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Design and Test of Tracked Bilateral Coordinated Swing Arm Power Chassis
in Hilly Orchards

LI Shanjun'? QIAN Zhenyu'? HE Zhigiang'”> DONG Sheng'”> WU Zhengkai'> LI Mingzhen'’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Traditional agricultural chassis have poor mobility and adaptability to hilly orchard terrain. To
address this, a tracked bilateral coordinated swing-arm power chassis was developed, enabling adaptive
track lifting and swinging via a spatial linkage mechanism, with hydraulic power supplied to front-
mounted implements. Based on the operational characteristics of hilly orchards, such as dispersed plots
and narrow inter-row passages, the overall configuration and dimensions were systematically designed. A
bilateral coordinated swing-arm mechanism was proposed to enhance adaptability and driving stability on
uneven terrain, and key components were optimized and matched to ensure coordinated operation. The
chassis performance was evaluated through multi-body dynamic simulations and field experiments under
typical hilly orchard conditions. Simulation results verified the strong adaptability of the proposed
mechanism to terrain undulations, while experiments demonstrated that the driving stability on rough
terrain was improved by 61.29% compared with that of a conventional crawler chassis. The developed
chassis achieved a straight-line deviation rate of 4. 03% and a minimum turning radius of 725. 8 mm. It
was capable of stable uphill, downhill, and lateral movement on slopes up to 16° without overturning or
slipping and exhibited smooth obstacle-crossing performance. The implement mounting system provided a
lifting range of —5° ~32° and a lateral adjustment of 100 mm. During continuous weeding operations,
sufficient power output and a low hydraulic oil temperature rise indicated reliable thermal behavior and
suitability for long-term orchard applications.
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Fig. 1 Structure diagram of tracked bilateral coordinated

swing arm power chassis
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Tab.1 Main technical parameters of tracked bilateral

coordinated swing arm power chassis
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Fig.2 Electric track chassis structural diagram
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Fig.3  Structural diagram of crawler walking system
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Fig.4  Analysis of relationship between range of motion

and load of running system
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Fig.5 Schematic of changes in electric track chassis
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Fig.7 Longitudinal slope force analysis of chassis
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Fig.9 Process chart of chassis crossing field ridge
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Tab.2 Parameters of multi-body dynamics model

2R A
T i/ kg 417
IR B A8 W/ (kg mm?) 51681
AR/ (kge mm®) 31711
AR/ (kg-mm?) 7 624
K AGWIE/(N-mm ") 10 000
JEHE T RS BRI R/ (Nomm ") 10 000
JEAFEE T REFENIE/(Nemm- (°) ™") 30 000

x3 EFIRESH

Tab.3 Parameters of heavy clay pavement
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Fig. 12 Simulation analysis of passing through staggered

rough roads
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Fig. 13 Simulation results of bilateral walking system

coordination change
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Fig. 14 Compare simulation results with staggered

rough roads
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Fig. 15 Simulation of driving stability on longitudinal slopes
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Fig. 16  Simulation results of longitudinal uphill

driving stability
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Fig. 17  Simulation of cross-slope driving stability
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Fig. 18 Simulation results of cross-slope driving stability
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Fig. 19  Simulation of stability over field ridges
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Fig.22  Simulation results of stability across trenches
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Fig.23  Straight line travel offset tests
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Tab.4 Results of straight line driving deviation test

75 D B &t/ mm T %% 3R/ %
1 701 3.51
2 844 4.22
3 792 3.96
4 971 4.85
5 723 3.61
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Fig.24 Minimum turning radius test
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Tab.5 Minimum turning radius test results

1w W /() AL/ mm ¥/ mm
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360 727
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Fig.26 Obstacle crossing tests

4.5 DWHBLSENMTTIERS
Pt et K 2 5 4 B LBR AL 0 2 M 7 T
U U TS0 X8 5 56, T B4 O 1 b
WAL, % 5 WP 27 BT, SCALIOT H Fi 4
1 1 B A MO 8
VESSTA 9EX 4l HLb 5 1 5 55 4 30 38 4145 R A1 12
[ RBERR Sy 1 024 Hu, R 48 W 45 7 il — B UR
T3 5 0 R 40 25l B 28306 7 08 L L0
KU 4525 LA X 5 25 B T 3 1
R 5905 R B T V5 6

TR

(a) Bl 5

(a) HALRA A (b TR A A
Pl 27 i UK T8 34 R R R

Fig. 27 Comparative test for driving stability on rough roads
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Fig. 28 Comparative test results for driving stability

on rough roads
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Tab.6 Data analysis of pitch angle comparison test

and simulation results (°)

ey RARME  RAME WRMEZE ARMEIRZE
ARSCR B B 1.336 -1.525 0.371 0.012
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HOHUR R MR E 3,306 —4.118  1.741 0.019
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Tab.7 Chassis power output experimental results
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