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PREFACE 

 
This book was written to support the needs of a wide range of people that work with hydraulic 
systems.  It is intended to fit the needs of the technologist, engineer, or sales professional that is 
involved with designing new systems or modifying existing systems.  This includes mechanics and 
technician level personnel that are committed to working through this book in order to carry much 
more knowledge to their job.  This book does not use calculus but instead focusses on the actual 
“algebra based math” that 90% of today’s application engineers utilize to properly design and 
understand hydraulic systems.  If you are an engineer with a calculus based math background you 
can cover the text, review the math examples, and quickly integrate the illustrated processes and 
understand the applications.  If your math background is technology based with algebra as its 
foundation you can utilize the fully worked problems to learn both the math process and the actual 
application of the theory being presented.    
 
This text is a compilation of 23 years working as a fluid power system design professional teaching 
and designing fluid power systems for both industrial and mobile applications.  The author has 
developed this material and taught it first to industry technicians then continued to develop the 
material and taught at the college vocational level, technical college, community college, and state 
university level.  The approach used by this book first gives the history and basic information on a 
topic then dives right into examples of problems that are shown worked out step by step.  There is a 
“workbook” section of additional problems that you can complete yourself with an answer key 
provided.   The workbook problems will become a permanent part of the book to use as additional 
reference.  This method of delivery has proven very effective in teaching both industry and college 
level students. 
  
The author believes that to truly understand the fundamental basics of hydraulic systems one needs 
to understand the math that describes the physics of those systems.  As you first hear this you may be 
inclined to disagree but after completing this book you will understand why the “basics” are so 
important.  Please understand that the math required to understand hydraulic system design rarely 
needs to go beyond basic algebra which is a requirement in nearly all technical and technology 
disciplines.  I have found that even amongst calculus based engineering programs this approach is 
valuable in quickly understanding the relationships. 
 
This book is intended to be the “repository” and a starting point for approaches, methods, and 
solutions to design and size hydraulic systems.  There is ample room at the end of each chapter to 
add additional notes as you learn and combine additional knowledge.  It is the hopes of the author 
that this is one of the books that you keep with you for reference as you work in the field as a 
hydraulic system professional.  
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special collaborative atmosphere he calls a “learning community”, one that works together.    
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Just a little note about the goals of the book 
 
You can see the chapter outline at www.flpo.net 

 
This book is intended to fill a needed gap in the available teaching references in the field of fluid 
power system design.  There are many books covering components and how they are used such as 
the Vickers text book or the Rexroth text which are both well respected text books that have taken 
decades to develop and do a marvelous job to meet their goal.  Our book is not intended to replace 
those time tested text books.  There are many other text book and publications on the subject of 
Fluid Power but none seem to fill the area of both teaching and providing reference for the system 
design process, especially the math behind the process and taking you step by step to solving those 
problems.  
 
The fluid power application engineering profession is made up of a mix of professionals most of 
which have 2 or 4 year technology degrees that focused on algebra based math.  These professionals 
are providing the majority of design activities using algebra based math and well proven approaches 
using formulas that have been developed and perfected for nearly 50 years.  Those individuals are 
often called “application engineers” and they are the backbone of the field.   
 
The International Fluid Power Society is arguably the leading authority on fluid power certification 
and education related activities for the profession.  The certified hydraulic specialist (HS) 
designation has a very well prepared study guide for the individual intending to take the written test.  
This study guide is generally intended to be used in conjunction with a college program / course or 
with a specific study review class and is best suited to be led by a professional fluid power educator.  
By design the study guide is intended to be brief and focused on teaching to the test and is serving its 
purpose extremely well.  Our text book was conceived on the idea that if you were to write a 
textbook that was to be comprehensive in nature and covered not only the basic material related to 
the certification test but go well beyond that to include as much depth as an application engineer 
would need for a reference.  The idea is to expand on all areas of system design well beyond the 
study guide in a manner consistent with a college level text book that a student could use to learn 
from and then use that same book as a resource throughout their career. 
 
As an example:  

Chapter 16 of our book covers Accumulators and includes 37 pages that covers: History of 
the accumulator, Examine and compare power density to energy density, Describe uses for 
hydraulic accumulators, Identify symbols for various types of accumulators, Examine the 
bladder, diaphragm, and piston type accumulator, Explore gas laws related to accumulator 
operation, examine the isothermal and adiabatic condition and the N exponent,  Perform 
accumulator sizing and calculations, Cover types of accumulators, advantages / 
disadvantages, and goes through 12 separate examples of calculating and sizing accumulators 
using both the Basic Gas laws and more advanced methods.  The chapter ends with problems 
that the student can perform in order to practice and develop the skills necessary to learn the 
process.  

 
 
 



 

Hydraulic System Design – Reference Handbook  ©2016       DRAFT REVIEW ONLY 2-10-16  
 

Contents 

Introduction:  
  
 Personal Safety 

 Fluid Injection 
 Lock out tag out 

 
Chapter 
 
1. Dimensional Analysis - Unit Conversions 

1.1.  Examine dimensional analysis 
1.2.  Linear dimensions 
1.3.  Mass / force dimensions 
1.4.  Work / torque dimensions 
1.5.  Linear velocity dimensions 
1.6.  Rotational velocity dimensions 
1.7.  Power & HP dimensions 
1.8.  Perform unit conversions using dimensional analysis 

 
2. Work Energy Power 

2.1.  Examine Work, Energy, Power 
2.2.  Examine Conservation of Energy 
2.3.  Examine Potential & Kinetic Energy 
2.4.  Examine Horse Power (HP) 
2.5.  Perform Work, Power, HP Calculations 

 
3. Volume Weights Pressure 

3.1.  Examine volume, weight, force & pressure 
3.2.  Perform calculations of pressure   
3.3.  Use specific gravity to determine weight of oil 
3.4.  Calculate reservoir volume, weight, pressure 
3.5.  Examine Pascal’s law 

 
4. Atmospheric Pressure / Vacuum 

4.1.  Examine Atmospheric Pressure 
4.2.  Describe the barometer and how it measures atmospheric pressure 
4.3.  Identify and convert between common pressure scales 

 
5. Cylinder – Force, Pressure, Area 

5.1.  Describe how a hydraulic cylinder is used as an energy conversion device 
5.2.  Identify hydraulic cylinder types and construction   
5.3.  Examine hydraulic cylinder applications 
5.4.  Calculate hydraulic cylinder forces 

 
 
 
 



 

Hydraulic System Design – Reference Handbook  ©2016       DRAFT REVIEW ONLY 2-10-16  
 

Contents 

Chapter 
 

6. Cylinder – Speed 
6.1.  Examine hydraulic cylinder speed considerations 
6.2.  Calculate hydraulic cylinder speed  
6.3.  Calculate speed in regenerative circuits 
6.4.  Examine effect of leak in piston seal 

 
7. Pumps – HP, Flow, Pressure 

7.1.  Examine hydraulic pump categories 
7.2.  Examine theoretical vs actual efficiency 
7.3.  Examine the Fluid Horse Power Formula 
7.4.  Describe pump sizing  
7.5.  Transpose the HP formula to solve for GPM, PSI, HP 
7.6.  Calculate hydraulic HP as related to pumps 
7.7.  Calculate pump speed to achieve desired flows 
 

8. Pumps – HP, Torque, RPM 
8.1.  Define Torque 
8.2.  Examine the mechanical torque formula 
8.3.  Examine the fluid torque formula 
8.4. Calculate HP, Torque, RPM related to pump sizing 
8.5. Calculate Flow based on HP, Torque & RPM 
 

9. Pumps – Efficiency 
9.1.  Examine multiple approaches to account for efficiency  
9.2.  Examine the mechanical torque formula while integrating component efficiency 
9.3.  Examine the fluid torque formula while integrating component efficiency 
9.4.  Calculate Mechanical and volumetric efficiency of pumps  
9.5.  Calculate theoretical vs actual HP to drive a pump 

 
10. Motors – HP, torque, RPM, Efficiency 

10.1. Examine hydraulic motors as energy conversion devices  
10.2. Examine the mechanical torque formula while integrating component efficiency 
10.3. Examine the fluid torque formula while integrating component efficiency 
10.4. Calculate theoretical & actual torque of motors  
10.5. Calculate theoretical & actual HP of motors 
 

11. Pressure Drop – Series / Parallel Circuits 
11.1. Identify & Compare Pictorial Diagram to a Schematic Diagram 
11.2. Examine Series Circuits 
11.3. Examine Parallel Circuits 
11.4. Calculate Pressure Drop 

 
 
 
 



 

Hydraulic System Design – Reference Handbook  ©2016       DRAFT REVIEW ONLY 2-10-16  
 

Contents 

Chapter 
 

12. Orifice Sizing 
12.1. Examine Flow vs pressure  
12.2. Examine the Orifice pressure drop curve 
12.3. Transpose the orifice formula to solve for each variable 
12.4. Calculate pressure drop 
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