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ABSTRACT

Due to their large application quantities with extremely low efficiency, pollutant emissions, high fuel
consumption, and oil price, researches on the environment protection and the energy saving of construc-
tion machinery, especially hydraulic excavators, become very necessary and urgent. In this chapter, the
authors proposed a complete study for the excavators’ hydraulic energy recovery systems. This study
is divided into two parts. In the first one, an overview for the energy saving principles is discussed and
classed based on the type of the energy recovered. In the second part and once the energy recovery system
is selected, the authors proposed a new approach to design the energy recovery system under a typical
working cycle. This approach, the global optimization method for parameter identification (GOMPI),
uses an optimization technique coupled with the simulated model on simulation software. Finally, results
concluded that applying GOMPI model was an efficient solution as it proves its accuracy and efficiency
to design any energy recovery patent applied to hydraulic systems.
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INTRODUCTION

The excavator is a machinery dedicated to long-time and high-power work. Its load power varies peri-
odically in a large range that’s why the working condition of the engine changes periodically too. The
output power’s variation of an excavator in digging working condition is shown in Figure 1. Due to
these fluctuations, engine cannot always remain in a high efficiency state and results to energy losses
and high fuel consumption.

Furthermore, the energy loss in the hydraulic system mainly refers to the losses of pressure and flow
of the oil. In a typical working cycle, when lowering, the fluid draining from the actuator chamber of
the excavator’s arm to the tank has a pressure greater than the pressure of the fluid already within the
tank. This fluid still contains some energy that is wasted upon entering the low-pressure tank.

When slewing stoppage, the fluid draining from the hydraulic motor of the excavator’s turret to the
tank still contains some energy, since the pressure of the fluid is much greater than the pressure within
the tank.

Normally, the wasted energy is lost as heat energy on the surface of excavator’s components. This
heat increases the components’ temperature and accordingly reduces their lives (Weidong et al., 2011).
Moreover, energy is too valuable to waste and reducing fuel consumption directly leads to reduced emis-
sions of global warming gases as well as costing the customer less in fuel.

In this study, we treat the energy saving systems applied on hydraulic systems and their optimized
design.

In section 2 we present an overview on the energy recovery systems. Following that, and in order
to design an excavator’s energy recovery system, a new approach (GOMPI) is proposed then applied in
section 3. The conclusions are given in the last section.

OVERVIEW ON ENERGY RECOVERY SYSTEMS
APPLIED ON HYDRAULIC SYSTEMS

A lot of researches have been reported during the last two decades in the field of energy saving in heavy
goods vehicles. USA, Europe, and Japan have spent a huge amount of capital on related projects and
many valuable results are now available and can be used to provide solutions for construction machinery.
Some studies tend to save the wasted energy in storage devices, some tend to optimize the whole system;
some automate the machine and some change completely the hydraulic circuit.

Due to a wide variety of energy recovery principles and type of storages, it was thought to divide
these solutions into five categories: 1) potential energy saving; 2) kinetic energy saving; 3) hybrid sys-
tems; 4) system’s control and automation; and 5) non-conventional machinery. Then each category, in
turn, was divided into subcategories respecting to the type of the storage device. To recover the potential
energy, we propose three subcategories: a) storing the energy in storage devices (hydraulic, electrical
and hydro-electric storage devices); b) sharing power between actuators; and c) storing the energy in a
hybrid system that combines the two subcategories a and b. To recover the kinetic energy, we present
one subcategory based on storing the energy in storage devices (hydraulic, electrical, and hydro-electric
storage devices). The third category contains each solution that combines potential and kinetic energy
recovery. The category four is divided into two subcategories: control of the system and automation of
the machinery. Category five only contains the non-conventional systems.

257



28 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/overview-and-optimized-design-for-energy-

recovery-patents-applied-to-hydraulic-systems/208051

Related Content

Detection and Classification of Leukocytes in Blood Smear Images: State of the Art and
Challenges

Renuka Veerappa Tali, Surekha Borraand Mufti Mahmud (2021). International Journal of Ambient
Computing and Intelligence (pp. 111-139).
www.irma-international.org/article/detection-and-classification-of-leukocytes-in-blood-smear-images/275761

Analyzing the Behavior of Smartphone Service Users

Derek Fagan, Brian Caulfieldand René Meier (2013). International Journal of Ambient Computing and
Intelligence (pp. 1-16).

www.irma-international.org/article/analyzing-behavior-smartphone-service-users/77830

A Calibrated Linguistic Semantic Based on Group Consensus Decision Making for FMEA of
Industrial Internet Platform

Jian Wu, Jun Chen, Jin Fang, Tiantian Gaiand Mingshuo Cao (2023). International Journal of Fuzzy
System Applications (pp. 1-20).
www.irma-international.org/article/a-calibrated-linguistic-semantic-based-on-group-consensus-decision-making-for-fmea-

of-industrial-internet-platform/322022

Clustering Algorithm for Arbitrary Data Sets
Yu-Chen Songand Hai-Dong Meng (2009). Encyclopedia of Artificial Intelligence (pp. 297-303).
www.irma-international.org/chapter/clustering-algorithm-arbitrary-data-sets/10263

Application of Rough Set Based Models in Medical Diagnosis

Balakrushna Tripathy (2016). Handbook of Research on Computational Intelligence Applications in
Bioinformatics (pp. 144-168).
www.irma-international.org/chapter/application-of-rough-set-based-models-in-medical-diagnosis/157486



http://www.igi-global.com/chapter/overview-and-optimized-design-for-energy-recovery-patents-applied-to-hydraulic-systems/208051
http://www.igi-global.com/chapter/overview-and-optimized-design-for-energy-recovery-patents-applied-to-hydraulic-systems/208051
http://www.irma-international.org/article/detection-and-classification-of-leukocytes-in-blood-smear-images/275761
http://www.irma-international.org/article/analyzing-behavior-smartphone-service-users/77830
http://www.irma-international.org/article/a-calibrated-linguistic-semantic-based-on-group-consensus-decision-making-for-fmea-of-industrial-internet-platform/322022
http://www.irma-international.org/article/a-calibrated-linguistic-semantic-based-on-group-consensus-decision-making-for-fmea-of-industrial-internet-platform/322022
http://www.irma-international.org/chapter/clustering-algorithm-arbitrary-data-sets/10263
http://www.irma-international.org/chapter/application-of-rough-set-based-models-in-medical-diagnosis/157486

