
Abstract 

Soil resistance encountered by the sweet potato seedling transplanting mechanism during soil penetration is a critical factor influ-
encing the dynamic characteristics of the mechanism. However, the intricate mechanism-soil interaction makes the fluctuation pat-
terns of soil resistance analytically intractable. Therefore, this paper conducts a dynamic analysis and experimental research on the 
transplanting mechanism with the non-circular gear planetary train for sweet potato seedlings via ADAMS-EDEM co-simulation. 
ADAMS and EDEM software were used to establish simulation models of the sweet potato seedling transplanting mechanism and 
soil discrete element models, respectively, to conduct joint simulation analysis of the interaction process between the transplanting 
mechanism and the soil, obtaining the resistance and resistance torque curves exerted by the soil on the transplanting arm. A kine-
to-static analysis was employed to establish a dynamic model of the transplanting mechanism considering soil resistance, followed 
by an analysis to derive the loading and driving torque profiles for each component. A dedicated dynamic test bench was developed 
to conduct experimental evaluations and capture the dynamic characteristics of the prototype. The experimental dynamic curves 
exhibited high consistency with theoretical predictions in terms of mean, variance, and overall trends, validating the accuracy of the 
proposed model and analysis. This study integrates ADAMS-EDEM co-simulation into the dynamic analysis of a non-circular gear 
planetary transplanting mechanism for sweet potato seedlings. Unlike traditional research that treats soil resistance as a constant or 
simplified value, this work establishes the nonlinear, time-varying loading characteristics model during the soil-entry phase. By 
incorporating the simulated force and torque curves as direct inputs into the dynamic equations, this approach effectively resolves 
the discrepancy between external loads and actual working conditions inherent in previous models. The proposed approach offers a 
robust methodology for the dynamic modelling and analysis of complex soil-engaging mechanisms.
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Introduction 
The transplanting mechanism is the core component of the 

sweet potato seedling transplanting machine, and its level of devel-
opment directly impacts the advancement and practical application 
of transplanting equipment technology. Based on the agronomic 
requirements of sweet potato seedling cultivation, domestic and 
international scholars have proposed chain-clamp-type and multi-
rod-type transplanting mechanisms (Yan et al., 2022; Hui et al., 
2023). The Agricultural Machinery Research Institute of Zhejiang 
Sci-Tech University, where the author works has developed a 
transplanting mechanism based on a modified elliptical gear plan-
etary transmission system and has studied its kinematic character-
istics and conducted transplanting experiments (Ye et al., 2016; Lu 
et al., 2016; Zhu et al., 2023). Based on the previous research, the 

present study performs a dynamic analysis and experimental inves-
tigation of the sweet potato seedling transplanting mechanism. 
This research provides both theoretical and experimental founda-
tions for strength calculation, structural design, and dynamic per-
formance optimization of the mechanism. Furthermore, it offers 
new insights into the dynamic behavior of soil-engaging mecha-
nisms (Jin et al., 2025). Our research group has previously con-
ducted dynamic analyses and experimental studies on double-arm 
mechanisms leveraging non-circular and double-arm incomplete 
gear planetary gear train vegetable plug seedling picking mecha-
nisms (Ye et al., 2014, 2016, 2018; Zhou et al., 2025). These works 
provide a valuable reference for evaluating the dynamic perform-
ance of single-arm transplanting mechanisms. However, the oper-
ational schemes and agronomic requirements of the single-arm 
mechanism differ significantly from aforementioned designs, par-
ticularly during soil-engaging operations. The intricate interaction 
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between the arm and soil generates substantial resistance, which 
directly affects dynamic performance (Rajendran and 
Ranganathan, 2025). Furthermore, due to the nonlinearity and vari-
ability of this interaction, soil resistance is difficult to model accu-
rately, and its variation patterns remain challenging to analyze. 
This study establishes an ADAMS-EDEM co-simulation model of 
the transplanting mechanism and conducts joint simulations to 
obtain the soil resistance experienced during transplanting opera-
tions (Li et al., 2023; Li et al., 2022). Based on the simulation 
results, a dynamic model of the mechanism is developed and 
analysed. Finally, dynamic testing of the prototype is performed to 
extract the dynamic characteristics and verify the accuracy of the 
theoretical model and simulation results (Shi et al., 2024). 

Materials and Methods 

Working principle of the transplanting mechanism 
Figure 1 illustrates the transplanting procedure for sweet pota-

to seedlings. Sweet potato seedlings are manually placed into the 
clips of the intermittent synchronous belt feeder 3. The gripping 
claws of transplanting arm grips a seedling at the pick-up point J, 
moves through point F, and inserts it into the soil. and then quickly 
opens to release them at the transplanting point G, completing one 
transplant cycle. The trajectory of the arm tip follows the path J-F-
G. Subsequently, the mechanism returns to its initial configuration 
to prepare for the succeeding cycle. 
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Figure 1. Sweet potato seedling transplanting plan.

Figure 2. Schematic diagram of the sweet potato seedling transplanting mechanism with a modified elliptical gear planetary transmission 
system. 1. Gearbox housing (planetary carrier). 2. Drive shaft. 3. Sun gear. 4. Intermediate shaft. 5. Intermediate gear. 6. Planetary shaft. 
7. Planetary gear. 8. Transplanting arm. 9. Cam. 10. Fork. 11. Spring. 12. Gripping claws. 13. Push rod. 14. Transplanting arm housing. 
15. Fork shaft.



The modified elliptical gear planetary transmission system 
used in the sweet potato seedling transplanting mechanism consists 
of a planetary gear system and a transplanting arm, as shown in 
Figure 2. The planetary gear system includes three modified ellip-
tical gears: the sun gear 3, intermediate gear 5, and planetary gear 
7. The sun gear 3 is fixed to the machine frame by a flange, while 
the gearbox housing 1 is securely connected to the driving shaft 2. 
The intermediate gear 5 meshes with both the sun gear 3 and the 
planetary gear 7. The transplanting arm comprises the housing 14, 
cam 9, fork 10, gripping claws12, and push rod 13. The transplant-
ing arm housing 14 is firmly attached to the planetary gear shaft 6, 
and the cam 9 is securely mounted on the gearbox housing 1. 

During operation, the driving shaft 2 drives the gearbox hous-
ing 1 to rotate clockwise at a constant speed. Through the transmis-
sion of the planetary gear train, the planet gear and the rigidly 
attached transplanting arm housing 14 revolve with the housing 
while simultaneously rotating counterclockwise at a variable speed 
about the planet gear shaft 6. Meanwhile, the cam 9 fixed to the 
gearbox housing actuates the fork 10, which, in cooperation with 
the spring 11, drives the push rod 13 in reciprocating motion to 
control the opening and closing of the gripping claws 12. The oper-
ating process is divided into four stages: seedling pick-up, transfer, 
transplanting, and return, with the corresponding planetary carrier 
rotation angle ranges shown in Figure 3. 

Soil resistance analysis via ADAMS-EDEM co-
simulation 

During the transplanting operation, the soil exerts resistance on 
the transplanting arm of the sweet potato seedling transplanting 
mechanism. Therefore, to ensure the dynamic model aligns with 
actual working conditions, this study leverages ADAMS-EDEM 
co-simulation to characterize the interaction between the arm and 
the soil (Shao, et al., 2023). The ADAMS post processing module 
generates the force and torque curves exerted by the soil on the 
transplanting arm, allowing for an analysis of the variation pattern 
of soil resistance throughout the transplanting cycle. These extract-
ed data serve as a critical basis for the subsequent dynamic analysis 
of the mechanism. 

Transplanting mechanism simulation model 
A three-dimensional model of the sweet potato seedling trans-

planting mechanism was constructed using SolidWorks and subse-
quently imported into ADAMS software. Material properties were 
defined for each component, and global gravity was applied. 
Appropriate kinematic pairs were established between the relevant 
components, and a rotational drive of 240 r/min was applied to the 
revolute joint between the planetary carrier and the machine frame 
(Issa et al., 2020). To enable real-time transmission of the trans-
planting mechanism’s motion state to EDEM and real-time feed-
back of the force conditions on the transplanting arm to ADAMS, 
a general force vector (GFORCE) aligned with the global coordi-
nate system was applied at the center of mass of each of the four 
key components: the intermediate gear, planetary gear, planetary 
carrier, and transplanting arm. The user-defined parameter was set 
to 0.0, and the program function was specified as ACSI_Adams. 
The solution IDs were assigned as 1, 2, 3, and 4, respectively. The 
resulting ADAMS simulation model of the transplanting mecha-
nism is shown in Figure 4. 

Soil discrete element model 
Soil contact force model 

In discrete element method (EDEM) simulations, the Hertz-
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Figure 3. Working cycle diagram of the transplanting mechanism.

Figure 4. ADAMS simulation model of the transplanting mecha-
nism.

Figure 5. Soil angle of repose test.
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Mindlin with JKR contact model combines Hertzian contact theory 
with the Mindlin-Deresiewicz tangential force model and incorpo-
rates the JKR surface energy parameter to simulate adhesive forces 
between particles (Walunj et al., 2023). This model effectively 
captures the influence of cohesive forces between moist particles 
on their motion behavior. Therefore, we employed the Hertz–
Mindlin with JKR contact model to establish a discrete element 
model of sweet potato transplanting soil. Soil parameters were 
defined based on relevant literature (Li et al., 2022; Guo and 
Huihuang, 2023), as shown in Table S1. 

Calibration of the soil surface energy parameters 
Soil surface energy parameters are key indicators in discrete 

element modeling. To ensure that the simulated soil particles close-
ly resemble those found in actual sweet potato cultivation soil, 
these parameters were calibrated through a combination of soil 
angle of repose experiments and corresponding simulation-based 
angle of repose tests (Ye et al., 2024). As shown in Figure 5, an 
iron plate was first used to block the outlet at the bottom of the fun-
nel. An appropriate amount of sweet potato seedling planting soil 
was then poured into the funnel. Afterwards, the iron plate was 
swiftly removed, allowing the soil to form a conical pile in the col-
lection tray. The angle of repose was measured using an electronic 
protractor (Xue et al., 2022; Yu, 2023). This experiment was 
repeated ten times, yielding angles of repose of 38.81°, 39.63°, 
38.85°, 39.15°, 38.73°, 38.96°, 37.92°, 38.51°, 38.49°, and 39.54°, 
with an average value of 38.86°. 

The simulation of the angle of repose tests was using an inte-
grated Hertzian contact model (HSCM) and a linear cohesion 
model (LCM). Soil particles were randomly generated above the 
funnel opening, with particle parameters set according to the data 
in Table S1. The soil surface energy parameters were set to 0 J/m², 
1.5 J/m², and 3 J/m², and three corresponding simulation trials 
were performed. Each simulation concluded once all generated 
particles had fallen through the funnel and come to rest (Zhang et 
al., 2022). The simulation results are shown in Figure 6. Using the 
protractor and clipping tools in the EDEM analyst, the angle of 
repose was measured from the x- and y-directions of the conical 
surface (Jun, 2024). The simulated angles of repose under different 
surface energy parameters are shown in Table S2. 

When the surface energy parameter is set to 0 J/m², the soil 
exhibits the smallest angle of repose, characterized by weak parti-
cle cohesion and a loose structure. Conversely, at a surface energy 
parameter of 3 J/m², the angle of repose reaches its maximum, 
indicating strong cohesion between particles and poor flowability. 
These results demonstrate a positive correlation between the sur-
face energy parameter and both the inter-particle cohesion and the 
resulting angle of repose. Based on this relationship, the surface 
energy parameter was calibrated to 1.43 J/m², yielding a simulated 
angle of repose of 39.12°, which closely matches the experimental 
value of 38.86°. Therefore, the optimal surface energy parameter 
for the soil is determined to be 1.43 J/m². 

ADAMS-EDAM co-simulation 
A discrete element simulation model was established, as 

shown in Figure 7. The Hertz-Mindlin with JKR contact model 
was selected to represent particle interactions, with the particle sur-
face energy parameter set to 1.43 J/m². A rectangular container 
measuring 500 mm in length, 100 mm in width, and 150 mm in 
height was constructed, and a particle factory was placed above it. 
Particle parameters were assigned according to Table S1. 
Subsequently, the particle bed model was generated, and the trans-
planting mechanism model was imported with defined material 
properties for its components (Lai et al., 2019). Finally, the coeffi-
cients of static friction, kinetic friction, and restitution between the 
soil and the transplanting arm were set to 0.5, 0.3, and 0.5, respec-
tively (Massah et al., 2021). 

An ADAMS–EDEM co-simulation analysis was conducted. 
The co-simulation interface in EDEM was enabled, and the corre-
sponding .cosim file was imported into ADAMS for co-simulation 
(Sanborn et al., 2023). The interaction between the transplanting 
arm and the soil, as well as the disturbance of soil particles, was 
observed within the EDEM interface for planetary carrier angles 
ranging from 216° to 339°,as shown in Figure 8. The generated 
simulation result file was imported into the ADAMS post-process-
ing module, Since the transplanting arm housing is rigidly connect-
ed to the planetary gear shaft, forces acting on the planetary gear 
rotational joint were measured. This yielded force and torque vari-
ation curves exerted by the soil on the transplanting arm, as shown 
in Figure 9. 
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Figure 6. Soil angle of repose simulation experiment. 



Figures 8 and 9 illustrate that when the planetary carrier angle 
is between 216° and 339°, the transplanting arm is subjected to soil 
resistance. At 216°, the transplanting arm begins to penetrate the 
soil, and both the soil resistance and torque gradually increase as 
the planetary carrier continues to rotate (Sun et al., 2025). When 
the planetary carrier angle reaches 251°, the soil resistance in the 
y-direction acting on the transplanting arm attains its maximum 
value of –12.56 N. At 291°, the soil resistance in the x-direction 
and the torque reach their respective maxima of –16.69 N and –
2.774 N·m. As the planetary carrier rotates further, the transplant-
ing arm starts to withdraw from the soil, resulting in a decrease in 
both soilresistance and torque. At 310°, the transplanting arm 
experiences downward soil pressure, causing a reversal in the 
direction of the force in the y-direction. When the planetary carrier 
angle reaches 340°, the transplanting arm is fully withdrawn from 
the soil, and both soil resistance and soil torque return to zero 
(Zhou et al., 2022). The curves depicting soil resistance and torque 
as a function of planetary frame rotation angle, obtained through 
ADAMS-EDEM co-simulation, accurately characterise the nonlin-
ear load behaviour of the transplanting arm during the soil entry, 
soil engagement, and soil exit phases. These soil resistance and 
moments are incorporated as external load terms within the trans-
planting mechanism’s dynamic equations. This enables the estab-
lished dynamic model to account for soil interactions during actual 
planting operations, thereby enhancing the accuracy and engineer-
ing applicability of the dynamic analysis results. 

Dynamic analysis of transplanting mechanisms 

Transplanting mechanism dynamics modelling 
Dynamic modelling of planetary gears 

To ensure the dynamic model of the planetary gear (including 
the transplanting arm) closely reflects actual operating conditions, 
the soil entry phase of the transplanting arm -corresponding to a 
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Figure 8. Co-simulation process.

Figure 7. EDEM simulation model.



planetary carrier angle range of 216° to 339° (Figure 3)  must be 
considered. According to the working cycle diagram of the trans-
planting mechanism, this phase involves transplaning, return, and 
transport processes (Dong et al., 2024; Liu et al., 2019). Therefore, 
the force analysis during this phase should incorporate the soil 
resistance Fx, Fy and soil torque MS obtained from the previous 
simulations. Separate dynamic models should be developed for the 
planetary gear for each of the four stages of the seeding pick-up, 
transport, transplanting, and return (Kang et al., 2025; Twardoch et 
al., 2024). 

The force analysis of the planetary gear during the seedling 
planting stage is shown in Figure 10. The following dynamic equa-
tions are established. 

 

          

(Eq. 1)

      

          

(Eq. 2)

      

          

(Eq. 3)

      
 

where: mX is the mass of the transplanting arm, mB is the mass of 
the fork, mT is the mass of the push rod, FT is the force exerted by 
the spring on the push rod, FKT is the supporting force exerted by 
the transplanting arm housing on the push rod, FH is the push rod 
slide resistance, (FJx, FJy) is the meshing force between the plane-
tary gear and the intermediate gear, (FBx, FBy) is the force acting at 
the rotation center of the transplanting arm, (FSx, FSy) is the soil 
resistance acting on the transplanting arm, MS is the soil torque act-

ing on the transplanting arm, MJ is the torque transmitted from the 
intermediate gear to the planetary gear, (FDx, FDy) is the force acting 
at the rotation center of the fork in the relative coordinate system, 
(xB, yB) is the displacement of the rotation center of the planetary 
gear, (x

 ..
B 
, y

 ..
B
) is the acceleration of the rotation center of the planet 

gear, j
.
  is the angular velocity of the planetary carrier, j

.
 
3
 is the rel-

ative angular velocity of the planetary gear, j
 ..

3
 is the relative angu-

lar acceleration of the planetary gear, (x ′CT 
, y ′CT 

) is the center of 
mass coordinates of the push rod in the relative coordinate system. 

The return phase is divided into two stages: before and after 
the transplanting arm emerges from the soil. Prior to emergence, 
the soil resistance and torque acting on the planetary gear gradual-
ly decrease. After the arm emerges, these loads cease to act. The 
force analysis is shown in Figure 11, and the following dynamic 
equations are established. 

 

           
(Eq. 4)

   

           
(Eq. 5) 

           
(Eq. 6)

   
                  

The dynamic equations for the planetary gear during the 
seedling pick-up stage are similar to those during the transplanting 
stage. However, in this stage, the sliding direction of the push rod 
is opposite to that of the planting stage, so the slideway resistance 
term (FH) in the equations should be reversed. Since the transplant-
ing arm is not subjected to soil resistance during the seedling pick-
up process, the corresponding soil resistance and torque terms (i.e., 
Fx, Fy, and MS) are all set to zero. 

The dynamic equations for the planetary gear during the trans-
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Figure 9. Curve showing changes in the soil resistance and torque on the transplanting arm.



port stage closely resemble those of the return stage. Additionally, 
the forces and torques (i.e., FNx, Fny, MTB) exerted by the cam on the 
fork are incorporated into the equilibrium equations. 

Modelling the dynamics of intermediate gears 
The force analysis of the intermediate gear is shown in Figure 

12. The dynamic equilibrium equation is established. 
 

           
(Eq. 7)

    

           
(Eq. 8) 

           
(Eq. 9)

   
 

where: (FPx, FPy) is the meshing force between the intermediate 
gear and the sun gear, (FAx, FAy) is the force acting at the rotation 
center of the intermediate gear, mZ is the mass of the intermediate 
gear,  j

.
 
2 
is the relative angular velocity of the intermediate gear,  
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Figure 11. Force analysis diagram of the planetary gear (including the transplanting arm) during the return phase (before excavation).

Figure 10. Force analysis diagram of the planetary gear (including the transplanting arm) during the seedling pick-up stage.



 j
 ..

2
is the relative angular acceleration of the intermediate gear, (xA, 

yA) is the displacement of the rotation center of the intermediate 
gear, (x

 ..
A 
, y

 ..
A 
)   is the acceleration of the rotation center of the inter-

mediate gear, M′j is the torque transmitted from the planetary gear 
to the intermediate gear, MP is the torque transmitted from the sun 
gear to the intermediate gear, JZ is the moment of inertia of the 
intermediate gear about its rotation center, (xCE, yCE) is the coordi-
nates of the center of mass of the intermediate gear. 

Sun gear dynamics modelling 
The force analysis of the sun gear is shown in Figure 13. The 

dynamic equilibrium equations are established: 
                                                                                                  

         
(Eq. 10)

    

          
(Eq. 11)

    

          
(Eq. 12)

  
where: mY is the mass of the sun gear, (FO2x, FO2y) is the force acting 
on the sun gear, MY is the torque acting on the sun M′P  is the torque 
transmitted from the intermediate gear to the sun gear. 

Planetary carrier dynamics modelling 
The force analysis of the planetary carrier is shown in Figure 

14. The dynamic equilibrium equations are established: 
                                                                                                  

          (Eq. 13)   
 

          (Eq. 14)   
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Figure 13. Sun gear analysis diagram.

Figure 12. Force analysis diagram of the intermediate gear.



           

(Eq. 15)

   
 

where: FO1x, FO1y  is the force acting at the rotation center of the 
mechanism, MBT is the reaction torque of the cam, ML is the driving 
torque of the mechanism, mK is the mass of the planetary carrier, Lg  

is the distance from the center of mass of the planetary carrier to 
its rotation center. 

Frame dynamics modelling 
The stress analysis of the frame is shown in Figure 15. The 

dynamic equilibrium equations are established: 
                                                                                                  

           
(Eq. 16) 

 

           
(Eq. 17)

 
 

           
(Eq. 18)

 
 
where:  (FHx, FHy) is the reaction force at the frame, mJ  is the mass 
of the frame,  is the torque acting on the frame. 

Analysis of the dynamic results 
Based on the governing dynamic equations of the modified 

elliptical gear planetary transplanting mechanism and the sequen-
tial solution method, a mechanism dynamics solver was developed 
using MATLAB. The dynamic responses of the planetary gear 
components were calculated at a rotational speed of 40r/min, as 
shown in Figure S1.  
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Figure 15. Frame force analysis diagram.

Figure 14. Planetary carrier stress analysis diagram.



As shown in Figure S1 a-f, the force curves of the transmission 
components in the transplanting mechanism exhibit significant 
variations during both the seedling pick-up stage (planetary carrier 
angle between 35° and 108°) and the soil-contact stage (planetary 
carrier angle between 216° and 339°). These fluctuations arise 
because the seedling pick-up resistance and the soil resistance dur-
ing soil penetration are transmitted back to the transmission system 
through the planetary gears (Zhu et al., 2023; Yin et al., 2021), 
causing abrupt changes in the forces acting on the mechanism. 
Furthermore, as shown in Figure S1 e,f, the driving torque of the 
mechanism and the support reaction force abrupt changes during 
the transplanting stage (planetary carrier angle from 306° to 309°). 
This phenomenon results from the rapid rebound of the transplant-
ing arm’s push rod, which triggers the gripping claws to release the 
sweet potato seedlings, thereby generating significant impact and 
vibration within the mechanism. 

 

Transplanting mechanism dynamics test 

Dynamic test plan 
To investigate the dynamic characteristics of the sweet potato 

seedling transplanting mechanism prototype, a dynamic test bench 
and its three-dimensional model were designed and constructed, as 
shown in Figure S2, to measure the support reaction force and 
driving torque. During the test, the motor speed was set to 40 
r/min. The CL-YD-3301 three-axis force sensor (2), mounted on 
the force sensor pad (3), converted the support reaction force into 
an electrical signal. This signals were subsequently filtered and 
amplified by the MI2004 signal amplifier (13) before being trans-
mitted to the data acquisition instrument (12). The data acquisition 
and analysis software processed and analyzed the time-varying 
support reaction force data. The JN-DN1 dynamic torque sensor 
(6), connected via couplings to the motor output shaft (8) and the 
chain drive input shaft (14), transmitted the measured driving 
torque signal to the MCK-DN dynamic torque measurement and 
control instrument (11). The processed data were subsequently 
imported into a computer for comprehensive analysis. 

Analysis of the dynamic test results 
Dynamic tests of the sweet potato seedling transplanting mech-

anism were conducted at a speed of 40 r/min to obtain the variation 
curves of the driving torque and support reaction force. After fil-
tering the measured data, and the resulting curves are shown in 
Figure S3. Additionally, the mean and variance of both the experi-
mental results from the dynamic test bench and the theoretical 
analysis were calculated, as shown in Table S3. 

Comparing the experimental curve (Figure S3) with the theo-
retical prediction curves (Figure S1 e,f) of the transplanting mech-
anism reveals a high degree of consistency in their variation trends. 
Combined with the data analysis in Table S3, the measured load 
mean and peak values are slightly higher than the theoretical cal-
culations due to friction resistance and transmission losses. For 
example, the torque peak (2.10 N·m) is slightly higher than the the-
oretical value (1.43 N·m). Simultaneously, due to the chain poly-
gon effect, mechanism installation errors, machining tolerances, 
and discrepancies between actual soil resistance and simulated 
loads, the experimental curve exhibits noticeable nonlinear fluctu-
ations with significant variance. Despite these numerical devia-
tions, the overall error remains within reasonable engineering lim-
its, validating the effectiveness of this dynamic model in character-
izing the actual force state of the mechanism and providing reliable 
basis for subsequent structural optimization. 

Conclusions 
This study analysed the dynamics of a sweet potato seedling 

transplanter by combining ADAMS-EDEM co-simulation with 
experiments. An accurate model was established to reveal soil-
machine interactions and was validated through testing. This work 
provides a practical basis for structural design and optimization. 
The main conclusions are as follows: 
i) Based on the working principle of the sweet potato seedling 

transplanting mechanism, dynamic simulation models of the 
mechanism and discrete element models of the soil were estab-
lished using ADAMS and EDEM, respectively. An ADAMS-
EDEM co-simulation was conducted to analyze the interaction 
between the mechanism and the soil, yielding the soil resist-
ance variation curve acting on the transplanting arm. This 
approach effectively addressed the difficulty of quantifying 
soil resistance, providing a solid foundation for establishing a 
dynamic model of the transplanting mechanism. 

ii) Based on the force transmission relationships within the sweet 
potato seedling transplanting mechanism, the force conditions 
of each component in the planetary gear system were analyzed. 
A kineto-static analysis method was employed to establish a 
dynamic model of the transplanting mechanism incorporating 
soil resistance. Subsequently, dynamic analysis software was 
developed on the MATLAB platform to obtain force curves for 
each component in the planetary gear system. The dynamic 
characteristics of the transplanting mechanism were then thor-
oughly analyzed.  

iii) Dynamic experiments were conducted on the sweet potato 
seedling transplanting mechanism, yielding experimental 
curves for support reaction forces and driving torques. Bench 
test comparisons validated the accuracy and reliability of the 
proposed dynamic theoretical model. This research facilitates 
the numerical assessment of dynamic loads acting on critical 
components, establishing representative load inputs for 
fatigue-resistant design and lightweight topology optimization. 
Furthermore, the driving torque profiles establish a theoretical 
foundation for power matching and motor selection, offering 
direct engineering guidance to enhance the operational reliabil-
ity and dynamic performance of the transplanting mechanism. 
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Figure S1. Results of the dynamic analysis of the planetary gear system. 
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