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f-Simple Relief Valve
o- Direct Acting
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\ o- Primary Circuit
\V-Secondary Circuit
\Y- Relief Valve

\Y- Sequence Valve
\f-Unloading Valve
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VY- Pressure Reducing Valve
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V(kg)=4/AV (N)
V(kg)=+/4A1 (daN)
V(daN)=\/+v(kg)
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Figl-]- Cross- Section OF a qanat
F ig1 -2- Basic Hydraulic Device
F ig1 -3- Hydrodynamic Device Uses Kinetic Energy Rather Than Pressure
F ig1 -4- Pressure Caused by Restriction and Limited by Pressure Control Valve
Fig1-5- Pressure Caused By load
Fig1-6- Pressure “Head” Comes from Weight of the Fluid
F ig1 -7- Weight of Oil Creates Pressure
Fig1 8- Atmospheric Pressure in a““Head of Air
F ig1 -9- The Mercury Barometer Measures A tmospheric Pressure
F ig1 -10- Pressure and Vacuum Scale Comparison
Fi ig1 -11- Force, pressure and area
Fig1 -12- Force Equals Pressure Multiplied By Area
F ig1 -13-Pressure (- Force per Unit Area) is Transmitted Throughout a
Confined Fluid.
F ig1 -14- Hydraulic Leverage
F ig1 -15- Energy Can Neither Be created Nor Destroyed
F ig1 -16- Hydraulic Power Transmission
Fig1-1 7- Flow is Volume Per Unit of Time, Velocity is Distance Per Unit of
Time
Fig1-1 8- Speed Depends on Cylinder Size and Rate of Oil Flow to it

F ig1 -19- friction in Pipes Results in a Pressure Drop
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F ig1 -20- Ligquid Seeks a Level or Levels Depending on the Pressure
F ig1 -21- Laminar Flow is in Parallel Paths

F ig1 -22- Turbulence Results in Flow Resistance

F ig1 -23- The Sum of Pressure and Kinetic Energy is Constant with a Constant
Flow Rate

F ig1 -24- Friction and Velocity Affect Pressure

F ig1 -25- work Down by a Hydraulic jack

Fig2— 1- Three Classification of Lines

Fig2-2- A Circle with Energe Triangles Symbolizes a Pump or Motor
Fig2-3- Cylinder Symbols are Single Acting or Double. Acting
Fig2-4- Single and double — Acting Cylinders

Fig2-5- An. Envelope is the Basic Valve Symbol

F ig2—6— simple relief valve

F ig2— 7- Graphical Diagram of Motor —Reversing Circuit

F ig2—8- Hydraulic Drive Speed is Variable

F ig2—9— Hydraulic Drive are Reversible

Fig2-1 0- Hydraulic jack

Fig2-12—0pen — Center system

Fi ig2—1 3- Open — Center system with A series connections

F ig2—14— Open — Center system with A Flow Divider

Fig2-15— Closed — Center system

F ig2—1 6- Fixed- Displace ment pump and Accumulator
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F ig2—1 7- Variable - Displace ment pump

Fig2—1 8- Closed — Center system with charging pump

Fig 3-1- Fluid Lubricates Working Parts

Fig 3-2- Circulation Cools the system

Fig 3-3- Saybolt Viscosimeter Measures Relative Viscoosity
Fig 34- Hydraulic Pipe Threads are Dry —Seal Tapered Type
Fig 3-5-F itting Make the Connections Between Pipes and Components
Fig 3-6-F langed Connections for Large Pipe

Fig 3-7- Threaded Fitting and Connectors Used With Tubing
Fig 3-8- Flexible Hose is Constructed in Layers

Fig 3-9- Conductor 1.D.Selection Chart

Fig 3-10- pipe and Tube Sizing Chart

Fig 3-13-F lange Gaskets and Seals are Typical Static Applications
Fig 3-14-4n0 —Ring is a Positive Seal

Fig 3-15- 4 Back —up Ring is a Non- Extrusion Ring

Fig 3-16- Lathe —cut Seal is Reetangular in Section

Fig 3-17- T-Ring is a Dynamic Seal for Reciproting Parts
Fig 3-18- Lip Seals are Used on Rotating Shaffts

Fig 3-19- Cup Seals are Used on Cylinder Pistons

Fig 3-20- Piston Rings are Used for Cylinder Pistons

Fig 3-21- Compression Packings

Fig 3-22- Face Seal for High Pressure Sealing of Rotating Shaft
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Table 3-10- Pipes Currenly are sized by Schedule Number

Fig 4-1- Reservoir is Designed for Easy Maintenance

Fig 4.2- Baffle Plate Controls Direction of Flow in Tank

Fig 4.3- Magnetic Plugs Trap Iron and Steel Particles

Fig 4-4- 4 micron is 39 Millionths of an Inch

Fig 4-5- Inlet Line Filter Protects Pump

Fig 4-6- Inlet Strainer is Made of Fine Mesh Wire

Fig 4-7- Pressure Line Filter is Downstream from Pump

Fig 4-8- Return Line Filter Keeps Contamination from Reservoir

Fig 4-9- OFM Filter Uses a Surface Type Element

Fig 4-10- Depth Type Element has Many Layers of Fabric or Fiber
Fig 4.11- Edge- Type Filter Traps Particles Between Finely Spaced Plates
Fig 4-12- OFM Filter Handhes Full Flow

Fig 4-13- Proportional Filter Operates on Venturi Principle

Fig 4-14- Indicating Filter Signal Operator when Cleaning is Required
Fig 4-15- ir- Cooler Uses Motor Driven Blower to Increase Cooling
Fig 4-16- Shell- and —Tube Heat Exchanger Uses Water to Cool or Warm Oil
Fig 5-1- Ram Type Cylinder is Single Acting

Fig 521 elescoping Rod Increases Stroke Lenhth

Fig 5-3- Standard Double —Acting Cylinder Has Two Power Strokes
Fig 5-4- pouble- Rod Cylinder is Double —Acting but Non —Differential

Fig 5.5. Cylinder Construction
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Fig 5.6- Cylinder Mountings

Fig 5.7 Cylinder Cushions

Fig 5.8- Stop Tube Limits Piston Travel

Fig 5-9- Motor Displacement is Capacity Per Revolution

Fig 5-10- Torque Equals Load Multiplied by Radius

Fig 5.11- Torque Development in Gear Motor

Fig 5.12- Torque Development in Balanced Vane Motor

Fig 5-13- construction of Square Design Vane Motor

Fig 5.14-s2 Moddification Eliminates Shuttle Valves and Rocker Arms
Fig 5.15- Ring Throw Determines Displacement within a Given Package size
Fig 5-16- construction of Uni- Directional Vane Motor

Fig 5.17- Operation of High Performance Vane Motor

Fig 5-18- construction of High Performance Vane Motor

Fig 5-19- Both Side Plates are Pressure Plates in High Performance Design
Fig 5.20- High Torque Vane Motor

Fig 5-21- mline Piston Motor Operation

Fig 5-22- 1wo Configurations of Inline Piston Motors

Fig 5-23- Motor Displacement Varies With Swash Plate Anglpe

Fig 5-24- Bent. Axis Piston Motor Operation

Fig 5251 ypical Fixed Displacement Bent -. Axis Motor

Fig 5.26-1 ypical Variable Displacement Bent -. Axis Piston Motor

Fig 6-1- 4 Check Valve is a One Way Valve

Ydo



Fig 6-2- Inline Check Valve

Fig 6-3- Inline Check Valve Operation

Fig 6-4- Typical Right Angle Check Valve

Fig 6-5- Right Angle Check Valve

Fig 6-6- Restriction Check Valve Allows Bleed in No Flow Direction
Fig 6-7- Construction 0f4C Check Valve

Fig 6-8- Operation 0f4C Check Valve

Fig 6-9-low Paths in Two Way and Four —Way Valve

Fig 6-10- Rotary Four —Way Valve

Fig 6-11- Two Way Spool Valve Sildes in Machined Bore

Fig 6-12- Spool Type Four —Way Valve

Fig 6-13- 4. Manually Operated Four —Way Valve

Fig 6-14- Mechnically Operated Four —Way Valve

Fig 6-15- Pilot Pressure is Used To Shift Lrage Directional Valves
Fig 6-16- Push - Type Solenoids Shift Many Small Valve Spools
Fig 6-17- Typical DGS Type Solenoid Controlled, Pilot Operated Valve
Fig 6-18- valves Variation 0fDG3 and DG5

Fig 6-19- Spring Offset Valve has Two Positions

Fig 6-20- DG3 Pilot Operated Valve

Fig 6-21- various Center Conditions for Four —Way Valves

Fig 6-22- Spool Centering Devices.

Fig 7-1- Simple Relief valve

AR



Fig 7-2- Simple Relief valve

Fig 7-3- Compound Relief valve

Fig 7-4- Operation of Balanced Piston Relief valve

Fig 7-5- Venting The Relief valve

Fig 7-6-R Type valve

Fig 7-7-R Type Relief valve

Fig 7-8- Direct Acting Pressure Reducing valve

Fig 7-9- Pilot- Operated Pressure Reducing valve

Fig 8-1- Meter In Flow Control

Fig 8-2- Meter Out Flow Control

Fig 8-3- Bleed —Off Flow Control

Fig 8-4—(5rﬁce checke Valve

Fig 8-5- Non- Compensated Flow Control

Fig 8-6- Flow Control and Relief valve Meter In

Fig 8-7- Pressure Compensated Restrictor Type Flow Control
Fig 8-8- Flow Control and Check valve

Fig 8-9- Operation of Pressure and Temperature Compensated Flow Control
Fig 8-10- Remote Flow Control valve

Fig 9-1- Non Posilive And Positive Displacement Pumps
Fig 9-2- Non Posilive Positive Displacement Pump

Fig 9.3. Reciprocating —Type ,Positive. Displacement Pump

Fig 9-4- posilive Displacement Pump
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Table 9-1- T ypical Specification Table

Fig 9-5- External Gear Pump

Fig 9-6- Internal Gear Pump

Fig 9-7- Lobe Pump Operates on External Gear Pump Principle
Fig 9-8- Gerotor —T ype Pump

Fig 9-9- Unbalanced Vane Pump Operation

Fig 9-10- variations in Vane Pump Displacement

Fig 9-11- variable Displacement Vane Pump Pressure Compensated
Fig 9-12- Balaned Vane Pump Principle

Fig 9-13- Construction of Round Type Pump

Fig 9-14- Double Round Pump

Fig 9-15-1 ypical Application of Double Pump

Fig 9-16- Typical Two Stage Pump

Fig 9-17- Dividing Valve Splits Pressur Between Two Stages
Fig 9-18- Combination Pump

Fig 9-19- Construction of Typical Combination Pump

Fig 9-20- Square Design Vane Pumps

Fig 9-21- Pressure Plate Seals Cartridge

Fig 9-22- Double Square Pumps

Fig 9.23- High Performance Pump Construction

Fig 9-24. High Performance Double Pump Construction

Fig 9-25. pPre Assembled Cartridge
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Fig 9.26- Operation of Radial Piston Pump

Fig 9-27- Basic GeGmetry of Axial Pump

Fig 9.28- Inline Design Piston pump

Fig 9-29. Swash Plate Causes Pistons to Reciprocate.

Fig 9-30- variable Displacement Version of Inline Piston pump
Fig 9-31- variation in pump Displacement

Fig 9-32- Bent Axis Piston pump

Fig 9.33- pumping Action in Bent —Axis pump

Fig 9.34- Displacement Ghanges With Angle

Fig 9-35- variable Displacement Bent- Axis Piston pump

Fig 10-1- Weighted Accumulator Produces Constant Pressure

Fig 10-2- Spring —Loaded Accumulator does not Require Charging
Fig 10-3- Accumulator With no Separation Between Gas and Liquid
Fig 10-4- Diaphragm Accumulator Uses Rubber Separator Between Gas and
Liquid

Fig 10-5- Piston Accumulato is Gas Charged

Fig 10-6- Intensifier Boosts Pressure

Fig 10-7- Typical Pressure Switch

Fig 10-8- Bourdon Tube Gauge

Fig 10-9- schrader Gauge Operation

Fig 10-10- vacuum Gauge Calibrated in Inches of Mercury

Fig 10-11- Fiow Meter with Pressure Gauge and Thermomrtrr in One Unit
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Fig 10-12- Typical Flow Meter
Fig 10-13- Flow Meter with Disk Piston

Fig 10-14- Turbine Flow Meter

1- Vicker,s Industrial Hyraulic Manual, Third Edition , 1993 ,Deer and
Company .Moline , Illinois.

2- oil Hydraulic system Principles and Maintenance, S,R Majumdar , Mcgraw-
Hill Pub. Fifth Reprint 2004.

3- Machine tool Design Part 4, By 70 yermakov.Mir Publishers.
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