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Disclaimer 

 
No part of this book may be reproduced or utilized in any form or by any means, electronic or 
physical, including photocopying and microfilming, without written permission from 
CompuDraulic LLC at the address above. 
 
The presented material provides guidelines and is written to the extent of the best 
understanding of the author. However, the author welcomes any thoughts, corrections, ideas 
from industry professionals. Any portion of the information presented in this book might not 
be suitable for some applications due to various reasons. Since errors can occur in circuits, 
tables, and text, the author/publisher assumes no liability for the safe and/or satisfactory 
operation of any system designed based on the information in this book.  It is always advisable 
to review the relevant standards and the recommendations from original manufacturers. 
 
The author/publisher does not endorse or recommend any brand name product by including 
such brand name products in this book. Conversely the author/publisher does not disapprove 
of any brand name product not included in this book. The publisher obtained data from 
catalogs, literature, and material from hydraulic components and systems manufacturers 
based on their permissions. The author/publisher welcomes additional data from other 
sources for future editions. This disclaimer is applicable for the workbook (if available) for this 
textbook. 
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PREFACE 
 

Mobile machines are extensively relied on hydraulic power because of the high-power density 
of hydraulic actuators that aren’t reached by other actuators so far. However, for the sake of 
saving energy, reducing emission, and improving machines’ performance, hybrid and 
electrification concepts are considered in mobile machine designs.  
 
This book targets industry professionals who are in charge for operating, maintaining, and 
designing mobile machines. The book has twenty chapters. The first four chapters cover 
conceptually the systems that are commonly found on all mobile machines. In the rest of the 
chapters, the book presents sixteen different categories of mobile machines. In each category 
of mobile machines, the book presents a brief introduction to equipment, hydraulic-driven 
functions, hydraulic circuit diagrams, and hybrid or electrified models, if found. Some of the 
presented systems are just generic, and the others are aided by examples from industry. 
 
The author is working hard to finish his goal of supporting fluid power professional education 
by developing the following series of volumes and relevant software: 
 
▪ Hydraulic Systems Volume 1: Introduction to Hydraulics for Industry Professionals. 
▪ Hydraulic Systems Volume 2: Electro-Hydraulic Components and Systems. 
▪ Hydraulic Systems Volume 3: Hydraulic Fluids and Contamination Control. 
▪ Hydraulic Systems Volume 4: Hydraulic Fluids Conditioning. Under Development 
▪ Hydraulic Systems Volume 5: Safety and Maintenance. 
▪ Hydraulic Systems Volume 6: Troubleshooting and Failure Analysis.  
▪ Hydraulic Systems Volume 7: Modeling and Simulation for Application Engineers. 
▪ Hydraulic Systems Volume 8: Advanced Designs for Mobile Applications. 
▪ Hydraulic Systems Volume 9: Advanced Designs for Industrial Applications (Under Development). 
▪ Hydraulic Systems Volume 10: Design Strategies of Hydraulic and EH Systems (Under Development). 
 

 
 
 
 

Dr. Medhat Kamel Bahr Khalil 
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ABOUT THE BOOK 
 

Book Description:  
 
Mobile machines are extensively relied on hydraulic power because of the high-power density 
of hydraulic actuators that aren’t reached by other actuators so far. However, for the sake of 
saving energy, reducing emission, and improving machines’ performance, hybrid and 
electrification concepts are considered in mobile machine designs.  
 
This book targets industry professionals who are in charge for operating, maintaining, and 
designing mobile machines. The book has twenty chapters. The first four chapters cover 
conceptually the systems that are commonly found on all mobile machines such as hydrostatic 
transmission, control blocks, steering systems, fan drive systems, hybrid systems, and mobile 
machine electrification.  
 
In the rest of the chapters, the book presents sixteen different categories of mobile machines 
such as excavators & shovels, loaders, dozers, graders, road construction machines, aerial 
work platforms, forklifts & telehandlers, cranes, mining equipment, municipal & hauling 
trucks, concrete pumps & mixers, tractors & AG machines, tunnel-boring machines, aerospace 
applications, marine and military applications, and railways applications. In each category of 
mobile machines, the book presents a brief introduction to equipment, hydraulic-driven 
functions, hydraulic circuit diagrams, and hybrid or electrified models, if found. Some of the 
presented systems are just generic, and the others are aided by examples from industry. 
 
This book is colored and printed in the size of standard A4. The book is associated with a 
workbook that contains colored-printed power point slides. This book is the sixth in a series 
that the author plans to publish to offer complete and comprehensive teaching references for 
the fluid power industry. The book contains a total of fourteen chapters distributed over 250 
pages with very demonstrative figures and tables. The contents of the book are brand non-
biased and intends to introduce the latest technologies related to the subject of the book. 
 
 

Book Objectives: 
 
Chapter 1: Hydrostatic Transmissions 
This chapter, aided by examples from industry, overviews the concepts of travel drive 
functions in mobile machines. This chapter focuses on the construction and operating 
principles of HYDROSTATIC TRANSMISSIONS. Among the presented topics are the various 
configurations of hydrostatic transmissions, the various methods of integrating hydrostatic 
transmissions in mobile machines, and the various methods of varying the displacement of the 
main pump.  
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Chapter 2: Control Blocks in Mobile Machines 
This chapter, aided by examples from industry, overviews CONTROL BLOCKS construction, 
central position, architecture that sets the priority of the operations, and methods of actuation. 
This chapter also briefly presents the difference between using control block versus 
controlling actuators directly by a pump.  
 

Chapter 3: Steering and Fan Drive Systems 
This chapter overviews STEERING and FAN DRIVE systems in mobile machines, with a focus 
on hydraulic power steering. This chapter presents the construction and operating principle of 
orbital steering valve including open center, closed center, and load reaction type of steering 
valves. The chapter also presents the concept of steering in track-drive mobile machines. This 
chapter also overviews hydrostatic fan drive systems as applied in mobile machines using 
hydraulic-driven cooling fan systems.  
 

Chapter 4: Concepts of Hybrid and Electrified Mobile Machines 
This chapter discusses HYBRID and ELECTRIFIED concepts as applied to mobile machines. 
This chapter presents various concepts for energy recovery/regeneration and electrification of 
mobile machines. The presented concepts for energy recovery/regeneration are secondary 
control concept, hydraulic fly wheel concept, and hydraulic-hybrid concept. In the area of 
emission reduction concepts for semi-electric and full electric mobile machines are further 
explained. This chapter also discusses the feasibility and barriers for mobile machine 
electrification. 
 

Chapter 5: Excavators and Shovels 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in 
EXCAVATORS & SHOVELS. Among the presented examples are boom functions, arm functions, 
bucket functions, swing functions, brake functions, travel drive systems, steering systems, 
cooling systems, and excavator attachments. The chapter also presents the effort for replacing 
the conventional functions to run as hybrid or electrified functions for reducing the emission 
and improving fuel efficiency and machine performance. 
 

Chapter 6: Loaders 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in LOADERS. 
Among the presented concepts are boom functions, passive versus active boom suspension, 
bucket functions, other auxiliary functions, travel drive systems, steering systems, cooling 
systems, and attachments. The chapter also presents the effort for replacing the conventional 
functions to run as hybrid or electrified functions for the sake of reducing the emissions and 
improving fuel efficiency and machine performance. This chapter considers various types of 
loaders such as wheel loaders, track loaders, swing loaders, backhoes, and skid-steer loaders.  

 
 



11 Hydraulic Systems Volume 8: Advanced Designs for Mobile Applications 
About the Book 

 

 

Chapter 7: Dozers 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in DOZERS. 
Among the presented concepts are blade tilt & lift functions, tipping & ripping functions, winch 
functions, drive systems, steering systems, and cooling systems. The chapter also presents the 
effort to replace the conventional functions to run as a hybrid or electrified functions for the 
purpose of reducing the emissions and improving fuel efficiency and machine performance. 
 

Chapter 8: Graders 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in GRADERS. 
Among the presented concepts are blade tilt & side shift functions, tipping and ripping 
functions, blade circle drive function, blade articulation function, steering systems, and brake 
system. This chapter also presents the effort to replace the conventional functions to run as 
hybrid or electrified functions for the purpose of reducing the emissions and improving fuel 
efficiency and machine performance. 
 

Chapter 9: Road Construction Machines 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in ROAD 
CONSTRUCTION MACHINES. Among the presented concepts are implement functions, travel 
drive systems, and steering systems. The chapter also presents the effort for replacing the 
conventional functions to run as hybrid or electrified functions for the purpose of reducing the 
emissions and improving fuel efficiency and machine performance. This chapter considers 
various types of road construction machines such as trenchers, cold planners, asphalt pavers, 
and compactors. 
 

Chapter 10: Aerial Work Platforms 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in AERIAL 
WORK PLATFORMS. Among the presented concepts are implement functions, brake systems, 
travel drive systems, and steering systems. The chapter also presents the effort for replacing 
the conventional functions to run as hybrid or electrified functions for the purpose of reducing 
the emissions and improving fuel efficiency, and machine performance. This chapter considers 
various types of aerial work platforms machines, such as scissor lifts, boom lifts, manlifts, and 
aerial ladders. 
 

Chapter 11: Forklifts and Telehandlers 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in FORKLIFTS 
AND TELEHANDLERS. Among the presented concepts are implement functions, brake systems, 
drive systems, steering systems, and attachments. The chapter also presents the effort for 
replacing the conventional functions to run as hybrid or electrified functions.  
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Chapter 12: Cranes 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in CRANES. 
Among the presented concepts are implement functions, brake systems, travel drive systems, 
steering systems, and cooling systems. The chapter also presents the effort for replacing the 
conventional functions to run as hybrid or electrified functions. This chapter considers various 
types of mobile and stationary cranes such as truck-mounted cranes, vary-deck cranes, rough 
terrain cranes, floating cranes, telescopic trains, crawler cranes, tower cranes, gantry cranes, 
harbor and offshore cranes, and stacker cranes.  
 

Chapter 13: Mining Equipment 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic system layout, and the related hydraulic circuit diagrams in material 
extraction MINING EQUIPMENT. Among the presented concepts are implement functions in 
open and closed-circuit architectures, cutting head drive function, slewing function, travel 
drive systems, and steering systems. This chapter considers various types of mining 
equipment such as coal mine roadheaders, mining crushers, and rotary drilling rigs.  
 

Chapter 14: Municipal and Hauling Trucks 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in MUNICIPAL 
and HAULING TRUCKS. Among the presented concepts are implement functions, hoisting 
functions, brake functions, travel drive systems, steering systems, and cooling systems. This 
chapter considers the selected types of vehicles such as municipal garbage trucks, and mining 
haul trucks. The chapter also presents the effort for replacing the conventional functions to run 
as hybrid or electrified functions. 
 

Chapter 15: Concrete Pumps and Mixes 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in CONCRETE 
PUMPS and MIXERS. Among the presented concepts are running the drum to mix the concrete 
and pump the concrete in tubes.  
 

Chapter 16: Tractors and AG Machines 
This chapter aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in TRACTORS 
and AG MACHINES. Among the presented concepts are various implement functions and travel 
drive systems, steering systems, cooling systems, and attachments. This chapter considers 
various types of AG machines such as Tractors, Crop Sprayers, Combine Harvesters, Cotton 
Pickers, Sugarcane Machines, Corn Harvesting Machines, Silage Machines, Forestry Machines, 
and Cattle Feed Mixers.  
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Chapter 17: Tunnel Boring Machines 
This chapter overviews the basic construction and operation of TUNNEL BOARING MACHNES. 
It also presents the hydraulic system that controls the thrust cylinders. 
 

Chapter 18: Aerospace Applications 
Hydraulic systems are widely used in AEROSPACE APPLICATIONS, weather on the aircraft 
itself or the other equipment that serves the aircraft on the ground. This chapter presents an 
example of the hydraulic-powered functions on the aircraft, such as flight control, landing gear, 
steering, shock absorbing, and braking. This chapter also presents ground services trucks, such 
as runway snow blowers/brooms, and runway vacuum cleaners.  
 

Chapter 19: Marine and Military Applications 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in MARINE AND 
MILITARY APPLICATIONS. Among the presented concepts are steering systems, winch drives, 
propulsion systems, stabilizing, missile launchers, rescue and recovery armored vehicles, 
armored vehicle-launched bridges, air defense mobile radars, and gun elevation systems. 
 

Chapter 20: Railways Applications 
This chapter, aided by examples from industry, presents and explains the hydraulic-driven 
functions, hydraulic systems layout, and the related hydraulic circuit diagrams in RAILWAYS 
APPLICATIONS. Among the presented concepts are the dampers in suspension systems, track 
switching mechanisms, and tie replacement machines. 
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