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Preface

In addition to hydraulic fluids contamination control, topics for hydraulic fluids conditioning
are essential for hydraulic fluids to perform effectively within hydraulic systems. Hydraulic
fluids and contamination control are discussed in Volume 3 of this series of textbooks. This
textbook focuses only on the topics of hydraulic fluids hosting, transmission, sealing,
temperature control, and filtration.

With 30+ years of experience in teaching fluid power for industry professionals, the author
had effectively applied his solid understanding to the subject and his post-doctoral level of
academic education in developing this book.

The author has a goal of supporting fluid power professional education by developing the
following series of volumes:

= 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,.

= Hydraulic Systems Volume 5: Safety and Maintenance.

= Hydraulic Systems Volume 6: Troubleshooting and Failure Analysis.

= Hydraulic Systems Volume 7: Hydraulic Systems Modeling and Simulation for Application Engineers.
= Hydraulic Systems Volume 8: Design Strategies of Hydraulic Systems.

= Hydraulic Systems Volume 9: Design Strategies of Electro-Hydraulic Systems.

= Hydraulic Systems Volume 10: Hydraulic Components Modeling and Simulation.
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About the Book

Book Description:

The book is targeting students and professionals who are looking to advance their fluid power
careers. The book is colored and has the size of standard A4. The book is associated with a
separate-colored workbook. The workbook contains printed power point slides, chapter
reviews and assignments. This book is the fourth in a series that the author plans to publish to
offer a complete and comprehensive educational curriculum for fluid power industry. This
book is an attempt to fill the gap between the very academic style and the very commercial
style of fluids power textbooks that are produced by fluid power manufacturers basically to
promote their products.

The book presents different types of hydraulic reservoirs, transmission lines, sealing elements,
and heat exchangers. For each of these elements, the book introduces the methods of
operations, construction, sizing, and selection.

The book contains a total of eight chapters distributed over approximately 400 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: Introduction

In addition to hydraulic fluids contamination control, conditioning of hydraulic fluids is an
essential process for a hydraulic system to perform properly and reliably. This chapter
introduces the scope of hydraulic fluids conditioning.

Chapter 2: Hydraulic Reservoirs

Unless a hydraulic reservoir is designed, constructed, installed and maintained properly, the
reliability of the entire system will be adversely affected. This chapter presents an overview of
the different types of hydraulic reservoirs for industrial and mobile machines. This chapter
also provides guidelines for design and sizing of hydraulic reservoirs.

Chapter 3: Hydraulic Transmission Lines

This chapter focuses on browsing the construction and the features of the three main hydraulic
transmission lines, Pipes, Tubes, and Hoses. For each transmission line, the following topics
are presented: sizing, material, construction and pressure rating. This chapter also presents
information about fittings and manifolds.
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About the Book

Chapter 4: Hydraulic Sealing Elements

This chapter provides a knowledge base for fluid power users to become familiar with the
commonly used seals in hydraulic components. This chapter presents an overview of hydraulic
sealing elements including seal functions, classifications, and materials. This chapter also
presents 15 various properties of hydraulic seals and the relevant standard test methods. This
chapter also presents sealing solutions for cylinders and rotational shafts.

Chapter 5: Hydraulic Heat Exchangers

This chapter overviews various types of heat exchangers including air-type, water-type, and
plate-type. Construction, operation, features, applications, and sizing calculations are
discussed.

Chapter 6-Introduction to Hydraulic Filters

This chapter presents an overview of hydraulic filters including the contribution of filters in
hydraulic systems, ISO1219 symbols, construction and operating principles. The chapter also
presents various types of filters based on application in which the filter is used, type of
connection to the circuit, body style of the filter, placement in the hydraulic circuit. The chapter
also discusses the added accessories to the filter such as bypass valve and clogging indicators.
Examples from industry are presented.

Chapter 7-Filter Media and Filtration Mechanisms

This chapter presents an overview of filter elements including the construction and material of
the filter media. This chapter discusses surface filters versus depth filters. The chapter
discusses also the principles of various filtration mechanisms that are applicable in hydraulic
filters such as direct interception, absorption, adsorption, and magnetic separation.

Chapter 8-Filter Selection Criteria

This chapter presents a selection checklist as a guide for selecting proper filters. The chapter
also discusses briefly the concepts for cost-effective filtration and selecting a filter cleanliness
level based on system requirements. This chapter presents several examples of filtration
solution for hydraulic systems.

Note: you may notice that there are some duplications in the figures and body text
between chapter 2 and chapter 6. The reason is that the author wants to make each
subject is a standalone chapter that can be taught independent from the other chapters.
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Book Statistics:

The table shown below contains interesting statistical date about the textbook:

Chapter # Pages | Figures | Tables|Words Editing Time
(Hours)
Chapter 1 4 1 0 626 100
Chapter2 63 63 2 11450 205
Chapter 3 104 122 15 |[13159 224
Chapter 4 105 120 11 | 14279 374
Chapter 5 42 44 2 6764 147
Chapter 6 56 69 0 6897 189
Chapter 7 20 26 0 3160 181
Chapter 8 12 8 2 1247 165
406 406 453 32 |57582 1,585 Hour = 66 Days
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(N/C), 360
(N/O), 360
(trip), 356

A

Absorbent, 393
Absorption, 387
Absorption, 393
active cooling, 44
Adaptors, 118
Add-On, 27
Adsorbent filter media, 387
air breathers, 63, 378
air removal, 48
Air-Type, 289
Aluminum, 45
analog, 68

Angle Gauge, 119

440

Anti-Static, 397

Assembly Overall Length, 134
ASTM D6546-15, 230

ASTM D 2240 / ISO 868 / DIN, 226

Back-Pumping Effect, 257
Backup Ring, 200
Backup Rings, 208
Baffle Plate, 47
Barlow's formula, 85
Base Ring, 200

Bean Seal, 261

Beveled Cut, 241
Bidirectional, 251, 367
Blow-By-Effect, 260, 269
Boardman, 93
boosting, 321

bottom clearance, 53
Bowl, 336

Braided Wire Mesh, 392
Brazed Plate, 307
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M Index

Breather Dryer, 66, 380
British, 101

Burst Pressure, 85
Bypass, 382

Bypass Valve, 288
bypass-filter, 336
Bypass-to-Tank, 336

C

Caliper, 119

Capacity, 292

Carbon Steel, 86, 93

Cellulose Fibers, 388

Central Tube, 126

Centrifugal Separators, 387

Chance Filters, 371

Chemical Contaminants, 334

Clamping Band,, 283

Cleaning Hole, 48

clearance, 90

closed circuit, 42

Closed Loop, 325

Closed Tank, 17

Coefficient of heat transfer, 293

coefficient of heat transfer, 290

Cold Starts, 256

Combined, 389

Combined Return and Suction Booster
Filter, 374

Compatibility, 229

Compression Ring, 98, 200

Compression Set, 221

Conditioning, 12

Conduction, 290

Convection, 290

Cooling, 292

Cooling Density, 289
Cooling Fan, 293
Cord Stock, 187
cost-effective, 407
Counter-Flow, 301
Coupling, 144
covered bottom, 53
Crimp Diameter, 141
crimping equipment, 137
Cup Seal, 197
Custom-Ring,, 195
Cut Hose Length, 134
Cutting Ring, 98

D

Depth, 391

Depth Filter, 393

Desiccant Breathers, 64, 379
Differential Pressure Indicators, 356
diffuser, 61, 376

Diffusion, 387

digital, 68

Direct Interception, 386, 393
Double Sealing, 256
Double-Acting, 251
Double-Acting Wiper Seal, 210
drain line, 62

drain valves, 49

Dryseal, 90, 99

Durometer, 226

Dust Seals, 209

Dynamic Seals, 186
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M Index

Flared, 98
E Flareless, 98

flaring., 95

Flat Face, 142
Electrical Clogging Indicator, 359 Fluidic Contaminants, 334
Electrical Clogging Indictors, 357 Foot-Mounted, 36
electrostatic, 387 forces, 387
Elongation, 216 Formula, 93
Encapsulated O-Ring., 192 Fracture Tensile Strength, 217
Energizing Ring, 200
EO-2, 104

Excluders, 209
Explosive Decompression, 231
Extremely High-Pressure, 161 G

Extrusion Gap, 272
Extrusion Limits, 274

Extrusion Resistance, 231 Galvanic Corrosion, 299

GAMMA Seal, 285
Gasketed, 309
Glass Fiber, 389
glass fiber, 394
F ground clearance, 45
Guide-Rings, 204

factor, 93

fan-pleating, 396

Fibers, 389

Fibers filter media, 389 H

field Attachments or Screw in
Connectors, 137

filling cap, 62, 377

Filter Cart, 382

Filter Cartridge, 336

Filter Selection Checklist, 406

Hardness Tester, 226
Hardness., 226

Heat Exchangers, 288
heat transfer, 45

High Performance, 389

Filters, 392 | .
Filters Media, 391 E!gfr:_lgressure Collapse Resistant, 164
Filters., 382 Igh-Pressure, 161

Hose Couplings, 136

hose end, 136

Hose Guards, 154

Hose Whip Restraints, 156
Hybrid Tank, 28

Fixed Volume, 19
Flange-Bottom-Mouned, 354
Flange-Mounted, 338
Flange-Side-Mouned, 353
Flange-Top-Mouned, 353
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M Index

Hydraulic Components, 83

Hydraulic Fluids and Contamination
Control, 12

Hydraulic Power Unit, 39

Hydraulic Transmission Lines, 80

Hysteresis, 323

I

ifferential pressure, 358
iLok, 144

In the O-Ring Face Seal, 108
industrial, 41

industrial applications, 40
Inertia, 386

ingle, 340

Inner Diameter, 80

inner diameters, 86
Inside Tank, 340

ISO 3601, 191

ISO 4287, 277

ISO 4288, 277

ISO 6072):, 230

J

Joint Industrial Council, 113
Joints, 121

K

kidney loop filtration, 382

L

L-Shaped, 37

Lame, 93

Last, 371

Lead-in Chamfers, 272
Level Sensor, 68
Level Switch, 68
LifeSense, 157

Line Mounted, 338

Line-Mounted Base-Ported Duplex,
346-347

Line-Mounted Base-Ported Single, 345
Line-Mounted Custom-Ported, 348
Line-Mounted Top-Ported Duplex, 345
Line-Mounted Top-Ported Single, 342
Lip Seals, 242

Low-Pressure, 161

M

Magnetic Drain Plug., 403
Magnetic Rods, 403
Magnetic Separation, 387
Magnetic Wraps, 404
Manhole, 48
Manifold-Mounted, 355
Manifolds, 180
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M Index

materials, 45

Maximum Allowable Working Pressure,

85

Measurements Hose Lines, 177

Medium-Pressure, 161

Metallic Sealing Rings, 196

Methods ASTM 1414 and 1415 / ISO
48, 226

minimum bend radius, 94

mobile, 42

mobile applications, 40

Modulus of Elasticity, 216

multi-pass, 313

Multi-X Quick Connect Couplings, 152

National Fire Protection Association,
108

National Pipe, 99

National Pipe Straight, 99
National Pipe Tapered, 99
Nominal Size, 86
Non-Bypass-Filter, 336
nonconductive, 162
normally closed, 360
normally open, 360

North American Standard, 98
NPT, 90

NPTF, 90

Number, 51

O

O-Lok, 109

O-Ring, 190

O-Ring Boss, 107

O-Ring Face Seal, 98
O-Ring-loaded, 254, 265
Offline Cooling, 320
Offline Filters, 382

Oil Level Indicator, 68

Oil Level Indicators, 70
On-Tank Top, 340
On-Tank Top Single, 341
On-Top Tank Duplex, 342
On/Off, 323

open circuit, 42

open circuits, 41-42

Open Tank, 17

outer diameter, 86

Outer Protective Cover, 126
Overhead, 38

P

Parallel-Flow, 301

Particulate Contaminants, 334
passive cooling, 44
Permanent Couplings, 137
Petroleum-Based, 70

pipes, 86

Plate-Type, 309

Pressure Filters, 367
Proportional, 325

Push-Lok, 149
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Q

Quad-Rings, 194
Quick, 142
Quick-Connec, 151

R

Radiation, 290

Radiator, 293

Redundant, 210, 256, 259
Redundant Sealing System, 255
Reinforcement Layer, 126
Reservoir Accessories, 39
Reservoirs, 19

Resilience, 214
Resistance, 231

Return Filters, 372

return line, 60

Reusable Couplings, 137
Reynol, 51

Ring Cone Seal, 98
Rotational Axial Seal, 283
Rotational Radial Seal, 280
rounded reservoirs, 18
rust, 50

S

SAE AS568, 191
SAE Flanges, 170
safety, 93

Safety Heat Exchanger, 303
Salt-Spray Tests, 159
Sandwich-Mouned, 355
Sandwich-Mounted, 338
schedule number, 86
Scrapers, 209

Screw-In, 355

Seal Groove, 272

Sealing Rings, 188

Seat, 119

Sensor, 325
Shell-and-tube, 297

Shore A, 226

Shrinkage, 224

shutoff valve, 58

Sieving, 386

Sight, 68

Sight Glass, 69
Single-Acting, 251
Single-Pass, 300
single-pass, 313

Sizing, 41

Sizing Calculator, 83
Solutions, 266

Spin-On, 351

Spin-On Dual Vertical, 352
Spin-On Horizontal Dual, 352
Spiral, 90

spiral, 90

Spiral tapered, 99
Spring-Energized, 201
Spring-Energized., 254, 265
Square Cut, 241

Square Flanges, 173
Square Wire Mesh, 392
Square-Rings., 193
Squeeze Seals, 242
staged, 407

Standard Filler Breathers, 63
Standard Filter Breathers, 378
Standard Pipe, 101
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M Index

Standard Test, 226

Standard Test Method ASTM C1183,
231

Standard Test Method ASTM D395 /
DIN ISO 815, 222

Standard Test Method ASTM D412 /
DIN 53504, 218

Standard Test Method ASTM D1329-16
/ TR-10, 224

Standard Test Method DIN ISO 1817,
223

Standard Test Method ISO 34-1 / DIN
53507):, 220

Standard Test Method NACE
TM0192-98, 231

Standard Test Methods, 226, 230

standards, 40

Standpipe, 111

static pressure, 359

Static Pressure Indicators, 356

Static Seals, 186

Steel, 45

Straight, 99

Straight Cut, 241

structural integrity, 50

Suction Filter, 365

suction line, 51

suction strainer, 57

Suction Strainers, 362

supercharge, 321

Surface, 392

Surface Filter, 392

Surface Filter Media, 391

Surface Finish, 272

Swelling, 223

Switch, 323

Swivel, 97, 121

Synthetic, 389

Synthetic Fibers, 388

T

T-Shaped, 199

Tandem, 259

Tandem Sealing, 256

Tangential, 234

tank vented to atmosphere), 356

Tapered Fuel, 99

Tear Propagation Resistance, 220

Tear Strength, 220

TEARDROP, 205

Technology, 211

Teflon, 192

Temperature Control, 323, 325

Temperature Gauge, Switch, or
Sensor, 68

tensile strength, 86, 89

Test points, 175

Thermal Balance, 292

thread end, 136

Thread ID Kit, 120

Thread Pitch Gauge, 119

Threshold, 323

TLX Quick Connect Coupling, 145

TM, 144

Trelleborg Sealing, 266

Trelleborg Sealing Solutions, 258

Triple-Lok, 114

tube, 95

Tubes, 92

U

U-Cup Seal, 198
Ultimate Strength, 93
Ultimate Tensile Strength, 217
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M Index

Umbrella Wiper, 211
Unidirectional, 251 Y

Unidirectional Pressure Filters, 367

Universal Push-to-Connect, 146
UPTC, 146 Yield Tensile Strength, 217

'/ Z

V-Packing, 200 Zinc Anodes, 299

V-RING, 283

Vacuum Filters, 387

Variable Volume Reservoir, 19
Varnish, Sludge, and Oxidation, 400
Visual Clogging Indicator, 357

W

Water Absorption, 390
Water-Type, 289
Water-Type Oil Coolers, 297
Wear-Bands., 204
Wear-Rings, 204

WEO Plug-In, 122
Whitworth, 101

Wipers, 209

Wire Mesh, 390

X

X-Rings, 194




