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Abstract. The working environment and objects of agricultural machinery are different from those of automobiles, and agricultural machinery
is greatly affected by such working environment and working conditions, while its power output system is more complex. Agricultural machinery
not only has drive output, but also PTO output and hydraulic output, which together constitute the output system of agricultural machinery.
Agricultural machinery conditions can be divided into road transportation working conditions and field operation working conditions. The
working conditions of agricultural machinery can be divided into different load conditions according to the different traction tools and whether
the hydraulic and PTO work, such as ploughing, rotary tillage, fertilization and transportation. Therefore, developing hybrid electric agricultural
machinery systems that are suitable for various complex working conditions holds great theoretical significance and practical value. This should
be done bearing mind the complex working conditions of agricultural machinery systems in agricultural work and the intricate challenges in
designing hybrid agricultural machinery systems. In this paper, a two-dimensional matrix is used to represent the physical structure and dynamics
of the multi-channel power output agricultural mechanism. A hierarchical two-dimensional matrix method for the generation and screening of
hybrid electric agricultural machinery systems with multi-power output power is also proposed. The components of agricultural machinery are
divided into an input layer and an output layer, and these components are coded and defined, and then transformed into a matrix. The hierarchical
two-dimensional matrix method is used to generate and screen the hybrid electric agricultural mechanism type. Through the stratification of
the matrix, complexity of the configuration generation is reduced, and the constraints are applied to the basic screening of the configurations
generated. The rationality of the configurations obtained after generation and screening is verified by Simulink simulation. The results show that
the configuration screened by this method can meet the performance requirements of agricultural machinery.

Keywords: composite power; agricultural machinery; multi-power output; two-dimensional matrix.

1. INTRODUCTION
As an important field widely used by high technology, agricul-
ture has been changed by the progress of engineering knowledge
as early as the last century [1]. With the aging of China’s popula-
tion, more and more rural population migrate to cities and towns.
This leads to a decline in agricultural productivity [2]. Agricul-
ture has changed because of the technological innovation of agri-
cultural machinery. Its productivity has not only been greatly im-
proved but also the risk of operating agricultural machinery has
been reduced [3]. However, traditional tractors are not conducive
to resource utilization and environmental protection due to their
high fuel consumption and high emissions [4].The agricultural
tractor experiences complex working conditions, many working
modes and a large speed ratio range [5]. With the development
of modern agriculture, agricultural machinery is also moving
towards diversified and intelligent technologies. And currently
research on agricultural machinery is gradually moving towards
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new energy. It has been found that batteries, fuel cells (FC),
supercapacitors (SC) and solar energy can be used as power
sources for hybrid systems [6]. Electric drives for agricultural
machinery such as tractors can reduce fuel consumption, reduce
noise, and be more conducive to controlling torque and speed,
thereby improving work quality [7]. At present, hybrid power
systems can save fossil fuels and reduce pollution, to solve the
problems of environment and traffic [8]. Therefore, the com-
bination of a hybrid power system and traditional agricultural
machinery will solve the problems of energy loss and environ-
mental pollution. Based on AD and extenics, combined with
the advantages of electric tractors and traditional tractors, Li et
al. [9] proposed a new type of tractor power transmission system
structure that can enable the entire machine to adapt to various
complex working conditions. However, at present, only the al-
ready existing hybrid power system is applied to the agricultural
machinery system, which cannot fully solve the issue of com-
plex working conditions of the agricultural machinery system.
Compared with automobiles, agricultural machinery systems
meet more complex working conditions and have more input
and output components. Therefore, it is necessary to propose
a method for generating, screening and optimizing agricultural
machinery types based on hybrid power systems.
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At present, the hybrid power system can be divided into three
types: series configuration, parallel configuration and hybrid
configuration.

Jia et al. [10] established a HEAT tractor model with high dy-
namics and energy fidelity for tandem HEAV tractors. Francesco
et al. [11–13] designed and optimized the energy management of
the parallel hybrid tractor, and then compared it with the series
configuration. Finally, it is found that the parallel configuration
performs well in peak power performance, while the series con-
figuration has the highest fuel saving rate. Claudio et al. [14]
designed a fully hybrid power transmission system based on
electric stepless transmission (e-CVT). Its performance is sim-
ilar to that of traditional tractors, but it has the function of a
hybrid power system.

The motor size of the hybrid configuration is smaller than that
of the series configuration, and the engine size of the hybrid con-
figuration is smaller than that of the parallel configuration [15].
Among them, the planetary row is an important part of the
hybrid system. Planetary gear is usually used to distribute the
power of the engine to the wheels and generators, while also
achieving power deceleration or growth, such as in the Toyota
Prius hybrid system [16–18]. Through the planetary gear train,
the series-parallel hybrid system can achieve efficient energy
conversion and distribution in different operating modes, be-
cause the agricultural machinery system has multiple outputs,
and the structure is relatively more complex. Therefore, a design
method is needed now, and a variety of novel hybrid agricultural
machinery systems are designed by this method.

At present, there are three main screening methods for hybrid
power systems: leverage method [19], “D” matrix [20], and the
graph theory method [21].

The above three methods simplify the complex system into
a simple topology by analyzing the structure and characteris-
tics of the system and then generating the whole configuration.
They are of great significance for the later research and develop-
ment of hybrid power systems. However, the above methods are
proposed for hybrid electric vehicle configurations. For multi-
output configurations such as agricultural machinery, there is no
systematic configuration generation scheme.

Therefore, this paper aims to explore the configuration gen-
eration method of multi-channel power output based on a hy-
brid power system by the hierarchical multi-dimensional matrix
method.

2. LAYERED TWO-DIMENSIONAL MATRIX METHOD

2.1. Construction of layered two-dimensional matrix

The hybrid system is mainly composed of the engine (E), motor
(MG), gearbox (A), planetary gear and power output compo-
nents (V). The engine, motor and gearbox are defined as the
input layer components, while the drive output, PTO output and
hydraulic output are defined as the output layer components. As
the power input system, the engine (E), motor (MG) and other
components are connected with the power output components
(V) through the planetary row, to achieve the purpose of arbi-
trarily switching various modes. As shown in Figs. 1 and 2, the

Fig. 1. Representative topological configuration
of the single-planetary row

Fig. 2. Representative topological configuration of the dual row

multi-power output hybrid electric agricultural mechanism can
be simplified into a simple topological structure diagram. As
shown in Table 1, every single component is represented by an
individual part of the topology graph.

Table 1
Meaning of each part in topological graph

Symbol Representation of components

• Input components
• Output components
• Planetary row components
• Gear box

Brake
Clutch
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According to the coding of the components in Table 2, the
configuration in Fig. 1 can be equivalent to a matrix, that is:

1 2 4 0 9
0 2 5 0 8
0 0 6 3 7


the engine and motor are defined as input components, i.e. com-
ponents for adjusting torque and the speed ratio. Drive output,
PTO output and hydraulic output are defined as output compo-
nents.

Table 2
Coding of each component

Component Coding Component Coding Component Coding

Engine (E) 1 Ring gear
(R) 4 Drive (V1) 7

Motor
(MG) 2 Planetary

shelf (C) 5 PTO (V2) 8

Gear box
(A) 3 Sun gear

(S) 6 Hydraulic
pressure (V3) 9

According to the above simplified topological configuration
diagram and its corresponding matrix, the left side of the plan-
etary row is composed of input components, and the right side
of the planetary row is composed of output components. There-
fore, the matrix can be divided into two layers, namely, the input
layer matrix and the output layer matrix. Therefore, only the
input layer matrix and the output layer matrix need to be deter-
mined. The combination of the two is a large matrix, which is
a multi-power output hybrid electric configuration based on the
planetary row.

According to the coding of each component in Table 1 and the
above definition, the input layer is composed of two components,
which are engine and motor, and the corresponding elements
are 1 and 2, respectively. The input layer matrix is defined as a
3× 3 matrix, and element 0 is added to the input layer. The 0
element indicates that the node has no component connection.

The above three elements are combined, and then the com-
bined vectors are randomly arranged and combined. Ultimately,
the final input layer matrix can be obtained by evaluating and se-
lecting constraint condition I in Table 3. The specific generation
and screening process is shown in Fig. 3.

Table 3
Constraint condition I

1 Calculate the sum H of all elements in the matrix;
3 ≤ 𝐻 ≤ 13

2 Determine whether the matrix contains vector 1 and vector 2

3 Determine whether the same row in the matrix has the same
vector

The above diagram can be divided into four steps:
Step 1: Through the random combination of coding, a total of

125 matrices are generated;

1 The output layer must contain three outputs

2 None of the outputs in the output layer can be duplicated
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Fig.  3.  Single-planetary  row  input  layer  matrix  generation  screening

Step  2:  Summing  up  all  the  matrices  to  obtain  the  sum  of  the
  numbers  of  each  matrix  H.  According  to  the  range  of  𝐻
  in  Table  2,  the  matrix  that  does  not  meet  the  conditions  is
  initially  deleted;
Step  3:  The  vector  discrimination  of  the  residual  matrix  is  car-
  ried  out.  Because  the  configuration  must  contain  the  engine
  and  the  motor,  the  presence  or  absence  of  code  1  and  code  2
  is  used  as  the  basis  for  secondary  screening;  delete  the  ma-
  trix  that  does  not  contain  code  1  and  code  2.  Keep  the  matrix
  containing  code  1  and  code  2.
Step  4:  Again,  the  same  discrimination  is  performed  on  the
  vectors  in  the  residual  matrix.  Since  the  same  components  in
  the  configuration  cannot  be  connected,  it  is  judged  whether
  each  row  in  the  matrix  has  the  same  vector.  If  a  row  in  the
  matrix  has  the  same  vector,  it  is  determined  that  the  matrix
  does  not  meet  the  constraints.
  In  summary,  after  the  above  four  steps  of  screening,  a  total  of
21  input  layer  matrices  can  be  obtained.
  The  output  layer  is  composed  of  three  parts:  drive  output,  PTO
output  and  hydraulic  output.  The  above  three  output  forms  can
be  divided  into  three  independent  output  forms,  two  outputs  in
parallel  with  another  independent  output  form,  and  three  outputs
in  parallel.
  It  can  be  seen  from  Table  1  that  the  above  three  output  ele-
ments  are  7,  8  and  9,  respectively.  Therefore,  the  generation  and
screening  process  of  the  output  layer  is  similar  to  the  input  layer
process,  and  both  are  in  the  form  of  a  3  ×  3  matrix.  Similarly,  the
element  0  should  be  added  to  combine  the  four  elements.  The
combined  vectors  are  randomly  arranged  and  combined  three
times  in  a  row.  Finally,  the  output  layer  matrix  that  satisfies  the
conditions  can  be  obtained  by  applying  constraint  condition  II
in  Table  4.

After  screening,  a  total  of  27  eligible  matrices  are  obtained.
  Therefore,  the  combination  of  the  input  layer  matrix  and  the
output  layer  matrix  forms  a  multi-power  output  single-planetary

Table  4
Constraint  condition  II
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configuration because the engine cannot be directly connected
to the drive output. And when the engine and the motor are
connected to two different nodes of the planetary row and are
not connected to other input and output components, the engine
can be connected to the motor. In addition, we define that when
the gearbox in the topology is connected to the left side of the
planetary row, then the gearbox is connected in front of the plan-
etary row in the configuration. When the gearbox in the topology
diagram is connected to the right side of the planetary row, it
means that the gearbox is connected to the rear of the plane-
tary row in the configuration. Therefore, there are 6 connection
modes between a single gearbox and a planetary row, and 15
connection modes between two gearboxes and a planetary row.

In summary, after re-screening the above conditions, a total of
17,820 single-planetary row configurations were generated. The
representative configuration is shown in Fig. 4, and the number
of individual configurations is shown in Fig. 5.

Fig. 4. Single planetary row representative configurations generated

Fig. 5. Number of single-planetary row configurations

2.2. Generation of double planetary row configuration

A similar method can be used to screen the configuration of the
double planetary row. Since the dual planetary row is connected
by two single planetary rows, it can be combined into a four-
node planetary row and a five-node planetary row, as shown in
Fig. 6.

Fig. 6. Double planetary row structure

Therefore, the generation and screening of double planetary
row configurations can be divided into two parts: four-node
planetary row and five-node planetary row. Among them, the
four-node planetary row needs to be constructed as a 4×3 matrix.
Similarly, the four elements are arranged and combined, and
the four-node input layer is obtained through the screening of
constraints. The process of screening is shown in Fig. 7.

Fig. 7. Four-node double planetary row input layer matrix generation
screening process

The screening principle of the input layer matrix of the double
planetary row is the same as that of the single planetary row.
Therefore, the screening steps of the input layer matrix of the
double planetary row are basically the same as those of the
single planetary row.
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Because of the need to generate a 4×3 matrix, the five coding
combinations in the figure need to be randomly arranged and
combined four times. Therefore, a total of 625 matrices are
generated. By applying constraint I to all the above matrices, 56
input layer matrices can be obtained.

The generation and screening process of the four-node double
planetary row output layer matrix is basically the same as that
of the single planetary row output layer. And the screening
conditions are constraint condition II in Table 4. Therefore, by
repeating the generation and screening process of the output
layer of a single planetary row, 64 output layer matrices can be
obtained.

The configuration generation condition of the four-node dou-
ble planetary row is the same as that of the single planetary row,
and the double planetary row does not add the gearbox.

Therefore, there are 6,720 types of four-node two-planetary-
row multi-power output single-planetary-row configurations,
which are represented in Fig. 8.

Fig. 8. Four-node double planetary row representative configurations
generated

The process of the five-node planetary row is similar to that
of the four-planetary row method, so it is not further explained
herein. Repeating the above steps, a total of 28,520 types of five-
node double-planetary-row multi-power output hybrid electric
agricultural machinery systems can be obtained.

Therefore, there are a total of 35,240 types of double planetary
row multi-power output hybrid electric agricultural machinery
systems, and the number of configurations is shown in Fig. 9.

In summary, there are 17,820 single-planetary and 35,240
double-planetary configurations.

Brakes and clutches play an important role in the configura-
tion. Li et al. [22] designed a new power shift transmission. It can
achieve high transmission efficiency, reasonable gear allocation
and high fuel economy of agricultural machinery. Dual-mode
and multi-mode configurations usually require mode-switching
components to switch modes, so the number of configurations

Fig. 9. Number of double-planetary row configurations

can be increased by increasing or decreasing the number of
brakes and clutches and changing their positions. The main
function of the brake is to slow down the moving vehicle until it
stops. The brake converts the motion energy of the vehicle into
heat energy by generating friction, thereby achieving the effect
of deceleration or parking. The main function of the clutch is to
ensure the smooth start of the car and to achieve a smooth shift.
During the driving process of the car, the driver can press down
or loosen the clutch pedal as needed, so that the engine and
the gearbox are temporarily separated and gradually engaged
to cut off or transmit the power input from the engine to the
transmission. In short, the brake is responsible for deceleration
and parking, while the clutch is responsible for smooth starting
and shifting, and it protects the transmission system from over-
load damage. The collaborative work of these two components
enables the vehicle to drive safely and smoothly.

Therefore, the clutch and brake are also added to the generated
configuration by means of a matrix. As shown in Table 5, this
is a coded combination representation of the two components
of the configuration. The clutch and brake are represented by
C and B, respectively. The connection position of the brake is
such that one end is fixed on the frame and the other end is fixed
on the planetary row moving member to be braked. The clutch
can be fixed between the planetary row node and the node or
between the two components.

Table 5
Coding combination of two components[

1 0
] [

7 0
] [

7 8
][

2 0
] [

8 0
] [

7 9
][

1 2
] [

9 0
] [

8 9
]

Brake B and clutch C can be represented by vectors in Table 6.

Table 6
Coding combination of two components[

1 B 0
] [

1 C 0
] [

2 C 0
] [

7 C 8
][

1 2 B
] [

1 C 2
] [

8 C 0
] [

7 C 9
][

2 B 0
] [

1 2 C
] [

9 C 0
] [

8 C 9
]

By adding the layout of the above brake and the layout of
the clutch to the configuration generated, the single planetary
row multi-mode configuration and the double planetary row
multi-mode configuration can be obtained, as shown in Figs. 10
and 11.
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Fig. 10. Multi-mode configurations of single-planetary row

Fig. 11. Double planetary row multi-mode configurations

3. MODELING AND SIMULATION OF CONFIGURATION

Through the analysis of the planetary row, the relationship be-
tween the speed and torque of each node of the planetary row
can be obtained:

𝑇𝑆 : 𝑇𝑅 : 𝑇𝐶 = 1 : 𝑘 : −(1+ 𝑘), (1)

𝜔𝑆 + 𝑘𝜔𝑅 − (1+ 𝑘)𝜔𝑐 = 0. (2)

In the formula, 𝑇𝑆 , 𝑇𝑅 and 𝑇𝐶 are the torques of the sun gear,
ring gear and planet carrier, respectively. 𝜔𝑆 , 𝜔𝑅 and 𝜔𝐶 are
the rotational speed of the sun gear, ring gear and planet carrier,
respectively. 𝑘 is the characteristic parameter of the planetary

row, i.e. the ratio of the number of teeth of the ring gear to the
number of teeth of the sun gear.

Hybrid electric agricultural machinery experiences traction
mainly through the traction of agricultural machinery for field
operations or traction for transportation operations. Therefore,
the traction balance equation of agricultural machinery under
traction operation conditions is:

𝐹𝑇 = 𝐹𝑃 +𝐹 𝑓 . (3)

Among them, 𝐹𝑇 is the driving force, 𝐹𝑃 is the traction resis-
tance, and 𝐹 𝑓 is the driving resistance.

Traction force is an important part of the resistance of agricul-
tural machinery in the process of farming. It has a great influence
on the running state of the tractor [23]. When the agricultural
machinery is ploughing, the traction resistance formula is:

𝐹𝑃 = 𝑧× 𝑏× ℎ× 𝑘 𝑝 . (4)

Of which: 𝑧 is the number of ploughshares; 𝑏 is the width of
a single ploughshare; ℎ is the tillage depth; and 𝑘 𝑝 is the soil
specific resistance.

When the agricultural machinery undergoes the driving pro-
cess, the driving wheel resistance formula is:

𝐹 𝑓 = 𝑚𝑔 𝑓 cos𝜃 +𝑚𝑔 sin𝜃. (5)

In the formula, 𝐹 𝑓 is the vehicle traction force; 𝑚 is the quality
of the whole machine; 𝑔 is the acceleration of gravity; 𝑓 is the
rolling resistance coefficient; 𝜃 is the slope.

The rotation dynamic equation of the driving wheel is:

𝐽
𝑑𝜔𝑤

𝑑𝑦
= 𝑇𝐷 −𝐹𝑥𝑟 −𝑇 𝑓 . (6)

In the formula, 𝐽 is the rotational inertia of the driving wheel;
𝜔𝑤 is the rotation angular velocity of the driving wheel; 𝑇𝐷 is
the driving torque of the driving wheel; 𝐹𝑥 is the longitudinal
force of the wheel; 𝑟 is the radius of the driving wheel; 𝑇 𝑓 is the
rolling resistance moment.

The formula of agricultural machinery traction power is:

𝑃𝑇 =
𝐹𝑇 × 𝑣

3600
. (7)

Agricultural tractors are usually equipped with diesel engines,
so the steady-state model of the engine is established based on
the experimental data modeling method, and the formula can be
written as:

𝐵𝑒 = 𝑓 (𝜔𝑒,𝑇𝑒). (8)

where, 𝐵𝑒 is the fuel consumption rate; 𝜔𝑒 is the engine input
speed (rpm); and 𝑇𝑒 is the engine input torque (N·m).

The motor power can be obtained by the following formula:

𝑃𝑚 = 𝜔𝑚 ∗𝑇𝑚/𝜂𝑚 . (9)

The motor efficiency formula is:

𝜂 = 𝜂
(
𝜔𝑚,𝑇𝑚

)
. (10)
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When the motor is running, the demand current calculation
formula is:

𝐼 =
𝑇𝑚 ·𝜔𝑚

9549 ·𝑈𝑚 · 𝜂𝑚
. (11)

In the formula, 𝜔𝑚 is the motor speed; 𝑇𝑚 is the motor torque;
𝜂𝑚 is the motor efficiency; 𝑃𝑚 is the motor power; 𝐼 is the motor
demand current; and 𝑈𝑚 is the motor load voltage.

The battery model uses a simplified power-internal resistance
model. According to the battery model, the following formulas
can be established:

𝑈 = 𝐸 − 𝐼𝑅,

𝑆𝑂𝐶 =
𝐶 −

∫
𝐼 d𝑡

𝐶
.

(12)

In the formula, 𝑈 is the output voltage of the battery; 𝐼 is the
battery output current;𝐸 is the electromotive force of the battery;
𝑅 is the internal resistance of the battery; 𝐶 is the total capacity
of the battery.

Some important parameters of the simulation model are
shown in Table 7 below.

Table 7
Configuration parameters of main components of the model

Quality of the whole machine (kg) 5000

Windward area (m2) 10.05

Air resistance coefficient 0.8

Air density (kg/m3) 1.29

Wheel radius (m) 0.9559

Rolling resistance coefficient 0.05

Main reducer transmission ratio 6.1

Maximum engine speed (r/min) 3600

Maximum engine torque (Nm) 1200

Maximum motor speed (r/min) 7000

Maximum torque of motor (Nm) 230

Battery capacity(Ah) 55

4. RESULT AND DISCUSSION

In this paper, the hybrid electric agricultural mechanism type is
generated by using the layered two-dimensional matrix method.
According to the demand of agricultural machinery and the ac-
tual operation situation, any choice can be made. At the same
time, according to the working needs of agricultural machinery,
the number of clutches and brakes can be increased or reduced
to select the type of agricultural machinery that meets the needs.
As shown in Fig. 12, the appropriate working mode can be se-
lected according to the number of clutches and brakes and the
working state. Such as power split mode, single motor drive
mode, dual motor drive mode, engine single drive mode and
pure electric mode, etc. In addition, when the hybrid agricul-
tural machinery system adopts the double planetary row con-
figuration, the configurations available will be more abundant.

As shown in Fig. 13a, a dual planetary configuration is adopted.
The ring gear is fixedly locked. It can be ensured that one motor
is coupled through a planetary gear, and the other motor can be
connected in parallel. This prevents the clutch from switching
back and forth. And its transmission efficiency is a high, com-
pact structure. Four clutches and three brakes are used in the
configuration shown in Fig. 13b. It can achieve the purpose of
switching various working modes by controlling the working
state of the clutch and brake.

Fig. 12. Other multi-power output hybrid agricultural electric
mechanism types

(a) (b)

Fig. 13. Multi-mode configurations of double planetary row

To verify the feasibility of the configuration generated by this
method, a variety of configurations are simulated and tested, and
the feasibility of the method is verified by testing its dynamic
performance. Firstly, the configuration is accelerated for 600 s,
and the final speed that each configuration can achieve in 600 s
is the maximum speed. As shown in Fig. 14, the maximum speed
of the configuration is within 600 s.

According to the PowerMix test project formulated by the Ger-
man Agricultural Association through international standards
and regulations, the speed required for agricultural machinery
is 9km/h when the load is 100% under traction work, so it can
be used as a standard to evaluate the above configuration.

It can be seen from Fig. 14 that the speed of the red pen-
tagram in the figure can reach 9 km/h. A total of 18 configu-
rations meet the requirements. Some configurations can reach
14 km/h while keeping the throttle opening constant. However,
the blue quadrilateral markers in the picture do not reach the ex-
pected speed, and some of them have a maximum speed of only
8.9 km/h, while some configurations have a maximum speed of
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only 5.8 km/h. In summary, a total of 18 configurations meet the
dynamic requirements. Therefore, the simulation analysis of ac-
celeration time performance is conducted for the aforementioned
configurations that achieve the anticipated maximum speed in
order to evaluate the time taken to reach optimal speed. The
results are shown in Fig. 15.

Fig. 14. Maximum velocity of configuration

Fig. 15. Acceleration time of each configuration

From Fig. 15, it can be seen that the configurations of the red
pentagram markers in the figure all reach the expected speed
within 30 seconds. The fastest can reach it in 22.9 seconds. The
green circle in the figure represents the remaining 13 configura-
tions that do not reach the expected speed within 30 s, and the
slowest is 40.3 s. Therefore, further control strategy simulation
analysis is carried out for the above five configurations.

Therefore, this paper builds a control strategy for the above
five configurations and uses the tractor cycle condition to simu-
late them. The above five configurations are simulated and an-
alyzed respectively, and the resulting diagram shown in Fig. 16
can be obtained.

Through the simulation results of the above diagram, it can
be found that the above five configurations can meet the cycle
conditions of the vehicle, and the performance is satisfactory.
Through the simulation results, it can be found that the figure
shows the performance of the vehicle under each speed segment
during the acceleration of the vehicle from the stationary state
to maximum speed. By analyzing this diagram, we can find that
the performance of the vehicle shows different characteristics in

Fig. 16. Velocity following of five configurations

the three different speed ranges, i.e. low speed, medium speed
and high speed.

It can be seen from the figure that the vehicle has good ac-
celeration performance at low speed. Into the medium speed
range, the performance of the vehicle is more comprehensive.
In this speed range, the vehicle needs to take into account both
fuel economy and power performance. The power output of the
vehicle is still abundant. When the vehicle enters the high-speed
range, the vehicle needs to maintain a stable driving state while
providing sufficient power output. It can be seen from the fig-
ure that the performance of the vehicle at high speed is still
excellent. The engine can maintain efficient operation, and the
transmission can also select the optimal gear based on changes
in speed and load.

In summary, according to the proposed multi-dimensional hi-
erarchical matrix method, the filtered configuration can be gen-
erated to meet the driving needs of agricultural machinery. And
the configuration generated by the hierarchical two-dimensional
matrix method can be reasonably selected according to the dif-
ferent needs of agricultural machinery in the working process.

5. CONCLUSIONS

At present, the hybrid power system is becoming increasingly
well-known and accepted. The configuration of hybrid electric
vehicles is also being studied, and an increasing number of hy-
brid electric vehicles are being produced. However, there are few
studies on hybrid agricultural machinery systems as compared
to hybrid vehicles. The combination of a hybrid power system
and a traditional tractor will be a good solution to the problem
of fuel emissions caused by traditional tractors, so researching
hybrid tractors is highly necessary and feasible.

In this paper, a generation and screening method based on
multi-channel power output configuration is proposed by analyz-
ing the connection relationship between the engine, motor, gear-
box, output mechanism and planetary row. Through this method
and Matlab function operation, different types of single-planet
configurations and double-planet configurations are obtained.
The one-planetary configuration generated was simulated, and
the simulation results met the requirements. Some of the config-
urations can reach a maximum speed of 16km/h under traction
load, which meets the speed requirements of the tractor work-
ing conditions. The acceleration performance was good, and the
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expected speed can be reached in 22.9 seconds at the fastest. In
summary, the important research is as follows:
1. Through the method of layered two-dimensional matrix,

many configurations of a hybrid agricultural machinery sys-
tem based on multi-power output are preliminarily screened
out, and further screening will be carried out in the future.

2. The proposed design method can arbitrarily generate vari-
ous configurations of planetary rows and different input and
output components. Applying this method to multi-power
output configurations, many configurations with excellent
performance can be obtained.

3. The dynamic performance and acceleration performance of
the configuration generated were simulated and tested re-
spectively, and the configuration with better dynamic per-
formance was selected.
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