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A Study on the Regeneration Efficiency of the Electric Forklift
Using the Variable Hydraulic Motor
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Abstract: In modern society, the energy-saving problem of industrial vehicles is economically and environmentally
critical. Energy savings using the potential energy of forklifts are one of the viable solutions to resolving this
problem. The basic concept of this study is to operate the hydraulic motor and recharge the battery using the flow
rate from the cylinder when loading heavy objects and lowering the fork. To save energy, the torque and rotational
speed of the generator should be optimized according to the load and descent speed to increase efficiency. To this
end, we propose a system that optimizes energy saving efficiency by controlling the swashplate angle of the
variable hydraulic motor through the GA(Genetic-Algorithm). The results were verified by building and comparing
fixed motor models and variable motor models using the AMEsim. The results of the study show that the proposed
optimized swashplate angle increases the energy saving efficiency by approximately 6%-8%, depending on the

working conditions.

715 M4 B, :working energy for pump, kW
E,., :regeneration energy, kW
Wy - angular velocity of pump, rad /s E,., 1 - theoretical regeneration energy, kW

S

m  -angular velocity of motor, rad/s E : Energy for whole proposed system, kW

a +joystick angle, rad n, :over-all efficiency of Hydraulic motor
D - displacement of hydraulic motor, m®/rev 7  volumetric efficiency of motor
» :

T :torque of pump, Nm . .

r d pump M : mechanical efficiency of motor
T : torque of motor, Nm . .

m d Nivt : efficiency of inverter

Mpat s efficiency of battery
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Fig. 2 Flow chart of the control strategy
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Table 1 Parameter of hydraulic circuit

Component Value Remark and unit
. Displacement of
Hydraulic Pump 20 gear pump (cc/rev)
Hydraulic 20 Displacement of
Motor hydraulic motor (cc/rev)
42 Piston dia (mm)
Hydraulic .
Cylinder 36 Rod dia (mm)
1.5 Stroke length (m)

Table 2 Simulation condition by mass & lifting velocity

Case Mass [kg] Lifting Velocity [m/s]
Casel 2000 0.1
Case2 2000 0.15
Case3 1500 0.1
Case4 1500 0.15
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