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Abstract

Panax notoginseng is a valuable medicinal rhizome crop widely cultivated in mountainous regions, where traditional manual harvesting 
remains labor-intensive and inefficient. To address the lack of integrated collection systems in existing harvesters, this study focuses on the design, 
analysis, and experimental evaluation of a collecting device for a self-propelled Panax notoginseng combine harvester. The device, consisting of a 
collection box, support frame, and hydraulic system, was designed based on agronomic requirements and operational conditions. Finite element 
analysis using ANSYS Workbench was conducted to evaluate structural strength, deformation, and reliability under working loads, confirming 
that the device meets design requirements. Experimental investigations were carried out to analyze the effects of lifting speed, lifting angle, and 
spacing between lifting and collecting devices on collection performance. Results showed that the collection rate decreases with increasing lifting 
speed and angle, while optimal performance is achieved at a spacing of approximately 250 mm. Field tests demonstrated stable operation, high 
collection efficiency, and minimal rhizome loss, indicating that the proposed device provides an effective solution for mechanized harvesting.
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Introduction

Panax notoginseng is a rhizome crop, mainly growing in 
Yunnan, China, and is a valuable traditional Chinese medicine [1,2]. 
Flowers, leaves, stems, and rhizomes can all be used as medicine. 
Modern medical research has found that Panax Notoginseng ‎is 
rich in saponins, flavonoids, and various amino acids [3]. Used 
for trauma, it can shorten the coagulation time to stop bleeding, 
increase coronary blood flow in the heart, and increase the blood 
oxygen supply of myocardial cells against myocardial ischemia. 
Postoperative pain, inflammation, and anti-aging effects; unique 
saponin components have a strong inhibitory effect on cancer cells 
[4,5]. Currently, the main harvesting method for Panax notoginseng 
remains manual collection, which is labor-intensive and low-
efficiency [6]. Mechanized harvesting and collecting of Panax  

 
notoginseng can reduce labor intensity for farmers and improve 
harvesting efficiency. Current research models are predominantly 
traction or small self-propelled types, with a notable absence 
of large, intelligent combine harvesters. Studies have primarily 
focused on the excavation shovel, conveyor, and soil separation 
mechanisms. These existing machines lack integrated post-
processing functions such as collection, cleaning, and unloading, 
an area that remains significantly under-researched [7, 8].

Jianguo Zhou [9] designed a potato collection device that 
can collect potatoes and manually unload them when the box is 
complete. Li Guojie [10] et al. designed a potato collection device 
consisting of a potato collection box, a self-unloading hydraulic 
cylinder, and a supporting rotating shaft to improve the cassava 
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combine harvester. The device has a capacity of 3 m2. When 
developing a self-propelled Panax notoginseng combine harvester 
lifting device, we can draw on these mature experiences, consider 
the characteristics of Panax notoginseng and the harvesting 
requirements, and make targeted improvements and innovations 
to design a more efficient, reliable, and suitable collection device 
for Panax notoginseng harvesters. The ANSYS program analyzes 
the machine parts and measures the stress, deformation, and 
strain forces exerted on them. From the analysis results, the best 
manufacturer of machine parts that guarantees their tolerance to 
operating conditions is deduced. ANSYS software program was 
used for virtual assembly associative design and finite element 
analysis for digging a spade of Panax Notoginseng ‎harvester 
single row. It’s mainly used for lifting and transporting ground 
substances, including soil, Panax Notoginseng ‎rhizomes, roots, 
grass, and the separating device during harvesting operations 
[11-14]. 

Panax notoginseng is widely cultivated in mountainous 
regions, where manual harvesting and collection remain labor-
intensive and inefficient. Due to the lack of integrated collection 
systems in existing harvesters, this study focuses on the design, 
analysis, and performance evaluation of an advanced collecting 
device tailored for Panax notoginseng combine harvesters. The 
device is developed to efficiently handle soil, rhizomes, and 
plant residues during harvesting operations. Finite element 
analysis using ANSYS Workbench is employed to evaluate stress, 
deformation, and structural reliability under working conditions. 
Experimental validation will be conducted to determine optimal 
operational parameters that enhance collection efficiency, ensure 
smooth material flow, and minimize rhizome damage.

Materials and Methods

Design and theoretical analysis of the collecting device

In the mechanized harvesting of rhizome and tuber crops, 
the design of the collecting device plays a key role in improving 
harvesting efficiency and quality. The design of the collecting 
device accounts for various harvester collection methods, the 
actual farmland conditions in hilly and mountainous areas, and 
the basic physical parameters of Panax notoginseng rhizome. 
Therefore, the collecting device of the self-propelled Panax 
notoginseng combine harvester was designed for loading and 
unloading processes. The structure of the collecting device is 
shown in (Figure 1) and mainly comprises a collecting box, a 
support frame, and a hydraulic cylinder. When the collection box is 
in a normal working state, its bottom is flat on the support frame. 
The lifting device lifts the Panax notoginseng rhizome and falls 
into the collection box. When the collection box is complete, the 
piston rod of the hydraulic cylinder extends, and the collection box 
rotates and tilts around the hinge point to realize the unloading of 
the rhizome.

Technical parameters of the collecting device

Based on the agronomic requirements of Panax notoginseng 
in different places of Yunnan Province and the physical 
characteristics of Panax notoginseng during the harvest period, 
the main technical parameters of the collecting device of the self-
propelled Panax notoginseng combine harvester are determined 
based on the design and calculation of the whole device parts, as 
shown in (Table 1).

Table 1: Main technical parameters of the collection device.

Parameter Numerical value

Device diameters (length × wide × 
Height) 2100×1130×700 mm

Device weight 151 kg

Box capacity ≥1.24 m2

Aggregate quantity ≤ 250

Structural design of the collecting box

The shape and capacity of the collection box mainly depend 
on the ridge width during mechanical harvesting of Panax 
notoginseng, the method of conveying and collecting rhizomes, 
the length of the plot of land for mechanical operation, and the 
supporting power. Combined with the actual work needs, the size 
of the collection box is determined as shown in (Figure 2). When 
the box is complete, the hydraulic cylinders on both sides of the 
box body are extended to realize the rotation of the collection 
box around the hinge point between it and the support frame, to 
realize the dumping of the collection box, and complete the loading 
and unloading of Panax notoginseng rhizome. When designing the 
collection box, it is necessary to ensure that the box has a large 
capacity, high strength, complete loading and unloading, and the 
working process is as labor-saving as possible. Combined with the 
overall design of the Panax notoginseng combine harvester and the 
actual harvesting needs, the collection box adopts a trapezoidal 
structure. During unloading, as the collection box tilts, the Panax 
notoginseng rhizome can slide smoothly along the inclined edge to 
ensure complete dumping.

Theoretical analysis of the collection device
The mass of the box is 62 kg, the height of the upper part is 2100 

mm, the length of the lower bottom is 1500 mm, and the height 
is 700 mm. The ideal volume of the collection box is calculated 
to be 1.4238 m3. From the Li Manman experiment [15] it can be 
seen that the actual collection of Panax notoginseng rhizomes was 
409.04 kg, and the yield of Panax notoginseng per mu was 800 kg. 
Therefore, the designed collection box can collect about 0.5 mu of 
Panax notoginseng. When the collection box is filled with Panax 
notoginseng rhizomes, the total weight of the collection box and 
Panax notoginseng rhizomes is about 450 kg. The box and Panax 
notoginseng rhizome are regarded as a whole, as shown in (Figure 
3). The maximum thrust of a single hydraulic cylinder at 16 MPa 
is 80,000 N, and the maximum pulling force is 50,000 N. That is, 
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the maximum thrust that two hydraulic cylinders can provide at a 
working pressure of 2 MPa is 20,000 N, and the maximum pulling 
force that they can provide is 12,500 N. The effect of a force on 
a rigid body changes the body’s motion, including its movement 
and rotation. The force vector can measure the movement effect of 
force on the rigid body, while the rotation effect of force on the rigid 
body can be measured by the moment of force on a point (referred 
to as torque). That is, torque is a physical quantity that measures 
the rotational effect of a force on a rigid body [16]. As shown in 
(Figure 4), the hinge point O is the moment center, and the vertical 
distances x0 and y0 from point O to the line of action of force F 
are the force arms. According to the principle of moment balance, 
the force analysis of the two working states of the collection box, 
namely, the collection and unloading, is carried out:

 0 0 1 0G F yχ =  (1)

where:

G0: Total weight of the box and the rhizome, take 3200 N;

x0: The force arm of G0 to point O, mm;

F1: The maximum thrust required, N;

y0: The force arm of F1 to point O, mm.

It can be calculated that F1=2521 N<20000 N, so the 
requirements are met.

0 0 02G F yχ =  (2)

where:

F2: The maximum pulling force required, N.

It can be calculated that F2 = 6592 N<12500 N, so it meets the 
requirements.

Finite element analysis of the collecting device
The solution process of finite element analysis typically 

includes the preprocessing, load-solving, and post-processing 
modules [17]. Finite element analysis is often used to improve 
reliability in studying the stress and strain of the research object 
[18]. When designing the collecting box, it is necessary to ensure 
that the components will not deform under the weight of the Panax 
notoginseng rhizome during collection, loading, and unloading. 
During unloading, the rotating support point is subjected to a 
significant force and is therefore more likely to deform; therefore, a 
static analysis of the collecting box’s unloading state is performed. 
(Figure 4) displays the three-dimensional model of the collecting 
box rotating support point. Two square tubes are welded on the 
side of the box. When the hydraulic cylinder is working, the force 
acts on the tube through a 500×370×8 mm thin sheet rather 
than directly on the box surface. The strength and deformation 
of the thin sheet directly affect the collection and loading effect. 
sThe assembly file of the collection and loading device created in 
SolidWorks 2022 was saved in “Parasolid” format and imported 
into ANSYS Workbench 2022R1. The finite element analysis 
software was used to perform static analysis on the thin sheet. The 

analysis process is as follows:

Define the material
 The material is defined as Q235 carbon structural steel, with 

Young’s modulus set to 206000 MPa, density to 7850 kg.m-3, yield 
strength to 235 MPa, and Poisson’s ratio to 0.3.

Mesh division
The accuracy of mesh division is directly related to the 

accuracy of the simulation results. Meshes are generally divided 
into two types: tetrahedral and hexahedral. A tetrahedral mesh is 
easy to calculate and has high accuracy [19]. Therefore, this study 
uses tetrahedral meshes; the mesh is generated using Mesh; the 
mesh transition is smooth; and the cell mesh size is set to 10 mm, 
as shown in (Figure 5). Since the finite element analysis is mainly 
performed on thin sheets, to increase the simulation accuracy, 
the chosen component was separated into meshes based on each 
element surfaces surface force. Consequently, there should be a 
considerable increase in the number of cells and nodes; there are 
180494 nodes and 120345 cells. These numbers can significantly 
improve the simulation’s efficacy.

Simulation results
The total deformation diagram, equivalent stress, and 

equivalent strain of the collecting device obtained by ANSYS 
Workbench static analysis are shown in (Figure 6). The maximum 
deformation of the collecting box occurs at its rear end, with a 
deformation of 1.8219 mm. The maximum equivalent stress and 
equivalent strain are at the bracket where the rotation point is 
located, with values of 4.258 and 24.484 MPa, respectively, which 
are much lower than the material’s yield strength of 235 MPa. 
Therefore, the collecting box designed in this paper meets the 
strength and stiffness requirements and will not break or deform 
during the loading and unloading of Panax notoginseng stems.

Field validation experiment 
The collecting device is located at the rear end of the Panax 

notoginseng harvester. When the collecting box is full of Panax 
notoginseng stems, the hydraulic cylinder of the lifting platform 
extends, causing the collecting box to rise vertically (Figure 7). 
When the collecting box reaches the predetermined height, the 
hydraulic cylinder of the collecting box is controlled to flip the 
collecting box over (Figure 8), thereby completely emptying the 
Panax notoginseng stems. When the Panax notoginseng stems 
are completely unloaded, the hydraulic cylinder of the collecting 
box retracts, restoring the collecting box to the collecting state. 
Subsequently, the hydraulic cylinder of the lifting platform 
retracts due to its own weight, and the collecting device returns 
to its initial state. In actual harvesting operations, the collection 
device performed well. Its components were rationally arranged, 
ensuring smooth collection of Panax notoginseng rhizomes. The 
tight fit at the junction with the previous stage effectively reduced 
rhizome loss during the transfer process, resulting in a high 
collection rate. The actual operation is shown in (Figure 9).
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Figure 1: The collection device.

Figure 2: Three-dimensional view of the collection box.

Figure 3: Centroid diagram.

Figure 4: Force analysis of two working states of the collection box.
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Figure 5: Sheet mesh division detail diagram.

Figure 6: Static analysis diagram of the collection box.

Figure 7: Collecting box in the collecting state.        
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Figure 8: Collecting box in the unloaded state.

Figure 9: Collection device field experiment operation.

Figure 10: Effect of the lifting speeds on the collection rate.
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Figure 11: Effect of the lifting angles on the collection rate.

Figure 12: Effect of the spacing between the lifting and collecting devices on the collection rate.

Experimental Plan and Evaluation Metrics

Determination of Experimental Metrics

With reference to relevant standards such as the “Technical 
Specifications for Quality Evaluation of Harvested Rhizomatous 
Medicinal Materials” and in conjunction with the operational 
requirements of actual fieldwork, the collecting device is required 
to demonstrate superior collecting and unloading performance. 
To determine the optimal operating parameters for the collecting 
device, the evaluation metrics are defined as the collecting rate; 
the calculation equation is as follows:

21 100%
1

NY
N

= ×  (3)

Where:

Y1: Collection rate, %;

N1: Number of rhizomes lifted from the lifting device;

N2: Number of rhizomes collected in the collecting device;

Experiment factors 

Numerous factors influence the collecting performance of 
the self-propelled Panax notoginseng combine harvester; the 
primary factors include lifting speed, lifting angle, and the spacing 
between the lifting and the collecting devices. Based on theoretical 
calculations and the team’s prior research [20], experiments were 
conducted using the following parameter ranges: a lifting speed of 
0.2–0.6 m·s-1, a lifting angle of 60–80°, and a two-device spacing 
of 150–350 mm. Through these experiments, the degree to which 
each factor affects operational performance was systematically 
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analyzed, and the appropriate parameter ranges for the key factors 
were determined, thereby providing a crucial reference basis for 
the experiment results. During the experimental process, 100 
Panax notoginseng rhizomes were randomly selected and fed into 
the front end of the lifting device to simulate the actual working 
conditions of the rhizome lifting, collecting, and unloading 
process. The number of rhizomes successfully conveyed and 
collected was recorded for each trial; each experimental group 
was repeated three times, and the average value of these three 
trials was adopted as the final data.

Results

Single-Factor Experiment on Lifting Speed

During the single-factor experiment on lifting speed, the lifting 
angle was set to 70° and the spacing between lifting and collecting 
devices to 250 mm. The objective was to investigate the degree of 
impact of various lifting speeds, specifically 0.2 m·s-1, 0.3 m·s-1, 0.4 
m· s-1, 0.5 m· s-1, and 0.6 m· s-1, on each of the evaluation indicators. 
The observed trends are illustrated in (Figure 10). As illustrated 
in (Figure 10), the collection rate gradually decreases as the lifting 
speed increases; this is because, with higher lifting speeds, the 
horizontal distance traveled by the Panax notoginseng rhizome 
as they are ejected from the end of the lifting mechanism also 
increases, resulting in some roots falling outside the collection 
bin. However, when the lifting speed varies within the range of 0.2 
to 0.4 m· s-1, the variation in the collection rate remains relatively 
minor.

Single-Factor Experiment on Lifting Angle

During the single-factor experiment on the lifting angle, 
the lifting speed is 0.4 m/s, and the spacing between the lifting 
and collecting devices is 250 mm. The experiment investigated 
the degree of impact on various performance indicators at 
lifting angles of 60°, 65°, 70°, 75°, and 80°. The observed trends 
are illustrated in (Figure 11). As illustrated in (Figure 11), the 
collection rate exhibits a downward trend as the lifting angle 
progressively increases. This is because, as the angle of the lifting 
device increases, the horizontal displacement of the rhizomes 
during their parabolic trajectory from the end of the lifting device 
correspondingly decreases. Furthermore, as the lifting angle is 
gradually increased, the projection distance of the rhizomes as 
they undergo parabolic motion at the end of the lifting device 
increases accordingly; this may cause some of the rhizomes to 
overshoot the collection box after being projected, leading to a 
subsequent decline in the collection rate.

Single-Factor Experiment on Spacing Between the 
Lifting and Collecting Devices

During the single-factor experiment on spacing between the 
lifting and collecting devices, the lifting angle to 70°, and the 
lifting speed was set to 0.4 m/s. The objective was to investigate 
the degree of impact on various performance indicators at spacing 
between the lifting and collecting devices’ levels of 150 mm, 

200 mm, 250 mm, 300 mm, and 350 mm. The observed trends 
are illustrated in (Figure 12). As illustrated in (Figure 12), the 
collection rate initially increases and then decreases with the 
increase in spacing between the lifting and collecting devices. 
This is because appropriate spacing allows the Panax notoginseng 
rhizomes to follow a suitable trajectory into the collection box, 
while excessive spacing causes some rhizomes to miss the 
collection box. When the spacing is around 250 mm, the collection 
rate reaches its maximum, indicating optimal performance.

Conclusion

In this study, a collecting device for a self-propelled Panax 
notoginseng combine harvester was designed, analyzed, and 
experimentally validated to improve harvesting efficiency and 
reduce labor intensity. Based on the agronomic characteristics of 
Panax notoginseng and the operational requirements in hilly and 
mountainous regions, a collecting system consisting of a collection 
box, support frame, and hydraulic cylinder was developed. The 
trapezoidal structure of the collection box ensured smooth loading 
and unloading of rhizomes while maintaining sufficient capacity 
and structural strength. Theoretical analysis demonstrated that 
the hydraulic system provided adequate thrust and pulling force 
to ensure stable operation during both collection and unloading 
processes. Finite element analysis using ANSYS Workbench 
showed that the maximum deformation, stress, and strain 
values were significantly lower than the material yield strength, 
confirming that the designed collecting device meets strength 
and stiffness requirements and can operate safely under working 
conditions. Experimental results indicated that key operational 
parameters, including lifting speed, lifting angle, and spacing 
between lifting and collecting devices, significantly affect collection 
performance. The collection rate decreased with increasing lifting 
speed and lifting angle, while it first increased and then decreased 
with spacing, achieving optimal performance at approximately 
250 mm. These findings highlight the importance of parameter 
optimization in improving collection efficiency. Field validation 
experiments further confirmed that the collecting device operates 
reliably, with smooth material flow and minimal rhizome loss. The 
system effectively integrates the lifting, collecting, and unloading 
processes, addressing the limitations of traditional harvesting 
methods. Overall, the proposed collecting device provides a 
practical and efficient solution for mechanized harvesting of 
Panax notoginseng. The results offer valuable technical support 
and reference for the development of intelligent and integrated 
harvesting equipment for rhizome crops in complex terrains.
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