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Lightweight design of peanut sowing machine frame based on finite
element analysis

Yan Yu, Linsong Diao, Dongwei Wang, Jiasheng Wang*, Xiaomin Wang, Xiaozhi Tan, Dazhi Yi

(College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: In order to reduce the weight and energy consumption of the whole machine against the heavy mechanical structure
and excessive strength redundancy in current small-scale peanut seeders with one ridge and two rows, a finite element model of
the frame was established and the static finite element analysis and modal analysis were conducted with ANSYS Workbench.
Sensitivity analysis that focuses on the size of intermediate support beams and other components was performed so as to set up
a multi-objective optimization model. Then a size optimization and multi-objective optimization collaborative scheme was
adopted so that the target was optimized by the Seagull Optimization Algorithm (SOA) to obtain the optimal solution. Based on
the results of the finite element analysis, the mechanical structure of the peanut seeder was optimized for lightweight design.
Furthermore, response surface plots and static structural analysis were applied for validation. It turned out that the maximum
stress of the optimized structure was less than the allowable stress; the weight of the frame reduced by 32.5% after
optimization; and the first-order natural frequency did not coincide with the engine input speed or working speed, thus no
resonance will occur. Field experiments showed that the qualified rate of row spacing was >96% when operating at different
speeds of different types of seeders; The seeding depth operation performance was stable, with an average qualified rate of
seeding depth of >92%; The performance of the seeders was also stable and reliable due to the lightweight prototype structure.
The research outcomes can provide an effective technical reference and theoretical basis for the lightweight design of peanut
seeders and for its continuous improvement as well in the future.
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1 Introduction

The overall weight of a one-ridge two-row peanut sowing
machine directly affects
consumption'!. The frame of a peanut seeder machine, a key bearing
component whose weight accounts for a major portion of the total

its working efficiency and power

machine’s, plays an important role in the stability and reliability of
the seeder’s sowing performance®. Due to the influence of terrain, it
is required for the peanut seeder machine to feature small size, light
weight, and stable working performance. Therefore, the lightweight
design of the seeder machine frame is of great significance based on
the requirements for machine usage and structural stability®*. For
the lightweight design of mechanical products, its techniques
mainly involve three aspects: structure design, new materials, and
new manufacturing processes. Reasonable structural design is the
most direct and reliable method for lightening mechanical
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products'®. The lightweight mechanical structures provides a
solution for reducing the energy consumption of agricultural
production and the development of new energy agricultural
machinery.

With the continuous development of technology and the
upgrading of the information industry, new computer-aided design
software is also entering the field of agriculture™. The application of
assistant design software such as CAD/CAE cooperated with
optimized design algorithms has become a new trend in the research
and development of agricultural machinery design. Cao et al.¥
applied Solidworks software for parametric modeling and its build-
in simulation calculation module to conduct a static structure
analysis of the central transmission drum frame in the belt
conveyor. Chen et al.” utilized ModalVIEW software to identify the
modal parameters of each order and made modal analysis of a
combined harvester cutting platform. By conducting finite element
analysis on the harvester cutting platform, the modal inherent
frequency was obtained, which was recognized and compared to
optimize a structural design that could avoid harvester resonance
and achieve weight reduction. Liao et al.'*'"! and Zhou et al.'*'
conducted static mechanics analysis, sensitivity analysis, and modal
analysis respectively on the machine frame. They established a
multi-objective optimization design model and obtained the best
machine frame structure design scheme. The machine frame was
effectively designed and optimized, making the structure more
lightweight while ensuring the stability of the frame structure.
Currently, the methods used in agricultural machinery design in
China are more modernized, but the design and research on peanut
planting machines mainly focus on planting, fertilizing, and other
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working parts, with less effort on bearing parts optimization design.
Especially, researches on the lightweight design for small-scale two-
row peanut planting machines are rare.

In recent years, intelligent optimization algorithms that have
been widely used in scientific research have seen rapid development
in various disciplines. They are divided into swarm intelligence
algorithms and genetic evolutionary algorithms!>"\. Particle Swarm
Optimization was proposed by Eberhart and Kennedy"*, which are
widely introduced in various scientific research fields. In its
development, optimization algorithms have achieved a combination
with neural network algorithms. Compared with genetic algorithms,
particle swarm optimization is more suitable for multi-objective
optimization design due to its simplicity and strong optimization
ability">'", The Seagull Optimization Algorithm (SOA) is a new bio-
inspired algorithm designed to solve complex optimization
problems in group optimization!®.

Tsiptsis et al.l'’ used particle swarm optimization to optimize
2D frame or frame tower structures, testing their sizes, shapes, and
topology optimizations. The results showed that the PSO method
can be flexibly applied to the optimization of both straight tower
and curved tower structures. Omidinasab and Goodarzimehr®”
proposed an approach to design benchmark frame structures with
discrete variables by combining hybrid Particle Swarm
Optimization (PSO) and Genetic Algorithm (GA). Dhiman et al.?"
put forward the Evolutionary Multi-Objective Seagull Optimization
Algorithm (EMoSOA) based on the Seagull Optimization
Algorithm, which validated its efficacy for such designs as welding
beam design, multi-disk clutch brake design, pressure vessel design,
and bar frame design, which demonstrated the sufficiency of the
Evolutionary Multi-Objective Seagull Optimization Algorithm for
mechanical structure optimization. At present, intelligent
optimization algorithms are more widely adopted in industrial fields
such as pressure vessel design, gear reducer design, and automobile
side collision design than that in agricultural machinery areas. By
using the SOA algorithm and providing optimization boundary
parameters based on its characteristics, lighter frame structure
designs can be more quickly achieved.

Given the current development of peanut planting machines,
this paper aims to finger out a feasible approach for planting
machine lightweight design, which set a two-row small peanut
planting machine as the research object. By combining SW software
and ANSYS software, the framework structure of the machine is
parameterized and modeled for the purpose to establish a 3D model
of the peanut planting machine and an optimization model of the
framework of the planting machine. ANSYS software is used to
perform static structural analysis and sensitivity analysis on the
framework, and the best solution is selected with the SOA
optimization algorithm. Based on size and multi-objective
optimization schemes, the peanut planting machine framework is
designed to be lightweight.

2 Optimization of design goals and process

2.1 Optimization design goals

The optimization design process mainly includes such steps as
designing the mechanical structure, determining the design
variables, and objective functions, and establishing the 3D
models®. The research is focused on small peanut seed drills in the
Shandong area. The one-ridge two-row peanut seed drill is
composed of multiple modules, including fertilization, seeding,
pesticide application, trenching, ridge-making, and soil covering.
The drill’s frame which mainly consists of rectangular steel pipes

welded with strip steel plates adopts an integrated frame structure.
The material applied features Q235 with a yield strength of 235
MPa. Before finite element analysis for the peanut seed drill, its
frame, and main components are parameterized and modeled by
Solidworks three-dimensional drawing software. The model is
shown in Figure 1. The detailed parameters of each component of
the frame are listed in Table 1.

a. 3D model of peanut seeder frame

b. Finite element model of the peanut
planting machine frame

1. Left longitudinal beam 2.Front horizontal beam 3.Middle support left
longitudinal beam 4. Middle support front horizontal beam 5. Three-point
suspension assembly is welded with strip steel plates 6. Right longitudinal beam
7. Middle support right longitudinal beam 8. Middle support rear horizontal beam
9. Rear horizontal beam is welded with rectangular steel pipes

Figure 1 Peanut seeder machine frame model
Table 1 Parameters of the peanut seeder frame model

Specific-  Thick- Elastic Poisson Density/ Yield
ation/mm ness/mm modulus/MPa ratio  kg'm™ strength/MPa

Q235 40%60 5 2.01x107 0.29 7850 235

Materials

2.2 Optimization design process

When conducting optimization design, the rack is first
parametrically modeled. After completing the modeling, the model
is subjected to static structural analysis and sensitivity analysis
respectively. After the above steps are completed, the optimization
goals and design variables are determined. The optimization goals
and design variables are modeled for structural optimization, and
then iteratively optimized using the SOA algorithm. After obtaining
the optimal solution, finite element analysis is performed to verify
whether the optimization results meet the design objectives. If the
design objectives are met, the results are output and saved. If the
goals are not achieved, the reasons are analyzed, and the
optimization process is recalculated. The rack design flowchart is
shown in Figure 2.

3 Mechanical structural analysis

3.1 Static mechanical structural analysis

To achieve better analysis results, and obtain a more accurate
finite element model, while improving analysis calculation speed™,
the following simplification processes are taken into account on the
frame without affecting the calculation accuracy: ignoring small
local features such as mounting holes and chamfers; considering the
frame materials to be uniform in density; connecting the frame
components by welding, handling the welding seams with
maximum strength and treating the frame parts as a whole. After
importing the three-dimensional solid model created in Solidworks
into ANSYS Workbench, Mesh was applied to mesh the model. The
smaller the mesh size is, the higher the accuracy of the calculation
turns out. The skew criterion®* was followed during the process to
ensure accuracy and mesh quality. The mesh size was set to 5 mm,
and after division, the number of elements was 132 939 and that of
nodes was 266 413.
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Figure 2 Optimized design process for the Frame

A static structure analysis was conducted on the original rack
with external loads which is the main source of stress on the
rack®™? and is generated from the rack’s own gravity, planter
weight, seed box, and fertilizer box weight as well as its additional
weight. The total load of the rack is measured at 1550 N with a seed
box load of 118 N and fertilizer box load of 206 N. The rack model
is set with fixed constraints. Since the rack is connected to the
tractor through a three-point suspension, the suspension device is
fixedly constrained. It has been calculated that the maximum
displacement of the rack is 0.2615 mm, which occurs at the rear
crossbeam of the main frame and the rear part of the two
longitudinal beams. While the maximum stress of the rack is 30.586
MPa. The static structural analysis of the rack is shown in Figure 3,
and the maximum principal stress cloud map is displayed in Figure
4. As the yield strength of Q235 is 235 MPa, with a safety factor of
n =1.2%1 the allowable stress of the material is calculated as 195
MPa according to Equation (1).

(o= 2 (1)
n

where, [o] is the allowable stress, MPa; o, is the material stress,
MPa; n is the safety factor.

Type: Equivalent (von-Mises) stress
Unit: MPa
Time: 1
34.281 Max
30.472
26.663
22.854
19.045
15.236
11.427
7.6180
3.8090
1.3239¢—5 Min

Note: Deformation is magnified by 400x.
Figure 3 Peanut seeder frame equivalent stress cloud map

Type: Maximum principal stress

Unit: MPa

Time: 1
30.586 Max
24.973
19.360
13.747
8.1346
2.5216
-3.0913
—8.7043
-14.317
—19.930 Min

Note: Deformation is magnified by 400x.
Figure 4 Maximum principal stress cloud map of peanut
seeder frame

3.2 Mode analysis

In dynamic analysis, modal analysis is an indispensable part of
mechanical design. As a common approach to studying object
vibrations, the determination of its natural frequency and vibration
mode can avoid resonance, control noise and grasp the structure
modal parameters in order to provide a reference for mechanical
design®**). Serving as a main carrier for the parts of peanut seeder,
the frame operates through the three-point suspension of the tractor.
Its excitation sources come from the engine frequency of the tractor
and the random vibration frequency of the working land. Due to the
changes in the working land, the main excitation is the engine
frequency at an engine input speed of less than 50 Hz""\. The natural
frequency is a unique property of the material itself and is related to
its own stiffness, mass, and other properties. Reducing the vibration
frequency in mechanical structures and preventing resonance have
become increasingly important in ensuring the service life of
electromechanical components”' .. To avoid resonant phenomenon
caused by the same frequency occurring between natural and
external excitation frequencies after the structural optimization,
fixed constraints are set after mesh division in ANSYS. Given that,
the first-order method is adopted for modal analysis to obtain the
top ten frequencies. The analysis results are listed in Table 2.

Table 2 Top ten modal frequencies of the peanut seeder
Modal

Order frequency/Hz Vibration description
1 67.206 The main frame longitudinal beam bends up and down.
2 69.169 The lateral beams at the back bend upward.
3 102.44 The middle supporting lopgltudmal beam bends to the
right.
4 109.06 The three-point suspension upper part bends.
5 113.53 The three-point suspension upper part twists inward.
6 173.80 The three-point suspension support plate bends outward.
7 185.24 The center part of the rear beam bends upwards.
8 192.84 The main frame longitudinal beam bends inward.
The main frame longitudinal beam bends left and right in
9 197.43 .
the middle.
10 23068 Main frame longitudinal beam center up and down
bending.

Since the engine is the main source of vibration excitation of
the frame during operation, the minimum input frequency of it is
less than 50 Hz, which is different from the inherent frequency of
the seeder frame so that no occurrence of resonance phenomenon
will be in sight. When the engine is under load, its vibration
frequency is positively correlated with its speed. The peanut seeder
is suitable for small and medium tractors, with a maximum speed of
2400 r/min, a maximum of four cylinders, and a maximum stroke of
four. The equation for calculating the engine vibration frequency is
as follows:
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2Mn,
60T 2)

where, M is the cylinder number of the engine; 7, is the engine

f=

speed, r/min; 7 is the engine stroke.

By substituting the relevant parameters into Equation (2), the
calculated excitation frequency of the engine during load operation
is 80 Hz. Upon comparison of the calculated result with the frame
modal analysis, it can be seen that there is no overlapping of the
engine excitation frequency and the frame’s inherent vibration
frequency. As there is a certain frequency interval between them, no
resonance phenomenon will occur.

4 Frame structure sensitivity analysis

4.1 Determining optimization variables

Sensitivity analysis is a method by which the sensitivity of one
parametric variable®*" to changes in other variables or parameters
is studied. In mechanical structure optimization design, sensitivity
analysis is used to select optimization variables and determine
optimization objectives®. Through the study of the static structure
of the peanut seeder frame, the main focus is on the sensitivity of

the static structure rigidity for design parameters. The balance
equation of the peanut seeder frame structure is:

k6=F 3)

where, k is the stiffness, N/m; ¢ is the structural displacement, m;
and F is the load vector, N.

Taking the derivative of the balance equation, the sensitivity of
the displacement to the thickness d is

@=§=6(d+Ad)—6d )
od Ad Ad

In the finite element analysis of the peanut seeder frame
structure, the sensitivity is calculated mathematically and the
parameters with larger impact factors are selected as design
variables so as to optimize the structural optimization process.
ANSYS is applied to classify and, with the optimal gradient
method, calculate the optimization target area of the peanut seeder
frame structure. The sensitivity curve of the thickness with respect
to the rigidity deformation is obtained through comparative
analysis, and the sensitivity curve is shown in Figure 5.

10 =5r
—— k(X) - —— k(Y) -10F = k2 —
4 2 ] 15} e
20 F /
5 4r -25¢ —
L 2 L 730 L
\g \El of . \g =351
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_55 L
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27 8T —65
1 1 1 710 1 1 1 1 1 1 _70 1 1 1
0 2 4 6 0 1 2 3 4 6 7 0 2 4 6
AX/mm AX/mm AX/mm
a. X-direction b. Y-direction ¢. Z-direction

Figure 5 Curves of stiffness versus thickness

From the analysis of material thickness sensitivity, it can be
seen that the changes in material thickness have a significant impact
on the deformation of stiffness. So for structural optimization, it is
necessary to consider reducing the impact of stress on the structure
after optimization.

4.2 Machine frame multi-objective optimization modeling and
solution

The objective of this research is to find the optimal distribution
solution with the minimum mass after meeting the strength and
stiffness requirements for the seed drill frame to function. The three-
point suspension of the seed drill was designed according to the
national standard parameters of GB/T 1593-2015 (Agricultural
Wheeled tractor—Rear-mounted three-point linkage—Categories 0,
IN, 1, 2N, 2, 3N, 3, 4N and 4)""". As the front beam of the frame is
connected to the suspension by welding, the parameters of the frame’
s main framework are subject to constraints from both welding
dimensions. As a result, the internal structure beam area of the
frame can be optimized, and 8 design variables have been defined
as: front beam thickness x;, rear beam thickness x,, left beam
thickness x;, right beam thickness x,, front beam height 4,, rear
beam height 4,, left beam height 43, and right beam height 4,, As
the frame is designed symmetrically, the combination of the design
parameters is X = (h;,hy, hs,hy, X1, Xs,. .. Xg), the initial value of the
rectangular steel tube wall thickness is x; = 6 mm, and the initial
value of the middle support beam height is ;= 60 mm. The weight
of the peanut seed drill frame is taken as the objective function.
Thus, the optimized design mathematical model of the peanut seed

drill frame structure is obtained:
minF, (X) = f (X1, X2, X3, x4)
minF (X) = f(x,, %, X3, X4, Xs5, X, X7, Xg)
2mm< x, <6mm, i=1,2,3,4,56,7,8 5)
S.t
40mm<h <60mm, i=1,2,3,4
O < [0]=195 MPa
where, F,,(X) is the optimization objective function relative to mass
for the design variable, kg; F;(X) is the optimization objective
function for the maximum deformation of the frame, mm; x; is the
thickness of the i design variable, mm; #; is the height of the i*

design variable, mm; o,,,, is the maximum stress sustained by the
frame, MPa; [o] is the allowable stress of the frame, MPa.

5 Multi-objective based on SOA

algorithm

optimization

In order to explore a more efficient and accurate optimization
method for one-ridge two-row peanut seeders’ frame structure, the
SOA optimization algorithm was selected to upgrade the seeder
frame, thereby providing ideas for the structural optimization of
peanut agricultural machinery.

5.1 Optimization method of SOA algorithm

The SOA algorithm simulates both the optimizing process of
searching and attacking by the population during migration and the
individual’s avoidance of collision during the movement of the
population in attempt to calculate new positions with additional
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variables:
C(n) = AP(1) (6)

where, C(z) is a non-conflict position in the space; p (y) is the
current coordinate; ¢ is the current iteration; A is the current space
population search movement behavior.

fe

A=fi—t—2
Ma-xi&eralion

(7
where, f. is the control factor and Max;,, 1S the maximum
number of iterations.

By introducing f,, the frequency of variable 4 is linearly
reduced to 0.

After resolving collisions between individuals in different
populations, move and search towards the optimal coordinate
direction in space.

M.(t) = B (P,.(t)- P.(1)) ®)

where, 77(¢) is the optimal coordinate direction; B balances the
search and development through random behavior.

B=2Ar, 9)

where, 7, is a random number in the range [0, 1].
The final individual calculates the relative position of the
optimal coordinates through updating the following Equation:

B,=|¢.+

(10)

where, p (1) is the distance between the search individual and the
optimal search target.

The population generates a spiral movement during prey attack,
and its behavior on the XYZ plane is as follows:

x = rcos(6)

y = rsin(6) (11)
z=r6

r=ue”

The algorithm adopts shape to control constant variables u and
v, and calculates the spiral radius 7; 6 is a random number within [0,
2m], and e is the base of the logarithm of natural numbers.

P.(r) = D(Hxyz + Poy(1) (12)

Save the output of the best solution B () and updates the new
positions of other individuals.

5.2 SOA algorithm optimization process

The SOA algorithm flowchart is shown in Figure 6.

(1) For the optimization goal, the initial parameters are input,
such as x;, &;, etc. The initial value of parameter iteration is set as
/=0 and the maximum number of iterations as z.

(2) Introduce the objective function and initialize the
population X, (b=1, 2, ..., n), calculate the population position,
individual position, and fitness based on Equations (6) and (7).

(3) The speed and position of each individual are calculated and
updated through iteration based on Equation (10). Due to the
influence of material processing technology and its standards, the
search should be close to integers within the optimization range.

(4) The fitness value of each individual is calculated through
the objective function. During the optimization of the algorithm, a
penalty function is introduced to classify individuals, where the
fitness of individuals that do not meet the constraint conditions is 0
and the constraint problem is converted into an unconstrained one.
The penalty function is as follows:

=
v

| Initializing parameter input |

Introduce the objective function to
calculate the population and
individual positions

Calculate individual search speed
and position and iterate

Y

Save and update the best position of an
individual and update the position of
other individuals in the iteration

+ No

Update the position of the best
individual

Satisfying the

| Output the global optimal solution |

Y

C

Figure 6 SOA algorithm flowchart

P() = (emax(0,g(x0) (13)
i=1

(5) The individual’s current fitness value is compared and
updated. First, it is compared with the best value in its own
database, and the superiority is judged and the best value is updated
in the database. Secondly, the individual’s current best value is
compared with the globally recorded one to judge its superiority.
And the best value after the comparison is recorded and updated.

(6) Save the optimal value, then determine if the optimization
termination condition has been met, if it does then output, otherwise
re-enter the operation.

In this iteration of the SOA, the population size is set to 100.
The maximum number of iterations MaxX;ion 1S 200, while the
dimension is 4, i.e. X;-Xj,. The upper boundary is set to /,=[6, 6, 60,
60], and the lower boundary is set to u,=[3, 3, 40, 40]. After
iteration, the population converges and the convergence of iteration
optimization is shown in Figure 7.

Fitness curve

Termination algebra=100

200 } —— Average fitness

0 10 20 30 40 50 60 70 80 90 100
Iterations
Figure 7 SOA algorithm iteration process
As shown in Figure 8, during the optimization process, the best

solution iteration process can determine the optimal solution
numerical value. By combining the corresponding best solution
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candidate points, it can be concluded that the optimal solution for
rod thickness is 3.1 mm when convergence is reached. The optimal
solution for rod height is 40.9 mm when convergence is attained. By

50 -P2
E 45t =5
(=]
[T
m? 4.0}
S35+
3.0 ¢

0 10 20 30 40 50 60 70
Number of points

a. Upper limit value of wall thickness

- P8
I - 40
g %
(=]
(=}
fam)
Q 45+
=1
o
40 1

0 10 20 30 40 50 60 70
Number of points

c. Lower limit value of height

processing the optimization results, the mass, volume, and modal
frequency of the optimized frame are normalized to verify the
optimization results.

60t -p2
g N -
g |
gl M\ i
L
| DN SONUSS SO
40 i i i i i i 1
0 10 20 30 40 50 60 70
Number of points
b. Lower limit value wall thickness
60 —p3
55l - 60

Cut-off point
W
S

0 10 20 30 40 50 60 70
Number of points

d. Upper limit value of height

Figure 8 Optimal solution iteration process

Both the normalized processing graph in Figure 9 and the frame
mass response surface graph in Figure 10 show that the fit of the
optimized objective value is relatively smooth, which implies a
good normalization. The trend of the response surface graph is
relatively smooth, indicating that the optimization of the peanut
planting machine frame is effective.

1.0 | = P9-Vol -
0.9 | =P10-mass .
0.8 1 =P11-frequency
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Observed form design points

Predicted form the response
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Figure 9 Normalization process after optimization

60

55

50

45 91 ,Q‘A‘\

40

Figure 10 Mass response surface plot after optimization

According to the optimal derounding and rounding size value
of Table 3, the seeder frame was re-parameterized, and the structure

diagram of the planter frame after optimization was obtained, as
shown in Figure 11. The middle support longitudinal beam was a
40 mmx60 mm rectangular steel pipe with a wall thickness of 6 mm
before the weight reduction, the wall thickness was changed from
6 mm to 3 mm after weight reduction and the external dimensions
remained unchanged.

Table 3 Dimension values before and after optimization

Part number Before optimization After optimization
1/6 6 mm 3 mm
2/9 6 mm 3 mm
3/7 6 mm 3 mm
4/8 6 mm 3 mm
3/7 60 mm 40 mm
4/8 60 mm 40 mm

a. Structure diagram of the front
frame for weight reduction
optimization

b. Frame structure diagram
after weight reduction
optimization
Figure 11 Comparison of peanut seeder frames before and

after optimization

According to the fourth strength theory, the equivalent stress is
used as the basis for determining the yield failure stress of the
material, and the maximum principal stress is used as an auxiliary
standard. The static  structural stress
distributions are shown in Figures 12 and 13. It can be seen that the
optimized equivalent stress and maximum principal stress are still
lower than the allowable stress value. As listed in Tables 4 and 5,
the weight of the optimized frame has been reduced from 52.0 to
35.1 kg, decreased by 32.5%. The modal vibration frequency has
been reduced from 67.206 to 53.56 Hz, which is still higher than

judgment optimized
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theengine input speed and does not cause resonance under the
requirement of ensuring the overall rigidity of the frame structure.

Type: Equivalent (von-Mises) stress
Unit: MPa
Time: 1
38.512 Max
34.233
29.954
25.675
21.396
17.117
12.837
8.5583
4.2792
4.2719¢—5 Min

Figure 12 Equivalent stress cloud map of peanut seeder frame
after optimization(Deformation is magnified by 400x)

Type: Maximum principal stress

Unit: MPa

Time: 1
53.235 Max
44.902
36.568
28.235
19.901
11.568
3.2342
—5.0093
—13.433
—21.766 Min

Figure 13 Maximum principal stress cloud map of peanut seeder
frame after optimization (Deformation is magnified by 400x)

Table 4 Parameter values of optimized seeder frame

Item Before optimization ~ After optimization
Total mass/kg 52 35.1
Maximum deformation/mm 0.261 0.528
Equivalent (von-Mises) stress/MPa 34.281 38.512
Maximum principal stress/MPa 30.586 53.235

Table 5 Intrinsic frequencies of optimized peanut
seeder frame
Order 1 2 3 4 5
Modal frequency/Hz ~ 53.56 56.94 90.45 108.49  113.51

Order 6 7 8 9 10
165.72 173.79 194.09 199.79  228.73

Modal frequency/Hz

6 Field tests

To verify the stability and reliability of the peanut seeder
frame, as well as the working performance of the entire machine
after lightweight, an electric driven precision peanut seeder was
installed on the optimized one row and two rows peanut seeder as a
platform for field seeding experiments. The experimental site is
located in the experimental field of Laixi City, Qingdao City,
Shandong Province, as shown in Figure 14. Furthermore, a research
group’s electrically driven precision peanut planter was installed on
the left side of the peanut planter while a common ground-driven
peanut planter on its right so that a more accurate comparative test
could be acquired. Components such as soil covering and film
covering of the peanut planter were removed in order to reduce the
influence of human factors.

By applying GB/T 6973-2005 (Testing methods of single seed
drills-precision drills)*® and NY/T 503-2002 (Operating quality of
single (precision) seeder for intertilled crops)®”? as evaluation
criteria, such experiments were conducted as on a peanut seeder to
assess the effect of seeding speed against row spacing stability; on
the effect and pattern of row spacing stability in seeding driving

mode; on determination of row spacing acceptance, miss-seeding
and double-seeding rates.

Figure 14 Field test

The test parameters are based on the Shandong region peanut
planting agronomic standards and NY/T 2404-2013 (Technical
regulations for high yield cultivation of peanut by single-seed and
precision sowing method)“”, such as the seeding depth is 2-3 cm,
the row spacing is generally 15-27 cm and the working speed
generally 2-5 km/h. The test row spacing is set at three levels of 16
cm, 21 cm, and 27 cm respectively, while the seeding speed is at
two levels of 2-3 km/h and 3-4 km/h.

6.1 Testing methods
6.1.1 Test on the influence of sowing speed on the stability of
plant spacing

To explore the impact made by sowing machine on stability of
row spacing at various sowing speed, different sowing row spacing
conditions are set, which repeated for 3 times at the working speed
of the sowing machine of 2-3 km/h and 3-4 km/h. A single test with
250 seeds is conducted to continuously measure the row spacing.
6.1.2 Effect of different driven seed meters on plant spacing
stability and field test

Experiments that are aimed at exploring the influence and
pattern of different types of seed metering devices with different
driving modes on the stability of plant spacing in peanut sowing
machines were conducted with ground-wheel-driven and stepper
motor-driven seed metering devices. The sowing row spacing was
setat 16 cm, 21 cm, and 27 cm, repeating three times with operating
speed of the seeder at 2-3 km/h and 3-4 km/h. The continuous
measurement of spacing between seeds was carried out for a total of
250 seeds in a single experiment.

6.1.3 Determination of the rate of row spacing compliance,
skipping rate, and double-seeding rate

Seeder performance was verified through field tests which were
conducted with the seeder traveling at normal working speed (<5
km/h) and row spacing set to 16 cm, 21 cm, and 27 cm, collecting a
total of 250 groups of experimental data. The actual seed spacing
average value], (m), seed spacing compliance index L, (%), skippage
rate M (%), and double seed rateR(%) were obtained as the results of


https://www.ijabe.org

May, 2023

YuY,etal. Lightweight design of peanut sowing machine frame based on finite element analysis

Vol. 16 No.3 127

field experiments. The calculation Equation is as follows:

. L
L=—
NZ
N
L,=—x100%
NZ
N (14)
X 100%

M =

N,
R= ﬁZXIOO%

where, N, is the total number of measurements, in this experiment
N, =250; L is the measured plant spacing, m; N; is the number of
plant spacings that are qualified (0.5L,<L<1.5L,); N,, is the total
number of missed seeds (L>0.5L,); N, is the number of re-seeded
seeds (L<0.5L,); L, is the set plant spacing, m.

6.1.4 Determination of the rate of seeding depth compliance

To verify the seeding depth effect of the seeder, the seeding
depth is set to be greater than or equal to 3 cm with an error
tolerance of £1 cm as the qualified seeding depth. When the seeding
depth is less than 3 c¢m, an error of £0.5 c¢cm is considered as the
qualified. The sowing depth of peanuts is set to 3 cm, and the
sowing depth error is set to =1 cm.

On the working plot, 5 small areas are selected according to
technical specifications and requirements. Each area has one
working width and a length of 2 m. The soil layer of the sowing row
is cut open and the thickness of the layer covering the seed is
measured. Five points are measured in each row for each area. The
sowing depth pass rate of each area its average value is calculated.
The equation is as follows:

H="100% (15)
h
where, H is the seeding depth pass rate in percent; 4, is the number
of seeding depth pass points; /, is the total number of points tested.
6.2 Test results and analysis
6.2.1 Testing and analysis of the seeding speed’s impact on row
spacing stability

As shown in Table 6, the test results indicate the effects of
seeding speed on the stability of plant spacing, showing that seed
spacing within +0.5 times of the set spacing is considered as
qualified seeding. As can be seen from the table, the seed spacing of
16 cm and 21 cm has better results and the plant spacing qualified
rate is around 97%, with little impact from the working speed.
However, when the plant spacing is 27 cm, the qualified rate is
inversely proportional to the working speed, but the qualified rate
still remains above 96%. Thus, it means that the seeder machine has
a high stability at different speeds.

Table 6 Results of the planting speed’s impact on row
spacing stability

Workingspeed/ Set Actual average spacing/cm Qualified spacing rate/%

km-h" spacing/cm | 2 3 1 2 3
16 16.30  16.06 16.50 98.83 98.32 98.99
2-3 21 2149 21.19 21.31 98.01 98.10 97.50

27 28.70  26.89 28.00 97.89 98.21 98.35
16 1580 1615 1590 9898 9830 98.61
3-4 21 21.60 2090 2132 98.61 98.89 98.34
27 28.81 2834 2891 9732 96.94 96.92

6.2.2 Effect of different seeding mechanisms with various driving
modes on plant spacing stability and testing results analysis
As shown in Table 7, when the seeding distances were 16cm

and 21 cm with the speed at 2-3 km/h, the seeding qualification rate
was above 96% even in different driving modes of the seeder.
However, with the increase of working speed and seeding distance,
the seeder’s qualified rate in wheel-driven mode decreased
significantly (from 98.60% to 85.34%). The motor-driven mode, by
contrast, was less affected by the forward working speed and
seeding distance. The optimized frame of the seeder has a small
effect on the stability of seeding distances when different driving
modes of seeder are put into operation, and the seeder’s reliability is
relatively high.

Table 7 Comparison test results of mechanical peanut seeder

Actual average Qualified spacing
Working Setspacing/ spacing/cm rate/%

speed/km-h™ cm Ground  Stepper Ground Stepper

wheel motor wheel motor

16 16.53 16.82 97.22 97.33

2-3 21 20.55 21.55 96.51 97.89

27 29.46 28.01 85.94 96.82

16 15.95 16.32 95.04 97.98

3-4 21 22.20 21.90 90.53 98.80

27 29.89 28.92 85.34 98.05

6.2.3 Experimental results and analysis of plant spacing accuracy,
seed missing rate, and seed over-planting rate of the seeder

As shown in Table 8, the average pass and missing rates are
98.06% and 1.30% respectively under the set row spacings and
working speeds. When the sowing machine operates at medium and
low speeds (2-3 km/h, 3-4 km/h), the impact on the pass rate of row
spacings is relatively small with pass rates around 98%. This
indicates that the optimized machine has a good sowing effect and
sound compatibility for seeding sowers.

Table 8 Performance table of the seeder field test

Working  Seed Actual . . Miss- . Coefficient
. . Qualification . Reseeding

speed/  spacing/ spacing/ rate/% seeding rate/% of

km-h" cm cm ? rate/% ®  variation/%
16 16.52 98.26 1.12 0.62 13.64

2-3 21 21.50 97.82 1.25 0.93 15.68
27 27.80 98.10 1.22 0.68 17.96
16 16.05 98.39 1.15 0.46 11.70

3-4 21 21.34 98.62 1.08 0.30 18.43
27 28.05 97.22 1.89 0.89 28.72

6.2.4 Testing results and analysis of the rate of seeding depth
compliance

As shown in Table 9, the sowing depth qualification rate is
measured according to the specification requirements, of which
JB/T 10293-2013 “Single Grain (Precision) Seeder Technical
Conditions” stipulates that the sowing depth qualification rate is not
less than 80%, and NY/T 3660-2020 “Peanut Seeder Operation
Quality” stipulates that the sowing depth pass rate is > 85.0%, so
the parameter value of the sowing depth pass rate is set to >85%. In
summary, it can be obtained that the test data show that the average
sowing depth qualification rate of the seeder after weight reduction
is 92%, the peanut seeder is relatively stable in reducing the sowing
depth, the working performance of the seeder is reliable and the
weight reduction has little effect on the sowing depth, and the
comprehensive operation effect of the soil covering and suppression
device is better to meet the agronomic requirements.

The field test results demonstrated that the machine frame can
perform precision sowing of peanuts well when it is equipped with
different driving mechanisms and operates at different sowing
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