Course Descriptions

The courses listed below are offered on a regular basis at our Parker Hannifin Corporation Training
Facilities located in Elyria, OH; Irvine, CA; Troy, MI; Atlanta, GA; and Toronto, Canada. Following are
brief descriptions of our courses. Detailed daily outlines can be obtained by contacting the Motion &
Control Training Dept. 216/896-2577, Fax 216/514-6738.

Hydraulic Component Sizing (HCS) - An in-depth study of hydraulic components, their performance and how
available performance data should be interpreted to evaluate circuits for effectiveness, cost savings and
energy conservation. In addition, students will learn to recognize and overcome problem areas related to
individual component characteristics which can affect the total operation of a system.

Cartridge Valve Systems (CVS) - An integrated three-day course where the student will work with and
discuss the principles, applications, formulae, and functional characteristics of "insert" or "DIN" style cartridge
valves.

Introduction To Electrohydraulics (EHD) - A five-day course whereby students are introduced to the rapidly
developing field of electrohydraulic proportional control valves. The course concentrates on how electronics
are used to control hydraulic components. A typical circuit board is analyzed and explained. Fifty percent of
the time is spent in the lab where voltage dividers, operational amplifiers, and two-stage proportional valves
are all addressed.

Electrohydraulic Feedback Systems (EFS) - This course is a five-day advanced course in electrohydraulics.
The course material concentrates on the proper design of feedback systems incorporating electrohydraulic
valves to achieve a stable operating system. Approximately 50% of the class time is spent in the lab working
with the various feedback control systems to gain a better understanding of their operating characteristics.

Major topics covered include: Servo valve sizing, basic positional servo system valves; position transducers,
errors in positioning servo systems; speed transducers; frequency response curves; transfer functions; and
speed control loops.

Hydraulic Maintenance Technology (HMT) - A four-day course which covers basic theory and methods for
maintaining and troubleshooting hydraulic components and circuits. The student will receive actual hands-on
experience with such things as pump set-up procedures, circuit assembly and troubleshooting, and graphic
symbology reading.

Hydraulic Pumps & Controls (HPC) - A five-day course whereby participants learn the fundamentals of
power transmission and how to properly use performance and engineering data of components. Students will
also apply a logical circuit design procedure to any hydraulic application, and will achieve an efficient hydraulic
design through many pumps and controls that are available in the class.

Industrial Hydraulic Technology (IHT) - This is an integrated five-day program including discussion and
work with fundamental fluid power principles and formulae and actual experience with the functional character-
istics of hydraulic components which include pumps, flow control valves, pressure valves, directional valves,
hydraulic motors, filters, cylinders and accumulators.

Industrial Pneumatic Technology (IPT) - A five-day course designed to introduce participants to pneumatics
as they relate to industrial machinery. In addition, students will learn how and why pneumatic components
work and how to maintain pneumatic systems. Basic components covered include directional valves, cylin-
ders, regulators, flow control valves, compressors, air preparation units and pneumatic circuits.

Mobile Hydraulic Technology (MHT) - A five-day course designed to introduce participants to the fundamen-
tals of mobile hydraulic components, how to maintain and diagnose components within a system. Participants
will also apply these fundamentals through the use of actual circuit assembly.

Pneumatic Automation Technology (PAT) - This is a four-day course that will introduce participants to
pneumatic automation principles, component selection and basic programming of a PLC. Hands-on experi-
ence is provided through the programming and use of a five axis pick-and-place manipulator.
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Preface

The technology of industrial hydraulics has been developing at a high rate for some time. With the
beginning of World War Il, hydraulics filled a need for an energy transmission and control system
with muscle which could be easily adapted to automated machinery.

During this period, Parker Hannifin was also growing and today has evolved into a full-line manufac-
turer of motion control components. The material in this text is a by-product of Parker Hannifin's
experience in the areas of design, manufacture, application, and servicing of hydraulic components
and systems over the years. As a result, we feel the text material is pertinent and accurately de-
scribes industrial hydraulics as it is presently seen.

The organization of the text material is designed for the beginning student. Starting with "The
Physical World of a Machine," the student is led through topics ranging from fluids and basic physi-
cal concepts to component operation and its typical system application.

In some instances, methods of verifying component performance and maintenance procedures are
illustrated. The intent of these items is to indicate how individual components as well as system
performance can be determined and/or improved. They are not intended to show how components
are disassembled and serviced; that procedure is the concern of maintenance manuals.

Also, in some instances we have taken metric conversions and rounded them up to the nearest
whole number. This was done for ease of calculation.

Exercises are placed at the end of the chapters. These exercises are designed to be a summary of
the text high points and at the same time, to be interesting and self-checking.

We hope that the student will find the course of study logical and easily understood. If we have
failed in this regard, your comments will be greatly appreciated.

M C Training Department W3MCO1
Hydraulics Group

Parker Hannifin Corporation

6035 Parkland Blvd.

Cleveland, OH 44124-4141
Phone 216/896-2495

Fax 216/514-6738

E-mail mctrain @ parker.com






Table of Contents

Chapter 1
The Phyaical World Of B MECHING cxwsnsanmusaiesssmisssaismss ssiamisasssinssinssie i smmane s 1-1

force, pound, changes motion, resistance, friction as resistance, inertia as resistance, energy,
inertia as energy, some forms of energy, law of conservation of energy, energies change form,
energy states, kinetic state of energy, potential state of energy, energies change states, work, foot-
pound, description of work, power, description of power, horsepower, description of horsepower,
pressure, description of pressure, working energy, working energy changes form, transmission of
energy, mechanical transmission of energy, electrical transmission of energy, pneumatic transmis-
sion of energy, hydraulic transmission of energy, inefficiency

Chapter 2

Hydraulic Transmission of Force and ENergy .........-cc.cccusmmessmsissanmsnsssnssasnssssassassasssssassssensansense 2-1
fluid, liquid, molecular energy, liquids take any shape, liquids are relatively incompressible, force
transmission, force transmitted through a liquid, Pascal’s law, pressure gage, Bourdon tube pres-
sure gage, how a Bourdon tube gage works, plunger pressure gage, how a plunger gage works,
hydraulic pressure to mechanical force, hydraulic cylinder, what cylinders consist of, how cylinders
work, applying pressure, mechanical force multiplication, intensifier, what intensifiers consist of, how
intensifiers work, hydraulic transmission of energy, hydraulic accumulator, positive displacement
pump, what a positive displacement pump consists of, how a positive displacement pump works,
rotary positive displacement pump, what rotary positive displacement pumps consist of, how the
pump operates, resistance vs. pressure, resistance to the flow of a positive displacement pump,
extra energy changes form, velocity vs. flow rate, friction generates heat, changing fluid direction
generates heat, pressure differential, hydraulic system designed to avoid generation of heat

Chapter 3

Pelroleum Base HYAraUle FIUIA .osoommvomsoimemsssasssassmoonnsnassssyssnsmisosensiisss sosssnnsssmnes sss orsssgmsid 3-1
lubrication, friction, fluid film, lubricity, viscosity affects a system, liquid molecules, viscosity, viscos-
ity affected by temperature, Saybolt universal second, viscosity affected by pressure, viscosity
affects heat generation, viscosity affects lubricity, viscosity affects hydrodynamic lubrication, viscos-
ity affects clearance flow, viscosity index, oil operating range, pour point, oil problems and additives,
high pressure lubrication, antiwear additives, check for high pressure lubrication, oil oxidation, check
for oxidized oil, water in hydraulic oil, check for water in hydraulic oil, rusting and corrosion, rust and
oxidation inhibitors, foaming, anti-foam additives, check for foaming, dirt in oil, check for dirt in oil,
hydraulic oil maintenance considerations, cleaning wire mesh filter elements

Chapter 4

Fire Registance Hydraulic FIUld .casassanmnmmsmmmssmnimmsmeircmimsm st s s st 4-1
fire resistance determined, flash point, fire point, auto ignition temperature, types of fire resistance
fluid, water base fluid, water-oil emulsion, soluble oil fluid, invert emulsion, viscosity of water-oil
emulsions, problems with an invert emulsion, phase separation, check for phase separation, bacte-
ria formation, check for bacteria formation, water glycol, comparing invert emulsion with water
glycol, problems with water base fluids, lubricity of water base fluids, water evaporation, synthetic
fire resistant fluid, comparing water base with synthetic fire resistant fluid, problems with fire resis-
tant fluids, compatibility with fire resistant fluids, foaming and air retention with fire resistant fluids,
dirt retention with fire resistant fluids, maintenance considerations

Chapter 5

Operation at the Suction Side of @ PUMP ... s s e 5-1
pump location, measuring atmospheric pressure, absolute and gage pressure scales, operation at
suction side of pump, use of atmospheric pressure, cavitation, indication of cavitation, cause of
cavity formation, liquid vapor pressure, vapor pressure affected by temperature, boiling affected by



pressure, dissolved air, entrained air, suction specification, vacuum pressure scale, how vacuum is
determined, vacuum gage, suction specification given in terms of vacuum, effects of different fluids
on maximum allowable vacuum, high specific gravity affects maximum allowable vacuum, high
vapor pressure affects maximum allowable vacuum, check for pump cavitation, pump priming,
terms and idioms associated with the suction side of a pump

Chapter 6

HYAraulic ACTUATOLS .......cccasmenmessmesssssisonssimessmnmmmsssnsssssassersessssessaonsnesssnnannsissiisb shnsanussunanimimmms imsmaones 6-1
cylinders, what cylinders consist of, cylinder force, area of circle, cylinder stroke, cylinder volume,
piston rod speed, hydraulic motors, what motors consist of, how motors operate, torque, description
of torque, motor shaft speed, power, mechanical horsepower, hydraulic horsepower, system and
cylinder horsepower calculation, motor horsepower calculation, rotary actuators, generalizations
about hydraulic actuators

Chapter 7

CORITO] OF PTG EOVETTIN mwurnsmsonenimmmenassm oo s s e R s A S sy 7-1
valves, control of pressure, pressure control valve, what a pressure control valve consists of, how a
pressure control valve works, control of actuator direction, double-acting cylinder, directional control
valve, what a directional control valve consists of, how a directional control valve works, control of
actuator speed, flow control valve, what a flow control valve consists of, how a flow control valve
works, a simple hydraulic system, hydraulic symbols

Chapter 8

Check Valves, Accumulators and Cylinders ........ccccccccemrricsninisssnnimsssenimsses s ssssess s ssnssssssenes 8-1
what a check valve consists of, how a check valve works, check valves in a circuit, suspending a
load, pilot operated check valve, what a pilot operated check valve consists of, how a pilot operated
check valve works, pilot operated check valves in a circuit, hydraulic accumulators, accumulator
types, weight-loaded accumulator, spring-loaded accumulator, hydro-pneumatic accumulator, piston
type accumulator, diaphragm type accumulator, bladder type accumulator, accumulators in a circuit,
developing flow, maintaining pressure, absorbing shock, isothermal and adiabatic charging, isother-
mal and adiabatic discharging, precharge, precharge affects usable volume, control of usable
volume discharge, precharge affects shock absorber operation, losing gas precharge, checking gas
precharge, pump unloading in accumulator circuits, differential unloading relief valve, what a differ-
ential unloading relief valve consists of, how a differential unloading relief valve works, hydraulic
cylinders, what a cylinder consists of, seals, gland drain, hydraulic shock, cushions, what a cushion
consists of, how a cushion works, stroke adjusters, cylinder mounting styles, mechanical motions,
types of cylinder loads, stop tube, hydraulic cylinders, cylinder types, double-acting single rod
cylinder operation, piston and effective piston area, illustrating rod speed while extending, illustrating
discharge flow while extending, illustrating rod speed while retracting, illustrating discharge flow
while retracting, cylinder force while extending, cylinder force while retracting, affecting cylinder
forcg, tandem cylinder circuit, achieving mechanical positions, duplex cylinder circuit, affecting
cylinder speed, double rod cylinder circuit, regeneration with 2:1 cylinder, cylinder force during
regeneration, sample regenerative circuits, synchronizing two cylinders, piston seal leakage, piston
leakage affects rod speed, intensification from piston leakage, checking for piston seal leakage,
intensification at cylinder rod side, terms and idioms associated with check valves

Chapter 9

gt e ain) ot 0T A UV — 9-1
orifice, orifice size affects flow, fixed orifice, variable orifice, gate valve, globe valve, needle valve,
needle valves in a circuit, needle valve orifice increased, needle valve orifice decreases, pressure
differential affects flow, examples from everyday life, flow through needle valves in a circuit affected
by pressure differential, relief valve setting increased, work-load pressure increased, pressure



compensated flow control valves, what a restrictor type pressure compensated flow control valve
consists of, how a restrictor type pressure compensated flow control valve works, restrictor type
pressure compensated flow control valves in a circuit, workload pressure and relief valve setting
increased, what a bypass type pressure compensated flow control valve consists of, how a bypass
type pressure compensated flow control valve works, bypass type pressure compensated flow
control valves in a circuit, workload pressure and relief valve setting increased, temperature affects
flow, temperature compensation with a metal rod, how temperature compensation with a metal rod
works, temperature compensation with a sharp edge orifice, temperature-pressure compensated
flow control valve, temperature-pressure compensated flow control valve in a circuit, lunge control,
flow control valves in a circuit, meter-in circuit, meter-out circuit, bleed-off circuit, reverse flow
through a flow control valve, terms and idioms associated with flow control valves

Chapter 10

Directional Control Valves........... B8 el s e R s s m e x e xw i e E e T R T R A T e P e e S 10-1
4-way directional valve, 4-way directional valves in a circuit, 3-way directional valve, 3-way direc-
tional valves in a circuit, 2-way directional valve, 2-way directional valve in a circuit, directional valve
sizes and ratings, directional valve spools, subplate-mounted 4-way valves, directional valve actua-
tors, pilot operation, solenoid operation, solenoid, air gap solenoid, how an air gap solenoid works,
wet armature solenoid, what a wet armature solenoid consists of, how a wet armature solenoid
works, AC hum, shading coils, eddy currents, solenoid inrush current, continuous duty solenoid,
solenoid limitations, solenoid failure, solenoid blockage, high ambient temperature, low voltage,
manual override, solenoid controlled, pilot operated, spring offset, normally passing and normally
non-passing valves, normally passing and normally non-passing valves in a circuit, detents, center
conditions, open center condition, open center valve in a circuit, closed center condition, closed
center valves in a circuit, tandem center condition, tandem center valves in a circuit, float center,
float center valves in a circuit, other center conditions, crossover conditions, solenoid controlled pilot
operated directional valve, spool centering in a pilot operated valve, choke control, stroke adjust-
ment, directional valve drain, directional valve pilot pressure, backpressure check valve, electrohy-
draulic directional flow control valves, proportional vs. servo, response, spool center condition,
hysteresis, repeatability, threshold, filtration requirements, proportional valve construction, how a
direct operated proportional solenoid directional valve works, how a pilot operated proportional
solenoid controlled directional valve works, a pressure differential proportional directional valve
(torque motor pilot), 1st stage pilot valve consists of, 2nd stage main slave consists of, how the pilot
valve works, how the main valve works, what a servo valve consists of, types of 1st stages, types of
2nd stage spool designs, line to line condition, underlapped condition, overlapped condition, how a
servo valve works

Chapter 11

Pressure Control Valves ............c.c....... B S 11-1
pressure adjustment, uses of a non-passing pressure valve, sequence valve, sequence valve in a
circuit, counterbalance valve, counterbalance valve in a circuit, simple relief valve, relief valve
setting affected by temperature, relief valve setting affected by pump wear, cracking pressure -
simple relief valve, system affected by early cracking pressure, normally passing pressure valve,
pressure reducing valve, how a pressure reducing valve works, pressure reducing valve in a circuit,
pressure reducing valve droop, drains, internal drain, external drain, direct and remote operation,
unloading valve, unloading valve in a circuit, remotely operated counterbalance valve, remotely
operated counterbalance valve in a circuit, directly operated counterbalance valve in a motor circuit,
brake valve, what a brake valve consists of, how a brake valve works, brake valve in a circuit, re-
verse flow, generalizations about pressure control valves, pressure control valve symbols, terms
and idioms associated with pressure control valves



Chapter 12

Pilot Operated Pressure Control Valves ..........c.cccuvceriimeinimisssninneeisnsssssesssssesssssssssssnssssnnes 121
override characteristics of direct operated valves, override characteristic of pilot operated valves,
what a pilot operated relief valve consists of, how a pilot operated relief valve works, other pilot
operated pressure control valves, remote pilot adjustment, cracking pressure - pilot operated relief
valve, operating problems with a pilot operated relief valve, adjusting a relief valve, pump unloading,
unloading through a pilot operated relief valve, high and low vent, limiting pump pressure while
working, hi-lo system, flow control circuit, solenoid operated relief valve, what a solenoid operated
relief valve consists of, how a solenoid operated relief valve works, solenoid operated relief valve in
a circuit, overall pump efficiency

Chapter 13

Hydraulic PLIMPB o.smimsssmssennsuummsssssnsmsnnestpssnssssiussasssssnnsnsacn senssuninnssss Sliasssuisnssianususmissimssmssassan 13-1
vane pumps, what a vane pump consists of, how a vane pump works, balanced vane pump design,
cartridge assembly, vane loading, double pumps, case drain, gear pumps, what a gear pump
consists of, how a gear pump works, external gear pumps, internal gear pump, gerotor pump, piston
pumps, what a piston pump consists of, how a piston pump works, bent-axis piston pump, radial
piston pump, variable volume vane pumps, regulating hydraulic power with variable volume pumps,
what a variable volume vane pump consists of, how a variable volume vane pump works, how the
pressure compensator of a variable volume vane pump works, vane pump dual compensation,
variable volume from a gear pump, variable volume axial piston pump, what a variable volume axial
piston pump consists of, how the volume adjustment of a variable volume axial piston pump works,
overcenter axial piston pumps, how the pressure compensator of a variable volume axial piston
pump works, piston pump dual compensation, comparing fixed and pressure compensated variable
volume operation, hydraulic pumps in a circuit, standby pressure, horsepower limiting, volumetric
efficiency, overall efficiency, terms and idioms associated with hydraulic pumps

Chapter 14

HYAraUGC: MOTOFS cnnmisinsimmimnnmsramsosmmmsssssnsssins sinmsssss s s ssessssss seais sonias s asssssasssassssasnsmns 14-1
motor drains, vane motors, what a vane motor consists of, how a vane motor works, balanced vane
motor design, cartridge assembly, extending a motor’s vanes, freewheeling, gear motors, what a
gear motor consists of, how a gear motor works, external gear motor, internal gear motor, gerotor
motor, piston motors, what a piston motor consists of, how a piston motor works, variable displace-
ment axial piston motors, overcenter axial piston motors, hydraulic motors in a circuit, motor cavita-
tion, makeup checks, crossover relief valves, hydrostatic drive, open loop, closed loop, pump-motor
combinations, hydrostatic transmission, hydraulic motors vs. electric motors, motor torque, running,
breakaway and starting torque, motor shaft speed, motor horsepower, backpressure affects motor
torque, variable displacement motor affects torque, controlling motor speed, motor speed with a
meter-in circuit, motor speed with a meter-out circuit, synchronizing two motors, achieving position
with a motor, hydraulic motor wear, check for hydraulic motor wear

O APREE 15 icsnmsussssisninmumsemmsumunsnnavsssnnnsssssssnssssnyhes ssasssnss SHaREARSSHEE S A8 FHRREHRH SRS M35 MBI S oS A S SR RA RN e VR s 15-1
Reservoirs, Coolers and Filters

hydraulic reservoirs, what a hydraulic reservoir consists of, how a reservoir works, reservoir types,
terms and idioms associated with reservoirs, coolers, air cooler, water cooler, coolers in a circuit,
hydraulic filters, dirt interferes with hydraulic fluid, dirt is pollution, the micrometre scale, limit of
visibility, determination of fluid cleanliness, filter elements, depth type elements, pore size in depth
type elements, nominal rating, surface type elements, pore size in surface type elements, absolute
rating, filter ratings in practice, sources of dirt, dirt built into a system, dirt generated within a sys-
tem, dirt added to a system, type of filtration by flow, proportional flow filtration, full flow filtration,
type of filtration by position in a system, sump strainer, suction filter, pressure filter, return line filter,
filter bypass valve, what a bypass valve consists of, how a bypass valve works, filter indicator, what
a filter indicator consists of, how a filter indicator works, filters must be maintained



