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Abstract

As one of the most common equipment for material transportation, counterbalanced trucks with
mast have remarkable mobility and high flexibility, which are applied in various scenarios with ex-
panding developmental prospects. However, with the inadequate stability, the forklifts are prone
to accidents, even more posing significant risks to both goods and individuals. It is urgent to rea-
sonably evaluate the stability of forklift under various operating conditions to provide theoretical
support for forklift accident liability identification and safe use. Based on the modular disassembly
method, the multiple effects of cargo characteristics and road running modes on the stability of
counterbalanced forklifts through the theoretical calculations of resultant moments in the trans-
versal directions or the longitudinal directions have been systematically investigated in the present
work. It is theorized that when the stability moment of the whole forklift is greater than the over-
turning moment (M = Ms — M: 2 0), the forklift is in a stable state. The results revealed that the lon-
gitudinal resultant moment was decreased gradually with the increase of cargo weight when fork-
lifts were stopped or running in a constant velocity on the horizontally surfaces. And as the distance
between the cargo’s center of gravity and the centerline of pallet fork was increased, the transverse
resultant moment was also decreased. In conclusion, the experimental results of this study demon-
strate that the weight of goods primarily influences the longitudinal stability of the forklift, thereby
affecting its overall stability. Meanwhile, the offset and height of the center of gravity of the goods
predominantly impact the lateral stability of the forklift, which in turn plays a critical role in deter-
mining its overall stability. The above results could provide basic theoretical data for the rapid iden-
tification and safe use of forklift truck accidents related to stability, and contribute to the technical
support for the improvement of forklift truck structure and safe use.
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Figure 1. (a) Schematic diagram of a counterbalanced forklift; (b) Diagram of a counterbalanced forklift
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Figure 2. (a) lateral instability of the forklift caused by the eccentricity of the cargos;
(b) longitudinal instability of the forklift caused by the forward movement of the cen-
ter of mass of the cargos; (c) longitudinal instability of the forklift caused by the
change of the height of the center of mass of the cargos
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Figure 3. Diagram of forklift stability area: (a) The hydraulic cylinder is locked; (b)
The hydraulic cylinder is not locked, the F in the figure represents the centripetal force
of the forklift when it turns
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Figure 4. (a) Effects of load height on longitudinal stability; (b) Effects of the distance forward of
the center of mass of the goods
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Figure 5. (a) Effects of cargo weight on lateral stability; (b) Effects of the eccentric distance of
the center of mass of the cargo on lateral stability
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Figure 6. (a) Effects of load height on lateral stability; (b) Effects of eccentric distance on
lateral stability
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