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Design and Testing of Adaptive Levelling Orchard Working
Platform for Cargo Box
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(1.College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha 410128,
China;2.Xiangtan Biology and Mechatronics School , Xiangtan , Hunan 411100, China)

Abstract: [ Objective ]In the uneven terrain of orchards in hilly and mountainous areas of southern China,
the existing orchard operating platform has the shortcomings of large vibration and tippling goods when trans-
porting on slopes.To solve the problem, this study aims to design an electric orchard operating platform with the
function of cargo servo leveling. [ Methods | Using theoretical analysis and Amesim simulation, the prototype of
electric fruit auxiliary picking and transportation platform was designed, and the performance parameters such
as range and cargo box servo leveling of the prototype were tested through experiments. [ Results | The test re-
sults showed that the full-load range was 3.4 h,the maximum travel speed 3 km/h, the maximum lift height 1.52 m,
the minimum turning radius 0.89 m.The average value of no-load dynamic leveling error was less than 1° in the

bench test; the average value of full-load dynamic leveling error was less than 1.5°, and the maximum leveling
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stabilization time was 4.32 s within the designed climbing angle; In the orchard field tests, the work platforms
was tested at 1 km/h on 10° and 15° longitudinal slopes and —10° and —5° transverse slopes , with the final self-
levelling angle of the cargo box remaining within —2° to 2°.[ Conclusion ] In the tests, the adaptive levelling or-
chard work platform fro cargo box has good performance and can meet the needs of picking and transporting in
hilly mountainous orchards.

Keywords : orchard ; mechanization ; electric ; platform leveling
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Tab.1 Related parameters of orchard fruit trees

A FhE PRI /m 11 8/m PR /m
Fruit tree species Plant spacing Line spacing Plant height
TR Kiwi tree 2.3 4 od
FEFH Orange tree 2 3 1.5~3
WHER Tangerine tree 3 35 2-3
FAREH Citrus tree 3 4 2~3

®2 HHEBENEATFREMELFERTSH

Tab.2 Dimensional parameters of the orchard work platform for adaptive levelling of cargo boxes

it H 24 TiH 24
Project Parameters Project Parameters
AME RS (mm-mm-mm) Dimension 1 500x1 000800 |  ## [ i# L Fl/° Horizontal leveling range ~ —15°~15°
AL /kg Total mass <500 24Tt B fmm Lifting height 1200
26T+ B kg Lifting mass >200 TAERE Operating mode TP
I E AT/ (km-h™") Driving speed 3 HEHL 775K Power H g
YL JEF-FE I/ Vertical leveling range 0°~30°
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1: Chassis walking mechanism; 2 : Lifting mechanism ; 1: Power assembly; 2: Electrical system; 3: Guide wheel;

3:Container;4: Horizontal leveling mechanism;5: Longitudinal 4: Track; 5: Pre-tightening bolt; 6: Supporting wheel bracket;

leveling mechanism. 7:Supporting wheel;8:Driving wheel;9:Motor; 10: Warning light.
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Fig.1 Dimensional parameters of the orchard work Fig.2 Schematic diagram of the work platform

. . tracked chassis structure
platform for adaptive levelling of cargo boxes
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Fig.3 Stress diagram of lifting mechanism Fig.4 Thrust diagram of hydraulic cylinder of lifting mechanism
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Fig.5 Simulation model of lifting and leveling system
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Tab.3 Comparison of a.b.c.d values before and after optimization
i H Ttem a/mm b/mm ¢/mm d/mm
N4l
150 20 450 20
Before optimization
AL
170 32 560 28

After optimization
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Fig.7 Comparison of hydraulic cylinder thrust before and after optimization
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Fig.8 Schematic diagram of longitudinal leveling
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Fig.9 Schematic diagram of horizontal leveling
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Tab.4 Dynamic leveling performance test

TR T F E Preset cargo box angle S 7K PHF No—load leveling 2 HF Full load leveling
Wi Fa /() R i A /() PR s LERSEIEIA PR s PR a] /s
Longitudinal angle Lateral angle Levelling error Leveling time Levelling error Leveling time

0 0 0 0 0 0

3 0.49 0.71 0.57 0.78

6 0.63 1.03 0.82 1.15

9 0.77 1.17 0.94 1.24

12 0.81 1.29 1.04 1.32

5 0 0.46 1.35 0.61 1.27

3 0.53 1.81 0.88 1.93

0.59 2.01 0.96 221

9 0.62 2.19 1.05 2.34

12 0.79 2.41 1.11 2.57

10 0 0.61 1.62 0.72 1.78

3 0.69 2.37 0.98 2.58

6 0.73 2.48 1.08 2.69

9 0.79 2.59 1.19 2.77

12 0.84 2.76 1.29 2.98

15 0 0.63 1.99 0.84 2.99

3 0.71 2.57 1.12 3.12

0.78 2.82 1.19 3.34

9 0.85 3.04 1.27 3.42

12 0.88 3.32 1.33 3.59

20 0 0.61 2.56 0.92 3.11

3 0.66 3.14 1.25 3.64

0.79 3.43 1.31 3.93

9 0.81 3.77 1.39 4.27

12 0.92 3.89 1.42 4.32
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Tab.5 Performance test
i H THFE i JEE /m 2T kg /NS A% /m I AT/ (km-h™)
Item Lifting height Lifting quality Minimum turning radius Driving speed
itk
1.5 =200 1 4
Design requirement
FH )X 5
1.52 300 0.89 4

Field experiment
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