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• Objective:

 To present an innovative energy management system for a conventional
hydrostatic-split power transmission (CH-SPT) system used in front end loader
(FEL).

 A fuel efficient controller and a DC generator are additionally connected in
parallel with the load shaft of the drive to prevent the engine and the major
hydraulic components from over-loading or under-loading conditions.

 To develop a simulation model of the proposed system, so called Regenerative
Hydrostatic-Split Power Transmission (RH-SPT) system in the
MATLAB®/Simscape environment.

 To investigate the performances and the fuel consumption of the RH-SPT drive
and compare with that of the CH-SPT drive through the simulation.
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• System Model
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Fig. 1   A Schematic diagram of Regenerative Hydraulic-Split Power Transmission (RH-SPT) drive
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• Simulation Model
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Fig. 2   MATLAB/Simscape model of the RH-SPT drive



• The load cycle considered with respect to the Y-cycle of a FEL used for 
simulation is shown in below figure:
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Fig. 3   Load cycle of a FEL used for simulation /14/
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• Energy Management Algorithm

Fig.4 (b)   Energy management algorithm for the proposed RH-SPT drive

Fig. 4 (a) Force engine to operate engine in its efficient zone /9/



• Control Strategy
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Fig. 5   Signal flow of the controller for loading the DC generator



Steady State Characteristics of Hydraulic Components for 
Estimating Parameters

• Leakage Resistance of Pump and Hydro-motor
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Fig. 6  Leakage resistance of the pump and the hydro-motor /14/



• Results and Discussions
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Fig. 7   Comparison of motor pressure and engine load torque between the RH-SPT and the CH-SPT drive



• Results and Discussions
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Fig. 8   Comparison of engine speed and bsfc between the RH-SPT and the CH-SPT drive



• Results and Discussions
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Fig. 9   Comparison of fuel consumption rate and power output of the RH-SPT and the CH-SPT drive



• Conclusion

 It is observed that a marginal increase in fuel consumption by 10% occur due
to application of additional load on the generator per cycle, of which
approximately 70% of the power from engine is used for electrical energy
regeneration.

 It is also observed that the RH-SPT drive facilitates comparatively lesser
fluctuations of pressure, engine torque and significant reduction of bsfc value.

 This assists in efficient operation of the hydraulic components as well as the
engine and leads to modification of the engine load cycle without effecting the
duty cycle of the transmission.
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• Conclusion

 From the study, it is also observed that bsfc for RH-SPT system is lower than
that of CH-SPT system which is desirable.

 The proposed innovative idea may be helpful to the engineers to design the
construction equipment subjected to fluctuated load profile to operate the major
components and the engine, in particular to operate in the efficient zone during
the maximum span of the duty cycle.

 This will also assist in complete combustion of the fuel and may lead to
reduction in COx in the exhaust gas.
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