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Abstract: In order to quickly dry the peanut pods and effectively reduce the mildew on peanut pods in
rainy weather, this paper analyzed the research status of peanut digging and inverting technology in
China and abroad, combined with the peanut two-stage harvesting mode. The orthogonal experiment
was carried out by using the peanut digger-inverter to study the different forms of upright type,
taking the rate of vines inverting, the rate of buried pods, and the rate of fallen pods as the evaluation
indexes, and taking the traveling speed of the tractor A, the line speed of the conveyor chain B, and
the line speed of the inverting roller C as the experimental factors. The results showed that, in the
states of unpressed vines and pressed vines, the order of influence of the peanut digger-inverter on
the evaluation indices was A > C > B. The optimal horizontal combination of unpressed vines was
A2C3B2, when the traveling speed of the tractor is 1.06 m/s, the line speed of the inverting roller
is 2.12 m/s, and the line speed of the conveyor chain is 1.02 m/s; the rate of vines inverting was
71.07%, the rate of buried pods was 0.2%, and the rate of fallen pods was 0.22%. Under the condition
of vines pressing, the best horizontal combination is A2C2B2, when the travelling speed of the tractor
is 1.01 m/s, the line speed of the inverting roller is 1.88 m/s, and the line speed of the conveyor chain
is 1.02 m/s; the rate of vines inverting was 74.29%, the rate of buried pods was 0.14%, and the rate
of fallen pods was 0.33%. The paired t-test was carried out by the peanut digger-inverter under the
state of pressed and unpressed vines. There was little difference in the influence of each factor on the
rate of fallen pods and the rate of buried pods, but there was a significant difference in the influence
on the rate of vines inverting. The rate of inversion of vines under the state of pressed vines was
higher than that under the state of unpressed vines. The research results will provide certain technical
support for the late optimization of the peanut digger-inverter and create a hardware foundation for
the intelligence and information harvesting of peanuts.

Keywords: agricultural machinery; peanuts; digger-inverter; orthogonal experiment; paired t-test;
unpressed vines; pressed vines

1. Introduction

Peanut (Arachis hypogea L.) is an annual leguminous herb in the rose order, also known
as “everlasting pod”, “mud-bean”, “crocus bean”, and so on [1]. Peanut is the fourth
largest oil crop in the world [2–4], and it is also one of the most vital oil crops and economic
crops that play a crucial role in ensuring domestic edible oil supply and diversifying
food consumption in China [5–7]. According to the statistics of the Food and Agriculture
Organization (FAO) of the United Nations and the National Bureau of Statistics of China,
in 2020, the planting area for peanuts in the world was 3.16 × 107 ha with a total yield
of 5.36 × 107 t, and the planting area for peanuts in China was 4.62 × 106 ha with a total
yield of 1.81 × 107 t. The area and total yield were ranked second and first in the world,
accounting for 14.63% and 33.64% of the global peanut area and yield, respectively [8,9].

Agriculture 2023, 13, 847. https://doi.org/10.3390/agriculture13040847 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture13040847
https://doi.org/10.3390/agriculture13040847
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0003-1946-0181
https://doi.org/10.3390/agriculture13040847
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture13040847?type=check_update&version=1


Agriculture 2023, 13, 847 2 of 18

The research and development of Chinese peanut production machinery began in
the 1960s. After half a century of effort, all the links in peanut mechanization production
have made great progress [10–13]. In 2016, the mechanization rates of the three main
links of peanut cultivation, sowing, and harvesting were 72.61%, 43.1%, and 33.91%,
respectively, and the comprehensive mechanization rate was 52.14% [14]. At present,
there are two main operating modes in China’s peanut harvesting machinery, which are
two-stage harvest and combine harvest [15]. When the two-stage harvester operates, the
digging harvester places peanut plant pods in the field facing up, which is conducive to
the rapid drying of pods, and it can effectively reduce the occurrence of peanut pod mold
in rainy weather [16,17]. Therefore, whether it is abroad or in China, there is a demand for
peanut digging harvesting techniques with vines inverting functions. At present, most of
the peanut-digging harvesting machines in countries such as the United States have the
function of inverting the vines [18]. In China, the two-stage rewarding areas are mainly
produced in Huanghuaihai Northeast and Northwest, while the peanuts of Huanghuaihai
Marine District are also harvested. It is often harvested in the same season, and the
technical demand for digging and harvesting with the function of the vines inverting is the
most urgent.

The peanut digger-inverter mainly has an inverting wheel and a curve-type inverting
rod mechanism, which can realize the peanut plant pod facing up and orderly inverting
laying. In the United States, there are five major agricultural machinery manufacturing
companies, including Armadas Industries (AMADAS), Suffolk, VA, USA; Kelley Manu-
facturing Company (KMC), Tifton, GA, USA; Colombo North America Inc. (COLOMBO),
Adel, GA, USA; Ferguson Manufacturing Company (FERGUSON), Suffolk, VA, USA;
and Pearman Corporation (PEARMAN), Tifton, GA, USA. They have produced peanut
harvesters with a peanut vine inverting function, and their vines inverting mechanisms
are similar in structure and have been widely used in the world, but it does not apply to
Chinese upright peanuts [19–23]. For example, in 2011, the relevant machine from KMC
Company in the United States was introduced into Xinjiang. The peanut varieties planted
in Xinjiang are upright and mulched, resulting in poor vine inversion, serious mulching
film entanglement, high pod fall and loss rates, and other problems [24]. In combination
with the common planting of upright peanut varieties in the main producing areas of China,
they generally have the characteristics of an upright and compact plant type, few branches,
and a higher main stem. Zhengzhou Xechuang Mechanical and Electrical Equipment
Co., Ltd., Zhengzhou, China, independently developed Hongtian 4HS-2 peanut harvester;
Heishan County Jianguo Agricultural Machinery Machinery Co., Ltd., Suzhou, China,
independently developed Jianguo brand 2H-1 peanut harvester; Shandong Jiarun Heavy
Industry Machinery Co., Ltd., Linyi, China, independently developed supply chain peanut
harvester, Ministry of Agriculture and Rural Affairs of Nanjing Institute of Agricultural
Mechanization independently developed elevator chain peanut harvester; peanut digging
and harvesting machines with neat laying functions have been widely used in Shandong,
the Northeast, and other major peanut producing areas [25–27]. These machines can only
achieve the orderly laying of peanuts and cannot prevent the vines from inverting. On the
basis of referring to the harvesting technology of the United States, China has also devel-
oped some similar peanut digging and harvesting machines with the function of inverting
vines. For example, Mechanical Equipment Research Institute of Xinjiang Academy of Agri-
cultural Reclamation Sciences [28], Zhengyang Chuangxin Machinery Co., Ltd., Zhuma-
dian, China [29], Henan Shifeng Machinery Manufacturing Co., Ltd., Luoyang, China [30],
Xinjiang Agricultural University [31], Shenyang Agricultural University [32], Henan Poly-
technic University [16], etc., these research results are only reflected in literature and have
not been applied in real production practice. Therefore, the optimization of the working
parameters of the peanut digger-inverter is helpful to promote the rapid industrialization
of the machine.

In view of the current research status of peanut digging and inverting technology
in China and abroad, in order to quickly dry the pods and effectively reduce the peanut
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pod sticking mildew in rainy weather, this paper, combined with the peanut two-stage
harvesting mode, used the peanut digger-inverter to conduct experimental research on
upright type peanuts under two conditions of unpressed vines and pressed vines, and
found the parameters of the peanut digger-inverter suitable for Chinese peanut varieties. It
will provide certain technical support for the later design of the peanut digger-inverter and
create the hardware foundation for peanut intelligence and information harvesting.

2. Materials and Methods
2.1. Agronomic Process Based on Peanut Two-Stage Harvesting Operation Mode

Two-stage harvesting is the operation process of using more than two machines to
complete the digging of peanuts, the separation of pod soil, laying and drying, picking
up pods, and other working conditions. There are mainly three operation modes: first,
after the peanuts are dug and laid by the digging and harvesting machine, they are arti-
ficially dried in the field, and finally they are collected and harvested together, namely
“Digging–Separation of soil from peanut pods–Laying–Field drying–Tiling–Pickup com-
bined harvesting.” Second, after the digging and laying of peanuts by the digging and
harvesting machine, the peanuts are picked up manually and taken to the drying field
and other places for centralized drying. Finally, the dried pods are picked by the pod
picking machine, namely: “Digging–Separation of soil from peanut pods–Laying–Manual
pickup–Dry in the sun or pile up-Pick the dried pod.” Three is the peanut after digging and
harvesting by machine in a digging shop, artificial pick-up after the use of machinery, or
artificial fresh pod picking, which is “Digging–Separation of soil from peanut pods–Laying–
Manual pickup–Pick pod from fresh plants” [33,34]. The agronomic process of a specific
peanut under the two-stage operation mode is shown in Figure 1.
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2.2. Design of Overall Structure and Principle
2.2.1. Overall Structure

Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Ru-
ral Affairs, and Henan Nongyouwang Agricultural Equipment Technology Co., Ltd.,
Zhumadian, China. have jointly developed a kind of peanut digger-inverter, which is
mainly composed of a depth limiting roller, V-shaped digging shovel, vines guide rod,
frame, loop conveyor chain, harrow teeth, inverting roller, inverting rod, transmission
assembly, folding plate, and rear wheel, etc., with its basic structure shown in Figure 2. The
peanut digger-inverter developed can complete the digging and harvesting, soil separation,
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vine transportation, vine inverting, and laying of peanuts in one go. During the operation
of the peanut digger-inverter, driven by the tractor, the digging shovel first breaks ridges
and digs, and the soil is separated through the loop conveyor chain, and finally the invert-
ing roller and inverting rod are spread in the field. The main structural parameters and
technical parameters of the machine are shown in Table 1.
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Figure 2. Peanut digger-inverter: 1. Depth limiting roller 2. V-shaped digging shovel 3. Vines guide
rod 4. Rear wheel 5. inverting roller 6. Collecting plate 7. Inverting rod 8. Harrow teeth 9. Back loop
conveyor chain 10. Frame 11. Transmission assembly.

Table 1. Structural parameters and technical parameters of peanut digger-inverter.

Parameters Design Value

Type Suspension-type
Machine dimensions: size

(Length × width × height)/(mm × mm × mm) 3500 × 2100 × 1550

Total weight/kg 1500
Most suitable row spacing/mm 800

Numbers of ridge Double ridge
Working width/mm 1800
Digging depth/mm ≤250

Travelling speed/(m/s) 0.7~1.3
Efficiency/(ha/h) 0.45~0.84

2.2.2. Working Principle

The working principle of the peanut digger-inverter is as follows: With the advance of
the machine, the peanut vine moves backward along the vine’s guide rod and is supported by
the toothed conveying rod. The peanut vines keep the top up and the root down on the vine’s
guide rod and conveying rod, and the peanut vines continue to be transported backward to
the vine inverting roller. Under the rotating action of the vine inverting roller, it is handed
over to the vine inverting rod. Under the combined action of inverting rod and inverting
plate, the left and right rows of peanuts within the width of a pair of digging and shoveling
operations support and cooperate with each other, reaching the state of rooting up.
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2.3. Experimental Instruments and Conditions
2.3.1. Experimental Instruments

During the experiment, the instruments needed mainly include: a tractor (Kubota,
M954-k), a peanut digger-inverter (as shown in Figure 3), an XJP-02A speed digital display
instrument (measuring range 1~9999 r/min, accuracy ±0.02%), a toolbox (including all tools
for disassembling parts of the peanut vine inverting and harvesting machine), a tape measure
(100 m), an ICS465 electronic platform scale (measuring range: 50 kg, accuracy: 0.02 kg), a
marker, label paper, a woven bag, a spade, a multifunctional electronic stopwatch, etc.

Agriculture 2023, 13, x FOR PEER REVIEW 5 of 18 
 

 

ported backward to the vine inverting roller. Under the rotating action of the vine invert-
ing roller, it is handed over to the vine inverting rod. Under the combined action of in-
verting rod and inverting plate, the left and right rows of peanuts within the width of a 
pair of digging and shoveling operations support and cooperate with each other, reaching 
the state of rooting up. 

2.3. Experimental Instruments and Conditions 
2.3.1. Experimental Instruments 

During the experiment, the instruments needed mainly include: a tractor (Kubota, 
M954-k), a peanut digger-inverter (as shown in Figure 3), an XJP-02A speed digital display 
instrument (measuring range 1~9999 r/min, accuracy ±0.02%), a toolbox (including all 
tools for disassembling parts of the peanut vine inverting and harvesting machine), a tape 
measure (100 m), an ICS465 electronic platform scale (measuring range: 50 kg, accuracy: 
0.02 kg), a marker, label paper, a woven bag, a spade, a multifunctional electronic stop-
watch, etc. 

 
Figure 3. Peanut digger-inverter experimental machine. 

2.3.2. Experimental Conditions 
From 31 July 2022 to 2 August 2022, the peanut digger-inverter experiment was con-

ducted in Baishi Village, Tangjiang Town, Nankang District, and Ganzhou City, Jiangxi 
Province. In the peanut production experimental base of the Ganzhou Academy of Agri-
cultural Sciences, Jiangxi Province, the experiment of the peanut digger-inverter was car-
ried out. The experimental land size reached 0.5 ha, the terrain was flat, the soil was sticky, 
and the peanut variety was “Osmanthus 73.” This kind of peanut is an upright type. The 
planting mode was single ridge and double row, and the ridge spacing was 90 cm. During 
the experiment, the peanut was fully mature, and the average plant height was 54 cm, 
which met the basic requirements for peanut harvest. 

2.4. Experimental Factors, Indicators, and Methods 
2.4.1. Experimental Factors 

In the field experiment, there are many factors affecting the peanut digger-inverter, 
among which the traveling speed of the tractor is the most important factor. The traveling 
speed of the tractor will not only affect the working efficiency of the whole machine but 
also affect the working effect of the peanuts because the tractor is the most uncontrollable 
factor in the whole experiment process, which is also the biggest change. At the same time, 
driving the tractor too fast will lead to poor peanut planting and vine inversion. According 
to a literature review and calculation, the traveling speed range of tractors is 0.7~1.3 m/s 

Figure 3. Peanut digger-inverter experimental machine.

2.3.2. Experimental Conditions

From 31 July 2022 to 2 August 2022, the peanut digger-inverter experiment was conducted
in Baishi Village, Tangjiang Town, Nankang District, and Ganzhou City, Jiangxi Province. In
the peanut production experimental base of the Ganzhou Academy of Agricultural Sciences,
Jiangxi Province, the experiment of the peanut digger-inverter was carried out. The experi-
mental land size reached 0.5 ha, the terrain was flat, the soil was sticky, and the peanut variety
was “Osmanthus 73”. This kind of peanut is an upright type. The planting mode was single
ridge and double row, and the ridge spacing was 90 cm. During the experiment, the peanut
was fully mature, and the average plant height was 54 cm, which met the basic requirements
for peanut harvest.

2.4. Experimental Factors, Indicators, and Methods
2.4.1. Experimental Factors

In the field experiment, there are many factors affecting the peanut digger-inverter,
among which the traveling speed of the tractor is the most important factor. The traveling
speed of the tractor will not only affect the working efficiency of the whole machine but
also affect the working effect of the peanuts because the tractor is the most uncontrollable
factor in the whole experiment process, which is also the biggest change. At the same
time, driving the tractor too fast will lead to poor peanut planting and vine inversion.
According to a literature review and calculation, the traveling speed range of tractors is
0.7~1.3 m/s [16,31,32]. The rotation speed of the loop conveyor chain is also a major factor;
too fast rotation will lead to peanut straw dispersion, and too slow rotation will lead to
peanut straw congestion, so take the line speed of the conveyor chain as an experimental
factor. The known rotation radius is 0.08 m, the maximum rotation speed is determined
to be 135 r/min, and the minimum rotation speed is 100 r/min. Through a literature
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review and calculation, it can be known that the line speed of the conveyor chain range
is 0.84~1.13 m/s [16,31,32]. In order to ensure the effect of peanut vines inverting, it is
required that the absolute velocity of peanut vines landing be zero, so the rotation speed
of the peanut inverting roll is a major experimental factor. Given that the radius of the
inverting roll is 0.3 m, the maximum rotation speed is determined to be 70 r/min, and the
minimum rotation speed is 50 r/min. Through literature review and calculation, it is known
that the line speed of the inverting roller range is 1.57~2.12 m/s [16,31,32]. Therefore, the
traveling speed of the tractor, the line speed of the conveyor chain, and the line speed of
the inverting roller are determined as the main factors affecting the operation index.

The experimental scheme used in this paper is an orthogonal experiment with three
factors and three levels. For the three test factors, the traveling speed of the tractor is A, the
line speed of the conveyor chain is B, and the line speed of the inverting roller is C. The exper-
imental research is carried out in the two states of pressed and unpressed vines. Experimental
factors and levels are shown in Table 2. Orthogonal table L9 (34) is established [35].

Table 2. Test factors and levels.

Factors
Levels

1 2 3

Traveling speed of the tractor A/(m/s) 0.7~0.9 0.9~1.1 1.1~1.3
Line speed of the conveyor chain B/(m/s) 0.84 1.02 1.13
Line speed of the inverting roller C/(m/s) 1.57 1.88 2.12

Note: The travelling speed of the tractor is not the same value every time measured, so the values of the three
levels are range values.

2.4.2. Experimental Indexes

According to DB34/T534-2022 Anhui Provincial Standard “Technical Specification for
Mechanized Peanut Harvesting” [36] and DG/T077-2019 agricultural machinery extension
identification outline “Peanut Harvesting” [37], the travelling speed of the tractor and the
rate of buried pods, the rate of fallen pods, and the rate of vines inverting of peanuts were
measured in the field experiment of the peanut digger-inverter machine.

(1) Measurement of traveling speed of tractor
The length of the measuring area is 30 m, the rated speed of the tractor engine can

be ensured (and the speed of the rear power output shaft can be ensured), the suitable
working gear is selected for full operation, a stroke is measured, and the time through the
measuring area is recorded. The operating speed is calculated according to Formula (1):

V = L/T (1)

where:

V—The traveling speed of the tractor, expressed in meters per second (m/s);
L—The length of the entire test area, expressed in meters (m);
T—Time to pass through the test area, expressed in seconds (s).

(2) Determination of the rate of buried pods, the rate of fallen pods, and the rate of
vines inverting in the peanut digger-inverter

In the measuring area, three equal distances were taken, each of which was 3 m long
and had one working width. All the pods falling on the ground and buried in the soil layer
(after the removal of naturally falling pods) were collected in each plot and called quality.
The rates of buried pods, fallen pods, and vines inverting were calculated according to
Formulas (2)–(4), and the average value of the three plots was taken as the evaluation index.

Pm = Mm/Mx ×100% (2)

Ps = Ms/Mx × 100% (3)
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Pf = l/L × 100% (4)

where:

Pm—The rate of buried pods, the weight of the pod buried in the soil layer in the plot
divided by the total weight of the pod in the whole plot (%);
Mm—The pod mass (excluding naturally fallen pods) buried in the soil layer in the plot,
expressed in grams (g);
Mx—The total pod weight of crops in the plot, expressed in grams (g);
Ps—The rate of fallen pods, the mass of pods dropped in the cell divided by the total mass
of pods in the whole cell (%);
Ms—Mass of pods dropped in the plot, expressed in grams (g);
Pf—The rate of vines inverting; the number of peanut vines with no pod in the community
divided by the total number of peanut vines in the community (%);
l—The number of peanut vines without pods on the ground after peanut harvest in the
community; unit is the number of vines;
L—Total number of peanut vines in the community; unit is the number of vines.

2.4.3. Experimental Methods

The self-developed peanut digger-inverter was driven by the tractor to carry out field
experiments according to the working width of the machine; each experiment is 2 ridges
and 4 rows. The theoretical traveling speed of the tractor was controlled by the gear
position, and the actual operating speed was calculated at the end of each measuring area.
The line speed of the conveyor chain and the line speed of the inverting roller are controlled
by the rotating speed of the conveying shaft, and the orthogonal experiment between
unpressed vines and pressed vines was carried out on the designed orthogonal experiment
scheme. The range, variance, and comprehensive analysis methods were used to analyze
the orthogonal experimental results, and the optimal working parameter combination was
obtained [35,38–40]. The paired t-test method was used to test the correlation between the
two states of pressed vines and unpressed vines, and the best working effect was obtained
under the state of pressed vines and unpressed vines [35,38]. The field experiment process
and effect are shown in Figure 4.
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Figure 4. Field experiment flow of peanut digger-inverter: (a) The process of field experiment of
peanut digger-inverter. (b) The effect of peanut digger-inverter after field operation. (c) Random 3 m
sampling of a stroke after peanut operation. (d) The sampled peanuts were picked manually. (e) The
buried pod, fallen pod, and total pod weight of peanuts shall be weighed after operation.

There are two states in the experimental object of the peanut digger-inverter, namely
unpressed vines and pressed vines. The unpressed vines refer to the upright peanut
growing naturally, while the pressed vines refer to the two ridges of peanut vines falling
to the middle of the ridges by artificial or mechanical means to reach the morphology of
a trailing peanut. Through the comparison of these two ways of experimenting, it can be
seen that the operation effect of the peanut digger-inverter harvester is better under the
condition of pressed vines than unpressed vines.

3. Results
3.1. Results of Unpressed Vines Experiment

According to the experimental method, the experimental results of the peanut digger-
inverter under the condition of unpressed vines are shown in Table 3, and the range analysis
and variance analysis are shown in Figure 5 and Table 4.

Table 3. Experimental design and results of unpressed vines.

Test Number
Travelling

Speed of the
Tractor A/(m/s)

Line Speed of
the Conveyor
Chain B/(m/s)

Line Speed of
the Inverting
Roller C/(m/s)

Rate of Vines
Inverting

Pf/(%)

Rate of Buried
Pods Pm/(%)

Rate of Fallen
Pods Ps/(%)

1 1 (0.89) 1 (0.84) 1 (1.57) 55.56 0 0.08
2 1 (0.86) 2 (1.02) 2 (1.88) 68.06 0.18 0.35
3 1 (0.84) 3 (1.13) 3 (2.12) 60 0.21 0.19
4 2 (1.04) 1 (0.84) 2 (1.88) 64.29 0.15 0.72
5 2 (1.01) 2 (1.02) 3 (2.12) 69.7 0.13 0.23
6 2 (1.05) 3 (1.13) 1 (1.57) 62.5 0.12 0.44
7 3 (1.25) 1 (0.84) 3 (2.12) 65.31 0.77 0.77
8 3 (1.29) 2 (1.02) 1 (1.57) 72.73 1.32 0.54
9 3 (1.13) 3 (1.13) 2 (1.88) 73.44 1.08 1.45
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Table 4. Experimental variance analysis of unpressed vines.

Indexes Variance
Source

Sum of
Squares

Free
Degree F-Value p-Value Significance

Pf

A 129.613 2 95.98 0.01 **
B 107.724 2 79.771 0.012 **
C 39.891 2 29.539 0.033 **

Error 1.35 2
T 278.579 8

Pm

A 1.711 2 25.141 0.038 *
B 0.088 2 1.294 0.436
C 0.022 2 0.326 0.754

Error 0.068 2
T 1.89 8

Ps

A 0.783 2 47.567 0.021 **
B 0.154 2 9.34 0.097 *
C 0.435 2 26.433 0.036 **

Error 0.016 2
T 1.389 8

(Pf) R square = 0.995, (Pm) R square = 0.964, (Ps) R square = 0.988. Note: The critical value of significant judgment
F0.01(2,2) = 99, F0.05(3,3) = 19, F0.1(2,2) = 9. * Indicates that the factors have some influence on the test index
(0.05 < p ≤ 0.1), ** indicates that the factors have a significant influence on the test index (0.01 < p ≤ 0.05).
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The variable R stands for range, and the range of a factor is the difference between the
maximum and minimum values of the mean values of each level of the factor, t1 represents
the average value of experimental results at the level of 1 for each experimental factor,
t2 represents the average value of experimental results at the level of 2 for each experimental
factor, and t3 represents the average value of experimental results at the level of 3 for each
experimental factor.

According to the range analysis in Figure 5a, the order of influence of all factors
on the rate of vines inverting is as follows: A > B > C. According to the comprehensive
comparability, the higher the average value of each factor group of the rate of vines
inverting, the better the level of factor. Moreover, according to the variance results in
Table 4, the impact of all factors on the rate of vines inverting is extremely significant, so
the maximum horizontal combination is A3B2C2. Similarly, according to the range analysis
in Figure 5b, the order of influence of all factors on the rate of buried pods is as follows:
A > B > C. From comprehensive comparability, it can be seen that the lower the average
value of each factor group in the rate of buried pods, the better the level of the factor.
Moreover, according to variance results in Table 4, it can be seen that the traveling speed of
the tractor has a significant impact on the rate of buried pods, while the line speed of the
conveyor chain and the line speed of the inverting roller have no significant impact on the
rate of buried pods. At the same time, A1 and A2 are the same, so the minimum horizontal
combination is chosen as A2B1C3 by mechanical performance. Similarly, from the range
analysis in Figure 5c, it can be seen that the order of influence of all factors on the rate of
fallen pods is as follows: A > C > B. From the comprehensive comparability, it can be seen
that the lower the average value of each factor group for the rate of fallen pods, the better
the level of that factor. Moreover, from the variance results in Table 4, it can be seen that
the influence of the traveling speed of the tractor and the line speed of the inverting roller
on the rate of fallen pods is extremely significant, and the line speed of the conveyor chain
has a significant effect on the rate of fallen pods, so the minimum horizontal combination
is A1C1B2.

According to the comprehensive balance method for multi-index data analysis of an
orthogonal experiment, the above analysis results are summarized, and the summary table
is shown in Table 5.

Table 5. Summary of results of unpressed vines.

Index Factor Importance Order
The Best Level and the Next Best Level

A B C

Pf A, B, C A3 or A2 B2 C2 or C3
Pm A A1 and A2
Ps A, C, B A1 or A2 B2 C1 or C3

As can be seen from Table 5, factor A is the most important at the level of A2, followed
by factor C at the level of C3, and then factor B at the level of B2. In conclusion, the
best horizontal combination can be A2C3B2, that is, the traveling speed of the tractor is
0.9~1.1 m/s, the line speed of the inverting roller is 2.12 m/s, and the line speed of the
conveying chain is 1.02 m/s. In order to further verify the operation effect, three repeated
experiments were carried out under the above optimal working parameters: the average
traveling speed of the tractor was 1.06 m/s, the rate of vines inverting was 71.07%, the rate
of buried pods was 0.2%, and the rate of fallen pods was 0.22%. The rate of buried pods and
the rate of fallen pods were far less than the identification standard of the peanut harvester.

3.2. Results of Pressed Vines Experiment

According to the experimental method, the experimental results of the peanut digger-
inverter under the condition of pressed vines are shown in Table 6, and the range analysis
and variance analysis are shown in Figure 6 and Table 7.
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Table 6. Experimental design and results of pressed vines.

Test Number
Travelling

Speed of the
Tractor A/(m/s)

Line Speed of
the Conveyor
Chain B/(m/s)

Line Speed of
the Inverting
Roller C/(m/s)

Rate of Vines
Inverting

Pf/(%)

Rate of Buried
Pods Pm/(%)

Rate of Fallen
Pods Ps/(%)

1 1 (0.74) 1 (0.84) 1 (1.57) 60 0.13 0.36
2 1 (0.71) 2 (1.02) 2 (1.88) 73.77 0.19 0.38
3 1 (0.82) 3 (1.13) 3 (2.12) 66.67 0.37 0.6
4 2 (0.96) 1 (0.84) 2 (1.88) 67.8 0.1 0.39
5 2 (1.01) 2 (1.02) 3 (2.12) 68.18 0.36 0.89
6 2 (1.09) 3 (1.13) 1 (1.57) 67.69 0.76 0.93
7 3 (1.26) 1 (0.84) 3 (2.12) 70.97 0.79 1.02
8 3 (1.29) 2 (1.02) 1 (1.57) 77.92 0.89 1.15
9 3 (1.15) 3 (1.13) 2 (1.88) 80.49 0.8 0.8
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Table 7. Experimental variance analysis of pressed vines.

Indexes Variance
Source

Sum of
Squares

Free
Degree F-Value p-Value Significance

Pm

A 167.662 2 53.935 0.018 **
B 80.997 2 26.056 0.037 **
C 59.376 2 19.1 0.05 **

Error 3.109 2
T 311.144 8

Ps

A 0.564 2 14.419 0.065 *
B 0.138 2 3.538 0.22
C 0.081 2 2.071 0.326

Error 0.039 2
T 0.822 8

Pf

A 0.443 2 32.556 0.03 **
B 0.083 2 6.07 0.141
C 0.183 2 13.421 0.069 *

Error 0.014 2
T 0.723 8

(Pf) R square = 0.99, (Pm) R square = 0.952, (Ps) R square = 0.981. Note: The critical value of significant judgment
F0.01(2,2) = 99, F0.05(3,3) = 19, F0.1(2,2) = 9. * indicates that the factors have some influence on the test index
(0.05 < p ≤ 0.1), ** indicates that the factors have a significant influence on the test index (0.01 < p ≤ 0.05).

The variable R stands for range, and the range of a factor is the difference between the
maximum and minimum values of the mean values of each level of the factor, t1 represents
the average value of experimental results at the level of 1 for each experimental factor,
t2 represents the average value of experimental results at the level of 2 for each experimental
factor, and t3 represents the average value of experimental results at the level of 3 for each
experimental factor.

According to the range analysis in Figure 6a, it can be seen that the order of influence
of all factors on the rate of vines inverting is as follows: A > B > C. From comprehensive
comparability, it can be seen that the higher the average value of each factor group, the
better the level of that factor. Moreover, according to the variance results in Table 7, it can
be seen that each factor has an extremely significant impact on the rate of vines inverting, so
the maximum horizontal combination is A3B2C2. Similarly, according to the range analysis
in Figure 6b, it can be seen that the order of influence of all factors on the rate of buried
pods is as follows: A > B > C. From the comprehensive comparability, it can be seen that
the lower the average value of each factor group for the rate of buried pods, the better the
factor level. Moreover, from the variance results in Table 7, it can be seen that the traveling
speed of the tractor has a significant impact on the rate of buried pods. The line speed of the
conveyor chain and the line speed of the inverting roller had no significant effect on the rate
of buried pods, so the minimum horizontal combination was chosen as A1B1C2. Similarly,
according to the range analysis in Figure 6c, it can be seen that the order of influence of
all factors on the rate of fallen pods is as follows: A > C > B. Based on comprehensive
comparability, it can be seen that the smaller the average value of each factor group, the
better the level of that factor. Moreover, according to variance results in Table 7, it can be
seen that the influence of the traveling speed of the tractor on the rate of fallen pods is
extremely significant, the influence of the line speed of the inverting roller on the rate of
fallen pods is significant, and the influence of the line speed of the conveyor chain on the
rate of fallen pods is insignificant, so the minimum horizontal combination is A1C2B1.

According to the comprehensive balance method of multi-index data analysis in an
orthogonal experiment, the above analysis results are summarized, and the summary table
is shown in Table 8.
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Table 8. Summary of results of pressed vines.

Index Factor Importance Order
The Best Level and the Next Best Level

A B C

Pf A, B, C A3 or A2 B2 C2
Pm A A1 or A2
Ps A, C A1 or A2 C2

As can be seen from Table 8, factor A is the most important at the level of A2, followed
by factor C at the level of C2, and then factor B at the level of B2. In summary, the
best horizontal combination can be A2C2B2, that is, the traveling speed of the tractor is
0.9~1.1 m/s, the line speed of the inverting roller is 1.88 m/s, and the line speed of the
conveyor chain is 1.02 m/s. In order to further verify the operation effect, three repeated
experiments were carried out under the above optimal working parameters: the average
traveling speed of the tractor was 1.01 m/s, the rate of vines inverting was 74.29%, the
rate of buried pods was 0.14%, and the rate of fallen pods was 0.33%. The rate of buried
pods and the rate of fallen pods were far less than the identification standard of the
peanut harvester.

3.3. Results of Pairing Analysis between Unpressed Vines and Pressed Vines

The paired t-test was conducted for the rate of vines inverting, the rate of buried pods
and the rate of fallen pods, of unpressed and pressed vines, and the significance level
was 0.05. The correlation of paired samples was shown in Table 9, the test results of paired
samples were shown in Table 10, and the box diagram of paired sample comparison was
shown in Figure 7.

Table 9. Correlation of paired samples.

Sample Group Correlation p-Value Significance

Traveling speed of tractor A 0.913 0.001 ***
Line speed of the conveyor chain B 0.787 0.012 **
Line speed of the inverting roller C 0.281 0.464

Note: The critical value of significant judgment t0.01(8) = 2.896, t0.05(8) = 1.86, t0.1(8) = 1.397. ** indicates that the
factors have a significant influence on the test index (0.01 < p ≤ 0.05), *** indicates that the factors have a very
significant influence on the test index (p ≤ 0.01).

Table 10. Paired sample test.

Sample Group T df p-Value Significance

Traveling speed of tractor A −5.479 8 0.001 ***
Line speed of the conveyor chain B −0.468 8 0.652
Line speed of the inverting roller C −1.326 8 0.222

Note: The critical value of significant judgment t0.01(8) = 2.896, t0.05(8) = 1.86, t0.1(8) = 1.397. *** indicates that the
factors have a very significant influence on the test index (p ≤ 0.01).

As can be seen from Table 9, the correlation between unpressed vines and pressed
vines to the rate of vines inverting was 0.913, which was significant (p = 0.001 < 0.01), the
correlation between unpressed vines and pressed vines was 0.787, and the correlation was
significant (p = 0.012 < 0.05), and the correlation between unpressed vines and pressed
vines was 0.281, and the correlation was insignificant (p = 0.464 > 0.05). As can be seen
from Table 10, at the significance level of 0.05, the paired t-test was conducted for the rate
of vines inverting on unpressed vines and pressed vines, and the T-value was −5.479, and
the significance p value was 0.001 < 0.01. It can be seen that unpressed vines and pressed
vines not only have a significant correlation but also a significant difference in the rate of
vines inverting. According to the comparison in Figure 7a, the mean and median values of
the rate of vines inverting on pressed vines are higher than those on unpressed vines. At
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the significance level of 0.05, the paired t-test was conducted for the rate of buried pods
of unpressed vines and pressed vines and the rate of fallen pods of unpressed vines and
pressed vines. The p values of the rates of buried pods of unpressed vines and pressed vines
and the rates of fallen pods of unpressed vines and pressed vines were all greater than 0.05.
Therefore, there was no significant difference between the rate of buried pods of unpressed
vines and pressed vines and the rate of fallen pods of unpressed vines and pressed vines.
According to the comparison in Figure 7b,c, there was little difference between the average
rate of buried pods and the average percentage of falling pods between the unpressed and
pressed vines.

As summarized, under the condition of pressed and unpressed vines, the influence of
various factors on the rate of fallen pods and the rate of buried pods is small, but there is a
difference in the rate at which vines invert. The rate of vines inverting peanut under the
state of pressed vines is higher than that under the state of unpressed vines.
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4. Discussion

In the process of peanut digger-inverter operation, under the state of unpressed vines
and pressed vines, the influencing sequence of each factor on each index is the same, that
is, the traveling speed of the tractor has the greatest influence on the rate of vines inverting,
the rate of buried pods, and the rate of fallen pods of the peanut digger-inverter. This
is because when the tractor’s travel speed is high, there will be many peanut vines and
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pods on the peanut digger-inverter machine. First, it will cause blockage and serious
vine accumulation, which is not conducive to the later vines flipping. Second, the peanut
digging shovel will not maintain the digging depth at the beginning of the operation, which
will break the peanut pod, resulting in buried pods and falling pods. Third, the pod’s
falling speed will also accelerate, which will cause the rigid acceleration of the peanut pod
landing at that moment, resulting in a peanut falling pod. When the speed of the tractor is
slow, the number of peanut vines will be small, and the peanut vines cannot stand on their
hands independently, resulting in a very low rate of peanut vines inverting [16,41,42]. The
line speed of the conveyor chain only has an effect on the rate of vines inverting; it has no
effect on the rate of buried pods or the rate of fallen pods. This is because the line speed of
the conveyor chain can only affect the number of peanut vines on the back of the inverting
roller and has no effect on the peanut pod. However, the speed of the tractor, the line speed
of the inverting roller is the most influential factor on the rate of vines inverting and the rate
of fallen peanut pods, and it has no influence on the rate of buried pods. This is because the
inverting roller is too large, which will lead to the peanut vines being thrown out, resulting
in their inability to stand on their hands and the pod falling off. The inverting roller is too
small, which will lead to the peanut vines not being able to turn over to the ground in time,
resulting in congestion and the peanut vines not being able to turn over [28,43].

Under different states of unpressed vines and pressed vines, there are significant
differences in the paired t-test of the rate of vines inverting for each factor of the peanut
digger-inverter. This is because the lodging peanut vines are dependent, while the indepen-
dent peanut vines have an extremely poor inverting effect, and the trailing and semi-trailing
peanut varieties have a better inverting effect. Therefore, peanut planting row spacing
should be matched with the harvester. The left and right rows of peanut vines support
each other [32,44].

The relevant experimental results showed that the peanut vine inverting effect was
better under the pressed vine state, and under the same conditions, the rate of vine inverting
was 4.3% higher than that of unpressed vines and 3.1% higher than that of the turnover
laying device of the peanut harvester. In addition, the peanut digger-inverter has a much
smaller rate of fallen pods than the turnover-laying device of the peanut harvester. The
data pairs for each experiment are shown in Table 11.

Table 11. Comparison of test results of performance indices.

Type of Peanut Harvesting
Structure

Sources
Performance Indexes

Rate of Vines Inverting/(%) Rate of Fallen Pods/(%)

The peanut digger-inverter This study (unpressed vines) 71.07 0.22
This study (pressed vines) 74.29 0.33

Turnover Laying Device Ref. [32] 72 2.1

5. Conclusions

In order to quickly dry peanut pods and effectively reduce the mildew of peanut pods
sticking to the ground in rainy weather, this paper analyzed the current research status
of peanut digging and inverting technology in China and abroad. Combined with the
two-stage harvesting mode of peanut, the orthogonal experiment was carried out with the
peanut digger-inverter on the upright peanut under two states of pressed and unpressed
vines. The results showed that:

(1) Through the analysis of range, variance, and the comprehensive balance method of
an orthogonal experiment, it can be seen that the influence sequence of each factor of the
peanut digger-inverter on the evaluation index under the condition of unpressed vines is
as follows: A > C > B, the best horizontal combination is A2C3B2, that is, the speed of the
tractor is 0.9~1.1 m/s, the line speed of the conveying chain is 1.02 m/s, and the line speed
of the inverting roller is 2.12 m/s. Under the horizontal combination, the experimental
results were as follows: the average travelling speed of the tractor was 1.06 m/s, the rate of
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vines inverting was 71.07%, the rate of buried pods was 0.2%, and the rate of fallen pods
was 0.22%.

(2) Through the analysis of range, variance, and the comprehensive balance method of
an orthogonal experiment, it can be seen that the influence sequence of each factor of the
peanut digger-inverter on the evaluation index under the condition of pressed vines is as
follows: A > C > B, the best horizontal combination is A2C2B2, that is, the traveling speed of
the tractor is 0.9~1.1 m/s, the speed of the conveying chain is 1.02 m/s, and the line speed
of the inverting roller is 1.88 m/s. Under this horizontal combination, the experimental
results were as follows: the average travelling speed of the tractor was 1.01 m/s, the rate of
vines inverting was 74.29%, the rate of buried pods was 0.14%, and the rate of fallen pods
was 0.33%.

(3) Through the paired t-test, it can be seen that under the state of pressed vines and
unpressed vines, there is little difference in the influence of various factors on the rate of
fallen pods and the rate of buried pods, but there is a difference in the influence on the rate
of vines inverting. The rate of peanut vines inverting under the state of pressed vines is
higher than that under the state of unpressed vines.

On the basis of the optimization of the working parameters of the peanut digger-
inverter, in the future, we will develop a set of the peanut digger-inverter suitable for
upright peanuts and carry out intelligence and information research on the existing basis.
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