in 
terms of theory, numerical simulation and experiment re-
search of the collision of single-degree-of-freedom system. 
Shaw [1] firstly researched the vibrators with unilateral con-
straint under simple harmonic excitation, analyzed the local 
intersection of periodic motion by Center Manifold Theo-
rem, and analyzed chaotic motion by homoclinic phase inter-
cept condition. Nordmark [2, 3] researched glancing colli-
sion phenomenon in details by building Poincare mapping of 
collision vibrators, and found that it was the main reason that 
caused the vibration system directly enter into chaotic mo-
tion from periodic motion. Salapaka et al. [4] carried out 
theoretical and experimental research on the motion of  
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spring vibrators under forced vibration, and observed the vari-
ous motion forms of the system under inelastic collision, as well 
as verified the sensitivity of the stable periodic motion of the 
system to parameters. Akhavan [5] carried out experimental 
research on the complicated dynamic behaviors of Hertz’s con-
tact collision vibration system under different excitations.  

Compared with single-degree-of-freedom system, the 
collision vibration problems of continuous system and mul-
tiple-degree-of-freedom system are more complicated. By 
far, there are only some theoretical achievements made in 
terms of research on collision and vibration of two-degree-
of-freedom system [6, 7].  

In this paper, the population discrete elements under the 
vibration working condition of the seed tray of the seeder 
were assumed as rigid conditions to analyze the collision 
process. The dynamic characteristics of the population colli-
sion process for the vibration process of the seeder were ana-
lyzed by tracing the microcosmic motion of each seed. The 
following conclusions were made, including the relationship 
between population velocity, phase angle as well as coeffi-
cient of restitution and the vibration intensity, the relation-
ship between the center-of-gravity position as well as vol-
ume expansion coefficient of the population after collision 
and the vibration period, the relationship between the center-
of-gravity position as well as volume expansion coefficient 
of the population after collision and the vibration frequency. 
This provides basis for determining the vibration work pa-
rameters of the precise vibration seeder. Based on agricultur-
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al machinery design experience and air-suction vibration 
principles, a new test bench for precise vibration air-suction 
tray seed metering device was researched by electromechan-
ical integration technology. Performance test was carried out 
with oilseed rapeseeds as the research object. 

2. LINEAR VISCOELASTIC MODEL 

In linear viscoelastic model, the discrete elements are as-
sumed as rigid conditions, i.e., the shape and volume of each 
element stay unchanged during the calculation process, and 
the contact force is generated from the deformation of spring 
damping and the slide friction [8, 9], as shown in Fig. (1).  

 
Fig. (1). Mechanical model of linear viscoelastic contact. 

The normal and tangential components of the contact 
force can be indicated as [10]:  
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In the equation (1), nk is normal contact rigidity, k! is 
tangential contact rigidity, nd is normal damping coefficient, 
d! is tangential damping coefficient, ij! is tangential dis-
placement, !µ is sliding friction coefficient among seeds, 

ij! is tangential unit vector and ijv is relative velocity.  

3. ANALYSIS OF THE POPULATION COLLISION 
PROCESS 

In this paper, the population motion simulation program 
was executed by means of explicit central difference method, 
i.e., with the displacement of the seeds as the basic variable, 
the resultant force and resultant moment applied on the seeds 
were obtained by the relationship between the force and dis-
placement; the accelerated velocity and the angular accelera-
tion were obtained through calculation according to New-
ton's Second Law of Motion; the kinematic parameters of 
each seed at any time were obtained through time integral; 
loop iteration was carried out by means of dynamic relaxa-
tion method; and the calculation was carried out according to 
time step length, with the position of each seed updated at 
each time step length. The law of the macroscopic motion of 
the entire population was acquired by tracing the microcos-
mic motion process of each seed. The flow is as shown in 
Fig. (2).  

The simulation parameters were selected according to the 
general mechanical characteristics of oilseed rapeseeds: 

1.4mm! = , 15000 /nk N m= , 0.236 /nd N m s= ! ,
10000 /k N m! = , 0.2!µ = ,  

 
Fig. (2). Flow of analysis of the population collision. 

0.1927 / sd N m! = " , 0.02m g= , the coefficient of resti-
tution for the collision among seeds is 0.5e = ; the normal 
contact rigidity between the seeds and the seed tray is 
30000 /N m ; normal damping coefficient is 0.3338 /N m s! ; 
tangential contact rigidity is 20000 /N m ; tangential damp-
ing coefficient is 0.2725 /N m s! ; coefficient of restitution of 
collision is 0.5e = ; friction coefficient is 0.3; and iteration 
time step length is 0.01t ms! = . 

The dynamic characteristics at the collision instant can be 
analyzed by simulating the collision between each two seeds, 
and the reasonability of the program and the parameter can 
be verified.  

Fig. (3) shows the relationship between the velocity and 
the vibration intensity after collision between the seeds and 
the seed tray during the periodic collision. Fig. (4) shows the 
relationship between the collision phase angle and the vibra-
tion intensity. At the beginning of the periodic collision, the 
phase angle is 0! = . With the increase of vibration intensity, 
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! gradually tends to 90o, and the velocity after collision be-
tween the seed tray and the seeds will be reduced.  

Under the conditions of different coefficients of restitu-
tions e  and mass ratios µ , the vibration intensities corre-
sponding to the periodic collisions are as shown in Figs. (5 
and 6). When the vibration intensity 1vK > , the seeds can be 
tossed and collided with the table-board. However, the vK re-
quired by the periodic collision motion is closely related to e  
and µ . Moreover, vK increases with the reduction of e , and 
linearly increases with the increase of µ . 

Under natural stacking status, the population is often in 
discrete status due to internal friction, and it needs to be 
tamped by vibration, so as to make the seeds of the same 
quantity have the constant sh . The motion status of the 
population is described by fluctuation coefficient of gravity 
center G and volume expansion coefficient H , which are 
defined as: 
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The seed stray starts to excite from static status and the 
change processes of G and H are as shown in Figs. (7 and 
8) respectively. It shows that G  and H  are both variables 
related to vibration parameters and time. Generally, the seeds 
can enter the approximate stable periodic status after 5~8 
vibration periods.  

When the vibration became stable, ( )G t and ( )H t signals 
were sampled by the frequency of 1 kHz in the time of 2 s . 
The average values of 0G , 0H and harmonic components of 
fluctuation were acquired through FFT transform and analy-
sis.  

4. PERFORMANCE ANALYSIS OF THE SEEDER  

With oilseed rapeseeds as the research object, perfor-
mance test was carried out. Seeds with uniform thin layer 
were paved in the seed tray, and the initial thickness was 

 
Fig. (3). The relationship between the velocity and the vibration 
intensity after collision.  

 
Fig. (4). The relationship between the collision phase angle and the 
vibration intensity. 

 
Fig. (5). Influence of coefficient of restitution on the periodic vibra-
tion.  

 
Fig. (6). The relationship between the mass ratio and the vibration 
intensity.  
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3.8sh !  as measured. The air pressure difference was regu-
lated as 2 kPa by a cone-shaped suction hole element with 
the diameter of 1 mm . The vibration frequency range of the 
seed tray was10 ~ 15Hz , the seed suction rate of the seeder 
is as shown in Fig. (9). It shows that the seed suction rate 
gradually increases with the increase of the vibration fre-
quency of the seed tray. When the vibration frequency is 
10.5Hz, the vibration amplitude is 4mm, the vacuum nega-
tive pressure value is 3kPa, the rotating velocity of the dis-
charge plate is near15r/min, the seeds will be in “boiling” 
status, when the seed suction effect will be the best, with the 

seed suction rate reaching 96%. With the further increase of 
the vibration frequency, the tossing height of the seeds will 
increase, and the density of the spatial distribution will re-
duce, so that the seed suction rate will show the obvious fall-
ing tend. The test results and theoretical analysis are basical-
ly consistent, thus verifying the correctness of the method.  

CONCLUSION  

According to the linear viscoelastic model, the popula-
tion discrete elements under the vibration working condition 
of the seed tray of the seeder are assumed as rigid conditions 
to analyze the collision process among the seeds. The colli-
sion process of the population in the vibration seed tray of 
the precise vibration air-suction tray seeder is analyzed via 
Matlab software. The following conclusions are made, in-
cluding the relationship between population velocity, phase 
angle as well as coefficient of restitution and the vibration 
intensity, the relationship between the center-of-gravity posi-
tion as well as volume expansion coefficient of the popula-
tion after collision and the vibration period, the relationship 
between the center-of-gravity position as well as volume 
expansion coefficient of the population after collision and 
the vibration frequency. This provides basis for determining 
the vibration work parameters of the precise vibration seeder. 
The seed tray is under small amplitude and high frequency 
vibration, which can make the seeds separated from each 
other, and the discrete degree increases with the increase of 
vibration intensity. The seed layer thickness has a significant 
influence on the motion law. The seeds in thinner layer are 
easier to separate. Performance test is carried out on the 
seeder with oilseed rapeseeds as the research object. The test 
results show that when the vibration frequency is 10.5Hz, the 
vibration amplitude is 4mm, the vacuum negative pressure 
value is 3kPa, the rotating velocity of the discharge plate is 
near 15r/min, the pass index of the seeder will exceed 96%, 
which provides basis for the structural adjustment and work 
parameter optimization of the seeder. 
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