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Abstract. Three -dimensional model of drag-bar for 2BQ -2 planter was developed through Pro /E ,

the model was then transferred into ANSY S for analysis, and modal parameters of the drag-bar were
calculated, natural frequency and vibration features of the drag-bar were determined. Modal frequency
was concentrated in 0 -1Hz which was main vibration band and planting quality would be negatively
affected when sympathetic vibration occurred as outside inspire frequency in accordance with natural
vibration frequency of the drag -bar. The drag-bar would be in pendulum vibration when vibration
frequency was at 0. 23Hz. The results of the study provided reference for optimization design of the
drag-bar of the planter.

Introduction

Planter drag-bar is an important part in the structure of planter. The deformation and failure of the
drag-bar will affect the performance and safety of the planter. Thetraditional design of planter drag-bar
isto use the analogy method and the strength check. It caused the strength of drag-bar istoo large and
materials waste[ 1].The dynamic design and analysis of the planter drag-bar with the modal analysis
technique can get more accurate structure natural frequency, mode shape, modal damping, modal mass
and modal stiffness. So the structure design can avoid the frequency or minimize the excitation of these
frequencies, so as to eliminate the excessive vibration and ensure the reliability of the structure[2].

ANSY S Workbench finite element analysis makes use of element node variables to carry on
interpolation for unit internal variables and achieve the overal structure of the analysig3]. Using the
modal analysisfunction of thefinite element software, the finite element model of the planet drag-bar is
established, and the natural frequency and vibration mode of the structure are determined, so as to
describe the state of traction by dynamic image. This has important reference value for the design of
drag-bar.

Drag-bar model establishment

Pro /E is used to model 2BQ-2 planter drag-bar produced by HeiShan mechanical manufacturing
limited company and its 3D model is shown in Fig 1.
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Fig. 1 Structure model of drag-bar
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Although the ANSY S software has the function of modeling, its function is not strong enough.So
the ANSY S softwareis set up with avariety of data exchange interface of CAD software, such as Pro
/E, UGNX4, AutoCAD. By ANSY S and interface setting of Pro/E, ANSY Sisintegrated directly into
Pro/E, so asto realize the seamless connection of two kinds of software and ensure the accuracy of the
Pro/E model into ANSY S. Thismethod has very important significance to shorten the design time and
speed up the design of the product.

Drag-bar modal analysis

Modal analysis theoretical Basis. The modal analysis of natural frequencies and mode shapes is the
basis of other vibration analysig4]. Through the modal analysis of the structure, designer can choose
the reasonable structure design scheme, and verify the validity of the structure. The modal analysis of
the planter drag-bar is an important part of its structure design, which is the premise of static test and
dynamic analysis. Multi freedom systemis presented in a certain natural frequency of vibration, and the
vibration of the system is a certain proportion, which is called natural vibration mode[5]. In any case,
the response of each point on the mechanical structure can be expressed as the superposition of the
modal parameters of natural frequencies, damping ratio and mode shapes [6].The core content of
modal analysisisto determine the parameters of the structure system dynamic characteristics.
For aN degree of freedom linear system, differential equations of motion is shown in formula (1)
[MI{X} + [K](X} = {0} . ey
[ M ]ismassmatrix; [ K ] is stiffness matrix; {X} is acceleration vector; { X} is displacement
vector.
If the structure is vibrating at a fixed frequency and mode, it is shown in formula (2).
@)
Thereis [¥1 = —w?{¢}sin(wt + ¢) o _ ©)
Into the equation of motion, free vibration characteristics of structural equation is shown in formula
(4).
([K] — w®[M]){¢} = {0} (4)
{93 =1{0} isasolution. But this solution representsthat all particles of the structure arein astatic
state. For the non zero solution, formula (5) must be satisfied.
det([K] — w?*[M]) =0 , )
formula (5) is called the eigenvalue equation of structure vibration. ¢ is eigenvalue of equation. It
isback into the characteristic equation, the feature vector ¢} can be obtained. The sguare root of the
characteristic value @i is the natural frequency of the structure. Feature vector {@:} is the shape

vector structure corresponding to @i .
M odal analysis. The main steps and procedures of modal analysis are shown in Fig 2.The 3D model of
the drag-bar isintroduced into ANSY S by Pro/E, and the finite element analysisis carried out. Specific
steps are as follows:

1) Defining element type, select “ Structural Solid Brick 20 node 95"

2) Defining material properties, material is45 steel, modulus of elasticity is 205GPa, Poisson ratio is
0.3, density is 7820kg /m3 .

3) Dividing cell, select “pick all” in “preprocessor eshing esh Tool”

4) By applying boundary and restriction condition, the drag-bar and the connecting hole of the
connecting hole with three points are all bound;

5) Specify analysis type, select “Modal” in “Type of Analysis’.

6) Specify analysis options, input 6 in “No. of modes to extract”

7) Solving, Select the OK option for Current Load Step Solve for its solution

When modal analysisis carried out, the natural frequencies and mode shapes are not required, but
the frequency of the system under the operating conditions of the system is emphasized. Because the
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natural frequencies of these orders usually cause system resonance. The first 6 natural frequencies of
the planter drag-bar are calculated and shown in Table 1, and the mode shapes are drawn and shown in
Fig 3.
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Fig. 2 Procedure of model analysis
Table.1 Six natural frequency of drag-bar
Exponent number | 1 2 3 4 5 6
Frequency ( Hz ) 0.237 0.252 0.319 0.551 0.739 0.806

Nodel any

(d) Fourth (e) Fifth (f) Sixth
Fig.3 Natura frequency vibration model of drag-bar
Result analysis. 1) Determining modal frequency isthe most basic purpose of modal analysis, because
the modal frequency of the system can be determined by the frequency range of the system. From table
1, it can be seenthat inthe 0 ~ 1Hz, the modal frequency of the drag-bar isdense, and it isthe main area
of the traction beam. And when the external excitation frequency and the natural frequency of the
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drag-bar are consistent, the vibration amplitude of the drag-bar is increased and the quality of the
seeding is decreased. Because the working frequency of the seeding machine is generally between 6
and 7Hz. Therefore, the drag-bar is avoided by the operating frequency of the seeding machine, and
avoids the resonance region. The drag-bar has good rigidity and reliability.

2)1t can be seen from the vibration mode, thefirst three modes of vibration cannot see the obviously
torsional deformation. To a higher order vibration mode, it will have a more significant performance.
After the fourth stage mode, the radial extrusion vibration mode is appeared, which is accompanied by
the torsional deformation.In the case of thefirst order mode, the drag-bar will be put in place as shown
in Fig 3 (a) when the traction beam is vibrating at a frequency of 0.237Hz.

Conclusions

The 3D solid model of the planter drag-bar is modeled by Pro/E software, and the model is imported
into the ANSY S software, and the finite element model of the drag-bar is established.

According to the actual conditions of drag-bar and the finite element analysis, the finite element
analysisis carried out in ANSY Sto get the natural frequency and vibration mode of the tractor beam.
According to the analysis results, the structural strength and stiffness analysis of the drag-bar are very
important for improving and enhancing the design of the drag-bar. Modal analysis method can shorten
the design period, reduce the design cost and improve the design quality.
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