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to 1500 rpm with an accuracy of 4%. The speeds of differential 
gears and shaft speeds of regulated hydraulic pump and 
unregulated hydraulic motor were determined based on the 
calculated gear-ratios. The speed of regulated hydraulic pump 
varies in the range from -3000 to 3000 rpm, the speed of 
unregulated hydraulic motor varies from 1218 to 3653 rpm. The 
parameter of regulating of hydraulic drive (circuit) is calculated 
on the basis of speeds values. Its value is in the range from -
2.46 to 0.82. The dependence of regulating parameter of input 
shaft speed was determined using the method of polynomial 
approximation. The calculations of dynamic characteristics of 
drives will be calculated at the final stage. 

 
3.2. Scientific problem 

The results analysis of calculation speed of regulated 
hydraulic pump has shown that it passes through the dead-zone 
speeds. The hydraulic pump changes its direction of rotation 
when passing through the zone. The whole flow of fluid into 
the pump goes to compensation of fluid leakage at the 
boundaries of the zone that leads to the pump stop. It cannot 
compensate for leakage inside the zone. Speed on the output 
shaft decreases in the period of time when the pump goes 
through the dead-zone. This leads to a "failure" of output shaft 
speed and, consequently, the rotation speed of generator. 
Identify boundaries of dead-zone has compelled the 
recalculated speed of unregulated hydraulic motor on the 
linearized mathematical model of hydraulic drive. Volume 
losses of regulated hydraulic pump during the process of work 
were taken into account in this calculation. The dependence of 
volume losses on pressure in the pump cavity was found in an 
experimental manner and processed with the help of 
polynomial approximation.  

The generator speed retires beyond the speed limit at a time 
when the pump speed in the range from -30 to 50 rpm. But this 
calculation does not give the exact values of dead-zone because 
some real factors were not included in the formulas. The speed 
of output shaft has a value that is lower than the rated speed at 
3.2% in the working range and it is valid. 

The problem of dead-zone is the subject of a thorough 
scientific research. The main issue is the behavior regulated 
hydraulic pump at its passing dead-zone. Consequently, the 
boundaries of this zone must be defined more precisely. 
Methods of overcoming the dead-zones must be developed on 
the basis of data. But only a real experiment may provide such 
data. The Research stand for conducting this experiment was 
established on the basis of the International Scientific-
Educational Center BSTU-FESTO "Synergy". The stand 
consists of a HMCSD, electric motor, combined with hydraulic 
drive (simulated wind turbines), and an electric generator.  

 
3.3. Control system 

The control system of HMCSD is designed in parallel with 
the mechanical and hydraulic parts. The main element of 
control system is the industrial controller based on the signal 
MCUs Silicon Laboratories (Mikhaylov et al., 2009). 

The signals from the rotation sensors (incremental 
encoders) of input and output shafts of HMCSD transmitted in 
the control system. The control signals are formed depending 
on the data signals in accordance with the calculations. In 
addition, the system receives signals from pressure sensors. 
They are the basis for calculating the adjustment which is 
introduced into the control signal. The control signal comes to 
electrohydraulic executive unit that regulates the pump. The 
electrohydraulic executive unit may be designed on the basis 
of: proportional hydraulic distributor with a round valve, 
electrohydraulic distributor with a flat valve or electrohydraulic 
converter type "nozzle-shutter". The minimum dead-zone of 
electrohydraulic executive unit is the main criterion for his 
selection. The experiment showed that the electrohydraulic 
distributor with a flat valve has the best characteristics. His 

dead-zone reached 9.3% of total operating range. The 
electrohydraulic executive unit regulates the angle of 
inclination of block cylinders pump. The angle of inclination of 
block cylinders is monitored the angle sensor (absolute 
encoder). The signal from the sensor allows adjusting and 
maintains the angle of inclination of block cylinders in 
accordance with the control signal based on the PID algorithm. 

The main task of control system is to maintain a constant 
speed of output shaft of HMCSD. This system should provide 
compensation of dead-zone and volume losses in the regulated 
hydraulic pump. The software for control system will be 
developed based on the calculated mathematical dependencies.  

 
3.4. Planned research 

The experiment on the stand HMCSD will be held in 
several stages. The first step is to test the ability of control 
system to maintain a constant speed output shaft in the working 
speed range with a given accuracy. The next step is to search 
for and testing of method of compensation "failure" speed of 
drive in the dead-zone in the regulated hydraulic pump. The 
experimental data will serve as a way for the formation of its 
compensation. This method will be implemented with the help 
of designed control system. The final phase of research will be 
the identification and correction of accuracy to maintain speed 
of drive for the entire speed range input shaft by means of 
designed control system. 

 
4.  EXPECTED RESULTS 

 
The result of design and research work should be a finished 

HMCSD in the form mechatronic system. This drive should 
provide the required accuracy to maintain speed on the output 
shaft in all speed range input shaft. The data of experiments 
consider being of high practical value. In the first place they 
need for develop ways to compensate the dead zone in the 
different types of hydraulic drives. Secondly they form the 
basis for a unified approach in designing drives for wind 
generators with different capacities. In general this will 
significantly improve the efficiency of designed drives and 
reduce the cost of their designing and manufacturing. 

 
5. CONCLUSION 

 
The use of hydromechanical constant-speed drives is a 

promising line of development of wind energy. This will get rid 
of the massive and expensive elements in the system of energy 
generation (precision multistage multiplier, rectifier on the 
power electronics base), reducing its weight and dimension, in 
order to reduce of the producting and operating costs. 
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