Global Fluid Power Society PhD Symposium 2022| Naples, Italy - 2022

Simulation model of hydraulic generator with variable

flow direction

Kacper Dabek, Krzysztof Kedzia, Piotr Osinski

Kacper Dgbek, MSc. Eng. Wroclaw University of Science and Technology, Poland
kacper.dabek@pwr.edu.pl

Krzysztof Kedzia, PhD. Eng. Wroclaw University of Science and Technology, Poland
krzysztof.kedzia@pwr.edu.pl

Piotr Osinski, Prof. Eng. PhD. Wroclaw University of Science and Technology, Poland
piotr.osinski@pwr.edu.pl

Abstract.

The paper presents a simulation model of a hydraulic pump generator with variable flow
direction. Current solutions are based on a steady flow of hydraulic fluid. This article
presents the results of simulations for a system in which the flow will have a sinusoidal
(alternating) progression. The simulation will be performed using MatLAB Simulink. The
results of the simulations will be used in the next phase to develop the design assumptions
and make a prototype system. Ultimately, the prototype of the hydraulic system will be used
in a hydrostatic transmission with oscillating flow. The subject of the dissertation will be the
assessment of the hydraulic and dynamic properties of the prototype transmission with the
oscillating flow.
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1. INTRODUCTION

The natural resources of the Earth are limited. Their excessive use has a negative impact on
ecology [1]. In recent years, more and more emphasis has been placed on renewable energy
sources. Regulations aimed at reducing carbon dioxide emissions are a good example. As a
result, there is again a dynamic development of the industry related to recuperation and
efficient energy storage. Many concepts of hybrid drives are developing in the automotive
industry. In most of them, the vehicle's kinetic energy is recuperated on the electric way [2,
3] during braking [8, 9]. There are many solutions and configurations. Last time the Audi
company introduced into production vehicles with energy recuperation from shock
absorbers. The principle of operation is presented in Fig.1. An innovative solution based on



an electromechanics system. The maximum power that this solution could generate is up to
600 Watts [4].
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Figure 1.1. The operating principle of the Audi erupt system [4]

This paper aims to present a simplified simulation model of an oscillating hydrostatic
transmission that allows to recuperate energy from shock absorbers of civil vehicles.

2.

MATHEMATIC MODEL

The simulated hydraulic system is shown in Fig. 2. The drawing alludes to the patent
application [10]. It consists of a double-acting cylinder, four check valves, a hydraulic motor
and two maximum valves. The check valve system creates a hydraulic rectifier, which is
characterized by the ability to straighten the direction of the flow of the working fluid [5,
11]. A number of simplifications have been made to the model:

no oil temperature change,
perfect forcing the actuator,
no line and local losses,

no inertia in valves,

is no included loading on the piston rod, such as spring, inertia, friction.
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= Figure 2.1. Hydraulic system scheme; 1- double-acting hydraulic cylinder, 2,3-
pressure relief valve, 4-7- check valve, 8- hydraulic motor [10]

2.1. Double-acting hydraulic cylinder

As the first element in the system, it is the source of stream energy. The compulsion is the
ideal shift model. Any kind of leakage, internal or external, is not taken into account.

2.2. Hydraulic motor

A hydraulic motor as an element that converts the energy of steady flow of the working fluid
into a mechanical rotary motion. The engine model takes into account the losses: mechanical
and volumetric. Volumetric losses are related to internal leakages between the engine inlet
and the engine outlet. The described mechanical losses are related to internal friction. The
hydraulic motor model has the ability to impart inertia. These dependencies are described
by the following formulas [6, 7].

Rated flow:
Areal = Qideal T reak @)
where:
Oreal - real volumetric flow rate
Qideal - ideal volumetric flow rate

Qreak - internal leakage volumetric flow rate

Torque:

T = Trdeal — TFriction 2



where:
T - net torque
Tideal - ideal torque

Trriction - friction torque

Ideal volumetric flow rate:
Qrgear = Dw, 3
where:
D - the value of the hydraulic motor displacement
o - instantaneous angular velocity of the rotary shaft

Ideal generated torque:
Tideal = DAP (4)

where:

Ap - instantaneous pressure drop from inlet to outlet

Leakage:
Qieak = KHPAp (5)

where:

Kne — Hagen-Poiseuille coefficient for laminar pipe flow

2.3. Check valve

The check valve allows the working liquid flow in one direction. Due to the design, exist
a minimum pressure, above which the valve opens. The opening is linear until the maximum
value of the valve area is reached. Leakage for a closed valve was determined as a constant
value for the leakage area. The dependencies are shown in Fig. 3.
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Figure 2.2. Dependence of pressure and area [7]

Check valve equation:

Ap =ps — s (6)
where:
pa — pressure before valve
pe — pressure after valve

Flow area:
Ajeak for p < DPerack
A(P) = Aleak+k»(p—pcmck) for perack <P < Pmax
Amax fOI‘ pmax S p
where:

Amax - fully open passage area
Aueak - closed valve leakage area
Perack - Valve cracking pressure
pmax - fully open pressure

2.4, Pressure relief valve

O

The system is protected by two maximum valves. They allow the working liquid to flow into
a parallel line in case of too much load on the hydraulic motor. The dependencies of pressure

and passage are shown in Fig. 3.
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Figure 2.3. Dependence of pressure and area in pressure relief valve [7]

Leakage for a closed valve was determined as a constant value for the leakage area. The
opening is linear according to the following equation:

S(Apas) = Siear + k(Apas — APser) 8
where:

S(pas) — relief valve opening area

Sieak — leakage area

Apser — valve pressure setting

Apas — pressure drop from port Ato B

2.5. Inertia

The inertia was modeled for the hydraulic motor model. It is expressed as follows:

d 9
szd_? ©)]

where:
T - inertia torque.
J - inertia.
o - angular velocity.
t - time.

3. SIMULATION

The MatLAB Simulink program with the Simscape extension was used to create the
simulation model. After selecting the simulation parameters, the input was implemented.
The source that drives the entire system is an external displacement source connected to
a double-actuator cylinder. The input force is a sinusoidal function.



3.1 Simulation without inertia

The simulation is shown in Fig. 5. which presents the velocity of the double-actuator
cylinder. Fig. 6. shows the dependence of the rotational speed of the hydraulic motor shaft.
Fig. 7. shows the flow rate of the hydraulic motor as a function of time.
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Figure 3.1. Simulation without inertia — extortion signal
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Figure 3.2. Simulation without inertia - motor rotational speed.
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Figure 3.3. Simulation without inertia — flow rate.

3.2. Simulation with inertia
The simulation was carried out with joined inertia. Similar to the simulation without
inertia: Fig. 8. shows the velocity of a double-actuator cylinder, Fig. 9. shows the
dependence of the rotational speed of the hydraulic motor shaft, and Fig. 10. shows the
flow rate shown in hydraulic motor as a function of time.
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Figure 3.4. Simulation with inertia — extortion signal.
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Figure 3.5. Simulation with inertia — rotational speed of the motor.
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Figure 3.6. Simulation with inertia — flow rate.

3.3. Simulation with inertia and high frequency

The simulation was carried out with joined inertia. Similar to the simulation without
inertia: Fig. 11. shown velocity of the double actuator cylinder, Fig. 12. shown dependence
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of the rotational speed of the hydraulic motor shaft, Fig. 13. the flow rate shown in the
hydraulic motor in the function of time.
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Figure 3.7. Simulation with inertia and high frequency — extortion signal.
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Figure 3.8. Simulation with inertia and high frequency — rotational speed of the motor.
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Figure 3.9. Simulation with inertia and high frequency — flow rate.

4, CONCLUSIONS

The results obtained in the simulation process presented in the article are preliminary. They
do not consider many important physical phenomena. The next step will be to reduce the
simplifying assumptions. The most important step in reducing simplification assumptions
will be to remove the inertia of the check valves. This will allow the system to be checked
at high frequencies. To verify the simulation model, it is planned to test the real system
during the experimental tests. The experimental research will be performed on the real object
for validation (checking) of the adopted mathematical model. Comparison of the
experimental results with the calculation values will allow us to determine the impact of the
simplifications adopted.

By analyzing Fig. 5, 6, and 7 it can be concluded that the hydraulic motor without inertia
moves as expected.

If inertia (Fig. 8, 9, and 10) and high frequency of forcing (Fig. 11, 12, and 13) are taken
into account, the cylinder speed is the same as the input speed.

For the rotational speed of a hydraulic motor, the influence of inertia is significant; after a
few rotations, the value of the rotational speed or flow rate value does not drop below the
specified value.

Hydraulic generator with variable flow direction as the first step to create a system to
recuperating energy from dampers in vehicles, ultimately consisting of four actuators and
one receiver. The results show that a hydraulic re-approval system can be created, allowing
more environmentally friendly vehicles to be built.
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