546 % 510 M o R pLIE S 4R Vol. 46 No. 10
2025 4F 10 A Journal of Chinese Agricultural Mechanization Oct. 2025

DOI: 10.13733/j. jeam. issn. 2095-5553. 2025. 10. 036
RT, @R, ki, . JET EDEM—ADAMS WG HLES A S B SR B mr e (1], b AR, 2025, 46(10): 275—283
Liang Weiqiang, Meng Wenjun, Zhang Biao, et al. Parameter optimization and experimental research of a grain silo robot using EDEM—ADAMS

coupling [J]. Journal of Chinese Agricultural Mechanization, 2025, 46(10): 275—283

E T EDEM—ADAMS HiRGHTHASHMAEL R
RITHF R

Rraght, XA, K&, BHERS, RALT, R
(1. 1 Pg TR B K2R TR 2B, KRJETT,030619; 2. RIFRHE K2 P TR 245,
KJFET,030024; 3. Rl B HEEARAR,BEETT,330044)

T8« o 2 o MRV ML R A B s AR KO X ML EE A SEBR 00T AT 3 A S Mk RE HEATF 5% . R A& T ik
(EDEM )R i B 0L 5 K ABURE 9 ) 22 e L 456 21 80 J1 % 5 (AD AMS) K B2 6 ML a8 A 2l ) SR A0 | DT 22 7 M6 LA
AN—FKHE AR, 43 M7 A [ W8 e s S A0 4 B o i T R AL A A T30 ERE s T HLER A AR S, S B8 2D e R
REEA A E SN, 5E AR FHUE RGN . 45 T U W B G A 3, ML AT T R S R B, W SR S AR A
PR B 2 380, TG i B el /b JUR 4 i AR R MLAS AT AR A MR AR 25 . A WG S LR BRMREAN £ 5 2 BT R R R
A& AT 3 B 5 7R B o R M A DG , T B RN 5 ke ATHUE B T 0. 023 m/s, MR 11. 2%, MEHLE
NI SE 2 SRR e ROE AR 220 0. 17 m, W B MR K VG B sl i & i R Ak BT 4R Ak F BEAK IR .

KR RO BB I E L ; B F5AL; 213 )% B ot

hESZES:S229+.3 X HkFRIEAD : A X EHE 20955553 (2025) 10-0275-09

Parameter optimization and experimental research of a grain silo robot
using EDEM—ADAMS coupling

Liang Weigiang' ?, Meng Wenjun®, Zhang Biao?, Gao Jixiang®, Zhang Yong'an?, Nie Huang’
(1. School of Automotive Engineering, Shanxi Vocational University of Engineering and Technology, Taiyuan,
030619, China; 2. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan,
030024, China; 3. Central Grain Reserve Nanchang Direct Warehouse Co. , Lid. , Nanchang, 330044, China)

Abstract: To improve the efficiency and automation level of grain storage operations, research is conducted on the driving
and navigation performance of grain silo robots under actual working conditions. This research utilized the Discrete Element
Method (EDEM) for the precise simulation of the mechanical properties of corn particles. Concurrently, by integrating
multi-body dynamics software (ADAMS) to develop a dynamic model of a grain silo robot, a coupled model encompassing
the interaction between the robot and corn particles was established. The driving performance of the grain silo robot was
analyzed under different spiral speeds and body masses; Designed a robot navigation system to achieve environmental
perception, 2D LiDAR mapping, and autonomous navigation functions, and completed navigation performance
experiments. The results show that as the spiral speed increases, the robot's travel speed increases linearly with the spiral
speed, and the slip rate and pitch angle also increase accordingly, while the sinkage decreases, the particle contact force
increases, and the robot’s driving stability deteriorates. In addition, the slip rate, sinkage, and pitch angle are positively
correlated with body mass, while the driving speed is linearly negatively correlated with body mass. For every 5 kg

increase in body mass, the driving speed decreases by 0. 023 m/s, and the slip rate increases by 11.2%. Finally, the grain
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silo robot can complete multi-point navigation operations with a maximum positioning error of 0. 17 m, meeting the needs

of use. It provides an important basis for the optimization design of automated equipment for grain silos.

Keywords: grain silo robot; screw drive; grain surface operation; autonomous navigation; multi-body dynamics; discrete element
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Fig. 2 Discrete element model of grain silo robot
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Fig. 3 Analysis diagram of the force on the cross-section of the
contact between the spiral wheel and the grain-paved road
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Fig. 4 Schematic diagram of the motion of the grain silo robot
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Fig. 17 Architecture of grain silo robot control system
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Fig. 19 Robot navigation in the real environment and

trajectory diagram
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Tab. 5 Robot navigation speed and error

i BB 1 BB 2 BB 3
2N it - - -
it v As v As v As
/mes) /m /(me+s!)H /m /(mes') /m
1 0.226 0.13 0.156 0.03 0.181 0.11
2 0.212 0.21 0.158 0.08 0.175 0.13
3 0.219 0.18 0.156 0.07 0.171 0.05

EE 0.219  0.17 0.157  0.06  0.176  0.10
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