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Abstract. The main function of corn harvester frame is to bear loads from working parts, such as
engine, cab, transmission, chopped header, husking machine. In this paper, three kinds of typical
working conditions of corn harvester, namely, driving on uneven road at relatively high speed,
braking and unloading, were researched. Then the most dangerous working condition was
determined and used as a foundation to analyze the reliability of the frame. Based on reliability
analysis results, it could be confirmed whether the structures of frame needed to be optimized. If
needed, the sensitivity analysis results were applied as a support to optimize the structure
parameters of frame. Based on above methods, the cross sections’ parameters of longitudinal beams
and cross beams were optimized to satisfy the requirement of the frame mechanical properties. As a
result, the weight of the frame decreased by 19.6%, which achieved the purpose of lightweight. It is
concluded that this method is effective to reduce costs and improve efficiency in manufacturing
processes. Furthermore, the method may be beneficial to improve the manufacturing level of
harvesting machinery.

Introduction

Frame is a very significant part of large corn harvester, which is composed of cross beams and
longitudinal beams and fitting seats. The frame is mainly used to fix engine, cab, cutting header,
husking parts etc. When the harvester is working, the frame not only suffers the static loads from
the weight of all components, but also bears the impact force and moment from uneven road.

As a new study, optimization design began in the early 1960s, providing a more reliable and
efficient design method for designers and changing previous passive design into active design,
hence raw materials can be saved and costs can be reduced. Moreover, the design cycle can be
shortened and design efficiency and level can be improved. Meanwhile, the economic benefit,
social benefit and competitiveness of enterprises are enhanced as well [1] [2]. Therefore,
optimization design has become a necessary and essential part in producing processes of many
industries products, such as aerospace and automobile manufacturing [3]. At present, when
optimizing design the frame structures, the designers abroad not only considered the stress
distribution and analyzed both the static and the dynamic strength & stiffness, but also considered
the noise and comfort under random excitation [4] [5] [6]. Yet in China, only several severe
working conditions were used to analyze the static strength and stiffness of bus, truck, ATV and
some other kinds of vehicle frames based on finite element analysis and the structures of their
frames were optimized. However there were very few researches on optimization design of large
corn harvester frame.

Mechanical Analysis of Corn Harvester Frame under Three Typical Working Conditions

a) To Build the Finite Element Model
One kind of corn harvester frame is chosen to be analyzed and its 3D model is shown in Figure 1.
This kind of corn harvester frame is made of carbon structural steel Q235 with elastic modulus of
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207 GPa, Poisson’s ratio of 0.3 and density of 7.85% 10° kg/m3 .

Fig.1. 3-D Model of one kind of corn harvester frame
After simplifying the 3D model without affecting the accurate of analysis results, the 3D model
is meshed into finite element model by free mesh method whose element type is SOLID 185. The
finite element model of frame is shown in Figure 2.

Fig.2. Finite element model of corn harvester frame

b) Mechanical Analysis under Three Typical Working Conditions

Frame of corn harvester is a main bearing component that is used to fix engine, cab, wheel axles,
transmission parts, steering parts and chopped header, husking machine, etc. When carrying out
finite element analysis of the frame, the weight of each component should be turned into a surface
pressure applied to the corresponding position of the frame. X, Y and Z directions of freedom are
constrained at front axle, and only X and Z directions of freedom are constrained at rear axle.

(1) Driving on uneven road at relatively high speed

When the harvester driving on uneven road at relatively high speed, the load applied on the
harvester frame is a product of the weight of all components and dynamic load coefficient. Dynamic
load coefficient is determined by corn harvester driving speed and unevenness of road. The dynamic
load coefficient of corn harvester is about 1.5-1.8 [10]. Under this condition, the Von-Mises stress
and displacement vector sum distribution on the corn harvester frame are shown in Figure 3 and
Figure 4, respectively.
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Fig.4. Displacement vector sum distribution under driving on uneven road at relatively high speed
(i1) Braking
Braking condition is to simulate the strength and stiffness of corn harvester frame whose granary
is full filled with corns when it brakes suddenly. There is a need to apply a braking deceleration of
2.94 m/s” in the forward direction. Under this condition, the Von-Mises stress and displacement
vector sum distribution on the corn harvester frame are shown in Figure 5 and Figure 6,
respectively.
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Fig.5. Von-Mises stress distribution under working condition of braking
Fig.6. Displacement vector sum distribution under working condition of braking
(i11) Unloading corns
Unloading corns condition is to simulate the strength and stiffness of the full loaded corn
harvester frame when unloading its corns from granary. Under this condition, the Von-Mises stress
and displacement vector sum distribution on the corn harvester frame are shown in Figure 7 and
Figure 8, respectively.
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Fig.7. Von-Mises stress distribution under working condition of unloading corns
Fig.8. Displacement vector sum distribution under working condition of unloading
¢) Comparisons of Maximum Stresses and Maximum Displacements under Each Working
Condition
The maximum stress and maximum displacement on the dangerous section of each working
condition are listed in Table 1.
Tab.1. Comparisons of maximum stresses and maximum displacements under each working

condition
Conditions Stress/MPa Deformation/mm
i 92.9 2.41
ii 75.5 2.48
1 63.9 2.02

As shown in Tab.1, the maximum stress of the corn harvester frame happens in the working
condition of driving on uneven road at relatively high speed. The point which maximum stress
happens is located in connection between longitudinal beam and rear axle fitting seat.

Therefore, the working condition of driving on uneven road at relatively high speed is used as a
foundation to do further reliability analysis and optimization.

Optimization of Corn Harvester Frame

a) Optimization Design Process
Based on reliability analysis of corn harvester frame, the optimization process is shown in Figure
9.
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Fig.9. Optimization Design Process of Corn Harvester Frame
b) Reliability Analysis
It is necessary to make sure that the strength and stiffness of the corn harvester frame is
sufficient because that is crucial to the safe use of the machine. The maximum stress should be less
than the yield strength in the corn harvester working process. The maximum displacement should
be no more than 0.5% of the length of corresponding beam [12]. Through the reliability analysis of
corn harvester frame, if the probability is one, it is necessary to optimize the frame. If not, there is
no need to do optimization. The random input variables of the corn harvester frame are listed in
Table 2.
Tab.2. Random input variables used for reliability analysis

Variables name Distribution pattern Parameter 1  Parameter 2

Section width of longitudinal beam one (B)) GAUS 80 2.15
Section width of cross beam one(B,) GAUS 100 2.25
Section width of cross beam two (B3) GAUS 80 2.15
Section width of cross beam three (B.) GAUS 80 2.15
Section width of cross beam four (B) GAUS 80 2.15
Section width of cross beam five (B7) GAUS 60 2.05
Section length of longitudinal beam one (H) GAUS 120 3.64
Section length of cross beam three (Hy) GAUS 120 3.64
Section length of longitudinal beam two (Hs) GAUS 120 3.64
Section length of cross beam five (H7) GAUS 100 2.59
Section depth of longitudinal beam one (77) GAUS 8 0.6
Section depth of cross beam one (77) GAUS 8 0.6
Section depth of cross beam two (73) GAUS 8 0.6
Section depth of cross beam three (74) GAUS 8 0.6
Section depth of longitudinal beam two (75) GAUS 8 0.6
Section depth of cross beam four (75) GAUS 8 0.6
Section depth of cross beam five (77) GAUS 8 0.6
Section depth of cross beam six (73) GAUS 8 0.6
Pasion ratio (PSB) GAUS 0.28 0.1

Load of granary (F)) LOGI 20500 564

Load of peeling machine (F3) LOGI1 18190 423

Load of engine (F3) LOGI1 8500 46

Load of cab (F4) LOGI 7730 33

In the reliability analyzing process, the maximum Von-Mises stress denoted by
VONSTRESSMAX and maximum displacement denoted by DEFLM are set as the random output
variables, choosing Monte Carlo method to analysis and setting 800 times to simulate. The analysis
results are shown in Figure 10 and Figure 11.
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Fig.10. Result of sensitivity analysis
Fig.11. Probability result of output variable VONSTRESSMAX

In Figure 10, the result indicates the impact of input variables on the output variable. In Figure
11, the maximum value of output variable VONSTRESSMAX is 222.099 MPa, meanwhile the
minimum value of output variable is 77.996 MPa. The probability is 1 when the confidence bounds
are evaluated with a confidence level of 95%, so that it is possible to optimize the corn harvester
frame.

¢) Corn Harvester Frame Optimization

(1) Mathematical modeling

Under the premise of satisfying the requirement of corn harvester frame mechanical properties,
optimization of corn harvester frame structures and parameters aims to achieve the goal of
lightweight of the frame. Therefore, the total volume of the frame, min F(x), is set as objective
function, which is expressed by Equation (1).

min F(x) = ¥, (x) + V,(x) + V(%) (1)

Where, Vi(x) is total volume of cross beams, V>(x) is total volume of longitudinal beams, V3(x) is
the volume of rest parts.

The optimal design variables are section parameters of cross beams and longitudinal beams. As a
result of sensitivity analysis shown in Figurel0, the variables which have greater impact on output
variables are chosen as optimization design variables. The design variable X is described by
Equation (2).

X ={B,,B,,B,B,,H,,T,,T,,T,.T,. T, } )

The yield strength and admissible stiffness are defined as state variables. The main material of
corn harvester frame is Q235. Considering the safety coefficient of the frame strength, the
constraint function of the frame strength can be described by Equation (3).

Ulzo-max _[ilg]go (3)

Where, omax 1s maximum stress, [os] is yield strength of frame material whose general value is
235 MPa, K is safety coefficient due to stress concentration and machined surface quality and other
influence factors whose general value is between 1.3 and 1.8.

Stiffness constraint of the frame is to restrict its maximum deformation and the equation can be
expressed by Equation (4).

Uy =6, —[6,]<0 )

Where, Omax 1S the maximum deformation of the frame, [ds] is the admissible maximum
deformation.

Given all that, the optimization design mathematical model of the corn harvester frame can be
defined as Equation (5).
min F(x) = V;(x) + ¥, (x) + V; (x)

x:{B2,B3,BG,B7,Hl,]—{,n,TS’TwT;}
— 5
-l <o )

ax

U =0,

U,=6,, -[5,1<0
(i1) Optimal results
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First-Order method is adopted and maximum iteration times are set to 70, then the result that the
total volume of the frame is changing with iteration times is obtained, as shown in Figure 12.
Meanwhile, the changing process of maximum stresses with iteration times is shown in Figure 13.

lteration time:

Fig.12. Change curve of the frame total volume with iteration times
Fig.13. Change curve of the maximum stresses on the frame with iteration times
After 70 iterations, comparisons of the optimization result of each variable with its obvious value
are shown in Table 3.
Tab.3. Comparisons of variables before and after optimization

Optimization variables Initial value Optimization results Rate of change
Total volume 0.64E8 0.52ES8 -19.6%
The maximum deformation 3.17 6.90 +54%
The maximum stress 86.09 131.22 +34.4%
B 100.00 99.16 -0.84%
Bs 80.00 78.02 -2.48%
Bg 80.00 79.30 -0.88%
By 60.00 59.00 -1.48%
H, 120.00 95.83 -20.1%
T, 8.00 5.71 -28.6%
T4 8.00 7.48 -6.5%
Ts 8.00 5.79 -27.6%
Ts 8.00 7.36 -8.04%
T, 8.00 7.34 -8.27%

It can be seen from Table 3 that although the maximum displacement increases to 6.9 mm and
the maximum stress increases to 131.22 MPa, they are both within allowable ranges. There are
some changes in the section parameters of both cross beams and longitudinal beams, among which
the section depth of longitudinal beam has the largest reductions of up to 28.6%, agreeing with the
result of sensitivity analysis got from reliability analysis. Hence the volume of corn harvester frame
is reduced by 19.6%, so is the weight, achieving the purpose of lightweight of the frame.

Conclusion

This paper analyzed the mechanical properties of corn harvester frame under three typical
working conditions consisting of driving on uneven road at relatively high speed, suddenly braking
and unloading corns. And then the most dangerous working condition was selected and used to
analyze the reliability of the frame.

Based on reliability analysis, structure parameters which had great influence on the mechanical
properties of the corn harvester frame were confirmed, accordingly the structures of the corn
harvester frame were optimized, improving the sectional dimensions of cross beams and
longitudinal beams. Therefore the weight of the corn harvester frame was reduced by 19.6%,
achieving the purpose of lightweight of the frame.
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