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I. INTRODUCTION

This thesis introduces two novel systems: water hydraulic fluid switching transmission (FST) and
pump motor transmission (PMT) that only use cheap ON/OFF valve for lessening the initial cost and
can reduce much energy consumption beside a conventional water hydraulic servo motor system (SMS)
for comparison.

Il. FST SYSTEM
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Figure 1: Schematic of water hydraulic FST system.

The system consists of following main elements as shown in Fig. 1: a fixed displacement pump (P), 4
fixed displacement pump/motor (PM), two accumulators (ACCi, i = 1, 2), three ON/OFF valves (VSi,
i=1, 2, 3). The two accumulators ACC1 and ACC2 are used as a pressure surge absorber and energy|
storage, respectively. The fluid energy with pressure ps generated by the pump P is considered as the
input energy, kept as 12 MPa in all experiments. The flywheel (FW) connected to PM is the rotational|
load and acts as the work.

I1l. PMT SYSTEM

A new water hydraulic pump motor transmission PMT will be introduced in this research. The PMT]
system is set on the basis of the FST system, only some devices were changed and the control
algorithms for the ON/OFF valves and the electric motor M are different. In the PMT system, the
ON/OFF valve VS; was replaced by the check valve VC;, the accumulator ACC; was eliminated, and
the accumulator ACC, was used for both tasks: pressure surge absorber in acceleration and constant
phases and energy storage for recovered energy in deceleration phase.

IV. SERVO MOTOR SYSTEM

A conventional servo motor was examined to evaluate the advantages of the FST and PMT systems.
Therefore, the servo motor system was set on the basis of the FST and also PMT systems, only the
servo valve replaced for the ON/OFF valves to control the velocity of the flywheel FW.
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V. SUMMARY

The goal of this dissertation is to improve both energy and control performance in water hydraulic
transmissions. This research introduces two cheap FST and PMT systems beside the conventional servo
motor system for comparison.

This study showed a whole view of the FST system, because it covered from simulation to experiment,
examined the parameters which affected to control performance and energy saving, the two most
important points of the system. In addition, three methods to improve the energy efficiency were
introduced beside the original FST system.

The simulated results of the FST system had a good agreement with behavior of the experimental
results in velocity, pressure, and flow of each part. That means the simulator has been build
successfully and matched the actual.

The percentage error of the flywheel velocity could be reduced by use a quick response velocity
transducer and restricting control upper and lower thresholds. The combination of both methods made
the control accuracy of the FST system within 25 min™*, that corresponds with the velocity error
below 3% for given reference speeds equal or above 800 min™ . However, the restriction of the control
upper and lower thresholds made the number of switching up; as a result, the life of the ON/OFF
valves would be reduced much. A requirement is to simulate the relationship between the upper and
lower thresholds and the duration of the ON/OFF valves. It is a future work of the research.

The most important target of the research is to improve the energy efficiency of the water hydraulic
FST. Chapter 2 introduced the original FST system without acting on the electric motor M during
working cycles and proposed three methods to reduce the energy consumption by lessening the
velocity of the electric motor M and stopping it in the working and deceleration phases, respectively,
and limited the working pressures py; (i = 3, 4) by use an unload valve or idling stop method, and after
that compared them together in both velocity and energy performances.

The steady state error in the working phase decreased drastically in the PMT system in comparison
with FST system. For more detail, the steady state error downed from 1/6 to 1/18 times, it was from
1.66 to 4.10 min* corresponding to the percentage errors from 0.28 to 0.59%.

The more important point of the study is analysis of the energy saving performances of FST and PMT
system and compares them together. Total energy consumption of FST system was much larger than
PMT system that was from 2.56 to 3.85 times corresponding to the reference velocities from 600 to
1000 min™".

The SMS system shows much advantage in transient response with the shortest rise time and smallest
overshoot while the steady state error is only slightly smaller than PMT system. The steady state error
of the FST system is relative large, the percentage errors are from 5.5 to 8.1 times bigger than PMT
and SMS system for the reference velocity from 600 to 1000 min™*; however, the tendency of the error|
reduces for higher reference velocity. Both FST and PMT can reduce energy consumption drastically,
the FST system only need from 33.2 to 47.3% of the total energy consumption of the SMS to complete
a full cycle and even much reducing in PMT system with the reduction from 76.0 to 86.0%.

Moreover, both FST and PMT systems can also recover energy in the deceleration process and the
saved energies stored in the accumulator ACC, after a working cycle are from 8.2 to 11.6% and from
8.7 to 13.7% of the total energy consumption of FST and PMT system, respectively. The energy will be
reused in the next working cycle for reducing the energy consumption and the rise time. The
investigation on the effect of the saved energy is considered as a future work of this research.

In addition, the FST and PMT systems are much cheaper than SMS system because of using only cheap
ON/OFF valves. This property will bring wider applications for water hydraulics.
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