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ABSTRACT

Displacement controlled hydraulic systems present an effective
approach to improve the efficiency of fluid power systems. This approach
prevents fluid throttling, which is a major case of power dissipation, by
minimizing the use of control valves in circuits. This approach could play an
important role in industry and mobile hydraulics in the near future to
overcome the problems associated with fossil fuel especially pollution. The
work presented in this thesis describes developing, measuring, modeling, and
controlling of a displacement controlled hydraulic linear actuator. A practical
hydraulic circuit is developed with a small number of common components,
and is suitable for many practical applications.

The linear actuator is controlled by changing the swash plate angle of
the variable displacement pump which in turn changes the pump delivery. A
complete test rig with all necessary instrumentations is designed to measure,
monitor, record, and control the hydraulic circuit using mechatronics
principals (mechanical, electrical/electronic, and information technology).
Model identification is conducted to find the transfer function based on
practical measurements. The calculated data were compared with measured
results obtained through an extensive experimental program which proved the
validity of the model. Two types of controllers are selected and many input
signals with different shapes are fed to the system. Good tracking
performance is observed between the desired, and the output signals.
Experiments are done in different loads to simulate practical conditions and
all the data are displayed on line during experiments. Two types of software
are used, the first one is made by Visual Basic/Labview packages and the
other is done by Matlab Real Time Windows Target toolbox. This work
shows a simple solution to the problem arising when using hydraulic cylinders
in closed hydraulic circuit which presents a good approach to hydraulic circuit
design. Also shows a way to practically identify system transfer function
without using analytical methods. During this process, two types of
controllers, namely PID and fuzzy tuned PID, were heavily used deployed and

compared.
vii
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Symbol | Description Unit
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P.1 Pressure inside cylinder one N/m?
P, Pressure inside cylinder two N/m?
PLs Load sensing pressure N/m?
PLs Load sensing pressure N/m?
Pout Pump output power Watt
Q Pump flow m*/sec
Qq Volumetric flow rate out from the discharge chamber m°/sec
Oo2 Flow to load number two m°/s
Qpo Steady state volumetric flow rate from the pump m?>/sec
R Yield strength of the piston rod material N/m?
r Piston pitch radius m
Se Hydraulic cylinder max extracting velocity m/sec
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s Laplace operator
T Total length of generated PRBS sec
Vg Pump displacement volume per revolution cm/rev
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Volg | Volume difference between the cylinder piston side and rod side m’
AP | Pressure difference N/m?
n Efficiency
My valve efficiency
&p Overall Efficiency
® Angular velocity of input shaft rad/sec
a Swash plate angle rad
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e Error

e(t)

Change of error
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LIST OF ABBREVIATIONS

Abbreviation Description
A/D Analog to Digital

Al Analog Input

AO Analog Output

BTU British Thermal Unit

CcBV Counter Balance Valve

D/A Digital to Analog

DAAPP Dual-Acting Axial Piston Pump
DAQ Data Acquisition

DC Displacement Controlled

dc Direct Current

DCA Displacement Controlled Actuator
DSP Digital Signal Processing

ECU Electronic Control Unit

EFM Electro-hydraulic Flow Matching
EM Electrical Motor

EP Electro Proportional

FFT Fast Fourier Transform

FGS Fuzzy Gain Scheduling

FSW Fuzzy Set-point Weighting
FTPID Fuzzy Tuned PID

GA Genetic Algorithm

HM-LS Hydraulic Metering Load Sensing
IAE Integrated Absolute Error

ICE Internal Combustion Engine

1/0 Input Output

IMC Internal Model Control

Ipm Liter per minute

LS Load Sensing
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