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Abstract Because of effective fruit growing and management in the slope land, the use of orchard vehicle with
lifting utilities has been increased. For this reason the study on the stability of that vehicle for worker's safety
is needed. This study is investigated on the stability estimation of orchard vehicle with four wheels and dual
rectangular-type lifting utilities which can be moved on the dirt sloping load. Through the multi-body dynamics
analysis on the vehicle mechanism, overturning angles of 19.2 and 34.6°in the right-left and front-rear direction
And through the
finite element analysis on the frame of lifting utility its maximum von-Mises stress is 146 MPa and it is

can be calculated. It is determined tractive resistances and required powers of the wheels.

structural stable. Therefore it is known that the orchard vehicle with wheels and lifting utilities has static and
dynamic stability.
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Nomenclature LI Rolling friction coefficient
R,: Rolling resistance, N Ly o: Transmission ratio
R, : Airresistance, N 1, , : Transmission efficiency
R g Gradient resistance, N W Weight, N
] ) © : Gradient angle, °
R ; : Accleration resistance, N

V' .+ Maximum Speed, kph

: Conversion factor, Hp/N
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[Fig. 1] The orchard vehicle
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[Fig. 3] MBD Modeling
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[Table 1] The conditions of overturning angle
No. Parts Nomen Values
1 Lifting utility(LH + RH) LT 1667 N
2 Power Pack PR 1667 N
3 Horizontal controller HC 883 N
4 Body frame BF 981 N
5 Battery Assembly WH 1765 N
6 Load WT 0~1471 N
7 | Height of left lifting utility H 820~2030 mm
8 | Height of right lifting utility | Hg 820~2030 mm
9 | Angle of horizotal control ©} 0~20°
10 | Movement of lifting utility DR 125~800 mm

[Table 2] The conditions of overturning angle

Case Hr Ho Dr w )
[mm] [mm] [mm] N] []

1 2030 820 800 1471x1 0

2 2030 820 800 1471x1 20

3 820 820 800 1471x2 20
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[Table 3] Power train system specifications

Items Values
Transmission ratio of differential gear 1:8
Transmission ratio of motor gear 1:3
Transmission ratio 0.8
Maximum speed 20 km/h
Wheel diameter 50 mm
Motor 48 V 3.7 kW
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[Table 4] Overturning angle s in batteries positions

. .. Overturning angle [°]
Batteries position - -
Without HKU With HKU
# 1 6.3 19.2
#2 6.2 16.9
# 3 4.1 14.8
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[Fig. 9] FEA Modeling
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[Table 5] The conditions of lifting utility frame

Lifting utility Max. von Allowable Max.
height Mises stress stress deformation
[mm] [MPa] [MPa] [mm]
2030 146 250 53
1430 124 250 5.0
820 143 250 45
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[Fig. 10] (a) Maximum von Mises stress and (b) deformation
of the lifting utility in the vehicle
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