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Abstract 

In this paper, concept of energy saving by the use the special recuperation system for hydraulic excavator is 
studied. This solution is alternative to commercial projects of hybrid systems, which store energy in the hydro 
pneumatic accumulators or the super capacitors. Suggested solution includes designed system of active 
counterweight, which cooperates with working mechanism of machine. The hydraulic circuit of active counterweight 
is connected with the boom standard hydraulic system. The counterweight mechanism is homothetic to working 
mechanism of the excavator. The homothetic transformation applies to kinematical structure and positions of the 
centres of gravity. The homothetic transformation provides to static unloading of boom cylinder by the connected 
counterweight cylinder. The possibility of energy saving by using movable counterweight was estimated during tests. 
The key parameters of hydraulic system, such as: cylinders velocity, working pressure, oil flow and another were 
measured on prepared research stand. The comparison of power consumption for standard and modification system 
during the same work cycles allowed confirms the correctness of the suggested concept for energy saving system. 
Energy saving ratios for modified hydraulic circuit was calculated for different velocity of boom cylinder and 
payloads. The active counterweight system for low velocity cylinder of excavator mechanism is ready to application. 
The hydraulic circuit for higher value of boom cylinder velocity requires resize a few elements for example supply 
lines. 
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2. The design of active counterweight system 
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Fig. 1. Structure of excavator with active counterweight  
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3. System of moveable counterweight 
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Fig. 2. View of test rig to research of energy recovery system with active counterweight 
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Fig. 3. Scheme of hydraulic system for testing the mechanism with active counterweight: 1 – variable pump 
PV046_UPG, 2 – relief valve, 3 – distribution valve 4/3-way D3FP, 4 – boom cylinder, 5 – main 
counterweight cylinder, 6 – closed shut-off valve, 7 – opened shut-off valve 
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4. The comparative tests 
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Fig. 4. Selected work parameters of the energy saving system for the lowest (graphs on the right) and the highest 
(graphs on the left) velocity of boom cylinder witch were set during the tests 
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Fig. 5. Calculated energy consumption for the both tested systems with additional load– for velocity of boom 
cylinder about 0.023 m/s 
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Fig. 6. Calculated energy consumption for the both tested systems with additional load – for velocity of boom 

cylinder about 0.09 m/s 

5. Conclusion 
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Tab. 1. List of notations

xb 
xp 
mo, m  
k k mo /m
A1, A2, A3, A4 
vo, vp 

pb1, pb2 

pp1, pp2 

Q 
No, Np 
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