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Preface

Hydraulics is a relatively new technology used in power transmission, which may be adapted to
market requirements.

The use of hydraulic drives, as well as hydraulic open loop and closed loop control systems has
gained in importance in the field of automation. Nowadays, it is unusual to find an automatic pro
duction procedure which does not use hydraulic components.

However, in spite of the wide range of applications, there are still many more to be found. Hence,
manufacturers are expanding their experience by referring to literature and attending training
courses.

This manual Basic Principles and Components of Hydraulics (from the series The Hydraulics
Trainer) should aid you in gaining knowledge of hydraulics systems. It is not only intended to be
used as a training text, but also as an aid to the hydraulics system operator.

This trainer deals with the basic principles and functions of hydraulic components. Relationships
between functions are clarified by means of numerous tables, illustrations and diagrams. This
manual is therefore an invaluable reference aid for everyday work.

This manual is the result of collective work by a group of authors, to whom we are most grateful.
We would also like to thank Mr Rudi A. Lang, who acted as project manager and editor. In addi
tion, Mr Herbert Wittholz must be thanked for his careful proofreading of the chapter on basic
principles and also for his many useful comments.

Mannesmann Rexroth GmbH
Lohr a. Main
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Chapter 1

Basic Principles
Rud] A. Lang

Basic Principles

The term fluid includes liquid, steam or gases, i.e. air is
also a fluid when considered as a mixture of gases. As flu
id power is concerned with the mechanical character
istics of fluids, we use the term hydro-mechanics when
we are dealing with liquids and aero
mechanics when we are dealing with air.

1. Introduction 1.2 Hydro-mechanics

As this chapter describes basic principles, certain terms
from Physics must also be mentioned. It must be noted
that even though Physics used to be thought of as a
completely separate subject to Chemistry. it is now
realised that there is no clear dividing line between the
two subjects. Chemistry also determines processes
which occur in tife. A link between the two subjects is the
effect of electrical or electronic actions.

Processes mentioned may very slightly from recent com
mon hydraulics practice, however we hope that what we
describe is acceptable. Deviations from practice will be

mentioned in footnotes. Physical processes in all
technical fields will be described uniformly, due to the

"'Way we describe the processes.

1.1 Fluid power

This field was until recently described as "oil hydraulics
and pneumatics". This was not only corrected in DIN, but
the industry has also adopted the subject designation 01
"fluid power". When the tille ·oil hydraulics· appeared
many years ago, mineral oil manufacturers became
interested in it, as this subject would probably deal with
the problems in pipelines, since hydraulics was
supposed to be the science of fluid flow laws.

In fact, this subject area deals with the transfer of energy
and, when the fluid is stationary, with the transfer of
pressure. However, in the transfer of pressure, for
example, at the sam~ time as a hydraulic cylinder or
motor operates, the pump may generate a flow, and
hence the flow laws need to be considered as well.
Because of this, the term "hydraulics· has been retained
in fluid power to describe the hydraulic characteristic, as
opposed to the "mechanical" or "pneumatic"
characteristics. However, wherever possible, a phrase
such as "some hydraulics is built into the system" should
be avoided.

Care should be taken that the mechanical characteristics
of a pressure fluid, (i.e the ability 10 transfer pressure) are
made use of in fluid power systems. This is not only true
for the hydraulics in fluid power, but also for pneumatics.

In "hydraulic" fluid power the laws of hydro-mechanics
are used. Pressure, or energy, or signals in the form of
pressure are transferred, and the laws of hydro-statics
(mechanics of still fluids) and of hydro
kinetics 1) (mechanics of moving fluids) apply.

1.2.1 Hydro-statics

The term hydro-stalic pressure is common in Physics. It is
the pressure which acts on the base of ano~r
filled with fluid, and which is dependent on the height 01
the head of liquid inside the container. A hydraulic
paradox occurs here, which is that the shape of the
container is irrelevant, and only the height of the head 01
liquid determines the pressure. Hence, this also means
thai the pressure at the bottom 01 the container is higher
than at the top of the container. This fact is well-known, if
you consider the pressure of water deepdown in the open
sea. The behaviour is the same in a ·sea of air".

In statics, care must be taken that the forces are
balanced. This is also true for analogue forces in hydro
statics. AI the base of a container, at the bottom 01 the
sea, or at a particular height in the place to be measured,
the pressure present does not create any changes In the
existing relationships.

If the fluid is enclosed in a closed container, as for
example, in a hydraulic cylinder in fluid power, and if much
higherpressures are needed than exist due to gravity at a
certain height in a fluid, then these pressures are created
via appropriate technical measures, e.g. by a hydraulic
pump. Fluid is pumped into the closed container at a
pressure produced by the hydraulic pump, and this

1) This lield is still widely known as 'hydro-dynamics'.ln
reference english books, it used only to be called hydro·kinetics,
but recently, especially Irom American sources, hydro·
dynamics has been used instead. Here is however
recommended that hydro-dynamics be used to cover both
hydro-statics and hydro-kinetics, as stated in DIN 13317. In this
standard, dynamics covers bolh statics and kinetics, as
dynamics deals in general with forces. and not only with the
forces which are generated from kinetic energy.
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Basic Principles

pressure exerts itself equally on all sides of the container.
This fact may be made use of, by making the base of the
container movable. The base then moves,when pressure

is applied, and providing that the hydraulic pump
continues to supply fluid under pressure, a head of liquid
is moved.

If the hydraulic cylinder (also under pressure) is at rest,
e.g. in clamping hydraulics the forces are in equilibrium.
This effect may be described as hydro-static. However, if
the piston in the cylinder is moved by a supply of flow
under pressure, then not only is the pressure produced
from potential energy effective, but a boost pressure is
also effective which is created by the kinetic energy. This
pressure must be and is taken into account in fluid power
systems. The relationships in this process or system may
not really be described wholly as hydro-static, but the
hydro-static relationships predominate.

Systems of this type, where hydro-static relationships are
predominant and the transfer of pressure is most
important, operate at relatively high pressures and low
flow velocities in order to keep the influence of hydro
kinetics1) as low as possible.

~-

1.3 Types of energy transfer (choice)

1.2.2 Hydro-kinetics

Systems in which the kinetic energy of moving fluids is
used to transfer power are not usually considered-to be
part of fluid power, even though there is no physical
reason for them not to be included. These often so-called
"hydro-dynamic drives" are the ones which as already
mentioned should really be called "hydro-kinetic drives'.
In this type of drive, as in fluid power the laws of hydro

statics must be considered as well as those of hydro
kinetics, but in this case the laws of hydro-kinetics are the
predominant ones.

Considering the fact that both types of energy are active in
"hydro-dynamic drives' they must also both be active in
systems where hydro-statics is predominant. Hence

these systems are also "hydro-dynamic" systems, and so
to form sub-groups of hydro-statics and hydro-dynamics
would be incorrect.

The still so-called "hydro-dynamic drives" operate
according totheirdesignation with high flow velocities and
relatively small pressures.

Hydraulics 2) Pneumatics 3) Electrics Mechanics

Energy source Electric motor Electric motor Power supply Electric motor
(Drive) Combustion er9ne CorrOOstionengne Battery CorrOOstionengne

Accumulator Pressure tank Weight force
Tension force (spring)

Energy Pipes and hoses Pipes and hoses Electrical cable, Mechancal parts
transfer elements magnetic field Levers, shafts, etc.

Energy carriers Ruids AI' Electrons Rigid and elastic
objects

Force density Large, Relatively small, Small, with respect to Large,seIeclionarddislribtJ.
(""""'-) high pressures, low pressures power weight lia101requiredllowisofleo

large forces, Electric motor with not as good asi1 hydraulics
smaflflow hydraulic motor t : 10

Smooth control (accele- Very good via Good via Good to very good Good
ration, deceleration) pressure and pressure and flow electrical open loOp and

flow closed loop control

Types of movement Unear and Unear and Primarily rotary move- linear and
~of outputs rotary movements via rotary movements ment, rotary movements

hydraulic cylinders and via pneumatic cylinders linear movement:
hydraulic motors easily and pneumatic motors solenoid
attainable easily attainable .... small forces

.... short strokes,
pass. linear motor

Table 1: Features of types of energy transfer

1) see footnote on page 23
2) as part of fluid power, even though hydraulics deals with far
more than just fluid power.
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Basic Principles

1.4 Quantities, symbols, units
(see DIN 1301 part 1 and DIN 1304 part 1)

Quantity

Length

Distance

Area

Volume

Time

Symbol 51 unit

f Melre

A Metre squared

V Metre cubed

t Seconds

Dimension Conversion 10 other accepatable units Relationship

1 m"" l00cm::: l000mm

m2 1 m2 "" 10000cm2
"" 1 000 000 mm2

::106 mm2

m3 1 m3 ", l000dm3

1 dm3 ",1 L

Velocity

Acceleration

v Metre per
second

a Metre per
second squared

m
5

m

7

1!!!.'" eOrn
S min

Acceleration due to gravity (rounded oN)

g::9.81 E}
5

v=.!.
I

Flow Qv, 0 Metre cubed per
second

m3 litre per minute ---!:.....
s rrin

m' L1-=60000-
S min

n Revolutions per 1
second S 1 60
Revolutions per 1 S'" rrin
minute min (rpm)

Mass

Density

Force

Pressure

Won.

m Kilogram

p Kilogram per
metre cubed

F Newton

p Newton per
metre squared

Pascal

W Joule

kg lkg=l000g

kg Kilogram per kg
~ decimalre cubed dm3

l~"'O.OOl~
m3 dm3

IN'''l~.'
~ l~""lpa=O,OOOOlba

1 ba =10....!!.-'" lOS..!!..
cm2 m2

Pa 10-5 bar = 1 Pa

lJ",1Ws",lNm

1 kWh "'3,6MJ=3,6·106WS

m= V·p

m
P=--v

F =m-a
Fa = m-g

Temperature T, e Kelvin

Temperature in Celsius t, 11

Power P Wan W

celsius °C O°C~273K

OK ~-273OC

Table' 2. Quantities, symbols and Units
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Basic Principles

The following analogies are relevant for linear move
ments (hydraulic cylinders) and rotations (hydraulic
motors):

Hydraulic cylinders Hydraulic motor

Parameter

Distance

Symbol 51 unit Parameter

Angle

Symbol SI unit

a <ad

Frequency of rotation ( .l.
(Speed) s

Velocity m
S

Acceleration m

7
Force F N

Power P W

Mass m kg

Table 3: "':"BIogI6S

Angular velocity

Angular acceleration

Torque

Power

Moment of Inertia

aw=T

2.
2.1

2.1.1

Physics Terms
Mass, Force, Pressure

Massm

A mass of 1 kg creates a force of 9.81 N on the ground.

In practice, it is generally adequate to use 10 N or 1daN
instead of 9.81 N for a weight force of 1 kg.

A weight force is created by a mass on the ground due to
gravity. 2.1.3 Pressure p

2.1.2 Force F

According to Newton's law:

Force =mass· acceleration
F=m·a.

If the general acceleration a is replaced by the
acceleration due 10 gravity 9 (g = 9.81 mls2), the
following is obtained:

Weight force =mass· acceleration due to gravity
F = mog.

Fora mass of 1kg, this results ina weight force of
F= 1 kg-9.Bl rn/s2=9.81 kgmls2.

The 51 unit for force is the Newton

In descriptions of processes involving fluids, pressure is
one of the most important quantities.

If a force acts perpendicularly to a surface and acts on the
whole surface, then the force F divided by the area of the
surface A is the pressure p

F

p =
A

The derived 51 unit for pressure is the Pascal

1 N
= 1 Pascal (1 Pal .

m2

In practice, it is more common to use the bar unit

1 bar =105 Pa.

26
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Basic Principles

In fluid powet, pressure is indicated by p.1f positive or ne
gative is not indicated, p is taken as pressure above at
mospheric (gauge) pressure (Diagram 1).

Command press.
Actual pressure
= operating press.

o Peak pressure
o Nominal pressure

Pressure
varietion

I \-:,J--.v<>"1rfu", ~ '{

I
§

f7'-"""......--"-----------..llf""'''-------oMin. pressure

<}----------------------------OAlmosphericp.
= std press.

'-¢---- --oVacuum

ci 0. ~~

.~ i &5-
g..8. l:l ~

f----~:;~::1---£h -=~:------------<>o Burst pressure

e ! ~ f ~ i~
~ 1------ -0. (; C. .;;;---------~oTest pressure

£ I:£~ i~1
~===::;Jcr:-3 is. J a

I
~ II
! ~

~

~ (
~
go
z

Diagram 1: Pressures to DIN 24312

2.2 Work, Energy, Power

2.2.1 Work

If an object is moved by a force Faver a certain distance
s, the force has then done work W.

Work is a product of distance covered s and the force F
which acts in the direction of the displacement

W =F·s.

The SI unit for work is the Joule

1 J = 1 Nm = 1 Ws.

- Potential energy (energy due to position, Ep) and

- Kinetic.energy (energy due to movement, Ek).

2.2.2.1 Potential energy

An object may sink to a particular level due to its high
initial position and it hence carries out work.

The amount of work stored is dependent on the weight
force m • 9 of the object and on the height h

Ep = (mo g) 0 h.

If an object is capable of work, it has "stored work".

This type of "stored work" is known as energy.

Work and energy hence have the same unit.

Depending on the type of "stored work", there are two
types .of energy:

2.2.2 Energy
2.2.2.2 Kinetic energy

If a moving object meels an object at rest, the moving
object performs work on the body at rest (e.g.
deformation work).

The work stored is contained in the movement of the
object in this case.

/
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2.4 Hydro- mechanics

Hydro-mechanics deals with physical characteristics
and behaviour of fluids in stationary (hydro-statics) and
moving (hydro-kinetics 1)) states.

The difference between liquids and soll9 particles is
that the particles in liquids are easily moved within the
mass of liquids. Hence, liquids do not assume a specific
shape, but instead, they assume the form of the
container surrounding them.

In comparison with gases, liquids are not as compress
ible.

Basic Principles

The amount of energy is dependent on the mass m and
the velocity vof the object

(m o ,!')

2.2.3 Power

Power is given by work divided by time

w
p =

The 51 unit for power is the Wan

J 2.4.1 Hydro-statics
1W=

2.3 Velocity, acceleration

2.3.1 Velocity

Velocity v is the distance s divided by time t taken to
cover this distance

y =

The 51 unit for velocity is the metre per second.

2.3.2 Acceleration

If an object does not move at constant velocity, it
experiences an acceleration a.

The change in velocity may be positive (increase in
velocity/acceleration) or negative (decrease in
acceleration/deceleration).

The linear acceleration a is given by velocity v divided
by timet

The 51 unit for acceleration (deceleration) is metre
per second squared.
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The laws of hydro-statics strictly apply only to an ideal Ii
quid, which is considered to be without mass, without
friction and incompressible.

With these relationships, it is possible to deduce the
behaviour of ideal, that is, loss-free circuits. However,
losses of one form or another do appear in all
components in fluid systems. In components, which
operate according to the throWing principle. the losses
which arise are indeed a pre-requisite for them to
function.

2.4.2 Pressure

If pressure is applied, as shown in Rg. 1, on surfaces of

the same area (Al=~=~)' the forces which are
produced are the same size (F1 =F2 =F3).

Fig. 1: The hydro-static paradox

1) see footnote1} on page 23



2.4.2.1 Pressure due to external forces

Fig. 2: Pascal's law

The basic principle in hydro-statics is Pascal's law:

'The effect of a force acting on a stationary liquid spre
ads in all directions within the liquid. The amount of
pressure in the liquid is equal to the weight force, with
respect to the area being acted upon. The pressure

"'8lways acts at right angles to the limiting surtaces of the
c~nlainer.'

In addition, the pressure acts equally on all sides.
Neglecting pressure due to gravity, pressure is equal at
all points (Fig. 2).

Because of the pressures used in modern hydraulic
circuits, the pressure due to gravity may usually be
neglected.

Example: 10m water column", 1 bar.

2.4.2.2 Force Transmission

As pressure acts equally in all directions, the shape of
the container is irrelevant.

The following example (Fig. 3) will demonstrate how
the hydro-static pressure may be used.

Fig. 3:' Example of force transmission

Basic Principles

When force F1 acts on area A1, a pressure is
produced of

p =

Pressure p acts at every point in the system, which
includes surtace ~. The attainable force F2
(equivalent to a load to be lifted) is given by

F2 p'A2

Hence

F, F2

A, A,

or
F2 A,

F, A,

The forces are in the same ratio as the areas.

Pressure p in such a system always depends on the
size of the force F and the effective area A. This
means, that the pressure keeps increasing, until it can
overcome the resistance to the liquid movement.

If it is possible, by means of force F1 and area A1, to
reach the pressure required to overcome load F2 (via
area A2), the load F2 may be lifted. (Frictional losses
may be neglected.)

The displacements s1 and s2 of the pistons vary in
inverse proportion to the areas

s1 A2

S2 A1
The work done by the force piston (1) W1 is equal to
the work done by the load piston (2) W2

W1 F1 ·s1,

W2 = F2 • 52'
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Basic Principles

2.4.2.3 Pressure transmission

Fig. 4: Pressure transmission

Two pistons of different sizes (Fig. 4: 1and 2) are fixed
together by means of a rod. If area A1 is pressurised
with pressure Pl' a force F1 is produced at piston (1).
Force F1 is transferred via the rod 10 area~ of piston
(2) and hence pressure ~ is obtained there.

Ignoring losses due to friction:

F,=F2 and p,'A, =p"A,.

Hence P1· A1 = F1 and ~ • ~ = F2

or

P2 A 1

In pressure transfer the pressures vary in inverse
proportion to the areas.

2.4.3.1 Flow Law

If liquid flows through a pipe of varying diameters, at any
particular time the same volume flows at all points. This
means, that the velocity of liquid flow must increase at a
narrow point (Fig. 5).

Flow 0 is given by the volume of fluid V divided by

timet

o VII.

Fig. 5: Flow

Liquid volume V is itself given by area A times length s
(Fig.6a)

v

If A· s is substituted for V (Fig. 6b), 0 is then given by

A's
o

t
Distance 5 divided by time t is velocity v

t
Flow 0 hence equals the cross-sectional area of the

pipe A multiplied by the velocity of the liquid v
(Fig.6c)

2.4.3 Hydro-kinetics

Hydro-kinetics1) is concerned with the liquid flow laws

and the effective forces which result. Hydro-kinetics
may also be used to partially explain the types of losses
which occur in hydro-statics.

If the frictional forces at limiting surfaces of objects and
liquids are ignored and those between the indivfdualli

quid layers are also ignored, it may be assumed that the
flow is free or ideal.

The important results and conformity to the natural laws

for ideal flows may be adequately described and are
dealt with in the following sections.

o

FIQ.6a

Fig.6b

Fig.6c

= A- v.

1) see footnote1) on paQe 23
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The same flow Q in Umin occurs al any point in the
pipe. II a pipe has cross-sectional areas At and ~,
corresponding velocities must occur at the cross
sections (Fig. 7)

0, °2'
0, Al • v, '

°2 A,. v2 .

Basic Principles

With respect to pressure energy, this means

p

Plot = Pst+ p • g • h + - • .,;
2

whereby
Pst = static pressure,
p. g. h = pressure due to height of head of liquid,
(pI2) • .,; =back pressure.

Hence the continuity equation is produced

A,0,. 0,

Let's now consider both the continuity equation and the
Bernoulli equation. The following may be deduced:

If the velocity increases as the cross-section
decreases, movement energy increases. As the total
energy remains constant. potential energy and/or
pressure must become smaller as the cross-section
decreases.

There is no measurable change in potential energy.
However, the static pressure changes, dependenl
upon the back pressure, i.e. dependent on the velocity
of flow. (Fig. B: The height of Ihe head of liquid is a
measure of the pressure present at each head.)

FiQ. 7: Velocity of flow

2.4.3.2 Law of conservation of energy

The law of conservation of energy, with respect to a
flowing fluid, states that the total energy of a flow of
liquid does not change, as long as energy is not
suppli.ed from the outside or drained to the outside.

Neglecting the types of energy which do not change
during flow, the total energy is made up of:

Potential energy
.,. positional energy, dependent on the height of

head of liquid and on static pressure

and

Kinetic energy
.,. movement energy, dependent on the veloci!y

of flow and on back pressure.

Hence Bernoulli's equatton is produced

p ..
g·h +- +-= constant.

p 2

Fig. 8: Dependence of columns of liquid on pressure

It is mainly the static pressure which is of importance in
"hydro-static systems·, as the height of head of liquid

and velocity of flow are usually too small.

2.4.3.3 Friction and pressure losses

So far in looking at conformity to nalurallaws for liquid
flow, we have assumed that there is no friction between
liquid layers as they move against each other and also
that there is no friction as liquids move against an
object.

However, hydraulic energy cannot be transferred
through pipes without losses. Friction occurs at the pipe
surface and within the liquid, which generates heal.
Hence hydraulic energy is transformed to heat. The
loss created in this way in hydraulic energy actually
means that a pressure loss occurs within the hydraulic
circuit.
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Basic Principles

The pressure loss - differential pressure - is indicated by
L!p (Fig. 9). The larger the friction between the liquid
layers (internal friction), the larger the viscosity
(tenacity) of the liquid becomes.

Fig. 9: Viscosity

Frictional losses are mainly dependent upon:

- Length of pipe,

- Cross-sectional area of pipe,

- Roughness of pipe surface,

- Number of pipe bends,

- Velocity of flow and

:.... Viscosity of the liquid.

2.4.3.4 Types of flow

The type of flow is also an important factor when
considering energy loss within a hydraulic circuit.

'There are two different types of flow:

- Laminar flow and

- Turbulent flow.

Up to a certain velocity, liquids move along pipes in
layers (laminar). The inner-most liquid layer travels at
the highest speed. The outer-most liquid layer at the
pipe surface does not move (Rg. fa). If the velocity of
flow is increased, at the critical velocity the type of flow
changes and becomes whirling (turbulent, Fig. 11).

Hence the flow resistance increases and thus the
hydraulic losses increase. Therefore turbulent flow is
not usually desirable.

The critical velocity is not a fixed quantity. It is
dependent on the viscosity of a liquid and on the cross
sectional area through which flow occurs. The critical
velocity may be calculated and should not be exceeded
in hydraulic circuits.
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Fig. 10: Laminar flow

Fig. 11: Turoufent flow

2.4.3.4.1 Reynold's number Re

The type of flow may be roughly determined using

Reynold's number

v· dh
Re =

whereby
v = velocity of flow in mis,
dh = hydraulic diameter in m, with circular

cross-sections equal to the pipe internal
diameter, and otherwise calculated as
dh = 4' AlU,

A = cross-sectional area,
U = circumference,
v = kinetic viscosity in m2/s and

Recrit ..~

This value only applies for round, technically smooth,

straight pipes.

At Recril the type of flow changes from laminar to
turbulent and vice versa.

Laminar flow occurs for Rs < Recrit' and turbulent
flow occurs for Re > Recrit-



Basic Principles

3.

3.1

3.2.4 Further information

Hydraulic pumps are primarily used to convert energy
and next hydraulic cylinders and motors do so.

Energy conversion

In order 10 store and take care of the pressure fluid, a
series of additional devices are necessary, such as tank,
filter, cooler, heating element and measurement and
testing devices.

3.2.3 Transport of energy

The pressure fluid, which is fed through pipes, hoses and
bores within a manifold, transports the energy or only
transfers the pressure.

3.2.2 Control of energy

Hydraulic energy and its associated transfer of power
exist in a hydraulic circuit in the form of pressure and flow.
In this form, their size and direction of action are effected
by variable displacement pumps and open loop
and closed loop control valves.

3.2.1Hydraulic circuits

Important characteristics of
hydraulic circuits

- Transfer of large forces (torques) at relatively small
volumes.

- Operation may commence from rest under full load.

- Smooth adjustment (open loop orclosed loop control)
of the following is easily achieved:

• speed
• torque
• force

- Simple protection against over-loading.

- Suitable for both quick and very slow controlled
sequences of movements.

- Storage of energy with gases.

- Simple central drive system is available.

- Decenlralised transformation of hydraulic into
... mechanical energy is possible.

3.2 Design of a hydraulic circuit

Mechanical energy is converted 10 hydraulic energy in hy
draulic circuits. This energy is then transferred as
hydraulic energy, processed either in an open loop or
closed loop circuit, and then converted back to
mechanical energy.

Fig. 12: Transfer of energy in a hydraulic circuit
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3.3 Design 01 a simple hydraulic circuit In the following sections. a simple circuit will be designed
and illustrated via sectional diagrams and symbols to

DIN ISO 1219.

FIQ. 13: Principle ofa hydraulic circuit

3.3.1 Step 1 (Figs. 14 and 15)

Hydraulic pump (1) is driven by a motor (electric motor or
combustion engine). It sucks fluid from tank (2) and
pushes it into the lines of the hydraulic circuit through
various hydraulic devk:es up to the hydraulic cylinder (5).
As long as there is no resistance to flow, the fluid is

merely pushed further.

Cylinder (5) at the end of the line represents a resistance
to flow. Pressure therefore increases until it is in a
position to overcome this resistance, Le. until the piston
in the cylinder (5) moves. The direction of movement of
the piston in the cylinder (5) is controlled via directional

valve (6).

At rest, the hydraulic circuit is prevented from being
drained via the hydraulic pump (1) by check valve (3).The piston of a hand pump is loaded with a force (Fig.

13). This force divided by the piston area results in the

att~.ab'e pressure (p =FlA).

The more the piston is pressed on, i.e. the greater the
force on the piston is, the higher the pressure rises.
However, the pressure only rises until, with respect to the
cylinder area, it is in a position to overcome the load

(F=poA).

1f the load remains constant, pressure does not increase
any further. Consequently, it acts according to the
resistance, which is opposed to the flow of the liquid.

The load can therefore be moved, if the necessary
pressure can be built up. The speed, a1 which the load
moves, is dependent on the flow which is fed to the
cylinder. With reference to Fig. 13, this means that the
faster the piston of the hand pump is lowered, the more li
quid per unit time is supplied to the cylinder, and the faster

the k>ad will lift.

In the illustrations shown in Figs. 14 to 19, this principle
(Fig. 13) is extended to further devices, which

_ control the direction of movement of the cylinder

(directional valve),

_ effect the speed of the cylinder (flow control valve),

_ limit the load of the cylinder (pressure relief valve), Fig. 14

_ prevent the system at rest from being completely
drained via the hydraulic pump (check valve) and

_ supply the hydraulic circuit continuously with
press,ure liquid (via an electric motor driven

hydraulic pump)
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Fig. 15
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Basic Principles

Fig. 17

36



Basic Principles

3.3.2 Step 2 (Figs. 16 and 17)

So that the hydraulic circuit is protected from excess
pressures and hence from overloading, tbe maximum
pressure must be limited.

This is achieved using a pressure relief valve (4).

A spring as mechanical force, presses a poppet onto the
seat of the valve. Pressure in the line acts on the surface
of the seat. In accordance with the equation, F =p. A,
the poppet is lifted from its seat when the force from
pressure· area exceeds the spring force. Pressure now
no longer rises. The flow still delivered by the hydraulic
pump (1) flows via pressure relief valve (4) directly back to
the tank.

Fig. 16
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Fig. 18
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Basic Principles

3.3.3 Step 3 (Figs. 18 and 19)

In orderto change the speed of movement of the piston in
the hydraulic cylinder (5), the amount of flow to the
cylinder must be controlled. This may be achieved, using
a flow control yalve (7).

The cross-sectional area of a pipe may be changed,
using a flow control valve. If the area is decreased, less li
quid per unit time reaches cylinder (5). The piston in
cylinder (5) hence moves slower. The excess liquid,
which is now delivered by pump (1), is drained to tank (2)
via pressure relief valve (4).

The following pressures occur in a hydraulic circuit:

- pressure set at pressure relief valve (4) acts between
hydraulic pump (1) and flow control valve (7)

and

- pressure dependent on load acts between flow

control valve (7) and cylinder (5).

Fig.19
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Symbols to DIN ISO 1219

Chapter 2

The following list is incomplete. It is designed as an aid for
creating symbols.

Symbols to DIN ISO 1219
Rudi A. Lang

Symbol

Square
Connections perpendicular to
sides.
Control elements
Drive unit
(except for E motor)

Semi-circle
Motor or pump with limited
angle of rotation
(Rotary actuator)

Connections to comers of
preparation devices
(filters, separators, lubricating
devices, heat exchangers)

Namel
description, examples

SymbolNamel
description/examples

Symbols for hydraulic systems are lor functional interpre
tation and comprise one or more basic symbols and in
genenerat one or more function symbols. Symbols are
neither dimensioned nor specified for any particular posi·
tion.

Basic symbols

Lines

Damping in positioning ele·
ments,
accumulator weight

112 h

B:r~
. Continuous

Main line,
electrical line

Dashed
Control line,
drain line,
transition position

Chain dotted
To group two or more com
ponents in a sub-assembly.

Double
Mechanical connection
(shah, lever, piston rod)

Circle
Energy transfer unit

Measuring device

Check valves,
rotary connection,
mechanical pivots,
Rollers (always with centre
PQint)

1/5/

1 *
+

m
OJI

9

Rectangle
Cylinders,
valves

Piston in cylinder

Adjustment element

Offsets for connecting lines
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Symbols to DIN ISO 1219

NameJ Symbol
description, examples

Open rectangle
Tank

•
~

Oval

t=hPressure tank
Accumulator
Gas bottle

Function symbols
Triangle
Shows direction of flow and
operating medium

Filled, hydraulic ~

Open, pneumatic [>

Arrows
Straight .,..
Linear movement,
path and direction of flow

I t
through a valve, direction of
heat flow ]f

d

Curved ( ( Qj90'Rotational movement,
direction of rotation viewed on
shaft end

+= ={=
Diagonal arrow /
Adjustability in pumps, motors, .
springs, ~noids

Electrical 7
Closed path or connection 1
Linear electrical positioning

\ /elements acting in opposition

40

Namel Symbol
description, examples

Temperature display or

~control

Drive unit M

Spring VV\
Throttle

'-./

r--.

Seat of check valve
".

V
Flowlines

o,-k-l,-Connection

Cross-over +
Flexible line ~

Connections
Breather connection

i(continuous)

Limited with respect to time .ifOpen I closed

Quick release coupling without

---EB3-mechanically opening check
valves

With mechanically opening ---EE3-check valves

Rotary coupling with 1 through -e-channel

Rod, linear movement -------

Shaft, rotational movement ==F
Detent, maintains specified -v-----+--position



Name! Symbol
description, examples

Operational modes
General symbol

~
Push button 9=
Pull-out knob

d=
Push buttonlpull-out knob ID=C
Lever

~
Pedal, 1 direction of operation Fe
PeCJal, 2 directions of operation

J=C
Push rod L
Push rod with stroke limitation

eFC::
Spring

MC
Aollershah c:£
Roller lever

cfL=
Electrical, 1 winding czC
Electrical, 2 windings which

d::=:act in opposition to each other

Electrical, 2 windings which

u,Lact in opposition to each other
and which may be steplessly
adjusted

2 parallelacting operators a=

Symbols to DIN ISO 1219

Name! Symbol
description, examples

Operation by means of
pressurisation or pressure
relief ---cDirectly acts on positioning
element

By means of opposed control -0=1-areas of different sizes

Internal control channel rQ' ',

External control channel

L~
Pneumatic/hydraulic operation cL .£::
2 stage hydraulic operation ~
2 stage electro-hydraulic rrrt=operation, external pilot oil
supply

,

2 stage pneumatic-hydraulic ~operation, external pilot oil
return '-'-'

2 stage electro-hydraulic

~operation, spring centering of
mid-position, external pilot oil
feed and return

2 stage electro-hydraulic ~operation, pressure centering
of mid-position, external pilot
oil feed and return

External feedback of actual ~
position of positioning element

Internal feedback of actual

~
position of positioning element
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Name! Symbol
description, examples

Energy sources
Hydraulic

~

Pneumatic I>--
Electrical motor

CB>
Drive unit,

§=except for electrical motor

Energy transfer and
storage
Hydraulic pumps and motors

Fixed displacement pump, ge-

e?neral

~

~
Fixed.displacement pump,
1 direction of flow,
1 direction of rotation

Variable displacement pump,

~
2 directions of flow,
1 direction of rotation,
Case drain port

Fixed displacement motor,

~
2 directions of flow,
2 directions of rotation

Fixed displacement

~
pump/motor,
1 directkm of flow,
1 directkm of rotation

Variable displacement

~
pump/motor,
manual adjustment
2 directions of flow,
2 directions of rotation,
Case drain port

Hydraulic rotary actualor =t>=
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Name!
description, examples

Hydraulic compact drive

Variable displacement pump
with pressure compensator,
1 direction of flow,
1 direction of rOlation,
Case drain port

Variable displacement
pump/motor
with pressure compensator.
2 directions of flow,
2 directions of rotation,
Case drain port

Hydraulic cylinders. .
Single acting hydraulIC ,¥l~r,

return stroke via pressunsation,
full bore connected to tank

Double acting single rod
hydraulic cylinder,
adjustable damping at both e
of stroke

Telescopic hydraulic cylinder,
single acting

Telescopic hydraulic cylinder,
double acting

Aa=umuJators
Without initial pressure

With initial gas pressure

Symbol

M~:M
'" .......
N ,



Symbols to DIN ISO 1219

Namel Symbol
description, examples

Gas bottle gin upright position only

Open and closed loop
control of energy
Directjonal valves
Two position valve with 1

D~~Dcross-over point

Two position valve with

I I Istepless control of spool
position

Three position valve with

ITIJstepless control of spool
position

Two position valve, ITCJ2""'pOrts, normally closed,
2 directions of flow

Two position valve, CI!J2 ports, normally open,
2 directions of flow

Two position valve,
3 ports, normally open, ttJ2 directions of flow

212 way directional valve,

9I4J2 ports,
2 spool positions

3/2 way directional valve,

MfQ~~~3 ports,
2 spool positions,
1 cross-over point,
solenoid operatlon,
spring offset

5/2 way directtonal valve,
5 ports,
2 spool positions, -- --
pressure operated in both dir-
ections

Name!
description, examples

4/3 way directional valve,
(detailed diagram)
electro-hydraulically operated,
4 ports,
3 spool positions,
spring centered mid-position,
emergency stop operation,
extemal pilot oil retum

(simplified diagram)

4/3 way directional valve,
(detailed diagram)
electro-hydraulically operated,
4 ports,
3 spool positions,
pressure centered mid-posi
tion,
emergency stop operation,
extemal pilot oil return

(simplified diagram)

Continuously variable
(modulating valves)
Modulating valve,
negative overlap

Modulating valve,
positive overlap

4/3 way servo valve
(typical example)

Check valves!
jsolating valves
Check valve, without spring
loading

Check valve, spring loaded

Check valve, pilot operated.
without spring pre-load

Symbol
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Name! Symbol
description, examples

Check valve,

~-
pilot operated, with spring pre·
load

Shunle valve

~
Air bleed valve

~I
Pressure control valves

q~
Pressure relief valve,
direct operated,
internal pilot oil feed

Pressure relief valve, q¢tldirect operated,
external pilot oil feed

Pressure relief valve,

~~~pilot operated,
internal pilot oil feed and return

Pressure relief valve, r'-'~

pilot operated,

,,~i~kelectrically operated relief,
internal pilot oil feed,
external pilot oil return C ____ l
2 way pressure reducing

[~
valve,
direct operated,
internal pilot oil feed

2 way pressure reducing

[~
valve,
pilot operated,
internal pilot oil feed,
external pilot oil return

3 way pressure reducing [JPJvalve,
direct operated,
internal pilot oil feed
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Name! Symbol
description, examples

Flow controt valves
Thronle valve, adjustable

+
Shut-off valve

-<><>-

Deceleration valve

W
Thronle/check valve

~'i.__ .J
2 way flow control valve, $pressure compensated

2 way flow control valve,

~
pressure and temperature
compensated

3 way flow control valve,

~
pressure and temperature
compensated

Flow divider [QJ
2 way canridge valves
(logic elements)

-~Directional valve, leakage free,
differing effective areas ____ I

Flow control valve

~
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SymbolNamel
description, examples

r---
asuring devices andMe

~
indicators 1
Pressure indicator, genera

Pressure gauge

C?
Differential pressure gauge W
Fluid level measuring device

€?
Thermometer ep
Flow indicator y
Flowmeter ----v--
Tachometer ---0-
Torque meter ---(J)-
Hydro·electric

--~pressure switch.
Umitswitch

~

l-

Symbol

Filter with separator

Separator

Name!
description, examples

Filter

Fluid storage and
preparation
Ventilated tank

Directional valve, . .
leakage free in one direction,
identical effective areas

Pressure tank

=~~~k>gging indicator

Temperature control

Cooler

Preparation unit comprising:
fitter,
separator,
pressure reducing valve,
pressure gauge and
lubricator

Heater



Hydraulic Fluids

Chapter3

Hydraulic Fluids
Eberhard Sumpf

Introduction

The main function of a hydraulic fluid in a hydraulic
system is 10 transfer forces and movements.

Further tasks and characteristics are required of the
hydraulic fluid, due 10 the diverse range of applications
and installations of hydraulic drives.

As a fluid does not exist, which is equally suitable for all
areas of application, the special features of applications
must be taken into account, when selecting a fluid. Only if
this is done, is it possible to achieve relatively
interference free and economic operation.

Theatres 1-2-3-4 160 bar

Power stations 1 - 2 - 3 - 4 250 bar

Simulation and testing devices 1 - 2 - 3 - 4 1000 bar

Ambient Place of
temperature Installation

--40to+60°C inside & outside

--40to+60°C ,nside & outside

-4010 + 60 0 e inside & outside

-4010 ... 5O"C inside & outside

-60 to + 60 QC inside & outside

-65 to +60 QC Inside & outside

-40 to + 60 QC Inside & outside

18 to 40 QC inside

18to40~ mainly inside

1010 150 QC Inside

-40 to + 60 QC inside & outside

-1010 +6O·C maInly inside

18 to 30 QC mainly inside

1810150 QC mainly Inside

upto 60°C outside &uodergrounc

-65 to 15O·C Inside & outside

315 bar

315 bar

200 bar

315 bar

250 bar

250 bar

315bar

630 bar

250 bar

210 (280) bar

Max. operating
pressure

1 -2

Suitable
fluids .)

Conveyors

Ironworks, rolling mills, loundaries

Aircraft

Ship building

Machine tools

Application

Presses

Special vehicles

Vehicle construction

Agriculture and forestry machines

Mobile machines

Special applications 2 - 3 - 4 - 5 250 (630) bar

Steelworks, water hydraulics 1 - 2 - 3 220 bar

Mining 1-2-3-4 1000 bar

'J 1:: minerai oil; 2:: synthetic hydraulic fluids; 3= eccologically acceptable fluids;

4= waler, HFA, HFB; 5= special fluids

Table 1: Hydraulic drive applications and the fluids which are suitable for them
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2 Fluid requirements

2.1 Lubrication and anti~wear

characteristics

The fluid must be capable of covering all moving parts
with a tenacious lubricating film. The lubricating film may
be destroyed, as a result of high pressures, insufficient oil
delivery, low viscosity and either slow or very fast sliding
movements. This would result in wear due to fretting
(standard clearance tolerance e.g. in directional valves is
8to 10llrn).

As well as wear due to fretting, there is also wear due to
fatigue, abrasion and corrosion.

- Wear due to abrasion occurs between parts, which
slide across each other, when contaminated (with
solid particles e.g. metal dust, slag, sand, etc.)
unfiltered or insuffICiently fittered fluids are used. The
foreign particles carried along may also cause
abrasion in the devices at high fluid. velocities.

- The metallic structure ofcomponents may change due
to cavitation and this can result in wear due to fatigue.
Wear may be magnified due to contamination of the
fluid with water at the bearings in the pump.

'fi VG100

VG68
2000 ~'VG46

'000 ~'VG32
500 -f"tt-+-+--,VG22400
300

200 lliJG'~ I, 'j.. 1'-1'1.1'\

'00
80

.r- oo
50

E 40
E
.E 30

'"@ 20

~ "16
14
12

'0
9
8
7,

80
60
50
40

30

20

1~
14
12

'0
9
8
7

6

5

Aircraft
lIuid

-40-35-30-25-20-1$10-5 0 5 1015202530 40 50 60 70 80 90 100 110 120 130 140

Temperature in °C

Diagram 1: Viscosityltemperature diagram
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Wear due to corrosion occurs as a result of long idle
times in the hydraulic system and due to unsuitable
fluids being used. Rust is formed due to the effect of
damp on the sliding surlaces, and this results in an
increase in the wear in devices.

2.2 Viscosity

Viscosity is the name given to the characteristic of a fluid,
where a fluid exerts a resistance to the laminar
movement of two neighbouring fluid layers against each
other (see DIN 51 550).

The most important parameter when selecting a fluid is
the viscosity. II is not a measure of the quality of a fluid, but
instead provides information on the behavioural a fluid at
a particular reference temperature. In order to be able to
lake application limits into account when selecting
hydraulic components, it is important to take note of the
minimum and maximum permissible viscosities given in
the documentation from a hydraulic component
manufacturer.

2'.3 Viscosity index

Fluids must not become very much "thicker" or "thinner"
when the temperature varies, even over a wide tempera
ture range, as otherwise the flows at throttling points
change (change in velocity of the actuator).
Determination of the viscosity index is to DIN ISO 2909.
The best viscosity index for a fluid is indicated by the
flattest curve in a viscosity-temperature diagram.

Fluids with a high viscosity index are primarily required in
applications, where large changes in temperature occur,
for example. in mobile machines and in road and air
transport.

2.4 Behaviour of viscosity with respect
to pressure

The viscosity of fluids changes as pressure increases.
This characteristic must be taken into account when
planning hydraulic systems which use pressures of more
than 200 bar. By approximately 400 bar, the viscosity has
already been doubled.

Hydraulic Fluids

2.5 Compatibility with different
materials

A fluid must be fully compatible with other materials used
in hydraulic systems, such as those used for bearings,
seals, paints, etc. Where, the fluid leaks out from the
hydraulic system and comes into"contact with other
system parts, such as electrical lines, mechanical
components, etc., the fluid must also be
compatible with these parts.

2.6 Stability against shearing

Fluids become mechanically loaded, when they reach
control lands and on the opening and closing of valve
seats. The fluid flow is then "sheared'. This process
elfects the service life of a fluid.

If a fluid contains viscosity index enhancers, the
sensitivity to shearing increases. Under normal loads on
shearing via valves and pumps, the viscosity temporarily
drops, but then reverts back to normal. If the shear load is
increased too much due to the shear rigidity of the
viscosity index enhancers present, then these enhancers
will be partly damaged and the original viscosity no longer
reached. This results in a permanent drop in viscosity.

2.7 Stability against thermalloads

The temperature of a fluid may increase during system
operation (if possible not above 80cC). When the system
is idle, the temperature is reduced again. This repetitive
process has an effect on the service life of the fluid.
Hence in many systems, the operating temperature of the
fluid is kept constant by using heat exchangers (heating
and cooling system).

The advantage of this is that a stable operating curve for
viscosity and a longe service life for the fluid are
produced. The disadvantages of this are higher
purchasing and operating costs (flow for heat and
water/air for cooling).

2.8 Stability against oxidation

The ageing process in mineral oils is influenced by
oxygen, heat, light and catalysis. A mineral oil with a
better ageing characteristic, has oxidation inhibitors in it,
which prevent oxygen from being quickly absorbed.
Increased absorption of oxygen would in addition lead to
an increase in the corrosion 01 components.
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Copper, lead, bronze, brass and steel have a particularly
high catalytic effect and may influence the age of a fluid.

These materials are found in hydraulic components.

2.9 Low compressibility

The dissolved air carried along in the fluid determines
how much the fluid column is compressed. This
characteristic influences the accuracy of hydraulic drives.
In open loop and closed loop control processes,
compressibility influences response limes. If large
volumes trapped under pressure are quickly opened,
decompression shocks occur in the system. Fluid
compressibility is defined by a factor, which is dependent
on the fluid and increases with increases in temperature
and decreases with increases in pressure.

A compressibility factor of 0.7100.8 % per 100 bar based
on theoretical calculations may be used as a reference
value for mineral oil. A factorof 0.45 % per 100 bar may be
used for water.

Compressibility increases considerably, when
undtssolved air (air bubbles) is transported in the fluid.
The undissolved air may no longer be separated from the
fluid, hence considerably increasing the compressibility
factor, if a tank of the wrong size orconstruction is used or
if the wrong pipes are used. These mistakes also result in
noise, ;Otting movements and a large rise in temperature
in the hydraulic system (in addition see the diesel effect).

The diesel effect is the spontaneous combustion of a air·
gas mixture. Mineral oil contains may small air bubbles. If
mineral oil is pressurised very quickly, Le. compressed,
the air bubbles become so hot, that a spontaneous
combustion may occur. Hence, at specific points a large
increase in temperature and pressure occurs, which may
damage the seals on the hydraulic components. In

addition, the age of the fluid will be reduced.

2.10 Lillie expansion due to temperature

If the temperature of the fluid increases due to
atmospheric pressure, the volume of the fluid increases.
If a large quantity of fluid is 10 be used in a system, the
operating temperature of the system must be taken into
account.

Example:

The volume of mineral oil increases by 0.7 % per 10 DC

increase in temperature.
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2.11 lillie formation of foam

Rising air bubbles may form foam on the surface in a
tank.The formation of foam may be minimised by
correclly arranging the return lines in the lank and by
proper construction of the tank, e.g. by installing baffles.
Mineral oils contain chemical additives, which reduce
foam. The tendency for a fluid to form foam increases with
age, contamination and condensation.

If the pump sucks foaming oil, this may severely damage
the system and result in the pump failing within a short
time.

2.12 Low intake of air and good release of
air

Fluids should be able to absorb and transport as little air
as possible, but able to release any air carried along as
Quickly as possible. Chemical additives have a positive
effect on these requirements.

The release of air or degree of separation of air is
determined in accordance with DIN 51 381. The time in
minutes which it takes for the air bubbles to separate in
mineral oil up toO.2 % volume is measured. The degree 01
separation of air worsens as the temperature of the fluid
increases.

2.13 High boiling point and low steam
pressure

The higher the boiling point of the fluid used, the higher
the maximum operating temperature of the system may
be.

2.14 High density

The density of a fluid is the ratio of its mass to its volume.
The density should be as high as possible, so that greater
power may be transferred with the same volume of fluid.
This characteristic is of less importance in hydro-static
drives, than it is hydro-dynamic drives. The density of
mineral oil is between 0.86 and 0.9 glcm3.

Density is used to convert the viscosity·density ratio
(kinematic viscosity) to viscosity (dynamic viscosity) or
vice versa.

In practice, the reference temperature for density is
15°C.



2.15 Good thermal conductivity

Heat created in pumps, valves, motors, cylinders and
pipes should be transported by the fluid to tank. The heal
returned to the lank is partly removed to the outside
through the walls of the tank. If the radiation surfaces are
not sufficient, additional heat exchangers (coolers) must
be included in the design of the system, so that the

system and fluid does not overheat.

2.16 Good di-electric (non-conducting)
characteristics

If possible the fluid should not be able to transfer electrical

energy (e.g. in short circuits, cable breaks, etc.) Solenoid
armatures are usually covered by fluid which removes
any heat created and damps the stepping of the
armature.

2.17 Non-hygroscopic

In systems, which operate on mineral oil, care must be
taken that the mineral oil remains free of water, as

""'otherwise damage may occur which could lead to the
system failing. Water may enter via cylinder and shaft
seals, via badly sealed water coolers or via condensed
moisture on the tank walls. In addition, the new fluid which
is filled into the tank may already contain water
(condensation). If the content of water is greater than 0.2
% of the total volume, the fluid must be changed. Water
and fluid may be separated whilst a system is being
operated, by using separators and centrifuges (primarily
in large systems).

In systems which operate outside (high humidity and rain)
a dehumidifiermay be connected behind the air filter to
dry the required air (dependent on shuttle volume).

As water has a higher specific weight, water contained in
the fluid may collect at the bottom of the tank during idle
times (mineral oil and water do not undergo any chemical
interaction and hence may be separated again).

If a oil level indicator is fixed to the tank, the water may be
easily recognised. If the oil drain valve iscarefullyopened
at the tank, water comes out first. In larger systems, water
warning devices are often installed at the deepest point of
the tank. When a certain level of water is reached, this
sets off an electrical warning signal. A determination of
the degree of separation of water in a particular time
interval has not been possible in practice.

Hydraulic Fluids

2.18 Fire-resistant - does not burn

Hydraulic systems are also installed in hot conditions; in
manufacturing plants which may operate at very high
temperatures (steel making) or where naked flames
occur(furnaces & heating devices). In order to reduce the
risks involved when pipes and/or t10ses burst, the fluid
used for such applications has a high flash point and is
fire-resistant.

2.19 Non-toxic as a fluid, as vapour and
after decomposition

In order to avoid fluids being a danger to health or the
environment, the reference notes in ffuid manufacturers'
documents must be taken into consideration.

2.20 Good protection against corrosion

Manufacturers of pumps, valves, motors and cylinders
test these devices using mineral oil, as the mineral oil
protects the devices from corrosion. The ability of mineral
oil to protect against corrosion is achieved by adding
chemicals, which form a water-resistant film on metal
surfaces and which neutralise corrosive decomposition
products of ageing mineral oil.

Once the hydraulic components have been tested,
mineral oil left in the components is returned to tank.The
mineral oil film on the components protects them from
corrosion until commissioning takes place. If
components are stored for longer periods, special
measures need to be carried out to protect the
components from corrosion (e.g. by using preservative
oil).

2.21 No formation of sticky substances

During long idle periods of the hydraulic system, during
operation, during warming up and cooling down, and due
to the ageing of a fluid, the fluid must not form any
substances which could lead to "sticking" of moving parts

in hydraulic components.

2.22 Good filtration capability

During operation in hydraulic systems fluid is
continuously filtered in feed or return lines or in both
directions, in order to filter wear particles from the fluid.
The fluid and its viscosity effect the size of filter and filter
mesh material required.
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As viscosity increases, back pressure (Lip) increases.
Hence a larger filter needs to be included in the design. If
aggressive fluids are used, special material is required for
the filter mesh.

The active substances in the fluid must not be allowed to
settle in the fitters. If fine fitters with pore sizes of 5~m or
less are used in systems, fluids must be tested to find oul
their suitability for these conditions.

2.23 Compatible and exchangeable with
other fluids

Due to rebuilding or moving of production lines, changed
environmental conditions or new laws, it may be
necessary to change a fluid. In these cases, fluid and
component manufacturers must be consulted as to the
suitability of fluid and components installed into the
hydraulic system to the new conditions for inslallation.

In addition, all hydraulic devices, seals and hoses must
be completely removed and the old fluid completely
removed from them. If a comprehensive procedure is not
carried~u: in such cases,. this may lead to a complete
malfunction of the hydraulic system.

2.24 Formation of silt

The fluid and its additives should not decompose leading
to a formation of silt (sticking effects) during the complete
period of use.

2.25 User-friendly servicing

Fluids which (for example) must be first stirred and mixed
after a long idle time before they can be used, requirl'l
much effort in servicing. Fluids which have additives
which rapidly lose their characteristics or evaporate,
must be regularly chemically and/or physically inspected.

It should be possible to inspect a fluid by means of a
simple process. In limiting cases, fluid and filter
manufacturers can analyse samples and decide whether
a fluid may remain or needs to be changed.
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2.26 Eccolocically acceptable

The best way of looking after the environment when using
hydraulic systems is by comprehensivelycarrying outthe
planning, design, assembly, operation and servicing of
the system.

Using eccologicalty acceptable fluids is no substitute for
the above.

Eceologically acceptable fluids should fulfil the following
requirements:

- Good bio-degradability

- Easy to remove

- Non-toxic to fish

- Non-toxic to bacteria

- No danger to water

- No danger to food

- No danger to fodder

- No skin or mucus irritations due to the fluid in any of its
three states (solid, liquid or gas)

- No smell or at least a pleasant one.

As yet neither legal guide-lines nor standards exist which
define the characteristic -environmentally compatible"
(or better "environmentally friendly").

2.27 Cost and availability

Fluids should basically be used which are good value and
which have become widely used. This is especially
important for applications of hydraulic systems in fields
which have not yet been industrialised.

It is difficult to give a complete appraisal of eccologically
acceptable fluids as information is scattered and rarely in
a consistent form. The selection of a fluid with respect to
economic considerations can only occur, having carefully
considered the operating cost and future costs. Hence it
is important to find out about the physical and chemical
characteristics of a fluid, so thai errors may be avoided in
new designs, exchanging of parts or repairs.



3. Summary of common fluids

Hydraulic Fluids

Hydraulk: oil WEe Fire-reSIstant fluids WEe
based on mineral oil

Environmentally- WEe SpeciallIuids WEe,_"-
Base fluid Synthetic oil

Plant oil (HTG) 0-, (e.g. Poly-o. olefin and

(Trigliceride) 91y<:o1)

Polyglycol (HPG) 0-, Aircraft
fluid

DIN 51524, part 1
Hydraulic oil HL

Hydraulic fluid based
on mineral oil with
active additives 10
increase protection

against corrosion and
stability against

ageing.

DIN 51524, par12
Hydraulic oil HLP

As hydraulic oil HL, but
with addtional active

additives for reducing
wear due 10 etching in
mixed fricttoo region.

DIN 51524, part 2
HydrauUc oil HLP-D

As hydraulic oil HLP,
but with additional

active dispersant and
detergent additives.

In contrast 10 HLP oils
no requirements exist
for degrees of sepa

ration of air and water.

DIN 51524, part 1
Hydraulic oil HLP

As hydraulic oil HLP,
but with additional
active additives for

improving the
viscosityllemperature

behaviour.

Clearwater

HFA types
(9515)

HFA-E (emulsion)

HFA-M
(micro-emulsion)

HFA-S (solution)

HFA·V (thickened)
80% H;,.o +

20% concentration

HFB (water-in
oil emulsion)
40% H20 +

60% mineral oil

HFC (water glycol)
40% H20 +
6O%glycc>

HFD-A
(Phosphate ester)

HFD·U (other com
bination)

(In general
poly-ester)

0·'

0-,

'·(2)

-,

Synthetic ester (HE) 0·' Fluids compatible with
rollingoi!

etc.

Table 2: HydraulIC fluids and their danger to water class (WGK)

WEN
Water endangerment no. Oto 1,9 2t03,9 4t05,9 >6

WEe
Water endangerment dass 0 , 2 3

Note In general 00 danger 10 A little dangerous to Danger 10 waler Very dangerous to wa-
water water te,

Table 3
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4. Example of selection of
suitable hydraulic components

Once these values have been set, suitable pumps, valves
and actuators (hydraulic motors and hydraulic cylinders)
may be selected in accordance with technical data.

A hangar crane system may comprise a hydrostatic
transmission drive and a hydraulic winch. The crane
should be able 10 move around in the hangar and also
able 10 move outside to load lorries. The ambient
temperature must be chosen as a limit for Winter (-1 DoC)
and as a limit for Summer (+ 40 "c).

From an available supply of fluids, the fluid with codeISO
VG 32 is to be used. The pump flow was calculated as
approx. 110 Urnin at 1450 rpm and the presumed
operating pressure is to be 150 bar.

Tha minimum and maximum viscosities for the fluid may
be deduced from the V-T diagram.
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Diagram 2: Viscosityltemperalure diagram
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Vane pump V2 (Fixed displacement pump)
Fluid temperature range -10 to 700 e
Viscosity range 16 to 160 mm2/s

Vane pump V4 (Variable displacement pump)
Fluid temperature range -10 to lace
Viscosity range 16 to 160 mm2/s
(at op. temperature and zero stroke pressure < 63 bar)
Viscosity range 25 to 160 mm2/s
(at op. temperature and zero stroke pressure> 63 bar)

The following parameters have been taken from the
component catalogue oRE 00 101· from Mannesmann
Ae)(roth.

Gear pump G4 (Fixed displacement pump)
Fluid temperature range -15 10 ao°c
Viscosity range 10 to 300 mm2/s

4.1 Fluid temperature and viscosity
ranges of required hydraulic
components

Hydraulic Fluids

All hydraulic components selected for an application
must be examined in this manner to assess their
suitability during the design phase or when exchanging
components.

In order to ensure that the hydraulic system operates
correctly, it is also important to sufficiently dimension the
pressure line and return line filters. At a temperature of·
1Q°C (lower temperature limit used in example), a filter
which is too small may lead to considerable problems, as
the fluid thickens at low temperatures.

If the vane pump mentioned in the example were used,
summer operation would be possible. At the beginning of
Winter, the vane pump with the mentioned data would
undoubtedly mal-function. If variable displacement
pumps are used, the conditions of use with respect to

viscosity-temperature would change considerably.

Isolating valve S
Fluid temperature range -30 10 eocc
Viscosity range 2.8 to 380 mm2/s

Directional valve WE
Fluid temperature range ·30 to 80°C
Viscosity range 2.8 to 500 mm2/s

Directional valve WEH
Fluid temperature range -30 to 80°C
Viscosity range 2.8 to 500 mm2/s

Pressure relief valve DBD
Fluid temperature range -30 to 80°C

Viscosity range 10 to 800 mm2/s

4.2 Evaluation

On the basis of the hydraulic pump parameters it is clear
that either a gear or axial piston pump may be used. Vane
pumps are not suitable for this application, as the
viscosity range of 16 to 160 Cst is not sufficient. A vane
pump could only be used with a fluid which has a very flat
viscosity curve, e.g. fluids for aeroplanes, etc.

From the flow diagram for the pilot operated directional
valve, size 10 (see manufacturer'sdata sheets), it is clear
that flow may pass through the valve without large losses.
In directly operated directional valves, size 10, the flow
limn is max. 120 Umin at 41 Cst and 50 cC. Hence this
valve should not be used for this application.
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Chapter4

Hydraulic Pumps
RudhatdFreitag

1. Introduction

The~oI8pumpmaybeSOOllT\8l168dlf1one

,."."""
Hydraulic pumps IIhoI*l tulYlItt mec:tlanocaI ..-gy
(~.lIplllId)imohydr8Ullc_ln'{IIow.pt8SSUl8)

~,In pnc:bce the requiremenls are much more.......
When~8pu~,lhelollowngpoinlsmUSlbe

lakeni1loeeeount.

- Op(lr..l'ngmedillf11

- Requiredr8ngeolpr_m

- Expecl&dlangeolspeecls

- Minimum arld ma.imum operating temperaturo

- Ma.lmum arld minlml/rTl vi$COs~ies

- Instaliatlon(plplng.alC.)

- Typaoldriva(coupling.atc.)

- Expecledli1e-t'rn8

~ MaximumlfMllolnoise

- Easeolset"o'b'lg

HydraullcPumps

T'-li$Icouklbecon\n.led.Thevariefyol1llQUftmenls.
1'w:Iw.-. does show lhat eY8IY pump cannot luIilai the
em-to .. oplImlmd8gree.H8nc8.8whol8rangeol
diHetvnlo:\a:s9lprindpleseostOnelhlngltl8llll1tla
typH have i1 common. IS Ihal Itla pumpa opel'aI1l
IICCOIdingtoltladisplacementptinClple.'ThttinYotvesltla
allistanceolmec:hanocaly-*t~i'lltla

pumps In these chambers, ..Ill • 1J8nsported in:lm the
inletolthepu~(SUdIOnpDl1)lotheoutlet(pnnsura

port).AsthereisnodIlfId.~ber-1he1WO

pons In Ihe pump. Ihesepumps are V8lysurtabla Iof
opl:lral1ngathqlsystempressures.Henoelt>ayaraideal
torhydral.'lic:s
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2. Basic design

ThelllUltypesofhydnJulicpurnps,whchopel'illelOlhe
~lprinciplellAloudinedbeiow

External gear pump

Volumaiscrearedbetweenlhell6srssndllousing.

v- m+z+b+h+,.. (1)

z =l'UTtJerolgears

b .. Wll!ltlolgeatS

h _ heqll 01 gears

2.2 Internal gear pump

V~ume is created between Ihe 116ars, Ilousing end
spaOOgIsealingelement.

(2,

z .. numberol..,lema!ge;vs

b .. Wldtholgears

h _he,ghlolgears

2.3 RIng gear pump

TherolOfhasonegearlesslhanonlheontemallygeared
_ Planetary movemem of Ihe roIOI"

z .. numberofrotorgears

b _WIdlhofgears

2.4 Screw pump

Thedisplaceffilll11chamberisformedbelweenlh'eadll

""""'"""

Fig 1
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Flg.3

I?
'~.

~ 0,.

(.)

Fig.•
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2.5 Single chamber vane pump

VolUme ..ereal8door-lhe~stalOr.lOIOl"and_.
(5)

2.6 Doubk! chamber vane pump

DuelOthelWW1camlormsollheslaiOf.lWOdisplacemenl
proceS&8liOCCUfperravolution

,,,

k .. vane sUoke p<If revolution

2.7 Radial piston pump with eccentric
cylinder ~ock

The pcalOnS rotate""" !he ngrd exlemaI nng.
~·"'delemw>eSlhIlIlrokeoilheptSlOr-.

v. d/•• r .2 •• Z

Z .. numbefolptStOnS

2.8 Radial piston pump with eccentric
shaft

The rQlat!ngaccentricshllltcao&Os radially Q!iCillating
plstO<1 movemonts 10 be produced.

("

z .. nl.nlberolPIStons
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2.9 Axial piston pump in bent axis
design

Dependentonth... swi~elangl<l,lhepjslonsmovewithin
thecylir\de'bores when the shafl rotales.

(')

z ~ nurnberol pistons

2.10 Axial piston pump in swashplate
design

The rota~ng displacement pistons ale supportl,l(! by a
5washplate.Theangleoftheswashplatedetermin...slhe

piston st'o~e

(101

Vane and piston pumps may operate with fixed or
~ariabl<l diSj)lacernenl ~olumes. but gear pumps only
operate<lwith fixl,l(!displacemenl volumes.

Fig,ll

Fig,9

Fig. 10

IDispla lv<>iume I



3. Selection criteria

InlhiJlntrodUclionavllllflty01 uIectlorlcriltlria_e
monlione<lrorhychulic~.Tablelaummariseslhe

IealUretollhiJVllIlOUStypesolpump

DapanlIngonlhiJsyAem.a-.ghlJngilgrven:

1 .vwygooO'lleryliuge

2.~rge

3"'''bSlaetory..-

Hydraulic Pumps

4. Functional descriptions

4.' Screw pumps

Screw pumps are Slmi/ar 10~ 9N' pumps In!hal
~""'chiiracterisllc .. IhalIheyP'SS8"'"
a.tremelylowopenillng_ ........ They ...elhel'ekwtI
used in hylhulic systems '". lor uample lheatres and_.......
Saewpuonps~2or3wormgeiU5wil1un .. housing

n.wormgoar~IOIhe<:k1Vellasaclock......;se

It'lreadandlransmitslhefOlaIymovementlOfurthaf
worm gaarl;, whid1 Oilch have an anh-dockwrse thread

An enc!osed chamber is flll'med betwoon lhe lhreadsof
the worm 9llars. This d\aml;ler moves from the suction
porl 10 the p'8ssure port o/lhe pomp w,lhout change in

"',~

lllispr'O(1Jees:aoonstanLUOIformandsmoolhllowand
~ope<alJOn!llndslObevwyquiel.

El<IMnIIg.M1U"P AZP
irMI>WV-1U"P IZP
GurqP'Jl1'C! ZAP
setno"'lU"P SSP
$i'lgle~-"pumfl FZPE
OcM>leellSmbe<V8MptIfT1l FZPO
AlIlllalpll!tQllpumpwtthoocenlr.c8U1t RKP!

~pllIlOnll'JlTlPwe<lClll\llil:eyIrKlerbloclc .. RKPA
MlaIplaIQIlllUll'iPwiltlbenlll>lil N<PSA

""PIIIOnP'Jl1'C!_~1IIl ,f,Kpss Flg.l2:SC-putYf>

n.walghangsloreactlpwnpmustbetlOl'lSlde<edln
relalionIOIheOlhartypes..Aslfleweightlnglorlhe
se6llcaionooteriadepeodsonlhiJapplicallon.1hls1able
IMyrritbeUiedasanaidlnadel'lOmakeo;:mparisons
whentaldngllUCtlleaturesaaageolnooselnlo~

lmpottantparameters

0iIfMcernent1dume 15103500em3

Ope<1Itrogpu.ssure ~10200bet

RanoeolspDlKis 10(ll) 10 3500 rpm



Hydraulic Pumps

4..2 External gear pumps

In particular, eJl1l1ffii1l gear pumps a,e us«! on large
numbersinmobilehydfllUlicS.

The reason lor this is the teatu<es 01 It1li desogn

_ RelalMllyhlghpms$\Helorlowwelghl

- Low_
- WJder.ltlgllld5Pf!'l'ldS
- WidelelT1j)elllluml'lloscosityr.mpe

Fog.14.GN<pumpsG2_G4

Gear (7) liconnectad via a oouplir'lg with the drive (E
motor, OO!sel engiI'1e. etc,). Gears (7) and (8) are
posiIjonedlnMlChawaybythebearingblocl<1i(4)and(5)
Ihat the gears mesh on rotation WIth the fTWIlTIlIrTl_.
0ispIacemenI chambers ... formed bIIween .... gears.
lntemalwallsotlt1eholJsongandsur1acesoflt1ebea"nQ
blocks (4}and (5).

When the system is star1ad UP. first the air wtlich It In !he
1IUCtlon lines is transported from suction sotIe S to
prasslHsOI PwilIW'olhettlarrber. H8nc&anegMive
pre5SlAl&producedin"lOdionhk>lt"IlS~

p"_increases.~nsestromthetaM.nolhe

lIUCtIOn line and up to Ihe pump.

Fluid Is led N1to the gear ctlamOOrs and via tha pressure
port 01 the pump Inlolhetlydraulie.yslem. Honea a prn
requisite for the pump to Iun<:Iion II tilat tile ll"aJ

etlambelllaresealOOto.uchanextentthata"orllvkJcan
be lransportad with as little loss aspossibla.

Exlemal geIl'pI8'T1psOOl'llaindearanceseall. Due 10
thiI.losseIoccurdapendenlonope<abngpressuretrom
h1pres1lftlldelO ... IUCbon .... SOlh;oIOft,ve<y
Iitlle JUd<naneges1O get lhroIJlt1 __ daarionoMtrom

rhepressu.. 5IOOlolhesucbonlideaspressure
Increases,lhe rear bearil'lg blo<:k (5) is pressedagalnst
the rear 01 the gears VI8Maxial pressuretiflld

The actual.ystempre......re;spresent in lheptessure
rl8ld.

lmpottllnlparametars

o,spIacemenI volume 0.2 10 200 cm3

MlIX.prns,ure upto3OOblll(si~edepondent)

Rangool$ptleds SOOI06000rpm



4.3 Inlemal gear pumps

ThemoslirnportMllealunlofnemalgeNpoXI'OflIiltt.
'*YlDwnolseleYel.l1enc:JIIrt-.y_~UI8d"

W'IduMrl8lhydrll~~....-.es1ofplasta.-.d

1OrAI,1lIC.)andinvet.:lBswhlchopel'ateinanenclo&ed
space (electriclort.-6tIs,8lC.)

ThegNfte*ltlSlXJI1I"IllCtIIlOlhedrive. When1hegear
It*lfandinll,wn;dgearrota1e,lhespacebelwftnltle
geara ncreases. Thepurnp°sueks°.

ThisinereaseinspaceOOC\lrsover8llangleofrotalionol
abOuI120"CKancethedispl!le8r'OO111c1lambeflsfilled
rela~Wlty slowly

Hydraulic Pumps

Thascau_operalionlObeexcepbOnalyquielande
vetygood$UCbOrl~lObepn:d.Jo8d.

Whentt.-chllImbersa<eIul,tt.-bdelrW'llpOnlld
'IrihltIIctwlgeinvoUnllloWllil.reacr-hPfessur8.....
OnceachamberiscomecladlOthepressureporltt.
space decreases between Ihe gears and lhe fluid 15
displaced.

Wh&n the gea's mesh,thelr special shape isa posijive
anribotelotheiroperalion,astherelspracllcallynooead
zone between the gear rolor and internal geal (,ncontrasl
lOe~lefJIalgearpumpsJ

TheYOlumeofoil"sud1deadreg00r4~

cornpessedandhenc:epressurepu!sesandllwr8lore

-~
lnlemelgearlUTlP6 u deecrtledherehilveprllCllCdy
IIOpr8SlIUfeputsesillndhencelueexoaplJondyquet.

._-
lmporlant~meIeno

~voIumB310250em3

Operating pressure ~10300bar(dependentonllze)

Rangeot6P8eds SOOto3000fJlfI1(dependenton
IIze)



Hydraulic Pumps

4.4 Radial piston pumps

Rad;alpistonpumpsareliS8dinapplicalions~

l'"'!1'pro$$Ures(opel'8tIngPfessuresaboYe-OObar),1n
pres.ses,rl\khWIMlorpnx:essingplasbc,ndamplng
hydnlulic:s lor IT\&Chulll IQOls and '" many OIhlIr
appIicationl.operlllingpressumSllrelllquiredofuplO
700 bar II is onty raoial piston pumpS whict1 satlsfactoril~

operaleal lIUd1 h'lilhPfeSS\Jres, even undetconllnuous

-~
Avalveoontroll9<lradialpo$tonpumpwittleocentricshllfl
operat"" IlS loIlows

Thedriveshaft{1)lseccentriclolhepufTlllllfnr_ts{2)
Thepu,.eIemllnlsconsl&lofpo$ton(3),cylindersleeve Fill- 1&: RWitlIpGIonpumpFU

(_),pMJt(5),<XltIIpfe$SOOtIspnng(8),SUCllOnIlil!lle(7)
andpn.tSStncantrolvalYe(8).

The p<vot Is $CtBWed lnto the housing (9). The piston Os
poei\ionG(\ with the so-caIledsJipperpadonlheecce<1ler
The~essionspringcauseslheslipperpadloalways

.onlheeocenter,wtlentheeoc:entricshaftrowlesard
ll'lIIcylnders/ellVetobe~by1h8pr1Ol

•.



Hydraulic Pumps

F'9. 19'Phas81
ThepislOtlis"tll>6upper""
pornt. The mmJmum volume

=~;;:=CfI=
=~"con!roIV"Iv"

-,
:;::;::ro::'~~;::~·~1
too""",,I"'llXIsoft1reOOCflll
trl>_ The disphlCflmenrcham
oorbtlcomeslergerandl!l6
sucIionvalv6op<msdlJelo

~_~1Jven:.e:~:::::;,
groowII"II!H>OOCfIIlr",,,,,,,
borfJ In t1repisloo Into 11>6 <Ji
spIacemer1tmamb'H.

-~,

Thepisronjsalll>6low8ridle
poirpt.Thedi~1

chambar Is completely lu~

(maximum voiume). SIJCIian

=a~~~COfllroi

-,
As 11>6 ""cem", 1'OOl1..,., rh<>
pisronlsmowdinlh9diroo
lIonofttrepivot,FtuirJiscom'
pressedlnthedisplacemoot
cIlamlMr.Duetol1>lJpreSS<J'"
producedll>6pr6SS<J1'8corr
trolvllN8,1nll>6pivotopens.
RlJldtk>wsinIGI1>IJrir>gman:::0: """"""rs 11>6 pump

Inl/llneral,pislonpumpshaveanoddnumberofpump
elemel1ls.Thereasonforthisisthalwhentheflowsoflhe
indMdualpumpelemenlsareaddedtogelher,lhisresults
iI'1 a high Iklw pulsation Iflhere is an even number 01
elements.

Important parameters

Displa""mentv~ume O.5tol00cm3

Max. pressure upto700bar(depellOOntonsize)

Rang.e of speeds l000lo3000rpm(dependenlon
size) •

-fT\w
-IZ=V=\_
-~

~tf/\83X_
Diagmm 1 Flow pulsation ,In radial pislOrl pumps wirll l.

2,Jand4pumpe/tl"""'ts



Hydraulic Pumps

4.5 Vane pumps

Two typll& ol VllfIIl pump may be UMd

-~ctlambefand

- doubledwnbervane~

BoIhl)'PMl'\lIvelhesamem......~.i.e !hey
COII'9'M'rolOrandvanes

Thev_mllyberadiaRymovedWllhlnlherolor The
di"erencebetweenlhelwolypGs"mlhelormofthe
s\;ltor mg. which limits !he stroke movement 01 \he
vanes.

Double chamber vane pump

'fheStalOrMslldoltieeam rorm-...,ma!$lWfllOll. n.
ClIU$8llead'lvan9lOeanyOUllWOstrokesperftllabon01
the$l\8fl.Thedisplac&r'nllnl~arecreallldbythe

rOIOrlWOvanes.nemalSUl1aoeollhemg<U>d'"
OOtCrOlpialeonor-.sde

Inlherangewl'Jonolhe_..."di5lancebe--. ...
rotorandl1rlgocc:un.lhevolurneJ>lha~

ct\lImb8rsisaisoalan'llnll'J'll.WT.Asttlarolo<<oIaIas.1he
volumeJ>lhedispkocern&ntchambalincr9ases.Asthe
veneslol\owlheCCO'llourolthering.evarychambefls
lelrlytighlly50aIed.Ar>eglIt,vepressureisproduced.The
dlsplacementctlambefiecormected 10 the sucllonside
vTe control slits attlMl side. AlIe reaul1 olltle negative
preaSlJre. fluid flows into the displacement chamber.

Fig ~1

The maximum >'Olume In the displacement chamber
occurs (P<g. 23). Tile conneetk)n 10 !he suction aide II
tllenlnterrupted



Ffg.24

As the rotor rotates further !he volume In the
displacement chamber decr",ases (Fig, 24). Sl~s In the
control disc on the side let the Iluid flowviaa cl1annelto
the pressur", port of th", pump

This process;" carried OUltwice pe, rotatioo 01 the shafl.

Fig. 25; DoubI6 chamber var>e pump

Fi9-26

Hydraulic Pumps

Inorderltlensurethatthevanesliecorrecttyontherin~

!hed1amberbehlndthevanesmustbesupjlliedwilhoil
Thlsm",ans, that in !he pressure range, the total system
pressur", is behind the vanes

The vanes are therelore press.ed on the ring wilh a forco
resul~ng from pressure. vane erea. Above a certain
pressur", and dependent on the lubrication
charactefistk:s 01 tilt! fluid, the Ivbri<;atin~ film between
th",ring an<lvanes may be torn away. This IEIadsto w",ar
Inorde,toreducethepr",ssingforce,vanepompsus.edat
oplli"atlng pr",ssures 01 approx, abov", 150 bar ar",
desigr>ed wllh double vanes

Fig. 27

Fig.211

The fluid under pressure is led to the chamber belweoo
theupsofth9vanesvlaachamferorgroove.F,.,iSleSS
than FA due to the smaller effective area.

The pressing force Is hoocecompensaledlortoalarga
exlent.



Hydraulic Pumps

".5.2 Single ehltmbe< yane pumpa

The$tl'Ql(elTlCMillll8!llollhevanesisWmiledbyamgwith
ac:ueularntemaltorm DuelOlheoll-.eenlreposibonol
IhemgWllh~lOlherCJlO(.IheYOllMneischanged

wilhwllheclispl&oemenlcllarmlrs.Theprocessolliling
1hed'lambers(suetion)andemptytngisinpMcaplelhe
_ ... lorclolAllechambery3tlll~

4.5.2.1 Variable d1aplacemenl vane pumpl

Dll'KttyopenIled vllnll pumps wttIl -.:Ijultabla llroke
volumes (F".og. 31)

TheposlllOnofthe5lator~maybeinft...enoadatll1ree

posiIiorW1gdevioosintl'lSpump'

Adjus.ImenISCfewforlhe~voIume(l)

The distance OO-lhemgand lhetc*lfdirllclly
delem'Woeslheleedvolumelromhpump.

Ha9'l~SI;fttW(2)

HIoreIhe¥8tlicalposilionofm.lallornng_aIIered
{lhcllyetleclsnoiseanddyretnoeresponseolthe.....,
Setbngsaewformu.OJ*II~~(3)
Theamountollhespmgpre-lllnIiorWlgd8l8rrrwle:s
lhernax.operabngpressure.

ThepumpongaC1ionoflhilpumphasaJready'been
describedllllder".5.2.

Oeperldent on !he resistance in 8. hydl1lulk: sysltllTl. a
pressule.spnxlllOOdThispnlssure.presenllnlhe
pumpinlheragionmarl<edinredlndaclsonlhelnlemaJ
surlace of lhil ring.

Thapressulelorceinlhis'&gionmayberepreSllntedby
forcevector(F~.lflhlsforc;eveetorLs~ltlnIOllsvertlCal

and horizonfai oomponents. I large roroe (F_) is
produoodwtlichisl'll<T1<Wedb)'lheheigllladjus'"-1t
ICrttw and a smail force {FtJ isproclucedwhich aets
againSl lhe compression spring

As Iongu lheforce ollheQClfT1presslon SPrWlg (F,) is
:;::lhllnthefon::e(Fh)lhenngrernai'ltlnlheposrllOll

Ifthepressureinal!aSftll nlhe lY'*l'l,lheforce(Fpl
lIlCllIU85andhen<:e(F.,land(FtJaItolnaease

"{Fnl~lhespmg/ofQt(Ii)·lhe_nngis

mo¥'8dlYtmitsea:orm:poIIIbOnlO. neartyCOl'lCldric

poellIon.Thechangeinvolumeln"~

ctI8mtlefsisred.ocedl.l1lillheatl«:lrvetow.thepul'lll
outIetlSzero. The!U"PnowlMdtrnyMnu:t'loitasl&
QUIAldlOmakeupleakage"""'d'lOCQ.lr1:lnlheinlemal
clllarilnce&within!hepump TheP\'8NU'1llnthesystem
Is fTllIInlIIined constant by the pump. The amount ol
pressuremaybecirectlyinfluenoedbylhepre-1iIIfISIOtWIg

oflhespring.

Venepumpswithvariabledisplacementsandzerostroke
runc:tKlns (0 = zero) on reaetllng !he MI maximum
pressureareB.~aysOes>gnedWlthadralneaseport..The

oil removed via lhis port is thai wtlicllllowlt via lhe
clearancewrthinthepumpf'ornfhepressu,e,eglon(red)
to IhG housing (pink),

Helt due 10 fricllon is remo_oo _Ia me lB.akage 0<1 and
during zero strokeoperatlOl1 lhe ltJbrlcatjQn 01 inlemal
paltS Is ensured by Il1lsO<I.



Irn~nl ~,..meten

~volurM5101oocm3

Operaling pressur. ~ 10 100 bar

Range 01 speeds 1000102000rpm.'
Hydraulic Pumps



Hydraulic Pumps

PIloI oper.tted vane pumps wIttl adjustable strokie-ThebasicpnnapleollhispumpoeverysimilaflO!hlllol
lhedirecllyopelllledvanepump Thecltlefenceismlhe
lld!ustrTlflfltdovice8lortl1estatornng

Insteaaolbeingmovedbyoneormoresprings,tI1e$tator
Itng Is moved bypres!IUrised po$iIk)nlng pistons.

The two pDSf!I(lI'Wlg pistons I\aYe diIkIrent <iameters
(I1ItioolareasisIlPPrO't-2:1)

Behlndtheposo!lorlirlg pistonwlththelargarliamete+' lsa
eomprllssions.pltng. This spnng ensures that the $lator
ringlflOnitsoccentrlcpooitionwhenthepllmplsS!arted

TheprnaurelO/hlchillormedinlhehydraJllcsyswm_
Iedvialnl8mlllchannelsbelwldlhesmalllrposoaoning
pISlOntolhecontrolle< R andlurtheronlOlhelargef
po$ItiorlingplSlOn.

II the pressures behind both pos~ionlng pistons are the
same,thestrokeringremein!intheposijlonshowndueto
lhedifterenceinereasollheposltionlngp<stons.



4.5.3 Function of pressure controller

Thepressurecontrollerdeterminesthemaximumsystem
pressure.

Requirements of the pressure conlrollerare as follows

~ Highdynamicrespollse
I.e, pressure controlling processes must take as lillie
time as possible (50 to 500 ms). Dynamic response is
dependentonth6lyptlofpump,controlle'and
hydraulicsyslem

~ Stability
Allhydraulicsystemswithcontrolledpressuretendto
oscillate to some degree. The controller must hence
represent a good compromise between dynamic
response and slability.

~ Efficiency
In thecontrol position acertain amount of pump flow is
fedviathecontroliertotank.Thisklssshouldbekept
aslowaspossible,butalsoitmustensurethatthe
dynamic response and stability of the controller are
sU/f-':ientlymaintained

Hydraulic Pumps

Design of pressure controller

Tho pressure controilflrcomprises a control spool (1),
housing(2j,spring(3jandadjustmentdevice(4).

Intheoulputposilionthespringpushesthecontrolspool
into the position shown in the controlier hoosing

Hydraulic fluid reaches th6 control spool via channels in
lhe pump. The controi spool is desigrJed with a
longitudinal bore and two cross drillings. Funhennorean
orifice limits the flow through the control spool. In the
position shown. lIuld under pressure flows via ltle
longitudinal bore and the cross drilling to the large
positioning piston

The connection to tank is closed by the control spooi

Theactualpressureinltlehydraulicsystemactsagainst
ItIetop surlace of the control spool As long as the force
Fp resuilingfrom the pressure is less than the opposing
force of the spnng Fr. th6 pump remains in the position
shown, The same pressure exists behind both
posilioningpistons



Hydraulic Pumps

wt....,lhelOrt:eFp incr_.s1hepressunlinlhe
hylhulicsystemincreases.lhecootrolspoollapu!hed..............
ThtCOlll'leCllonIOlafW.onlhecontrolerisgpento(l The
Ih.ndl\owlngllWayhere~lhepressurelOdecluse

betwldlhelllrgeposiOOnongPislon.Thel;lnillposltJonlng
p1slonis.tillund&rsy&temPf8'SSureandt>encepuahe&
thestalornrlgagain&11t>e large poSlbon;ng piston (under
reducedpre5SlJrn)untlllherlngisneartyinmid·pos~ion.

Forces become balanced'
Sman posiIion,ng pislon area x hogt1 pr9ssure_
IBfgeposilianingpistonxloWpressum

TheIlow~lOzero• .ooIhe&ySlllmpressuml&

~........
DueIO"behBviou'thepoweflDslinltle&y&l8m_kM
wtlenlhemumumPfessunlIsreached. The~does
noIheatupsomuchWld..-gyCOr1Sla'l'lptiolsrnwumal.

IlIhePfessuredDc:r8a$nlnlhehydral*tySlem.lhlr
spmglnll1ePfessurllconllOlermovesthuo::ontrollPQOl
Theeonnectionlolankl$heneedo5edandtneOOtfllllete
sy$IertIpre$$Ur1!buildsupbel'W1dlhemrge~_.
Theloral$oI1hepo&llionlngpl$lOnsbe<:ornelD)elanoed
andlhela'lI8'postIKri'Igpi&tonpushesthe&lrokerlng
baellto the eecentricpllSllion.

The pump once again dolivers fluid to lhe h)'l:lrauli<:
syslem.

Variatlled,splacemenlpu~,wtllChoperalelnlhis

mannef.maybedesignedwlthanyolaser\e$olOlher
controldlMces,e·lI·



4.5.5 Flowconlroll.,

Wl!tl I\ow control ~ diJplaoBrneflt of the pump is
matchedtoaspedf\lldvaille InorderlOllehieve!hls,1\ow
is pa55ed th~ • measuring ortfioa (throllle,
proportionaldlr8CliOMIvalveelc)."fhepressuredfopat
IhemeasuringonfiCellillakenaslheconlrolparameler

The pressure'rom!he measuringoriflce Is leo:110 the lOp
surfacelOlhecontrolspoolThispressu...lIoexlsts
behlndthesmaDposl!lClfW>gplslOn

The pres$lMe down-5lr&llrt'l of the mea$l,lnr"lg orifice
(whlchisbwerlhanup-$lr"eamolthernBa$l.lflngorlfice)1S
J8dvillII linetolhespnngchllmbe<01 the controllal'.

N.lheoonlrolspoolthetoreesasebalanoad. TheIOR:elS
arealsobalancedallheprSlOns

1n1he~shown.lhe_prlmUredfopat1hemeasunng

onIiclll!lequaltolhetPMgloroeinthecontrollal'.

Pilol:oI~flows~""'oonl'oIlandlX}at1he
controIer. sotl\illaspecificPf8S8UJ, .. lI8l bllnond1he
IargeposdlOr'WlgpiRln

Hydraulic Pumps

The ring is kepi ina stabla positioo

~f (lor example) 1tll;I area 0' the nlVa5UMg onflee it
lnC'e8.S9d,lhepressure drop itltMln 'educed.

HenoothespringmowtSlheoontrolspool.Theopenlng.,
the confJolland is reduced and l'w:lnce the pr8SSl,ne
!nc'aasesbehoncllhelargapositllri'lgpiston

The ring ismoYedin lhedi,eclion01 greate,eccentrio!y
and Ihefeed volume 01 Ihepump IS inCreaS9d.

Dull to !he larger '-l~. .'Jp el 1he measumg
:::.: n;;,eased ..-.til a stable stale IS 0f108 mofe

(dpatlhemeasuringonlicllltspringloroeatlhe--Pnlssure and /low controIen; ngy be controIlId and
~ed by various means (rTIllCh8N:aI. hylhuIc.-.
Thecorrminallondllowand~eCOOlrollelpermllS

vetyeconomic:hyd-aulicdnveslDbedesignedl_ •.g
load sensing)

Fig 36'



Chapter 5

Hydraulic motors
RidlardF<ellag

Introduction

HjdralAio:lTllIlC:n_t...-clIorCOl'1Ye<tlnghydrlllAic
-vrintomechllnlclll-w.
N Wdh hydraulic pumps. 1here afll a Y8fiely of diffef.....
tn--and dlnillr-oIhydraulicIllObS.N1llereisnoone
!ype'/lfhdlcantulflal1hereqtJlfemenlSlOanoplimum
d8g1ee,1helTlOlOfbe$lSUlllldloranapplicawnmu:stba......-S,...
ThIIflllreonlyatewmotors¥lfllchmaybeusedatbottl
verylowspeedsandathighspeedofove<l000rpm

HeocehytlrauhCmOlorsmaybecalegonsedinlo
highspeedmotoll(n_SOOtol0000rprnjand
$IowsJowmot<>rs(n_Oto 1 000 rpm)

Torque

ThetorqueprodlJCe(\bythemoto.lsdependerltonthe
displacement 8n(\ praM...re drop at the motor Slow
mol()r$8flldes918d in suehawaythatla'getorquesafll
already P'Oduced 8t small speeds. These LSHT (1000
speet!-I'IIOh\OrqUe1 motors will be dascribed in a
separatesee1lon•......~.....
Thepowerprodl.cedbyahydra*:molOrisdapendanl
onthellowanclpreuurecln:lp81themolor.N1hepowe<
ISliflletIyproportlOnllllOthespeed,hIQtlspeedl'l'l(*lrS
..suilablalor~wnema~~OU\pUtil

--'

Hydraulic Motors

Basic design

Flg.l:GeormoMt'
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Functional descriptions

3.1 Gear motors

GeIIrl'!'lQUlrS3fell'llrytimllarmde!9nlogea'pumps(_
dlapter"Hydrauliepl,oWTlPll"j·Theyaredifferenlinlhatlhe
axilll pffl$sure field 1$ dIlferent and gear motors have a
draineasaporl,astheyaredeslgnedlorchanging
dlrectionsol'otation

ThenuodllowinglOth8hydratJliemotorllClllonth8gears.
AlOrq.... isprodul;:edwhlc:tlisoutput'o'i.llhemotorshllft.

Gurmt*lfS_oftaolusedinmotlilfl~aodlr'l

~mac:hinlwylOdriYeCOl'Ml')'Ofbells.dispefsron

pIll\M,venIialors,lICf8WOClfIYllYO'lIorfans. F"'lIll~mtJ#Ot'S

Hydraulic Motors

Impol1anl lHlrlmeters

Displacement apprOl<.tlo200cm3

Max. operaling pressue up 10300 bar

Rangeolspeeds 500 to 10000 rpm

GNrtl'll:*lrSaOOax'-'pI6IOflmotorsf_d\aplef"8XIal
prIIor1rnad*1es1_hlghspeedtne*n. FastfllllbS
.. usedlorspeedsolowrSOOrpm.Forapplil:abonS
r8qUlringlowspeeds,either hi!tlspee(!molorslllllused
W1lt1gearsorslowspeedmotOfSBfeused.SIowspeed
molOf'S or LSHT (low spood. high torque) motors e.hlbit
their best charactenstlcf and efliclencles for s.p<ledsol
leSll!tHlnSOOrpn'l



Hydraulic Motors

3.2 LSHT molors (slow speed molors)

3.2.1 ~.k: ~.r motors with central .h.ft,
HydnIuIc motors. type MZ belong 10 the group 01
opqdc:gearl'l'lOlOQ;. l'-mairofeaturel!'ilOolierlarge
displlt:emantawltl*osmaldirnllnsil.Jns.

Thi5"~dUelO.lltrgeno.wnbetoldisplK.ernenl

prooesseaoctunWlgpllrntYOklOOnoltheOUlPUlshaft.

- .
'-b

The operation is asfolow$:

In the commulator (2) which la pr8llMd into the~
(1).lIuIdisledlOardlromthecontroldile('Olvilt2nng
chllnneIs(13landI6~bcna.Theoontrolpl8te

IlconnectedlOthesh<lfl(4)Wi.splli>II. TharOlDr(6)and
COI'IIrOIdisc(lO)rota\(laIlheatllTlll~.

TheOllllfWCllt)n~cunroota1Cr(2Iand

~ct\alTt>efSlSa::hieYedVlllCOl'llrOlIlplll1lnS

(11) IIrfWl98d <adiaIy ... lhII control diloc The
dispWlcemenId>ilrMoB_loonedtlytheinlemlll
surlaceol .. intemalgur(7)........ aurtaceollhe
rotor (6) and Iltemal m8<tn: (81

WIIhIn the commutator. tlBltotthe 161on\J1l.dina1tlonls
.reconnec:tedtothel'Hghpcessureandtheotherhallare
(;()I'"IIllICtelOlhelowpreMoUre

All displacemem chambers whoeh ara culTlllllly
W'ocraasmglllvolumeare(:(lflllllCl8d'olhehighpressure
aide vie the control plate All dlsplac:&n'lerlt cllambers
which are currenttv dacreasll'llllrlvolume ara oonnectlld
to the low pressure sioo.

The prossure In these chambers produces a force which
acts on the rotof. which craatas a torqua. The intamlll
~a,(7)isthussupportlldbythee~tOmlllcastotli(9)

Fig 13· ~&J/Cyr;IIc gear motor. 'YP" MZD



Hydraulic Motors

"'''
Eaen lIme rn.latgesl orarnalest chambef volume is
produced, 1twI cont~ is I'8VtIfWd. 8 d>anges in 'o'Olume
oox:ur per chambe, pe, 8M1t rola~on Thus 7 chamb&rs ~

S"56dis.placemenlproeestestakeplacepe"avolutlon.
Thls Is \he 'eason fa, the ,elatively high displac&mel1l
w!l~occu'spe'rolalion.

Itispoesoblelornountaholdingb<akeontothecenlral
outpuIah8ltorlollS4llhesecondshallendloflheOUlPUl
ofrotalionalmoY8fll8flllloreqmple)lseeF/fJ 161

~eheod<'iaM.!$_l-.dtoleedinlemllllMbgel:

Iolheeu<T*'lllowp'lI$WI1l".Asthe~in"

rllgionmay\tKa!<!dthe~"""'.i1. ___
thallhedramcaseportisOOlV>lK:tedlo1ar*.

flg,16:,Epjeydicgearm<'AOt'withthroug/lstulN,fypeMZD



Hydraulic Motors

3.2.2 Epleyclil; gear motors with drive ahafta

In hi type 01 rnotor.lhe torque is transferred hom Ihe
ro&a~rol(W(2jkllhltlUlpUtlhaft(3jVlil..,inlemaIdIive

shall (lj inslead of an i1temal gear.

The operating tluld tIowlng 10 the hydraulic motor is
dI$lrtIuIlldr.IheOlJlpul shaftviabofes (-4) and fed 10 Ihe
<i:splacementcl'larN:ler.; in lhehl:loP1g • bores. The
nuid is rfll\llTllld by Ihe same method.

Alal~varietyol8j)lcydichVdraullcmoIOl"8areavailabkl.

IlJlll'OlUnt~metIn

Dillfllacement· apprm:. 1010 lOOllcm3

M8!C,opera.tlngprflssur&; up to 250 bar

Rangl!oI~; appIOlI.510100llrpm



3..2.3 8Mk; principle of nM,Inl-$tfOQ pislon.....~
InIl-.ryp.oImow.eadlposlOOClIfriesOU1S8\'8fll1
ClJ*&IngSlfOkesperfOCabOnoltheahiltl Hencehogh
~andlhushoghopenllinglOtquOSam

prolb::edlnll-.mob"

Hydraulic Motors

COI'ltfoI~(3)llfeconnedlldlOtheteedandretum

sidlIsolthemolOl''o'iaplP8COf\flllCt1Ofls(1)andcontrol(2).
OependingontheCUff8nlposrtion.cy\indefchambef's
lneiltlefemptiedor~led.

The piston i3 supported bylf1e slrokecam (8)'o'iaa ballol
roII8r(7).

The rorce (Frl which is COf1VfIrtlld Into to<que is
depend&nlonlhelorceFAfareaollhePlSton~operaljflll

pressule) and on thR angle 01 lhe stroke cam (0)

Dependlngonthedesignolmotor.lheOUlp.J1lni1ybellia
afOlalA'lgllousmg; lheshaftrnaycontalnaninlegrated
oontroIandthepprc;:onnectionsrnaybepennanenlly
o::oMededtothefRlll;hno(soeMctlOn3.2.3.'1.Onthe
OIhertwdthe~andpRnlmaybe~to........-
ln1hiscase.theconuolandSlrokeeam_$lUI;IlIIdwi1hln
lhelixed IloI.I$ing ol1he moIOl' (see sedJOn3.2.3.2and

'"'< M~hydfauliclTlOlOfShlMlYefYgoodsiowspeed

Chafacleris1icsandarel-.:linmanyappk;abons



HVdraulic Motors

3.2.3.1 MUlti-stroke ulal piston motors with
rotating housing

no. typa of mDlQrody~ II rWlwely sm.w space
tornstalilbon.

Thocontrolandp,pecoonectionsareintagratedinto!h<l
molors/13tl

Two cams (.) are permanently Iixed
to the shah (1). The rotor/poslDll
groups arosupponed axially bythll
6lrDkecamsandlnlnslerlhetorqull
1DNrolaDnghoullng.

Sp~(3)ensure1halthepistons

malntaincootactwilhlhecamsinany
operallng sltualiDn.lf the spMgs are
remDY9dandillhehouSlflQchamber
iliplKedlA'ldlltalowpressure(l t.r)
~lsposSlbletor~molorslObe

free-whooIinll·

SudlmolDfS.duetDlhesmd
arnIUltolllpllDl!~1or1hem

arell8lYSUQblefofl.eingeatbDllDf
winch cneapplicatlons.

lmportantpsrameters--200 10 l000cm3

Ma~, Dpe.sl'Agpreuure:
up 10 250 bar

Ranpe 01 speeds.
SID300rpm

Mil. torque:
up 103800 Nm



Fig.22,Sdlernaticdiagmmolawlleel<irive

Hydraulic Motors

Fi<;l. 23: Complete wil>cll



Hydraulic Motors

5loSOOrpm

up 10 5000 Nm

lmporunl~l""

00splKements. 2OO101SOllcm3

ua..pI9SSUf8:

Aarlgeot'POOds'

Max.lOfquo

MulU..troke ••lal plslon moton with
_.....

Fig2fl

ThII oontrol end pipe eonnections (61 lor lhIs motor am
SIIUl1ledinlhehousrlg(5)

lnaddlWnlhe stroke cam • pennanenIlyl:lCD.aedlO
"1'cuIlng(2).~.lheroklf1plsWogl'lll4l(3)1ll

ooupIIedlolleoul;lUlshllft(ll_a~(7)

E.ed'1pl1lOf1cafTiesOUl-.lstrokesperrolallOnollhe...,.
This type 01 motor may be equlppedwitha ttvough shalt
lor a holding bfake orlor.seeondoutput.
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Hydraulic Motors

1n!helyp8ofmotorthe~(3);urarqII(I~_

-..pponedv'-. lherolers (8)onlheeam(4). 'theeylmer
c:tllImbel'.~wilfl""_lhBaxilIIbor.-lnlhe

controllS) EachPlSloo.IDIdlld...,;l~WIlhIbd

asmanylJmesperrolabonofltM!shaltas1lleteaRI
numbefofcamsonlhe cam.The\OlqUe~from

!heCUMI 01 !he cam ill transterred lrorn Ihe rotorlprslon
group(3)IoIheOUlpJtshaft(7)lIiasspNne(6).

Ataperedrollerbearingislrll~raled1fllolhehouslt>g(l),

wnlcl1lsC8pl1bleofreceivingn'ghaxialandradialtorees.
A mllhlple·dIsc brake (9) may be moontBd onto the
cootrolhousiog(2) viaall1roullhdrive.

Illhereleasepressllfedeerease$bo!lowaQBf!8In ......... 1n
!he ring charrt>er(10) of !he brake.1he plate spmg (11)
pnlSSM !he multiple dsc8 IOg8Iher The brWla ill1tncot_.
IlIhereleil5epressure~lhere<Predvall.oB, ...
brllIceplSlon(13)ispushed~thepialell)lW'lg.n.

~clscsareseparaledandlhebrake.. relBaMd



Hydraulic Motora

Freewheeling

~bolhponsAendB_~loilverylowpt8SSlft

and II i1t the $lIITMI lImo Il'le housing is pressurisedwtlha
preSSU'9QI 2 bllrviaport'L',the pistons in the rolorlpiston
~lUepushldin.Therollersdonolremainonlhestrok9

eamandltleshefterlCllTlllYlhenfnMllyrotalll.

Circuit with hell the di.pl9cement

Wlltoceruunmodelllnrll(ialP"'CJnmotr>rslh8~

ITIiIYbehalYed.Th/sisachMlVedbyontyhalllheplStons
being supplied with ftuid dunng a stro~e, ThIs is due to e
va/Y8onlheconlrol.TherestotIh8P16~8f.oonnecledto

Ihelllnlr.eidDllIlhemo/tlr.M'>encotlOeCledlneCll'CUll,N
moIOfrunsat!WicOlthespevd,tluIathilllthe!OfQue.

OispIacement. 200 10 8000 cm3

Max operatingptflSUre. upt04SObar

Rangeolspeells. 1 10 300 rpm

Ma>:.tOfque· up to 45000 Nm



Radial piston motors (slngl. strobl with
In'-'!.lecceonter

Hydraulic Motors

Thecyllnderandpislons ... errengedinlheshapeol.
uarllloundlhecennleccentneshaft.

()ependn;)onlheposrbonofIhe8«*'lln:':shaft2or3(6)
olIheS(IO)postgns.reoonneetoldll)lhefeed,..
(pfessuI'.5delandll-.reslollheposlOnsar"~

IOlheretumsiOO(Iar*IIde).

ThecylFodercharnbe<'ll ...~WlltlIUd_CXlnIJ<ll

(11·

The eonlnJl baSlClllly oornptlses eontroI pIaIe (2) and
dislribullQn valve (3)

Whilst the COf1trol ~ate 18 eonneclad via ~ns 10 !he
IlO'Jslng$OltIatil rotateswitt1lhehou$lng, lhedil;triOOtoon
valve rotates at ttle same speed as the eccentric sI1aft.

Connectlon to COf1lnJ1 plate and tleoce to the piston
chamberB~vIabor8l!iinlhedislrlbll1ionval\'e.



Hvdraullc Motors

ForoII may be Il'8nsfened from tOO pistons to \he
8OOIInlncshaftYillveriousmedlods:

lnlt1emodelshowoInFI{}.32,lhepislonsal1lwithlnlhe
~andareaJPPOl1edbyspecialshapednngson

lheeccemric.tlatl

tll.nIgrtltationol1heu.flal1lllltMtmowmen100curs
~1heposbl-.:lnnglnordetlOnwwnilMltriclion

the 00IUCl ua1_ of ht poslOn on the nng 15--

.,,,,



Inanothertypllolmodel,theoperalingprllSSUraaetsOfl
lheea:enlricshillll.Pi&\OIIIandcylinderaresupponedby
sph8ricaIsurlllCHllfldhencefolow1heecc:entricshall
hMoIlildeloads.

Theconlactuxesallheecc:enterandhousangare
~hydroB1alIcallyunloaded.solhatlncbonls

mn-naI. n.&des9t isveryefl'iaen1andhasagaodsbw-_.
Hydraulic Motors

-
Mu,lorque:

lO1085DDcm3

up 10 300 bar

0.510 2 000 rpm
(d8pending on size)

uplo32000Nm



Hg,34:RarJialpistorrmolor.typeMRV

Hydraulic Motors

3.2.4.2 Variable dlaplacement radial piston motors Thebasicdesignofthesehydraulicrrxltorsisthesameas
the design describec:l under se<;tion 3.2,4.1.

The differen<;(! to fixed displacement motors;s found in
the eccentric shaft

The shaft comprises shaft pivots (1 and 2) and moveable
accenter(3).

The p;ston chambers within the eccenter(5 and 6) are
pressurised via control ports (4). If a higherpf85SUre
exists in these piston chambers (6),theeccanterrrxl'illS
in the direction of lower ec:centricity. If chamber (5) is
placesunderahigherpressurethanchamber(6),thellC'
center moves in the dire<:tion of th.. higherllGCentricity

Hence the displaeement 01 the hydraulic rrxltor may be
switched between a minimum and ma.-.imum value, set
by mechanical strokes.



Hydraulic Motors

Fig.36

In order to the displacement to be set smoothly it is
necessary/or the position ofth6 e<:centerto be
controlled

The <lfTIOUntolpendulum movement olthe piston is taken
as a comparison for the eccentricity

Thfl positional transducer (3) produces a signal (a<::tual
signal) which ,s compared with the command signal

II the actual and command signals am not th6 same,
Bither piston chamber (5) 0,(6) (depending on whether
the deviation is positive or negative) is placed under
pressurn via a control valve and ports (4). The
eccentricity is hence changed in the desired direction

Radial piston motors with variable displacement together
w~hspeedllansducernmaybeusedfordrivesinclosed

Ioopoontrolcircuits

Importantparemeters

Displacement·

Max. pressure

Aange 01 speeds

Max.torque

200 to 5500 cm3

up to 300 bar

1 tol 000 rpm

upt022QOONm

Fig. 37



Chapter 6

Axial Piston Units
UOoOstend<Jrtl

Introduction

1.1 Circuit types

TherearethrelltypesofcifCUl!slnhydfaulics·

-OplIn loop circuit

-Closed Iooll cifCUit

- Semklosed loop circuit

Open aJld closed ioop circuits will bedesc,ibed in more
ootail below. The semi-<::Iosed loop circuit is a mixture 01
both types of conlrol ci,cu~ and Is used in applications
whereV<JlumesaretobebalarlCede.g,vlaanll-cavltation
check valves (e.g. when using a single rod cylinder

"""")
Typical featu,es 01 open ioopara

- Suc1ionfif)lls
Lar(j{l diameters. small lengths

- Directional valves
Sizes dependenl on flow

- Filters/coolers
Cross-sectional areas/sizes dependent on Ilow

- Tanksize
Muftipleofmaxpumpllowinfilres

- Pumparrangament
Next 100r under the lank

- Drivespeeds
Umited by amount of slJCtion

- Unloadinginlherelumfineviavalves

Axial Piston Units

Typical feature of cfosed k>opcircuits are

- Oifeclionafvafves
Small sizes for pilot operation

- Filterslcoolers
Small openings to fIowlsmall sizes

- Tanksizil
Small·doterminedonfybyllowofauxmarypumpsand
syslemflow--High limits due 1o enli-cavitetion

- Arrangemantiinstallationposition

'""
- Drive

Completely reversiblll througl!ze,oposilkm

- Supportofloeds
Vie drive motor

- Retumofbrakingenergy
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111 DiractiooP.l.alvu

tor"""troIoldl".cli<>n
12 Press"", fll~'" ••"'"

Ic'pmtectioo"9"....t""_
13~

ooch"sfillralior'l,coo!ngalc.

Axial Piston Units

9 SlIOl<oV<llo<>ty
F"'IId<is(llace""'n1pumJl ... vllfial>!e
F..llddisplacemenlmotor 111 I);rect>onalva!\le

=1~bI<Q 11~C:::~

~r:= 12 ~;=Uffl~fv<l
:--VIIriab1e fofprolllC!ionagai""'''''ao1oad

~a.:
,uslngaflowooolfOl"""""l1'jtheClUl\l<Jtspoed(""locityl"""'''''
flab"', Pres$urarelilll""I\I1O(l21prowctsllytlrauliesystomlrom-..

M
VIl!\abI<I<!i3l>I,pump
CoMtll<l1diSj)l.1\'IOI<)r

~ulic~~

~":..=...
o.vari_

~:"rIe-:OO
van-~pumpreplaooslholCOOSlanl<llsplaclllTllll

""I'andll/lwOOlltrolVIII\Ie FutthftrdllflCllon.ojvatvefunctlons,e.~

"'-"'-linj}citCUl1afllC1Wl1l>l,"""ol~suc/lasli1olo",.

<:Ji<lf$ete.eomplctethohydrauiiesyst"""

Open loop circuils

In general, openimpliesthallheslJCfioo lineola pump is
led beklw the SlIrlace of the fluid in the tan~ and the
surlace 01 the fluid is in directoontacl with the
atmosphericpressul9 (i.e. the surtoce is not enclo&ed).
The balance of PI9SSUI9S whkh is ensured between the
air;nthe hydraulic tank and the ambient air, enables the
pump to have an excellent suction charactonstic.
Resistancesintheleedlinemuslno1causethepl9ssure
tolallbeklwthes.o-calledsllCtionheightlslJCtioolimiL

Axial piston units are se;l-aspirating. However in certain
individual cases low prossure is led to the suction skJe

In open loop circuits flufd is led to the actuator via
directional valves and ,elumed v", the same valves to
tank.

TI1eopenloopcircu~isthestandardc;rcuitusedinmany

Industrial and mobile applications. Examples range from
machine tools and press dnves to winch and mobile
drives

Fig,1.Op<mloopcircwt
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1.1.2 Closl!'d loop circuit

Ahydraulicsystllmisaclosedloopcircuitwhenthefiuid
relurningfromtheactuataristedstraightbacktothe
hydraulic pump.

Pumps have high and low proSSUIll sides and these
change depending on the direction of lhe load.

The pressure is limited on !he high pres5llre side via
pressure fefiel valves, which unload to the IoWPIllSSUrll
side. The fiuid remains in lhe circuit

On!y the ;nternalleakages from the pumps and motors
needta be replaced (dependirJg on opera~ng data)

TI1isoocursvialingeneral)anauxiliarypumpconnected
dll9C1lyby a flange tathe pump. This auxiliary pump
continually sucks f1uidlrom a small tank and delivers
sulficientflurd (boost fluid) via a check valve ta the low
pressure side 01 the dosed loop circuit. The flow which is
not required is retumed by a boost pump operating in an
openloopcirCll~viaaboostpressurereiiefvatvetotank

Due to the low preS5llre side being replenished. this

::::~~nab",shigheroperatingcharacteristicstObe

Axial Piston Units

( ,
"

1 Hyo:lr8..,\Icpon>pe

~ ::;aUHcmolOt

Q=varinble

Baolcdesignwilhvarial>led<$j>'aOllmenr~andmot"'.ThoPl'l

",tS!<Isltlono<ir""ti<>t1",,!y.ltlemoklfrotateslrlbolhdir<><:liom
.._sible) TOIl pumpswlvol tlIlIJIe maybe srnoolhl)'""'ILJst
ltlrQ<JI/hZ<tfO,I..,lhed4,&C!ionolffOwmeybedlanged.MOl"'''l
""'..... """".. sideoleentraarv::l.aIsc smootl'rlyat!iLJ$l..bIe

( ,
"

Fig.2:CJosedloopcireuir

1 Hy<!<aulocputnp

:=aulicmotor
o-vsrial>kl

4 Pf'$SU"'''''iafva~

torprctectiooalJOl,ir>stOVarlolld
(av.lvep<lfPfessuresldo!)

8yusingpressur.. '.rvc'Ioi... Iha,.,....;m..nprl>!lSUftlisonsurtid
pressu,ereliervaMollllnwrtodfor",,,,I'Ipre&Stl,.. eide.
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~~~tor

O>variable
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lhrQll9h ~.....o.l, ... the \lifOction '" flow _~ tle cnan(jfJd. Motor may
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6 Fluid lanic l"'1f!akage I
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~ =aulicmolO<

o-.anabilt
4 I'ressure.elielvallte

tor~O!ecl>M"9'instOV&l1oad

(...aMipo<pr.....u... oide)

, Hydraullcpump

~ =-=motor
O=variab18

4 PreS&UfIl reiief .i<l\te tor sllCtl as ~ft,atioo, ooolir
pmIection all"lnstoverioadl0Fo»1_prllllour."'"

5. ~:tv~:~i~""'Uf"siOOlll ~~Valve

ByllSingpr...su"'reIielv.....oslflolm;uc;mvmprll'SWfI.ls ..n..."...;.,.
p"'ssu",relielvatveisnsenedl",,,,,Chpll1SSureside

""awdlWypump"'rlhe~nt"'leal<agaoilar>df<>r

t.~otlhel'U"'l>,checlr..alvesl",anli-aovilalion,pmtection'l

Ipmssure reliel valve and u$/Oofaoce$SOOMtuel'1""I't"fS
_. complete1he hy<!rau*, system



Axial Piston Units

Basic function

2.1 Bent axis

1 Dri>'8$11all h mo,.osinu

~ ~=fQ<va~~t ~ :;:~:~osin"
( Ch>lt<lllklta(lddnOllslots)
5CDlm<>lplatel"'COOlIIant~ment

6 cyliOOorblDcl<block
1 Tap&/oopraIM

h .. pi$tonalruka
A zpiatona'ea

0,. .. ~~.:~~mel"r

a Es......IBr>gIe(ag.25"l
V• • 'J'IOffi"tricstlokavolumelncm"
X • n...ml>e,oIpisl<lnS(O.g,lj



Axial Piston Units

Ducriptionofthe function bymuns of..:!
eumpleofac:onalantdlaplaolnwltunlt

2.1..2.2 Opef'ating...pumpln"'openloopelrcull

Asthec*wa!!JNI.ITisrolatedtheeylinderblod<lsmadalo
rolatevlllsevenpislonswtlieharamounted ..... bdjoints
In BClraaonthadrivuflanga,Thecylinde'bIock,lideson
the spherical cont'oi pllltB,lnwh!chther(!Pr&lW(l !<ldnay
shapedcontrolopenings.On'oIiltion.eacholtheteVllll
piston, tnOYes In the cylinder blod< bofes from the UW&'

Deoscription

The ..... p1S1DnUl'Vb;lnbenlBlOSdesignwithlb:edOf
varieblestn:lkavo/urne$mayoperal9astlydrakJUTlpS
OfM~malOn

WIWlusedasapurnp,lhaflowisproporlionalllOlhactive
speedandlhaswMllanglatllhaunnisusedasamolOl".
thedrlvespeedisproportlOf'lllltolhellowledlOlhelrit.
The torqLJe reoorved (pump) or produced (motor)
inc,easesuthepress.uredrQJllncmasesbetwaentha
high and lowpmssuresides. Whcmopera~ngasapump.
the unit converts mllChanlcal enllrgy into hydro·stallc
el'1trgy.lnconlrest.whenope,at"'!lasamotor,thtlurut
conver1shydroslaticeMrOYlnIo~I_"OYIn
variabil displacement pumps or fTIOIOrt lila
displacememYOlume.I.e thapumpfloworthesuctlOtl
IIowlf1rno101'Smaybevar\adby~Ihe""'"_.

• LqlerdfpoWll
• a.-dfpoinl
'HICorInIlllJ*lll'llon~

"'~dir.ot_shownl

11 Oonln:JlC>\*'lll'lllonlUCllorl... {.. dirolrw__l

Fig. 6

, ......_-
:=.~II Suclion __

1 Con!rolpla11l

2.1.1..2 MoIorlunetion

InconlJastlothepurnpturot:*ln.pressurisedol.tedinkl
lhelnlet Thepistonamoveup ..nddownwilhtnthe
cyIindef blol::k borns. Thill movement is t:OIMN18d into 8.

,ota!)' movement via the piston ball joint at the drive
f1a~.Thecy1inde'bIocklscausedtorotal9bythe

plstonssndsnOlltputtorqLJelscmatedatthedrlveshaft
The fluid eme,gi"9 I,om the motor Is \hen relumed 10 the
system.

2.1.1.3 SWlvelangie

TheSWlYelanglaof .. beddispl;lcemenldilMtby
Ihlhot..-gandhwooeilislb:ed-lnavanatJ6B
displlIoamenllnt.lhIe;~maybesmoothlyadjusled

~c:ertUtWnrls.

BycllangJAg the SWJV8l angle a dil!e'enl piston stroke 's
obtained and henc8 an adjustable displacement volume
maybtproduced.

Thetlenlaosrnechani$mlaadisplacernentmachina.
lhe~pI!iIOnSoIwhIctlamanangedatan

angIelOlhedriYeshaflaxia.

2.1.1.1 Pumplunction

Asthedriveshaftrotatllll,thecylinde'blockiscauSl!dlo
rotatebythepivotedpistoos Thilpislonsmoveuptnd
OOwnwithinthecylinde'blockbores.Tha Illngthol stroke
isoepel'l(lentontheangleolthebtnlaxia.FluidiriledlO
lhelowpressumsiderlfllet)andthendeliY&mdVlathe
p1Stonaonthel'llghpre6SUreSlde(outIet)lOltle.,._.



Axial Piston Units

idle point to the lower Idle point and vice verse. They
therebycarryootastlokewt1ichisdependentonthe
swivel anglfl,The piston movemenl in the cy1inder block
bore from the lower idle point to the upper idle point
prodllCllsasuetionstroke.Thelluidvojume .....ith'espect
to the piston area and stloke is sucked vfall1e control
opening on the suction side into lhe cylincler bfock bore.

As the drive shaft is further rotatoo and the piston moves
fromtheupperidlepointtothelo.....e'idlepo;nt.thetluldis
pushOO out of the other contlol opening (pressu'll side).
The pistons ara sLJPPOrted under hydrauflc pressure by
the dlive shalt.

2.1.2.3 Operatlngaslmotor

The motor function is the raverseollhepumpluncfion
Herefluidisfedthroughacoot,oIopenlngintothecyiiru;ler
bIockboresviatheportplate,Throoorfou,cyiinderblock
bores are s~uated above the contro opening on the
pressuresideendfourorthrooboresabovetheopening
in the retum side. One bore may be direetlyconnectedto
theidlepointviatheoontrolpiale.Theforce(,esulling
fromthepressureandpistonarealwhlchactsonthedrive
shaft
causes an output torque to be produced.

movements due to elastic defonnationsdo rlOtcaUse
leakage losses 10 be increased between It1e cyfinder
block and control plate. Duringldlflopelationaodwhen
operationisstarted,thecyiinderblocki.'lpushedonfothe
control plate by the Belleville washers. As the pressure
lr1Creases. lhe increasing hydraulic forces alll hydrau~·
calfybaiance<!solhaltheresuftantforcesaremaintained
within acceptable fimits wtlile maintaining a minimum
clearance belween the cy1inder block and oonlraf plate,
thus keeping leakage kisses 10 a minimum. A set of
boaMngslssitualedonthedriveshafttoabsorbtheforces
wtlich occur In axial and ,adiaf directions. A radial seaf
ringandO·ringsareuse<Jfoseaftherolaryllrouplfomthe
outside, The complete rotary group Is held
in the housing via a retaininll ,ing

2.1.3 Rotary group forces

Rep'esentation in force paraffelogram ofa
lixeddisplacementunil

Forces are resolvedalthedriveflanga, i.e, direettyalthe
drive shalt The conversion of Io'que Intop;ston rorcein
pumps or vice versa in motors ensures that the beSl
efficiencies are obtained, Wherever forces must be re
solved (e.9. angular displacement) a kiss of efficJency

2.1.2.4 Adjustment(lnvariabfedlspfacementunlt)

The swivel angle of lhe bent axis may be adjusted e,g.
mocnanicaifyviaapositioningscre..... olhydrauficalfyviaa
positioningplston.Thehydraulicpartolthedrivecyfinder
block is moved via a controllerls (control piate) and
depending on the ci'cuitarld .....hetherll1eoperatioo is
mecharlicalorhyd,aulic,heldirleitherthezeropositionol
outputposition.Astheangfeincraases,thedisplacemenf
volume and torque ir1Crease. As lhe angfe decreases
these values dec'ease accordingfy. ft the angle is zero,
fhe displacement volume is zero. It is usuaf to have
machanicalfy or hydraulicalfy acting adjustmenldevices
whOch may be controlled e~her mechanically,
hydraulically or electrically_ Well-known examples of
these types or control a'e: handwheef, electIonic
proportional control. pressure control and powercontrof

, HlghlXlJSSure
,~..,.,.

lSUClloopre_)

''''''~dfivll 100000l

4 E\carlf'Igforce

(1lJWOfI1orC8)
5 Pt/itOfllol<;e

(/1i\JI'lPfflSSUlefOfCfl)

In both cases of pump and molor operation the lorque Is
created directly on the d,ive shaft due to the bent axis
design.Thepistonsonfyp'oduceverysmaffsideforcesin
II1ecylirlderblock,This is advantageous forthe .....ear
OOhaviour, efficiency and starting torque. Due to the
sph!l.ricaf control plale. thecyliru;ler block is situaled on a
torque·lreebearirlg.Thisisbecausealltheforcesacting
on the cylinder block act on one point. Sideways

fig. 7: ResolullOOofl,,,,,esaldffvellallfJ801pump
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Axial Piston Units

M .. VitTual~n""of

r _=-:"::tace
Ha-Conl.. ctgrilYllyQl

~bftoI"'oI_1IeId

FK .. Sum 01 fOfCN 01
3"'4pj.S1OO1

F~ _ Foo::eot 1'IydrOIla1ll;
pr......... IiMIQlcybn.l&IblocI<

F.. _ReswllanIlon»an--
~~~.asegmenlolthe~llIIIicl'lltaly

grtqlil~and~urdll.~tedas.

pure llWlceumpleala SWIY'IllangleolO"

Inp<llC1ioe,dynamo::loadIngprooessesarepresenlinro
tary groups where lhe swivel angle lS greater Ihan zero,
as lhree or !our piston surlacesarebe'ngcontnJally
p!9SSIJrisedWllhhighpressure
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2.1..4 Types

Fig. 11 ""1X9d~L.nf.1n><JA2F(1b<ed8~

~~L asapumpOfmoror-foropenand~1oop

F~10:Bttnlaxislsperedpi$lMroIary~..;jh4Q'

IInd._angIII

, ....-
2 T~"""lIwmg,"""'-• cyIi'Ider~

S Ft.GlXd'lIIplMe
66p1wt:a1~-'-':e-~IPMgS

,.....-.-....
10 T-.cl ..............

-Aulomaliccentnng

-Catdanlesscylanderblod<driYe

-Torquelretlcylll'lderblockbeanngs

-$eW-c(lntefingrotarygroup

- Sphericalcontrolplal6

- T~rrollerbMnng:s

- SongI8lape<edposlOnWl1htwoposlOtlMg5

- Aulomalicll.tlrica\JOn(llbeanr'9S

- Foreeresolutiondirec1aldnvellange
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2.1.5 Symbols

"""-- ~lico:iagram__ """" __- _

v...........,......po.mplot
0!*'1oop-. .........
1l'MOlhIy~(.-.gle

Iided).single oo\puldl",cbonol
,otal>on~

FiUd~~1ot

",*,_dGMdIDDpOlQ.lib.
w-ds..w.e-v-._IIUIIU
~oI_1lO'd*'

V__~_1ot

OI*l_ca.etlDDpdn;lull$-..~ ........
bIe(smgIoIek*ll.bOlhou!pUI
dlre<:lIonsolrolB.lionpoatifl.

v_......... PIM'lP_
angIM;may~~on

bot!lSidM.'~Mgle

1I'I'IOOltlIy'~lIlrol9'''''''
pcIliClcn,bOlhoulpUl"'-'ons---

~)
~

---------------- -

~~

~~
----------- -- -- -- -- ---

=:.-- ~ ~
----------

~

Fig 13
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2.2 Swashplate

Ftg.1. v_'-'-IlUl1''''''~
~~s,-"",,-a:nroI_-.-.....

, """ ....
2 SW~sI\ll,,"I"

3Cylincl&<tlIoc;l;
.TIIr~~

''''''''',"""", .....
,-""''''''-

;, .. Oy·laflO-
v,." /)
v•• " O"·tar".

/) .pIiIoroSWoke

A .~~ate8

O'- .. ~.~diamellr
0- ......... .-0-(.0.15')v•• ..,.....wrIc inarl1

",,_"'~(ellll)



Swashplaleprlnclp"

Alliel Plslon Units

OeKrlptlon ofthelunctlon by mun~01_
eumpl&ola ..arlab"dlep~~nlpump

"~.','.'"un,

.~
o

"0"

Theswaahplatemechanismlsadisplacomenlrnacn;ne,
thecbplat:8Tl8!llpistonsof'Ntllchlltllamlflged~1O

ltledriveshaltThereactionlon:eoftheplstonsisC/llrfle<l
bylhe8was~Ie

,-,-
3 PiI:Ionar..
4P.tonSlmU'6SwNel...,...--

.""""',""""
10~lc*polrl

11 w..- ... poortI

12ConuolGJl8lWlllon~

"'\Wld-*Ofos/'orml13 Conll'Olope..... on _
_ (in~"'-'l

2.:0/.1.1 Pumptur>ctlon

Astf\{l (!nve shaft rotatn. If\{l cylinder block is driven by
means of splines. The pistons mo~e up and clown within
thecylinderblockbores.Thlsmovemenlisdependonlon
Ihe angle to 1h1l swashplate Fluid is f&d to tho pump via
thelowprenuraside(ir"llel)aoothendolive,&dvilllha
pis!onsonlhehighp'assura$ide(ouUet)into!hesystarn.

IncorrtrasllOthapumpfun<::lion.lluidlsfedinlothelnlal
ThepislDn$eanymcwe up¥KldownWlltun thacylindar
blockboresendlulTllheeylinderblock.whichlhenlurrt!l
thadrMl$h8ftYletha(:1tlfW>U<;ledsplNs.ThellucllS
pushadoutollheklwpressuresida(oullet)endfedback
i'*;IlhtsyllGn'l.

2..2.1.3 S...... lIngla

TheswMIIWlgleolthe~w,lhehouulglflthe

fidddillplaoernenl~lsfixed_Inavaril¥Jle

dispIacemenI r.onil the ""1118 of the swashp!ale mlIyt.
smooIhty adjusted bet--. $pOcifi<:: 1miI$. By changing
the angIll of thaswashplale ~ 15 possible 1od1ange the
pisIonslfokeandhenoGlhedisplaoomentvolume.

Fig. 17

2.2.2.1 Description

The axialpislon .....lSinswashplaledtl.WIlhconsulIli
or vanable 511Dke volumes may opera'a .... hydraulic
punlpaorhydraurocmolors

When operating as a pIMTlfllhe now b'*Ig deIivttred is
proportIonallOthedrMlspaedand$Wivelanglelilhel.rit
isusedasamotortheoutpulsc-:lis~1D1he

lIowitreceives.

Thalo<quereceived(pu'np)ot~(rnoDI

lf1CfNSeSaslh8pr1l8SU'1loS'leoenoe~lhehigh

andlowpt1lSSl.ftsoiDsinc:::rea$ef,

ln~opetlIlionlhemechanocal-vY.~

no hydrostallc energy and In I'I'IOk:II 094N*b0n the
hydro$talicenergylStorrIeI1adinlomeo::t\ar'lQll-W

In variabkl dispIacemem pumps and vanable
d~molorsthedisplacem8nlvolume.l.e.the

pun1potmotorllowmay be changed by~lIflQ the---
2.2.2.2 Opemling as a pump

11Iedn~ashafldnvenbyadrtVemolOl(1I.gdilIselanglnll
Ofeleetnemotor)rotatesandooV9sthecy1ll'lclerblockvia
splines.
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Fig,15:Swashp/.'lla<!<>signw>'tltfixedorvaritlbJlJawPvel,,..

2.2.3 Rotarygrouplorces
Representation in forcepafllilelogfllm 0111

variabledispfae&mentunil

either mechanically, hydraulically Of electrically. Wel'
k.n<lwnoxamplesofthesotypesolcontrofare:electrooic
propor1ionalcontrol, pressure control (zero stroke
control). power control.

.'''''ldrrveloroe)
5 F'JSlOl'l!on::e

(hlghprvssura!m:el

lKillhpre~

2Low~ure

(fUCt;oopressu",)
3 Bearlnglorce

(support force)

Pumpsandmotorsintheswashpfatedesignares.uitable
for uso in open and dosed Ioojl CIrCUits. Duo to their
d-osign, they are mainly USOO as pumps In cJosed loop
circuits. Thlladvantage In th,s is thai it is possible to
mountauxiliaryoraOdllKlnalpumpsonthethroughdrive
and to mako uSO of too ,ntegrateddesrgn of adjustment
deviCllandvalves.ln addrtion,thisrompacl,spaceand
wllightsaving unil is capable of having a iong life, as lhe
slipperpadsareonhydrostaticbearings(plainbeafings}.
The lorce resolution (pistonrorcesltorque) Is via the
slipper pad on the swashplate. The hydraulic parl 01 the
rotarygroup,ie.lhecylindefblockwithpislonandcontrol
plate forms parl 0111 balllnced force system. The drive
shaftbeafings are able 10 absorb e>rtemal lorcos. The
principle of the sphericllf conlroi surlace. its lUbrication.
lhepre-tensioningofthecylind.erblockviaplalesprings.
etc. Is comparable to the function of the
bent axis rotary group.

Theresolutionoftheforcesta~esplaceattheswashplate

in lhe slipper pads and cylinderhlock Tho pisfon slipper
pads have hydrostatic bearings and hence lI/1sure tI1af
fhllrolarygrolipshavealongservictliife.

2.2.2.3 Operatlngasamolor

ThomolOrrunctionisthooppositeofthopumprunclion,ln
thiscase.rlufdisfedlromthehy<jraulicsyslomtothe
hydraulic motor. The lIuid reaches the cylinder block
boresviathecontrolopeningsintheconlrolplate.Fouror
IIvocylinderbloc~boresaresitualedoppositethe~idney

shapedcontrolopeningonlhepfess.ureside.Therestof
lhecylinderblockboresafeovertheothercontrol
opening,Theselafferboresareconnocfedwill1therelum
sidll or they are parlly closed via the oonnection pin
betwoon lho control kidneys. 8yloadinglhepislon, the
piston slides tlown the swashplate. In SO doing. !I lakes
lhecyHnderblock whict1 is drivi"9wilh it. Thecyfinde'
bIockwilhlheninepistonsrotateswilhlhedrivoshaffand
thepislonst:arryoulastrokemovemenl.Thehydraulic
pressure creates the torque at the cyfinder bloc~ and
hence lhe rotation of the drive shafl. The amount of flow
being ted to the molor delermfnes the output speed

Thecylinderbloc~togetherwithits9pistol1srotateswith
thedriveshaft.Thelmdsolthepistonsareheidbyslippe,
pads which slide on the laCll 01 tho swashplato, causing
thopistonstomovoupandtlownthecylinderbores.Tho
slipper pads are held on tho swashplate by means 010

retainingpiata

Duringarotabonoachpistonmovesviathelowerand
LJPP<!' idle points bac~ to its starting position, A piston
carries out a complete slrok" in moving f,om one fdle
poinltotheother(thedirectionolmovernentofthepiston
changesateachidlepoinl),Duringthisprocessan
amo<Jnl oflluid cOflesponding to the piston area and
stro~oiss.uckedordeliveredviabothoontrolC>pOningsin

the control p1ale

In a SllCtion stroke, fluid is suc~ed into the increasing
piston chamber, i.e. in effeclthe ftuklis pressurised by
atmosphericpressureinopenloopcircuitsorbytheboost
pressureindosedloopcircu!ls.Ontheothefhandina
pump stroke the fluid is pushed Irom the
piston bores intOlhe hydraulic system

2.2.2.4 Adlustment(invar;abledisplacemenlunltsj

The angle or the swashplale may be changed e.g.
mechanically via a stub shaft or hydraulically vfa
posftfonlng pistons, The swashplate is held lightfy in
posrtionbyrollerorlrictionbearingsanditszoroposition
lsspringcentred.Astheswivelangleislncreasedthe
displacomentvolumeandtorqueincroase.Asthisangfe
Isdocreased these values decrease accordingly. ff the
swivela"9le Iszem. then the displacemenl volume is
zero, II is usual to have mechanically or hydraulically
acting adjustment devices, which may be controlled



A'xlal Piston Units

~~ ~
"

i. ,
F" F T

Fog, 21: Resolutionollorces

F'II.19.~utlooollorces..tl1>eswashplal8olamoto'

2.2,5 Types

Resolvinglhelmcesalthepoirnoloontact(fflction
bearing) with the ~Ioping surface... beafing force and a
Imque lorce component (FN arid FTl are obtairJed. The
pislon slides down the ~loping ~urface, carries out ..
slrokemovementandinsodoingtakesthecylinderblock
and drive sheft along wi!hiL However, as the piston can
liit (aslaras the clearance allows) in lhe cyllndof block
bore,agfeate,lricfionalresistanceoccu,salthemoment
the unit is started than during a normal stroke movement
(stickl~lip). Thisdoub!e resoluHon 01 forces is the reason
lortheslight~lowerlni~alefliciencyottheswas"hplateas

comparedwithlheslmpleresolutionollorcesolthebenl
axis.lnpractice,lhisinitialeflidencymaybeimportanfin

motoroperatlOn,butnotinpllmpoperation

• Pial""f"",,,
(high pr",,,,,re force)

5 Tor'l"'l

"".'U_l

Swashplale rotary group
(slmphfiedroprosentation)

1 Hi\1lprvssure
2 lowpres&lJre

(relUffiprasa<Jre)
3 aeatlngf()roo

(SlJIlI'lOItIorco)

2.2.4.1 Swashplale rOlary group operaling as
smolor

FIQ.22: Varlal;/llwsplarementpumplorcil:JHdJoop
c:itr:uit,I;peA4VG

As explained in the functionaldescfiplion, the piston is
fed fluid lrom the pump end hence pushed egainst the
sIopi":!!surface
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2.2.S Symbol.

~~

~

IIOr\;ll)l&ttepIaoemenIpumpfor
cboe<llOOllc:trNl.... ""'y
bIIcha"lJll<lDfltx>lh~,

s...tvel •• ~.d)w5!ed

ltlrougllzero pos/liofl,both
culpullliredionad".1ion--
V'_~PUI'l'''''
openloop~-V-~b11

~on_IOdI""'"

angIe~~, ...
OU!IIUI~d.-.--.

v_~_tor

oper1loopCllQlt, ...~b11
dlilngledon_"'swMIl
angIIl"'-""~,a/noIlI
.......... dItecoondfOCallon_.
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2.2.7 8aslccalt;uLiotlon,.loraxialpi.ton"ml1.ln.w••hplat.design-_.....
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2.2.8 Bailie ealeulalions for axial pislon unilsin benl axis design

Delermlnallon 01 pump size FWld <!isplacQmenl pump

Ox Vgr"'~'n'sin" .~,.,

l000·ain"", ••

"~·V~,,,.,· Ip·si",.

l00'~.. " ·sin"m.,

P.~s~
600' ~'Ol'~"," 6OO'ry,

/I_ Q·,OOO· q,,,,~Sill"m••

VG",.,·Slll(>

1,~·l'lrH,·,jP·~m"·slll(>

100''';''":,,, ••

P-~.~"".rymt\"Q':'~'

_drlv"lo«jlJ<l(pump)
OIJ\pul!orGoo(molorj

~drivflfK'Wer(~)

oo\pulflOWer lmotor)

I'g _ll"OmetricStrokellOlume

V.""• • ma>.{I<lOfOOtricstr<>k<lvolUme

Llmirl ~ rna> swivelanq1e
Nm lvariesOOpendingoomodel1

Nm -SlI1swlveliln\ll<l
kW Imayool>etw<J<rnlY'a"""u"",l

kW .volumetncolfidllf\Cy

om) ~ mechllJ1iea.l.hydraullcllfficiellC)l

em' 1, ~ total eHiciency('!tx n... ·'Im.J
.jp _pressum<Jrop
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3.1.3 Fixed dispfaCf!lTI(!nl pumps lor forrles

This pump has speoial oha,aclerislics and connection
dimenslonssu,tabillroruseinirucks.ltisdesignedfora
prcssu'll range of 250 1o 350 baf. II a <:hange in the
direction of rotalion is,equired (e.g. with a differenl gear
box),lI1edirectionolrotatlonolll1edrivemaybechanged
forthepumpinopenloopbysimpfyrotatingtheportplate.

Fixed dispfecement motor

Thisunrtmaybeusedasamotorinbolhopenandclosed
Ioopcircurts. ftis used in mobile and stationary industriaf ~~;:,;tX!K1displ""""""'tpumplfxtrucifS,1ype

ewlications, that is, whereveraconstanldisplacementis
requiredrorhydroslaocpowerlransler

Components

3.1 Fixed displacement motors and
pumps-benl axis design

-Oi'ectdriveofcylinde'blockblockviataperedplstons

-TaperedpistonswilhpistonrirlQS'orsealing

- Robusttaperedrollerbearingswithlonglives

- FlangeandshafiendstolSOo,SAEstanda,d

- Twodfaincaseportsasslalldard

- Direct moun~ng 01 deceleration valve possible

- Modelva,ialionsforspecialappfications

~ Nominal plllssurll of up to 400 bar

-Peakpressureorupt04S0bar

0 A

)

~

F>g,25:FlJteddispl;JcemenllllCfOr.typeA2FM

3.1.2 Fixed dispfecement pump

The A2FM pump may be converted into an A2fO pump
"';aesuitableporlplale,iIIlsissuitablelorthllopenloop
circuitandftsmainfeaturesare:robust.rofiabfll.k>nglile
and low noise \not illustrated)



3.2 Variable displacement motors in
bent axis design for open and closed
loop circuits

- AlargerCOfltr~rangeinhydrostat>cdrivesduetolhe

variabledisplacementmctors

- Fulfilmentoftherequirementothigherspeedandhigh
torque

- RedU<.:tionofccstbysavingonmulti-fatiogearboxes
or by possibly using smaller pumps

- lowpowerweight

- Goodstar1ingcharaeteristic

- Va!ious control and adjustment devices

- SinglesidOOswwelaction

- Nominal pressure is 400 bar

- Peak pressure is 450 bar

Fig. 28:Variat>kl displaCem&nt moIor. lypeA6VM...HA

~I~I
'Jt'jt

Fig.29:Letl:Varial>ler1isplacemenrmoIN !o<fw<>
dirtJCOOflS(J/fIaw: Rig/lt; FO-<X>ediruclJon(J/llo..

Axial Piston Units

produced direc1 at the drive shalt. The cylifxler block is
diroctlydrivenbythetaper9dpistonsTherotarygroup
swivelanglelschangedbymovlngthecontroll&nsalong
a circular track via a posrtionlng piston

Given the condition that pomp llow and hrgh pressure
mustremainunctlanged,lhefollowingisvalkl·

-Astheangleisdecreased.thespeooinereasesand
the posslble torque decreases

- As!heangleisiocreased.thetorquelncleasesandlhe
possible speed decreases.

Thedesignation'HA'lndicatesthattheadjLlStmentolthe
motor is dependent on high pressure. The displacament
Is automatically sat, dependant on the operallng
pressure. Once the opelatlng pressure set at !he COIltrol
valve has been reached (measured Intemally atAOIB),
the motOI switchas over from Vgmin to Vgma,. TIle motor
remainsallheminimumswivelanglebeklwthe set value

3.2.1 Automatic adjustment device. dependent Pe~ope!IIlingp'essure Vt=oeom,strot<.vofum&
On high pressure

The A6VM variable displacement motor has a rotary Diagram 1. Automa"",,'*'uslmenl/iep6ndflnlon!Jjgh
groupwhichoperatestothebentaxlsprinciple.Torqueis pressure
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3.3 Variabledisplacementpumpinbent angIe ... Ior~,250126.5<-;hllTlIfIlI'UTli&0".The
axis design for open loop circuits pu'llplsotWllrolllld~onlheopera.UngPflll8lM.

OI~YIaUlemaloontrola.gnals.TheI8QWlld

pCISllionwlg .-rgy is taken trom 1he plessure SIde.

- D"ectOriveofcylindtl,blockb+ockviataperedllistons

- Robustlonglilebeefings

- Flowsett.olglrom'JgOlOVllft'Ill

-Powerc:on\n:llwrthexaclhypertlolic::opel1lllngtunre

- Prassuntoonll'Ol,hydrn,*lIO'lde6ec:lncal~tment

lntsloadsen..-.goperabOnpooMillle

- Highpressurel1lrogeuplO35OiMXIbaf

- Usedonmobdeilndlndustnalaw4ica1lOrlS

Fog31V"'-""""""ptmp,I)'JWA7VCX.R,_
~~~"'''''pot/~,.

3.3.1 Applle.tlon In high preuure rangII

The AlVO wnable displacement poJfr4l isa pumpwrth
inlemalleakageoilrelumlofopenloopclreUltll.Therota·
IV groupoperat'fIlltotlle ben, a~ls pfinciplecomblf'lll!l
robustr>ess and good sel!·asplretion The drive shall
bea....\lS ere used to 6llppcKt e~lerr>el rorces, II high
requif'ementsa,emadeon1helflpulottorcesefldonlhe

NnfWIg time•• rotary group ~ available WIth e~ue

beamgs (....NTO)

Thel'tUtygroup........anglefTlllYbechengedbymoYlllg
.. ccntrol"'aIong.arcUartrD_e~_.
Ittt..swWelanglelsncreased,lhepurnpflowand1he
requireddriYetorquencrease.

Irtheswl~8IaflllleiBde<:rease<t,tl'lGpumptlowandthe

f«!ll"OO driY8 10«11.18 decrease. The maximum fwt~el

~'IT:

3.3,2 Power~ontrollerLR

(Comparl.cln between aprlr'\9

conlrollhypefbolacontrolJ

Theoontrollerensureslhat1hetorqueUINm)receiYDd.
keptCOflSWlt.lnconneclionwilheoonslantspeedn
(rpm),lheftn:bonpowercontrolisobtained.The
mechanocaIdnYepo.8'P,,"'·n(kW)i&opposedby
Ihehyodr1lulicOUlpulpowerP=O·p(kW),Whils11he

opel1lling~ep~rlisdependenlon1heIoad.1he

flow O(LJmml may be cMngecl by lhe sWMll angle

Similarly to a compoter, the controjlar conlinua~y

multiplies pressure end flow and compares the result with
the set value. I! a positive deviation OCCl/rs!he sWl~el
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ang1eisdecreasedandif a negative deviation occurs this
anglelsincreased.Thecontrolle,maybeset(s'ewingin
01 the selling sc,ew = rising set valuej

Conl'ol is started althe max. swivel angle. The position
when control is finished is given by the maximum
press-u'e.lnaddition,devialingfromlhis,bolhendvalues
may be limited by slrop sc'ews Be careful: n the
mllJ(imum sel angle is increased !here is da"ljer of
cavitationlnlhepumpallddangerofoverspeadinginthe
rnotol1lfthe minimum set angle is inc'oased the drive
motor may 00 over1oo.ded In the high pressure range.

Theoperatngpressureactsonarockerinthepos~ioning

p;ston via a measuring piston, In opposition to this is a
spnngforce(extemallyset),whk:hdetorminesthepower
set. If the ope,ating pressure p exceeds the calculated
permissible value from the powercalculalioo p= O'P
lkW),thecontrolvalveisoperatedviatherocke,andthe
pumpisretumed,TOOfIowlsredoceduntlltheproduclof
a·pcoffesponds to the power available again. The
iOOaI hyperbola has be&n reached and the drive is not
O\fer1oaOeddue tolhe 'powe, control". Conversely, the
pumpflow,dependingontheope,alingp,essure,maybe
IllCreasedto~smax.valueviaaretumsp'ing

- Power malcl1ing via eJ<Change 01 spmg

"''''''-S\91tpowerlo!ls<>sinshaded,l'gione

~ No zero st'okolpooi1klo. i.e. ",.Kk;alllowal
highpressurnl"fOdlK:esheal

Hy<jraLllk:powerP~O·pin~.eonSlant

Hy<lraulc;power.P.O·plnkW.coostant

Diag,am3:p-OoperatingcuNelorahypert>oliccoolroll'H
wilhidealhype_operatingClllWl

Diagram2:p-OoperalirlgCllf'(f}!rxaspringC<XII,<>IIe<..-iltl
ap"'~"""MoperalingCUMJ

6 Posilionirlg<:yliOOe,
I'IithpoollOOf\"'lIplslOO

7 Oper3lif>gpre$$Ura
6 Swivulanglo

l ...."'arm(varialJle)

lCanlrolvalve
2 Lev&fAfm(ti.""l
J 5prinsIf"",.ltldiU$lllbllf).""".
5 MeastJringpist""

- Opllm""'f'OW"'matdling'liaelf1e-ma1
$moothadjustablespmgr""",

-Zeros!,oke~ilion.l.A.no'f'lS.kjualnow-
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Doublevarlabledlaplacementpumpwilh2 In practICe, ,ooividuaJ 0' cornbmed controls are used.
parallel bani lUlls rotary groups Common variations are e.g. load limltlrJg control, 3 point

controt,loadsensing,ete.

![SJ•
:t P~O.plnkW

Fig, 35; Variabhldisp/acem<lnllX'rnpA8VO...SR..,"rtl
summationp<>WINOOIllfollaf 0._

p,Ropera'"'lIP..-.... oltolpun>palAl
P,-opamti "llprass,,",ol2ndpumplllA2.

1 PowerOX>/\lroiler 3 summellonVi'l1ve
f'Jype<boliccootrollet p,"p,

2sp<ift9r"""'(~lal>fe14~

I'llghpt8ssuffloignal

FIq,36,DoubI6varialJledispiacemenlpum(J_
S<Jmmari<vlpowercoo~r

The kleal hyperbolic power oporatLng curve is attained.
once the torqoo foroes acting 00 the rocker of the powe,
controller are balanced

The hydraulic torque, formed from the high pressure
toree FHand the angular displacement s, is onty allowed
tobaasLargeasthemachanlcaltorqU<lobta,nadlromlhe
setspringloroe FFandlhelixedleverarm a

As tha hydraulic syslem selStheope,atJrJgpressurap
andthepumpcanonJychangeltsllowQ,lhlsmeansthal
when the power is exoeGdad thapump swivel angle Is
automatk:ally reduced. The angular displacement Is
oocreased until lha hydraulic torqoo obtained from Ills
thesameasthagivenmechanicallorque

Twovarial"edisplacementpumps-Or1edlive
TIlls Is an advantageous combination 01 two Individual Diagram 4- p.Q operari"fJ curve rorsummationpowercoo
pumpswitll integral splitter box IroIh,rr, ~ypelbolicoonrroller

Atpresent,modelswitllanauxiliarydriveandlorauxiliary
pumplorlhesupptyofadditionalhydrauli<:circultsa,ethe
standardonas lISed. espaclalty in mobile applications.

To oomplementlhe powe, control 01 an individual pump
(saeA7VLR,fig. 34),ln two paraliel circuits lhtl A8VSR
pump wftll summatioo power control (lor exampla) is
installed. This maans that the complete drive power is
distributed to both circUIts In th<l ratio 01 their pressures

ThehlghprassuresignalprodlJCedinthesummatorvalve
i!I used as a rneasuremantval""



3.4 Variable displacement pump In bent
axis design for universal
applications

Fig37V.rl.IIMo~IPl'"P.~A2V

The AZV variable dlsplacGment pump Is uniYersally
IUllablefoll.einopen.dosedandaemi-clo6edloop
an:uitlI.", ...netyol<Xlfltmlslorvaryinglhelisplacemenl
_~. ,",,-variatianswiltltandlmrolerbeamgs

Ofsllpperp8ldbeanngs(torextremetylongbearklgives)
_~pt\lfemldlori"dJs!rllllappications.By

IiIlbnglhtAZVWIlhvalvesillldaudarypump5. ~islumed
,,*,1hepm.arypowe.runrtA2P

Oiegam5:~e:ut>'OPSofhyrhulic~

1/IIIl:~""r*1fPfl'SSUlWl.rig/ll.~(Itl"'",--,
,.~~
rzIJ4Vg

U

o;agramll:CllIIllICraris&ceutveaf.."ell8Crron.\:;
~rlfl<llll

Axial Piston Units

3.5 Variable displacement pump in
swashplate deaJgn suttable for use
In medium pRUure range in open
loop systems

TheA1CN.-lposlDtlpui'l1l .. usedlnrrdlllland
~fiItld5lorpressure&ol25Or.J15batTheval'lllt*

~~haslhe8dVlorugeOYefIheIiHd

~pumpolNYlngenergy.e.9bylhe
eUlOmallCfT\8lI:hngtolorc:e(preuure)llI'Idveloc:ily
(llow)VIa.~P'e$$ureandfeedllowClJlllrOllar

Thell(lvl\f1lageollheswa~ledeslgnllesnotonl)linlhe

compacldesign,bulalsolnltlelowpowelweighl, loolllrta
arl<llow noise level. The possibility 01 moonling rUMal
pumpsonthothroughdrivemuSlnotl)(lnegloctedasan
important/aatu'a

fTm
EElo

:::'7~aneal~__

Legend 10 !bgramo 5. 6 and 7
Vg .11rOM-.ne
1\c)·00000tmgpressunl

Pst "pIoIPf"""",a
I "p<lclcurrem
U "pllolvollil\jO
VI _p()SiIIonIngvc>ume

o
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3.6 Variable displacement pump in
swashplate design suitabMl for use
in simple mobile applications in
closed loop systems

The A1IVG hydraulic pump IS. ¥8fJllbIe dispIacemllnl
pumponswahplaledeslgnlorhydroslatJcdri'o'esinclosed
loopClfCUrts.Anlhevalves.nd.",,»iarypumprequ,ra<l
for~BreintegralBd.Dependll'lgontlledeslgo,the pump
mByeasilybBconvertedloBmu~;plepump Therolary
group swMll lingle may bB djtecdy changed by a rotary
SlJ.tlshaftwdtlootpoowerampbficabon

InzeropoBllion1tlepumplloWisalsoretO A5zero.
PNB8d1hroogh.1hednetiond 1IDw1l$mDDlHy--"1tIllrotarystubshatllSm'llUIIllyadjU!lted.~jsdjrectty

cormeeted tothe bBntaxosolthe rotary group TheangH::i
of rotation of lhil rotary stub shaft corre$l)Onds to lhe
swNeIangleoflhepuOl"4l.ThfldispIaoementtOt'QlJll
producedllilherbyhandOffoolforoeosdBpendeo1tCfllhe
hlghpresslQlItldswwelaogle.Thelrnltationol
~Otang6einthepositigrWlgmechanlsmor

lhePQ6StiJoan/nIgoflhezeroposi!ionmuslbecamed
outwllhonlhepoailionlngmechanisrn

A$welasmanoBl~stmen'oIther~ry8lubshaft.

hydraulic:controlme<;hanlsmsmayalsobellSed

F"~.a:VarliBl:* ""'~

...-ypump----

3.7 Variable displacement pump in
swashplate design suitable for use
In mobile appllca1iona In open loop
systems

Thecontrollur>c:bon&d1heMV08hown'-ttmaybe
ertOOroperalllld""c:ornbinedor~1l.n::bon8.

- Powefcontrolwilhhyperbolicop&rllbngCUMl

- Pressurllcontrolbyme.ansollsol8bngvalve

- Loadsenslngcontrolu,\pconlrolofk1adpressure
slgrllli



The power controller controls the flow ot the pump
OOpendent on the operatjng pressure, so that a set drive
power al conslant drive speed is not exceeded

Diagram8:CflafaetMislic"""",o/apo'NfJr conlrollfJr

3.1.2 Pressureconlroller

The ellect of pressure control is 10 return the pump

~~:~~~,~s":u:~~i~s::na~=r~:~r~iessure

txagram9:Cl>aracrerisliccurveofapowerconlrollerwilh
~pressurJlconl'"

3.1.3 Load sensing controller

ThaJoadsensingcontrolieroperalesasaloadpressure
driven flow oonsumplion controller and matches 1J1e
pump flow 10 the flow required from the user. The pump
fIow;s dependenl on the opening area ot th<l directional
valves, but is notellected by the load pressure in the
region below the power operating curve. The power and
pressure conlrol are supef.lmposed on the load sensing--LegeOO 10 diagrams e.9 end 10
p ~operatingpressure

V,·oeom,stro+;evolume

Axial Piston Units

.I~
lllilllwJ

"..

3.8 Variable displacement pump in
swashplate design suitable for use
in high pressure mobile gears in
closed loop systems

Fig,42; Variabiedisp/acemefllpump,IJIP<!A4VGDA

Similartytothaldescribedundersectlon3.6,lhepump
A4VG is a complete power unrt comprising alf the
components 10' a closed loop circuit. The unrt with
hydraulic adjustment with various control devices torms
thetypical'mobilepumpo.lfthispumpisconnectadtoa
fixed or variable displacement motor, an automatic
vehicle lransmission is produced.

Thisisaspeeddependenlautomaticclosedloopsyslem.
The pump is effected by the drive speed, operatirlg
pressure and electricaJly bylhe 2 switching soI&noiOs.
Posjlional energy js taken Irom the auxiliary circuit. The
positional velocrty of the pump is damped by throltles.

The speed dependent automatic control system is
desigood for trarlSmission drives with Inlemal com·
bustlonengines, It was laken 1010 account thai In inlemal
combustion engines as the speed increases the klrque
increases and if the engmels loaded a speed puff-oown
occu'setlhelorquelimrt.Thapowerconsumptiorlolan
inlemal combustion engine is sufficie<1tJy eocurataly
determined by rts current spead, If the hydraulic sida is
sullablyadaptad, an optimum controlled vehk:Ja trans·
mission is produced
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Fig.43;V"riablt>~lpvmPWllhildjuslmfmr,

auxiRiarypump;v>dvalwul

3.9 Variable displacement pump in
swashplate design suitable for use
in Industrial applications in open
loop systems

The speed control DS1 controls the adjustment un~ so
thai the required IOfqlKl ls available lor the spead
demanded

This torque (under conditions 01 quasl-oonstanl
pressuro) is proportional to the displa~ement volume and
hence proportional 1o the swivel angle.

The swivel engle (posillon) is measured byeo Inductfve
posiliooaltrar1Sduc".,.andthespoed is m&asuredbya
lachogenerator

3.10 Variable displacement pump In
swashplate design suitable for use
in Industrial applications in closed
loop systems

Anolt1er vanable displacement pump In swashplate
clesignlsmountadontheuoitoos<;ribt!dinsection3.9,but
this unil operates 10 a closed loop ~ircuit

When UsOO io industrial awlications the A4VSG pump
may be made into acomplete hydrnulic drive with suitable
adaptionvla avaivesubplate.aux~iarypump,tankand

cooler, Itisalsopossibleto~realeaserni-elosedloopclr
cuit by Including anti-<;avitatioo ~heck valves, By LJSing
these valves it Is possible 10 compensate lor the
difleronceinvolumes,e,g.inoperatioosusingsingle-rod
cylindors.

This A4VSO pump especially designed lor industrial
appHcalions has, in addition to the well-known
advantagesofswashplatedesign,alsotheadvantageol
long service Irte. Load sensing control and mooring
controiaswellasoocondaryconlrolmaybeusadwiththis
pump,lnconneclionw~haprossureconlrolledpumpand

its secO"dary controlled motor the system of sBCQOdary
speedcontrolhasahighdynamiccontrolresponse.exact
speedl(-O/1trol,iowlossesandenergyrecovery



3.11 Summary ot common adjustment
methods in axial piston units

Tne elect.onic components (amplifie.s) which are used
asslgoalamplifie.sa.enotmentiofledlnthefollow1nglist:

Thedifferencesbetwoontheva.oostypesofadjustmenl
areas follows'

-Typeofconlrolci.cuil

- Force transmission (hymaulic o. mechank:al)

- Operatioo(directorpiIOl)

- Ope.allngcurve(positionandsetllng)

- Openl""l'(w1thoutfaedback)

-hydraullc:machanlcal

-hyd.aulic:eleclf\cal

-hydfBulic:hydrnulic

- Closedloop(withfoodback)

-t'ryd.aulic:mectlanical

-hydraullc:elecllical

3.11.1 Pumpadjuslments

Axial Piston Units

M.ch""lcal-manual,
OI~"""'t~oIu"",

1Jf000000000001lo<lispl&cements
aladjustrnenlMA;
PfOI)Oftionaltoadjl.JSIm••'IlanglelJ
a1",*",monMD

Mechanlca~lectrlcal,

~voIcrme

proportioo"lo~ts

at a!ljUSlll'*ll EM

v~ .. &lledI1C <lispIa<:emoinl V<>Iume
s.,llisp_t
B3l1dji.ol~angle

Diagram 11
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Hydraulic-mechl.nIcai.
-,~
p.mponiona.lloploolpressu,aPlll
aladjuslmenlOG;

I'fOIlO'IiooaIlo.~""gk>B

f)(<li"!>,lIC_~to

~~~W1lh'''''91Slllmoperalioo)

atadjuslmenlHW

V~ .. Dl>Dcific diSjl!lIC"fflf"'l volume
PsI .. pjIoIpr~u,a
8 ..._a'ge

Diawam12

Hydraullc.hydraullc,
[);spIace/TIG~tV<>IY"",

proportionallOllilclpressumP9!.
aled!usUr>errtHD
lorpumpsinopenloopcif<>..li\l;Of
reva~Oll'&'alion

Vg .spec;f;'dlspIacmenlvolume
PsI"pIIolpmssurn

I) ~klklra"9"alzerop06IDcn

0ia'l'am 13

[);'tlClope<allld HYd'aufk; Hydn.lllic
hydrauicadjuslmoot a<tuSlmfK1t adjuotment
preslIlJ,a llDpend&nI 00 strokG 00pendenI HW 'I stmke <lepen&ll\l HW

Hydrautlc Hydraulic ~

adjuslroom adjlJ$lmenl o<l)<JsImoot
P"'S""",d9pend9nIHD Ilmso.u,edeperolM1HD'1 pr&Ssu",c\epQndoolHD

Hydraullc..lectronlc,
DiaplacomIonlvolumu
proportional to pjoIctJmlrllI
alltdjuSlmenlEPIlndESlnOl"'nloopcir·
euilSOff(lVllrsiblDopenotion;
AdjustrnemEZ(wilt1swltcNngoolaooidj
(nodlagram)

V; .spodlcdl&placmenlvotume

l .. piIotOO"""l

[);ag,am14

Elecl,onIcadjuslmool

~:I'f<lll.solenoid

Elo,>ctronjcad)lJItmenl
~prop.s<>Io~

~=::tmIlnt

"
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EleclronJc-hydmullc,
Dlsplacemenl~o/u"'"

propo~ionallo~CIImlnll

aj adjustment HS.

~~..:~:=..."'-
v~ ~ spllClfic <lIoplac&mlln\ "'*"""
I .. pjIolcumtnt
Vs ~posiliorlj~OiITk>w

Hydraullc...se~onnow.

l>isl>Iacem&nI\lOlume
p"~lltI

IIOSiti<l<l1rlg C>il!lQw V•.
Rev",_operatiDll
at OOjuatmenl!-lM;

Diagram 15

Hyd.....,lic-de~onllow,

""'-~P"owrtiooaItopikll\lOllageU
wllhmoonledl"oportIonaId~

Rev",sibloooperalior\
wfthela<;!foIlk;amplioor.
Co<1!roIpossible

Vg ~ spec/lic displa""moot volume

u .. pilolvoltage
1'HD~~~$\Im

""""'"a<!jUStmenIEO

Diagram 16

3.11.2 Pump controls

!-lydmullc. Prns.aureCOl1trolt&r
Pre8S\Jreoorllroll",Df1 DR
~~"'.heldc"""lllnl,lIowis

Flowoontrollao

"
Pmssumand
IIow~DFR

Flow CQl\lro11ftr FA
Aowla MkICOO'1"tant,.ven alvatyir>gay·
SIl\rIIp..eawr...

P.....lJRlandtloweGn1roll<trDFA
Pressurnandllowal'8hel<l_n!<lol_
perdanlonllCt\l8lQl. Ed

""', [[[l'":" 001'":"......... : : : .-:.. ~.. ~.
I I , , I I......... ! i 1 ·r·r·r·
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AJ:ial Piston Units

Hydraulic,
f'ower"'IlulatorLA
P<>we'C<><'ISllmplionillMklconstant

:0-' :~~~.x=nt

SU11YMI8dpowe<ooolrOlerSR
In pa,allel operatOon of two pumps with a
drlvumolof._ilIl1ulomaliclIJlydistri·
!lute<! lK:QO<ding II> Ihe IWmmat8d.--
:;r:~~ur•. IIow and power oootmler

Apoowercontrolleris~on

:::tr~prno.sur<lar>dflow

~~S<Jr(J C<l<1tmler 1Oi!h load-.sing

AP'"O!$S<Jrecontrolie'I~~on

thelolld~controhr.Tholsetllowls

ooldCOflstantbylt>llCOfltmllor

P<>WfIroootrollerwilllp<,,""-JreC<Jt-<lft
and k>8d sensing LADS
Inconrwctionwithapowercont'<>klrlhG
"",x. drtv1l IOfqooislmit8d. Pumpllow ill
ct1anged<lependenlontlleaewatOf

DiBg,em18

ElectronIc
PreuureandtlowcontrQllerDFE
Pr8ssu'''RndfiowareMklconstanlby
::.tronicmean.<lep<m<lanlontlleactu.

Q .
AID_hi¢poreSSllre

7-~lsignaI

DiagfemlS

P,essurecootrolk>rwith P~'COOlrollefwitll

IoadsooslngDRS pressure eut-<ll! Rnd
load semi"llLRDS

ITI:-~--,- tbJ~--:--~--~ - : ,, , , :',



3.11.3 MOloradjustnwnts
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Chapler?

Hydraulic cylinders
Paul Schwab

Cylinders in hydraulic circuits

Nowadaysboth\hehydraulicmotorarJdthehydrauliccy·
IirJderare indispensible units in the hydraulic drcuil for
convertinghy<!rauliceneryyintomechanicalenergy,The
cy1inderis the iink between the hydraulic circuit and the
workingmachine

The hydraulic cylinder is different to the hydraulic motor
whk:h cames out rolary movements, in that it carries out
translational (linear) movements, through which fo,ces
aretranslerroo

Neglecting friction, the maximum possible cylinder force
Fis depende<1t on the maximum operating pressura p
and the effective area A

F_p_AinkN

IftheWOfklngmachill6camesoutlinearmovements,the
following advantages arise for a drive with hydraulk:
cylinders

- Simple dasign of direct drive with cylinders, easily
arrange.d by installation engineer,

- As II rotary movement does not 11600 to be converted
into a linear movement. the cylinder drive has a hillh
efficiency

- Cylinderforceremainsconstantfromthebeginningto
the end of a stroke

_ Thepistonvelocitywhichisdependentontheflow
enteringthepistonarujthearea.isalsoconstanlover
the whole stroke

- Dependingonthemodel.acy1irujermayexert
pushing or pulling forces

- The dimensior!sof hydraulic cylinders makes it
possibletoconstructdriveswithla,gepowerbutsmall
dimensions

Lifting, lowering, lock,ng aruj moving of loads are the
main applications for hydraulic cylinders.

Hydraulic Cylinders

Types of cylinders wilh respect
10 functions

Duetotheirlunction,itispossibletocategorisecylirJders
into two groups:

- Singleactingcylirujers

- Double acting cylinders

2.1 Single acting cylinders

Single acting cy1inderscan only exert lorw in one
direction,Thepistoncanonlybereturoodbya~ring.

throughtheweightofthepiston~sefforbytheactionofan

externalforce.Singleacfingcylindersbasicallyhaveone
effeclivearea.

Plunger cylinders..
Fog.1:P!ungercylir>dtJr;ltJfl:witlloutlntem;Jlstop.
rigflt. with intemalstop (pistan guide)

In this cylinder only pushing foroos may be transferrad

Depending on the ap?lication,plungercylinde,smay be
desillned with or without an internal stroke limiter. Forthe
model withoutintemal stroke limiter, the pushing force is
calculated from the maximum effective piston area and
the maximum operating pressure

If must be noted that fa' the model with Intemal stroke
Iim~er only fhe piston rod area Is effective for the
calculallon 01 pressure force



Hydraulic Cylinders

Plungefcylonder$areusedwhl:treveradefinlledirectlOn
ola~temIIIltwt:ewil detirvIeIy .....rn ltlepiston lOiIs
Slar1lngposlOOnExamplesollho$areup$trokepresses,
wnerstrokelables..-:liftlngdeYloM.

~ltlelllladzveareaslliaplpepor1·A·ltle

pos1On8lllllnds(co:).RetractiDn(=o)ollheposlc.lC<lnonly
ocx:ur1hroughtheweoghlolltlepist(lnotduelOan
extemlllforcebeingapplied

2.1.2 CyUndersvmhspringrelurn

CyllndefsWltnsptlngrotumsareuSlldlnapplications
wllere 8l'le~temal,restOfing force does 1101 eKisl Retum
springs may be Slt......ted eittler wltnln tile cylinder Or
mountlld Clnto the cylinder as a separate component. As
springs can only carry out limited strol<ea al'ld e~en

limoted forces, these springs ere mainly found In 'small
cylinders' Appllcationsollniscylir'Oetarepustllng
cylindersusedlninstaliallonworkorusemblytoolsuSlld
inrepa,rs

Fog.2;~-.g~cyfnder.WI:-'_

~"f1lt-·-SJrillJ

The~Slonrodfaaxt.nc!ed(",,)bymaansolpfllSSlJrisin!l

thepistonareawithoparatingpressurev,apipoport°A"
rna retraction Of tile p<ston rod is achieved by means of
ttlefalumspnng.

Byprassurisingltleetlectiveannulu$areaWllhoperatng
pressureviaponoSo.theplSlonrodisretraetad(=».The
nxlisaKlended(<=)bymeaJlsollhelnstalladretum
spring

2.2 Double acting cylinder

Dou~actlngcylindarshlMllwOopposrogellec:tiYa

ateas¥ltllchareoilhasamaor~SLlesTheyare
Iinadwiltl2PlP8ponswhchareisdaledfmmeachQlher
By '-ling'" _ pam 'A' Of OS". the pISton may

lr-*pulingandpulfwlglort:es.,boChstroke
direo:tlon$.1llIsfVp8olcylindafmaybelourdnneartyai
fVp8lolapplicabon

Twocategoria&oldoubleaetlngcytnOOrexist:*'gIeWld
douD!erodcylindars.

Singlarodcyllnd'f

InlTl()5lapplicallOl'lScy'lIndlInIereusedwiltlonlyone
PISlOnrod.Slnglarodcylinderst>aveapiston.wttd'lil
c:onnecte<Ingld!ylollpa$lO!lrodwtlldltlasediamaler
smallerlhanlhatoflhepiston.lnl/laS8cyflndefslheSlz"
oftheaffecliveareasareditlerentThearearaooolpiMon
alea to annulus atea is indicatad by Ihe faclOf (Q). The
ma~lmum amount of force t'ansferred Is dap&ndent on
theplstonareaasthecy1lnd&rlaextended,ontheannulus
area lIS ~ cyllndef is retracted and on the ma~l!TIum

operating pressufe. ThiS means that for the same
operahngpressurethesl<1end,ngIorcaOllefaclOf~t1m8S

13,gerthentherel,actlnglOfClt Theehambersbeinglilled
lI1elhesamelengthduelOlhelWUke.butt-:alJ58ollhe
~"pISlDnandllflnulusll1eas,theI'~mes

arediflerenLHenceIheSlrDbvelocrllesarenverWly
PfOI)Df'IIDnaIlDtheareas



2.2.2 Double rod cylinder

Double rod cylinders have a piston. which isconr>ected
rigidly to two piston rods (often a single continuous
throughrodl whlch have diameters smaller than that of
thepiston,Themaximumforeetransferredlsdependent
on tha annulus areas which are the same size In both
directions 01 movement and on the maximum operating
pressure. This means that for the same operating
pressurethelOfceslnbothdirectionsoimovementwilibe
thesamesize.AstheareasandthestrDkelengthsarethe
same on both size, the vo1umes of the chambers being
tilledmustbethesamesize_HElnce,thevElIoc~iElsmust

alsobethesame.ForspE'CialapplicationS,doubiElrod
cylinders may be made with dlffElrant piston rod
diameters

......IDtlI..- ..

Hydraulic Cylinders

2.3 Special types of single and double
actlngcylinders

Certain applications exist. where standard single or
dooble acting cylinders may only be used by laking
spE'Cialadditiooal measums Involving a lot of eltort. The
most common 01 these cases is where long strokes are
nooded with extram&ly Illll& installation room orwhere the
Iarg&stfarCllisrequiredforthesmallestpistondiametElr.
This and other requirements have led to a serles of
special models being designed. wh\(;h are partly more
diflicull and take more eflort top'odoce

Tandem cylinders

Fig 7

IndoobleactingcyiindersoperatingintandElm, there are
lwocylinderswhichareronnactedtogetherinsuchaway
that the piston rod of ona cylinde, pusoos through the
botlomoftheothercylindertoitspistonarea.ByuslOQthis
arrangement the areas are added together and large
forces may be lransferredfor relatlv&lysmall &xternal
diameters Without irlcreasing the operating pressure
However the longe, I&ngth of this model must be taken
intoeccount

In this model thelorees and velocities (similarly to the 2.3.2 Rapid traverse cylinders
single rod cylinderj are in too ratio of the area ratio <pof
both annulus areas. Rapidtraversecyilooersareusedprimarilyinpresses,ln

this cylinder. aslongas the completewofklng force is not
required,onlypartoltheeflactivepistonarea.theco
calledrapidtraversepistonlspiacedunderpressure.The
complete eflective piston area is only lat&r connocted to
the hydraUlic pump via a control system by means of
pressure control valves Of limit switches

Advantages:

High rapid traVElrse VEllocily due to small volume

High pressing force dUEl to iarge ElffectivElpiston areas



Hydraulic Cylinders

2.3.2.1 Singleaetingrapldtraversecyllnder

- Rapid traverse (<=) via port "AI'

- Pressinglorce (<=) via pori 'A2'

_ Retracting movement (=» via weight ot plston itseH 01
lhrough an extemal forca being applied.

installation is only a little largorthanone staga.The
retracted length ola telescopic cylinder Is normally
belwOO<1 haH and quarter 01 tl1e cy1irlde~s strol<e
Dependent on the space r&qufred torlnstallatioo thesa
cylindarsllreavailablewrthlwo,lhree,fourorfivestagas
Telescopiccylinclersareusodinhyciraulk:lifIs.tippir>g
platforms, commercial vehlcles. lilting platforms
antennas. etc

2.3.3.1 Singleaclinglelescoplccyllnders

Fig.8;Singieaclfngrapidtra"""",~r

2.3.2.2 Ooubleactlngrapldlraversecylinder

~Rapicllraverse(<=)V1aport'Al· I
- PreSSlngIOlcs(<=)V1aporl'A"2;'

- "",,,""",~,m,",,~)~,,,,,"'e'

... _~A' ",,_.:.,"",--

~ ",""",M'''P""""_,~,~","~,,,,"·A·.,,
B Az extend one afteranolher. The pressure is deperldent 01

thesi>;e 01 load and the effectivear9a. Hence the piston
F~.9:Dout>iei>CtJnlJrapidrrll."rsecyli"""r wilh the largestellective area extends tirst.

2.3.3 Telescopic cylinder

TelescoptC cylinders vary 110m "rIOrmal'cylinders in lhat
lheyonly r&quirea v9ry small amount 01 space to be
Installed into when lhey 91e retracted in compansonlo
'normal' cylinders with lhe sam9 stroke. The reduced
space required tor inslalla~on is due 10 the pistoo 'ods
sHdir>g inlo each othel equal 10 the total length olstrol<e
dM~lJythenumbe,olstagesplusthezelOstroke

rTKIasurement (thk:knessat bottom, guide lengths, seal
widlhs,fixings).Thismeansthatthespacerequlroolor

Alcooslantpressureandtlowlheextensionbeginswith
the largest force and smallest velocily and linishes with
the smallesl force and higheslvelocity

The stroke lorce to be used mllSl tle designed with lhe
smafiasl effective piston area In mind. In simple acting
lelescopi(:cyIindarslheorder in which the slages are
rel'acledvia an extemal load is reversed. This means.
lhal the piston with lhe smallest area retumstllsltoifs
starting posi~on



2.3.3.2 DoubIe8CtlnllleleKoplccyllnder.

Indoutlleaetlngcy\inde<'s1hepistonsareextandedinlhe
sameweyuinHlgle8Cllngcylinders.Theorderinwl'tictl
lheindMdual.u.llh ant retraet9ddependsonlhe ..ze04
lheartrUul;_andonlhe.Id8milIIIoad.TheIMlOlt\Oiltl
IhelargestannulullilrealirslrelUmSlOitsstlllrtlng
posIbonwhenil.plKedlnterpr8SSlKe'llll.pIP8port"B"
00uIl6ll8Cllnll~cylndersrTt8)'alsobeUHdu

sync:tYolw-:ll1llllsalpccylinden;...lnlhlsmadBlllll
Y8rial&~.Xl8ndOftfllraCtinURlSOll.

Hydraulic Cylinders

Basic design

The dNign ot hydraulic cytinders d8pllfIlb to • large
utenlonlhevariot.sapplica~.~....... bNn
deYelopedlosuil:panicularapplica~Ther.is.

dilferenlcytinderd8slgnloreachotlhe~

exarttpIa: 1TIaCI.-1OOls. mobile mactwl8s. aviI
~SleeIandiron....oo...eIC.

ByuMlgllll Slrtgleordout*-*llI~ rodqtinder,
'lllhidtislheonernatrtlyused,llllmolllmmmondeslgn
prinaples .... bedisl:usS*i

n...arebesicalylwolypesot"-9l:

-b8rod~and

-millype~(screwedOfwelOed08siQn)

3.1 Tie rod cylinder

Inlierodcytinderslhelopoilhecyllnder,lhecyUnderlUbe
afldlheboltomollhecyllnd&rarealloonnectedtogelhel
'liaa tie rod. The main faature of iI lie rod cyllndef III ils
especlallycompactdeslgn

AS these cylinders are compact ar>d space·savinglhey
are pfimarily used m lIliI machine tooj induslry and in
manufacturing devices. IIUCl'I as conveyor belts and
machinlngcenlres in lhecar industry

Fig 12. T..rod~_CDI60."""""".
lW'P"oIdRrnrIwrs_""""1IIrlJlSl)4ld



Hydraulic Cylinders

Indlvldu81 parts 8nd their name8

I~
."""'"".....
9o.~"""

10Threao:led .....
11 Tloerod
12 Nut
13 Bearin<;loend

14.1 l'i51OO ..... (model'"T")

3.1.2 0.8lgnnOI..

1,1, 21'

IUP\IiItIn ... (modII·...·)

~: ::"SNl
17 Oringl' Bacl<upring

" Orlnu
20 Chea<~81Yew/lh tllee\j
21 ThroIlIe_8lVe

2 121110,

- CyIn;Iwl;llpa"d .... liI<edll>cyINW ....... aeflXlt

-ao.-.. ....... ecrewedlnlocylrldilrcap

-SMlI8ItNI,..rlngIoritl_

-CuIhooningonbolh ..... ~buIIllll.qJCll'\MlbJ-......-~__........ onbolh .....

-$landard__ lllbolhendl



Hydraulic Cylinders

-Wi_BndposllioncUllhior>inlll<!ampi"llsleeve.
thmlIlean<lchecl<vltlV"""..,ormtedj

Ftg.15

-CyinOe'ends.refi,odtot!leeylindettube""'lie,ods

-~rirogbu""arolftang<lCOVllfP"'Ssod"""cyIIn<!9,

-~Il'lOdI>I,compac1l1l's....Ulluiderinll()(
171de';"~_L!l4pI06a1

FI\l.1e

- Cus/lioning: lop: <lampino 00sh SUPl"'~ed by IIoBt
l>e.aOOOs,ba..:dampirt9pMlt

-T!1,oltl"andche<:k",,,,lIISonl>olhands

-Starldardt>laed"",,,",sell>olh""""



Hydraulic Cylinders

-Wilhoutoo9l1ioo!ng(damping ......"",
lhrO!tlllllndchfock~""'esareorrlilled)

FIg,l?

3.2 Mill type cylinders

Inmilltypecylinders,thetopandbaseolthecyl;nderaml
cyHrlderlu!.><Jareconnoctadlogelhefviathreadsorre·
tainlngrings

DlJllloitsrobustdesign,hydrauliccy;inderswithscrewad
or weldad constructions are also suitable lor use in
applications with extreme operating conditions

The main applications 01 this cylinder are in general
mechanical engineering applic:ations, rolling mills, iron
works, presses, cranes, mobile mac:hines. civil
erlgineering,ship-buiiding end oflshore applications

FIg.18:MilItypecyliOOers,ii8rfesCD250anrJCD35IJ



lndivld..... parts and thelrnames

,e
.~bo.rI

8 ~WIh
10Aello-.lgplMl,,-"-

3.2.2 Dellgnnotel

Hydraulic Cylinders

~: =-
~:~-

{.-III 'A')
170Mg

_1lolh_oIlhecylirdaruebedlOlhecylintlllrtut>eby_......
-1lftri"llIn\egrlllwrlleylinde,capOllU_bulhwnhln

'".,...""
~~n:lnMsIs

- QI-.g.,boltI .....

-ThroI1Ie8ndclWCk onbo1n_
_SlaIIclarllbleed..,.,.,...atboltl..-..:ll



Hydraulic Cylinders

- BoIl"'oI"~_IQdIO"qindlrU.by

~.
-1learing~_<:ylInderClllPOt._IIodlWl1hln

lhacy\lrdercap

-e"",aplston$le_

1'"'!l.21

-.,..,.,---........- _ftrwdbyltlle.dedbush

-StarodBn:ltllGlld.a"'alllbott1_

-CJindWClIIPlsfillecllO~_~alllwlgle

-CyInclIoDalOw&ldedlnlocyliodwn-..

-=roa_ling~di,.:tWlcylirldercapor..... QYiOO

-5Mls:OIdIr'""9 __ OtglidfttWlll .....~t-..n

-eust-orwlga1bo1h_

-Th'Ollleancldleck.&lwtrcnbolh<tnlla

-SlandlII'd_ ....",aal-'Bn(lI



Hydraulic Cylinders

~ WithQulQlsNanOt>gleushioningb<lsh,
tIYotIIGandch<lclO:valvesoml\llld)

-Pi'l1OOllxedb)'lI1readedbvsh

-~'~SCIlIWedonlOCVIindG<I<.>bo8001od.,jb)'.

_Cylin<l&rba5e5we1<ledin!ooylindl!'Wt>e

~ PiSlOr1rodt>e.~r>gdi~"'<:yiifldefc:apor

_QuldebarKl6

F'\I_24

-SeaJl:Compa.cl_~seaIOf

ll!ld" ~r>g""als

~ CU5h1onfnllcdt attlase

~ Bk>edvalvioooly.ttla...



Hydraulic Cylinders

- ~caj)__qh;tM1Im -~~ ""....,.rmg""
-CyIrdIo"bawwelcl.a ...... ."..,....... -'oWlOUI~

-=flldbeer"'lJdiredlncylorlcM,caporJlS~

- ~cap"-lkl~""'_-..gMliJ - SeQ:.~seaMip"01Igl1ilS1t""'"

-C)oIncktl-......., .... .,.,..,....... ~-....'"""""""'U

- Plllcntodbeltnllg<hcl..qh;tMcap01ln~bIrod

Fig.26



Hydraulic Cylinders

-Bothcylincla<oo<lsw_intacylindertut>e

-PlSlMrodbeartngllygulOOband

Fig. 27

Types of connection and notes
on installation

In addition la ooedir>g ta koowtheopera~ng pressure
",stooand rod diameters, strake length and pulling Or
pressing forces. it is rJecessary to know where the
cylirld6f Is to be installed. Le. what type 01 mounting ~

requires

A number of mQlm~ng possibilities for cylinders !,Ire
shown in fab/es 1 and2.

When installing hydrauliccylirld6rsvarfouscrilena with
respect to the type of mounting must be taken into
account Six of the most commonly used types of
moonlingwiththeirlnstallationootesareshownintab!e3

Swivel or plain clevis moun~ng are used at the rear of
cylinders for moun~r>g for more than 50 % of cylinders

,,'"

-Seafs:C<>mpactseaVlip"",,'orglK\Qn"llseals

-Wlthol.lcus!l«>ning
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Hydraulic Cylinders

~ : ;;:~k:~~=1(~~l05lorSleel) in Wmm2
J _moment or inertiallor' orwlir. cross-sectlon inmm~

_(,t'pj/64"'O.0491',t
S _lI8'ety faclor (3.5)

Tl'Mrlenglhlobeusedasll'olfreebuc:kingll!lnglhmeybe
dMefrnQldlromfheElAM"a.dingcases(_l8tlle~).in

ordeI'toUTCllilYlhec:alcul8llonfhe stilfetWlllOUttothe
cylindertWrlsigncJRld.Thlapl'OVlde!llhe.equiNdNJety
marglninSlanClaJdcylino:le<s,lhenstallatiorlfX*llOnol
whICh II usually not knoWn. In order to gill. lor any
•...-lfllP06ld bending IoIds

Buckling

5.1 Buckling without side loading

~protllemstodowilhSlabllilyoccurwheneylnOen.

..... Iongstrokelengthsaraused.

ForlhtrpurposeofcaJculalionlhesecasesateolVided
imoltilas

- Non~asticbuckling1oads(Tetmlllfll'scaJculatlon)

.od

- 11IlSlicorHook'sbuCklitlQOcids(itscrtticallimiling
loIIditdelerminedtryEuler'seqlllltion)

InIlydr*Ulio:~EuII(.eak:ulationl5llaS1tal1ylhe

eak:uletiorlused.il$lI'oIpoetonnxlmay~be

eonsocleredtDbeaslMderlltut(negligibledoameter).

l.e.lhenxlbUckles underlhl8 load!

Mal. ope'l~ngOcid F. ~ .. N (21



Hydraulic Cylinders

5.2 Buckling wilh side loading

A particular reference must be made to clevis mounted
cylinders(Eulercasa2),whanusedeitherhorizontallyar
inclinOO 8t a large angla

BesiOOs the pure compression loads. bendin~ occurs
due to the weighf of the cylinder Itself.

Per1>cuiarattenlionmWiI be paid 10 large cylinders with
long stro~es e.ndwrnct1 are veryh8avy.

6.2 Deceleration force

Cushioning must enable a contlolled deceleratkv1
lbraking) 01 the slroke velo<;ity In both end posllions
Whendampinllstarts.alleffective"..,er~ies(formedfrom

ploductof moving mass and stroke velocity) mustnol
exceed the max. working capability 01 the damping, The
energy being decelerafed Is converted into heat In the
cushioning va11le, which works by th'otWng the fluid

"~

Calculetion 01 deceleration lorce

The dec6leration force of a hydraulic cylinder instalfed
horizantally is calculated as follows

Forverticalsfrokemovementsofthecylindertheweighl
force (comprising external load. piston and piston rod)
mustbeaddadorsubtracted{dependingonthedi'eclion
ofmovemenl) to the brakinll farCl'l Fa'

The cylinaer inlemal friction may be ignored in this
calculation.

Cushioning

6.1 Cushioning at cylinder base (Fig. 29)

Thepistan (1) is fixed anlo the pistan rod by means ola
cushionlnllbush

Whenthetapeledcushioninllbush (2)enterstheoorein
cylindercap(3),lheopeningforlhelluidleavinglhe
pistan chamber (4) decreasllS unlil it eventually reaches
zero Thelluidfromlhepistonchamber(4)cannowanly
drain away via oore (5) and the adjustllble throttle valve
(6),ThecushlOlling effect Is sel atlhe throttle valve (6).
Thesmallertheopeningtoflowis. thalargeristheelfect
01 cushioning at the end positions.

6.1.1 Adjustabletnrotllevalvelorcuahioning

Thedes;gnofthethrottlevalvestopsthetnrottlescrew(7)
lfombe,ngunsclewedwnenlheendpositioncushioning
is set. The settinll of the cUshiOl1ing is protected by
meansofa lock nut (B).

Extension Fe-m"a+~"p

Rellaction FB",m"a+AR"p

Fe _bfaklngforceinN
m _movingmassinkll
a _deceleralioninmls2 (a ';;'/(2"8))
v _stroke velocity In rn/s
s ",cushioninlliengthinm
~ _p,stonareaincrri'
AR _annulusaroaincm2

p =SystempressulelnN/cm2

1 bar~ 10N/cm2

(31

1'1

Chec~valve(g)lsusedtohelpthe<;ylinderextendfromlls

startingposlUOI1,Henoothethrottiingpointisby-passed
whenthecylinderisextended.Anyairlntha<;ylindermay
be removed by the bleed screw (10)

In cylinders without cushioning the bleed scmw is
included as slalldard

The throttle valve alldthe cl1ec~valvearebasic:ally bum
from the same components and 00nce they may be
interchanged

6.2.2 CalClIlation of mean cushlonlnll pressure

Under normal circumstances the mean cushioning
pressure muslnot exceed the norninal pressure 01 the
cylinder.

Po=Fe/Ao

Po _meancushk>nlnllpressurelnN/cm2

Fs",deceleratlonforcolnN
Ao =eflectivecushioningareaincm2

1bar_10Nlcm2

Iftheca1culalionproducesacushianingplBssurllwhichls
too high. either the cushioning length must be made
larger or the system pressure mUSI be decreased.



Servo cylinder systems

Servo cylinder systems are a unique sub-group of
cylinders

Theya;enotcategorisedlnaccordancewiththeirgeneral
lechicaldesignasindustrialandmobilecylindersare,bul
instead they are categorised in accordaru;e with the type
of bearing of the piston rod (hydrostatic bearing}

Cylinders with hydrostatic bearings are used in
applications where low friction andlor high oscillatIOn
frequencies with small amplitl.ldes are required

Servo cylinder systems are primarily used in movement
simulators, material and component testing devices and
anywhelll whero tho highest of dynami<; responses and
accuracy 01 the linear drive is required

Servo cylinder systems basically comprise the lollowlng
devices:

- servocylir>der

- servo manifold and

Hydraulic Cylinders

7.1 Servo cylinder

Four characteristtes are uSlld to determine which type 01
cylinder is to be used

- Permissible amount of fri<:tion of cylir>der under
operatir>gconditlons

- Side loads on the piston rod

- Aequiredveloclties olfhe cylinder

- Smallest amplitude Of control movements

Oependent on the condi!ions of uSe thelll are bask;ally
two designs which are used

- Servocylindorwithhydrostatictaperedgapbearings
ot the piston rod withoutpressurised seals

- Servocylinderwithtullhydrosfaticbearfngs(cavjty
bearings)oflhepistonrodwithoutpressurisedseals



Hydraulic Cylinders

A.B .. ~lWlgl"lOSSUrf' LE ........OU<>il P"cper1lting;beamg~,e 1upositlonallr8l'lSdo<::ef

fill·32:SChematicdillgmmofseNOcylinderwithhydrostaoctap<JrodgapbearingsupporongpislOflrod

fill,33:S<:hematicdillgramofhydrostatkraperedgtipbearingsupporlNlgpiston
rod,ThebearlftgpreSSI.Jremtl>etapergapbearingisequivalenttottleoperali"fj
pressu",/Pj

~.""
100 100

Z '" '"

~""!" I

of 50 ... !;() I I
tOO I 100

""
~

Diagram1:Frictio<llOOaSlJtem<lfltatPSl~2tobar.vEO.tmlsends=ctl00mm:(lfJfl!""""r:yfinder..MhydrastalicleP6f

gapbeanng,(righl!lIyt1reulic~w"thgli<Jeringseal



Hydraulic Cylinders

1.1.1 HydrosbltieUlpefedgap~.

$eMleylindel$wilhtapered gapbellrings are used in
applications wilh velocllies of up lQ vmax -2 mlsand
amaKslde load. {1I.g. etlectso! masso! cyh!'lOerand
moments 01 Inertia)

FIll·31 5eftOOeyIRIer .... ~OI'PbMnng

The Sllnes Is<leslgned 10< operalll'l{l p'essu,n 01 up 10
210 bar Il-nd rornom;nal la«;es 01 1 l04000kN.

Possiblowaysoll11()U(1llngarn.devisbeal1ngsate;tilllf
end.l\an{le$aleithetend.basetrl()l,lnlJnQ()(lr\IOOion........
The58NOeylndert.resuppWedWJltllllllntemal,
stalJOnafy.Jncb:lJvepoaitionadmeMUnngsystemas
standard. With !his measuring system. the poslon Slrokll
IsmeasuredandlheeetualvaluelssenltOlhecontrol

"""""''''.
The ~buiIlinlO lileserwcy1lndll<sarnnol
pressunsedbylileWOflmgpressureHllnoevesylow
lncbonillptOlU:edlf1l1w:slypllolbealTl\J.~

atX::k-slip eIiects are lM*ied. These avantageous
tharaclef1$lieS am IJhown In the Incbon dIagrams
IDlagtam7}.

The'comperison~thatlrictionItl3Of4llmeslow8r;n

lI8rvocytindefs.

Hydraulic Cylinders

Flg.33.:Sc#'aon;;JlCcIilgramDl~.....,fIIP-.p

md. n,.'-""'!:lpre-.in""__fl"P~.~
preswre(P)

i
j ~,mtmm~~111~ ! II

O\agraml:Fni::fionllllNlSu~alp",.2IObar.v.O.1M"1

gapbiJ,Mng,(rig/Jr)h)d'"_q.1IndIorwil7lg/fdoring_



Hydraulic Cylinders

il.9JOred.lta~lolIdaetsonIheP'SlOnrod.lhebearing

pressureltlncreasedinlheopposngcalllty. Hero;:elhe
pislDnrodlt_tlaIdinlhecentralpolllJOll

ThII.moorololIricuonOClCl.O'lQII'I .... hyGostalJe:
t.atlrlgs(callllybeamgs)islhe_ulcwl3p8rndgap
ll8amgs(shownindlagfllml).~"-..culIcI

IncbDnlsalsollillidincallllybeanngSln:lerl'deloadsas
lhe~rodisnolablalorubagu'5llhebeariny

surfaoesandllencelncllonremillOsalaconstanllow.....

Hydraulic Cylinders

.... a .. op,pr..-e L ..-,oiI P.opAlearingpreMure 1.P'lS'bQnol_

FIg.:lSSd>9mR'IC<hgramofSflMJcylindttrwi,,,flIl/ltyrkoslatic
OOa""l/S(CllvllybNfingsjsuppot!iflgrhGpisronfod

"._@_.
I.

Flg.36.scr-.aIlC6Jlgfam"'hAlt)'dmsla~~oogs

(CllvllyfJU""flS)Wpporling"",~lOtlrod



7.1.2 Full hydrostatlc bearings (cavity bearlngsj

InhydrauliccyljrJderswhichareusedathighasweHas
Iowv&tocitiesandwhichmaybeUnderhighsideloadsful1
hydrostatic bearings (cavity ooanngs) are used,

F"1g.34,Servocylinderwirllfuflhydros!a1icbealings(ca",
IYbearlngs)alldmoontooseM>maniloid

Theseriesisdesignedforoperatlngpressuresolupto
280berandfornomlnalforcesofl0tol0000kN

PossJble wayso! mounting are: flange at either end Or
devis Of trunnion mounting. The types o! mounting may
becombiru.>d

Servocylindersaresuppliedwithanintemal,stationary
iIxluctive positional measunng system as standard. With
tllismeasuringsystem,thBpislc>nstrokeismeasuredaoo
the aetusl value 1$ sent to the control electrc>nk:s.

Thisdesignhasfourcavitiesarrangedaroundthe
circumference of the bearing. which provide lhe pislon
rodwithfourcoupledpressurefieldshenceholdill{lthe
roolnthecenlralposilion

The~ringpressureinthecavjtyisequivalentto5O%ol

lhaoperat,ngpressure(p) iftheetfecl of the sideioading

Hydraulic Cylinders



HydraullcCylinders

7.2 Servo manifold

In order not 10 unnecBssarily reduoe thB good dynamic
characteristics 01 hyrlraulic drives. the pipe ler>gths
between the control and sefVO cylinder must be kept as
short as possible. In ordBrto achiBve this. the sefVO
manifold is mounted dira<;:~y onto the servo cylinder

l"ha piping to lhe power unil or 10 the isolaling system is
via a sefVO manifold. Additional lum:tions, such as force
limiting. pilot oil and bearing oil filtration and pressure

storage are illGILJded within this manifoid

r----------- I
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i I

.\.-F=+~~_~tf;:; :~----L-l
I i I
i : I
i ' I
I i l yO

i : ---.!i"
I i I
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I i I
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i ~------: r-' -!!
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Chapter 8

Rotary Actuators
Paul Schwab

General 2.1 Vane model

Rotary Actuators

Rotary actuators output a swivel movement via a !<halt
wilen pres,surised with fluid fegardless of the type or
oosign of the unit, The angle the rctary actuator moves
lhroughislimitedbyfixedoradjustabiestops.Hencethe
rangeofaPlllicationsinwtlichfotaryactuatorsmayoo
used is limited.

Tha compact and robust design and!h<l possibility of
transfemngtargetorquesmakestharotaryactuatorpar·
ticularly useful for applications under rough operating
conditions

Types

In a similaf way to hydraulic motors with rctating output
movemants, rotary actuators may btl categofisoo into

- vanetype

- radiaUtangentialplstontypesand

- axialpistontypes

The vane rclary aetuator is particlJlarly economicaJly
oosigned,asarcundhou&ingmaybeusedduetotheway
thecentralOlJlputshaftwithsingleordoublerctaryvanes
has be.en designed

In addition a through shaft may be used in this drive in
order to add on another output or display devices.

Vane rctaryaclualors may rctate lhrough an angla of up
to 280'.

Torqueisproducedbypressurisingtherotaryvaneswlth
fluid and Is malnlained constant over the wholll swivel

'"",,,.

By using double vanes the torque producoo may 00
doubled. blJttheswival range isthendecreased by about

"'..
..........

F'Il,2: VanatypelOtllryactuarorwirhsirlgJ6vaoos



Rotary Actuators

2.2 Rotary plstonlrotary actuator

lntt.tmod8llhell*llOCllonlh8poaklnwhlchhas~
IenliJlI**lID~hI!lQlUlllmll__ ol

8boul.5gr&llitnl.Thehlllxanglef;olltle&elwos;llonet
areCllJ'pOOOdAJoneollhesesplinesisrtslrainedby

maling .... witIwllh81Nr~andIheOlhet"
wniartt~WlItWIIh8OUlpulsr.tt..__
lTlOIIOnolhlpollOnca.-lhIIIoutpulsl-'!lDrotaIe

flotary~__torsmaytrlCMlllvol.9"

lI'/II'I'o'eIangle ot '4l ID 7'l!r.

r'04~~ ""'PfI'UC
O(»f(frttdby"""'IlS""'.~

2.3 Parallel piston/rotary actuator

1n~~acIlIMCwstwopolklnarl'lOWlll"

paraIIllD~Olhar_~~"""

IluKl.Thelorcepnxlucedinlhlliway"I~101t1lI

OI.l!put shan vla piston rode (~mIJar to the way In whlcll
combUsllofl~ work). n-e poakln ..00. ad: at I
tangenllDlhIIIrt:Ilf,lIngootpullhilfl..

P.ml8l~aduI\OrI;....,trlCMI'Ilfol.9>'

........... W9Id~lOlllO".



2.4 In-tine pJstonirotary actuator with
connecting rod drive

Tlle~oIanln-lineplSlon'roIaryI!lClUlltor.almilarlO

Ihatol.dolAllel!lClJngdoublelOdeylirlOlJfwl1hovl
prolnDngplAOnlOd .....

ThecenDlpodanpartclr'oYMlIWoutpoJIthaft_.
oonnecungfOdoo-...syst-..PJston.c:onnec::*'ll.odand
~".,e"8ilueledin.-*,hOuIlrlgWhlehIl

held together by tlaoges.

IrHlne pIAnIrotary K1lIiI\lQ wrlh COMIding rod drives
llWt~fwough·'-"rogIeol",,\IOllIO"

2.5 In-llne platon/rotary actuator with
rack and pinion drive

Inthlsdesign.thece<llf8lperlofltMprIlOnittotmedinlo.
rP- Thelnlerlockongpnonproduoel:lIWoutpl.rIlOrque
AItwol9I-.ftis~"''''rnodIl~on

"JWOKI"llIDo.~",al90.I40.180,240.300or

3eO"or_moremeybellChieYed

JIJ...

Rotary Actuators

'..
-~---...-

" ,
-.-.-,.-~_lb.CIofOllqotndtretttlfld(n--



Accumulators and Accumulator Applicellons

Chapter 9

Accumulators and
Accumuator Applications---

General

ThemllinUlsk04MlaccurTll,llalOr"IOUlke.~

MIIOOOl04l1ui1:lundefjlfllS&l.Qfromlhenyd...Ullcsysl(tm
lIIldslCn~until~"rnq"lredwithinlheayslem.

Aslhefluldlsund4lrpresstJ.e,lICCUmulelOfliarelmal6d
u ~re ...... sod muel be _9*l1ll1ung 1'110
ICCOUrlI Ihe max operating pre"",... However. they
muslaleopestlheac:cepalanllestanelardsinNcounIty
In whdllhry are oeing used

InOf'derlOlIIOre_rgyl'lao::awnulators,lhelluld.,an
aDlUnUleIor.-.ghlotspmgloMledor~~

agasIPlp.f).

ThenitI:lqabelera.miIlfUlned'*-'lhePf1!SSUl1l
., a "-d and .. owc-lll P<-.re pn;:OJoed ~ ..
...... SPWlllorpressureCfN\8dlrom .. ges

W8lllhtandspmgll*:led~ .. CII'IIy
contlderedkwspe<:>eolirlduslrllllapptiea_andlwlce
areO/IIlIIe~.GNp<MsunMd&a:umlllator3
WIthouIa.eparallnge!emenI"eMldoml.-ed.,
lYy(trllVlic IYltems dvI to the nuld tltking In gas.

In most hydraulic Iysleml hydlO-pneumallc (gas
pleNUril;ed)aeeumullllOrSwllh.MP8...rmgelement....,....
Oepen(iIngonlhetypl04~elerna'lI.-l.

~'''~lr*lbledcilw.plAonrd

~lICCU"""'IOrI.n-aeeumuilIlor&wilbe

deIo'tledinl'l'lotedellll.,Il'lI~~.

'bk L
o[!J ~-a-;



Accumulators and AccumulalOt" AppUcatiofls

Function

AecuroolBtorsha..-IQcanyOUIvariousll.nclloNina
IIyG'aI*:qstem. ag

-"""" ......-,,",,~

-EITl8f9"'lCY~lJon

- Balaneeo!forees
- OamplngolmllCNnicallhocks
- DiunpngolpqllUfeshocks
- CompInIalJonolleakagiOll
-~gfshodra8nd¥ibnluor.

- OampwlgolpullM
- Vehidesuspen$lOl'1
-RecIlllmlngolClllC8llM'atlon_rw
-Maln!llnlngcontWll~

- Compen&alJon oIl1llw(.~ *'*1

2.1 Energy stor8ge

Thediagnlm(diagraml)BhcM1nglheplMW~in

;jIpW;licirliKllonlTlOUldngrnac:r-~~l8!5

1I\iIlI'IIaJ<.IJO"#I'8flSooIfyreqwedlol"ashOl'lpenoclrtlhe
tool¥Ol'llln •• ~lngalahogh~..-too:ity

~.1UIfIcenIpump plMW must be .......... kif
!his IIhort pel10d of mnomum ~er

ByUling-ecumutltor.lhepump~,.,.ybe

deCrMsedlll"'~~~Thesn&llorlow
oIlhepump.lhe~lOtdunngan~lIOI'1

cydIIwt-.Ihe~IIllwIorIheSJS*nis""'"

1NnIheIlllw!l'omIhlpu'l1l..... ma1Iow .. .-quored.
!he d1Tl&renoe 10 tho !low !rom !hI pump IS taken from !tie
a<:aJmutalot

i
J

\S/lUI-oIIk>ol
2~ dDw9~
3 ~.-5 Baci<llm&SUr1
6~(Wgrm""""l

7 ....... llitoa ........_..
9Hydf_~

10 CooIng_



So!neolhllllltlnsol"8111

-PoIIibiIityol~"""'~

- t.ower1nstallldpower

-~healproO.J(:«l

- SlmpleIefViclng.ndlnaUillalion

1n~.~oIpressurellllOd<slll1dpulses

(~on Ifle sv-nl- ptOYId8d TNI ncr.
lhellelVll»liIeolhalfllP/etesystem

Accumulators and AccumulatOf Applications

By.-.g -.nlA1OIS. -vv .lIlhWt.

In~"""whdl~,........'-Vl'.moool

olOllorlllOtlcyde$..xunuIiIIOnin..ct..UMdIllOl"lB
to~..,toeonomlc:soluIlOf1.

e..mplesol.pplk:.Uons

S."....I XIUoIlor. with nrylng 011_......~



Accumulator. and Accumulator Application.

2.1.1.2 !Ihoo1et cycles (••g. In mKtIlne tool.)

~~~~g~~~d~~
"lrwIIIdlNllMlcoUm.__~

ltIanil-..:tbeW.. lIwlUdt>MlIoPflMtwoughtile .......
t.nl-~Ihes.,-nmaybe""'~mortI<pdctyIn
.o:tibonllw~IOrS~OUllNvarylngl\ll:l

~dtlMlKtull1lQ



lnordlrbl1l..... produclionin~rd

lU'dq~lDng8Rdf<osllpproildllltrd*_

reqwMlinnwllmllmllme Theactullwortingprocessill
then cerrled out 81 lowvelodtylllld.' hlghpressure

Und6rllghtllll'VW>gconcillons.~l(low~

~I, pump ~ (h9l press>.n IJUI'"CI) and h
~"d8lwlrIuO.m"'''dMlr8dh9l
Y8IocIyi8atl1lmed

AsllWprMSUr8rianlOW8rd1lt>e8'ndoflheapj)f'06Ctl
IlrtU,Check ........ \Ajd0M8 NowodtlJUl'"CllcillMn
~""'.lowtowrd•• hoghllf1l'SSlO.Pl.mp1
1I'88IlWhIle~1t>e~

Aceumulaton and Accumulator ApplicaUons



Accumulators and Accumulator Applications

2.2 Fluid reserve

IlIheac:evmulalOflsusedaeasafelyelemem,lldoesnol
opernte as Bn llflellIY source clJrirlg normal operalion 01
ttlllsystern.llishoweverslwaysconnectGdcllrectlytotna
pump.Byusingl6aktigntbolatingalemenlS.the51ored
1IrIlI'!iIY may be held indeIln~eIy and is lmmedialety
avalla~eifrequirGd.

SlI1etysystemsusingaceumu!alOfSafeUSEl(llnnydraulIc
systemsloremetgencyoperaOOn,lnoroortocarJ'YOUI
specilicaetionswhen faullso<:cur.

SOme exampkts of ectJorlllto be IJfIdenaken a'a:

- QosJng oIpa"~ions. !laps and switctllls

- Operaliorlolslldingcontaels

- Operation of high powar switches

- 0per81ionolquodtshui-<tr!iYSlenJ$

2.3 Emergency operation

In eme~s. a.lI. if the POW&( fa~s. a woriling or
doslngslrokelsCSfTiedoutwlththehelpollhflen(lf!W
presem in !he accumulalor In Fig. San all8JTlPleola
clrcu~ lor al11flfll'llflCY operation Is shown. II powerfaHI,
!he sptlngcausel valva (1) 10 close and return to ~I

origlnalPQ5iboo.Hencelheaccumulatorandpistoorod
skleoltlleeylll'l(lefsr1lconnected.Theoilundefpresllura
In the socumulatorcauses lhe piston to retract.

Another application 01 llme<genc)l operatlOfl USII1\l
aocumulators;s whan anopelaMII cycle which has
SUlr1BdneedslObecomple\lldwtlenSpllrl'4lorvalYe mal
iunctions.

The main leatures 01 emergency operation uslog
aceumulatorsare:

- Diraetavailabilily

- Unrtmltedendurance

- NofatillUG

- Highest safety achfeved lor little sarviClnll

Short-lermsIOf8ll4lolalargevolun>*oIpressurised
011 lor UHon system Isilura.



........., .......
Aa:umulIIlOfSmaybeu-.:l for!hll-vency~tion
!lfblakQanddootslnmountaJnr8llWays.eablecars,
IllQlorcars.etcThellCCUmUlatorsarelilledellherby
molorpl.llTlpltlWhandP"fll9'WllhinIhBSlaIion.Henoe

~atw8Y'haw~-m''''''''''1rl

OtdBtIot~tnklnglgbe~out.

Often""coruollJystem .. ~.~.a"P'WlQlon::e
CIl"f'*lhebtakBandltlBbrakecylindtts_kepl ... ..,.
'oIf"po6itlotllnoppo$ltiOnlOlt1iSspt1ngklrcebymeansol
t/lellC(:l,jmUlator

EmatgarocylubrlcBtlon

lnorderlg,........,lhBlutInc8llngfilmonbeamgl.lheM
Ift.I8lbealr'lllilnU8ly~"'kb'Ica*lgol.n.

-.1tlM .. lUbrlcaIadpclSlllCJr-._....,.l.ftCltr
plftSUre Ilhllubrlcallngaipumpl....,ltwlpt9lttQean
bekeptCOllSl3mbymeaMolltleaocumuiatoruntillhe
machinehus!oppedOfuntilabuih·I/lIIUllilliarypump
hubuiluplherequlredpressu,e.

Aecumul8tors and AccumulalOt" AppIk:8tions

"~otlnlarruptlontlnoperatlondurinsla-.,...
ll~tIllIinlherrDleotanoparall"lgcydllol.

procb:bOnlT'l8Cl.-, .. rM)' .... lIOe~

1"Il8mlpIIor'l00000000ln~lnsuctlcases

accumullllorwcan ITIlIke sure l/Iat lhecyele wtllch has
alanedltlcompletll(l



AcCtJmulatOfS and Accumulator Applications

2.4 CompensatiOfl of forces

ForoosordisplacemeJnl$maybe~ledbyUlll'lll

lIDClmUIItort. ThII ill req\M'ed In a COfIIJnuousworMlg
procesa.lorexample, ... ~~ltlnglnllyOCCUldualOlI'MI
Ya"YI"llll.clot_diIIloImeclll'llllelialllhalOlltoroa._
OOfT8CliId'~lII1lot.,._~.

obIaIned.... FIp.•O.CIIeutlillhoWnlor1heCQUlllIllba
lanangot.mad1InelOOl.lnduded.re1he ....anl
~1OIS.od!he salety.nd Shut- 011 manHoIdlIwtIoch.,.. moooled cIreclly 011 10 lI'KHn.

Tha!ollowlngleawr.mustbemenllonld

-Sottblla~oIlon;:esanclhontleloW~on

looodauor.lIod"'m&

-SlIWlgol~8IghIs1lld~redUc1ion'"

W8IgI'Cand~~1ot1'"lMllllllon.



2.5 Compensation of leakage 011

The",.-*'groro.lIllhydraulieeylindermayonly
berroairJglnMl~lhelDs.!lMoo.lDl8lI~in!heaystem

lrecompenaaledlor~are"'P'dlllly

whabletOflhl5 Acircuileiagram'Cll'eornplll'lS61lonot
lNbglloll.lIhoWnln"'.lf llmaybe_tromlhe
-.,.m IhII ....~ III lrDm !he aca.muI*w II
~1nID!heplslon~ Onoe ....~
-'-below'MI¥lluelnlhl~.1he

~.~ID."~lOr,-,,~........
The 19a1vree of 1t1lf; are'

- Nocontlnuouaop&rllllOnolpumpe

- LowleYlllolheatproclucldandhlncelO'w---- LongMMCel6lloflhltyslem

Accumulators and Accumulator AppitcaU0fl5

~
~

P!MaurII~may_in~tyIlItIW•
.. _oIllowol .... lladdlwlgll_lo~
proc:essescllplndBnlonlhesystem.

c... 01 ..may n:t.I:lI:

- No!HJnitooMy Wllhtn II. hydraUlle pump

-Spring-Il'IIIII~(preseu,,~1n

.........).AbruptCXllVlllC1ionofdullnberswilhYlry!ng_........
-~oIsh1.l.glland~ ..... ...,ftIrt

operqfol'ld,*-",*'-

- Connedlon~nvaMngdiltrol.UpuI'Il:C

tnconjuncbonWlthltlellbov•• lklwll.oop(lIIUre
lluetlllllion,ooc:urdeplondentonlhloplfStlonwhlch
n-.notgI... eIl«tonlhlMNICI.ot ....
~wilIwll~

~in~.....,be"""",,*,~

stlocIc$and~CIII*lIingon"e.-.lnordlt

IOMSUre IhIlop&rl1li01'1. not Id\IerMIylnlalCl by
lhtilI.tluctuallon$.i1lt~rylOdllermlnllhllizlol

prQll,lrelluc;tulbOnwhll'l~'SYS1lmIl'ldhance

MlectWitabll~nlIthc::Io*.Th&rI.reIlllf'lyWlyS

ot~prllSUrelluctuatitrll.bulhyMulicdlll'4*S

,....t-ltol.n::llobe~ ..... IorL.ain--
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II Is recommended lhal pulsllTion damping devices a'.
usedinoroallomeetthe,equinllTlenlsole.machin&swiTh
respect 10 high POWSI and shon pulse time and also good
darnpiogolnoiseTh18lypllofaccumullllo<reduces
I!uctlilll!onS inllow produced by the movement 01 !he
machlneandal80,&duceslhetranslerollhese
Iluctue.TionlIlOf1I'S(lI1alingdeYices.Thereloreltlenoi$e
Iev1lI lsredUced. In addillon,<:OITIpO<l8f11 and me.chine
servic81~e il,; inc'eased

Forposlll~edlsp'.Cflmtlntpumps(F'9.13)

Depending 0'1 the type ol displacement pump
nuctuatlons may occur In 1he 1kIw. These nUCIueTionll
cause noise e.nd vibrations 10 be produced H&nCllthe
hydtaulle syllem may be damaged

Flg,13:U"oIP<J!SIll<Ofldamok!rielamfKlrsinpos/rlve--
F«t..'·.wltchl"gcontrol~al~.. (F"'9. t4)

So that lhe. positions In varves (a.g, seMl and
proportlonaIvalvujcanbequicldybutsmoodllyvaried,
acaJmule.lOrSneedlObelnstalBdO'1bo1tl$ldesol1he
valves,lnacklillonnagativepressure.peaka.whlCtlmay
lor sxafl'lllle damage !he Pf8SIlure line rilters in the
hydraulle,yslmn, mayba aYOided.

F'lI.14: UUolpui$abO<ld.ompo'lg--.zl>'l/lylhute
Syihlmswiltlpropo<fio<Vl<KS<IIWvslVtll

Forpreuureosclllstlons\Flg.ISj

In rnosl hydreulil:: syslems pressure osciIallOnl are
erealedbyservs,a,llly<Iraul;ccomponentso,duelO
~e~ng loedI in the hydraulic system. e.g. movement of
1hesoooponsnexeavalor.

By using e.CClJmula.tOll, components which alit sen&ilive
To pmsswe osciIla.llons (e.g. hydrauloc pu~) may be
prOlectedlromb&u'lgdamaged.

In on-oIl eltuetlone (Fig. 16)

Pressureahockss.. crealedwhenakorgellowlsqulCldy
mtrodUClldlntoaretumHne.Thesesh0ck8rnaydamage
011 cooJel$ sod 'etum line !illlll'l.

I" addition. ~aIves. pipe Ik'lM anti littirgs may be
dllmagOOdlletopressu,eshocks,~acolumnolmoving

nuld is ab<upIlyslopped. ThlehllPP8f1ll,rOlsl<alTlple.
when an en'I8rgency shul-olt occurs..



Forhym.ulle~ngI;

AQcumullIIol's II\IIY be used as hydrlIufic spmgs 10
tlf,mpenlJhoeksBMvlbnl1ions.

WllI*aose1he~oasirl""~\Of.

llMdil5a..-olJ.

~btr,dnulcll)MgS_

- QlMl~(F'll' 11)

Acx:umu~loq al. used 10 ,ansion.",.;hlne and~
en.tnlllI'IO!'OerlOaYQldlJ8ntf... oIshoekslrom1hedriYe.....

AccumUla10r. and Accumulator Applications

- T-.oni'lg 01 u-.-. -.d -..---. CIIbM
lFig. I 81

l(lw!OlefancHllrIIt«llMredlntn.lengtIlIoIwnlaf
eatlIot(:3I$MdIifts(Iof.~)lOthBlll'leylNlYbe

ope<aledwllhoulli'slurbllr\C(l$

By~llCICUfllUIalOfJ.''''diIf-.mllJngll'401wnlor~

n down ... n-.nts 01 c-... C*$ Of ..

teo'l'il*"....tb::taallOntWld'lW)'ll'lgIo..:tl.,liftslNlYbe

-"''''
~fflqUftld~Iof~~oIel1blnWd

pulling IOfC., is mamlall'llld.

lti$:i=i-I
L~ . i
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-~""""""IF'll'.I9)

'NtlendnwlgOYel'_~Oftrael<s~

-.ocb .... produl:ed..tlchdMlllgelhe~..-.
ByUUlllhydr01Jfl8UfTlllbCauspensoon~

8loclls_~if*lhydrUle-.ocbltlf'ough.,._«_
Accumulators absorb the.. hydraulic $hOC:Ka

ByuSW'Igl'lydro-pnetJmallCauspeoslononvehlcleslh's

- ,eo..cesthedangefotsccid&n~

-m-58MClIl1illl

-~lXIfTllnlOtIlllakenalh1gherspeedt

-1\MpI"'loiodon"~~

-l«luoMfJ\il1efI8lloedlng..-.d

- oecr-~c:o-.

11£
~

r _.. "
i 1-: i ::
L__ . !

2.7 s.paration of fluids

InlY'lem5whoc:h..,..opera*'g1luoc»1OtIlllOO'J1O
~leCl,~""~1O~""'"

R.a_~by"blIlllMror"*'lllrWW~.....-
s.pr..tionottlqutdlt..-d~

In 'y$lenw which ...pnmanly pneumabeaUy operslfld. ~
lIa<N11ntageouslOhydrauliclllyoperalec:ornponllflts
wh~ need 10 produoe large forces Ie g. comprenlon_l
BylU'll8ClCOOllllBlor5.lIydfa*:aIylllldpneurnriclolly
O(lef.led componenI:S may till separal«l. HenoI •
~".addI!IOnhylhulicPO"r"'OOMtlOI.-:I1O..-

Flg20:u..d~IO..,...Ie~patr

d ...... 'YlJ*7Ihom",./»oU'aukaly~.,,.,.

2.7.2~tionoltwolluld5

For UlIfl'C*. on ~..., blrlg mg'"
whoc:h .... L.-tIn .. ~InduItrr,1he

compfft5lldptllC8SlV-trom"'~lfIUIl:ntIl

till ffUed wiIh Ihe ilCUli'lQ IuId Ior!t.n:flol'oallllld-In1hlslypllofsealanitolallngtluldllnflC8lMry.TheIevel
oI~aof1tllS1tOIal:WlgllulclmuslIiaO.s101bllf

aboYelhelllYel"'lhegaspresaura"'1hII~_



.....I'I9'~.~~lhI~Wl
0fdIr1O_"1hI1l1gh1fpr.-1s~'1..-
n....,n .. tlnkwlw::to.,....lDllIgIS.
~wilhlhlgas~lftmlhl~

AI,"moIl(:lS8S,lhIlIuid.-l.,tt*hlghtlnkdoftnol
~.-.yIlb1c:lting~.lhIbbnl1rlng

INlSlndltle$l'laltbearlngsmUSIbf!op&rllle!lWlm.
lubricIting-"bngnUid.

ThI'lQUifld&apllflltlonollhelWOftulchillC8'~OU1

UlitlglCCum"lalln.

2.7.3 SepBmlonoftwo",,_

AocumulllOnilfll uMd 10 bIlMC& ~... WlIh
IlrnosphIfk:pressuflN18y11_"",*eltle<.ill~

01 extelTlllWlIlllf ingrelll YIa lank brlNllthe.. or In !tokl

""""wI'IictlIfllIiledWllhnllrogenlo'YOidcondenl.ation
IormingduetDlarv-~In~lufI.

Accumulators and Accumulator Applications



AccumulatOl's and Accumulator Applications

Gas accumulators with
separating element

AccurlUMcn basally~ ....~
and.guc>omplI'ln'lel'ltWlth.geslighI~

......,.Thef\uld~l$c:onn«:t«lW)1he

hydraIIIcc:artul Asthl~8 ..~_1heP5
~c:ompttISIllIdlndlbd .. Ied"'ll'l8
~...~
Tha~lYP9BolaceumulaknWithI8Pll"ullg

al&mantsaf8usedw,hydra:uIk; svs_

- bledcIe.aca.mul8:tot

_~aa::umulator



Accumulators and AccumulBtor ApplicaUons

3.1 Bladder accumulBtors

BladdeflJCCUlTlUlabDr'CCIfI'IPr\&8alluldoomparttntontand
• gu~WIIh.bladclerblroguMd ... lhe
~Mf*1Iwogele!Nnt.Thlltl.-l~

IlIO'llIltdlglheblfldderllc:ono.ctltdlOlhel'lydraulk:
clruIt. Henl;easlhe llf8UUre Is Increased the b1a0de'
~~"'''''''gulicompres.MdAsIhI

~11~"~gasnpardl
andllU'l'*lheltOfedfluldinlolhearcullBladl*
~ma)'beIn$tallldYertlcaly(pretemlCl

poIitionj.l'lOnlOl'ltall)'OI"evenatanangle(undercertllln
operabllg COO'lI2tIons) "the ac:cumo.JlelOl". nstaIIld
\iltII1aIyorll..,.....tl.-l ....... lnUltbe.-l...""""
BlaOclerlloCeUffiUjalorsCCllTlp(lseola~orlorged

~ClOIUI'lIf<ll)'~~I2).~

bOM~(3)andoil"'(41·G ...ndtl.-lB~
b)'lhe bladder (2)

Membrane accumulators

MernDrane~5compr1aea.leeIconu"r..
Wl'llCf'lIa....-carcIO~and• .-.Ir
~ ............ flIeylindncal.lMIde ..
lOC\.lIIlulalor IS a membrane ma<la 01 an'-stlC ",.lellal
(alUtOmlM')andwhk:hllusedaslhesepwIlllngMement

There_lWOtypesal~~"""

--""""""'"
- ac:fewadoonstruetJ::ln

lnlhe.........,modIllhI~ .. pr-.sedr«l ..
"'l*!beIonllhlon::ulilJ_~lIc:.neoO\L

9)'UI4O\lilarMbiewelcllngprooeta,ag eIeclronbeam
weldlngilndbysilua'l~thernttmbfar>lc:orrecl~.U1iI

.......1hII1..8ClIsIOrlwrnill-'al."lIl~....
lhewaldinglicamedllUL

Inlhe~modIllhe~ishlldn1X*llOrlb)'

ac:fewing lhatopandbonompartlOclarnpingnulS,

'~
,-

: '.

" VaM"'".........1 Gulil_,-,-



Accumulators and Accumulator Applications

3.3 Piston accumulator

Piston accumulators COmprfH lluid aoo gas camparl
me0l5W1lhapislOnbe'"llusedasll1Bgastighlsepara~ng

eIemem. The gas side is pre-filled with rlttrogl8f1

Thefluidpartjsconoectedto\hehydrau~circul1.HellC8

ulhepressurelaincreasedlheplstonaccumulatorls
lined and lhe ItiIlI Is compressed. All the pressure Is
cMlleased.thecompres&Bdgasexpanosaoopu&llesthe
SIOnldrtuidintolhecircurt.PistonaccumuletorsmaVbe
Installedlnanyposltlon.~theprefe"edposrtton

Is the verlical one with th&gas sKle at the top, so that
depositaoidirtpartlclesrromlhelluidonlhepislorlS&81s
areavokled.

Thecieslgnola~llton8CCumulatorlashow!1lnlig.28

The maIn components comprisa ll)(\&ma1 cyllnder tulle
(t).pl$toni2)wrtIlsealing sr->19rllandalsotnefront
covelli (3.4) whil;f1lndl>de the fluid (5~ aoo gas ports (6)
TheeyiindertubehaslwOl4Sl<s.OrIlheonehaodilla
lISedlOr&<;(Iiv(I\helntemalpreSSllreandontheo!hel
handitlsusedtogu!dethsplslon.Whlehisused!l5the
.separa~ngelernentbetw900thegasandliuldCl'l8trbe<1;

Arequiremenlexia18lorlheklcllonbe\W8Wllhepiston
Hal and inlernal wall 10 lle kept very low c1JrIng piston
movaments 10 orde.to balance the pressures as m\Jd1 as
poasibIe between both pressure chambers. For Ihis
.easonlhetllll1aceoitheinlemalwaRollhecylinc:l&rllAle
mustlleflnelym~lned.Dvetolhelri<:tionpre&ent

~lhepistonsealandlhelntemalwal.llillnot

possibl8toavoidapre5$Ufe<tlferenalbetweertthelluid
aoo gas chambers. However, by &(l!eclirl\l s 8ultable
_~ng system ills possltlle 10 limit the p<98IlJre
Illllerlll'lD9foapprox. 1 bar.

Illspossib!elOmonIIO.theposhlonoftlteplstonlnplston
liICCUITlOJla\OrS.AtriQgercam.sltull1edonlheprotrvding
piston rocl....rM::lt can be u&Bd lOoperal& lImlt$Wltel\es

The positon of the piston at any point may be monilored
byl,lSlngtltl8tr!gge.eem.Ohenlll8posltlonorlhep/llol'lls
use<! 10 COI"ItrOl the swi\etWIg on end 011 ot lhehydraulic
pump(s)

3.4 Addition of pressure containers

AclcIillonafpr8S5U.ecortlainelllarerecommenlle<llObe
cortrllldedlOlheaccumulalorlllherelaonlyasmai
prossuredllloreoctlbetweenthemax.andmln,operatJng
P'&t$llf8581ld lIa large YOlIime or gas Is requlreci for e
small elfectrve\IOIume.

TheiollowlngpointsneedtobetakenintollCCOUntwtlen
selectngtheslzeof.acumulatorrequ/re(l:

- VoIumeexpanslondlMllOnuctus!iofWWlamblent
temperatura

- Permissiblepressureandvolumel1lllo

P-/Pc· Va'V2

- Elleclivevolume



",ccumul8torl ana Accumulator ApplicatIons

Accessories for hydro
pneumatic accumulators

4.1 Salafy and Iiolating control blocks

FIg)l):~~Ill<~""AIwlyWld

~CGtIIlllI_

lheutelyard.-olabnglDllroll*;ldl:isan8QCllDOlYfof
~~ardur*-ding8ClCUlT'lUllllcOf

1lycDI*:--. Tt-.controIbbctl:'-IheU*Y
reqw_and~-.ndatds"IheCOUlllJln

InwhlehillslJMd.lnpattJcular.i1~Ihepres8l.Q

Qorlla!ne'regu!lItlonswilhrespeeltopreuureeonl8lner
tql~lnaocordllnceWllhlhepou1l$mran\lOned,"1he

l«hnIcaI..,.tionsonpr85$lll'lc:ontaInIn.
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,.
....M..~P"'W

, .-T .. T....

F",.32;SI"'t)iaOO'-"IIl9OOf1l1'01lllodlwifillKWtlolO....~-

P?tI!~1
L --.- P T ...1

TlwNletyandlSOlaungblock~va/Yeblock(lJ.

c.lt/'Ogllpres8Urateloel'vaMI(2),m&WlWlut-otlY8lw(31,
......n..H.llyoperll1ed safely valYt (04} and in Ilddltion to

lyslempotl(5)i1atsocompriMtlhe~Pf$ISU"

O"UQeports.



4.2 Filling and testing procedures

Normally rlhrogen Iollses .ra Yllry klw In l'!ydro·
pnIUmIllc~,IioweYer.inor08flOlVC*l""

~1triIung""~.-.:llNlUddlrorlTlllmblwW

MoornroglOOcWormedf1helnlllal~Po

dIa1IlI_.~.feoommendlldltlalll1oegaspra-dNlfge

lftIlllIAisregulaffychllcked

9yusingll'tllilingand~unrt.~.IOrS_

.....l'lIIfOgItlorhlNlal~~......
II.-..c1.For"~,"'Mn;Jqte5llnglnt.

lCfeWedomolhegulla..... oItheaccumulalOfand
oonnectedlOalllandardnllrogenboltlevill.a'leiOOle
!llingr...TNiniul~PoselIllIleM:lCUfTlUl8tor

mua.bota~~eaeh_"""lIOn.-.:laftef

Myrepllif.-.:llhen.lltMtonol .......weeIlIt:Jlo:fMng1hll
riIlIIaurr*\llbon_llnolll1fOlJ'f'l~arede\eCted.

theflaf\lfthefexafl1lflllbOn~ntaklll'lllCllllltll'tour

rnonlhsll.cI\llfIQeinplellSUf.hasnolllCCtlflWtdufing
___.1henIl.wu.._....rlMdOl"iytakepIK.-_.-

Accumulator. and Accumulator AppUcallons

4.3 Nitrogen charging devk:..

N'lfOglln d\IIrgong deVIces lire used'or qudd)o and
~~n/bogllnlnlO.o(;umul.llor.sThlly

makell'lemollolllllflalln:l~bolll-.uplO.

'--"'pr-.oI20botraraclarnaL8llCUIYlIAaIor
~pr-.oI3S0bar
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4.4 Fixing elements

~~l'IlIJItbofsullbertlly

PfOI8Cled.m.-:ureddl.-lD~weigtlt"rdin~

blD..--......~CNU8dby..... lIl.IICl~
In..-.mullI1OnLThe58CUl'l'lDol'-~
mustboftueh"'lno.ocitlonal~orlOrql*'"

~by"~IDIhe!~aralll.



AccumulatOfS and Accumulator ApJHIClitions

Design of hydro-pneumatic
accumulators with
separating element

5.1 Definition 01 operational
parameters

The~rametef5neededkl(iHignan~_ The paramtIers wNdl dlIIa1bIo It.- "" SUI\II_
clarified In Itle 6Chematic reploseola!Kll'll5 $I'lOWI1 ill preuurs. lMlperatuls .od volume.

"'"

Po "~p,,,H.flI1IUUI'

p,._operallnQ~

Pt·rnuinun~pr-.
vo o-___
v,._ '"
vl ·o- 81P,z
Jv ........

IThtbiloddlr.~_

~n."'-'.'*-d....-- .. ..,.. ....--.
2 OnooIllll"*'.operallnglJfOSl/JN

_~IMCI'lIod,'IIlId...

ol,....,sholM...-~..
bIBdOOI' lKId the ched< ~.....
~.lO'll.nomInoII~ol-....-)... _ .. blMl<II<..............-._
~-~

J~ ...... --.;
........ ThtCf*'Cl'IrI ......
JV_..~.mn...:l--:::::'""" ............
IV.V,_V,.

Po"p.ll_~I~

p'._~Ilng_

Pt"lfIlIlIiTol.olloperalO'l\lpteUllle
Vo· QM-.....
v, .o- p,
Vl • IIlPt
JV • ......., ........

I Tht __ pr--.s ~

nttogen-- .. 
lXlf*u'al ............... n.
-.llIIIlIo:k-. .. ll.-lparl
...cI1lWA~..~--2L.ewl81,,*,~pr_

A&INII_olllukl-"oukl,.
....."'lnlhallCCUl'P'lUlalOf.IONl..-...--....
b(IIIom_......""*-drogOO-
c:.n.A:I-..ct-.pbe..........~.

J lA¥oII.-'''J*'W'lI_
The dw'llIt 1n ...... .tV

~""'.IrWl_--~ .............
IV.V,-Vto

Po·gMPN·lllpt
p,._operaMg~

'7.1I\LIIIrtlunl_1InIlpr-.n
Vo ......... gM.....V,·lIM__P,

;~:~--=~

I n. ..... -...-.. .. ,...

==..::::a::..""'....
2Th1"""operaI1r'og~'

III'IoWllbe~5'-'hlgt-.

1han". gu _1ltBUUIa. TlIII
IIIOUklpr_h"..tonrtom
IlrikJng1heWlW<t..orIng_ .....
~pl....an'-':lt

...........~ .. 1hI_o-
J ar-"lNJtoperWlg~
_~-"'d ......__ JV.... •

..-..-
~V.V,_v,.
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5.2 Change of state In a gas

Ch8ngM (II state may be

--

Isochorlcchwl""olaUoI.

Inthllther>geol alate. acOangelnYOlumll doesnol
oocur,I.,.rooworkiscarriedoull;luelOadlangein
YOlurM. Tl*dlangeolstal.occurs¥iltlen 8 guchambel
• fiIlKI.11ow tempefalur. and lht Initial pressure
~duelohealexchoangewlthlheoutalOO

0. .. txT-P,fY,-CO'liIlItIt tl)

~chansl-oI"'"

InlNtcllllngt(llllate.oompIItehNl~oa:ur1I

... ""ouaocte Thln.tlOchlngeln~
Th&....kuId",~....,IU:I.IDadIodOl
l.Il**"dO'>'el'.longpanoclO""lOlhtlongoperabOfl
eydat'CIQI1llIeUlheal~canOCCUfbtl-.1ht......"'"""""""
Gaslaw: P' V_PI' VI_constanl (2)

AdlebIIlicch8l19'olatale

InItllllCl'letlgeol ..teIOaClingOf'~occuraso
quddylhal,...~lfIth.... lnYIrOIWTIaf1l.nol-Gal .. p·It'_P,·VI~_oor.tiItll (3)

Tha~ol~on"""lII'Cl
*"P'tIdur,onpr-.uremayllltobe08Clul:eClIlornINl-,....

T·V"~I ",T,'V,c-l n l.j

T. ';"."')1-.: • TI • PI(I.O<lI~

In lheMequalions ".ltMIadlabatlc.1lpOIl8fI1. vofIch.
'.410' lWO atom ga!l85 sud'1 '5 n~'ogen unde' nom1Il

"""""'"

roo
1,00 1---7~~

',",

","

~,~~/II;It~-.d"""'"
.......cn~.O'C...,IOO'"C



PofytropIc~oI_

"'''operalJOnol'8llaa:umulldOr_lalDws ..
IheoryWllhIll!SpKlIOI'Q~udIInge.e~Ol
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5.3 DetermInation of accumulator size
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5.4 Deviations from ideal gas behaviour

11lIlIlMfts_qvaldlofdNlg-.~

~,vanDUlIgeset..uch"nolrogen,deYletetrom

"dNllgaslawt~.hlghpr1lSSUf8ThM1
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tltgreeolaccufaC)'onpractlce,equ,,..alo101ettortanll
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..nrcn ..... realgMbel\eWlufinlo-.c:oum



ACCumullitors and Accumullitor Appllutklns Accumulaton and Accumulalot' Apptieatlons

Hence1hlPvolumeproducedinllnlliOlherTnalet.ngoot
IllIllIlSgIWJlby

Vo .. "G-Vo_

nin"'aclIeI:llIbe~otstaIllDy

VO,... .. C.·VOldNl

n.COfNClIOflIildlnC,.mC.,"U-~n-..y

blIdlMfmiIIedfrom1hlPmanufaeturar'sllocumenlatlOfl



Accumuilltors lind Accumulator Applications

-----

A9plh:atlol1
EIIlefge<1cyllftlkln,saltt\lluAl;llQn

lPG lI1T,l

Eq...Uon

T,
POlT')- PUT01"r;

I----~--

\l'"~
Vt-~

(;9'-,
--------_1fJ'V'v,v.v

"------,-

--------------1-- - --

f--------

Vt·~Vp-;
P, - P;

Apj)llctUon

,"""","'''''''''''Y,*-~1Ion

lA. 8l T,l



5.5 Design procedure

InCJl'dtrlOcaleula~ano:ldete~lhereleYanl

..:x:umulators<~e,~ "'JIPllICted tnallhe voIlJ1'\'"1901l\1ld
<.\Vancl_rgyO~IO(;()Y9f~.reknown

T-'unyinlO..x:oul'ltothereotldr\lons.ucnlll

-1TIlD..~preIi.$llQ

- munllllnoperil1lnll1llmpenl1Unl

- operatngprKSUretiflerence

anltCCUl'l'lUllItorltdeJlgne<l8ssumanginJballylNlltllll
dliJngool.llltebelweenOJ*lIb1lgpressul'$l"l 'll'ldP:2
.PabIIlc.n.Iin..-.g~.pertl'IIMllU"

... .....-oflheOltlll'eMngMofllllle .. De
fuHed'~_n'Illdeonll'llltllSll

~~lheeP:Ual'lonIf\etWaldsUlkinglnIo

.eeounllhebPTlflbellevlourarldherocetheOllV\lltlonlrom
ll'I8 given adi.llba1Jc d'l9nge oIlIate, the deIIgn may be

QI;Im1Cle(jIClUmlCtlon'*"=:lcq'l. 8nd c.tnlIY belolmln

"'~~I

Tl1el"-IiI~(""G8'......latthe
~1Ofstw::dclbe-'-O_78nd0901lhe

mof'IIl'r'Itlm operating prllMUre III ma~ operiIting
tempa18-ture).

Pocr2)~09'Pl (5)

Bydomg ..... ...-. ... 8CQ.Wl'IUla1orHp8flllrlg
____ opr.Jtngln .. ~oI .. Iud ... ..,

lllInDlIavoodilIpllIMibIrlIdat1'I-oebelng<lonetoll.

5.6 Selection of type olaccumulalor lor
typical applications....................

1lley_UNdlorsmallgll$YOI\IrnN.Thfladvantagesol
.~accurnvl8torls'goodllll8ll111dlDngseMCll

IQ. 1'hey mey be ....Illlled In eny pot~oon 8Ild 1hey
opera19W1lhoullnel1lll.

8..uo._ulIlor

B*lderac:a.mulillOrllfluMdlorrnedlumguvoMnel
and when ICCllI"UIlIIOrI naed 10 deIivef 011. Hll.-.1g
mp",.'ltdlhequafrtyoltheblll«l&rll'lf&eenlyellrs.llll1
blJdderllnowgilSotlgh1andha•• lorlg&ervlClble,
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IlonlootaIIy WIth the IUd CUM VllMlIIIl'le llOft)ln Of

"""""'''.
PlUonOJlCCUTUiotofS_l..-lklrllorv-~~
PlUon~_~Ui8tuI 8dcing...-
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Chapter 10

Non Return Valves
OrHllraldGM,~Oppolzet

General

Non..cumv~_usedlnhydraulicsystelTlllOltOP

"in_di'eellonnto.uwflMlIOwinhoppoliM
dnldIOrl. TNo1ll" llleo knoWn ascl** v--.
nan flltumvalvesarlldes9*l""'tt> _lsllfld tlllnee are
"'lOlecIMecwcuilsorihnolNl<llge.8*.pIeIee..
po:IJl9llISOf~wW!soIlMals_usedllll~_.
The_geoluaingatanssaMlllislh81llcenbe
prl)I;lue«Ieconomlcally.Thedil5adVantagll~1h81lhebd

ildelormedlllillledurlngllClllfllllOn.l.ll.lhll_~

...... bIoI.Ae ..MllIllOllllnolal\fllappr-.or*l ..
_ P*t. tlullellOIlO"'kll\IllS llfter a while. The bd
NledSlObellddilionllllyoontrolled,80lIIatItMMatisr'lOl
IU'loCIcIocl OUI 01 true (ll.g byspmg IoBding lind !low

-I

On .. olhIrhlmdpcwelSll!WayIreMIITlCllht_
pot/llon due 10 thelroontfOi. Afterllanortpenodof
operBt!on!hl;popplllr.asperletrat«l"_lnend"
"...~......"PnxIudIotlolpopp8tt.not

asellllYOfdlllllpllll1l'llllolbllk.~Re~

nonretumvatvelpnmariyc:onlall'lpoppet$llSlhe
il50Illung eIllm8nl due 10 Ihlllr higher opMItmg "'Illy
lae101.

Poppetswilhsoft lllIis_onIralllablllb .... in

~~lOwoperalWlg~andlOw""

veIocrIlll$.IioWeVllr.lhllydOIlaVlld'le~lhal

InaoeufllQllllln manulacwringol pcII)pel Mals CIOn bo-'"()eperU1ogonBA**liOfl,nonretum'*-tnllybll
call1gOnSlldlnkl3~(_Ijg.f).

"-,,lT~alfO'I __



Non Return Valv••

Simple non retum valves

• ,

1--, .
n-...... (fpl:2M'1d3lbasocaly'~1lOuIII'lg
(l)""~III'IOIl(2).wtlc:h..puIhed",*,IMMal
Hat{.t) bV means 01 apnng (3),

wt..,the~lsllowl1woughthevalvelnthedlreclionollhe

.ITOW,lhepoppel.littedtromllS_lbVlhenlllcl
pn!SSUf'Illndanow.rreellowllllheoppollltedlf'llC!lon.
1tw.,mglrldltwlluidJll,WllhepllppMOI*>Ihe_land_...-
The Cfat:.lng pr-.-.~ on !he apmg seIeoelecl
r..~)-.dlhe~poppec~
...... ..., .. generlIIIy'*-O-SMd5b1t.depwIding
onlheappiK:alJOn.

Anonf'lllumva/YllwilhoullPringmulllalwaytbelill&d
ver1ica"Y.ThelsOOltlngelementtlten~irt6Qntneseal

in the no IIowconditlon due 10 gravity.

Non r«umvalws_ ........... lor

- SUb-pla.~moun1InlI

-P.-~(.....,~l

-~rnoo.onIJI1g(IlanQI<lOOMlCllon5)

- .. ~elerrlWrlsOl

-usandwochplatavalves

141 to 15 000 l/nwt
(at vol-enVs)

~qpr-.. upto315bar

C~ preUUre WIIhouI spring;
O.5~ 1.5; 3 or S bar

TheHvarvetaraU!l8'd

ForbV"98lk1glhrol\linogpOru

Forshuttlngofl_*-tbonolllow

....~~.~lottIY~.~1ine
_-".p8rbedarI»Ck~hat..t

reK:hedduelllIXll"lWl'WlatlOl'



n.m-cIIed·lWdJIWtwO.III".~by~

kunonretumvalYes .. lhownlll .... cMgI'am(~ 5)."
III used mlllrlty Nl cormectoOn w,th llow control valves 01
pnIS5lJr.oontrOlva!Yes.Wid'ltMOICUil,tt>eftuldrrl.-l
IowlhfoUllhb ..... lIl .. ..,.dIr8ClIlInlorlorward
1ow(rwd).,..,_Ilow~l(6gs5WJd61

Non Return Valve.
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Pilot operated check valves

AI opposed 10 !he aomp. non lllIum VIl""-. piloI
QllIt1Iledched<VIllYesmeyelsobeOl**lr.the
dIrel;1iono1c:1oeUre

n-vatv..r.U!IlId.IOl'~:

- 10'"WOltlIng an:uo under pr-.e

- IOprtrI4nltMlo-.fhomdroJJprog.W.nsh;iuldbnllk

- 1Opr.-t ereep~oll'lydrllulicaly~
llCIuatort

Thereaf8lWOl'fP8SoIpiloIoperal8det-.ckv~

3.1 Model wtthout leakage port
(valves, type SV) B .,

Flg8Pi101..,.,.tlldch<<ltv.... >OiI1t~oftilt
...... popptHltItd ......... ihi'I_potI

Free IIow " lrom A lOB InlhlwlYeMlown 11'1 F.g 7.

FlI.Mlpresstlf.aeuonllr8ll"',ollhllT\llJl\poppe1(I).nd F'liI1 P*>f<¥MdlM1d1f(:/1~"--~f1I

hlt,lhispoppellromltsse.t'",lrtStlPringIOfcel3) No ftWl7>II"'popptH_wilIlotIrCdSlldnitlpolf

nowit.llowedlndiraetlcnBIOA..whoctIoorresponOIwilh
... lunclIonol.narmaldlecll ......

PiloIpisDI,.JOJ*"lIie Tt.piIlonisputhedlO
"'Ilo;;llGaIO"piloIoilt.ll'lglednoponX.endll'Ul
~lIie_lJClA*{l)onc».~piloI~

he,oeenreac:hed

n.piloIpressurel'llqUiredcorrllSpOfldelOther.liool
eree"',lOlIie.rtllloIlhepilolllpool.lItl,llllylhltretioit
appnnI.I:3

cn."piloI~hM~~..~
_ Al it Dupdy 01**1. Tt. mey r-..II in dM;om.

preaion thocb. MpIOIIy • large~ under
~_fnledn-~Ihod<tnollonly

callie rlOlse, but al90 stress the complete hydralllic
.yet8m. especially the &CIlIW8 and moWlg valve PlIrts

for~.where__ eIleclamustbe.....-.ct
the~Is"-9Mldonthpr-..openll'lg(pilotpoppel){_...
"",,*,pr--..~lOconIrolport)(.thepilol~

41.pushedlolhenghlFI~11tlfIpilotpofJpel(2Iendlhen

!he mP1 poppeIll)_ mu.pu5hed lrom Iheir_ts.
When lhapilol poppe! is opened. only' smiI~"I.I'
openlOllow "TMcausMlt'Hlcylindefloclecompress
aboItybeforlllie~_isopenedbyOPll'Wllllhe

IT18II'IllOA*-Aow.IromBIOA ............n.~
...... Ite IUd lJflder J"UUr11O dIoompl'llS$1IoWIy
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Al8IMIftW'Wl'IUmpilot~.MqUnd.1I01haI1he

..... C*llliallbe~~by~allN
c:ootroIpIIII10ll.

BeIow • .oownhOwlhe~pIol~canbe
dilIIllmwlm.n.~utedinh~_iIAI"_.
Pa-pIDl~
P, _presslOalpOfl801lt1eVlIYe
p:! - presslJra at pOf1 A oIlha ~a"'"

~ :=::==
A:t.al8llal(llll'UQl~

" .al8llalc,rdefplSlDn

~ :~~r:r~antUIS
Ff _apmglorc.with'rldIon

8alanceofforcMat.,..... _Ig ,

P&·~·Pl·Al·Ff·Pz·{~-Al)

~>AI (II

Tt-.cM:ullIIIOll.Y*llorzwoprMalnalpol1 A IptoO
"'~.pol1AwouklaclatlhecontrolllpOOlil'l
~~htplDl~__

Balancaoltorc.. atcyllnder.sael!g.10

(21

3.2 Model with leakage port
{Velves, type SLj

Ag 11:PIJIDf~dlKk__~d'"

.~1iOn2ISSlDlJlUl8dlnloequabOnlandlOlYedlor _poppM.m pott

PsrIhe~pIoIpr-.eisproOOoedlorpol1Xfl:lf

..dwclt ......... WIlhoulleakagllpol'..

(31
~-;

W_~
Ag 12:PIDt"'*"..,dlKk lhrlpott

Tha6fler'erQ1O.........I'f'pIISVlalhe~chonpol1
y n. ...... arMoIlhacontrolplllOrl.saparated
frompol1A.Pre5surtl.pol1AIItledsOfllya.n.:.A~aI

hetrnll"ool(1f$I H).
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~ oIlorcn at"""
Pst·A:l.P2°(~4 '~1) "P, oA, .. FF (4)

ThIoequatlOnshowt.lhal.~Itle ......... IsOl**f.'
~P2mayt.C..al8dlP.!:>O)n.~.~

.ctsonltlepushrod~l'lenl:$,*-noI.llectlhepilal

p<-.e~.In~"~P:l~
"'pilcl~duelOltle_ra~

ThebalanoeOlIOfOU.tlhecylln(le,{fir; Il1jlsClelcribed
by.,..alJQn2.

llequalJQn2.S1JlMlItuledOl'lllOequaaon ..... r«pred
pilal~lOqMtIlhod'«:tlwahewllhleal<.gepal1..-

Ps~~' A'~~l .(po~. ~). ~ .. t (5)

FromlhlltleoftlCall~(~31rd5)

Mcanbol_th.atChKl<va/Ye.I'fllI!SV(Wllhoutlellkage
~) must not be pressu,lMd at port A. 001 this ;a
pemvlled..,chllckYIIMI, lypeSL(WlthIeUageport)

CtleCk ....... l'fI*SVandSl._1IV8IlabIe1or-_........
-pipemoun!ing{threedediXll\fleCtIona)(I'ig.I31

_p/polf'flOUl'lb'lg(IIIngedCOMeCliont)

Importantpllr,meter,

ByIilllng_plDI~-.Jchllck"""""ll)and(2l"'_

hoI'tn;I .•doI.lbIIlpilotoplf<ll«lchlck....,.....typeZ2S.1a
obtIlrIfld(fig.I4).

n..lllreelow"'~A,1O":zor811OB:!-wr.

1\(Iw ..t*lckldlrom-'2IOA,or~10811l·lor~

\hareIiIlow!f'omA,IOAz-oontrollplJCll(3) .. puatoIdlO

"'nghtand~"'poppIlol"'chllck""""'(21
Iromltss.eal.

TheOl)l"O'lOlajOl lrom ~Io 8,"nawqMtl. The VIMl
~lknopenlt_"lIowdncbon8,1Oe,.

~~
,...-- ._-_. _.,
I i
i i
! -- i
L_::~~ J.1 11
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n.mo.oil ....... t.lawthDwslhetulr.Ql....... 3.3 Applcatlons uslng pilot operated
dIed<....... check valves, types SV and Sl

¥
~

00
A .,

, ,

6oltII*!'Qllhe~_cloI«l~AlWly

~.pllSlCIlW\lhee,tnclwca"l'l(lCbe"",..._

by ....temaI~

This meant. 10' uample. 1hal a cyHrl(ler under lOad will
nalbeglnlo·creep',_~alongkleperiod.

lI'Iorde<loguarilnlMsafe~Qlbothvatvepoppetl:.

llolhiJCluMOrpor1S{Aan:lB)muslblurbded ..... lhe
~"""'.lnllsnaw8lpl*lionbyconrectng

lllesepartttolherelum!ine.

Adol.Il*ChIlckYalwlsgwlel'alylitledasasandwlClt
".~Ihe~conIn;IlYll!Yl!lan:l1he-

uplo300l/mWI

~pressure'upIo31S,*,

Ctadongpressurtl 1.S;3,7.5andl0bar
(si~.. 6 and 10)
2.SS,7..san:ll0bar
<_H:ian:l2S)

P'IlolopetatlClcheck ........ lypeSV

n.e~maybllUMd,ilportA.atzero~

..... 1Ie .......is~

Ho~IXIrlnM:lIonQlllllbgalinllyla~.

:1.:1.2 PltotoperMlClchedt ......... tn-SL

'"'-~muslbeusedWportAlaurode<~

w!l&n1h6 ..alvalsop6l1ed
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3.4 pre-fm valves

Rg.",.,.. .... l)'JM'SF._500(p_ • .15O/:w:o_ •.5QQ(IOu..>} ..__..., ...... _ ..

Prd..--_-vethe/'lydrlukpiIDI~ched<

..... They-I.-d......,IIlPNfillarV"eylindef F'lI20,.,... ........~p(fpf
'IOk..-Mdlllleolatelhem.in'Mlrkl'lgCin:ulloodef
~.Iot~.inpr_.

The~thoWnn.. 20cornpnHlipollllpoppel{IJand
rrIIIinpoppet(2)whocl'lll'eheldontl',e;rlelltsbyspmg
(3). Thelorl:401~tpmgodyll~ltIeweoghtolthe
poppe1byllsmall'I'I'IOUnl.Spring(.jputheslheconlrol
plstoo(5jlntOSIB,tposllion

The tunclIon WIlt be deserbId in more d&Iail by
OOflIIderingapr_cyth.Ie<appIicabon(/lg2'j

Por1AilconnectedWltha~c.r*~lheC)'llnde'

n.......IJCWMS_~by ... oIco1urMtlbtwe
!tIem.ltlhelJl"Ollrodllde(........._~)oIlhapress
.~lhIp1Skln..-dlMnwartlJdlMlIlils A"
~A~~oocurslnlhlc:hanWrabo¥e

...... '\cMtil ..... alfempon BoIlha~va/Ye.
I.e. on .. ..-oIlhedl-.lg peppel Hrc:.1le
corr.:Jonlll....open.d.xl..cyWlderadlsoin
... .--.AlIhlta'T1e_...hIgh~plomp
usually~oiIinlolhechambet~IUri_~

Shorllybell;Q"Mdollheworkingatrolle.lhec,linder
IItlBkedlOlhe~pres&8p8«I.The preMUre now
buidlgll9(~p<essore)anecltll'lll'_o!lhe

If8lYepoppel ... prdvalYeportBancl!hullisolaleslhe

workirIllel":UIII,omlhelanll AcI21.C/lcuit."ilfr~



~_wor1<rogllrOU._~~trUlAlhCt.

~~~lheocontJOl ........... pr-..../leetI.,
kI<.l<JIITlIlII',lt1e8nnuh"'8rea~.an<lbymellneolpre"R

~aIveOtlIlt'ol port X. oonlrol tpoOl (5J.1I pushes opM lhe
piloIopIfWIgpoppel (I) and men Il'lernainpoppel (2).
Thelluidllbovelheaurlace-\tcannowbllpus/'lllllbllCk
~1hepre-Iiitank..The~c.orMr8degMl-

Dlpendngon~prdvWvMCllr1bl1tiDMl......
or wnhouI pilotopenrog poppets

Thepilo1pressuremaVbllClllculllledll'ltrlelllll'lllwayllS
IOflhGpolotoporaledehedcvetvHmentionedmsecUOns
31and32

lMgllr .......... _~tiUed ...... pillltopllllW'Og_.
f"M.fJI~erellVllilllblelot

-flarlgelloonllBl;l!oos

- ............
-~1l'IllUnlWllI

uploSOOOOI../nwl
(Ill "gI_6 rrQ)

~presslnuplO3S0blIr

C,.elungpres$l,l" W1t!loullll)l'l!'IQ.
0.5. 1.5 or 3 Dal

Non Return Valves

~~i~Yei:~~~Ps) valves

AapKlaItypeolnonrel..., ....... lalhe2·waVearttldge
"a/VfI.aIsoknownu.Iogic~They.redescriblld

IndDla~lI'Ilhemanual"1'llrlHydrauk:sT_.

Vo.um~,-"·



Chapter 11

Directional Valves
OI'HvaldGM..JoIIannOppolzer

General

1.1 Operation and fUnc1lon

AlvalYetwhCh_usedlOc:anlJ'OIhstall.llCP*'Cl
ehangeind!rectlonolllowolalluidareulled'chreetional
valve6·

1.2 Special characteristics

The~ofadRdDlalval¥e"'101N

~oI......-pons(noln::lUdingcontrolpons)ard

1Nnurr-..oIspool~.

AvaIYtIMth2Ml'V1Ceporlland2apoo1positlonl1lstt>ua
~tedlla2l2waydlrectionalvalv9(FIg.I).

A l!irectiO<lal va"'" with 4 aervice ports and 3 spool
positions iI\tIen a U3 way C1jf8Cbonal valve (Fig 2)

P "'"'-e~U:u'1lpclll)

T .. T"',*,to-n~

A,8_Wcri.IIIQpolN

DIrectional ValvesREFJ

SpoolpoMl(ll-._"'_hIf~~

elIllwa"'llIbell8dwlthlnltlet\et$"."WId"b' Inlg 3
........ Wllto2apoolpl*llOnl • ..-nllllo......
....... 3apool~ln~val\IeI"""3apx11
polI~ionlI, the cent/lll poaitionilltle ·neUll1llpoa/lion (Of
restpo9ltionr

Thereslpolillonllltleposmonwtllch-lTIOYingpanahave
UlUmeclwhanlhey ... lIOIac1Ive. bulatladedby.1on:e
(I·g..-.sll

"TlMpolIlIiOn.dellgna1edIlSVlnVlllveawll'l311ftnDrll
apoolpoailona.lnvatveaWllh2IPQOlPQllitionl.1heresl
~lIdeaignBled-.lher_""Of"b'.

F'll3:s..:.I)mlJoIIiDr"'--">'aIIw.IIilt2...,q,y
..1W.nghtS,->- ........

WNn.wrw II shlMnllonzorUlJ' (fiG.")' 1he00000ol
"'apool~'.b,... loIowslhe~'romlal'ltJ-
~

.
. , .. ,

'" ,



Directional Valves

I Directional valves

c--=---
Dlrectional spool valves I ,------'--------,



Directional Valve.

1n""2,"~corrmon$ylTlbOltlot~

..--_thoom,~~bec:otnbontdwilheaen

alI'.-lO~alargtlU!'tlefd~lnprKllCllf.

allOul2S0'l)ClOI ............

I . i ' 1: -:iI .. I· i ' r·:1, i' I. .



1.3 DlrecUonal valve power

The performance.nd ql.lillilyof. direclional va"". II
~OfIhbloslsoilhelolowlngcnlltrilL

-clynMN::PQOOlll'IorrlII

- stalk:p0w8fllmll

1.3.1 DynImIe~~

Th8produOoIllow8lldopenMgpressufelllhe
dynlIrNcpowtilmllol.~-.atve(dilgraml).

Powetlimilsmaybe.lunetionoilheeontrolspring,1he
DenoIdOt conlrol pressure DepenclngOfllhe~oI

spooI,_oI'-3~~lhepcl'lflW

..... oI .. """"'.The~Irorw__ be .. lll

owercome"lPII'Igtoro.M;llhellClallorCll.~1n

1!lll'lJlYe Thel¢l\gtomeon~SOWl'1muSlbecapableol

rewmlnglhespooragaftitlhelllClalloo:elOitslnltial........

10
The&lU8lIoroes~in.difllC:llllnalvaNe'fe~4he

lime in tiTllefslz. or dlrecllon lor aM spool types IflOfl.
liDoI...-hII

Th8postlorrT*lCl1lorrl11wtxflisa_oIlhe
pennossibIoIllow.,aparticularpresstJlalsdeI8lTlllnedby
lhIaxlallorol.whlchlsPfO(lul;edll1adkectlonalvahle
WhenlheCDl1lRllspoolls~led.

Directional Valves

1.U Statkpel1clnnal'lelllmlt

'Thellalicper1onT111'lCellmltolacllreetlon8lvalvtlsvery
dtprdenlOfllfJaMlllaNa!imaol"OI*lIling
~UndlIr"lnlluenceol~,"'.ndClf.
taaors.ad1 .. dirt..al~lorOIllproduc:ed

~lheapoolandlhel'KMrlg.whl;haclllrl

oppotitionlO1hemcwemantollheCOl'llrolspool.

IflhediflClional ........ OOIfaJad~_1t.
t-...glrorwllhardJyllObClMbll•••cn,afrerlartudlll
1irT-.andMhql~lf\IIlI'IoIlorOI"""lolhe

spoolllidoog.lh'l-'feclllpartiotJlarlyflOlioaablain
direeloper8o*'v........ asontylow~bnglotcel_
1IYIIllabIalorlhesl..-lYes

ln~lllotnamclorc:.,lhe~Irorw"-r

~OfI.. _..tor::tIlhe~IPI'"dIuncier

prllllUllllnOllllpolJUon

Thera.ra~laaln~torllw~oI..-
-lrialoioparaungpnllSUfe

- OIamltleroioontroispoor

-OiI~andtemper1llurl

- OuIoiI:f'oI ...... li"oahol ..~to..nd..""""'-SpoolclNfanc;,.



Directional Vaillas

1.3.3 Pruluredlfference

TheditferencebelWelKllhflvalveinputpressurean<!lIle
l18111eoulpUlpressure .. lhflpressu'edifferanoB,jp,I.e
lheinl8mlllresistanceOilhedirecbonalvallleThlS
pr8llSUfedillerenoe_producedinlhfl'egionollanw>al
lIow.manlylhroughfricbonWlltldlewaiandr.dleJ9glOf'l
oIlu1tloMn1l\oW.malntylhroughdlelossollonetJCenergy
dlJlllOlhfll\oWdela(:hingilselltromcootrollands

~·II::~
i'.,

" w,..
As.inprl!lClJOll.lIlepl'''55urediffernncllcarVlOlbe
&ulficientIyac:euralelyCllb.llilted.lhemanulllCtur8l'5
delem-.IhfI~lorl'>o:lMOualv""""!lIles~1lV

ard1henstoowlhflrilllMlllsinlhefonnol Ap-Oopereung
aJMIli{o:t.griJm21 11 hUlo be made de.... U
dlagramswhlchcomecllOn5(allSOl"OgtromanaperatlOnj
lhe~atlIRllemngIO(e.g.PIO"'ardBI(>TorPIOB

MdAIOT.elC.j

lnordellOccmparemeasurementsWllhlhesevaluesrtil
~ry I(> Clltry out upenmoots to DIN ISO 44\ t,
wtlerebylheVlllCOSllyollhenUldmustbelutptoonstant.

1.3A Operation tl~

The op&ri\UOI'I lime 01 a directional valve Is 1he time
requ;redllOOlwl"l8l'llhaoperatinglorcelslnnlaty
muoduced to wh&n the COI1trol element compleles itlI
stroke Itsdeterminatlonlslnaccordarocaw~hIS06403.

Experiments on eI&cIncallyoperated directional va.lvea
have shown that the operatln\l time comprises 4 pha.ses
(diBgfBm3)

;~
'"r... ReIp<Jo-.edeta¥' _ ...... IQr ....-.rlOId_"'_ ~...-g._

_ """"""'on..Oum$"-_Ihll..-...old1ore.
NqIOddIO.,....".... ......ItI(l~_....
hclIlIng~(.,.__J.1;Ull1Ip

/, Tl1lIIlorllcoooll:wc.lObecome..,.,.,... .. !l'en-.
0DI1IJ0l....., (slatl-l,lP ""'IJ'll.

lz-T"""Io<_torc.elOlIl.idup,wIlod'I.r6Qllhdto
ov.comomaJllfNl/ll1lQw~.U.~ona.

llmOIIIllolllowloroel'lldelfllC\llhe~ttmelo.

C_klrcOInlnge)

~ r"""'to.conll'oIspoo1lCa_....rMluptoendol
vatve_(crOSl-<IYlIffa"ll").

1.4 Types of directiol\81 vallie

The<earnlttrooIypeSOidinlcfIOnaIvaIYe.wtlIChvalY IIl
llOW!t"'YarnconstnlCl8d,

- DwflCbOnalspoolvatves

- DwlldlOnlllpoppelvalva

-Aotarydifedlonalva/Yes

Thedirectoonalspoolvalv&l$ltIllmostcornmononell58d
dueloltslTliU1yadv;vuages.suehu

-Simple<Xln!;lruCbOn

- Goodpressurecompensa1lOfl,hencelOwopel'illing

""'M
- Highoperatingpower

- VarietyofCOfltr~lunctlons



Directional spool valves

Directional spool valves In which a moving spool Is
sitliated in the valve housing

Depending on the numberoffi<lw paths to be conlrolled,
two or more annular channels ere formed or casl into a
housing made of hydraulic cast iron, spherical graphite
<:ast iron, steel or other suitable malerials. These
channelSr\Jneitherconcentricallyoreccentricallyaround
a bore. Heacecontrol lands are formed in the housing,
whichllcttogelherwithlheconlrolspoollllnds.

When the <:ontrol spool is moved. it connects or sePII"
rales the ennularchannels In the !lousing.

Directional spool valves are sealed along the clearance
between the moving spool and Ihe housing. The degree
of sealing depe-nds on the ciearance, the viscosity of the
fluidandespeciallyontheleveiofpressure.Especiallyef
highpfessures(upto350bar) leakagesoccuflo such an
extent that they have to be taken into account when
determining syslemefficioc>cy. from reference material,
n is known that lhe amount of leakage Is pnmarily
deper>denlontheclearancebetweenspoolandhousing
Heaceintheory,theciearancemustbereducedorthe
length of overlap Increased as fhe operating pressure
increases

However, this is not done for several reasons:

-AsthepressureincreaseS,thespoolbendsbyalarge
amount in the axial direction and lhls leads to the
deafancedecreasinginthedirectionofthehighpres
sure side, This must be taken into account when
selectin\l II clearance. In ofderto prevent the spool
from sticking,

-Astheoperatingpressureincreases,thefllquired
tensioningforceneededtopresstl1edirectionalvalve
on the sub-plate also Increases. The higher S01ew
lensioning force which results causes the !lousing
bore loooform by a lafge amount. This is a panicular
e!feet, which acts In opposrtion to the requirement for a
smallerciearance, as the deformation of the bore must
be compensated for by a larger clearance

- Smal'efc'eafancesaremorediflicu'ttomanufaeture.
In order to firld alechnical and economic solution,
compromises "66d 10 be made between the various
requirements.

Directional Valves

Caremustbetakeninchoosingthematerialsfortheval~

housingandcontrols~,wthatmaterialshavemoreor

less the same expansion coelfident

Temperature affeets the fluid. k; the temperature rises,
viscosityfaJisandthedensllyofthefluld(diagrams4aoo
SJandtheleakageincrease

.,

.~~

~o.~••

i~
\
~

o 20 40 60
Temperl'l/lJre

a Wat&r-oiIlII1'IUIsi<>n
bCNorinated~hate\l8l""

C G~·ln-wat.... S<>II«ion
d CIlIorinIlhydrocart>oo
a Mineral ail (Iorcompari$o<ll

Diagram4Vi$COSily(}/flvid5~tonJempefaWfa

I
""'.

,,~,....
,., 0,90

.~ 0.66
d 0,82

0,78

0,74

'" '"Temperllt,"



Directional Valves

The leakage losses rrom $pool valYM afract the
Y'OlumeIJic aItlderqr of hydraulic aysfems and hence
muslbelak8nntoaa::ountwllen~asystem

EIlect$ 01 leakage Io6ses on hydnwlic control till:

- Actuators. e.g. cylinders which are I.IOder a load
pr8SSUf8. may rTlOIIe in the ellective diraction 01 the
IoadpressureduelO1he1eakage1osses

- ActuaIOOiWllha "lIrp,garea rallO(Slflgle rod
cyIioOefs)maywanderintlleetlecwediraetionolll'le
larger piston area, when using contr~ valves wlm a
cIosedoantraiposition.

-1l~lOfSiIl1Iusedin~CIII:Ufb,1he

leakageol1he$poolmustbelakenll'1lOiIClXIUI'1twhen
calculatJrlll lhe size 01 accumulator requi'ed.

lnOldellOlIvoCllossesduololeakagK,lIspetlaltypeoi
dirllctionaIspoolvalvel&ee"l..eakagefreedirectlotlal
spoolYlllYes".MCtIotl2.3Jmaybe~

Direclional~valvesrnaybeeittwlrdirecto,pilo1

operated, wm.the<a valve is diract or plklt operated.
pnrna.riy depends on the reqUIred opel1lbng
toroaan:lI>ence1he8lZ.oflhe~.

2,1 Direct operated directional spool
valves

"Onl;:(opIIIllMJdcfnlalonalllpOOlYlllYes"wnp!yltlatlhey
Ilrlldirectionalspoolva/YeSthllconlfolspoolsolwtuch
may be operated directly by soIanold,
pnoomaticJhydrlwllc !O<OOS or by a meenanlcally aeting
OevIoII'Aitl1oo,I\anyintermediateampM;catlon.

OuetDlhe$fallCand<lynar'*:lort:a,w!'OchOCCWll1
difectlonalspoolvalYesdualOthllallectolpressuraand
tIow,dlractope,ated d1recOOnal spool valvasara usually
onIyavailable up lOa slZll 10. ThOSIimitCOlTespondslOlI
~oIaboutl20l,Jrn;na1anopellltIngpr-.ntol3S0

biuMClosma.¥yY3lidlofsolenoodopern.ted(froclional
spooIvlIl\Itt$,

Olcoursediractoperaledvalvesw,thsolllnoldopllfatlon
ODUldbepnx:ll.lced!of$izeSlargeo-lhanslZe10.HoweYer
~lherflqUlredoperllllngton:es,eglor1tlealZll

oIso1enoodr«jUired,tor_oIlIllrllty,detinw&and
duotOlhepr8S6U'"shocks(whichllleditticulllOcon1'oI),
il Is not normally wnsit>le to have direct operated valvfls
oIsizKabovllslzelO.

The valioustyplls of operation are described below.

2.1.1 E~openIlon

Vanous Iypes 01 solenoid operation

This \yl)(l 01 operation is the most common, doo to the
aulomaticprooasoos required In induSlry

UsualyOfEoI1oUI'besietyJlMoISll'()Qsdwloodl$uM<t

- DC air gap $OIenOIl;lII.

- DC wlltpln solenoids.
Thesearlialsoknownas"pressurlilight'solenolds.
ThesolllnoklarmBlurllrunslrloland1hll&lTTlll1Urll
ctIamber.c:onnected 10 IheT port.

- AC 1111 gap soI&noid.

- ACwetpinsolanold.

TheDCsolItIoidhasahlghtlegMoI~and

Pf'O"o'I(le&smoothopeB\ion,ltd0e5no1bumout.l~stops

dunngaslfoke,forexample,lMltoaslickingspool,nis
SUitablefOf II high rrllquencyo!operalions

A~oI1h11ACtolenoIdisbYaorloperation

limo:Is.lflhetlOlanood~<.:atWlOl.sw*:f'lbaugtllD

itsendposr!ion,theACsolenoodwllbumOUla!lefa
certaJnlimo (approx.1 to 1.5 hOursfo.r"wetpon&olenoids)

MiI/YIfISITIaM RexroltlmalfVy us&wel~ IoIanoodsIn
cirecliOoallflOolvlllves Tt-.stypllispar1lcllAltty
adY3otageouslor8qUlpmllf1l1n1hllopenairorinalMTlld
cond~1OOS (no COlTOSlon of the internal PlIMs). As tho
armature luna In oil, therll Is leu wear, cushioned
annalUre slroke and good heal uansler



In fig. 6 is a directional spool valve with three spool
positions. On the left hand side is an wet pin DC sol<:!noid
(4)endontherighlhandsideisanwetpinACsolenoid
(5). (This model with" mixed" sojeooidS is onty shown
nere for oomonstrahon purposes.) The armature
chamber of each solenoid is connected to the tank
chamber of the valve hcusing. Hence these velves are
Imown as three chamOOrvatves.

The springs (6) are supported on thesoJeooid hcusings
and centre the sp<>ol in neutral position by means of
spring pad (Sl

The solenoids shown are fitted with hand eme'!lency
operatOfs(7). The cootrol spool may thus beoperatad
manually from oulside. It is thus easy to check the
opera\klfloiasolefXlid

Directional Valves

Channels P. A and B ara separatad by lands in tha
housi"ll.TheTp,anrn:tlisnolblockad,butCO<1fl9Ctadfo
both lank chambers via a bypass channal within the
valve. Theoo chambers are ooated from the oulside by
theoperati"llelemenlorbyacover

Ina5-chambervalvetheTchannalformsachamooron
bothsidesbymeansoflands[l)wilhinthehousing,inlhe
same way as p. A and Bnave formedcllambers (Iig. 7)

Tha lwO end chamoo,s (2) are connectad together via a
bore. If the control sp<>ol is moved, fluid is displaced from
one end chamber mto lhe other. By fitting a OI1ficeor
adjustablelhrollie (J) into this COflnoclion borelhe
operating l,me may be altered dependent on the diameter
of lhe jet or the throllie setting.



Directional Valves

r.

FigaDir«lio<laI""lvewilh~vm.nualoptJrslion

Lefl.ffoIItIrltJa~openIboo,I)'I>O'WMR

c.mr.;FIt1IetfheflopealJOrl./WeWMH
RIgftt:H8nd.......<:II)eI8!JOtl,l)7"'WMM

M.1IIFJ

F"1f1-9__ ,col'.I'l"!iJXXll~lJ98"lledbymeal\!lpl

I hiond "-(1).

n.$poollel!J;edrigdylOlhecperatlngl'TlllClwlo:sm(2)
1nd1cloWs1ls1TllMlfTlel'll.

The$poolleretumedbysptings(3).whK:hpushlhespool
bBcktollsinobatposl\lOl'lcnce!hecpet8bnglotcehas
boon removed (e.Q. letlirog gocl lhe hand lever). tla
datenl is l~led and !he spool CBfII'lOI be r&tllmed by
cenlnngspriogs.lhespoolposilionis!lxedbylhedeteni
~nd ea~ then only be <:h~ngOO again by TI1f:Ians o! an
operation{OOIpossibklinrolkJ.rcperallonj

Flg11D1rlJdionalvalv8wilfJ5{Hinge.tflrerirlg;ptlllumalK:
optJ/lIr.c>nltop).hydraulit:lboIromj



Directional Valves

Spool (1) Is In 1tle right Ilaod spool POSItion. This was On Size 102(upto7OOllLJmin)lhepllolvalYeisilse~a

adlievedb~preS$urlslnglheopposileoperatingcy1irdef pi!olopMal9ddil'9CbOnlllspOOval\le(fig 14).
(2j.The"POOl poelllonlslixedbyrooansollhedlltent(3).

Tllacontroispoollsnotconnectedlolllaopersling
cy1indar. Twooperatingcy1lndarsarealwa~s requiredi!
USIrlg:2 spOO poslliorlli with ootent or WIthout spring
relurn: or ~ using 3 spool positions

Anoper8t,ngcy1iJlderlsadded.~spooIrelurnlsbymeane

01 a spring Ina I\JoO spool poIIlion valve.

2..2 Pilot operated directional spool
valves

Forlllec:ontrolollargehydnwlicpowers.piIoIoperated
~spooIvalvesaAlused.

Thereasonb'lhis.ltlelargeoperatnglorce~to

mcMllheoonlrOlspool

R1r"I9lt!lOIl.dirllCtlOnillspoolVillvesupklmal0_
.-.ally direct oplIfatedandOYel size 10 I*JI openned.
bo8plIonatoNaredlfectJonalspoolvalvesWllhhand
lavers up to size 32

"'piIoIopamecldif'llCllOnalspoolvalve~1he

maJnvalve(l)ancllhepiiolva/ve(:2)(Iig.JSj.

TheI*JlV8tveilgenetallydlroctope<ateclelectrlcally
{solenolds).Wtlerllhepilolvalv9isoperated,lhecontroi
signal!romrtls.~lfledtlydral.llicallyandusedlorl'lOWl

Itlamalncontrolspool

Fog 14:Elt><:fro..hydr,ouflcdyoperalBddlreeJlonBJlpoo/
_;t/li".""'"angedcoontK:fiOn>l



Directional Valves

2.2.1 Sf)ringcentredmodel

Thepilot\lalwllsanelllc:lncallydlredoperatod413
dirlldion8lconlrOlY8Mt(1ig. IS).

On1hespmgClnlRldmodBl.1hIlmainconlrOlllpOOl(3)is
heId;nl*ltnl~by1hllspring5(4.1andU).Bolh

springch8mbetstyelow)atelhu5connected;nneutr.!ll
posiIion .... ItlIlpilDl:VaMlWlth1heW*(IIghlbluelatzen:,
pr8$llUre Thusll1ecentmp0$lll()l'llorlhepilolva/Yeis
fill.:l($ylllI)OIJ)

0ilIssupplOedlOll1epilolvatvevleeontrollinll(5)

Pilot supply is either internal Of e~temel (!Of e~act details
seepage2OOll)

11.'ore~ample.soleooid·a·atlhepilotvalveIs operated
lIl;s IT>O\Iea tna pilot valve spool to the left.

Theleft'!'Iandspringdlarrbe«6)islllusllJbtflctedlopilot
ptMSUre, lhe right.hand spring chamber (7) r&mall1S

unloaded 10 lank.

Piotpressure.e1sontheleltendol1hemlmllpOOland
pushes~lOlherlW"aQilinslsprng("2)unIil~ reaches
1he_.Hen::eportPisor:rneaedlOportBendAIOT
... tht"..... ........ When...~.~!he
piIal ........ l1llUmIlolhe.,....,poMIOnendspring
d1oVrOIf(61111riJacled1otar*agiIIf\.Spring(U)can
nowPI*' thtmlm spool 10 !he leIt.l.WlIi illaUCheslhe
springpiateofepring(4.11·ThespoollsonatagllWlinlhe
centre position (neutralpo6I1Ion)

The control oil from spring cIllImber (61 is pustled inlO
cl>annelYvialhepi!olvalve.

Theoperatlrlgp'0Ct!5Sforsoler>Old'll"isaimilar.

Acertain minimum pilol p.-essure ta ne<leSS8.ry to op<>rate
the main contr~ spool, which dapends on the symbol and
valve type.

InIheOlll'llreposibonolpresaureClnlRldvatves(fig.16).
bolIlcootrolcllllrrber$(6)and(7)antCXlmllCl8dWllhIhe
corJlrOIptes5l.11"e. ThemilllloonuolapoollSh8Idinlhe
oentnIpllSIbonbylheefledofll1epressu'lS8d5Ultacef;oI
$pOOl (31. cenlmg bush {BI and centnng pn (9)

"eoleI'IOId'a'allhepilolvalve_operaMd, ItIISmoYlllilhe
pilot apoollo the IetI. Control chambet (611he.......
remllJn8 connected with the cootrol pressunl, wI*
controlchambefmisunloadlldlOlank.Centmgbush(B)
touches lhe housing. Cenlring pin (9) pushes the IT\llIn

control spooIlOlhe right o0ןI Mreacl\es the stop.

The spfings In chambers (6) and (7) are <JS&d. for
e~ample.lol\okjthe$pooIinthecentrepositionwilholJl

pilot pressure. even wilh a verllcal valve a,rangement.

Wl1ensoleooid·a·isde~.thepilolspoolrelums

10 lIle centre position and cootrol c:IIamber m Is
COMlICtodWllhthecontrolpressureOl'lCllagaul.

Theeradsuotioceoispool(3)iIIlargerthantheeradsurf_
oIeerrtmg'*'(9). The ...... apool II'OO\Ie.tothe left ....
lhespoollf1d\oudles1hecentmgbush Thesurt__ 01

lheoenhlgbushandpi'larelargerllWllvlloispool(3)
Theapoolremains .. lhe~po8IIJon..

Iftolenoid"b'OscpetiltedllWllhepilolspoolrrlOlo'USlO
lherlgm.COntroIdIan*>er(7)remaonsoonnectedwiUllhe
conIrolPfessure.whilecontrolchambef(6)ieunloadlldlO
lank. The surface 01 spool (3) • under Pfessure, cau-.ing
themaineontrolspoollomovelOthelefl untilcentnngpin
(9) touches tna COV9r. Centring bush (8) is also moved

The oeslredspool pos;tion In the main valVe is reached
Whensolenoid"b·isckl~ner9iSed.thepiklt~relums

to the centre position and contl~ cIlamller (8) Is
oomeeted wIth lIle control pressure once again.

The SUrface5 01 cenrmg bI1at1 (8) and pin (9) under
p.-.rea'elilf{lllfthan lhatol apool(3). The main spool

_lolher9'il.ll"ltil1hecentnngbushtouetwalhe
hoI-.g Thesurlaceofspool(3)ectII'I9 onltle f'lltol.a
IInowgrealefthan the 5l.W1ace 01 centnng .... (9) M:tIlg
on !he 11Ift SIdIt, and lhe spool_ .. Ihe,**.......
Aeuednliinport(vdeI)os.-rylOur**lpressure
... lhed'\arQ)efbe,-,lhelTllllnspoolandlheoan!ring....
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direc/kJnIJJ"alW!.pross"rucenrrfid;k>pootailed.boItom
simplirlt1d



DIrectional Valves

2.2.3 Pilot oil supply

Pilot oil supply andlor rntum may be carried out eithe,
e;:temaIIyOflntemally.lnthepressurncentredmodel,the
pilotoilretummustbecarr'iedoutextemaUy

2.2.3.1 Internal pilot all supply (Fig. I~)

ThecontroifluidinthemainvalveistakenfromchannelP
and fed to the pilot valve via the control line (red).

Control port X must be closed and the pin (10) mounted
as shown. A1tematfvely it may be in the rorm of threaded
plugs.

No separate piiot c;rcuit is required for intemal piiot
wpply. However. a couple 01 poinis must be laken Into
consideration lor practical applications'

- llthemalncontrolspoolhasnegativeoverlap(allports
ere connected together) or bypass fiow in the centre
position. the 'Bqulred pilot prnssurll ooes nol build up
or else breaks down during an opuralion.
A preload valve must hence befitled In channel Pin
order to produce the minimum conlrol p,essure
The cracl<lng pressure of the preload valve (approx.
4.5 bar) and the pressure difference oflhe pilot and
main valves may be used as the control pressure.

- Care must also be taken that the operating pressu,e
does not exceed the maximum control pressure.
otherwise a pressUfe rllC!lJCing valve must befitled
Itbrlngsaboutaredoctionofthepilotpressure;forthe
valvesdescribedthisislntherationl:0.66.
Thesameapplieslortherequ"edminimumpressure.

2.2.3.2 External pilot oil supply (fig. 19b)

Thepilotoilistakenlromaseparalecontrolcircui1.whk:h
inanycasecanbebetleraclaptedtolherequirementsol
p,essureandllow.thanwilhlntemalsupply

On the valve shown (fig. 15). it Is aasy 10 change
'Intemal'lo "external' or vice versa. by changing the
mounting posilion ofpin (10) or threaded piug. To modify
the model shown. II is necessary only to dismantle the
cover and tum pin (10)

The oorroct mountin~ position fo< e;:temal piklt s~1y is
shown in fig. 19. The pin separates the cormection of the
control line lrom channel P

2.2.3.3 Internal pilot all drain (fig.2OiI)

all flowing back from the pilot valve is red dlr&Ct Into
channel T of the main valve. Control port Y is closed.

It must also be borne in mind that pressure surg&s
occuITing In channel T whe-n operating thll main control
spooIaffocttheunloadadoontrolchamberasweliasthe
pilot valve

2.2.3.4 External pilot 011 drain (fig. 2Gb)

Oilliowingbackfromthepi!olvaivelsnotredintochannel
Tolthe main valve. but instead led separately back to
lank via port Y.

Fig. 2Oshows intemal pilot drain and exlemal pilot drain
al the same time 10' comparison purposes

Byusingaccessories,thevaJvesdescribedmaybemade
to match the requirements of particular applications

2.2.4.1 Operetlon lime sdju&lment

Fig. 16 shows the operation time adjustment devk:e
(damping block). It is designed as a sandwich plate and
may be mounted between the pilot and main valves

Thisdavice is a doubie throttle chedl valv9 (see chapter
onllow control valves. section2.1.4). Dependil19 on the
installalion position. the lluid flowing eitherlo orfrom the
control chambers Is throttled and hence the ope,ating
time of the main spool isaffocted.

In the installation position shown, the relum control oil
flowlsthroltled.Thecheckvalveisopentothecontroloil
supply.

For simple applications. tile operating time may be
altered by means 01 o,ilices in the control channel.
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a\lnt,,",alpjlotooleed

"1-

, .~"i)

b) E.IumBIJ,lik>tod!eed

Fig,l!l;Possibiepiioloilleed
(Se<:fionA-Afrom Iig, 15)

aJtntemaj~loI00'rBlIlm

b) Exlemal pilololl I'IltOOl

F>g.20:PossIbIepiloloilrerum
(8e<:riooB-Blromfig.15)



2.2.4.2 Strokeadjuatment

Byadjustingth"stroke.itispossibletorooghlythrotllethe
main flow for the cu""nt direction otflow.

Fig,21:Strol<6adjiJslmem

2.2.4.3 End position control

Ins.afetycircuitsitisessentialthattheexaetspoolposition
of the spool is known. In this case, limilswitchesare used
to monitor the "r><,\ positions of the main spool. The
switches may be operated either mechanically (contact)
orinductively(proximlly) (F.g, 22)

Fig, 22: Eloclronicendposilionrontrol:JeN.IndlJC!ive(no
__I),Iig/!I:mechaniciJl(coolad)

Directional Valves

Inslmplete;ms.lnendposl!ioncontrol,thepositionof!he
main spool may be monito'ed by means of visuaJ
windows. Visual control is carried out via the visual
window in the casing

2.3 Leak free directional spool valves

The main feature o/this special type of valve Is that
additional sealing eiements are a,ranged between the
spool and the spool bore. The additionaJ frictional forces
which ,esult must be overcome by higher operating
forces

In principle. this model may be either direct operated
(usually manually) or pilot ope,ated (fig. 23). Ei\h(lra
standa'ddirectionalspoolvalveoraleaklr..... directional
poppet vaive (section 4) maybe used as a pilot velve.
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Rotary directional spool valves

Rolary5POQl$(1g,2S)wefllotlenusedinlheearlydays
oI011I'!y1ka~1oroperabngp'e!lSUresolupI070ba'.

Due to !he deY.topmen1 01 .pp1io;atJOOs using h;goor
optla~ng preSSUfllS, 1his type of valva is b&coming less
and less convnon. This i'$ due 10 the IarO' opera~ng
IorcesrequiredduelOthePfll$:lUfllSno1be,ngcomplelely........
1n8dditlon.~~tionol"'*'Yspoolsis

pNypor;slllewrlhextensiveoornplil.:ation.,lhemeclla·
meal design

Apanfrom afewspecialmodels andspeaalappilcabOnS.
lnerOlalYoirectlOl'1alspoolvatvalsoflinJelmponancein
011 hydraulics nowadays.

F'f1. 25show$ a 312 wav rotary spool YllIIIe Inltusvalve
lhe vanous ports Ifll comeeted IOgBIher via longI1udinal
bor.-bvrneansoirotamglheoontmlsMlllllseasylO
~lhalllWoontmIshanwilbeprlM&edonlOlhlI

houSlnllwallonone sitle due 10 IhlIvarymg pressures.,
lhepons.
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Directional poppet valves

DIrecbonalpoppetvalvesaredirectionalva/ve$1n
I'IousIngbofe(s)oIwt1ochOO8Ofmoresuitablylormed
_m-.gelemem.(ITlOY'88ble)lnlhefonnolballs,poppelS
orpllllet ... tilUaled(6g.26').WithlhlsdeSl'il"ulhe
~pressureincnlases.lhevalvebecornesmore-_.

DuelOthestaticanddynamicforoMwl'lictlOCQ,l,inlhe
direc:lKln8J poppet valve as a resuIlol pre.ssure iltldlbw,
di'ectoperateddIrectionaIpoppet aleusualyonly
available up lOa siZll10 This llOfl1lSI)OI'dItDpower
oIapprox.36L1nwlalanOpenl1lf1ll~relo630blu

andispnmarllyvaJidJorsolenoodopemed~"""" .......
OlCCJIMW,direclopemed~pc:!IlpItt~oI

_largwlhansizel0oouldbemlldeevailioble
However consodemg IhlIleqUirecl op8f1IlIng loroes, e g
lorIheSlZllolSlJleno«lreqtM'lld.Jor~oIopefabon

reliabIIIlyand due 10 lhept85SUlll.oocu (which are
tiIliculllO<XlrItmI),.lSnoI~e.ISibletollilVe

directop.atedvalv8llol'$lZ8li lIbcMIlIWll0

TllelunctJ:lnollhemoslCOfTVllOlllyusedflleclrkaly
operatedmodelisdescribedbebW'

Ag.2tI:PMcIi:*d_(JI!If).poppfJtl~}"',*re

_I/if7IIJ

The maJn features ofdire<:tlOflal poppet valves are

- Noleakage

_ long kjla tlmH possiblv, .s\hei, are no leakage 011
flows i1ndthronl. CleafMCes which oould lIoat

4,1 Direct operated directional poppet
valves

_ May be used wj\l'l even the hiQIlesl pr9SSUfes, as no
hydfllUlicllJCking(pressumdependen1delomlllbon)
and~OOCUf"'lhevalve

_ L.argepreaurelossesduelOshOflSlfOkes

- ~e~CUlngoperalionillpha$eduelO

~OYel'liIp(oomec:tionolJlOOlP,aclI.JatOrand

Iri.dwlnela.IIhe__).lnsection4l
o
' ''''

~~~~~be TAP,

- loI:IoIpetl<wmanceduelO~~oI Rg.27·~~3'2~~__•
pressuresonlhevalve8XIS. .-.pIiI__

DIrectJonalpoppel¥8MlIImaybeellherdirectOlpilol
operaled.WhelheravalvlllSdirectorpilol.operaled
depena&m&IfltyonthelllZeollheoperehnglOlU
,eqo,lIred and on 1he9l2eol Ihe valve.

- IsoIajjngfunctionYrithouladditiooali8olanng
elements

T"hesearevalveswlthcontrolelementsdiracttyope,oted F'll.28:Sir>gi9IJ<J~vaMI

byamechonocallyaetingdevice
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Inthllitl/lialpoosition. the seating elIImlll'l1 which Isa ball
(1)lspuShOOtQlhelllltontosaal(3)(fig.27)bySjlrlng(2).

In IhI!IlniIiaI poslIion.!he COIlIllICbOn lrom P to A is
opened,portTisOOsed. ThespoolposdlOnollhe'J1llYeis
changed by soIenoKllotce. The lorcea1fecls the seal
eI&ment('lbymeansofaIeYef15)s~edby

OOarings,ball(7)arld0j)8ra~ngplunger(6)lnthehousi~

(.)_Thebllllispushedto\l1eriQhl~tspnng(2)and

pushed on II:S seat 18), Port P is now do$IId and !he
connecIlOnlromAIoTopeood Qperallngph.lnger(6)is
seaJednbolhdirections. Thec:hambltrbetweenlhetwo
I188lsls00nnectedtochanI1llIP.Press.urebalaneelslhus
achieved on the vlllve axis,I,II. no pressura lo,oeaets on
!hell88llll'8aThlsresultsinonlylowoperallngto<oes
beongreqwed.

Dumg the openlbon prI)Ce5S.1he ports a... oonneded 10

I18ch othllr lor a short period tsee negatrveO\l&r1ap)

The variety oIl1pOOl pos~ions available lor directional
apoolYlllves_notlvailablelordirectJoni'alpoppot
......... Tlwsisbec:alllseollhelpeCl;;llldesiglollhesol.....
~:::~;~n~I::==:~~~Su::~~ ~~:~klcrricaRy~lednWHY~-..as"2
29and3Cll.

Flg.2\I:2_~

Using a lIllfldwlch plate under II 312 way diredJonaI
poppet vatve, the tunclJQn of a.,2 way vllYe can be
obtained. The schemalJC cllagnlm below shows the
method ol ope<abon (figs. 31 and 32),

OnatwobalivalYe,lheconnectlonAIOTiSopenanciporl
PcIosed initially. Thll&;lfingpushllsihe ball In channel P
onto its seat In the spool position, the right baW ill lifled
tromitsseall.whilelheleftbaUlspushedonlOitsl881.

F"og3t,P1rJc:If*d4'.i!W3)'popp«_in_paeiIo:wI



The upper part (1) represents the 312 way directional
poppet valve, the lower part (2) the sandwich plate.
Initiallytheballof(1)isonitsseaI.TheconnectionfromP
toA is opened. A oontrolline runsfromAtothe spool 01
valve{2),Thissurfaceisgreaterthanthatottherightseat
element, which Is therefore pushed to the right onto the
seat Port B in the sandwich plate is connected to T and
portPisclosed.

Fig.3.2:Ptincipleof4l2waypoppelvaIV8fnspoolpo5ilkJn

Whenopeninge3l2waydirectionalpoppetvalve(1),port
Pisclosed.TheoonooctionfromAtoTlshenceopened.
Atthe sametiroo, the large spool in the sandwich plate is
unloaded.

Pressure at P pushes the spool with seat elilment to the
left and closes the connection from B to T, Port P Is now
connected to Band portA toT.

Theoperatingelementlnthesandwichplatehas"posilive
overlap".

In Older to avokl prassure being intensified when sirogle
rod cylindars ara used,the annulus area of the cylinder
must be closed lit A.

4.2 Pilot operated directional poppet
valves

Dimct operated (solilnoid operated) directional poppet
valveso!asmaJlersi~eareusedforthepilotoperationof

la'll8r,directionalpoppetvalves

Directional Valves

Pilot operated 312 way dlrltCtlonal poppet
valvaa

A pilot operated 312 way dire<:\ional poppel valve is
shown in fig. 33lh6 function of which is shown in fig, 34

At rest, control spool (2) is pressurised with pump
pressure by pilot valve (1). The pressurised surface of
control spool (2) Is larger that of the seating element (3)
HellCethe seating element is pressed onto Its seat and
portPisctosed,whllstportAisconnectedloT.

Iflhepilotvalve(1)lsoperated{soIerloidell8rgised),
conlrol chamoo, (4) is then connected to portT. The pump
pressure lifts the seating elementtrom lis seat, portTis
c1osedandportAisconnecledtoP.

Themalnstageofthevaivehasaposltiveoverlap(sIoove
5)andthereforeduringacross-over,portsP.AandTare,-.
As control of the pilot valve Is internal. a minimum pump
pressure is r8qulred tor the operations to 00 reliable.

Fig,3J: ElecfrcrhydraulicaJIy optJralec!:Y.? <1/reIOr""",1
poppel""ivfJ

The function 01 a 412 way directional poppet valve may
also be obtained by meanS of a pilot operated 312 way
di,ectiomlpoppetvalveandsandwichplate(ooesectioo
4.1)
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Flg.J.4~cf~UIlbaIIYIJPfK8rlKJ3'2W1lY--
.~.

4.2.2 Plio! operated 413 WIly dl..etlooal poppel
v.lve.

Fit}. 37l1howsap;lotoperat9d4I3waydif&C1ional poppel
valvelnftslnltlalorzeropositiorl(soellQ.361ortunction)
The 2-way ClImloge elemoots (1,2,3 and 4) are helo in
clos9dpositionsbySjlringsasafe8ultolthebaiancein
pressures

~. .:;::;

Spool poWon"b" (P to A and B to T)" IIChif!ved by
openlbng control vaIY8 "I".'" control c:tIarrber.> <II
cartridge vatves (1) and (3) Sfe uraoeo and hence
opened. Thllf9fTllllrnngcartrKlgevalVe8sllIyclo5ed.By
de-en&fgIalngcontrolvalve"I",lhez.ropositiorlisonce
lI9B1n sssumed

The!lilme sppIles lor spool position "a" (P to B and A to n
HOW9ver, now cartridge valves (2) arxl (4) and control
valve "W are considered.
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Pilot ~alves I and II are supplied ~Ia control line (5) with
fluid. This suppfy may be obtained either externally 0<

intemallyfrom the pump circuit
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'4.3 Symbols

ThBr& is 00 distinctkm made between the symbols for

dlrectionalspoolanddirectionalpoppetvalveaaccordlng
to DIN ISO 1219. However, In prac:bce it has been found
useful to rnak" a distinction betwaen the two, As shown In
labW4. the seat elemants of directional poppet valves
are represented by chock valves,- I ,- ,- ,- ,-_... _. _.

positions. ""'-2W01'kir>gp<l<1S 3 W<lI1\irlg potls 4 WIlIl<lr>gporUl 3W<>/lWlg~ 4 wor1<ing ports
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~
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Ta!>Ie4; S;mI>oIsfoTrJimaJoillJlpoppelvaJves
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5. Comparison of directional spool valves with directional poppet valves

Dil1lCtion.lp0ppe4valv...

Design note.

l~ahouslngwlll'lae<tn\falaJl!albol'1l,,,,dialcllannels1~.hool!ingthera&.rll_Otmoru""lve.....t8-..il1'1
llxed<lf>/anC8llapartmerge,Thesechannelllater.c bansOfP<'P\l<llSsslfleeloolng8l"""""".Tllesaeoll.>
101ht""lsides.llrtep<>rts.l~ltl&mainaxislbora,a me~ts a,a automalicaIIY pusI\8d on thlI _IS via
spoolwithtume<leonlror~(amularllfOov"'l ~mgsand\heflliftfldefflhe .....tlbrmeanaorlliM.
iB"'lmap~p06~""'will'l'e.pet:lIOIheFlowalwaysln!lledimcti""w!lichwooldtencllO

houslng bore by meens 01 lIle oparatirlg eJm'nl:Inl doselhovalVa,a.onIythenlstt>allowoonIr<>II$bIe
(e.g, scIenoi<f), This is so Itlalthe channels may l>s (closedor_Tk>w),I~theopp<lSlMOIrectiona(:!>OCl(

isoIeIedlrom or """"""ted 10 each ottler \flame .."""'e!fectWO\rldbe~~lar>dTk>wincl9penden1
annulft'9'ocw<os oIl11eoparatiog position would arways b<l presenl

V&ry slmpIe design. PaJticl.Oarly ad'va~!ll\lOOllll EaailI,andde",a'desiQl1lnmar>d312waydlr8Ctic>
espec;allyf",comp!G~formalionscfllow,Ckla'l,"""," rial peppel valvl'l Flow k>rmaliO<1, 1I.11.1n4t3 ...y
lien, Lew ""r1aoeIoroe. duelocomplM.l>aIand<lg mcdelillcnlypcsafblo~aeomple.de5/gnIscan\ad

dfp~s.k>ng"'lMC.llle.Willl~toll>od!-CUlandalctcleffortpullnleil.Dlre<:til'lMoIllQw"'"
",.,.,sions "'!he spooIlargGlIow<wnlnlJ" .riIl, Jim<!. plJIl¥larld acl""to< mlllll bfllXlMlll:\ed to
_ .. compam.ootosizalcw'esia-tanresloll<>wspecilicports,llI'elsaIheCOOIn)il>ehavlcu.- .... ba
e><isl.Oir<lClionolll<>wmayuSUllllybo>chosenandis cIulnged
nol~mIledlOthe.ymbolic_

-
O""'lolhaannula'cI<>a'''''''''presenloolW<>8fiIfleTl,.'poin!,Oefconlaclbelw''''nlha$<laland~

Ilo\,i$lr>gboreandSjlOOi,aleak2lll"flowlscontinually >Jie<>a·"WOUldand!aWOO,soaMfmllti<:oealis
prnsanlOOtwo.enlhilhoghp<1lSwreand!llelcwpres· pr<xluced,wf1lct1I,fflquu'ooir1lhepm-flstalaDonlo<
""reeidea,Herm<llicaltl'saaledclCsu,acnlyetamplnQl1~

possiblellyme"""ofa<lmllcnal~(IsoIat!nll

_alVe5)or~Ide5igna(_$8C!k>n2.3).Dis»

_antageouslefclompi"llhj'(!roulica

NoI"""!....-...r;"" 10 1ar>l8 dill pe.rtit:los clue tellle Not vefY SIlI15i1iva to mlef""""Pit I\o'f,WIg dirt.
1"-1)$ openlngs to ftow. S<ln!Iiltv<I to mic(()GCcpic How""'" wM la,lI&' din p.ortides!he danger ooea
Ik>wlng dirt, which is SQUe<lzll<! 109<l!her with the eds! IMt such partic* mlghl bOCome 1IIl.d<
leakage oll 111 the annular cIea"'-""" and which may be!w""n lheclcsingpieceanllseat.Suchc,,,",,m~

lead 10 sticl;irlg oflhespooi••Sll"'G!oIIy ot high pr.... naflon,sc:ausedwh""lfleplpes.,.. lnI'ltafledwilhoutsu..... 1ho'~eteMO'>gar>dnushi"lllhe.ys!em.Mll<ed

~sa:~:'': .•>dSI. rlglds!ic:IO"II .... ., spoawl-

:=:~~~.""" ~l';;'.t"'oI~..=:~=w:I~; DepaocIi"ll""clesIg~~IC1000ba'.
llresw,esanodsmdpumpfloWll Jn fill a ncjlool<le8;gr,
."'MI""'Yadva~,lI$du9tel""r....kags

lIowthef~oftl>oflowlOOsmaybef ..lative/)'
"",.



Directional Valves

Design notes for the selection
of a valve size

The parameteni reqwed by the prOf8CI engl/188f to
dMemwle wt-.:h cIrealonal VaM! 10 U!IlI a,a shown 10........-.
6.1 Dvnamlc performance limit

Theopenltionper10nnan0ehrritsS/'lOVmloeatalogue
lheels_vaidJor2dirlK:llonsaftklw.e!l_fromPIOA
andatlheaamebmelromBtoT

Bydlanglog the dif&ctiOn 01 now Ot by dosing WOI1<Ing
porlS,Ia'gedrops;T1perfmmanceareoblainadd..etotl\e
IlOwloroHaclinglnthe vaJVflS

\t'lsudlappi::allOnSlhevalvelTllllllJ\aCtUfermustbe-The directIOn of IIow cannol be c:hanged In OIr1lCt1Onal
poppelvalves

PeffotmllQll limits are me8!lUred to the inl8m8.tiona!
&WldardISOOlSs-m.

0w0gratn6.p-(J.,.,.,.,flngCl.O'\1lSb-~~..w..3d>otnbermodllll._lo._oc~

£oampIu, Spod'ymboIJ.r""<JPfllllIInf1~oIp=2!Obar.""~fIowol",It>95l.hnnis".,.

SpooI,ymboIT:'I,""".,.Nngpl6~ofp.200ba,. .""omr_lIowol",IOSC1./mlrlIsPOUiblll



6.2 Pressure difference In directional
valves

Theop8flllngeurves"(;<Italogue5hoots(500~m

7)onIyCOl'lllderlhepre$Wllldiffe<enoos"d"eetiooal
WlI/Y8li.Thepre$SU.. ~inlhesandwichplateand

connectlngw-fTlUSlbeadcled lOlhe ll'8IS1n
lillefwlaIlol"lheva/lle.

Thepr8SSlK.~ lpoladiredlonalYlllw1ol
spooltypeJ.3.8ba.!romPIOAand4.6ba,IromBklTa1
allowolO.951..hrw> Pressureditler8ncesollhesame
megnIIUdltOClCU.,lhedireaionsolflowfromPIOBandA
lOT InspoolI)'peT.IheIl'e&5Uredil'ferenceislbilrlrom
PIOAandPIOB.I.Sba.tromAIOTandl.8ba.tromBIO

TllIallowolO=SOL/mrl

.i • f-HlJ.l.[lUJ-t-t-t-t-hf--l'V7l
t
tI .1-+-++++-+-+---J<-IIh¥/'l4!
< • f-I--I--I--I--I--I--V

Directional Valves
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Chapter 12

Pressure Control Valves
Dr Harald Geis, Johan Oppolzer

Introduction

Pressureconlrol valves are vatves which influence the
sysfem pressure in a system orpartofa system ina
particular way. This is acflieved by changing lhe size ot
throttle openings, which may be done by the use 01
mechanical, hydraulic, pneuma1koreledJicallyoperated
adjustment elements.

Daptlnding on how the throttle opening is sealed
pressure control vatves may be either s>XIQ1 or poppet
vatves

With respedto function, these valves may be put into foul
groups·

- PreSSUfe relief valves

- Prnssuresequencevatves

- Pressureshul-ollvalvesand

- Pressure reducing valves

The valves may be eithef direct operated or pilot
operated.

PO\lI><itvalve

Papplltvalve,
spooIvalvil

Sizes6la30
p..... _6JOba'

q,,..._330lirm

SizlOS6kl8,2
p,,-_350bar

Q".....z35!XlUlrOn

SIZIlSS,6,10
p"",,~210bar

o".,.._80LJrnln

F'IQ. l:FlJflClians, featurestMdPO>WJrt!at.lso!p;eSSUf8con,rnlvelves
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Pressure relief valves

2.1 Task

Pressure relief valves !,!r!,! used In hydraulic systems to
limitthesystempres.suretoaspocificsetlllv9l,lfthlssat
levelisreact1ed,thepmssurerelielvalveisaetivatedand
feeds the excess flow (diffe'ence between pump and
aetuatorflowlfromthesystembac:ktothetank.

Fig. 2 shows a circuit with a pressure relief valve. This
valve is always arrangedasa bypass valve. Because 01
rtstas~,thepressurereliefvalveisal50~llOwnasasafety

valve

Fig. 2,Typlcal anar>g9fOOf1t for a p"'SSUf(l relHllvalve

Function

The basic prindple of alf p<essure relief valves, is tM.t the
ln~p<essureisfedloameasuringsurface, whk:hTs
aetedon bya force {fig. 3)

Fill·3:Princlpleofl"'PP"tvll!ve!.lSOOasapressurereM/",,,,,,

The Inlet pressure loads the poppet or lower side of the
eontr~spooIwithahydraulicforce

PE _inlet pressure

PA - output pressure (also tan~ pressure when
unloadlrlQ)

_seat surface or lower s1de of control spool

The force of the pre-lensioned spring FF acts in the
direction of closure. The spring ctlamberis unloaded 10

tan~.

AJ3 long as the spring force Is larger lhan the pressure
force, the seating etement slays on rts seaL If the
pressure force exceeds the spring force. the element
pushesagainstthespringandopenstheoonnect1on.The
excessfluldretumstotank.AJ3thelluidf\owsawayviathe
pressureoontrolvalve,hydraulicenergyisoonvertedlnlo
heat.

(2)

.1p _p<essuredifference
Q _llow

If,for example. no fluid Is laken from the aclualor, the
oompIete flow must flow away via the valve. Hence the
valve opens as much as Is rBquired fora balance 10 be
produced befween the pressure and spriflg forcesatthe
seat eiement. The opening stroke continuoustychanges
with the rale offlow. unlil the maximum opening stroke Is
reaehed(powerITmit).ThesetpMSsurecorrespoodlngto
the spring force is not exceeded

As far as the function is concerned, rt does not matte,
whether the valve isa spool valve ora poppet valve



lrIatlclitionlOprovidingleak·lreel>ealing,lhepoppet
va/llet/'lown"'fig.3haslheadvantageola~

responMbr'l'leTtllslSbecause"'liveIylargellowsmay
be"*"'CMldevennhlairtysmall'iaNelTlOYllmllfllS.

O'l"'othefhand.IheSjXlOlvalYe(fig_41otlersline
~sn'WlIllawsbymeansolgrDOll9liinlhespooL

The'eonlrOlll()OOlllefeisa..-.mgelement(a'ldllJllll)
IIfIdCOl'llrOlMmenl(a>ntroI '-nr;t).lnh(:b;edposibon.
leBkageoilllowsoontinuousfy tromlhei1lelollhevalve
YiIIlhedearancebelweenspoolandhousinglolheoutlet
(plllSMlAltree),Wnhfll6l)eCllOrespotIRIlimes,1he
powIItvalvelsfarsuperiorlolheSjXlOlvalve,lnaspool
Vlllve.ulheinlelpressurerap!dlynsea,lI1eCQf1tro1spoo1
muSlllnltlraV&fSetheovertapdistance s(idle strol<e)
before 011 Is able to ftowvia theCOf11ro1 lands. During the
overlapphase,pfessureincraaSHatthelnletof!hevalve
until ~ reaches the SlIt opening pressure again. The
0'I&I'lap distance ~ a comprormse between response
limeandlea~.

Asmllybeseentromllg.l,tt.1IarelWOtypesol
pr1l$$lQreliefvalYes:directandplo!operaledvalYes.

2..3 Direct operated pressure relief
velves, type DBD

Fig.3$hOWSadirecloperatedpressurelelielvalYe.The
UIc:tlonCOll$ldellldsowWlISonlywithrespecllo1he
Slabeloroedlnlhevalve.

Ftcmlhedynamicpoinlolview,wehallllaspring-mass
system, WhICh causes oscillations wtlen it moY9a. Tl1eSll
oseiliationsaffectthepresslJreandmustlleeliminaledby

dampl':'Q

Pressure Control Valves

Fig. 5: Dir&etopernrlJdptMlU"'rel/(oI ........

Possible ways In wt1ich Clamping can be achieved (fig. 6)
are, IOf uample:

- oarnpingspoolandori!iee(t}tolhespoolcharnber

- oampir"!}spooIwi\tlonesurl_(2)or

- dampingspoolwithCClrt8$POlldinglargll1Olerance
play (3) (damplngllJOO'l/ll)

ThespoollSllxedngdyaolhecblingelemenl. WIWIIha
spooImoYeS.lhelllMtmullbefed .... IheOliticlor
ditn1JinggrOOYe.A~lon:ellCCUfSopposltlIaolhe

dIreclionolltlO'o'efTllll'



Pressure Control Valves

The ......whoch.IlCfeW«lir'*l.llllt.lsIngorc:ontroll*dl
(1) (:(ItI'lpI'lsessleeYe (2j, spnng(3),~tmenI

/OOdIanI$m(.),poppetwilhdamplngspooi (5)~
~_1(6)

ThespmglJl.-'-thtpopplllonloil5S681 Thespnng
Iorcecanbesleplessty~by....ansollherotaty

knob. The pleasur. lis thus also set ace:ordingly POll P
('lId)iseonnllC1edlothesyslem.f'ressUll,lllllhesys1enl
actllonlhepoppllllul'lace.llpressurelit1slhepoppe1
rroml1$selll, Ihe conne<:tkln to ponT (bIl1t1) ;sopened
The poppet st.oke Is limited by a pin in tile dampil'lQ tXlfe

In·

"'lIWspringlorcealsoinctea$8llWl1t1respecllOlhe
springwnslal1laslhestrol«l~,lhetll'lde<sideol

Ihespringretalnllrisaspuaalst\8pe The llowlo<ces 01
lheoilllowllRlusedr.suehlllWillythatlheinereeSfllll
-.mngJ0rC8lSllIrnoslbillitne:e'OUl

InordeflOlTIlllfllarnago<'ldpressurele11lngandalla1.jp
OCUl'Ye CMlI" the c:ornpIMe presaure <Wage (IDwes1
preslUfeinaeasepos.sllleWl1t1ncJeal1lfll1l1ow).lhetollll
pIealf8....ISsdHliW:ledinloIlageLOMjlIIIl$$lD
aaga corrt!$pOOdS 10 III oertlWI SllA'l5l lor. C*UIin
tTllWITUllsetcperallllgpressull

up 10 330 lJrnrn

Pressureslages 25.50.100,200.31S.<IOOand63Dba'

2.4 Pilot operated pressure relief valves

o;rectoperatedva~esarellmitedaslhfl!lowlncleases

due101hespacerequlrO(l!Qflhecor'ltrolspnng(see
sectiQn2,52j, Alargerflowrequireselergerpllplllllor
spool diamB1er, The erea and lle<1Oll tha spring IoIce
increaseproponionallylolhedlamele'8C!UIred

InorQerlOlo:eepthespaoorequiredforll1esevlllvesdown
lOesensbielevel.piloI:opet:a!edvalvllsareusedfol"
Illrgerllows.lheyarel'SedlOilmIItheopemling
pressure(DB) orliml1 and unload lhe operaung pressure
bymNrl5olsolenoidopelllbOn(D8W)(1ig 51!

Flg9:Pi/oIaptHated~rW;ef_,ng/Ill'ritilotJf...",

Ieh""rIldiroctiDrJal ...!VIo~



2.4.1 P.....ur...UeI VlJV1l, type DB

Pnls$I$.~vatve.lypeOBbilsicaltyc:omprise$'mPl

valve(l)W<lhITlllInSPOOlcarlridge(3)an:lpilot'illlve12)
wilhprellSl.QMlllngelernenl Thepilotvalvflisadireet
operaloopressu.. ...-.elvalYe

Tlwpr-..epresentlnehannelAaetsonlMll'l$pOOl(3).
AlJt,._~,lhepr_eisledlolhe~

Sldeol ... ....., fIPOOl(3) viii control kIes (6) lVId (1)
COfIl<WWIgor6ces(4. Sand ll)andalsolo"'bal(8,Vl
IhepiDtva/Ye(2).lhlpnlSSUflln:reaseslnd>ionnelA
10 aleYel above lhat HI by spring (9). ball (e) opena
agai'ostspmg(9).

Pressure Control Valves

Theplloloilflowonlhe~aicleotlhemain

spool (3) nowl\ows"'" comrol ....(7}. orifice(1l) and bd
(8)intolhel;pmgcharrtler(12) Fromhera.lhellowisted
intemallyvillcontroln(13)oreJdemally ..... controln
(14)withoul pressure 10 tank. Dependenl on onllces (<It)
and (S) a pressure dropltXlStS.1 rRIIlfl spool (3). Hence
lheconnectJonlromchannelAIO~B.OI*Illd.

NowtluldflowslromchamlllAlOchannelBITIUItaInIng
theseloplll'81ingpressue.

The pnISWIll rejef ...a,...., maybe llfIbaded ..... pol1 OX"
Cl5)orbyc:onnecllnglllOatowerpr-..(lWOpnlUlA

_I

The pilcIt oil may be relumlld~ laJdemaly) to
tankvill pol1(14) (,...;m dosed bora(16)), BydDng lhIs the
affects 01 backpressures from d\annalB on lhe seI

pressure are avoided.
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2.4.2 P....u"' relief v.lve, type DBW

ThlIlunebOnoltlli$va!vecorre5POf1dsin~101I131

ofvatve,typeDB (1Ig, H). However. lhemain$flOOl (5) 18
unk>adedbymeansol.,leogral3l2waydinlr:bonalV8tve
(3)(IigJ3)

A!ypICalllWlC8l1Onol1hisY8lveiswtlenltlSusedlO"".
pump '4' 10 spMd III no pre$5Ufl.!

1mpcH'tanlpars~

figlZ:,,*,_redptU&<Hfl __ Itil1!~--
Bycomblrwlg. preISUl'e relief valve WlIh a directlOOlll
valve. ~ II possible 10 relalMlty sompIy swrtch from the
pnlSSlHrelietfUflCllOnlOpressunl .... operauonby
~ol.oontrolsignal(ligl3)

When IhecirllaJonal valve is closed (no""') (6p. 12)
Ile<el5noCXlfln«:tlOn~lhespnngsidllland

chIInnelB.Thevalve~lI5apc8SSUlllrelielVlllve

By oplIIlIlII'lg directlOfllll va1Ye (3), Ihe main ICJOOl
chamberonlhespnngaode(l)iscomec:tedlOchBnnelT
(2)ollhe~vaIYeHence lhematn spool (5) is
liltedlrom_seal(.) Fluldma~nowllowlromchannelA

tochannelBalaverylowpressure(bypassoperallon:
IIowreslslafllailidependenlonlhesystem).

ThlsprOC85llOCCUfS'MIl'Hn avery shOll urne. Thesysl&m
pressuref.lIsrapldlylolhemuchlowerbypasspressure
ThIs reso"s In h~h pcessure paaksand coosk»rable
acoustlc unIolldIrog shocks.

In order 10 solve !his problem, varlous modelll are used
Wllhvaf'1Wllldegreesofsuccess,SllChu

- Ihell!S8ofaspoolmalflspoolonstNdolslJOIlpeImain-- aetivepilotIng

Shoc:kdwnpingpillte

TheoperallOn umeofill~ rwliIIfvalYemaybe
iItIluencedu*>ganshodtdarrplgplateandhencelhe
swiIdq process may be carried out fllOl1I soIlly The
luncbonollhisplaleisbasicalylhalof.IIowCOll!llllvaJve
Wl!hadownstreamorilice.

The iU10ck OOfTlPlfl9 p1a18 (6) is SIlualed be1wMn piIol
valve(1)olthepcesstlfefeliefvalveanddif8CllOfllllval'le
(3). A orifice (8) must be inserted InTO channel B ot the
direclionalvalve

Wt18nlhedirectionalvalvaisc~(pr8UlJrelelief

fUllClioo) (fig. t4) spool (9)ls pushed ega,nsfll;)r1ng (10)
I:)ylhepilotpressureandhencetheCOOOElCllOl1lromB2to
B1lselosed.

Whe<1tfJedirecti<>nalvaM.lisopel'l(!Ig,I5){lI1epilotojl
mllyflowviachanneIBoflhedirectionalva!vetotank).
constant pressure drop is presemalorffios (8J

AIIer.deliIy,springforoe(10JopenslheOOMldlonfrom
62IOBI andhenoepressurepealo:,sinlherelumlineare._.
The Iobring advarIIages _ obC*ed wn.n using

thox:l<dllmprlgplMflS;

-nodllpendencaon~

- noaooustlCunIoaflir'IIshodfsard

- much smaller pressure peaks.
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Fog. 13: PiJotaperalOOp1fJSSIJ""el!6fvalYe with soIeooidaperaled unioaditlg, IypeDBW

Fig,14:ShocI<dampir!gplale.dirOCfioruJlvalYeciosed FIg_15S1>ockdampingpla"'.di,tK:IianaJva/w;l~
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2.5 Technical data

ThlIqualityoflpressureretielvalYeisdetenninedWllh
mspeellOlhelolowlngcriterla.

- depenl:lenoeofpressureonf\ow
(p-Ooperatrlgevrve)

- pow.-limiI

-"..."........
2..5.1 ~olprn$Ureont\ow

Thedllpendenoeolpre$$Uf8onllowmaybousedlo_
lhe-.erengeofappliealil;ln$oIapressuroreliefvatve.
Thllperatnlllerl5lhesetpre$$U.... Pr:atsta1lol0pen0ng
(0)0)

Tlle characteristlc operating CUlVes am shown in
diagrams 1 IIn<l 2 tor the direc1 and pilol operated
pmsIlUre relie1 velVes.

The control tlllVIallon o1lhe valves R '&pr&Slm!S the
changefntheselpress.urewi/ha"i<lcfeilSf,l .... l\oworlhe
gradle'" oflhe operetlng c~rve

R .. ~
'0

R= Pe;o"PeI(Q,,(J)

.0

TlleoperabngwrvewilhR .. Ois
theldealoperelingcurve

"I

''I

IduIOP,CUWI

II
I

~

f---
f--k'

..--f-- f-:::;;

~
/

'V
/

~ ...
OilIgr.ml:Characteri<licOl""l'rMlgcufVftofair«roptlr81f,O
pr6SSlJrfJtWelvalv9o

I :1---+----'1---+--1---+--f""""'i===1

I ..1--1-+-+-+-..,...++9
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Dorea openlled pr~ reIieI vaMos are usually only
usedirlttlerecornrr«>dedpteswres.etlingrange

For~:PressoAlradng200bar

selling range 100 10 200 bar Of

Pressure rabngJOO baI
setlIng,aroge 20010 JOObar

Pre5$l,lre!l may also be HI wtlicl> are below ttltI
reeommerlded setting range, theoretically down 10 PI: '"
o (complete unloadingo! lhe spnngl· However, slar\lll
coot,~ deviation ttle<1 needS to be tak811 Into

cooslderation (diagrams 3 tmd 41.

2.5.1.2 Pilotoperatedpreu.... rellefvalves(lip.ll)

ThIIlgr:lldlsntolttleoperallnga.wvelorpr8SSUl'll/tllief
YllIYesll5theIlDwR:JBaSell(dilIgram5)1S«JeIO"'flow
~(F... O"~-.Jp)~lntheditectlonolclollngol
... ",.., spool (3)

A5themainspoolspringonlyhsslhetaskolkeeplnglhe
main s.pooI (3) In a certain posrtoon, ~s springlorce is
relalNe/;' low Hence the &fleet oIlhe spring on the
operating curve Is negligibly small in companson to thaI o!
ltledlr8CIQlJ4lratedp,eSl>IJre relielvalve, AS stlown In
diagram 5. the opera~ngCl,jf\lOS are almosl parallel.

By hr<ing models lor particulaf pressure stagH. thIS
IeadslOlUlin'lpmvemllnlinthe"sensiti¥ity"oIpressure

~....

.-

For-rsmd I\owS (Q< 0.5 10 1 U""")lhepressure
1\Qwc:urveIonnsa.hy$I{Iresasc:urve."ThIStTIlllII'I5tl1ll1••
v.we"doa«I(decrnaslnglloW).smaIIe.-pres$l.QpS"
produoad 1han0fl0l*'W"'Q Po for'lCrMSll"lll llowl
(ciagrllwtT6).

ThIS~en<;ebo'!'-tlheoperunganddosing

char.loeleristlcs is due 10 the rnechanK:81 and hydraulic
tricllOf'8.ltor<:esatlhecoo1roleterrenm (mafn s.pooI(3)
pilot ball (8}) as well as to tile coolamination fn tha !Iuld.

Po _OperOngpressllfe

Ps .CIoslnQ ...........e
Pf·~jll'1I5StA

1b-,,-·~pr_lldferMl»



2.5.2 Power limit

InpresslKerellefvalvsslherearelWOpoweflilnn'uppet
andlowelll!Ms(~7and8).

"'. L_~c:..... -4-_.

2.5.2.1 Upperpowwlimit
(hl\tJeSt set pressure and max. 1Iow)

ThepressuresenongPEdeta1mlneslheupperlO'OOklng
rangeollhepreNwerel>etvatve.ThlSpressureislormed
from the maximum spring force FF and Itle
C(l!Tasponding seat opening Ay oIlhe pilot valve (fig.
,<.

Pressure Control Valves

Higherllows require large< seal operungII and hence
according 10 PE = FrJA large' spring or lI8ltIng lorces.
Hence dired operated pressu,e rel>et vaNes B,e soon in
ttle range wilei'll a manuallt(ljuSlmenl of PE ~ no longer

"""..
Th&reloreplloloperatedpressufBfBlielvB1'IesalBused
infortligllerpressuree,aslargerseatdiametere"-Hlnltle
main stage are easily actlleved The smalllOfCe ollt1e
maln~springFHislncreasedbypllolplessurePsl

Pilolpressufesduelottlelowpjlotflowmaybeeasilysel
by direct operated pressl,lre relief vaJves (no adju$ln'lr'!nl,.,,,..,
2..s.2.2 Lower power limit

.jDirecl:operatedpresaurereliel.....

IndUlldoperatedva/Yesthelowerpo-.lirM_1ll8IChed,
when !he valve poppet has carr.t CUI ItS murmum
operwlgSlrob.lhemax.~~CIllmlIpllfllB

lOthelhrol!lO'lgcharactenslll;:thoWnln~7.

Alanysellln!lthe~OoperaungCUMlmaya.t1he

lhrotIlingc:tlafacMnslrcandthe_de*"'*-lhepower
llrnrtcilhe'lllMl~openlXlfl(l'(llopenlng)Thisr'l'Mlll.

Ihatrflhellowisn:::nl&S*lIUrther,pr-.re1ncreases1l'l
acc:ordanceWlttllhelhrolllingchafaeterlstll:

b) PiloI opemled pressure relielvaJoles

In pilol operated valves the lowest pressure Mtbng.t the
ltartolopeoWlgisdetermlnedbylhelorceoltl1emem
s.poolspnngandthepilotpre5llUfeThisvalueisusuBIly
between 1.5 and 4,5 baffor standard valves
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II the main spool has reached its maximum opening
slroke as a result oIl11e increasing lIow,theoperaling
curve cuts the throttle characteristic at the loweslset
pressure (diagram8-dotted line)

Dependenlonlhemuchlargeropenlngareaofthevalve
main siege, the lower power limltfor pilotoperated valves
Is oniyattained at low set pressures

In order to avoid flow velocilieswhich are too large and
hence to avom pressure losses inlhe hydraulic system.
ll1e maximum !Iow is limited dependent on the valve size
(diagram 8, 0ma.)'

In pilot operated valves with electrical unloading via
directionaJ valve. type DBW, the lowerpowl:lr limit Is llqual
to !he 'bypass'pressure.This isdetennined by the pre·
tensioning fOfCB of thl:l main spool spring and the pilot
pressure 01 the ptlotfluid which flows via the directional
valve to tank

2.5.3 DynamlcbehBvlour

The dynamic behavlo<Jr 01 a pressure reliel valve is
charactenSed by its response to a sudden change inlhe
fiowOfpressure.

The valve should be able 10 react quickly. that is with as
little delay as possible. compensate 101 pressure peaks
whicllappearand reach lhe set pressure within a shol!
time

In order to avoid pressure peeks, damping needsto be in
corporated. However this together with friction and
moment of inartia of the mov,ng parts tends to reduce!he
responseolll1evalvl:l.

The dynamic behaviour 01 thl:l vafve is dependent on its
design, the operating slate of the main spool and the
hydraulic system itself. The stalJC behaviour is only
dependent on the valve design

-LJ D,~t- .__ Op_signalfordir.va......0-1 Q~Q,MO~ q,,.Q,-lnteftorences!I1>

o 1.>:

Dia~mg,Respoosebel>aviourofapiJotOfJ6fllledpressurerelielvd1ve""opooing



Then! .re lwo~ 01 Qp8f81lng IJt8les (mcMlmen1

phasasllorlhemllinspll(ll.

2.5.3.1 ~loftt-.maIn.poolln"'D!he<"

.!fDk.position..,g.whotnopening

TheIollow1gI1l8llOf15rn;tyC8l.lMllhem8l"lspll(lllD
dlangaitlposdKln:

.1 Atl.Idclen 1urT1l Of drop" PfeAln"!he hyd",uic
system,dulIlD.sudlIiK1changelnthellow

b) A aldden ch8rlge., the pikM !lfe56ure elle to the
Dpefatlonoillireclionalvalvel!ype DBW),

The dyrl8mk: behaviour m.~ be e~amlnedon \he basis ot
Itle responseoperatirlg cul'\le (diagram 9'1,

TheOllere~ngcul'\leis.llTlO$lnllependooto!lhetypeot

_rgiZ<ng

The Iollowlngparametersllftl used lor lhelleterminalion
ollherHpoose:

- Bulld-uppenodl"
I5lhetmewhdllapses from..,.. 'oU"llilIhe
~l-.:tIeslheloweflmloflhetransienl-...

- T..-.er'Ilperiod'E
I5lhelimewhdllapseslrombm8lountilltlelransleOI
toIerancetsreachedlorlhelasttwneandlhennot
ellCe9lledanymore.

- f'fassurepeakPe""",
Pema.- Vrn /Pe"1001n%

Tne ma~ltr\lJm overshoot Vm I.s the largest deviation ot
the response trom the set comm.nd value atter the
transl&nltOierance has bee!1 overSl1ot lor lhe first time.

2.5.3.2 MeI_ot of the In8ln Sf)ODl within.
controlled position due 10 PfWUure
OKlflatlons in !he hydraulic .pleln

InPl"8dice Iklws.,.hydraUlic system due 10 press..e
~lfOO'llltlehydra,*~arnongslolheftlWlg$are
notlfeeofoscilMoons.

Pl'essuAtreliefvalvesmayl).,lIfIDCUagedIOOISCiIIate
CfMfn;j flOIS8 due to theM pressure pulses. Depending
onlheffequencyollhis~,the""lvenollseisknown3$

'chatlel', buuing, wllistli'lg or SCfearlWlg".

The cause ofthkS is \he spnng'mIISS system, whICh
consists of the movn'lgvalve pa,ts 01 mectlanlCalspling
and 011 c;olumn acting as a spnng

Pressure Control Valves

The relationship between forctl F and movelTlflnl/fol the
mechanical system isdesclibed by equation 4.

m·/feF·O",,·R"/f (4)

l'heOldlallonSwtlichapp&l\(mIIy be remcrvellby
5UlIabledampingmeasures. see fig. 6(dampnjjspoolll'l
direclQp8f8ted ....lYes)

PilotoperatedYalYesarehydrauticalywshloned(J'Ig.
'4) Onficesbel-.1he1TlMl5la08andlhepiotvah'e
IlmlllhepikMlIowandhencelhemowmentollhe_ltismportantlorlnfiSturbedhydraulicsystllmQP8f8lion
thlIllhePl"essurerlllielval'Ye~..,Ior8nY

0KiIIab0ns whoctI occur anlll'lenc:e enables Iht
operatlonalbellaviou'lDbest8ble,

Illh.... notdone, IlIghfreqLl9OCYOlICiIaIlOns as well ••
noise wiQ lead to .n Increase in wear (cavitational
erosion).

Thl. resu~5inasshorlerll&l'\Ik:elifeforthevalvtIlI and I

Jower hydraulic system Ilvlitlbllity

2.5.3.3 Influence of vaIY. design

Il'IspoolvatvesacertaJnlenglholover1apmusl.aIw8ys
'>OSl.inordertolimrllhentemalleakage.OuelOlhosde
Arob,1hisreliUllsinldNllperioll".g.whlInthlvah'e1s
~,wher.thInetpo...,.conlJnueslOnsI.ThlI
~.,presstlI1lpeaks

01'1 lheOlt.-hanll in poppII..-aMl$,lhtvalvlpopplll
op8(lI mmediately on the net prIUUnl reac:hlng the MI
oommand level. As expected Ihe presslHpeaks_
eortsIderablylower



Pressure Control Valves

3 Pressure sequence valves

PI'fI!lSUre sequence valves IlIll $irTliIlI. in design 10
Pf-'" reliel ...aIYes. Depending 00 applicatjoo,!hey
may be dlW*l Into sequence. by~. pre-load Of-_.
Pressure.MlqUlltlC8valves818arrangedlnlheoTlllll'lllow
ofallydl'8UiesystemandCOl'll'WCtOfclleonneclalurttlef
IIydraulicsystemwhenasetpAl$$lll'tl~read'Ied

3.1 sequence valves

Basicdy pressure reliel ...aIves mBy be used as
SlllQUWlCevaJves.The~br1hisi&lhalthe

pr8SllUf1l1n ctIanneI T ron direa opemed pIIlSSllfe !WI
........)orinchamlllBflnplal~l8d;n5Slftrellel
val\oes)Clln'lOIctlangelheselpl1lSSUllln.lllachilMld
byteedirlglheleakaglloillndireaoperatedpr8S$lD
reliefvalYesandlhepilotolllnpiioloperatedpressura
tehel ...atvesextemallyandpre&Sl.lfefreelOlaI*..

3.1.1 OlrClf;t ope,ated seq....- .......... type OZ.O
(1'iQ.21)

The adjustmenl e1emont (<I) Is used fur setl,ng the
seqlJencepressure. ThfJ compresskXlSjlring (3) keeps
the COl11ro1 spool (2) in its Initial posltkXl. The ...alve i8

","".
Pre&SureinchannelPac:tsOf\surlace(8joflhecon!rOl
$pool (21 via control line (6) and henoe ae:ts agamst It1e
lorc:eol$prlng(3)tltheJlf8&SUrelnehanneIPe~

thevaluesel at Sjlmg (3), control 5POOl(2) ispu$h«\
9i'*COfI'IPI'e5SIOf\spMg(3). Theocn>eclionln:lm
channIlPlOttlamelAisopened. The8)'Sl8mall3d>edlO
~AlIliconnecllldwrlhoulthepo-.llUrelnd\arnelP,-
Thecontrol$lgnal"'lederthet'"""*"t ....contratline(8)
andOfllloe(7)Iromcharlr*POf~viaportB(X)

Oeperdng on the application, leakage oil is returned
extemally via port T (V) or Internally via port A.

A check ...alve may be optionally builllnto the system to
anow free retum now 01 the fllJld from channel A 10
channeIP.Pres.suregau~port(l)lsmtedsothatthe

sequence pressure may 00 monitored
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P A T{Y) E!lX)

Ftg,21:Direcroperaledpre"""resequencevalVe

Flg.22:Dfrectope",ledpressureseqlJfH)C6valVe;irltemal
pIIoloilleed.exremalpiJotoilreWm

Import8ntperemelere:

5. 6 and 10

up to 60 Umin

Max. input pressure

Max. set sequellCe prassura 210 bar

3.1.2 Piloloperaledsequencevelve,typeOZ
lfig.27)

Pilot operated sequence va1vt!s basically comprise main
valve(1}withmainspoollnset1(2}andpilotvalve(3)with
adjlJStment elemel11 (11)

AcI>ecI< valve (4) may be optionally bui~ Inlo thesyslemto
allow free return flow 01 the fluid trom channel A to
cl>annal B

Dependenlonlh<lapplicalion(pre-load,sequenceorby
pass) piioloil is fed andlor relumedeilherintemallyor
externally

Fig, 2:3: Pilot operat9d pressure seqUMC6 ....1Ve. ;mernal
piloraiJt800,inrer""lpIIoloi!mwm

Fig. 24; PiJctoperaWproswr"$IlQ""""" ....lve;extem/ol
pIIotoillood,intemalpIIoloilmtum

Fill_2S:PikJlopersred~ssure<eq"""""velve:InI""""i

pIJoloilfood.eXf9melpiloto/irfllum



Filters and FlltrallolTechnologv
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3.1.4 Sequern::evalvewithexlernaldrpin

In comparison to the sequence valve with int(tmaJ drain
here the leakage oil arising at the pilotspooi is fed
e:demally and pr(tssure free to tank via port y

The pilot oil is fed intemally via line (9) intochanool B.

1',",26' Pilotoper.JtedprasSUffJSflQOOflC<' ""Jvu:e><fIJmal
piJoIoofeed,exwrlJJJlpikJlolirewm

FIll. 27: Pilof operated pressure seq.-.ce valve: imemaJ pilot oil feed. internal pilot oil ffJtum

3.1.3 Sequence valve with interm.1 drain (fiy. 27)

Thepressurepresentincl1anneIAaetsviac:ontrolline(5)
O<l pilot spool (6) in pilot valve (3), At the same ~me the'
p;essure acts on the spring Ioadadsideollhe main spool
(2). If the pressure exceeds the value set alspring (8).
pilolspool (6) is pushed against spring (8). Thecootloi
signallorthisisfedintemallyviac:ontrolline(5)from
chanoolA. The fluid on the spring k>adedside 01 main
spooI(2)nowllowsviacontrolline(9)intochanneIB.A
pressure drOll is ploduced across main spool (2). The
connectionflomcl1anneiAtochanneiBisfreewtlilstthe
pressure sel at spring (8) Is malnfained, The leakage
arisingatpilolspool(6)isfedinlemaltyintochanneIB.



3.1.4.1 Use as bypass valvlI (fig. 29)

TheprllssorllprllSllntfnchannlllXaetsviacontrolline(5)
on pilot spool (6) In pilot valve (3), Al the same ~me

pressure in channlll A aets on the spr;ng loaded side of
the main spool (2) via orifices (7). If the prassurll in
channllIXllxcoedsthevaluesetatsprlng(8).pilotspooi
(6) is pushed against spring (8). Now !Iuid/lows from the
sp,lngloadedsideofthllmainspool(2)tospringchamber
(10) of the pflot valvllvia the bore in the pilolspool, The
pressureonthespringloacledsideotmainspool(2)!alls
Main spool (2) Is lilted off its seat and chanool A is
connected 10 channel B. Ffuid now flows at almost zero
pressure/romchanneIAtochanneIB.

Inlhisrnodel,pilotoilfromspr;ngchamber(10)isreturned
pressurllfraeviaportY

Pressure Control Valves

Importantpllrllmelll'"

10.25and32

upto45QUmin

Max. operaling pressura

Max. set seqOO1lC1I prllssurll 315 bar
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3.2 Accumulator charging valves

Accumulator charging valves. allo known iIS pressure
urDIdingvaMls.~manyusedlll~systems

Wllhaa:umula1lCn_ ThatrmallllaM.toewrteh~fIow
IDJIlllSSU"! ..... fIowoncelhe.a:umuletorhasbeoo_.
Aa:umulatord>atgingvalvesa,aaJaousedinhydralAic
systemsWllhtq1and IowpressurelJUlT'lS(dualcircu~

systems). In Ihese cases. Ihe low pressura pump IS
SMlChedlOpre$SUlalreellowasaoonaslhesethigh
pres5U19 has been readied.

AcctJll'lulll1or charging vaNes (rig. 31) basically comprise
main valv9 (1) with main vaNe insert (3). pilot valve (2)
wilhpressure setting element (16) e.nd check valve (4).
The ctleck vaNe is bui~ into the main valve In valves 01
sin 10, bulls bui~ intoa sepalate p~taalfangedbelow
the ma,nvatve lor valve SIZes 25 and 32.

Plio! OflIlrated accumulelor c_gill9
...._typeDA

Fog. 30' ~uIH;fysNJm wilhaccufIHJ!JIl(>r~ndpr~55"ffI--

3.2.1.1 Chanlloll of pump llow 'rom P 10 A Into P toT

ThehycQulicpurl1ldeliveBlluidlOlhe&yStamVlllc:hecl<
V8tve(~} Thepressurepr--.tind\erVlelAlICl!Ionpilot
8pOOl(6)vlaOOlllrolIine(5).A1. lhesemel8ne lJl9SSUAl lll
cNnrlelPectslllllhespmglomlldsideolrTlill!lspool(3)
andlMll(9)lnplotVllMl(2) .... oriIl:e5(7)andj8).A!J
aoonulheshul-ollpressufelorlhehydralEsystemset
III pIIotve/W(2)1S machIId. ball (9)operltag;unstspMg
(10). FlUId nowllowsviaorilieet(1)and(8) II'lIospnng
ctoarrtler (It). Frum '-reo fluid if; f«l inIernaIy' or
el(\emallyVIBeonlrollirle (12) anddlaMel T inkIlhe lank.

Oepen<lent on orifices (7) and (8) a ple5SlJl8dropelll$lS
aclOSS main spOO (3). Due tothl•. main~ (3) is lilted
from itsseatandtheconnection!romPtoTisopened
Check valve (4) now closes the oom&efun from A to P
Ball (9lls now held open by the pressure on channel P

3.2.1.2 Change 01 pump flow from P 10 T InlO P 10 A

The end surface area 01 piot spool (8) ls 10%(may_
be 17%)!e.lgerlhanlheefteclr.oesurlaceatbal(9)
HerlaIlheloR:eatpilol:spooI(6}.10%(17%)1aIger
ItIanlhean.ctwelorceallMll(9)

PioIspooI(6)ispressure~l.nillhesetpresaure

ISruched.llltlepilol:COIlIrollSopened. tt.lltleplllllSUl8
at piot spool (6l is Ie.rgerthan a' baI (9) and lhespool
poslIlonolpilolspool(6)changes

If lhe pressure atpilolspool (6) hasfallllnWlIh respec:l1O
theael ahut.Qlfpressure by an amount corresponding 10
the SW1tctring pressufll dillerence (10 or 17 %). then
spring PO) pushes ball{9) back onto rtsseat Hero:ea
pressurebulldsuponthesprtogloadeds!deoimaInvalve
(3lTogettlerwlthlheforceolsprlngI14)malnspooi(3)is
pushed onto lIs seal. The connectlon!rom P to Tis
mte,r'-'P!ed. Once again the hydraulic pump delivers lluld
/rom PIOAlnlO Ihehydrnulicsystemvladl8ckvalve (4)
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3.2.2 PllOIoperaled
.<;<;umulelorcherglng
velve,lypeDAW

The lunclion 01 this vetve is the same
aslhllluneticnlorvelve,typeDA.

However, by operlthng directional
velve(15)pressurebeloWlhlIshut
otlpressuresetelpllolvatvej2lmay
beswitchedetranoom Irom P lOT
endPlOA.

IrnpcJftanlp8remetllra

10. 201II'ld JO

uplo2:50lJrrw>

ap.nng~ up 10 315 bar

Fig 32< PiforoptNBlodfhut-cffva""".
I)vllDAW Fig,33 Pikifapflr~!fKJP'l'$!Wfflsl>utof)f/...,..,."rI'P"D>lW
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Pressure reducing valve

4,1 Task

Incontrasttopressurereliefvalveswtlichaffectthelnpul
pressure(pumppressure),pressureredoclngvalvesare
used to lnfilJ6flCll the oolput pressure (actuator
pressure).

TheredLlCtionofinputpressure(prlmarypressure)orthe
maintenanceotoulputpressure(secondarypressure)is
actlieved ata set value, wtlich is oolow thB charging
p,essureavailableinlhemaincircuil.ltisthuspossibleto
redocethe prnssure in one pan olltle system to a !evel
Iowerlhan system pressure.

Function

In a=rdance wilh the task of the pressure reducing
valve not to let the oulput pressure rise aoove a certain
level, this output pressure is ted to the end control
element (spool or poppet) and compared there with the
force set at the control spring (fig. 34>. It the hydraulic
force p,,' AK exceeds the set spring force. the SjXlOI
moves upwards In the closing direction olthe control
lands.lnthecontr~positfo.nthespoolistorcebalancGd

(FF = p,,' AK). At the COfltr~ land, dependent on flow Q

and Input pressure PE,an opening is produced which Is
requiredlokeepPAconstanl.

In principle there are two Iypes ot presSUfe reducing
valve: direcland pilot operated

,--
I
I

...L

'.
'.

"
Flg.34: PMcIpk;of2-waypffiS!WrfJre<1ucir>gva/v6

4.3 Direct operated pressure reducing
valve, type DR.D

Direct operaled pressure reducing valves are mainly
designed as 3-way models, i,e. adjustment el&ment (1)
ensures the pressure safetyotthe secondary circurt (Iig,
36), Whether the adjustmilnt is made by rolary knob as
shown Or by simple screw with prOlectivecap orlockable
rotaryknobwithscale.isonlydependentonlheindMdual
caseandlhe requirnments 01 the user.

Initially the valves are open, i.e. thera isffee flow from
channal P to channel A, At the sarna lime pressure in
channel A acts via control line (2) on the spool surlaca
opposite tooornpressfo.n s.pnng (3). If the pressure In
channel A exceeds the value set at compresslonspring
(3). control spool (4) moves to tha control position and
keepsthepressuresetinchannelAconstanl.Slgnaland
pilot oil flows are taken internally lrom channel A via
cootroillne(2)

IfthepressureinchannelAcontinuestoincreasedueto
the effects 01 extemal rorceson the actuator, control
s.pooI (4) is pushed furtheragainSl compression spring
(3).HencechanneiAisconnectedtotankviacontrolland
(5}at cootrol s.pooI (4). Af; much fluid fIowstQ tank as is
required to prevenlthB pressure rising any further.

Leakages from spring chamber (6) are always retumed
externally via channel T (Y).

Anoptionalcheckvalve(7)mayoobuininto!hesystemto
aliow rree return fiow 01 Iho fluid from channel A 10
channel P, Pressure gauge port (8) 18 available for tho
monitoring 01 the IGdlJClld pressure In channel A.
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kI,...
M~ j

P T(Y}

Fig,37:oncropll(lIrgQptIIUlJ",~v_:lfJtr

MIhout.righrwllllci1«;kvalw

Importllnlpllr'met,,..

5. 6 and 10

Max·I"lpUlPrellllUf1l

Max.outpUIpressure 210bar(315bar)

upl<:laol.1nWl
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4.4 Pilot operated 2-way pressure
reducing valves, type DR

Inon:terllOr8ducepressures81largerllowos,pilol
operaled~rlIduangllalYesar.uaed

Aslll'llhlhepiloloperatedpressn"'YlIIYe,adired
Ql*al«l~relletva/Yeist:Ofll-*ldlDlhespnng

sil:t8otlhecontrolspool(t;g.3Sl

Thepilolopentledvatveisthemeasuringelemenlol'1he"'_.
TheQeslredoulpui prl,l"""rlt is _lit spring (I) 01 the pilol
VllNe.

Al rest, the valve is open, i.e. Ilu>d may ffeely Mow from
channeIBv!amalnS\XlOlinsert(2)locnanneIA

Thepressuretobecoolf~ledpresentincnann81Aacts

on Ihe bottom of !he mam spool. Al the same 1im8,
pres$l.lf88Cll1on lhespmgload8d sideollT\llin$pOOl (4)
VIlIonIice(3jandonbaD(6)inpilotvalvlt(7)vIacnalWlei
(5). The l)f8MUfe also ad!iI on bd (6) VII orillce (8),
control b (9), c:heck v;oIve (10) and orifice (11)
D8peflla'lgonlheseCbngolspnng(lj8prMsUr8buids
'4)in~oIbd(6).ind1arnel(5)erdonapmgchambel

(12).n.ptM$I,Q~Ihe<;:ONlOlIpOOl(13Iinilsopen

po!IlJOIl.NPA reach8sthe pres:!SlQ5elatspring(I).1he
pilolv.rv.fMCts(baI(6)&flsolfits_JIj

HenctpiloC oIIl\ow$ln;lm lhevalveoulput VIa orifices (8)
and (5) 10 lhepilol valVe. The pf85SUr8drop.~lStIngal1he

onticasaets on Ihecooll'oI spool in the ma,nstaga and
rTIOV(lS the rnaln $.pOOl aga<nsllhe spring The oes,red
rndLJCedpressure isat!ained,onceabalancelS present

betwOOf1 the pressure in channel Aandthepressuresel
at spring (1).

Pilot 011 Is returned from spring enamber (14) always
eXlernalyviaconlroll<ne(lS)lOtanI<.

InlhePf8lSUrereck.lcingvalvlt.l'Mloon1ro1arcurts_
e"ective:eontrolcircurlltorlhe~oI

ns1JI~~lOsmallIowosandeontrolc:irCUll2Iorlhe

~1IOI101cll:ulgefleaon1hemamspool~1IO-co..JOIe-cuitllSefl8C1N'eIn;lm~Aviaorific:e(8),

c:onlrOIb(9),baI(10)andorific:e(ll)lDlhepiloll:ClNl)l

COI'Itrolarcuil2i&eflecliwlromcharonelAvoaonlicll(3)
and control line (5) IOlhepilol(X)Jl!l'oI

Whe1hereontrolafCUII(1)or(2)isetlec:tJvedependson
Ihe local pressure relalior6hlpsal orifices (3) and (6)
Dumg most operating conditlons both control cil'CUlts are
lICIlYfI at the same time.

At very high !low velocities, a 10_ pressure drop e~lsts

at GriflCll (6) than at orifice (3). In Ofdef to avoid the
d,,'octlon oIllow dlanging !mm orifice (3) 10 orifice (6),
dIeek valveo (IOj ~ates conlrol dlOJ,t 1 !mm oon1rol
QIOJM2.

AnopllOnalcheckvalve(l6) maybebuilt inIolhesyslam

10 dow 1I'M retum 1\ow0l1he1'luldfrcmchannol AIO....... ,.
Pr-.gaugepon(l1)lSlMIillIt*Itorlhemoniloringol
lhe~pr8SSUf1IncharnalA.

~I 1
I ,
- A Iv

Fig. 36 PiioIopenrrOOP'6SS<Jrf1ret1UC1flgVlflVt>;l8ffwil1l.
!ighr "'"l1>::IurCh<1dc valve
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Impor"nl ~_lers

Sizes

Ope'allngpressura uplo31S (350) bar

up 10 400 Umin
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Pilot ~ttd 3__y prnlure reducing

val ....,lype30R

3-waypressur_redUClllgvalYes(6g_~~

COI'llpI1I8m11l1lvaJve(11withcontrolspool(2)8Ilddjrees
operated pressulll redue1ngvlltve (3) uoodaslhepio!......
~oornroIl9OOl(2)ishllldatrest~spmg(6)

Vl2.spmg(5)vdllf"ll'lllp8d(4) Comec1ll;ln$PIOAand
AIoTaredoHd

Spmg(5).sloghtIylTlOf_~tensoonedlhanspmg(6j

sothatlhef81lpotlbonalmllinspogl(2)apreci&llly
dllIinlIdbylheapmg p8d (.jllSallop.,ltMlllotJalnQaI
INlIl'IV8JYe(I)

Pilot spool (7) is held by spnng (8)" an open fttlal
position. 3 pressure IundIOnI (diagram 10) may be

carrilldoutwittlthsvalYe.

".5.1 P....aur. rtduclng luncllon

PiioIoiItlowIIIEKlfromportPviacontrolHntl(9)tothepIl0l
valv8.Thlsflowthenprocaedsvialheoprmcoonectionin
the pilot valve to COI'ltroi ~ntl (10) of the main valve and
further on to the spring chambers (11) and (12) o! main
spool (2)88 we" as to port A viacoot'ollino (13).

IIthe~lolnow!ltportPi8l1OJffident.apressur8buildsup

at port A as a rfllJlt althe actuator ,,,,"stance This
prossureactsviacoolrOlllne(13),malnspooionlices(t4
and tSl.llnes(10Ind t6)onpilolspool(7)andpushe8
ItH spool agaIIIlIl spring (8). At the varlilbkl opening
~bore(t1jan<lc:ontrolland(181olthepilolspool

(7) the If1lUI pressure (port: P) IS reduced 10 the pilot
pmssuresetatspnn(l(8).(Pilotoilltowproceedslromthe
piDlvalY8outpt1t omoCOl'llJOlIine(10).sprngd\ambel
(11jandlromt.r.W1Il\i1rl spogl orifices (1. and 15)
onIOspmgchamber(12)iVldlldlervia control"'(13)
onlopor1Aj.Apreaauredrop_presenl.alom:.es(I.W\l3
15j.Whenlhe~IIClU!lIorItow... Abecomeslarger
lhanlheavllilable~oilllow,thepressutlldropal~

ces(I.;mdlSjll"lCreaS88andpushesthotnllinspogllo
theleftaga.-.sl aprlng (5) ConnectJonPIOAisopened
andtheaclUltorl5suppliedwnt>thereqUll1ldftow

The new poosltion of the main spool (;OrTesponds: 10 the
blIlancebetwOOflpffiSSUlllandspnnglorces(pr8SSUre
drop II orifices (,.. and 15). sprinIJs (5 and 6)) The
presstJl1I.,AisheidconstanfwithlnpedtothevalueS81
llpiDlspnng(8)andwtlils1~thepre$tUre·1tow

c:haracI8lisIIcol\hevalYe.

...5.2 Pnssure hoIdlnlllut>c1lon

Ifnollowll~adalportA(cylndlrorm<*ll'idIlI),lhe

PftiSUl1Idrop;l101'ific:es(14andISl~·Maln

I900l (2) is pus/1ed via spring (5) IOlhe nghIagaonsI
spring(8jandsolDtho~poWon.Aslhifpressulll

InPlllllUterthantl1allnA,Iea~IlowsItomPIOAas

welUVI8h(13),<'ltifices(14. 15jatadWlh (10)10
piIoIvaIYe(3).Thell'lCl'eaSeinptWoSUreMIDIhe
leakagltnowaetsviaCl)fl!l'QlItne(16jonPllOlspool(7)
and pushes!hlsfunhe< agalnsl spring (8) untiIltscontrol
Illnd (19)operoslheconnectlOl'lI0p'essurellM port V
(link). Tho pressufe In A it still kept constant In
&ccor<!ancewt!hlhevalooSll!atspling(8) Asllresullol
thlllowleal<agellowthepresiWredl'Olllltmalnspoolortii
ceS(l. and 15) is not sufficiGnl to pll$h the ma,n apool
against spring (6). Main spool (2) remair15
In tho closed position.

".5.3 Pressure limiling luncllon

1! the p,essureincfeases,n A due to lhe irllluence 01
eKlllmallorcesonlhesetvaluo.alargeramounlolpilotoil
IIow$ via line (13). orllices (I. and 151. line (10) and
c:ontrol land (19) 01 pilot spool (1)atad IhenVla V Iolank.
The dIrec1Ion of plot oiIl1ow II now in the opposIIe
dtlllCtlonlf:llhaloccunrog.,thepres8UllIl1IduclJon

1undion1l1he~lIdnlp.'orilIcea(1"an<l151

e~thovaluewtoidloorrespond&lDlhelorosof

spnng (6). ma.n spool (2) is pushed 101hengt1.lIgansI
spnng(6)-.dtheoonneclionolAIf:lTllop«oed Themw
poMJonofthell\illl'lspoolCOfl1llPOl'lClllOlhifblllanolof
pl1IS8UllIatad~Iorces(pr8S5Ul1ldropatonlicea(l.

atad IS), spnng (6). The pressure ., A ill heldc:oos&anl
wtlhrespedlOlhevaluesetalpilotspnng(8)andwhilsl.
obeying the pressunl-Ilow cha.lIC\eRItIC 01 theva1Y8

Pilot/loWisalwaysllXlemailyferum8d,a&Pfessurerree
ISpossibie "",Iirle (20) 10 pori V,
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Important parllmeters
4.6 Technical Data

Stationary operating curves

Fig.41:3- ...aypressureff1dudnr;;""IYe.-leftcxtemal.rig/lt
irllemaJpIIoroilleed

Operating pressure

l~--~i
,- ,

, .L'

up to 210 (350 bar)

up to 400 Umin

~
'-,

,, ,
-A ..LY

The same operating CLlrves apply to the pressure
redlJCingvalveastoapressurerellefvalve,tholIghthere
are some exceptions. The flow described is \he Ilowlo the
actuator and the setlH19 pressure is \he oulpllt pressure
p,.

Theoperatingcurveli&ld(diagram10)showsll1echange
in outpllt pressure P" with respect to the flow at a
constanl Inpul pressure !'e' In pressure reducing
fUnc1ions,theoolled line represoots lhe lowest actuator
resistance dependent on flow Tl1is operating curve is
used when considering the application limIt forthe valve
in the hydraulic syslem

When oonsldering \he pressure relief lunction (only 3
way pressure redllCingfuflCtionjthecharaclerisocolthe
returnresislance(lankllnejisalsoshownasadottedline.
This represents the limit of applical1011 for aconlrolled
pressure limiting lunction ar>d is dependent on the
hydraul!csyslemused
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b=
~ o

Pres!ou'Bl>Dlclinglunc1i<ln
PlllSSurerelie/fUf\Cllor1 p,.eas........ '~tuneti<>n

Diag,am 10: p~-O """"ring ClJ""'S forpilol operated pressure reducing valves, left: 2-way model, fight: S.waymodel

Tht!controldevia!io<1isthechangein!hesetpressure
with respect to the flow. The,e is a considerable
diffe'ence in !he gradients of the operating curves
(rontrol deviationl betwoon pilot operated and di,1IC!
ope,atedpressure,educlngvalveS.Thecontroldeviation
indirectope'atedvalvesislarge,thaninpii<;ltoperated
valves.asthechangefnspringforcow~h'especttothe

st'okeofthemainspoolislarger.Ontheoperatingcurve
field 01 the J-way model (disgram 10), there Is a clear
prllSsure increase set during the pressure holding
tunctlon In the cross-ove, rrom pressure reducing
tunctlon to pressum reliet function. This pressure
Incleaseisproducedasaresultotthepositiveoveriapot
the control lands 01 pilot spool (7) and main spool (2)
Du,ing the cross-over, pilot spool (7) carries out an "idle
stroke", during which both pilot ports am closed
Acco,dingly the torce ot the pm-tensioning sPfing Is
inc,easedand hence the p,essu,e at valve output A Is
inc'eased.

This Increeseln pressure may be avolded by using a
negativeowrtepinthepilolspool.However,anincreese
in the leakage tlow muslthen be reckonad with.

In 3-waypressure reducing valves. the pilot oil always
llows to the acIuator ooring the pressure reducing
lunclion, in the pressure hoiding runction theleekage
drains e.wayviaponY. In pllol operated 2-way pressule
reducing valves the complete pilot oil always drains away
vie port Y. This is de-pendent on the aetualortlow. the
pressure difference between valve input and output end
the level of the set pmssura

The pilot 011 flow ourve as a perameter for the Pfessure
reducing valve, size 10 (2-way pressure reducing valve)
is shown in diagram 11 with respect to the pressure
dlfterenoof-jp",Pe -1'10)

,..-~ 1,0 "",.,001>*'

~ G,5 ",,_Jllbo,

I
o ZO 40 50 10 100 120 1010 150-

Dia"",m 11: O",·Ooperaringcu"",at4J (p~-pJ of:JO and 300 bar



4.6.1.3 tOWlltipressurflSflttlngandm"ximum
KlualorUow

Bothollheseparametef$mayonlybeoonsodeflltll"l
COfllU"Cll()tlwilhead>other.BasicaIV!hevaIvitISSflI'I'
now 01 zero ThedoaedoperabngaJrveoilheae:tua1Ol
..--.cedeP8fldentonllowrepl"esenI$lhebweSl
presstlAIatthevalYeou1pul(cbgram 10 pressure
reduClnglurw:lion). Eacf>pcwttonlt1l:sope<abngCUMI
~,~~yaJuelorlhevaIw'eAlthe

samellrneltlll"lIleloWeslprll!SSU'ewtloctlmaybe$8lb
lhepaltJCulafllPPliCalion~consoOOAld.

"'Iow8f ......... lhedesQdllowmaynolongeft.
obtuled.lnll'llllOfY.l"lcWedop!lral9dpressuffl'educ:ing
vaIvfIs!he 1OWe$\ pressure 01 P" ~ I) may t. MIl
Howeve1.noaetu8lOfIlowisavaiiablethen.aslheongon

oItheoperallnOcurvelortheact....torrf!SlSllln08liSal$08I
l8fO(dIagtlImI0l·lnpilolopernledpressurerlltluelng
vlIlves.theloweslprfl$SlJresetisdelem'Hnedbylhelorce
oIlhernainspoolspnng,nllddilionto!hebadlpressureol
lhepilotf\Qwacl,ngonlhemaiJ1spoo1.Thispressurt!is
generllilylnlheregion0l3to7barwhentheflowiSlero

AnexceptiontOlhislsthe3·waypressureloollCingvlIlve
as herelhe pilot 011 now Is foo from a dimet oparatoo pilot
operatoopressureroollClngvalvedirectlylolheaet'l3tor.

AtUrther~ieationllmilinpll,ssurereducingvalvesis

found In lhe minlmom plessure dillerel1C6 required
between input 'lldoutpU!. Itlheselectedvalueistoolow.
the control spool re&ehes ~s max. stroke be10f8lhe
desired IlttualOf I\ow is available. A further prfl$SlJrt!
reduClion ill then not poss,ble in such cases.

Foolhese_.lheoperabngewvessuppliedbythe
manulaetu.... torIheJTllflirJunpressuredilleren<:e
oopendenlon IIowrllO.lSlt.takeninlDac:count(cMgram'.

Pressure Control Valves

In summary. !he lowast set pressure ill anained. when lhe
eppropriatecontrolop8fatlllgeurvecutslheacrualor
I'fISI$tane8C1HVeallhedesulldllow.

4.6.2 Dynamic c'-Kteri,lic,

InpradlClllapplicabonfl.gooddynBmoCCllBractensllCS
are demanded 01 pressure relklong ........ The
pressurepeakswtlJchoccurwtlenlhe~lor(cyllnder

01 mcMor) Is suddenly de $hOO.lId t. kept .. lowes
possille Thepr1lSSUAlaopt..toichCICICUwhenlhe
machine Is restarted afler an de periodshouldmobe......
Witto1he mll::epbon 01 pioI~3-way ~e
redUClnllvaIve.lhemainspoollnpressurtreduang
valves is open IIlIllally Illheaelu8\Of Ilow IS $lIddenIy
decreased. the control spool mu51 close ag;llI1Sllhe
spnngasqulCklyaspossible.Thedela.ywtlldtoocursdua
10 the fflctlonal and Ilow forees lellOs lOan UndeSlfable
increase in pressure (pmssure pell~l in lhe actuator

cirCl.l~.

Onlheotherhand.ifthellowsuddenlylncreasesthemain
spoolmuslopenasquic~lyaspos.slb1e,lnordertoavoid

tIte actualor pressure sln~ing by e iarge amount oval a
short time. The size of pressure pea~s and prassur8
(\rop!laredepender\lontheetynaml<:cNl acteri5tiCSof
the valve llype,p1lot circuil.). actualOr(cyflnderor motor).

parametarslPE·p,,·O)·aswellUtoalargee~tenlon

the aetlWltor llow (e.g cyIioderandpipevolume)

4.6.2 NOles on ~liutio.,.

AcnbCllIapplicationislhalol~rtholdirtg.ilflOllow

osrtqlJlfedonlheactuatorlllde The conlrol spools
.....,nungl'llherangeollhiloverlllparepronelObeong
CItIIll8fTW\8I8d (dirt pa.r!ICIM enleMg lie <XIfW
cl8ara<W:e)ctuelOlhecon/lnuOUSrd~llow

oIp1loloilThlsIeadsIopres5lftOK'lllbOfllonlle

~-1:-~"1':..
~ :

o 20 40 so ao 1110 120 '40 1..,...
DiagramI2:,jp_·O"Pfl,,,ingcuNe

lnon:!erlDaVlMlthos.it"SMlSIIIe
10 add • by-paa .... tor a small
Ilows(O.51D 1.5Umm). In addition.
rtlsespeciaJly~lOtillefthe..._-



Chapter 13

Flow Control Valves
Dr Harald Gels, Johann Oppolzer

General

Flow control valves are used to influence the speed 01
movement o1actualors by changing the opening tofiow
(decreasingorlncreasingjatathrottlingpo1nt

Aspeciaiflowcontrolvalveisaflowdividerwtlichdivides
a flow into two or more flows.

Dependenfonlheirbeha\!iour!lowconlrolvalvesmaybe
divided inlo4 gloupslsee table I)

Flow control valves

Flow Control Valves
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The lIowislOdjusled in lIowoonln:llvalves by means at There5lSWlC8coel'rlCl8lll may be calculated aalolows
lIwtWtln. Thellowil1.lhroalingporoe ....1beClllculilted JorIilrlWwIlow-
~IoDlNl952;

O~fI.A.W.
\ . '"'" V.~2

, .lhfoni{! range

m3/s
"lOnematicvisco$lly m21s

A ''''''''''''''''''' "'"
;lIowveloaty

.¥J"'Ple5SUIeioss "'~ ""
~ h)tdraulicdiamete<.- ft """,,' ""
. "A ,.,P

II _lIowcoe/ficientdependlamonlhrolllerypaO.6100.9

ThellowcoelficienlconSlderssevenl'influeroces,such
a,contract'on,lriction,vllCOsit)'lIndmelypllo!throltllng

point and mllY be used lor jets and Oliliclls.

'"

A "ltVotileopenng

U ; I1Qw path

Fromeq~l'onl,rtisclearthatthethrottlearllamaybe

mada largllf lor smaller pr8SSIJrn dilferono:::es (conslant
now), ThIs prevoolS Ihe valve lrom bIloom,ng 'clogged".

ThroIlIrIg",varydepandenlonlhetypeatthroltlingpon
lsee-'2),ThosisespeclalyVlecaseb'thechanglllln
operwogwze-.respeatothllltwottlepalh(possiblll
resolution)

'.

I ~- I,....me.'lo<m
'''~ 0ll<N'~"" ,Ae-.t<."'"

~... I 1:----·....-_~__ d:'~ =~~OO~_

""'" ~~t~---_._-COIlIaCl_The~path.a1most_

; . .~ -- 9 ro_IwInotI>Nl\y ......pw.dafltd"*'*'Y
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n.e .... pdI • .......,-.on""' .......clIolId ~....a-lhII

............ ol-..rr-.lllllleillltlgerol

:.:" ·,gp/2 =:r=-:.-~,:

tmJIlIupalfl.r-..lyshotln....welIe<I
DDItla::I_II-...,""-.........-.c.ol
-.ry...cl~ol~IowGood

~ot8lllUllmenlpm"""felII*tlO

i :::::::'01 llteopenlng 10 law~

SIlortlnroftlopath,lMlI''l9 wlM1''''COOUlC{
""",,ln~otvl!ooil!ylbll'eIalivlllylow

NolOOeuilalllGlOflffilllllklwlulhelt1fO!11ir>g
pointleOaml.C.....arIClIlInIl'-">cett-.._
geroldclggir>glll\lgoh "'OOIrwo1\lb

-
TJv_pelI'l~lOflg.hencIoJ~OI1

~n."""""'(I~pelI'l

wIIh"""*'lO~lIllheoperwtglO
__)Ie""'~goocI,.~.lIonly_
_ lOlumll'lnlwgh90lDltlO
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from dWgram I. ~iscl8ar lhatlhe triaogularshape is!he 2.1 Viscosity dependent throttle valves
besloneWl1hrespectlO!heresolufionol1headjustmam
pa1h. Pipe mounted thronle "el_.'."

J 0.. :
~ 0.4 d

0>

~ ;;:Mit,
8) III c} "l

o..;r.nl~Ior""""l)JWoI"'-

Throttle valves

Thel\owotlhrol1lawtvesisrelatedlO1heple!lSUrndrop
al!helhronleposition,l.e.alargerpressuredroprnsu~sln

alargerllow

In many oontrols where a cons\ant flow Is not essential,
IhfQUleveiYflsereoftenusedontheirownesflowcootroi
va!veseretooelq)llOSiveforthispurpose

ThroltIa vawe. .re used, whlm

- lhefeiloonstantwor!<ingl"1l$lslataor

-e~intpeedlSormIIwanIor_deslrablewilh

-."." .....
EquaIlOn 3 lor !he I'8SlS&aflCe ooetfidenl: stlaw5!he
~lOlhevillcosityThellhoo1erlhelhrolllol

Ienglh 1.1he IaanotlO88bleliadlangelnVOSCOSlly. It
shouldaleobenoledlhatthellowlncreasellllSlhelluld_.......
WhetherewtwisdependernonorisplaetlCally
n:lapendent ollhe viscosIly, <lepenr;l$ on !he Ihroltle
des;gn

FluId'~hoIlIa~(3)by~oI'sociI!lIofM

11JInIlousn;l(2)_Thls~.Iormed~"

noutlngero~"""{.J BylUnWlgIheAelMl.
the8l'lr1lAaropeningeilhetlYottlepoSltlonmaybeall8red

stepIMSIy ThroItlingOCCUQlnbothclrecbons(IIg.31·

lfthrottlingisrequnedinonedinlcbononty,andeddilionel
CI'l8ekveMlisnecessary

Fig..,7hroIfiIrcht1dc_.l)'Pe1tl1(

In the throl1lirog direction,fl'"d rneches lhe reer side 01
valvepoppet(51.Thepoppetofthecheckvelvelspushed
on ils soat. The throttlirog procedurn Is es 101 valve lype
MGtfig,3)



Intheoppositediro<:lion(lromltghttoleh)lheflowactson
tlle face suriace of the chock valve. The poppet is lifted
Iromllsseal.Fluidflowsunthrottledthroughthevalve.At
lhGsametime, part of the fluid passes over the annula,
clearance and thus th6 desired self-cleanirJg p'o<:ess is
achieved

Fig. 6; PipeftlOlJntedth,olrleandrhtmlJed>ed< valves

Important parameters

lJIl 10400 Umin

Operatinllpressure; upto315bllr

2.1.2 Throttle valves for sUb-plate mounting and
flange connectlon (may also be Installed
directly Into pipes)

This model is suitable for Ia'gerflows of up to 3000 Umin
at a pressure of315bar. The large displacement forces .
which are produced may be easily controlled by the
SQuare endedadjuslment screw (1).

Flow Control Valves

Fig, a: TIlrotlJltvaIv<lIofSlibplalOmoont,ng,II'P'/MG

.....Ch«:kVII~lI.o'lctlon

..... ThmlllevlllVllfuncti<>n

Flg, 10: ThroWechocl<valv<llarfldr>gemoonMg, typeMK
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2.1.3 Throltlelen.d throttle check vervellor
menlfold mounting

ThisVlllvelldellgnedlObeonsenedinloamanifoldand
IherlI!oredoeinothllveilsownhousll1ll The valYe II
onset1edO(8(:rewedintotheinslalaboncaVlly

Whenlt\fmlisIiowIromBloAltleehecllvalvfJrP;jis
pushed !4'Wards. F1uod """"'wI1hout lhrottllng to port A.

Ro,l3;11lroIlIlJ8ndlhm/11l!Jdt8cltva/lw/o(1r\8I'IiIoIId
1IItlI6IIIrlg.1r1Il_cerlUll:~~nghl:.N«leo'

Import8ntPll..metel'$

Sizes- 16, 25 and 32

L4l10400LImin

Opefabngpressure: L4l 10 315 bIIr

3 lJlt.tslm8nl *"ents: - IUlatyknob

- Iockab'IIrowyknob'lll'llh-«
TheltvotllerkheckvalYecomprisesacartridgebulh(ll. Vlnouscrackingpressures
II3lvebocty(2)wiIh~hea<I(3)an.dlhrottlepln·

(4) en.d also a ehecll I13tve (5) wJlh spring (6).

The1tvol1ledirec1ionielromAIOB. Thethroltleope'lingls
formed by thethfonJe pin with throltleopening (7) end
checkvalvenrog(5)Whentheadjustmentlolobisturned.
the thronJe pin moves v&l1ically and alters the thlonle
opemnl1.



2.1.4 Throttle check ...lvellor sandwich pllte
mounting

Tllesevlltvesmaybeusedloflimillnge,lherma,nOfpllo1
Ilow .... OfMlOflWOlC!UlllOfportl.lnlypeZ2FS(1fg 15)
IWOS~ ....angedlhrotllecheckvetvesere
mounted ..... Il.lb-9laIll.wt'OChliTwlllowll'lonedirection
andelowr,"IIoW"'~appo:slledirecllon

Flow Control Valves

L1mlllngofpilolflow

Thetwln1hrotllecheckv.tve maybe usedlOsellhe
operalion1lmeS(piIotllowlimotabOfl)lnpiloloperated
direcbonalllll/Yes. The vatYlI III lhIn pIKed beIwMn lhe
pilotVlllVeandlhemamvatYll

~-~ [~~~]
" "A2 ., ~.-=F

Fig.15'TwIn~r:h«JtVaN6.typeZ2FS

Auldinct\wWlelAI ~ldualorA2.vialhrollling

paont(1).tIlctI.lormedby~valveseal(2)andhollle

spooI(3lTlwoClleIP)Ol(3)maybeaxialy~by

..-...oIMl11'lgICnlW(4)endhence1hrolllll0l*Wlll(IJ
isitdjusted.

ThelkMdrellm*lgtromaclualClrB2p.lshesvalveS8-'(2)
agU1SIlprIng(5)1n~d1recbOflollhrol1lespool(3)end

henceallowslrMretumllow DeJ-dng(ll'l1he
instdation,lhfOlllrogmaylakllpiaceeilherinlheleed
orflltumlinel(meler·,normelllf-<'lUl)

2.1.4.1 L1mlllnllolmllnflow

Inordflftoctlan~lhevolocityo!anaetuator(main'low

limitatlon).lhtllwinthrotUochockvalveisfrnedtletweon
the directional v.1ve and subplate

Impor1anl~meten

8.10, 18 Wld 22

upto350~

Operabr'lgp<essure: uplO350blIr

4adjuslmenteklmenll: Saewwithloeknutand-_.
Ioc:l<ablerotaryknc»Wlth
scale,

screw with scale or rotary
knob with ecale
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2.1.5 O8celenlllon ValVilI

OeceIerabOn valvell ale used 10 smoothly del:elerale or
acceIeraIe tlydraulicaly moved loads. DeceleratiM'
acc:eIerabOnilrel8ledlOltlI'lTlOYUmenIoflhelotld.

Infig.19amodllilshownwithanorrnalyopenmall'll!ow
1hroaIII(2J,WI1haecondarylillAldllowltvoltle{7)and
checl<;vaMt(6).

r-'-'-'-'- -'--'-'--.
! I
: j
. I

L_._.--,~ J
.. ~ !T

The ...... lhroIlIespool(2IispushedlOlheleflkllOitsresl:
poeItIonbyspring(3JinhouslnllflJ

~onlhespooltype.lMoomectIOnAIoBis

openinlhn rest posilion {as Shown in lip. 2llt Of closed.
Ftg. 21showslhe~.

F~.21: Circwrexa~usingll~r"", ....1W
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The cylinder the velocity of which is to be changed 2.2 Thronle valves independent of
operates the rollerlevor (4) oIthedeCelolallon valve viaa viscosity
cam. Fig. 21 shows the re!evant arrangement

Thethrolllespoolisp-.shedbackagalnstthespring,Flow
opening(5} thereloredecreases esthe piston moves
The cylinder speed decreases and hence the cytlnder
decelerates

II the connection A to a is completely closed. the cylinder
remalnsstationary1.lthaslnterruptedtheoilsupply(not
completelyleaklree}.

The deceleration is depe-ndent on the cam lorm em

"""oJ
in order to allow the cylinder to travel out of the closed
pos~ioo, a check valve (6) can be arranged in parallel to
the throttle spool. It ensures lree flowlrom 8 toA. The
cylinder then travels unthrottJed Irom ~s positioo. II a
check valve is not present. an acceleration occurs when
IravellingOl.lt ollhe end pos~ion.

Asmallerfiowmaybe setoo secondary flowlhrotlle (7) ~
main IIow Ihrollle (2) is closed (rapidtraverselfeed)

Important parameters

up to 700 Umin

Operating pressure· up to 315 bar

These valves (fig, 23) also known as fine throlllesare
designed with orifice type throltles, They basically
comprise housing (1), selling element (2) and orilice (3)

Flow from A to e is throttled at or~ice window (4). The
throllle openmg is adjusted bya pin (5) the lower end of
wtlichisalipinthelormolahelix.Thelowdependeooeon
temperaturn is due to the throllle being II sharp edged
orilice.

The prelolred diroctioo of flow is lrom A to e, By means 01
anadjustmentscrew(6)theorificerevealedt:>ytheoontre
pincW1beopeoodand~osed.Hence tha adjuslment is
malched to Ihe ac!justmenl scale (Iittledevlalion),During
operatkm, the orffice with edjustmenl&rew is suP$X>rled
On lhavalve mounting face

A pin (8) islitted to ensure that the orifice cannot tum.

Dtlpendlng on the type of orilice a linearorprogresswe
flow CUNe over the adjustment angle (300') may be S&

lected(sae diagram 1).
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~25_Fr.~~IIoIlIor ~.

Iyf»F ..P,"fIhIor~""""*,,.Iyf»F K

up to SO l.Imln

Operating pressure: upto210l)ar

Flow control valves
3.1 General

FIowcontrolva/vesareusedlOkeepaMlllowc;:onstant
~~pr8SSOOIvanalions.n.Is~"lhiIt

lnaddifJonlO~1hn:laII!Illll--..glhrottleJ

~~IOIlMnlIIvoldll(2)lsbuilir*ltl'lesyslem.

wI'M:tl openI* as a 0lIf'lIT0l hottle (pressure
~1Or) and at Ihe same \IITIe as a gomparlson
lIIemenllnlhecloledlDcpoonlrol_l/ig'.26j.

DuetothelWOlhroItIesworl<tnglOQ&lher,tl'lechanging
pAlSS111llditlerencePl·p:!duelOlhetoedpressureis(j;.
VldedintolWOpans:

- lh8in1emalandconstantpressurediltsrencePj-P2
al the adjustable measuringthrottla and

- thee~temalandvariablepr&Ssu,edilferencePl-P:J

Thellowoommlvalve~aoonlrOllercompris&nglhe

1olIoM'lg11'lllll'l'*"'-'b(r'ig.26j:

- nlM$UfV1gtkottle{t)and
-~<:ompensaIOr(2JoMlhspnng{31

---,
, I

> / I
I
I

The adjustable measumg thronle {ll changes the
Pf_fed,fferencePt-p:!w!lenachangelnlh8
tllfl1ll'llfatUfflorviscosilyoltl1elfuidoocuf5.1"hiseltaet
maybanegatl!dbysu<tablellesignoflhethroltle.

The effangement 01 the pressure oompef1salor
determll'\ElS the type of llow oontrol valvtl.111tIlI
cornpenlS8tor is arrar>g«lln IS8rivs with the measuring
throltle.lhedeviceisthenkoowrlaaa2·waytlowcontIol
valYe.llonthflolherl\andlhecompllflSalOfisarrangedin
parallelWIlhthemeasuringthronle,thlldeYiceis!hefla3

Wf¥'fflowoonlrolvatve

3.2 2-way flow control valves

IJl2-WllyIlow0CJnlrglvw-tl'le~orificeand

~eon'II-.sator... ltrT1lng8dlnseries.n.
PO-El$$Uf8~tormaybeeiltlerup6lr8amOf

OOwnslreamollheorifice.

Upstream pfttuure compensator

Fig 27 shows a 2·way now COf'lI",1 valve witt! lin

upstream pressure compensator.
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Flow Control Valves

Control orilice A1 and measuring orifice ~ are connec·
tedinseries.Thacontrolspoollsprossurisedontharight
by~andOf1thaleltbYP:JandFF

Ignoring the flow lomas the following is troo for the
balanca at the control s.pooI'

"I
Tha pressule drop at the ma3suring orifice is given by

t,;)=P-z-P:J=FF1A,,;=OOIlstant (6)

As tho stroke 01 tho control spool is about 1 mm or less
and the spring rate is low,thecl1ange In springlort:ewith
respect t(> spool strol<e may be negle<:ted andheocet,;)
and Qare constant. As a spring pre-tension is prese<11
the valve cannot operate unlllthe extemaJprossure
dilferonce Pl - P3 Is graaler than ,Ip = FF I AK,

......... ..~
\

'I 1'1:'

1 ~

I

Y
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3.2.2 OovmslrHm pl'ft.ure compenulor

Fig.30--....2-WlIyllowconuoler......dooon-wum
~c:ompensa1or.lflhellowwd!nclKwl1oo:e51ln1

OIlC8l1gPligoored,lheblll8nce8llhepre$$Ur&
compensatorislll'Wlby

~.~~~.~.~ m
Ip~Pl "p:!a FFI"Kaoonstant (8)

Wl*'-Ihe pnlSSUl'Il~IllrIS placed upaJeMl

lIl'do<wnRreamfl .... lIowconuolvalvelSdependenlon
lhedellgnlllldlSnotrelllYantlnpraclico

5,6. 10 and 16

upkll60t.Jnw>

OperatIngpmssure: upkl315bar



3.2.3 Appllcltlon of 2.wlY !lQW control vilvil

There are basleally three areas of applleation

- Meter-In (prima!yoontrol)

- Meler«rt(5'9O:lfIdaryoontrQl)

HemlhDllowoontrolvatveilplaeedln!hepo-esaureline
t>et- the hydrauhe pump and !he actualor (Iig 33)

T!'IIstypeoleontrollsrecommendlldlorhydraulic
systemslnM1oehlheaewator_agaInstlpllSlllve
res&SIatIal(<:JPPll',nglQn;:e)lQ!hlIeontrollldllow

AnadYan!llgeoflhlscsreuitlsthal!hllprassurepresenl
lletwewl!hllflowconlrlllvalYe(l)and\lllOlll.ngqllndel
(2)odyartllll,llllSlQ!hlIwotllWlg~of!hlleylindef

k. .... ISIrts:I~on!heC)'lrlo:*-'&,!hef.1s
aIso",-"!ncbQntn;mlhetealingnnglnlheeyhjer

Aclsadwnlagelslhalbec:8use!hllptllSSUl'erllllie1vatve
{3IisupslreMldlhetowrroonlfolvatve~Is"'lQ!hlI

hoghesI8CWBklrpreuonl.OuelQtItilIthehydfaulicpump
{4jdlllivefs!hllmallllTUllselptllSSlft_1O'Ilen1he
ac:tuatotodytllqUlf8SalQwbroB

InIlddilion!hllhealfromthelhroctlelsledtolhll8elUlltor.

Here the flow control valve (I) it IItuale<l in the line
ootwe:n actuator (2) andtan~ (fig. 34)

Flow Control Valves

This type 01 conlfr> Is recommended to. hydrtlullc:
systems with negalive Of pulling ""I'lOOng Ioaos,..mlell
teodloC8usethecylinderpisloo(2)lofTlOVen'lOrequoekIy
than the speed wtlichoormsponds Iothedel,varytlow 01
lhep.....p(4)

Theadvanlageolthos,sth.alnoQOl,lr1!ertllllanoeYlltvels
'eQuoroo.lnaddillon the hDal from !Ile throttle II led 10....
AdlsadvantagelJllhlstypeoicontrolisthlllhepressure
relie!va!ve (3) here aIsonoodslObesetlQlherl'\lllM"ll,fil
<K:Iua1or pressure (heat cmabOn)

Even ondeoperabOnSlMlralelement:sollheqlindet
areoodermaxln1umoperabflgpres.sure(hlghertriction)

3.2.3.3 8y-pltM control

Herelhellowcontmlvatve(l)lSarTaI'"IlI"d on paralltllCllhe
;JC1uator(2) (Iig.35)

Thellowcontrol'iatveontycontrolslhellowbelngledlO
the <K:IuatorlOali"l'uledexltlnl. as. set pofIlonoilhe
pumpdDiveryllowis raturnedlO rank.

HowuveranadYantageolttustypeofcontmllsthatduring
• worlungstrokeontylheprllSSUrereqwedloflheloadls......
Hence less power is convened 10 heal. h Isnol unlillhe
C)'linderrunsagalnsl!tlestoplhatthepressuresetoolhe
pressure'lllietvalve (3) is reached.

In this control lheth.ottle heal is also led back to lar>lt.



Flow Control Valves

~l?t' ~,,' .L

3.2.3.4 AvoldllnceofJumplwheJlltartlng

Alre81,thereisrooflow!hroughtheliowoontrolvalveaJld
the Pfessura compensator is completely opeJl.

As /k)w ,tarts the spool of the ptessu'e compensalor
moves to ~s conlrol position. However In the lime n takes
thespoollOffiCh its contlol posJtion ~ ill possible tor a
IiIrve'lOlumeollluidlObriellynowlhroughtheorilicebe
torecontrol.8Stilbished.

Inpr.etioe"behilviou"causesltlecylnde<IoJUrTlPas~-,
lnorOerlOevoodhselled.thespoololthepr-.,
o:::omperulOrmllybekeptcloselolheconlfOlposition
meenar.eaJlybyasuokelnliler(l)lfig.36)

fig_3ILRqw~__"""""",,_,.IimIlIng

/l;)p.-.-.l/Ufrf1t0tl$Wl-<JP

AnoIherpossi:llewayolavoidiJlglhisSlilrungjOOlp.by
meal\SoIaspeaalalWl!whlchhydraulicallykeepslhe
spool 01 the pressure compensalOr al a closed inrtIlIl
posiIion.(tIg.3l).

3.3 3-way flow control vatves

In conllaSllO 2-way IlowconlrOl vaMM,!he fTIOiOStIring
orIfIoeA:z8tld!he<:on!rolOflllo8A,ar.not~1n

58r1es but 11'1 parallel In 3-w8yllowcontrol vatves

ThepresstJl8compensatOfcontrol$lh8excessllowvia
aJladditlonaltinetotank.Ap,essulereliefvalvemustbe
InclUded In the hydraulic orcult to protect the maximum
preuure.Usuallythispressu,arelielvalveisiJltegrated
IJllothe 3·wayfl<lwoontrol valve

As the excess flow 0:l1s returned 10 tank. 3-way flow

contro!va!vesmayonlybepillCedln\helefldtineslOad...
ll!OI'Slrneter....,).

IJllhistweolval'veitisaJso~IOIIllWlan~

ponXwhlchenablesllowlObealrnostlree.

Thehylnulc:~needcrilsupplyanopenltlnll

pr-.rewhichislhepressuredropallh8~

onIicegreat8l"lhanlh8aetua1Ofpr1lSSUl8."ItlenlasIl'l2
W8ytlowcontrolvaJves!hehydfaulic~mustalwa)'S

a-eal8 lhepressuresetallhe preNUre felillf valve.

Hence a 3·way IIowcon!rol valve has smaIef~
losse$.abenerdegroooleftlcl8OCYlnlhesystemalld
leSllheat~created.
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Fig. 38, 3-waylJow conrrol valve

Thtl following is true fortt>e balance offo'ces·

F,
.1p.p,·Pz. -.coostant (10)

"
If.1pis oonstant. then Qisalso corlstant

Rg.39: 3--waylJowronrrolV/l1wJwith dawnSlreampressu·
"1comperlsar",

Importantparametera

up to 160Umin

Flow Control Valves

F'II. 4Q: 3·""'y IIowcomrol valve

Ope'ati"llpressure up to 315 ba,
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Chapter 14

Filters and Filtration
Technology
"""" ....

Basics

Finers era devices whK;n separate solid particles trom The process is !mown as filtration, The si~eo! partiekls
!IuldS,ThefinersooedtolitlorllOlidparticloslromlluldllor Pf'Il8f'II"'Iluidsa'eS/lOwl'l"'tabJe'
10 SfI)llrllte Wei "om gas '" made out 01 libfe or"""....
Tlle~fluidisknownaalh8filtra1e(thilIe.pressionis

nocuMd"'hydraulicsj
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Filters and Filtration Technology

Vanoullillra1lan prtlCe$SoM Iltll usod to lIIterpMlCles

Thecnooo::.(l/proces.siloependenlonlhe~NIe'....
ThelNll.or'e$(I/~hllrI\lOnprocessMa.. shown-..,.,

Thede~oI1heMa,systemisdependenlonlhe

cIwlraclerlsticsarld,equit'ementao1lt1elluidlObeMer'&d.
Thefluid must be able 10 Mlillhe lo11owr1g laS'" as well
assomeOlhllrs:

HowlMN. Mmust be pomted 0UI11la1 the fluid must be
capable 01 fuflilling seveoal ta&ks allhe same time.

-.....--.....-.-
FOf e~ample. a Iluid may have the main task 0/
trans/erring IOfee in a hydrauk system. Howevef. ~ must
also be capable 01 lowering the lrichon 'llSISllIrICeand
wear. as well as the high loca1ised openIbng
tempeoatures whictl occur lsee 1able3).
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In hydraUlic systems fihratlon is In the.anga 01 line

Filters and Filtration Technology
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Notes on design and servicing

In order lor 1he hydrlwIc S)'Slem to opetiIl8 VilIhouI

probIems.~~mu~bel8lkeninlO

accounI dumg des9' and operatlOll 0I1he system

~ Cleardefinilionoltaskfoflt1esystemandlhe
CJOIT1IXI"8'1lSusedin tl1e system. SOltllllno mistakes
are mede In lhedesign phase fora system. a
specification musl be wJitten.

~ Delorminauon 01 whk:h componlII1lS a'o 10 be used
andlhel'Qualityrllling.

- COMiderabonolsansitiYilyIOCOl'llam,nabonof1he
component$.ambianlc:ontanWlabOnandpos;sNi!y
oIdi!lingrMsonlDlhehydraulic.ystem.

- DetetnwwlllOllofreaistil::~ber-'l--...cing.

- AmounlNllysMmisused
Penodolopetllllonolltwtsystempefd8y(oneOlmore....,

n.laaonwhlchmustbetakennollCCOUflllol
listurbllnce tree operabOn ole hydraurw; syslem are
shownln 18b184

Oneolthepre-requisilestordislurtlancelJeeoperationol
allydraullcs~jemlslt1eli~tiooofthefluldandlt1e

ambient ail whk:t1 comes into contact wllh the lonk.

The contamination which is 10 be r&rnOved by fi~ers

comn from the enWOIlmenllnlo!tle hydraulic syslem via
lillel caps end seals

ThIs type 01 c:ontamlf\illion Is known as elflemal
COIIWTUrIllIlonOlcontamilWionenl&ringftomoutsidethe.,...,.
The~ra!lIoI~tion~isoriy

depetlclan(OIlll-.antientcorUrrWlllllOlllnd1hesystem...._-
The moWlg~ .. the hydntuIc 1)'Sl8n'I. 8_11 puITl>$

pISIOnI ww:l va'- aho aeal8 par1JC:tel (dust). Thl51yp1J
01~ aeation is knoM1 as internal tiki_.
AboYa ali,the dange.exisls, that doJe to soltd particles

entering the system whiIsllhe system is'beIng
assembIed.irdvidualc:omponentsmaybe~llf

desttoyedonc:ormussioning

ManyollhemalluncllOnsoc:curringlnhydraulcll)'Sl8ml
_Mtohea.-ilyc::or--.atedllulcts Whene..-1Ud
lsIilledWllOahy<huk:S)'Sletrl. ~isol'l8nCOl'll8J'rWlaIBdIO
llI'lirnpel'ml$Stiehighdllgree

PI(J rshowsliOlTOllol1hll.clUroesolcontaminaUOllin
h'p'draulics~lems.

1Elt1ema1~'-:::::::.::::=....
'''''oiI",-



-!leI,mniN\tionolta.kby""",laking
intoacoounlmatl<etmqui""""rIIS

_=oICifWitbysystemma".".

-A<:!'tievingadv_adva~ta\j8S

:':.%aint3ln",ghqlt~

- lJoisItut>ancIIi"",sysi<lmmodol
-Lowoorvi<:lntlaooe""rg)'costs
- Eoonomic COS\''powflrratio
-~etio<1wrillonlorc:om;>elo

• yot"",

Filters and Filtration Technologv

- TalUngintoacoountlllCCl>Ptll'l<;/l TOOlunc6onafilyeoohe...,.!hl>C06tollhll
rogulallons hydraLllicayslem.",.ffeclOdby:

-~oI.witctllngloglc -1,.tallalionOOl1I,.",,,,,,lion,
- Selectionol<;<>rT'lj'lO(lfnt. - AuidcontamINltIooO<l6e!iVOlty.

:~~J'Idera,moIor.,VaIV"" - ~::mrontaminatiooaf'llldirtJn.

- MalchingcomponOOlsl<leac!10ll\ef _ ServidflgollllesySlom
- D<Me,mino,lion (II operat',,\! fl<J!d • - Amll;enl system condlIiona
- Detarmina.llOO 01 """",\ioo.lorlliie !or 1- Pro::lvclionolwoarmccmponon1ll,

tI>8 <lOrJlpIete system _ L/$oollloghlyelfeotivefl/lars
- Amoo~t 01 use lor tI>8 system - o..tefl1lmalion 01 sY'lem.".eillc: Met
- Delerminabor>oIoperatingfi""'forllle power•

.y.l....,(one.lwoortlvee.hirt -C<>rrO<:t~lt"'~iIf1<l

operation) - car.Iul ..... ,lngolPlydraulic.Y"I&m

Re$pOflSibiJify
SY"lemoperalor

SyslemmanLJI8C\lll'u'

Respo<lsb'/;/y
Sy.tomoporetor

Systemmanull1CWfflr--, Re$plJn$ibi!i1y
Syst..."oporliIlor

1ns~lallooMgin"",

Componenlauppli&r

2.1 Causes of contamination

Contamination In the manufacture of
component. (component contamination)

As a resu~ of1l1e extremely complex i~ternai oontoursoi
housingsanc! Intemal parts ol components. these Can
ol!ooflO1oocleanedproper1y.Whenthehydraulk:syslem
isrluslled,thisconlaminationispassedlnto!hefluld.

Components are usually preserved when they are
Slo,ed. P,eservatlves ruse dirt and dllSt This dirt also
flr1ds ils way Into .l!:!e fluid when the sy,;tem Is
commissioned

TypK:a1 oontamlnation Is:
Swarl, sand,dusl, libres. paint, wate, or praservatives

2.1.2 Contamination during assembly
(assemblyoontamlnation)

As the indil'idu.ai components are put togmher. e.g. In
the instaliation of screws, soUd partfcles may be
prodlJCoo.

Typ>cal contamination Is
Sealing material, scale, weld spatter. pioces of rubber
from hoses, residue of pickling and Hu.hing fMc!.
separating and grinding dust.

2.1.3 Contamlnatlon during operatton of the
system lproduetton contamina!ion)

Due to abrasiOn in components, particles are
prOOlJCed, Particles smaller than 15 lim are particularly
guilty of causing wear

Ageing processes In llulds usually Initiated at high
operating temperatur8s. cause the lubricityolthe lluid
tool1ange

Conlamination enlering the hydraurIC system rrom
outslOO causesdisturl.>ances irl operation and wear
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2.1.4 CrhIcIoIo::~lnhydnoulic:

-~
lnordetIOCltlSa81tla1!hel'lydral6:c:cmponenl$lUnctlon
c:oneclly.dMrara!mullbeleft~!hernowog--ParlicletwhodlbooomelJllPpedllllhesedeaflirooet!ead
to malh.lnctlonll aOO also 10 wear. The critical clearances
fOf various hydraulic components are shown ;" rll~ 5.

-....
,..,

-~..'*'--....... t-



2.1..$ Polntswhich.....nsltlvetocont.mlNltlon
In hyd....11c: eomponents

ThllailicalllDlerancesjSWIclcleafancesJonpatllicl.
gear~.vane pump, plsIon pump. spool YlIhIe rod
servova/Yllal8s.hawnln 6g 2

Filters and Filtration Technology

, ......
~ :::g:: : :~'=

2::01' II) 6m1f;:ton
RInlm 5 10 2Omcron
.I31tor1'130 10 ~rrjcoon

':~Io~..-;ron
R~O_5 10 1.->
J3 .....211IO~_
......... 1"'25_.,-
J,lfOm 5 to 25ll1iQ'01'1.....
J1t>l)lll 6
J2'romHlO II) 450 micron
J31'om20 to llOll'kton
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Analysis of solid particle
contamination

lnordefto~5OIidpartideOOl'll8lmnllJ(ln.1kJo;l

satr4llMmuIlbetakenlromlhehydraullcsystem_The
VltJilMwrpol.....,..,r,gsampllM_1ltardardised1o
ISO .a21. Cetop RP95H and DIN ISO 5884

Testpoirll$8hoIAd ....eadybeinduded~lhedasognola

hydrauIic:l)'Stem"ao::ordanc:eWflhlhestandard.
However.e:e.remustbetakel1lhatsampiesllre,"rnD1!9d
frol'l1 turtJulentllow. The ndivlduIll bOttIeIlWllh samples
mustl'lllV'tfllbels...mt1!helollowlngll'ltormatlOl'l

8ampleno.:

Sour<:llo'SIlmple

Methodolumpling:

Dale and brne 01 sampling·

Typeollklld.

Pa1llde llIIIlIysis may be carried out by 00II.01 two
melhods:

II) MlCR*XJPOCparticleCOUl"lllngproces&
Thelll..::l samplIIislilteredVlllIl rnermraneandlht
~l$m<arTW1Ildunde<ll~kxlhesaze

olandrunbe<dpal1idM.
TlVsmethodisstanditn:lisedtolS04407and4'08.
Thlsmethodisve<ytirne-<onturr'Wand~r,"

COI'\SIderablllexperienoe
b) AlI\OfTllllJc:partideoountirlgproeeU

hispossiblllloquicklyaoalyzepartJdll5wi1t1an
Ilutomlllic InIIaSUmg ano OOllI1Mg devio::e Here the
fluid sampltl IIows lhroogtl II photCKIPtic meaSlJriog

~II

This method Is standardised to Celop AP 94 H.

The measuring cell OOIltllfmi a 'low charnel with light
llOUfC8lI and pholo-diodM ananged on transpa..m
WWldowson1hesides.Thisproceuwhictloperalesoo
Ihelightblod<ngprinapleproyides"'lonnationonlhe
dislribu1ionolthollUmbefandlllZeolsolodpartdes.The
paf1ldeslbM>gpaslcM-.lhe8INdligtdbelng
e<llItIedlObereduced.AsareNldlhischangeinligtlt.
1hesizedPilrtideslTlllYbe~.

Pandaspessthelgl'llbMmll'ldiYdlallyandl>ercen-.y
becounted(t¥.~.

Naturally. ltus optical S)"lem eannol diIle<en1iala
between the rypesof partJdes and 5Oappa..m
eontarrmalion sudl as gas bubbles and drops 01 flUId
OOIltamioantsarecountedllSpartoeles.

tCllRMelIaIec:tIon
2P11r1ic:leoovnt

:~Iler

5Alloornflll.." ...-.
~ ~ankllllwll"'f1

,:::.:
~: =.oqWdsrun ....
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CI....JtIc:.arion to ISO DIS 4406

Here1tMlsizesiargerthanSj1ITlandlargeflhanl511m8l1l
ctJmulaUvelyprovided.

The cleanliness class of the fiuk:l II determined on the
~oIbot/lparticisCOllnts

TW«Ity-tixrangel8l1lllVailabllflordassdieatlon The
<lftsqwltionot ....cteer*lossdaM~~1wo
runbe<s. ThatrstlUrbBrnclcatllsltoaranga .........
kwlhepaf!llClusiUll8lrgerthan5j11Tlandlhel8COOd
numoorindic;ateslt1alfortheparticlesi;relargertnanlS

"m.
DIagram 1 ~ustrates me eootamination da$$ lO ISO DIS

"'"

3.1 Classification systems for the
degree of contamination in a fluid

Classiflcatlon systems (standard'sed cleanliness
elasses)afsusootohelpdetemlinelhealflO\lntoraolid
perticlespreNnlina NlIid.

TlltmostoonvnonlyLJS«l$lal'ldard$lOdayareNASI638
andtSODl$44O&.

3.1.1 CI...l1lcalion toNAS 1638

~o"meencleanJinessclll$sesex,sttoelassllyllulds, In
each elass a specmc number 01 partlcJes (in HlOml) is
givenloo'eachol5rangelolsizes

Table6show1howCOrtlalTllnilllondessesareloonedio
HASt638.

-'=---1----:1--4--+- >-~
~,

,0'

ii ,0'

•gi I~

tj ,0'

",

'"
"

l------ .- "
"
"
"
"
"". ""- ""- "..

±===~:--t-----t-:
,
,

"'00

T....6,~_ICIHASf~
~_Qi..,~lo<ndh'OOrNdaa:1

2 5 10 15 2Q

I'arto:» ..... ro"",

DoIognoml CIIIao""-cilIsS<WIoISODtS«0i5

BoIt1 dassltlcaliof'l sy$1en1S may be reprS$6f1too
graphically.
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Itisobviousfromdiagrnm2thatiSO
DIS 4400 ooly deals with a small
soclionofthecompletaanalysis
spectrum to NAS 1638 when
determini"Qcootamlnat>on.

Thenumberofpartk:lesdetermined
by analysis caMOt be matched to
any one class wilh raspe<;t to the
cleanliness claSSllS to NAS 1638
This means that clasSlls are usually
determinedfo'lhesmaJlllstparticles
oI5to15~mtoNASt63B

As already mentioned. the
ck!anlinass classes to NAS 163B
coveralargerparticlaspectrumthan
that covered by ISO DIS 4400.
Hance NAS t638 is to be used in
preferance to ISO DIS 4406

Filtration
processes

4.1 Gravity filters

In gravity filtration. the fluid /fows
Ihroughthefillerasaresullofltsown
W<>ight

This prOC<lss Is not used in Si~eolparticlesln ~m

hydraulics and lubrication

~:::;'o;td~n~~ ~:: ~':mthl~ ~::r;:s~'~raphicaJ representation of II ""flick dtSiribulion to ISO DIS 4400

the preparation of e>perating fluids
(rubblefiller,paperfilter)

4.2 Pressure line filter

In pressure fiIIralfon, fluid Is pushed by means of a
pressura drop belween the dirty and clean side through
thefilter

This process Is used for the filtration 01 hydraulic tluids.

4.3 Centrifuges

Centrifugal forces are used in centrifuges to separate
soIidsfromliquids

Thlsprocesslsusedifalluidisheavilycontaminatedand
also 10 filler water.

4.4 Filter presses

In filterpresses,fiuid is pre.ssed out of the solid particles
bymechank:alforces,Thasolidpartk:lesstayinthepress
and a filler cake Is formed

Thisprooessisnotusedinhydraulics.ltismainlythefood
Industry which uses this prOCtlss

Each of these processes may also be used in the
preparation of coolants.
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•

Fitter element
material

5.2 SUrfau filtration

'" <
In~~.particjesam

lelTlllY'MIdir8ClPyanhsurfacealh •
_lIIemwit.Pa<todes.whid1dueto
'-a-naldiameler.enterlhefilter
Iliemenlcenpassltvough_WIlhouI F", .. ~_oI..w:.,*",

any IuRher resIStance The filter
resasWlCelloweYerlncreasesaSh
SUlface becomes clogged. The layer
oIparticlll$fo!medan lhe surface of
lhfllilte,mayleadloadecreaseinlhe
fi~1lI1M)n rating

Eithal a membrane fi~er Of Mars
macisolwiremesh,matalilcedgesol
WOVlll1 metallic twist ara used to.
surface fi~ration

5.2 Depth filters lfig. 5)

Thetluid 10 be cleaned passes
througl'llhe lilIerttrueture Tho dirt
paltldettlel:OrMtrappedinlhedeep
IByen aI.,. litter As lhe IlrWll 01

nppeddirtincnlues.hresistanee
tDJlowincfMses.sothidfhelillet
e6an*1I needs kI btl dmngod. In

'-~."''''''''ism;odeof

-~oeIuIoNmalOOal

t~tiltermate<illl)

-gIa$Slb1ot~lilter

~-
- *'te<tldmetallibr8or

- poroua,lIintellldmelal.

IntlwfitlrationprocessesmentlOOlld
a variety alor combinalion 01
materialsllfeusedforlhefiltef--
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Fitter element design (FIg. 6)

Thedeslgnoltill«eilImentsYll.... frommanufaeturerlO
~_ln..,.,pepaper~_lt-.lilt8rmalllll

prOI1ooed~.IltIppDrtng"frirernesh.to~l.lhogh

pre$SUN~lhelillerpINts_ptMMdlDgl!ltwN

al ... fIIlel' .......HenceIhe~oIcUn!tgo!n
IheplMMdlT\ll!l$i5mWr:ed, to'Ntrnanyoilhe boyuls

~Ul'lUMdlorfillratiDnpurpose$,

Higher quaIiIy elerl*l1S have 8 mu~lpIe layer man
de$ign n-.~slgndl»el'l1\lnOShowrol:MA;llheelemooIIS

IIQoIIlnslpres8\Jrepeal<.!anda~emalingl\QW$.

II certain mesh wIdlh 10' tile supporting mesh must be
malnlalned,orel$&thefilte,dirtispushodthroughlhe
mesh Md the Mer boeomes less effective

The elemenlS muSl be handled very caJ8lully and

aa:ording 10 W\$lflJCbOn6 by the servlr:e engmeers. II tile
element plea" arepushedagalnaillharp edgaswhen
lheyarelnUalled,1tIisresultsnlt-.medconstruction
becoming damaged and Ilenc»the liherbealnwlg_.
~~"' l'l'UItlwYethaJollooMng

d\af~'

- GoodS1llblilylnpresstnlillenlnoas

-BetastabililyO"Jerawida~diflerencer.mge

~ FI/Inl\lOfl ralngs lor all <:lea'*- dasses

- Good dlft hoIdWlg capacity

- largeflikrationaleasand

- Long service lives

The damands made on nigh quality Iiker e!&/Mnls may
be determoned f.om DIN 24550 ptlfl2,

..
Selection of tiltration rating

TheselecllOl'lolafillratlonratingiSdepe<1OOnIonwhic/l
main filtretlon group the filte,;s 10 be used in

T.OI6 7 describes lhe main liltretlon Of()UpSand lhalr
rele~antliltralions.

In ok:le< teeMIcaI documefll$ on hydraulic compooonl$

1I'IeAlqlIl'edfiltrationramgisspectlied.Howeve.-,ulhe
sal. funcIioning of OOffip()l'l8f'llS III depr>ndent~!he

dflgreeol dear*iess 01 .lIuod• .-.ty ... a,lfTlponenl
manufK!unlr$fIOWstalereoomrner'ldabOn!l~1he1luiod

cliIlar*>ess classes in lI'l8Ir .- IllCtrieIII_-.
ThoslSlheeormct5pl.lClfieationl'lordefW>ensumthallhe

COfIlPOnIInl$areprolecled.bulmakMtheseledlonol.
filIrabOnrattngaiUlehaldef,ulhedirtbidisdependent
~lhesizeol1heparticl8saswellas~lhenumberol

penocles

AS a resu~ 01 el<pel'imenls and elUlm.nalJons 01 practic81
apPlicatlons,fillermanU!lIClurersare abkl 10 speci!y the
rGqUlfed lillra!iQn raling !or a p8l11Cl1lai degree 01 Iluld
c1eanlinGssAnexampleorlhl.lss~wnin/;}b/<I8



HoweY9I.lhe fluid c1eanlinessdass required for a s)'Stem
lIll11od8pendenl on the foIlow1ngparamelers;

- Typeofsystem

- ArltienIClOI'IIaI'IWI8b

- e-s.opeIlItingpAlSSWll

- C/peIallngperiodlorthesystem

-F"~

l-ier'lC*.maybl>Y9fytMiculltoselectalillratlonratJnglof
hlUlf~dllsscb'nglhedaslgnphaseThe
lilefslzellhol*lbl>aelectedsothatilosm6llIive!yWnpie
kld'llngethetihertoa Iargef"Ntersueatanytma,sothat
dI.nlg Illler opem,on 01 the system IiItef &Iements wiIh •
smaIltr IiIlrabon ratJngOl a longaf seMCe life may be........
AlypocalcaUMofmaltuncllOllSintlydraullCcornponenlS
is !he clOggIIng 01 cl8arances and orifices Especlaly

-sensjliwlOlt1,sareflowconlfofvalves,lt1rottlevalv$S
and&elVOvalYlIS Illt1erellltivemovementissmal,!tleflS
is an Increased danger or the clearances becoming
blocIc.ed. Hence. considering clogging, lhe ebsolute
Mratlon rating must be at least the same ~ not smaller
lhan lhalol lhe clearances within a component

Filters Bnd FiltratIon Technology
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Filter testing

8.1 Verification of production quality
(8t.dlleponleSl)

UslngIllS_tolS02942,ltispoasilletoYerlyIhat
procU:bDnisperfedandiUolD..nty .... imegrltyollilel.......
hlSaIIOuMdulhestarlollurtherl8StS(eg 1502941,
ISO 2i43. ISO 3723. ISO 3724. ISO 4Sn)

8.1.1 Te.uequence(IIg.7)

Tlwllilte,element]ssLJbmerge<llnisopropanQland
pressurtsedlntemallywililprassufiSlldair Prassureia
increasedunlJlthe'irslbubbleappearaonlhasurlacaoi
the element No bubblas should appear unm the air
pre5Sureapecifiedbythelll8nu1aC!ure<hasbeen
reac:l'led. TamgmtoaccounlthephyslCallawswl>anthe
~buttIlellPPN'S lhaalrpressureilameasurelorthe
slDollhelargestpore.Tlwla'MtlOnollobolbubbleslSa
~ollhell'o'l8fag8poreSl2'

TheboJ:lblepoonlspodliedbylhelNl~is"'llfY

depenI;WIlonlheoonsbucllonolthe ......... Henceil.
nolpcosstllelorlheuse<looomplll8fi11erelemenlslTom
vericlul~ers

In~n.teslmayodybeusedlDd-*Ihe"tegmy

of an element

8.2 Collapse and burst pressure test

In !he standardised 1eSl1O lS02942.1he staboliryol
pnIlSUnI ditlarences In Ihe fifter elements are I8SI8d.

The specilicalion"permiIIlble QOIapse and bI.nl
preeeure·mplies .... max.pr8SIUnI<itferen;;ewtltfl

lI'IlIybapr8$llfTllorlheNlel'eillmentnollObe~in

aspaci6ctir8Cbonoflow

The II>\pre5SiDn coIapse presaunl is used 'II'heflllow
t:hrOughlhefillerelementlSlromoutsldetoinside.lnlhe
opposoladiradionlheexpfllSSlOObu.,;tpressureilused.

Test !>equence (fig. 9l

Taltl on 'iltereleroonts mUlt becarTied oot at th<l nom;....1
lIow specilled by the manufacturer

Controlled last din ACf1U (Air Cleaner FntI Test Dust) Is
fed to the@erelement. 0 ... 10 the CQrltam.nanI whictl

Itlengathersonlhealemenl,thetlill8lenoobe/weef1the
pnI!l4Ure upstream and doWn$lI'eam of the fiRe' aIemenl
Increases.

ThegradiemoilheWMl must not decrease lor ......
belowlhapem'lisdllecolapuorbursl:pressuR!.

Inaddillon,oncethepemwsillecolapseortusl
jlflISSUf8hasbeenreached,aboJ:lblepointl8Sl_be
carriadoulinorderlDveQytheinlegrilyoilheelement.



FOg, 9: SCMmatJc ,,",gram of cci4lpse and /x;nit pressure 1651
Jl>IS02941(o_roonsrant=15104fJ'C)

Final..-ossurediffer<ll>CO

llramACFTD
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8.3 Test of compatibility with fluid

The oompatibility of the matenals used in the filler
elementwiththeffuidarotesledloIS02943.

Tesl sequence (ftg. 10)

The filter elem&nt is submerged in fluid for 721xlurs al a
lest temperalure of 15 'C above the rna><. operaling
temperature

In lhis process thfl maximum safe temporature for the
Iluid must not be exceeded

OrlCe the lest has been comploted the fifter element must
not show any signs of damage or any reduction in ~s

functionality. Afterwards a burSI pressure test to ISO
294tandabubb!epointtestloIS02942mustbecarried
out on the etement.

The filter element has passed fhe lest, il there are 00

visibleslgnsoftheelementconstructioobeiogdamaged.
no obviol!s decmases in lunctionality and if the ooilaps.e
and bursf prossure testis slJCCessfully passed
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-0

A spocifiednumbefol pressure pulse cydes.re sent 10
Il'l&filterelemenl.Pressurepulsecyde'lIreCfeateddllll
10c~ngelinflowwtthaIBYlEH'oldirtp'esentontheThepres$lnmuslM~witl.l~oI1Hz
~ ....
The filte, elements has passed lt1;s lest, ~ the j)f'&Ssu,e
pulse cycle. (1lilt1er prescribed Of speciliOO Oy the
euslomllrjdonolproduooanyvi$ibleslgrl.oldilrnlogeon

- ItlIIcornp6eI&element(li1tetc::onstruebOtlj

The operabngcurvelorthe collapse Of burslpreS5U'1I
must noIlhow any 111I in 1he gradient.

8.4 flow-fatigue characteristics of elements

ThllIilIer elemem 1sl8St8dlOlS0372.toexllminetheabililyolttlelllemenlto
resllIl SInlClUraI damage. e.g. <:allied by doformation dlJtl 10 aIIamallllg
directionsoltlow

Test Mquence (Iig. II)

Fig 11'$ctIetrWJc~ot.8oW~ _101503742
(.t.....*ron.-t;tnr.I$I040C.Q_!tQ~



8.5 Determination of pressure losses
dependent on flow

The pressure k>s!:Ies in th" filter housi"l0 and "Iem""t
Oupendelllonlhi>lIowandvl~ar".I",monedthe

185tlol50J968

&.5.1 TeslHquence(1ip. '2)

Theflowlsiihocklesslyvariedbyavariabledisplacemenl
pomp Installed 1" the test cifeu~. Th" I11SI fluid useols
uauatyS hydt'aulicolll,om the VlllCOSily cia" 150 VG 32.

The~losseIirllhehoullngandlilletelemenl_

"-
In ltistesltheieSlpoWsPI andP2
upstreamol1helestfilier:SxO,
(Ot % intemal diameter of the pipe)
downstream of the leSl fOte<: 10 x 01 muSl be arrang,ed

OflastralghtplllCeofPlPll·

Fogt2:~'*'SJr_kw_lOlS03968

Filters and Filtration Technology
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8.6 Multi-pasa test

ThlllesttolS04572~lhelilfllllOncapaaly....c

din holdngcapacilyolfillerelerr.alObedeternWl8d.

The lest is based on !he pme;ple 01 passlng dirty Iluid
seveftlllll1leslhroughlhelesltiltllf.

Tills prirciple Is justIfied In practice as some dirt particles
wIllc:hpasslllrooghlhelikertherlnlll,mearoondwelO
Iheir size may be removed when lhey hiI!he filllIf on

""""" ......
1.6.1 TmMq.....-Ctiv_ 131

The'dir1y"IluidIrom5)'stemlis~ntolhedrc:uttol

&ysMm 2. DIn.-1ed to !he tes1lillerby means 01
contlnuoos Cln:ulation until !he ma~'mum pressure
diffllfenc& 01 lhe element or lhe test system hasooen

reached

During this hrne semples are taken rrom system :2 and
evalLlllledinlheElutornaticparliClecountJngdevlce
HeoceitispossibielOdetemnnehowlhelillrationpowe<
ofNelemenIchangeswithll'lCfMSln!lp<esan
difIetao>ce The _ tempel<lture .. also contlrIl.eIy

monIOfed. Figl.~Msl""

1 Elec:tror'M;:pIlIt(JeCl:U'll8o'

2F1ow_oe.a

3~~1J&9I

.. T.'"
$1_....~ ...11 "-'

7 '*.......sv-n,--,"'"*"-



ThlliJlrabonrab08"delermnedlT\llyalsobegMll'iu.
degfeeofsepllf8toonin'll..

B.·l
l>egr&eofseparatlonin%=- '100

"

l000pa1idoll l00000perli:leo
~10~I00mL }l0J.ll'"'1OOml
~o.ollnvl-\ACFTtll .. IOmo'l.{ACnDl

,
i
t .""
i
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<

I

1/
/

1/

1\ .. 250%degrH of 5llP"'llliafl
1\ .. 2O~'degt"oI ..[aOOn

"",7511a.s""'~aI""

1\ .. IODI9'~aI~
i........._l

""..-
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AIB.",l. no separaTion orx:llrs The "B" fiJOClion may
have a vaJue less lhan 1 ~ !he litter p<oduces dIn. In
pra<:tioe ha Ihcdd not~.

TheevaluaTionollhtl$Sl .........sproWleslnlon'na!lonoo
the dirt noldIng capacity in Ilramme. (gram perelement)
andonlheelle<;tivene5solllwltillermater\al(g'ilmpe,
ar1-.aIsoknownaslhespeofir::dirl~eapacity).

ThasteslwtuchllladoseapproxwnatoonofpracTiceiavery
accuralely repeatable grv«llhe same specified lest
coodrtlons. Hence IT ~ po$$i~le to compare vanolJS
makes of ft/Ief. The llff-elJVer"le$$ of Ihe lest filter
de!emWIed"'hswayprWodMlheV&erwith~1!On

anlhe~~oflhtselededIillurMdensums

lhat lh8 deetslOf\5 on apploCiltlOf1 or 00 !he cosVpower
ratioa'akl'lown

, )

V ~,
o 5 to 15 20 25 :lIl

Ae.Ildil1ho1clinQc.pacity"1l

Diagnlms"5and6s.howthe .. resullllforli/ll:lreIernwrT =ISoOpwaDngl;llMtfrJr""'din~CllPE'lYd"

Ql6000IOBWH(>2,

".,

, 1\ '".10 "".0
j

i.
} 00.'

I
B,

.. I

8.7 Documenlation on lest results

T'he1titpafMlB1etSmuslbe_downlnale5l

II"*lOOI ~ Ihat filIef eIerr.u from "aIlOUS
manulacrure~ may be compared

This documantallon musT Idlers to DIN 24550 and DIN

"""'.



Types of filter housing

Various lypnolhousong 8f9available 'Of ltla filIrationol...
TheoolYJl" _ del.-lll'l OIN 2455(>

TaDle9de1cri1:le51hesetypes

Filters and Filtration Technology
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9.1 Suction lilter

F'll16'$ymOdror~"'IiIrer.(/tIIlJ~_("f1IlJ

-""... ....

SpeclalsucbonliltefsWllhoutt1llusJn,g6maybellsedas
ratum I\owcismbU!OfS 111 the ratum line. Theyplevenl
loam from Iomwlgend selde !he(:(lnlen\SoItI1e lank.
UndereeflaWlc:ondilt:Jnsbafllewabmaythennol.-..ed

~"..-
9.1.2 Suction filters with nouillng

Theselillersmayalsobell1stalledbelowtheleYelollllnd
II1ll18tank.SoIhlll!hehousong doesnotnMl erlll!Y when
an element is chaoged,it muSl be fitTedWl!haJeakage

...-
==m..~ _:%~t~.,.,-
-~~c:;. -aon-itnKeSSar)'........ -:'~

-DueIO"'gf~

ClO'llJ_1iIlr.niDn1s---QoggIng~~

De~""'cliIlic:dly

Suctionfllt••~nouillng

SuclIonlillerilwllhwlllous.1gs.reln$lalledw.hI~

~ ..
Care_betakenlh8l!hlssuctocnfilter,,1"I$\iIIIed
sufIiaentlybelowthe llWIII11um level ot oil.

InorderlOprol9CIthepump,alowpressure&Wl1Chmust
beinstaJedbelWeenll18filt9randpump F'll17 Si.o::toon_fiIrtK

Hydrilulic sysTems mllsllnchJd<l a s~tlorililTer, i! lhere is
likelydengeroflhepumpbeingdllmagedduelolargedjrt

"",

Thosillespecilllty1hecasewhenlhefollowlngexi$lS,na
hydrallIccwcllit

- V'riouIhydraulicCll'CUltsgperaleWlthlhesamenuod.....
- T..... C8IYlOlblfdellnedduelO .... shlIpe

hsoottposstitlOproted1he!u'lt1JonllllydlhePlo"1'
wilh • ....clIonfillet.Pn.!IedJgn/l(jl!llf'lSt_muslbe
~edThn:lughfiJlltrswt*'h... ~w.1he
pre$$Ur8.relumendbypas.slioos.

Due 10 !he Mlf\SIIMtyoi pumps III low pressum.!he
pressure difference .T!he fi~er musl not l)G very large
HenceMerswlthll!lfIleSllffooes,rflllsuallyinslalled.In
addition. ~ Is recommended thaI a bypass valve and a
clogging indicator are inslallW

Inthesuctlonregion,!il!lationi!olim~edlOrtlmovinglaf\lEl

portidea,u_ltygreaterthanl00llm,Aspeeialmode!
".i!olSlQfthefiltlalioninhydralllicdl1vfts,H&milSllClion
filler ill usedwiltl afiK", pore size 01 20 11m.

TWOlyJMMot.ucllOl'1fillerellisl..



9.2 Pressure line filter
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Tlu.rypeolfiilerlSusedlOensuAlll1atlhelunctiooalityol
hydraulic; romponeo18 alief the pump. Henoe lt1is type at
litter must be linad as c:Iose as possible 10 ltle
componenls it is prot9CIing.

rnetoHowingpointsaralmportantlndeciclingwhetheflO

~pressurelinelll\ef-=

-Componentsareespeoaly'_todirt(ev·_
~lll'c:ontrolvaNes)lll'lII1I~1or1lle

lI.roctiDnaliIyolthltsyslem

- Components are pertIcuI,...tyexpentr.e (0.11. large
C'p'Iindofs, S8Ml vlllves. hydraulic motors) and are
elftremOlyimpol'lanlforlt1e safety 01 !hesyslem

- Theldle!imecostslorthesystomllroospeciallyhigh

- Pressure lineflltert may be used as salety lihers
lIf'dIo<asworlllngrlller$

Hence these liters hive thlt loIlawing \a$kt:

Wor1llnliJ 1llters

- PrOlBClJonog.ainstwearlncornponoots

- MaintenanoeoldBsifadlluidcl&anlinesaclas.s.

s.fetylltle..

-PIol«:loonat~1In:::fJon*y

SOlelyfilllnareonttuMdncomblnllllonWlltl
WOlIIngfillers.

pr"'lSU.ohliller$shouldaJwaysbelitledwiltla
clowIng ndicalor In lronl 01 especially aitlcaI
componenIs pressure 11T18 filters should only be used
without bypass valves. Thls type of lillGr musl compriso S
fiherelllmentwhlchcanenduffllargapresSIJrsdi1ler9f1C8
IoedsWllhol.usustairWlgSl'!Ydamage.

Thel\llerl'lou5ngmustbeBblelObepressurisedbylhe
max.SYSlemprnssure
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--MilVbemc:urlMd~
tn~lJ/l_com--"~May_veryfW1ely----~,beallJl'llldoolltl

-.-*-l..OIIIf--
-NoIUTC'~

-Muilbe~roI:lutIy

1-
- EiDmIInlnlUlltbed&-

~=hpr85-

-Depenclngonllow ..=..=11"....

n..1ille«J'ig.'!1I~oornprisetlihfheac!(l)Wllh

screwed Wllill9rhouWlg (2) and filler element (3) The
standan:lmodeliswitlloo.Jtbypa$$~andwrthovl

pressurebleedscr_.Thepo<tlorIClOggingindlellor(4j
is IIsu911y 9v~il~ble
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9.3 Tank mounted return line litter

r-~-~'!. I
! - i
I .!
~-_._. ->

- Bn-s'l8ho........,
_ ......... <lA~"""""1Cl

puslhroo.lghlhltopel'
byp8ss\llllY8npr_re
peaqDOCtlrOflf.OOId
IlJIrtlllkHplaca

-
-S~MI'flcing

- MaytNIfilW;jwrthdog-
;lnglr1di<:l.tor

_F'nllTalral<lnilpool\llio

-No~aI.""alio:;o"l

-

FlIIe,wIlhaut~_tor""'"

twsa~......,$MclIabIe

-----+--

Tt.-1ilMoJ1I_$Ill.Ia!edllllheetadol .......... linesandllf8
dalqltdlObemountedomolankS. ThlsmeilRS.lhatlhe
I'lIldllllUrnedlromlhesystemllowwsbKkntolhetank
l*afed.Henceallhedirtpanicleslllllremovedr,omlhe
lIuodwhlchll,einlhesystemorproducedbythesystem,
before they manage to mach !he tan~

Whan selecting the size of riller lhe mlllCimum possible
flowmuslbetakenintOllccOtlnt.

Fk'"llh~~_...._-
AQ.21~*,,_"''''

Inoroerloprevlll'ltlh"fluidtrornToaminginlhetan~,CII'e

=:U:~~~~id=~ed~~~'::t: ~A~_~dmotllU1d_
..-sarylO nstalapipeorllowdistribulor in the IiIIef
rftKnlineCaremustbetakenlhatlhallistance~

hbottDmotthelanlland!heendot!hepipelsnollesll
1wl2or3_1he8WIolthepipectlll..-
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ThlfiltershJwninlSg,2tlsmounted~aliulgnanga

(l)Of*lthetar*COYef.HousIng{2)andr.lWponprotruda
nou.IaN<.AnadvllrlUgaof1hostypeoffillerlS1he8ll$o8
oIl1CC8SSandhencelheeaseofse~

ByIlllTlOVingIheCOV9f(3)lhefi~erelement(5Imaybe

quic~1y and simply lemoved.

1illef8llllment(5).Whenlheelemenlis~"'<Ir1

OJlIllc::IInglfaylSaIsortll'llOYedWllhit_TlliI~lhe

dirtwtlietl has been removed (ooIocted) hom no-.g no
the lank. A pon Jor II <:Io09-IQ ndicator (61 is usualy
present

Inorderl0aV(lididlelimesduflt"theservicingc>lfi~elSor

changing of e1emoou. 00uble lilters wtlleh may be
connecteolnlumare<JS&d.

Here fWOfiltersarelllTllrllllldln paralel. By IWl1l:hmg 10
1h8secondelement, lhelinllelllmentmaybecllanged
wiltloulSlqlpinglhesysMm

"/8
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Aspecialtypeofretumlirl(lfiltermaybefitteddirllctlyinto
ava"'estacldngas.sembly

8ylJSingvalveswithinblocksthereisr\Oneedtop;pethe
return ~rnl

The valve stacking assembly, type VAS comprises
pmssurereliefvalves.filterelemenlandprassuregaLJge
~n with shut-off valve, On the bottom ot the stackIng
assemblyarelheportslorthepumpandtank.lntypeH
00 the lop is the mounting pattem for hydmulic valves of
sizes 6 or 10 to DIN 24 340, In type L a longitudinal
stacking system for sizes 6 or 10 may be mounted by
means 01 flanges on top

Tile standard elements (1) from the RFseries are used for
the filter. A clogging indicator (2) may be mounted to
monitor the degree of contamination.

Fig. 24: ValVecormeclk>nblod<

Fig,25:S;mbo!lorvalvecormec1iooblodr

1 Filt.... .........,nI
2 Cot'II"IeCIionlord"!l9"'!lirllkalC1'



Flllera and Filtralion Technology

9.5 Fillers and breathers

r-

6
A

---,

I - :
! i

] lL. -'

Fig. 71. $)nDlI ........ -SIlntafw(Wj........,-.dftlflllt)---

In Itw past illIe atI1lIlIll)n was pu:!10 lheslI filters In
11ydrll1Aie$)'S1em$~>~y$1heyare

oonsIOOred to be amongst !he I'llO$l importarrt
componentsforlhelillratoonolfllridinahydraullCsysle.....
II lar\lO llmOlmt of contamination lll'l!&rli hydfaulic
syste..... via unsu~.ble Vllnlifalk>n dOViees. Measure.
$\IC1l as lha p<e5Surisabon of oil tanl<.5 are usuel~

UneconomIC when viewed willi respeel 10 the h'llhly
elfectrvebn:alhefsl'lOWllClaysavailarlle

Qegending on !he df,sa oIde8/*le$s reQUIred.
brealJlerSmaybefmed'Mlhvarioul~

eletr'lwuThese,.... .....stbefinedWl1h.por1lol'.

cloggtng Indicator (2)

,-,-..-,--• FolIefhousO'>g
.5RxlfIll~

FJlersIlOClbf6iltt-sbaslcal)'ccmprlsean ... liltar(l)10
lillel'1healrlklwing nI01he lank IIOCl a fiIing-..e (3) 10
separateenyla1gepartJcleswhenthelanklsbetnglilled
AlrlillersareaveilabiewilhvariousporeSOZ8SSOIhaIIhe
standard CETOf> RP 70 lTIay be fulfilled This SUlndard
says thatlhe pore sizes 10' system andair filters must be
the same

The ,equirements oIttus hhel" are lakl ouIln DIN 2~7



9.6 Clogging Indicators--
Filters and Filtration Technology

~~ record wt-. a pm-delern'llned
~OI'~dilfe<enc:ealthBlillefha$been

IUd>edEilhefanoptic;alS9'al~oranlllllclrical

anaclis~.ThepginlaloperllllOnotltoe

ftlica~polIllmustlMMlllct8d50lhatlhDliII8rele/l'lenl

.d.tlleIO~-.nemortldirt.Thosis$OlhlUthe
syB*nrnaycontlnUelOqllInI18UOlilheendolasMl

TheIaloww>gtyp8801cloggu'ogRbloramavdable:

- t.drptessuNnlic&tor

~ prftSlIredil1e<eneeindicalOfand

- IowPfllSSll'elnclcalor

For pre55Ul'eline Merslhe clogging irdcators $hOW the
preswre drop belwe&n \tl8liner r.put and output. In !link
or block mounted letllm ~rl8 fillers the baekpreSSl)',
'4lStream of tile ll~m&nt ill measured. In suctiorl Me's
lhB low preS&l.lre downstream of the !ilter el&ment Is
measuroo. Clogging Indicators must be abl9 to be
!lefewOO into filters at any time as an aftel1hOlJght without
aloto!elfort

Indogglngirdcalors.eaendwlgeinp!8&5llnlis
monitofedbyrneasumgspoolsOf~IlS.

ct\ao'98onSlTOlr.e.lnsdelllecloW"ogindliclmf •• spool
lXltlI'lIICIedllle!lCllllnodwtichlTlO'O'llSlIgMWIlhelon:eol
espmg InlltlopllClllclogglngirdicalOfa-*nllctlrilh
lhesame paIarJly osallaChed In lheclsplay head. The
CIOMrlhepolescxxnetogether,lhegreallltlhlltDn::e'Mlh
wt-.:hlhec:oilsoppose~Olhet.U"dIlheftldcbplay

buIIon~OUI.

Inlhe~modDI.C(lfl\IICl.clolIed

El8ctronocclogglngQ!icators_d8Yelope(llorlhe
c:ontn'lUOUS display of elemenl conlam.nabon. By using
displays ~ IS possible 10 calculate when SlHVic:ing wi be
required.
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Inlhesecompl&lelyeleetmniceloggingndicatOf1;,the
pres$I.lre diffe,ence exllll,,!! in thtllilte, liS II result 01

element conlal'lWlalion is CCl<lY8Il9d M1houl movement

r40anlV"iillogueelectr'caloulpulsignalby~ol.

__.lnildlMlonad8Ylcelosuppresepressurepeaks

anclcoldslartllis 1OStalled.

10 FlItratlon systems

ThetellAlb8slc8lylhAlelypesaicircurtlnhydf8Ulc:
.,.,.".

~--
- closedloop

-.~a1lhe~

10.1 Open loop circult(ligs. 34Bnd3S)

In open loop circurts 1he lluld is sucked OUlot Ihe tank.
pushedlhrough1he hydraulic sysLem and r.d back 10
laM. 'Theamongemenlollil!lnln .. openloopan:ull

dependsonlhetasltswtolchlhefiltersare'expec'ledlO
po_.

M..lIowfille<sareusedlOfillerlluld'llllhd>lStouodinlle
aclualhydreulicctrCUl!

SUCljon, ~ne and mounled ,etum line tilters may be us.e<l
asmain/lowfil1ers

10.1.2 Bypassfi".'.

Tllese filters am used to Mer lhe flui(l found In lhe tanlc
when Ris circulating. U$I.lally complete bypass Me, unlU,
~pump.fihe'andollcoolef.reused.

The advanIage ol bypass filletS IS lhatlhe Iillets may
op&rlIledindependenlollheopeo-alongc:ycleti;ollhe
hydraullcsystemandlhefluidnowulgth,ought/lElfiltllf
e1ements,emalnsCOl1slantandwill1oUlpulS8S



Theagetngprocesaofltlenuidissloweddown,aothal
Ihe service life oflhelluldisOJn&Jderably Increased.

Thenlllfllf'M)rypetoflillerdepolndenion!heir1l.netJol'l.
WCll1li'lgand~fi/UIf$(lig3S)

10..1.4 Wortdngfilt8ra

TankOfbb::klllOLWll8dretumlinefillersandpressurelne
fillersWllhbypusvalYesaswellasbypassfillersmtirfbe_....
Worllingfilleraoompriselowpressurestablefiltel
~.DueIOlhislyp801elemen1,lheymayha...
IaIjje fiItef surfaces and heooe!hey have a high dlrt
IloIdingcapaclty

In orOarto IuN~ the fi~8f task to an optmum OOgreetenk CIt

bIocitmounted relUm line filters and pressure lioefillers
being usedasworkl "llfiltersmustbepjilC8dwherethe
~rgest!lowinlhehydreulk:systemoccursandtheymusl

a~besufficienllylarge.lfnecessarythesefiltersmay

a~belnslalledlnleakagellrles

Filters and Filtration Technology

SlIfetyfillers

These fillers are usedlOjlfoteel hydrtlUlieeomponen15
fromsuddenlymalhn::tlonmgdUeto.lOOhogh.leYelof
aolidparticieconten1lr1alion.Thif;meene:lha1It"'YshoI*l
any be used 10 IiIler parbCIes,..nieh meysuddenlydog
hydraUliecomponenlS.

AlurtheruseolsafelylilleBillOproled.~fn:Im

c:ontaIlwlaDonwhen. purTlpOf"",*, rnelI\n:::tIons. By
lnstaIing&uChalillerhq'lrepeirCOltsIor~

~maybeavoided

ThesefillefsmusthaYe.muchlatgefpore_lhanlhB
""'llfblgfillersusedinlhehydfauliesystem. Thasueal
lhelillermtirfbesmall&r Thefillllft1l:ll"'"llmustnolhave
• bypassvatve. Hence IIwY fiIIe" must be madltal
oomponentswtlicharnhighlypo-essureSUibleurder
presstJle.

1 Moo.rael1_a. ...
2F1i1rnl_
3Sul:*lnh...._~
-eo.
._~

1ttg1l~...._...
I~.,.....~

--
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10.2 Closed loop clrtuit

InclosedlooporcuitslhelluldlS
conlinual/y pumped around !he
aetulll hydraulcciralit. Only !he
l8akageoilllawtbaclllOlhetankand
IStholntlodbedo: W1IOlheclosed loop

CIICUIIbylheb<lott~

Applicatlorr all transmossoon
hydI'iMcswithhydrilulc~1II'ld--
The actual dosed orcurt IS only
Iiltefed ... !he fIushong stage. Once
the system has been Ilushed!he
1iIIe<s (4) afa rllmOV8d. The ftuod is
tiltered e~he< when the leakage oil
nowisrelUrned(I),in thellOCtioo line

(2}OIinthllp'IlSSUrllllneoltheboost
circuit (4).

By using pressura sensrtive sealing
systems in motOfS and pumps, it is
onlypossibletofilterthelellkagooil

now In the return llna using SieVfl
r~toJol'S wilt1 large pora sizes These
OI1typroduce a Iowpr&SSure loss.



t~reun""fl:1IIr"""""
tSUcto1 .......In_...3l.k1e_In__
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Filters and Filtration Technology

11.1 Filtration design

An elf8ClMl IiIlratlon In I¥hulic systems pre~1S

dlslurbarl{;(t$ end al!he same r.ne increases the SBMce
life or Important end eq>e1\SlVe components.

Hence: Filtration is not a n_uary evil, but a
beneflclalnece..lty

The effactjveness ofa fjjter Is the most >rnportanttaetor
bUlrlOltheonlyfaclorwhOchNlfluencagltleevalualionol
filter des.ign A filler may be lnetreewe jj ~ is installed 1"1
lhe ....rongplaceorjjttdeslgnedlorlhewmngtask.AJ;
alreIdymentJoned,oneor_fiII8f$maybeuMldfor
fillrallOl'lplJrposes.

1n~lhelillJabOnlor.sysIem"'lcIowingbalc

tUeashouldbetakenlntQ8ClClOI.ft.

- ByUSll"lgsWlblesealsandlnslali'lghighlyllfl«:tio4
filatsandbr8alhers_dinmustbe~frt:m

entemg the system from OUIS'-.

- Dolt should be 'emoved as QUickly as poss.tiB alte, ~
has enterad the system or atter ~ has beoo c,eated

10.3 Combination of both types of circuit

WI'Mlrtbochtypesofcin:uttarec:omblned!heopenand
ClolIedIoopcin:uitsinstalledlnlhesyslemareSIJppliedby
a common tank.

AwIle&tion fa' e~ample, il'1 mobile machines, the
WOI'kloghyd'aulicsalldstoeriogisdesfgnedasanop&n
k:lop syslem.!he transmisskJn hydreulics and rotary
actuator as a closed loop system

10.3.1 FIller model

ThlIndMdualcin:urts"",ybefilledwiththelillermodols
descrlbIdn$«DOnS" laland 10.2 Thelille<poresizes
uMldinflefiltlnshouldbelhe_forbolhan:ats.

In Older lor boch e-nJilstoWOl1lIO .. optmum degree
___• ~ • ~ that opeqlor, COfT"ClOIWll

"*"'JI.cIurer ..... oompJn8ntsuppierworltlOgelher.

11 Selection of filter
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- Hydrauli<;lilterssnouldalwaysbeusedtohelpreduce
wear, I.e. tl1e filter pore si7esst>oukl 00 smaller than
tl1e critical clearance tolerances tor tl1e hydrautic
components

- Solhattl1efitterscancleanasmuchfluidasposslt:>le,
theyshQIJldalwaysbeinstall6dinposilionswhelllthe
mostllowisexpected.

- A speciHcation must be wnlte"

Followingonlromthesebasicruiesthefillerscanthenbe
dividedintoworklngandsafetyMers

Theworkinglilterscarryouttnetaskofcleanlng.Thehtter
pore size should be chosen to comply with critical
cleararlCetolerar1Cesotthehydrauli<;components. The
'illers may have bypassvatves and be fitted with low
pressure difference stable filler elements. tt is
recommended thaI a pressure differerlCe Indicator is
titted

The,equiredprotectiooagainstcloggingisachievedby
'ittmgasafetylilter,l.e,theseflltersOlllyremoveparti<;les
which could lead to hydrautic components becoming
suddenlyciogged.

11.3 Selection of filter elements

The recommended pressure losses In clean elements
andatoperatlngviscosityshouldnolexceedthefoliowlng
valuasintheoompletelilter(housingandelement)

Una filler without bypass: ;1p" ~ 0.2 x dt1ndicillor

Unefllterwilh bypass ,jpA ~0"5xdt1r>d1calor

Mountedrelumllnelilter' ;1pA~0.2xdt1ndicalor

Before the size of the hlter can be determined it is
"ecessary to determine lhe required pore size. The
c1eaniinessclassrequiradforlhec:ompfetesyslemneeds
10 be taken into account. This Is usually \he required
clea"linessclassforthecomponenlmoslse"sitivtltodiri
In the hydrautic system.

I" order 10 attain a spocilk: cleanliness class Me'
elements muSlbe us.ed with an absolute filter pore size
F\,;,l(0).

Tables 13 and 14 can be us.ed to determine which pore
size 10 use and hence which fille, element.

Tallie 13. DetermrnaOOil 01 recommen<Jed liI1erpore size"
hydrauHcsysrelf1$usingRexrolhcomponants

Sysl<lrnswith

.~~:::-~."+-"--"-+~+=-1

Saletyliltersprev&ntlong-termwearandforthisreawn
should have atargerporo size than the working fitters
Salety filters should not have bypass valves and they
must comprise high pressure difference stabte 'itter
elements

11.2 Filter design criteria

tnacld~ioolothefequirementtor'UrlCtiooalsatetyolarnj

long service Uves for hydraulk: componlInts, the
operating and system costs and tl1e cost of disposing 01
the fluid are importartt When designing a suitable
hydrautichltersystcm

The Iollowingcriteria shouilJ betaken Irtto accounl when
designing a fihersystem:

~ Sensitivity to dirt of the hydraulic compone"ts used

- Appiication for the complele system

- Determlrullionofflow

- Permisslbiepressureditferenceorbackpressu,e

- Compatlt:>ility 01 fluids with the filter malerials

- Operating temperature

- Viscosityolfluid

- [)esigntemperalura

- Additional devfoes le.g, clogging indiC:atorJ

HydfBullcByatem

AttltlnablB
clunllneBBclaaa

PrBfftrr~ 10

absolu'" NAS 16381100 4406
filler In

:::~=1 P:~::B I
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OnceIh8 required Mer pole siZe has been determined, ~
ill then poeible 10 determine the sIZe 01 the fi~e, In
det8nnIrIirlgthe'ilterslzethellllTllSlOachieveabalance
betweenthedirtentemgthesystomandlhedif1leaving
Ihllsystemvialhelill6f'$.ArteoonomiciWnebelween
eIemllntreplacernentalsoneedslObereafl5ed.

H.nceMl8nde~lhesizeoiafillerlhltdegreeol

c:ontarnnalJOnlnlhltmilChineerMl'OOr'lMll"thecareand
serw:eolllllhydfal,llesysteman:llhe<lpflr.tli'lg
~oIlhe!ll*l"'tobetakenlnk:laDOOO.lfll

ThalomlUlaerequwedtodMerminalheS<zeolafjlefare

lIhownlrlli!lt* '5

3.A0038Ho'tj,j:>2 __
S .0OO3~'HC-2 2tobRI _"""'-'

10.AOOSllt>'HC-2

r--i-~;~2~
25 .o025T 210bRI
50 Dorow :IOllar

:: ~:~ I:~:
T.... l.SMcfIonol.,.,....._Ivsp«;t"'~
_~--''''p0t8stze

-"-..- ......
TOllIl...-n'*""- __

ar.-.g ............ agr..,. Br ....,.~
_~8rId_ .......

~... ~_ ...._.h__...
~~.,•• .Jp-..J'S:

o.151D0.2.~

a...-",a..-.1l·"
0-,- SID to. 0_;--';-
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T_16:FllClar,Iof-""-"CO>'IdIbMS

DeQffleolOOl1tamlllatlon

ifl......a.i",,8tlVIronmerlt.
"

Rema.....s to lalM 16
'I lOw'

~.=.mect>nnIn""'~t*ns!IM<!.,....,.
·ll...a..ll;IOl:slnheoa_ ......-
~~.::::~
~-....-~
1'I'ICII**""-.""*'9 ......~

Inordell0shorlenandslmplifylher..talivetycomplllx
process 01 delerminlng !he /ittfH sizfI httel design
clagfan'll were deveIopIld (_ diagrams 8.9.nd 10).

TlM~8AlWllhfespec:lIO.VlSO:ISIfyol'3lIrrwn'lls
1or1he1Ud. H9ler0p8f8I1ng"--'-andWflab(lnSln
~con:Ilions_tlIQnlnlOaoc::ounIwhan

dlltermhng1heIlow!of1tleMerdeslgn

ThellowlorlheliltfHdesign~lhedillgramsi!l

calCu\llled hom the lollowing:

o... -Q,vxr1 x~

0 ... _fIowlorlillel"desIgn

Ow-e~1low

'1 _YI$OOSIlyOClr1YeJ$iOnt.ewx
~ zteclOrlorambil!lnleon<*bons



The Ieql.W8d filler SL!•• delernwwd from Ihe poinl 01
lnIe'section~1hellowcrosseslhelillelporeslze.

FiHers and FiltratIon Technology

0•••''''
De-"tIOflalf,Jffl(SIZ"jn~te~



Chapter 15

Accessories
.....-

Introduction

Theleml"ao=essories" actually leads 1081a188
~,whBncoositleringlheimportanceollhB

alIl1IOfMIIt$onlhosMCllCon.

~"",jt.ISlas~lorlhosmoolh

optI1IlIonolhydrlWliclySlemsaslheclnve.controIWld
oulPUlekwnents~lIlready.

Components to reduce noise

2.1 General

t¥*aullc systems irlclude components which agJlllle
luidandall"andll1eseet1ectsll'llluenceeachOlherln
ordeftoreducellOlSfllnh'p'dtllulicpowerlA'lilsWllOUl
-.M8reavaitable.

2.1.1 Oecoupllng 01 component ,,~ion.

OuelOlhelargesur1_ssndlhelhinmel.llwaisuood,od
lankaareverygoodresonators.Byus,ngma1eriatswtlich
dalr!9vibralionsillspossibletod9coupleno;selromthe."'.
MMsureswllichhelpinlhi&are

- PlllcII'Ig~onlllanti'ii>ralion-..n.m

- InsIaIIng 8 vbation ciIImpong pump carner

- UlingPlP8duc1smadeolrubber

- FIl<diI~ wi1n 11Ol&e dampu-og fixlng damps
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2.1.2 Oe<:oupllng of fluid vibrations

Vibraliorn; occur in fluids especially when pressure
pulsesafepresent

Measures which help in this a",

- Use of accumulators which remove pressure pul&lls

~ Creation of opposing pulses, which neutralise the
pulses within the complete system

2.1.3 Decoupling of air vibrations

This ison/y possibitt by using an acoustic absorption
coveroYerthehydraulicpowerun~

2.2 Components for the decoupllng of
component vibrations

Pump carrier

The pump earner lin~s the pump to the drive motO(.

Accessories

Type I Wilh""".edamping

Dl!lolO!hlImtalla!ioo
~sthislY?"may

only be ulKld lor tIl<t
""'*'lIollh<.!"aJ<aoo cli

~~~.dftYflf'OW&I"Sl.lP1O

~.rk:"

NQ/saklvelolcompiete
hydraulic fYSIeM is ",.
dUOOd {up 10 6 d8(A)

W~h noise <Io.mping," W~OOUI dampvlg

al'cooIeraoo
~ ...

Sms~ PO'W"II' unit com- R<lasonable 0091, oingIe
pIiIingpumpcame',o<~ ~n>::d<lI

aiT<:<XMerandUlrlO.. TranslarolvlbrahQnstglt!ll

0 ...... power Myclrau11c!l>l\lr
uplO~SkW

Coolf"ll~lto76kW

Tan. iI; al80 auIIabIe for
cIosedk>ol>o;lrfves

SrnaIICliItank Nolsypower"";l
lS 10 19 ,lmsj

Compact power unit R&<uonItbfo!cootofpunp
Alxwe an SUltabI8!or uoo r.~ing

In~k>ol>cirwlts.
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i...i ...
I .......
~

"

~aml AilnoiNI~I(lrIopel"llrInQpr..swr.;"

lIIMibIe-.dllfPt1pumpcarOOrs

ThebMoc:bocIy(l}~WllhIheCOl'll'ledlngI\ange!of

It-.Mcttic:almotorlorma'9d\&'l/l,whlchll(:()l'"oNdedkl
1hep...11pIlange(o()byrneansQlan n.tlbermg(3)anda
clamping mg (2)

TlleShoretlerdr'lessandqualifyotlherubberringaJll
malchtKIlo!he p,,",ptypa. 11M! driYfI power andtl>e fluid

Pump carri... wlthYl~ 6Bmpinlland
buih.... oil-alrc:oo....

Inll1llmoo;lellher...ll\owrogtromlhesystemisc:ooloJd~

l'I1N... oIan~",,<XIDIeo'.The ... flow~1or1he
oooIngisc:re.aledbya!iu>ltlOI.Qe(lon-.e_shalt.
n.oombinalicnQl"'tlOn~p.mpeatrillf.-.d

OII-..oooler(~_4)o/IGl$~lionandl;Oll

nKluCIIOr1"hydraulc~unlIS.Thehealexd1anger1i

anMged a«M1d the 0l/bIde of Ihe pump carrier and
hencemaybeeasilycieaned.Al'detivelylsdesignedlIO
1hatlhepumpClIlTiermaybemounltKIhonzontallyas.....
as YlIIIJClIIJ)' on Ihe UlIlk.

DLI810the$hapeol1hedevice.~tngpowerlslimrttKIto

1,8 kW. In mosl cases tha leakage oil in 100 syslom may
boCOOIadbythis In addition 1heheat loorldIn systa<na

whid1 ara operated for long P&riods or on hoi summer
days may btl compensattKI lor.

The maIn leatu..... (tf Ihe od-a.r COOIltI used are

- Lowin$lallaOOl>OO$I$

- LowoperabrlgCOSIS

- NollOlTOSlOllduelOlhecoolilnt

-Simple~

- Easityavailable

- NodamagelOlhehydraulQNnotOOl'l'lple18lysealed

- FandrntebymeaosoflhemaindllvemcMol
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2.2.1.1 Pumpc........ilhcs.mpngolvlbrations

TtmfIeKiblopumpcarrier{rig. I) Is used IClC>O<1nec1ltIe :l
tlyclrauli<:pumplottlec!rivemlllof,wtlerebytt1etrans/orol "I

component ""''''bOns an;:! osdllllllOOs is aVOIded to.
large flXlent. The putr1l vibrallons a"" isolaled and
damped tly a tempefillura and llIMl stab6e rubI>et ring
whK::tltrllnsf(v5"'lheforces.By~ .. rotaryl\ellllle
OOt4JIingthemi$l'I(lmatallicoonnecbor1bf!r-lhe

pump unct moIor The flOlSllleYel wrthIn. hydraulic
Syslemmaybe'ooucedcoo5!derabfjlbyttli'mearlS

Thepo$$ibll'IreducllOl'llnttleoolselovtlld&pendsoo
many IllCIOl$ (type 01 pump, oplIfatJng pressure. type 01
popes,eonstruetion.elIC),Henal.IQICl:~cennoIt.

pnlVlde(llngenef8lnooselevelsmaybe'aduceclbyupkl
6 dB(A), The damping matenal5 usee! irl the pt.mp
earner,,; must be suf\ablator VllI1OU$_-pump
comb;natoons. Fig. 2 aflddiagram I thew Itle measunng
enangem&nl antllyplCal noiSll reduction for an fleKibIe (1),
pump canl.... in comparison witl1 a rigid pump carrier. )ml

'""(5)--,""
god.ft,.....

Fog. 2, Meal"'''''''''' arranoementlrx t!HJ meldUf9me(I/ cI
_"",,-inh,...,...po-...-.if5



Thebasicbody(l)togetherwfththeconnectingfiangetOl
the electrical motorfmm a rigid unit. which isoonnected to
thepumpfiange(4)bymeansofrubberring(3)anda
cla.lTljling ring (2)

The Shore hardness and qlJality otlhe rubber ring are
matched to the pump type, the drrve power and the
fluid.Thecoolingelemenl!l(5)arldtllehousingfeedingair
aremountedwithinthebasicbodyarldarearrangedso
thatitlsstilisimpletoassemblethepumpgroup.Thelan
(6) Is mounted 00 the motor snail.

Pump carrier with vibration dampIng, bullt
In oil-air cooler and tank

Accessories

In the moOOl shown in Ng. 6 the lallowing three
componenls are contained within one un":

- vibration damping pump canier

- a clogging indicalor for the filter

- avisuairnooltorforlheleVeiofoiland

- filler and breather

InaOdifionrtlsposslblelohaveanelectrica.lmonrtorirlgol
oil and temperalure

The main advanfages for this type 01 unit are

- Reduction 01 oil volume

- Reduction of power weight ratio by up to 80 % and
volume by up to 60% Inoompatison with conven~onal

models

- Simple mounting 01 electrical motor and pump

- Rolaryelasficooupling

The most Important technical data are:

- DrivepowerO,55to45kW

- Tankvolurne5to 1BlitreSand

- CooI'ngpow&r1t07,5kW

The model shown in fli}. lcomposes pump carrier (1),
tank(2)andcooler(3)whicllarescreWlldtogetherlOform
one unit. As lhe front are the flanges for d.rv& motor and
pump, A damping ring (4) between !tie pump flange (5)
and the pump carr!er erlSUres that the pump vibrations
aJlldeooupied. The fan (6j whicll Is lixed to the motor
shaflviaaoosssuppilesihealrrequi'edforlheintegrated
oil-alrcooler,Thecoolingelementmaybesimplyhinged
out of the unillobe cleaned, The motor and pump shafts
lIreoonnededloeachotherbymeansofarotaryfiexible
coupling. The oil retuming from the actuato, to tank Is
filtered bya relum line fiher (8) with a suftable fifler pore



Accessories

2.2.1.4 RlgldpumpCllrrleor

Rigod pump eerriets _ not surtallIe lor dampng

....-
This model Is a "'r19le un~ whICh may transfer the
vItlfations rromthfl drive motorandpump and the pulses
tromlhelluldlOltlfItank. Thl$mayevenprgducevibration.......-

Shockabsorb<r>gandvlbrationdampingfi~ingclampsale

usedforthequick,cleanllndclearusamblyolpipelines

With thesedamps~ I$possiIIetolblanyaflhelollowng
lnlhecomplelesystem:

- PipesloroperabngfU:l

- ~loradditlQnillmedia(ega,r)

- ConduItslorelllctricaflines

The~muslca"YOIJIIhe!t:lll:Wwingta~

- SecurefWngolpopesandho&es(lftiat5l<lk:-.d

........-1
- Vibfat>Ol'ldamping

- NoIsel;lamping

- Shockabsorplion

- PossIIIiIyolcompensall'lgtol'lenglhs""'"wiltl
chlIngBsln\8rl1*1ltunl

HOsesespeaalymustnotbepl'esHdonlOshllrplldgBs.

The lines must bo lixed by clampl In wct1 a way lhal
dlalir>g or bending is avoided

TheWlratlonandl'll)jie~~otthese

damplia.. lhemostO"l'lpOf1anl, ..~lerafoon'lpOnefl

YhabonIIOItlot~sysltImmaybeavoodMllnat.-,



In.clem8t8'oflhepipMan:lhoseslObefixed
lllIIermnnlheS/.leofde/'rlpIOb.-used.

In.,",,,,,,*popopress..-Iaswelaslhfldynllmoclolding
~lheseledlonofdllmpsenes(IigtdOlheavy

-)

hisreoxwnmendedllWll.round&1ee1dalT'4'5areU&8din
"""vmic/lllf9li1<B!y to IXpand by a Iargll amoum due to...,

2.2.3 Vibration dlomplng pipe duetl

Piplduct5_lUbblIrpenawt.,narell5ed101IOlatI
ClllII1lOIllIflYllnllionsin~Theya'e~UMldon

plpldu:UinlanksinhydmJlicsystems.Ihe~c:ab$on

Iraetonlfldmac!WllPln~lnaddilJontheyprovldlt

.seaI~walll'lpllIyanddusl.TherubberPlrtlllre

deslgnedlnsuc:hllwlylt1atadefineddellletiorllxists
~lhIfl1p1,1I1Irubberpartllnd1l1lIankwaH.

Accessories

2.3 Comportents fOf the decoupling 01
vlbraUons in fluids

As IIIr$lII:tfITl8t'ltlon8d on 1i8CIIIOn2.128OCU1TUl1101S a'l
mall"llylJloldlOd8couplewb81iaNinlUds.

The types IVllilabIe andwtldl slze should be uMd era
OOllCrbed in Ihe chapter "AccLnlulatoni lind IhIIf

ApplK;a1ions"•

2.4 Components for the decoupllng of
noise trilvelllng In air

It is only pos$llIBlodsc:ouplelhe nooselnlvellingln an-in
hylhulic:$}'$tflrTl5by~nollJellbsolblnglXMll'S

The I'!\lIteriaI used lor tlOIS8 dampwlg ITIl.SI be fir&.
~

1nlldlitlon,lheventilatJonOlcoolingollheh)'draulic:
sysIemmustnolbereduced
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Deslgnnote

TIle most important parameler for tile design 01 an oil-alr
cooler Is the power loss ooxurringin a hydraulic SYS1&m.

3.2.1.1 o.algo

From~ lhe po1Ife6 IosMa upeded _

bar-> lS 1lnd30"4of!he InstaIad driYe~
Howevertpeaalope.-..ogrelllbonstupsneedlObII
Iakenlnloeecounl

3.2.1.2 Calculation 01 power 10.. In hydraulic
• 'YSl"ms

The orocrease In lemperalure must be measumd __ •
setpenodlor1hecaJculallon.

""""-
locreaselnoiltemperalureCMll'2hourafn:m20I070"C

Tankcoot.inlBOll Iilrn

llT' V'p-c
Po- --- (2)

,-"""
SO·BOll-O.86· 1.f>7

Py • z7.98kW

inkJJkgK

"'"'K
""

3.2 On-eir cooler and heat exchanger

By nstalng -'diuonal coolers lhB Iar* wlume may be
decr6llse<l (usually 2 10 ~ X pump power). Hea1iog
probIemS,whlChoccurduelooperalioooverloogperlods
aod high elrtemperaluree, may also be evold&d.

Thefollowiogare used for c:ooliog'

- Oil-aIrooollJr.;

,_
PI/ _powerless-

(lkW.1kJ1s)
zdef1sityofoil
torm,oeraloil p.O.86k9'dm3

"apeafichealc.pl1a1y
IoflTWl8rBloilc"l.67kJ1kgK

V ""'YOUne
.JT "l8mplIr8:tUreincrease
/ .. opeoal"'!llime

L.g{lnd:
PK "'requlredOOOlingpower InkW
T, "ellisliogoillempera1ure inK
T2 "'deslredoillerT1plnl\.ll8 inK
(l .,heattrwllltefooefticoenl I"lkW,'nt'!<

{I"llhe eutT¥JI& (l" 0012 kW~j(

" "eIIeetJYellUrtacearea

Energyisneces&lltyfortllecrealiDf1ofpreasureandtlow.
This energy Is pertly relBase<l eg.alrt by the preS$Ure
drops In Hnes and devices. This means lhal heat Is given
out in reducllon 01 pnlssure from operntingpral&.lfll to
IMkpressure,l"lpresstJrelosselllnlhe$y$lem.by1he
buiId""oIpressurelnsaJetyeltrnenfs.1n1hroltleVllIve$.

"'"
Thelo$Sesafl'lOl,l"ltlQabout 15 10 30-' of !he Installed

,..",....'
Two ways 01 removlnlll!Mllleat exist

- By meansot the !-Urtace of thB tank end

- OiIairooole<lllllldoiVwalerCOOler,;

The surface 01 !he lank mU$l be sutIiclenIty laIge 10
Iransle, !he 1OIa1 heal resul1lng from Io$$eS 10 tile
environment. However. thIS is oftan not possible dllOl to
tile shonage of lloPilCe forthlll Item.

3.1 The surface of the tank

Assumption

EKJsbogoiltempefl1llR T, .. 353"

DellfedoiltarnPl'f'llture T2 .. 323"
E.Ulmatedsutl__ " .. 3~

P",,(T1 · T2lo110" (1)

PK ",(35:!-323j-0.o12-,3,,,, 1 08kW

Components for controlling
fluid temperature

3.1.1 Samplecalculallon

Theoill8frCMnnRl"la hydr-..csystemst8bililler;ata
~lUre'll'!'Glis1OOh9l.

ThelllmperalUre .. kep!constanIbylhBradiabOllpowe<
oIlhel8nkandby Ihe line and INIchine surface. I.e. tile
mactuoesurface aets as II cooJer



~ :::::..,~

3 ::or
.~......

wilrlgood..."...,.,_.__

Accessorle

Adv,n,-ges:

- LowmstaDanonC06tS

- Lowoperabngc:osts

- NoQOml5Klnbylheooollrlt

- So"np6Io.-viang

- Freec:holaloltypclol""*,,Ind'<'Oltage

- No damage to the hydnlub

OINld....nUlges:

- TWIOGUIlxpel1Masol1wlllerooole.

- Large. \/Olume than OWWal0' ooole,

- Prooe 10 noise lind easily st,ained by mechanielll
OOI'1neetioirul

- Nolsu.1ablotorsmallrooml

1'heoll-lIircooiM(_1ifJ '.of)I$~l'ltolhllfluiddrg,ojl

01' Il.y$lllm Of machine. By "'"""'9 a chad< valve
OOI'lI'I«I8drlparal&lwith •• Sberpilolpressure.hogI'I
l>lIdq)ressuresinooldtluidsanclhoghllowsareavoided.
ThecoorogClflhelluidildepencMnlon-.enet
~ftqtillenn;:e~lhell.-jandlhe~

"',on"lIow...-.:lonfw"'\ltClfwllow
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Inadcljtiontolhet"."It.....~pump.ah~raulicfi~eris
nstalledinlolhelluodd~lnlljspowerunilOuetoltlis

ooolirlgtakesplooetoanoptimt.n1dl.lgreeandltlel!uidis
fiIterlIdll\ltle __ Theooilisusedu,~

~""'ThepowerLnllSindBpeodentollhiresloi

.. 1ys1em8nd ......... c:onstaolcoolrog8nd1ile<....

FIg.l8,0i/.... cooItH

Components to Isolate flow

lsolallng vatves 01 various types are used 10 shul-ollcx
AlfoutellowsinhydrllullclinesHllweYef1heyarenol
___ lObe usedasllvotlles.,asthey.reURalyk8pl

eolhetOCllTlJlletelycpencxOlllflPlet8t)'cIosed

Anok:h'-usuaIymadeinlhlcperallngshafllOlIhcIloo'lhi-3.1.3 Hell: exchBnglrl

AhoghllowvelocityisreqUlre(llnthecooliflglineslnorOer
ll'\alanexchangeclh&atlspos!;ible 4.1 Ball valve



Ball valves may be used in awk!e range of applications
andareusedinnear!yallbranchesolindustry,Theirmaln
lealulllsalllcompactdeslgn,easyoperationevenunder
higl pressures. klwlorces required for operation. lull
c:lroularpassage and easily exchangeable saals. They
alll&UitablelOfhighpulsatlngpressuresandleakagelroo
sealing.

Accessories

Bali valves are usually designed on the floa~rIlI ball
pnnciple

This means thaI !tie ball (1) slides treely between pr....
tensionedsealsmaoooutolpiaslic(2).Theballlspushed
onlothesealawaylromlhepressulllbytheliukl.Hencea
pressing pf9ssure is produced which supports the
permanent seal 01 the valve. The opera~ng vaJve is
operated by a hGrmetically sealed operating:;pirJdle(3)
10 the rectangular protrlJdirlll end 01 which is fixed a
operatinggrip(4).Thismaybeadjusted~45°steps,The

stop-pin (5) and the stop-p1ale (6) are used to fix the
posiWn of the ball

-=-- I -c!7-
UplO40l>a' ! Up1040bar

410100mm 1

Fig. 21. BaJI""1ve

HigI'lpr-.sur1l

Slngledlr

-$- -=-- -c!7- -$-
Up 1040 bar Up 10 SOO bar Up 10 500 bar Up 10 SOO oar

",",00, "'000 l~,"",
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- "MIni-mess' connections

- Qulek,eleasecoupling

ConlJa8nddisplayelernent$_UMldkll"""'*"'ll
I'rylhulicsyslems.Thesedklplayelementslnilybe'"
prIfTnBnenlly nstaIlldlfllhe IJY$tem or(riyNlaledfor
pu~ofc:ontrolwtlenrequwedallheinstaled_

poIJItSfotlhlspwp0s.8.

ThetollowingmaybeLlS8dfofm<llWllingdisplay~

- Teepiec@sor

1llelYP&:ofeonneclionandlhetellpoinl.eqUlrmrnustbe
~inlhentialdes9'1oflhesystemonlhe~

Connec:tIonswhidlareaddedlll18fcause..-.-y_.F'll22:lkIul*__ FIg 23 DuIpld~
_~...- _ ......lMWl~-

DoubJe ball valve Components for control and
display functions

5.1 General

1n~"""'lheswiktllngelemenf"'_ledpoppet.

Thl$poppeltrealeslheseal. This means lhata 100""
sealing is no! possible. This means Itwll where a
compIeteIyl8ElklleemodelisUSolld,lhevalvecanonlybe
opEIfatedwltl'lll'ealdiflicu!ty.

TlIll seal between the shalt and tl'letlousing prevents
eXlemalleaks.

InlergedooblebaJivaivestheseaJedpoppelisusually
feplaced ~ sealed seg""",ts (figs 22 and 23)

TheseUldsegmentlSpushedbylhe fIuiclQlllolhese.a1
edgeoflhehouslngawayfromthepntSSUre.Asaresulla
INkage Ifee.. is produced.

8efoIeopenl!inglheva/vullill.-sarylOblIlancethe
~lnlholhcu5ll>g""""lhe~jlfllSSUre

lfomlhelluidillneutraltsadandQP8fllllOn.enatIIed.

5.2 OisP!8y devices which are
~nently installed

WilI'Ilhesedisplayelemllnllftilpol$$iblelOrneasure

- PI&SSure

- temperalure

Componenta fOI pIHIU" measurements

These OO!TlP"'en15 are used 10 monitor opemlion wrthi'I
lheOOlT"4llelesyslem

1lleklolclM'>g1ypes .... used

- PresRngauge

- PrMsuntdilfenlnDe~

- Pressuregaugeselecllonl'/lO*=hllfld

- P'lI$$Urelrans<kJo9r



5..2.1.1 PressunlgllUOf

- PTeuIln gauge

Theopefallf>gPl'85SlA~inlhesystemis

~wIlhresplldlO~PfllSMlnlbythos

dIIvice Measoo!m8nls ara earned oul by means oIa
boufdonlubaordil!phragm,Thesedevlcesarefilledwilh
damping Iluid (usualy gIyceflne) wtlen measuring
pre$lll,ll'e at tost points u!ldef tlig!1 dynamic loads, whictl
areprod~edwittlqui<:kandlreqllentchangeslni(lad,

pre$llurepeaks,vibratkmsandpulsations,lfpressure
l)llul;/8seretobilusedloeontrolatlydra»li<:system,tl1ey
may be filled wilheledrlcalcontacts.

PnlHUnI measuring device with bourdon tube

Thalype (fig. 24) is aulIabIt lor the l'n8ll5U,emenlol
pless~einnUidandgasmec:llums.ltmustnotbeu68dWl

a medlOOl wilh a hogh viscosity or In a medium which
ctySlall$es or in a medium which attacks coppe!" aHoys

Permissible application range

Upperiornilwilhsliliload
314 01 fonal scale value

Upper with chBngIng bed·
21301 scaleV<tlue

Maybausedbnelly'~IOUtealovalue

Accessories

llMlpressuredil!erencebet-.thepressureonlhaplpe
olthespnngmeasunngelement(l)andltlealmospt1eric
prouu'ec:auseslhelreeenl:lofttlebourdootllbelo
deflect eccordingt)'. The linear measurement is
Iransf&fredviaatie'odI2)anddisplaymechenism(3)toll
hendwNc:hpolntstolhacorrectpooiliononthescale(4)
inthedispillY.

............,. me;lsuring device with diaphragm

ThISpr8ssuremeasunngdeYlce(fig 26)rsless_lMl
10 v,braoons thaI ltle pressure measumg device Wl1h
bourdoo IL.Oe. In add~lon they are su~eble fOf
moasuremantsof gaseous, corros,ve,cootemlnatedor
highly lliscous media
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"""'--.- Concreteandoementpumps

- Coklngplanta

- Mlnelo<.:omolivesand

- Roadlluildingl'l'ltod*>es

A ooncenlric dlaptngm (1) tensiarMId be'-> two
IIanges separales !he preSStlfe chamber inlO inClividuaJ
pressul1lcharnbers PresstJrecharnber(2)itCOl'WleCled
to tha outs.lde and hallCe is pressurlsed by atrnospheric
pressure, Chamber (3~ Is pressurised w~h thi operating
prBSlllJre at the maasumg po6i1loro and hinoa iT; the
~t chamber The pressure diflerence

~1hePfMllJf."'chamber(2)"'lhat"

~chlwrit)er{31~tM~lOdIIIIIeCl

accordingIyThlloetledion.lrMSferredvoaapustlrod
(S}lOlhelispiaymecl\ani$mandhenceloanl'ldicalOf
pointerwtlidlpoonlSlolhecorreclpositiononscalB(4)

-Diff........... pres.suI1lQMl9l!

ThepnlNlJredittftntnoebe_twooperriolg
pressumsaremeasuradUSoflglhlsdelilce MeasuremenI
Is by means 01 either lhi bourdon tube or diaphragm
pressure gauQe. These devk:es may 00 fillad with
aamping fluid (usually g!ycerioll~ whlK1 measuMg

pressures lit teal pomts lRler hIghly dynamoc~
where pulsatIOn or vibrllllon IS present. Furtt.!nnor1o ~

t:hesegilUg8SareusedlOcont1OIal'lyl:Qulc$ySlem!hey
mIIy also be lined 'III'Iltl eIeclricaI or
protlOOICIUCSWlk:hlngelements

Dillerenllal Pfusure gauge wl1h bourdon tubll

This prellSure I,)auge is used for the measurement 01
p,esSllfBd,lfe'encesinfluidsandgasel,aslongaslhese
do..nhave.highYlsoosrtyorarenol~

Two bourdon tube lTlflasuring systems operata
irltIependantlyoleachotherinlhispressu,emeasuriog
deYice The moYem8rTtlI 01 the n'I$NUfWIg elen.a
(resulbng from pressOO$atJon) propor1Ionllltoh
pressIJI'nbeong~edamll1lraSlemldloh

lI'ISl1\ImefIIdiIplayand$hOWnonlhed<spley



Dlfferltllliat pres.ure gauge with dtaphragm

These devices ale sulta~e lor measuring ~uids and
gases. They are mainly used formeaSlJnng presSlJre
dfops belwlMln plpe lines and Mel syslems

FV.30:DrMjgnol""""~P"'9'lIlIifIlplilM....
The pressure dillerenoa measuring device Wl1t1 plate
spong COlT1pr1MS lWO pressure chambers (1.2) whICh are
sepanl.ted!romaacholherbyptatespfing(J).Whefla
ple&Sl.Iredifferenceoc:curslheptatesplingcurvesand
dlmctiyshowsthedlfferencebetweenthetwopressures
The pressure difference must not exceed the displa~.."'"

Accessories

- Sp&ctal models

Model with~llidfilledhousing

Inbothmodels,lhelispleyhouslngmustbelilledWllh
dampong ftuid (usualy gtycerine) wl>en used al
rneil5I..IMgpoontsooderhlghdynarTucmdlng

............-
- 5moolhpCl!<ilicnngdpow'l\$',La,oontldcisplayd
~;"~_Wlhvitnlltnsn

poA$abQns"llherneasOO'lgpcn.

-lDwtricbon~lhelTlOWl\lf*1$

- lDwwealeYentorhoghdyr\amlcloQlWId

- Longservicelile

Pressuremeasurlngdevicewtli:tlarefilldWllhlluldiUe
~~~~tor~w~~pressure~

rnor"toringofpressurelnpurnps,oorr'4l"lIssors .presses,
hoi;> preS$ure cleaners, hydraulic systems and In \he
geoetato:>ns\nlctlOllolsystams.

Pressure gauges may be fitted wIth el&ctncat or
pnellffiaijellmltsw~chesforclosedandopenloopeontrol

""""'"
5.2.1.2 Pre..ure gauge seledlon ,witch

Pre&SUre gauge selection swiIdles are used lor
moniIonngupI09cillerenlpressu•• rneasumgposrbOnS
In 'hydraulic systom.

Wothlhe~ofrolaryspoolvalVeswhicharebuillnlO

pressuregaogeselecllOnS'M!lChel,asyuempr-.surein
arneasurernentlineialed lOapressutegauva.

n.preuur.gaugell\S)'be....builI"'*'lhepressure
gauge seIecbon5W'lchor rnounIedaeperate/'fWllhin\he.,....
Preasure gauge selectOl"" "a"'" wfth buill.." preasure.....
~T...

Flg,31:Prnss""egaugtlseleclOf""/vfl>'rithllu/il•..,
pr9l1!Juregaugtl



Accessoriefl

In this modellhe pressure gauge is built dlmclly Into the
rotatybulton.!Jpto5syslempte$$UrBSmaybe_.

Inltlismodeltheprossu'egat.lgllisl'lOldi.l.ICtlYlntegraled
ir1lOthe.otarybutton.Upto9diffo'llf'ltprossuresmaybe
measured in II hydlaulic syslem ThepretSUrtl9&t9'
...-lbemounled~andCOlYlOCl8dlOponMoi

lhepressunlgllllgllselecllOn6wiktlbyaPIPIIOfhoM
The presaure display is produced by means 01 preatlrlg
the.otery butlon In an axial direction against a spring
When lho rotary button is released. the botton returns 10
itsinilielpo5l\lOnandthe pressure gaugelscomeet8dlO
lhetankport. Abuill..ndlltenl hokM anychoHnptlS'lJOfl.

The gIycefine damped pressure gauge (2) is bulh inIothe
rotarybunon(1).The6measu.lngports(M)arearrllngeod
inlemallyllfOtlndlhecIraJrnlerenceoflhehoulilng{3j.6y
rotlIIWlg1llllIOllllybullonand1tlesl8e'Je(.)coupllldlOh.
inlOOl.-::h~pon.connecIedI01lllIpressure

gauge{seefi(133) InOldlH 10 unload 1he pressure
93l.98 zero positoona exisl between the measuring
points.Atazeropoinllhep'es&Jregaugeilconnectedvia
bore(5)inthesleevewiththetank(portT).Thedetenl(6)
filteslhesolmeasumgorzeroposilion MllfTOIOf'onlhe
rotatyknobedrJes/'lowswl'liCt'l-.-.gpcdlt
corv>ICtedtothepr8SSlII"egauge

Inome,toincrtlasetllesorvicelifeoithepreSSufagauge Fog 36: Desio;;Inolpress.."'gB"ll"SI#«.1or"'/ve1O'ifh
1heOllugelSdampftdbyglyeerine QOflfI<IC/II>nkJrsspanlleptBUlng;tuge



P...... SW*:hes are used in hydrauIc systems !of
doMdnopenloopoontrolfooctJons

Thlswiktwlgeiemenl!;buil~thepl'eNUnlswildl

openOfdoM..eIIo::tricitlcirculldlperdenlonp-l'5SUre

Pressure~rMybftflilhlof~Ofhydra,*·--.
Hydro-eledrielol pressure switches
llIlIlIYlliIllblell$twGtypes

II) P'isIonIypep<8Ssureswltch·
WlthOfwiltloolleakagepolt, lt1l'l1adconnection
(pma.-SOO bar} subptate mounting lPmax E 350
barjpressuredependentoperalingpfessure
difference

b) Bourdontubl!lp....ssureswitdl·
Thread connection (p""", .. 400 bar) Constant Of

8djuslableope1atll'lllPf8SSured"'erence

F1I,38.1'imnf)fH;SUffJ-'l)pOIHEDf
(letl)1I'im_(rigNl~_Ql;Hpotf

Accessories

..,

TI'Mo poston type pressure lIWfICh HEDl baSICdy
oompnses housing (1). mICro sWItch (2). adjustmenI
screw (3). pin (4). spool (5) and compreseion spring (6)
The currtlf't carrying damps are COIIBf8d by lSOlabng folI.

In ordilr to set tt>e sl'i1tching pressufe the nameplate (6)
neectstober&rT\()vedandtnelockingscrew(9}loo&aned
By rotating the adjustment screw (3) the switcl1ing
preswre Is set. Then the adjuslrnent screw (3) Is fixed in
positoon by locking screw (g) and the r.amepla.ta iI

~".

TI'Mopressuretobemonrtoreelaetsonpis!on(5). ThIs
Plsttln(5)is~byplnl4)and""'CKksagainsllhll

lorw (smoottVyadjuslable) otcompessionspring (6)
Pin (4) triInSfers the moYWlW1l of pin (5) 10 lie II'IICl'lI

SfriIctl (2) The eiIlch:lII cin:uII Is Iherl comedlId Of
diaoomeded dependilg on .... cirCUlI desogn. A
mecharoical stop (1) PfO*ft the moo SWIIcI1 Irom
darnage~ excess pressures ...t

TI'Mopostonprassureswilcl'lHEDlrnl1yblloptoonallytilled
WOthcn.nCllSB port, control llghI,plugcorwlBClionand
pmteetionaga'nstexploslOOSlfusedlnsaletysystems
lE.FH)



AcceSSOfies

Fig. 40: P,.too PfH$<J'" sw,te/l HED4 (lfJN) & HE06 (rifJi'I)

Thasepresslftswiktwsllf8ano1hefvanetyofplS5OO
pt8SSlHswneh They are also used IorcomectngOf
diso::onnect>ngel8ctncllIcin:u~sdepeI"deolOflpressure

Theymaybe mountedonsubpletes, in pipes or used as e
$lIIdUng assembly el&menl in hydraulic syslems. The
pmssure$wrtehesmaybefiltadwilhoontrolligh\JllJI<lhlr---Toftefease!he'lrsefVil;;e rllo. pressure swrte:hes must be
mounledsothallhey8ref,oolromvibralions.ln8dd~,0fl

suitable meuures must be earned out to dampen
pmsIiI,lreshoeks

F'lI 41 1'liI*ln.oo-n.-:h.I)poIHED4etldHEOlS
lI!fI~wodrrghl"""""'_porf

Piston pre..ure switch HE04

The hydraulic-electrical pfessure SWitch HED4 baslcally
comprises housing (l),ClUlrittge unllWllh spool (2),
cornpr8SSlOrlspr'ng(3).~elemenI(")ancl

INCfOS'MIdI(5)

ThI p'essure to be monrlO,ed ltct$ on P;s,on (2). n.
p;slon(2) is supportlldby apringplate (6j and acts in
opposition 10 the stepless/ysetloroeoloompression
spong (3) Spring plate (6) lranS!ers IhelTO"lllTllW'Cal

spocl(2JIOIllICfOSW*:h(5).Duetolhiland~on

IhetypealClfCUllIhe8leclricalan:uitis8l1herc:onnected
Ofdisconnectocl.tntemalhe~8gonalscrewl1)isusedlO

sa, lhe presaul8. The set preSSlJlemay be bed by mlIaIII!I

oIlhl'eadedpon(8)

~/'/
'~

" ,

ThlIoperellng~dIlllt8nbaIln"p8lOfl~

swttcheslsdependentOflpo-essure range. In order 10
anelna!oWeropefatmgj)fellSu,edille,ence.lhemodel
w~hdralneaS&por1is~Asthehietlonallorces
betwoon&eallll'll$spooIarereduc:e<f,hencehysteresisii...-



Bourclon tubtl .wltches, lypes HED2 and HED3

IlourbontlAlepressurel$'Nitchesr.CClI'lWsIlOposton
pressureswftctleaare-*,$UtabIe lor use 'Mth special..........

,,,""",,J. '_J~
--LLJ"f' ~

F944 BovroonIVOflPf6SSWlt$'Iritd>fls. HED2(ffJft)and
HED3(rIg/)I)

Accessories

"The pressure lobe moniIo,edlletlonbourdonlube (2)
Thetlt>e bends on being pressvri5ed and the oplIfating
lever (3) conoected 10 it transl_ the movemenl olltle
boun:tonllt>elOlherncroswitr:tl (4), D... 10 lhisand
dependngon lhetype oIdrcuit theeleclrlo3circurt ~
........ comecl8d or ~. ThII oplII"a1Ing

pressureisdetefmlnedbythedistaflotfmmthernicro
svoiIch(.)btheopembr1gle¥er(3)

In HED2lfleoperatlng presswe iIr tel by ..-.sola
Iocltab'a rotary knob. A constant 0I*'I'bnll1QSSUf'8
ditlefenbaJlSll'IaII'lta1od<>Ye<"'«ltnMltrogrBlllil8

lnoonlraslIOHE02"'JTlO'I'8I'll8f'ollhebourdontlAle(2)
11'1 HED3 is Iirsl translerred III one 01 the two micnJ
swnd>n (.). Ouetlllhls and dllpendW1g on lherype 01
orcurttheelectricalCU'WllilertherClClrYleCledOl
dosconnec1ed.ll1hepres5Ufelncr_lurthe<the
bourdonlubebendslurtherandlhenlhel8OOfldrnicnl
SWItCh isoperated bylhe operatillg lever and depending
on the type of ClfCU~ lhe electneal circUIt Is enher
oonnectedord,~

8olholtheoperatlngpressurll$wtlicilereooterminedby
Ihe settings ot II1e micro switd1esllre Nlpllrated and are
setindependentlyoleachotherllttwosellingscfews(5).

Rij,45:8lIuItJon/tJilllptl/S$U",swildl..olflC<1t'l$t/lllr
""",.Iirlj/prt1~ dillel'8flU. rw<t HED2



Accessories

5.2.1.4 Pre••uretnUladucef.

P,f,tSSO'. transducers am used to connect and
~eleo:;tric;oI~<lependenlonp'essure

They ClOrM!f'Iapre5Sl.WelinBarlyinlOetleleclticalsq\81
(e_901OIOVor41020mA).

Thllyareu&eduocie'thelougtoeSl~tlonsinindust'Y.

aswe(jas 1n1abo<atones

Pl'8s:Iiuretral'*lucersale

- StableagaonslpressurepeakS

- Surto.blttfor"5(lWlthhlgl1dyflamlCloadsand

~ SlabIeaglli'lsIIofT'4le<i'lure.

Thll pressure 10 be mon~ored stretches 0. measuring
memb'llI1e. wnose strength Is suitabl6 forlhe pressur.
range lObe measured. Theelaslic deIormalJOl'l of the
measurng membI_ IS COfl\/8fted inlo a ttIange III
tesb1anceby~oIastrllll'1g11uge.lnlegratedOf

exierfllli mell$Uflng amplifiers produce the desored
ekICtricalrlOffilnals'9nals

ComlctdesJgnansuresthalpresaureshoc:ksareosolllled
Irom the measunng membnIne. Hence pressur8

~lnnorrnlllopenllionarereslSUOnlagainst

QUick pressure peaka as well es againsl 81rlocka
OCClI,ringdurlngcommlssk>nlng.

Electronk: p,essure ••itch..

The eleelronlc p'MS</re .witch is dBsigned as •
COI'I'\bIn;JlJOI'Iolpre$Surelnlnsduoer.indic:alcrMI:I
........lIoneirCtlit.InOQnlrallllOlhe~pmssure
swi\d'le$lheelecbonic~swi\l::hesdonolcotllaln

anymovingrnechanlClllparta.aolhatamuchWklerJ"lll'lgle
olapplK:atiorlsellislS. ThepfflfeffadepplicalJOl'lsfo<the
electronic lIf8SSu'e swilchH a,a in pressure aoo Iin'IIl
valueSlgfllllinginlhefieldolhydraulics.p<oces.scor¢lUl
and If) tt. field 01 gBfI8f" ITI8iIalfIflll and c:or.a
tec:tvlcJlogy Due 10 !he p<1H8IectabllI hysIeresIs. Ihe
electronic p<8SSUfe sWllcil may also be used as alWO
poInioontrolle,.eg in accumulator ooarging OrcuilS tn
pumps aoo COI'I1pressors

Speclallutures

- Accu'acy class 0.5 for the p'essu,e measttring and
indicato,part

-~~eIamenI

-lntegreledevatuating~

- Tempefaturecompenaated

-FOUf.-n~~~ofeadlother

-~I-=*oper.lti'lg~'*"--=-

- Operatlngpool'l\$digltallyac1usleble

- VoltaQEloulpUtOt05V

It is recommended thai nucro procesaor contJot.d
pIW5IlUfelWltCMslll1lusedloraa:ooll/lalofllWiorl5W11l
pump IoIiowIng CIO"CUlI:s as well as lor large ttydrauic
systams

Thll U5.EI of a mier<K;omputar in the prouw,. lI'Ni\eIl
alows tug/l fteKibihty in..-mg tt. requ....-.enll; ol an
applicationand.whal.isof_m0f8~blhe

pressure SWI!dl. IS me con&ldBrable ncrease 11
QP8fationaloeliabflity. Themocro--compule'morvIorslhe
5effii<::ondoclor pressure sensor. power supply and
Intemal components The tunclJon of the computer kSlll
iemondOfedindependentlyoflhecomputer EfTOrS<t..-1D
MflSOflaUlslreinlGfnalYdIMcIlld.Thlc:orllJIl*l
makesllU"lhaI.~a faulloc:curslMt!he programmed
relayf1lS1posrtlonls,olumedlo.TllomonilorlngoiaOlll
allows the peakprossurewhichoccursallheprosauro
switch to be displayed. The user hence recelves
IMkli6onllIlnIormllbOnonthe~potakSMIictl

OOCUI'. ThlpressureSW*:flitsmablelorl,ft'\l\!lf$il/uM'"
hydraulicsandinprocess~.ThlV24inte1l_

allows the un~ to be mon~oredand P/ogrammad by en
oxtemaICOl'l1pute<o,oonnecledlOlpnnte<lorpufl)OSeS

-.,.",.



n.eiIlctroolcspressuresWltChill • .umalivelOh
IMdlanclIIpressuregaugesWlthlimolcontaelS

SpeclaIfHlu,"

- 3d1gdIMJll-lighMgdigifalRblOr(LEDj

- lJpMdcloWnopemling paints may be 5EJ1
sep3lalelybykeys

- 100000t!ono!operationalslatavlaUghlS

- A!ijustmento! operating points without pressurising
the system

- OperaWlg oulpUt optionally PNPo< relay and PNP

The eIedronoe pressure switch ... ai'lgIe channel
p--..nswilc:hWllhIndica\Or By-...of'-staAess
sllIel"""lbl is led 10 ,--...mgC*l.

The~oflhesen!lClf5lQl'\8l.lhelndicallonlhe

QIrTfInlvalue._WIIllaslhepreparaliDnoflheoperating
~"ean1eodOUlbylheevaluetingeJectrorvcs.

Thellleclronicconnecllonotlhepressure&wrlchIS~

means of. c:onnector 10 DIN 4365llI'lEC 4400 (plug-In
""",""".

Theslan~i1nddowfloperatlngpointsmaybee~tremely

easilyset.bY two keys

Accessories

F1g~~foo"cfIwllIirl9dtaJltwi/tJ~

~.--...,.~



Accessories

Tlvough !he UIolt or a microcomputer h9' !lex,bil,1y is
ac:hiev$d in marel'llng a particular applicall(ll'l. This
means lIlat aIfl'4)UIer InteIigent el9ctronic prMSU<e

swilche$otI8fahiglldegJeeoloperntJonBlsafety.

ThB I'I\ICfOCOfllllIe< 1TIOflIlo<$!he semkXlndUctOf
pr_....,...~slpPIyand .. inHunaloom
ponenI$.ThBluncbonoltheoompulOfits8llis<nl)MOfed
byalillXllledWlltCfQ)gcoralilwl-.:tlisRlepandenloi
!hecompulet EnorIwllid'I_duotDd8tect:s1Fl1tle

sensor. e.g.$letDO'lI'Iftoadinga<edetededinta<naly
ThBccmp.lletITlllkaa-.lhatiflll\enwOOCl.W'5.lhepro.
grammed '*Y _ ~ is laJ<en up

ThBlTI(I<W)ringofltlecallanabiesthepeakpressln
Mllchoecul'5allhepressur85wit<:hlObadisplayed.ThB
US8rt..-.:e_addibonalinlofmationonthe
pr85SlIfe peakaOlX:Uf<W1g (ll!I"of normnal pressure)
The prassu<e swhch is tnversatly suitable 10< application
in hyd<aulicsand processenganeering.

Measu...".nlof ~asuredltference

Measurement 01 pressure dillerentlal with digital
display devIce with 2 presaure transducers

This devlce combinaTion mea$UfGS the pressure at two
m&a$urlngpoir1tsbymeansofpressurelransducer& The
pr9SS0r. difference is shown 011 the display devlce and
fed el<!emelly by means of DJ1 analogue output. Four
different limits maybe set. A serlal irrteo1ace RS~ C is

""""".

Fl;. 51· Prtll/.S<!rtI dI/foffNIN mea.u""""m wi/!> digjral
rJIsp/Il~daviclt ROO rwo pre~u'" OOflverWls

F"'95.2:~"'diagr.lmolptft&ln/l1l"llduat<_--The electrical s>grmlsfromthe pre••ure trarlSducefs are
di{litised by The display and evallJlltklt! device,
subtracted, displayed and evaluated. The prossure
diTTerence may be posit,ve or negative and may
ccmplotelycovartllemeasu<emtlf1trangeQTthesoflSO<S

5.2.2 Components 10 measu... ttmperalure

Arodtypelhermometerwi!llser'*)l<naybausedlOchlld<
Ihe actual avernge operabng I\ll'fII)erature (<nayba used
in oonnectlOn with a cooler or heater) They lire buill: WIlo
tt>elfuidtank.lnorde,tokeepaoes.edIlUKItempenlture
const",,,t. contact pressure galiQlllS 0' !Il&rmoStats ara
oTtllfl used. which then switch the cooling or heating
system as necessary



U3 Compon&nI.,Of' the measurement 01 flow

Vilrklus methods are i1Vil~i1ble lor !he meilSuremenl at
ftowlnl'lydrlulic.yslems.

Inl:billdherearealll-.maasurrogmethOOswt*tl
~lOtne~prn;;IpIe.sud'l1S1oI--
Inc*.ded here Ire aI the rneasumg me~ whldl
opertitelOlhebackpressureprinaple.suchaafol
example:

- floalingelemenl

MIIaalMlngmethOOsopetllUlultmsonicelyorbylaserare
litilIllIIalMlly eJ<Pll1lSive and henc:e are not used in
hydrsulic:systema

Accessories

Components for Indlt;~Ir\9 ...."'. In
hydraulic:lJInks

For lhi5measurementlhelolkJwingmaybe used·

- Fbalswitch

- ~sI;Ilendicalors

The....,........" andrrunmum ....... olfluldaln Ianksmay
bernorlllOredbylhiselemanl..

It or-. 01 lhltmeasuringpolntsiaellC8llded. lhanthel\oal
(OIlpess.'lglhesetopel'iltingpGlnlonameasurWlgscale)
"""'s a proxrrmyClorllacl. ThIS slgRBl iallrtt.rfedlOa
eontroldGw:'lor~relea_afuncbon•• g the system
mav be swrk:hed 011 or. Pl.rnP SWItd1ed on ~ the ~uid

level IS too low.



Accessortes

5.2.4.2 fluidleYellndlcM.Of

Fluidstatelrdica.torsmaybebuiltinlohyd'aulictanks
wlIhbuill-inthermometersorsenMlfthermometers..They
show!tleheilfllol!tlefluldleYellnlllnks..

The ftuid conlroI is used lor automl!llie morotomg of !tie.., ....
11lhulluldIeYllI,slookl'oYacontacliIOplll'aled.Thilsignal
Isledai!tlertoacont,oIdlIviceorilr&1easesa!unctk>n.

$.2.5 OisplaydeYkes

Display deW:es are necessary for showwlg pressunI.

lempllralure.fIow&lldcha11gellnleYelmeasuremen!1
ontheopera~ngpanelsollhehydfaulicsystem

ThesedeYlceshave3digolindicatorl.ananalogueoutpul
SIgRllI and an outpUI 10 control Illlays.

-~~"-...,,.-_.

('~~~--'''''=
~.



5.3 Display devices which are not
permanently installed

FIg. 59: HMG 2000 wltl1 U<vic<l caS8

Accessories

Inaclditiontotheintelligootdisplayandovaluationdevice,
the serv;ce case includes sOl<1sorswhich meaSlJre

- p",ssuro,neg.atMlproSSlJrO

- temperature

The representa~on01 two moaSlJroments at the same
time (see diagram 3j and lhe possibility of savir>g the
measurements raise the standard 01 this device
MeaSlJraments ami measurnment curves can be saved
and then ootput via a graph>cs printer. The printing of
measuremeflls shown on normal A4 paper and the use of
the high resolution graphics perm~s a ,<ualltive
evaluation oIlhe measuromentto be carried out

Other printers ami computers may be connected via the
seMallnterface RS232, in ordertocarryOliI an automatic
measurement analysis via a PC (IOf example)

Trans",nt mea,ur""""'t HMO 2000

~e;:~'POS'OO' ~';:~9S8
r"".· 07:01:26
Meaa.1ime 30ms prlHfiWer at 10'1'0

l&golndtoFIg.59

I Eleclrk:al adapt~rk>fchecl<irY,lthe prllSSlJr~switch

2 P<>W<Ifsupplyforthe&tatiQr1aryoperalionoftheHMG2000
asw&!lastochargetheaccumulat"",

4 ThmadadBpt",f<>rthaooonectio<1olpressutetransdL>Cers
totheav_pressurapr)l1$

5 Eleclr""icflowmeasu",mentunit(ootshown)
M~""ur~mentran"" 6to 50 LJmin and 40 10 600 LJmin

6 Ele<:tronicp""'.utelransdu<:er:mea......""'n1ra"ll'lupto
10,100.200,3150<45000'

7 T~atur~conve<tor;"""'.""'moot"'oge·25to100·C

8 HandheI<lmeasurtr.goovice

Tho display unit HMG 2000 with service case was Di8g",m3:Rl!fXfJsentalioooftwomeaw'em6nrs(flow
designad as B. mDilile monitoring and data measuring and"Pf1'l'tingp'~SS<JrtJ)

<.leviw fo, servicing hydraulic systems_ Due to !tie
compact .(lesign as wetl B.S the el1e'gy supply from
'ochafgeable aecumulato,. it Is ideally installed even at
measurir1Q points which arB not easily accessible and
which do not have a powBrsupply



Chapter 16

Connections--
Introduction

The h~raulic system compooenls are coooectad
logether to !orm hydraulic clrClJlls by means of suitable

""""".".

Hogh d&mands are placed upon these ronoedions'

- TheymustbegocXllorllow,i... caUSfllISltlwlossesin
pr-.reaspos$llle

- TheyshouldbeeasylOptl)ducu.moutIlnserw:e

- TheyrnuslbeableIOWlIhstandl'igtlpre$tl.JrM(and
dynamicpressuoepeak5)

- TheymustbepoonallflO1lyleaklight

- lheymuslbeablelOw,thstanddynamicloads
(vibrations of compooents)

P1iJIlllnos,hoses,lixingsandlianges,elc.asconneclions
areoeMwithin\hei'O'NIld'laptermtheHyd,aulicT'alnor
w11,1'nE13.

1fl1hllct1ap1e<S<lbpIales.eontml plates. slackmg
-.bIies, etc. wi( be <leftIt lNIth.

Valves for mounting in pipe
lines

NowlldlIysthemareve<ytewdevlceslellinhydraullcs
'Nhll::tl_!TI()WJteddirectly,nlOlheplpfllinBlIyst..m

~lothisgroupareforexampletheverys,mply

oesigned check valves as wall as simple throttle valves

Connections

Fig2nw-__".". ....._

Suet1va!vesneedonlybera...lyserw:ed,usuallylla.....
twoports ..ndhen<:edorlOl reqUllllmuct1 ettort~

Hrviclng Of repairing them

Cartridge valves with threaded
cavity

F1g3~~~..~

V~$UChas~ftIIIelorpressu,.f8ducIng

valve5lorexamplolmaybedn<:dymourAedW*ltheh
syslem.ForlhlspurpoeethecaflliclgedBognhas
beoorne~ .... /uroctionaI ...... _

c:oIeetedklgellwrin,e.rtndgewhict1lScompletely
rnotII'lIedontothehl:>l>snglNlthlhrvadeclcavny.llaM'ices
or .epairs am earned out !he complele cart1ldge ill llI

moved.IOIhaI!hePlPlllloesyslemdoesnotneedlObe
"""",.

ValvecartridgesmaytlOusadlnmanyapplicatioos.TIley
llrealso\lsad!ormountinglncontmlandsandwk:hp~tes

(seelollowlngsectlons).



Connections

Valves for sUbplate mounting

In many IreasoiapplicalJon bul pal'llOulal1yin industrial
syslem5 'o'll1Ye$1or slmplale lTIOUntIng are p<elened

The~oI1hosdeslgn_:

- n.. ..........r8oas1ylisasse<TClledlorlhepurposeol--- TheporlSleononeplane.lheliulg5a-1dseamg
surtac:e"1Ia1

- The selllll'lQ 01 ports by rnaatlS 01 elastIC sealing iWIgs
isveryreliable

4.1 Standard mounting patterns

The I'nOI.rlbng pallemslor !he IllbpiBII tTlOUl'Illld v-'
_s\llJ'ldlr'lisedIoDlN2"~.ThefollcMwlgdagrams
tlhowtypocal~pall"""

Fig. 6; MGullingpaltBm. fotmA6D1NU:UO
MounllngplilUlm5lze6~lINdforditwdionlll

~,~"'.-dft;xpressure_b'conl\:II_

Fig. 7; Mounting()tltrom, 1omt,4l0DIN24340
~pa«","sizfl6~'-tor~

-+ ~
T -P.+X

,t- '... '. T~- -t
~ - ~

F">g 6 MaunMgpartem,Iomt""6D1N24:UO
Mou'l/tl1l1P11«omsiul6prelerrabfylJUHJlOfpilot
ope.aliKJ,,'r9Crionalvalw>$oI/1liosize



Connections

4.4 Control plate. ana control manifolds

CcnlroIswtueh ..8COf1f18C18dlflacomplexwayrequire
!he use 01 Ind....Klualy designed and menulactured
conlfolplatesandconllo1men~oIds.

For a sma" number 01 components these manilo1ds e.re
maoool steel blocks, In whk:l1 connecting ct1annels e.re
drilled. The man,folds are tined Wlttl canridgtl valves.
caltridges surface mounted valves and even WJ!h.......-...
Forl8lrgersiz1N(lromllboutlllz840)!he..:tvantagesol
Ihlsdesign become. espe.claIty dear. NoOlherde$lgn
aIowssuchccmpactcontrolslorthe$l1lol\llMtposslble
number 01 sealing poi'lts II$ttlis manifold de&igl, Prime
8xe.mplesollhllse control platasmay in part>cular be
Iound in largehydraul>c presses

4.5 Adaptor plates

F"'ll.IJ;~_~-"'__~...

Be<:auMorreasonsl"cootrol.rtlsa(lvantagoous~the

controlvatvesaremounteelasclo&etyll$possi~lOthlI

aetualorldealylt.vatvasshouldbemounteddir8Cllyllfl
the. cyindeB CIt" 1l'l(lI0f$ by ..-. 01~ I**
~pIatesha... onIheOrtllsocllothe.rncu'llngpe.tl8m
oIthecylil'lderotmolOfandonlt.othersic»the
rllOUIllong patlern 01 the control valve.. The Iree. &odes ...
used tor p,Jl<' ~rM1 ports

Stacking a~semblies

5.1 Vertical stacking assembly

SeYerallu1c::llans_recp.WedWllhlflhcontrolstalor
.llydr-..k:adUalOr,'IfIItlId'Imaybee.ctwve.dby.....d
variou$V8Ives.eo·.

- TIlefunctjoo"$Ie.rvstopldi'e<;tM)I'l"isrontroiledby
meansotadlroetJooalvawe

-=~"speed"i&COOlrolledbymeanllO'.now

- Thaft.lfldion"1orce"ISCOIl!fCIlldbymeansol •

...-...""""'-
- ThltfllnclJon°shut.af"lSconll'oIedby_d.

sootablecheckvalve.

- Tl\ell.1rtC1ion'rnonrtorpressure'lscontroliedby
means of a p'Msure switch

tnorderlOcoUecllhe&ecootinuallyrecumngfunctlons
l0g8theflnfln:::lJonaldevicesflowcontrol.pr....
oontrolisolabnganddirec:lionlll ........... deve.lope.d
as sandWid'I pia....

OneClt"mo.-eMl1dwlctlplale5be.1owa&l.tlpl3lemoooted
vaivemountlldon.s.ubplaleresultsin.verycorl'lJllltt
fUrlCtIon8lunil



Connections

1'hechannelsaremainlyeut;lhespoolsrundiree1lyinto
Iheblocl<.lheopetatlngmeo::l\anlsmtorlhe5poolsare
bullOOlOlheblDclLCanridgescompletelhecontrol
1uncIicna. The cast enamels are~ SUiCllbIIlIor
llowas!he cast external tonn resuI!!Inadesign with
oompleIllsavingofmaleriaiandspaco<eqolred.Suo;ha
oeelgnispossib\(l,aslrlrnOOileapplicatlonlala'ge
number ot identical blocks may be used. In induslrial
appIieatiorlsblo<;ks are ofton designed as OI'l&-OIts 1100
ga.eindividuallymanufactullld

6.2 Sandwich design

In order 10 be more fleJlible tor sma. numbers. mobile
rnanilobsarealsospilintova/Veplates.SeYenIlsuch
plBlaindiYidualymoool8dlogether.8SlAtinamanilold

oIsandw1ctlp6a.tedesogndltper'D'lgoolheapplicabon.



Small Hydraulic Power Units

Small hydraulic power units for
intennittent use ,T---1

I~iI .. I
I ,
j,. IL _

In the ranoe of low powa", up 10 about 2 kW, very
co""4'>3Ctsmall~unitsareusedfOJinte"'*enI

operabOrl. These power ..uts have a lew speolII
...~M

The'*"'tlmok>randpo.mp_~i'*>"''''''

~work~,"oilThervfoAl'¥llfYCO'flI*:I

ooSlQnlSpos.s.ibIe Con1l'01valvesaremounlede~

asa horizontal slacl<'ng assembly. Noppingisreqwed
within \he power unit. SUCh a power unrt hence has the
Jeast number of seali<'lg poinlspossble. Due to the very

oompaetdollslgnhowevefltle~UOIlsul1acelllll8lY

smaUIrloomparisonwrththedrivepower IncontlnUllu:S
operallOnG'llsMaceenotsufflaentlylllrglekltranstel
theloApowerl'llhd>OOCUI'Sasr-lOtheoutsldeThoi
power tnt WOl*l OYel'-heat These power l,Inot$ ant

therelore desognelllor Intermittent OJ-aDDnS. Inler
m,lIem oper3lJOf1 means, thai when thll opItI'llting
pressure Is reache<lthe power unit is switcllo:ldoll. A
pressure switch Is required to conll'Ollhis intermitl&nl
operallon. The dutycyde must nol be lao shol't lor Ihif,
The cyde is depenOent on the relallonstUI'~!he
aclUalOlsardthellydr.uli:volurnet.

At¥iraulicw:LmesrrwybelorelUllTlplean~

bulmayalsobethe(:(llllJl<llSSO~allhelUdi'l.

ptpeIlneOl1he&la$ticitygfaho$oelnternalleakageli'l
the conll'Ol valve5 ,ncrease lheuMoIpressure.-rgy
andwookidocrease\heswitchlnlloncycle.Asare&lAl
poppet valves afe preferably used in lhesepower un~s.

wtltChopera.tewittloutlrlfemalleakaoes

Theinlermlll9lllopenltlondescrtledlsespecaalyuselul
Ifldllmplflgfurlcllc:JM.This~Il'IliIlUIIWIg'

pnlS$Ufecwer'lDngper;odwrlhool\.lSlfl!l~.Otlen

!Iuch~urwlS_tIeo'la!knoWnasdarnpng~

"'~



Summery of Symbols Used

Chapter 6 Chapter 7

,
I

"
,..
'"..
'"po

V.V,_V._
V,
V,

PiSlonarea
PitCllcircled'8metef

Highpmssuretorce

Sum ofmreesol3or4 PISIOns
~foroeonmid-pcwol

Torqoelareecomponent
T~lotcecomponeol

ForwolI'lydrOS13til:pressuroOOldol
cyhnderbklck
Piston stroke
P,lOI.cllrrenl

Centre 01 gravity of hydroslabC bearlng

""" ....
Vlrtualc:enlreof spherical lace"..,,,.....
Qperatingpfusufll

OperaliogpresSllI"6
OperatingpI'eSStJre

""'".....~".,,,.......
_'0'."
Flow
Virtlialradilisotspllllllcaltece

Displacement
P*Jtvoltage
SlIokeveloaly-MalLgeomelncdisplaoement
Mln.goomelric~

PosiOOningYOlllrne
Posllionlngoil tlow
Number 01 spools

Selswrvelanglll

Mal<.swiYelarlgle
MWlSWMllangkl""--Pressumdrop
Max. prflsw,e drop
Mechanical·hydraulicetliciency

Totalelfldency
Volumetneelliciency

"""""'."'"A Area

Au EtfllCllVeCIJshioningarea

A" Pi$tDn8fN

"'" AnnutusalN
E ~oIeIas!Il:Ily

F F~

Fe BralungtOlU
J Moment oIl11ertia 10' circulal crou-sectlOn
K Bockllngload

/ freebucldongleoglh

"""""""""""-~ froobocklinOlenglh
S SatetylllClor
p OperatingpfllSSllfll

Po Mean cushiontng preSSll,e

Pt-.... BllanngpI'eSStJll!

P,. Control~--v_ Max postor'lveloaty_.'"
Afllaratlo

Chapter 9

c. ComK:bon lactorlol~ticehangIt 01
Slate

Correction laetorlo'lsothflrmal chlIngeol
statl!

p", MeaI1eX08$$operallngpressure

Po Gas pre-I. pressure
p, MO'l. QP8fllbng pressure

1+ MaIlopere!lngplessur&
Q E~.-q..red

To Operat.ng templlrBtl,l"
T, Min tllmperatu'll
T, Max. temperature
Vo Ellectwegasl/ljume
V
o

_ ldBaJef1ecIrvegasvolume

vo_ ReaI~ga5'o1'Oil.me

V, GasYOll.meatp,

V. Gas¥Ollll'l'l8atp,
d v Usatul volume

Adiahatlcexpoooni



Summary of Symbols Used

Chapter 14

f, Visoosityconvarsklnlaetor
O. Fk:lwforf~t8rdesign

0_ Oelllgnllow

0.- ........ -0,.. T_1low

0....... Pumpllow
0._ Syslemtlow
Ow Efloctivefk!w
I3x FiltralionralKl
!p. Pressureklclsindelllgn

..tp.- Pressl¥ebl&i'l~

L!p_Pressureklclsl'lf\lletelemllm

~ Pre~relossinhousang

Ii,." Tesltemperature

Chapter 15

",

EftecliveIlWf_area
SpeciliehNleapacIty
Requored COOling power

Power loss
OperalinQlirne

&isbng oil tempefalure

oe-odoiltemperallJre
T........
Healtranslercoolliclent
Tempefature increase
OensJtyof (lil
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