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1 Basic information

11 General instructions

The hydraulic fluid is the common element in any hydraulic

component and must be selected very carefully. Quality and
cleanliness of the hydraulic fluid are decisive factors for the
operational reliability, efficiency and service life of a system.

Hydraulic fluids must conform, be selected and used in
accordance with the generally acknowledged rules of technol-
ogy and safety provisions. Reference is made to the country-
specific standards and directives (in Germany the directive of
the Employer's Liability Insurance Association BGR 137).

This data sheet includes recommendations and regulations
concerning the selection, operation and disposal of hydraulic
fluids based on mineral oils and related hydrocarbons in the
application of Rexroth hydraulic components.

The individual selection of hydraulic fluid or the choice of
classification are the responsibility of the operator.

It is the responsibility of the user to ensure that appropriate
measures are taken for safety and health protection and to
ensure compliance with statutory regulations. The recommen-
dations of the lubricant manufacturer and the specifications
given in the safety data sheet are to be observed when using
hydraulic fluid.

This data sheet does not absolve the operator from verifying
the conformity and suitability of the respective hydraulic fluid

for his system. He is to ensure that the selected fluid meets the
minimum requirements of the relevant fluid standard during the

whole of the period of use.

Other regulations and legal provisions may also apply. The
operator is responsible for their observance, e.g. EU directive
2004/35/EG and their national implementations. In Germany
the Water Resources Act (WHG) is also to be observed.

We recommend that you maintain constant, close contact
with lubricant manufacturers to support you in the selection,
maintenance, care and analyses.

When disposing of used hydraulic fluids, apply the same care
as during use.

1.2 Scope

This data sheet must be observed when using hydraulic fluids
based on mineral oils and related hydrocarbons in Bosch
Rexroth hydraulic components.

Please note that the specifications of this data sheet may be
restricted further by the specifications given in the product
data sheets for the individual components.

The use of the individual hydraulic fluids in accordance with

the intended purpose can be found in the safety data sheets or
other product description documents of the lubricant manufac-

turers. In addition, each use is to be individually considered.

Rexroth hydraulic components may only be operated with

hydraulic fluids based on mineral oils and related hydrocarbons

according to DIN 51524 if specified in the respective compo-
nent data sheet or if Rexroth approval for use is furnished.

Bosch Rexroth AG 3/16

Notes:

In the market overview RE 90220-01, hydraulic fluid based on
mineral oil are described which, according to the information of
the lubricant manufacturer, feature the respective parameters
of the current requirements standard DIN 51524 and other
parameters which are of relevance for suitability in connection
with Rexroth components.

These specifications are not checked or monitored by Bosch
Rexroth. The list in the market overview does not therefore
represent a recommendation on the part of Rexroth or approval
of the respective hydraulic fluid for use with Rexroth compo-
nents and does not release the operator from his responsibility
regarding selection of the hydraulic fluid.

Bosch Rexroth will accept no liability for its components
for any damage resulting from failure to comply with the
notes below.

1.3 Safety instructions

Hydraulic fluids can constitute a risk for persons and the
environment. These risks are described in the hydraulic fluid
safety data sheets. The operator is to ensure that a current
safety data sheet for the hydraulic fluid used is available and
that the measures stipulated therein are complied with.

11
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2 Solid particle contamination and cleanliness levels

Solid particle contamination is the major reason for faults oc-
curring in hydraulic systems. It may lead to a number of effects
in the hydraulic system. Firstly, single large solid particles

may lead directly to a system malfunction, and secondly small
particles cause continuous elevated wear.

For hydraulic fluids, the cleanliness level is given as a three-
digit numerical code in accordance with ISO 4406. This
numerical code denotes the number of particles present in

a hydraulic fluid for a defined quantity. Moreover, foreign solid
matter is not to exceed a mass of 50 mg/kg (gravimetric
examination according to ISO 4405).

In general, compliance with a minimum cleanliness level of
20/18/15 in accordance with ISO 4406 or better is to be main-
tained in operation. Special servo valves demand improved
cleanliness levels of at least 18/16/13. A reduction in cleanli-
ness level by one level means half of the quantity of particles
and thus greater cleanliness. Lower numbers in cleanliness
levels should always be striven for and extend the service life
of hydraulic components. The component with the highest
cleanliness requirements determines the required cleanliness
of the overall system. Please also observe the specifications in
table 1: "Cleanliness levels according to ISO 4406" and in the
respective data sheets of the various hydraulic components.

Table 1: Cleanliness levels according to ISO 4406

/

Hydraulic fluids frequently fail to meet these cleanliness
requirements on delivery. Careful filtering is therefore required
during operation and in particular, during filling in order to
ensure the required cleanliness levels. Your lubricant manu-
facturer can tell you the cleanliness level of hydraulic fluids

as delivered. To maintain the required cleanliness level over
the operating period, you must use a reservoir breather filter.
If the environment is humid, take appropriate measures, such
as a breather filter with air drying or permanent off-line water
separation.

Note: the specifications of the lubricant manufacturer relat-
ing to cleanliness levels are based on the time at which the
container concerned is filled and not on the conditions during
transport and storage.

Further information about contamination with solid matter and
cleanliness levels can be found in brochure RE 08016.

18 / 15

>4um >6um >14pm

Particles per 100 ml
More than ::,ZL%::: Scale number
8,000,000 16,000,000 24
4,000,000 8,000,000 23 20

2,000,000 4,000,000 22
1,000,000 2,000,000 21
500,000 1,000,000 20
250,000 500,000 19
130,000 250,000 18
64000 130,000 17
32000 64000 16
16000 32000 15
8000 16000 14
4000 8000 13
2000 4000 12
1000 2000 11
500 1000 10
250 500 9
130 250 8

64 130 7

32 64 6
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3 Selection of the hydraulic fluid

The use of hydraulic fluids based on mineral oils for Rexroth
hydraulic components is based on compliance with the
minimum requirements of DIN 51524.

3.1 Selection criteria for the hydraulic fluid

The specified limit values for all components employed in the
hydraulic system, for example viscosity and cleanliness level,
must be observed with the hydraulic fluid used, taking into
account the specified operating conditions.

Hydraulic fluid suitability depends, amongst others, on the
following factors:

3.1.1 Viscosity

Viscosity is a basic property of hydraulic fluids. The permissible
viscosity range of complete systems needs to be determined
taking account of the permissible viscosity of all components
and it is to be observed for each individual component.

The viscosity at operating temperature determines the
response characteristics of closed control loops, stability and
damping of systems, the efficiency factor and the degree of
wear.

We recommend that the optimum operating viscosity range

of each component be kept within the permissible temperature
range. This usually requires either cooling or heating, or both.
The permissible viscosity range and the necessary cleanliness

level can be found in the product data sheet for the component

concerned.

Bosch Rexroth AG 5/16

If the viscosity of a hydraulic fluid used is above the permitted
operating viscosity, this will result in increased hydraulic-me-
chanical losses. In return, there will be lower internal leakage
losses. If the pressure level is lower, lubrication gaps may not
be filled up, which can lead to increased wear. For hydraulic
pumps, the permitted suction pressure may not be reached,
which may lead to cavitation damage.

If the viscosity of a hydraulic fluid is below the permitted
operating viscosity, increased leakage, wear, susceptibility to
contamination and a shorter component life cycle will result.

3.1.2 Viscosity-temperature behavior

For hydraulic fluids, the viscosity temperature behavior (V-T
behavior) is of particular importance. Viscosity is characterized
in that it drops when the temperature increases and rises when
the temperature drops; see Fig. 1 "Viscosity temperature chart
for HL, HLP, HLPD (VI 100)". The interrelation between viscos-
ity and temperature is described by the viscosity index (VI).

The viscosity temperature diagram in Fig. 1 is extrapolated
in the < 40 °C range. This idealized diagram is for reference
purposes only. Measured values can be obtained from your
lubricant manufacturer and are to be preferred for design
purposes.

Fig. 1: Viscosity-temperature chart for HL, HLP, HLPD (VI 100, double logarithmic representation)
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3.1.3 Wear protection capability

Wear protection capability describes the property of hydraulic
fluids to prevent or minimize wear within the components.
The wear protection capability is described in DIN 51524-2,-3
via test procedures "FZG gear test rig" (ISO 14635-1) and
"Mechanical test in the vane pump" (ISO 20763). From

ISO VG 32 DIN 51524-2,-3 prescribes a rating of at least

10 (FZG test). At present, the FZG test cannot be applied

to viscosity classes <1SO VG 32.

3.1.4 Material compatibility

The hydraulic fluid must not negatively affect the materials
used in the components. Compatibility with coatings, seals,
hoses, metals and plastics is to be observed in particular. The
fluid classifications specified in the respective component data
sheets are tested by the manufacturer with regard to material
compatibility. Parts and components not supplied by us are to
be checked by the user.

Table 2: Known material incompatibilities

Classification Incompatible with:

HLxx classifications with EPDM seals

Zinc- and ash/free

hydraulic fluids with bronze-filled PTFE seals

3.1.5 Aging resistance

The way a hydraulic fluid ages depends on the thermal,
chemical and mechanical stress to which it is subjected. Aging
resistance can be greatly influenced by the chemical composi-
tion of the hydraulic fluids.

High fluid temperatures (e.g. over 80 °C) result in a approxi-
mate halving of the fluid service life for every 10 °C temperature
increase and should therefore by avoided. The halving of the
fluid service life results from the application of the Arrhenius
equation (see Glossary).

Table 3: Reference values for temperature-dependent
aging of the hydraulic fluid

Reservoir temperature Fluid life cycle
80 °C 100 %

90 °C 50 %

100 °C 25 %

Hydraulic fluids based on mineral oils and related hydrocar-
bons are tested with 20% water additive during testing of
aging resistance according to ISO 4263-1.

The calculated fluid service life is derived from the results of
tests in which the long-term characteristics are simulated in
a short period of time by applying more arduous conditions
(condensed testing). This calculated fluid service life is not to
be equated to the fluid service life in real-life applications.

Table 3 is a practical indicator for hydraulic fluids with water
content < 0.1%, cf. chapter 4.10. "Water".

14
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31.6 Air separation ability (ASA)

The air separation ability (ASA) describes the property of a
hydraulic fluid to separate undissolved air. Hydraulic fluids
contain approx. 7 to 13 percent by volume of dissolved air
(with atmospheric pressure and 50 °C). Hydraulic fluids
always contain dissolved air. During operation, dissolved air
may be transformed into undissolved air, leading to cavitation
damages. Fluid classification, fluid product, reservoir size and
design must be coordinated to take into account the dwell
time and ASA value of the hydraulic fluid. The air separation
capacity depends on the viscosity, temperature, basic fluid and
aging.

It cannot be improved by additives.

According to DIN 51524 for instance, an ASA value < 10
minutes is required for viscosity class ISO VG 486,

6 minutes are typical, lower values are preferable.

3.1.7 Demulsifying ability and water solubility

The capacity of a hydraulic fluid to separate water at a defined
temperature is known as the demulsifying ability. ISO 6614
defines the demulsifying properties of hydraulic fluids.

For larger systems with permanent monitoring, a demulsifying
fluid with good water separation capability (WSC) is recom-
mended. The water can be drained from the bottom of the
reservoir. In smaller systems (e.g. in mobile machines), whose
fluid is less closely monitored and where water contamination
into the hydraulic fluid, for instance through air condensation,
cannot be ruled out completely, an HLPD fluid is recom-
mended.

The demulsifying ability up to ISO-VG 100 is given at 54 °C,
and at 82 °C for fluids with higher viscosity.

Water emulsifying HLPD hydraulic fluids have no, or a very
poor, demulsifying ability.

3.1.8 Filterability

Filterability describes the ability of a hydraulic fluid to pass
through a filter, removing solid contaminants. The hydraulic
fluids used require a good filterability, not just when new, but
also during the whole of their service life. Depending on the
basic fluid used and the additives (VI enhancers) there are
great differences here.

The filterability is a basic prerequisite for cleanliness, servicing
and filtration of hydraulic fluids. Filterability is tested with the
new hydraulic fluid and after the addition of 0.2 % water. The
underlying standard (ISO 13357-1/-2) stipulates that filterability
must have no negative effects on the filters or the hydraulic
fluid, see chapter 4 "Hydraulic fluids in operation".

3.1.9 Corrosion protection

Hydraulic fluids should not just prevent corrosion formation
on steel components, they must also be compatible with
non-ferrous metals and alloys. Corrosion protection tests on
different metals and metal alloys are described in DIN 51524.
Hydraulic fluids that are not compatible with the materials
listed above must not be used, even if they are compliant with
ISO 51524.

Rexroth components are usually tested with HLP hydraulic
fluids or corrosion protection oils based on mineral oils before
they are delivered.
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31.10 Additivation

The properties described above can be modified with the
help of suitable additives. A general distinction is made for
fluids between heavy metal-free and heavy metal-containing
(generally zinc) additive systems. Both additive systems are
most often incompatible with each other. The mixing of these
fluids must be avoided even if the mixing ratio is very low. See

chapter 4, "Hydraulic fluids in operation”.

Increasing additivation generally leads to deteriorated air
separation ability (ASA) and water separation capability
(WSC) of the hydraulic fluid. According to the present state

of knowledge, all hydraulic fluids described in this document,
independently of the actual additivation, can be filtered using
all filter materials with all known filtration ratings > 1 ym without
filtering out effective additives at the same time.

Bosch Rexroth does not prescribe any specific additive system.

3.2 Classification and fields of application

Table 4: Classification and fields of application

Classification

Features

Typical field of
application

Bosch Rexroth AG 7/16

Notes

HL fluids Hydraulic fluids HL fluids can be HL fluids may be used only for components whose product data
according to predominantly only used in hydraulic sheet specifically allows HL fluids. For components which have
DIN 51524-1 with additives for systems that do not | not been approved according to the product data sheet, please
VI= 100 oxidation and corro- | pose any require- consult your Bosch Rexroth sales partner.
:;)r; proftfgctlc()jr;,. but ments as to wear Hydraulic fluids that only comply with the requirements of classes
peciic & '?"’e? protection. HL and HR in accordance with ISO 11158 without proving that
for wear protection in . . .
case of mixed friction DIN 51524-1 is also met may be used only with written approval
of Bosch Rexroth AG.
Observe restrictions as to pressure, rotation speed etc.
HLP fluids Hydraulic fluid with HLP fluids are suit- For information on approved components, please refer to the
according to corrosion, oxidation | able for most fields respective product data sheet. For components which have not
DIN 51524-2 and verified wear of application and been approved according to the product data sheet, please
VI=100 protection additives | components provided | consult your Bosch Rexroth sales partner.

the temperature and
viscosity provisions
are observed.

For the viscosity classes VG10, VG 15 and VG22, DIN 51524
defines no requirements as to wear protection (DIN 51354 part 2
and DIN 51389 part 2). Beyond the requirements of DIN 51524
part 2, we require the same base oil type, identical refining
procedure, identical additivation and identical additivation level
across all viscosity classes.

Continued on page 8
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Table 4: Classification and fields of application (continued from page 7)

Classification

HVLP fluids
according to
DIN 51524-3
VI> 140

Features

HLP hydraulic fluid
with additional
improved viscosity
temperature behavior

Typical field of
application

HVLP fluids are used
in systems operated
over a wide tempera-
ture range.

Notes

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

The same notes and restrictions as defined for HLP fluids apply
accordingly.

The effect on Rexroth components (e.g. compatibility with material
seals, wear resistance capacity) may differ when using related
hydrocarbons instead of mineral oils, cf. Table 6, line 8.

When using HVLP fluids, the viscosity may change on account of
the shear of the long-chain VI enhancers. The viscosity index, high
at the start, decreases during operation. This needs to be taken
into account when selecting the hydraulic fluid.

The only value at present that can be used to assess viscosity
changes in operation is the result of the test in accordance with
DIN 51350 part 6. Please note that there are practical applications
that create a much higher shear load on such fluids than can be
achieved by this test. Up to VI < 160, we recommend a maximum
permitted viscosity drop of 15 %, viscosity at 100 °C.

The viscosity limits given by Bosch Rexroth for its components
are to be observed for all operating conditions, even after the
hydraulic fluids have sheared.

HVLP fluids should be used only if required by the temperature
ranges of the application.

HLPD fluids
according to
DIN 51524-2,

HVLPD fluids in
accordance with
DIN 51524-3

HLP and HVLP
hydraulic fluid with
additional detergent
and or dispersant
additives

HLPD and HVLPD
fluids are used in
systems where
deposits as well

as solid or liquid
contamination need
to be kept temporarily
suspended

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

Some of these fluids are able to absorb significant quantities of
water (> 0.1 %). This may have negative implications for the wear
protection and the aging properties of the fluid.

The wetting ability of these fluids varies largely depending on the
product. Therefore it is not correct to say that they are generally all
very well able to prevent stick-slip.

In individual cases where higher water contamination is to be
expected (such as in steelworks or under humid conditions),

the use of HLPD/HVLPD fluids cannot be recommended as the
emulsified water does not settle in the reservoir but is evaporated
in heavily loaded positions. For such cases, we recommend using
HLP hydraulic fluids with particularly good demulsifying ability. The
water collected at the reservoir bottom is to be drained regularly.

If HLPD/HVLPD fluids are used, contamination does not settle. It
rather remains suspended and needs to be filtered out or removed
by appropriate draining systems. For this reason, the filter area
must be increased.

HLPD/HVLPD fluids may contain additives that in the long run
are incompatible with plastics, elastomers and non-ferrous metals.
Furthermore, these additives may lead to the premature clogging
of hydraulic filters. Therefore, test the filterability and the selection
of the filter material in consultation with the filter manufacturer.
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4 Hydraulic fluids in operation

41 General

The properties of hydraulic fluids can change continually during
storage and operation.

Please note that the fluid standard DIN 51524 merely
describes minimum requirements for hydraulic fluids in new
condition at the time of filling into the bins. The operator of a
hydraulic system must ensure that the hydraulic fluid remains
in a utilizable condition throughout its entire period of use.

Deviations from the characteristic values are to be clarified with
the lubricant manufacturer, the test labs or Bosch Rexroth.

Please note the following aspects in operation.

4.2 Storage and handling

Hydraulic fluids must be stored correctly in accordance with
the instructions of the lubricant manufacturer. Avoid exposing
the containers to lengthy periods of direct heat. Containers
are to be stored in such a way that the risk of any foreign liquid
or solid matter (e.g. water, foreign fluids or dust) ingression
into the inside of the container can be ruled out. After taking
hydraulic fluids from the containers, these are immediately to
be properly resealed.

Recommendation:
— Store containers in a dry, roofed place
— Store barrels on their sides

— Clean reservoir systems and machine reservoirs regularly

4.3 Filling of new systems

Usually, the cleanliness levels of the hydraulic fluids as
delivered do not meet the requirements of our components.
Hydraulic fluids must be filtered using an appropriate filter
system to minimize solid particle contamination and water in
the system.

As early as possible during test operation, new systems should
be filled with the selected hydraulic fluid so as to reduce the
risk of accidentally mixing the fluids (see chapter 4.5 "Mixing
and compatibility of different hydraulic fluids"). Changing

the hydraulic medium at a later point represents significant
additional costs (see following chapter).

4.4 Hydraulic fluid changeover

Changeovers, in particular between hydraulic fluids with
heavy metal-free and heavy metal-containing (generally zinc)
additives, frequently lead to malfunctions, see chapter 3.1.10
"Additivation".

In the case of changeovers of the fluid in hydraulic systems, it
is important to ensure compatibility of the new hydraulic fluid
with the remainder of the previous hydraulic fluid. We recom-
mend obtaining a written performance guarantee from the
manufacturer or supplier of the new hydraulic fluid. The quantity
of old fluid remaining should be minimized. Mixing hydraulic
fluids should be avoided, see following chapter.
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For information on changing over hydraulic fluids with different
classifications please refer to VDMA 24314, VDMA 24569 and
ISO 15380 appendix A.

Bosch Rexroth will not accept liability for any damage to its
components resulting from inadequate hydraulic fluid change-
overs!

4.5 Mixing and compatibility of different
hydraulic fluids

If hydraulic fluids from different manufacturers or different
types from the same manufacturer are mixed, gelling, silting
and deposits may occur. These, in turn, may cause foaming,
impaired air separation ability, malfunctions and damage to
the hydraulic system.

If the fluid contains more than 2 % of another fluid then it is
considered to be a mixture. Exceptions apply for water, see
chapter 4.10 "Water".

Mixing with other hydraulic fluids is not generally permitted.
This also includes hydraulic fluids with the same classification
and from the market overview RE 90220-01. If individual lubri-
cant manufacturers advertise miscibility and/or compatibility,
this is entirely the responsibility of the lubricant manufacturer.

Bosch Rexroth customarily tests all components with mineral
oil HLP before they are delivered.

Note: With connectible accessory units and mobile filtering
systems, there is a considerable risk of non-permitted mixing
of the hydraulic fluids!

Rexroth will not accept liability for any damage to its compo-
nents resulting from mixing hydraulic fluids!

4.6 Re-additivation

Additives added at a later point in time such as colors, wear
reducers, VI enhancers or anti-foam additives, may negatively
affect the performance properties of the hydraulic fluid and
the compatibility with our components and therefore are not
permissible.

Rexroth will not accept liability for any damage to its compo-
nents resulting from re-additivation!

4.7 Foaming behavior

Foam is created by rising air bubbles at the surface of hydraulic
fluids in the reservoir. Foam that develops should collapse as
quickly as possible.

Common hydraulic fluids in accordance with DIN 51524 are
sufficiently inhibited against foam formation in new condi-
tion. On account of aging and adsorption onto surfaces, the
defoamer concentration may decrease over time, leading to a
stable foam.

Defoamers may be re-dosed only after consultation with the
lubricant manufacturer and with his written approval.

Defoamers may affect the air separation ability.
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4.8 Corrosion

The hydraulic fluid is to guarantee sufficient corrosion protec-
tion of components under all operating conditions, even in the
event of impermissible water contamination.

During storage and operation, hydraulic fluid based on mineral
oils with anti-corrosion additives protect components against
water and "acidic" oil degradation products.

4.9 Air

Under atmospheric conditions, the hydraulic fluid contains
dissolved air. In the negative pressure range, for instance in
the suction pipe of the pump or downstream of control edges,
this dissolved air may transform into undissolved air. The
undissolved air content represents a risk of cavitation and of
the diesel effect. This results in material erosion of components
and increased hydraulic fluid aging.

With the correct measures, such as suction pipe and reservoir
design, and an appropriate hydraulic fluid, air intake and
separation can be positively influenced.

See also chapter 3.1.7 "Air separation ability (ASA)”.

410 Water

Water contamination in hydraulic fluids can result from direct
ingress or indirectly through condensation of water from the air
due to temperature variations.

Water in the hydraulic fluid may result in wear or direct failure
of hydraulic components. Furthermore, a high water content in
the hydraulic fluid negatively affects aging and filterability and
increases susceptibility to cavitation.

Undissolved water can be drained from the bottom of the
reservoir. Dissolved water can be removed only by using
appropriate measures. If the hydraulic system is used in humid
conditions, preventive measures need to be taken, such as

an air dehumidifier at the reservoir vent. During operation, the
water content in all hydraulic fluids, determined according to
the "Karl Fischer method" (see chapter 6 "Glossary") for all hy-
draulic fluids must constantly be kept below 0.1% (1000 ppm).
To ensure a long service life of both hydraulic fluids and
components, Bosch Rexroth recommends that values below
0.05% (500 ppm) are permanently maintained.

To ensure a long service life for the hydraulic fluids and the
components, we recommend that values below 0.05 % (500
ppm) are permanently maintained. Detergent and or dispersant
hydraulic fluids (HLPD / HVLPD) are able to absorb (and keep
suspended) more water. Prior to using these hydraulic fluids,
please contact the lubricant manufacturer.

18
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411 Fluid servicing, fluid analysis and filtration

Air, water, operating temperature influences and solid matter
contamination will change the performance characteristics of
hydraulic fluids and cause them to age.

To preserve the usage properties and ensure a long service life
for hydraulic fluid and components, the monitoring of the fluid
condition and a filtration adapted to the application require-
ments (draining and degassing if required) are indispensable.

The effort is higher in the case of unfavorable usage conditions,
increased stress for the hydraulic system or high expectations
as to availability and service life, see chapter 2 "Solid particle
contamination and cleanliness level".

When commissioning a system, please note that the required
minimum cleanliness level can frequently be attained only by
flushing the system. Due to severe start-up contamination, it
may be possible that a fluid and/or filter replacement becomes
necessary after a short operating period (< 50 operating
hours).

The hydraulic fluid must be replaced in regular intervals and
tested by the lubricant manufacturer or recognized, accredited
test labs. We recommend a reference analysis after com-
missioning.

The minimum data to be tested for analyses are:
— Viscosity at 40 °C and 100 °C

— Neutralization number NN (acid number AN)
— Water content (Karl-Fischer method)

— Particle measurement with evaluation according to ISO 4406
or mass of solid foreign substances with evaluation to
EN 12662

— Element analysis (RFA (EDX) / ICP, specify test method)
— Comparison with new product or available trend analyses
— Assessment / evaluation for further use

— Also recommended: IR spectrum

Compared to the pure unused hydraulic fluid, the changed
neutralization number NN (acid number AN) indicates how
many aging products are contained in the hydraulic fluid. This
value must be kept as low as possible. As soon as the trend
analysis notes a significant increase in the acid number, the
lubricant manufacturer should be contacted.

In case of warranty, liability or guarantee claims to Bosch
Rexroth, service verification and/or the results of fluid analyses
are to be provided.
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5 Disposal and environmental
protection

Hydraulic fluids based on mineral oil and related hydrocarbons
are hazardous for the environment. They are subject to a
special disposal obligation.

The respective lubricant manufacturers provide specifications
on environmentally acceptable handling and storage. Please
ensure that spilt or splashed fluids are absorbed with appropri-
ate adsorbents or by a technique that prevents it contaminating
water courses, the ground or sewerage systems.

It is also not permitted to mix fluids when disposing of hydraulic
fluids. Regulations governing the handing of used oils stipulate
that used oils are not to mixed with other products, e.g.
substances containing halogen. Non-compliance will increase
disposal costs. Comply with the national legal provisions
concerning the disposal of the corresponding hydraulic

fluid. Comply with the local safety data sheet of the lubricant
manufacturer for the country concerned.

Bosch Rexroth AG
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6 Other hydraulic fluids based on mineral oil and related hydrocarbons

Table 6: Other hydraulic fluids based on mineral oils and related hydrocarbons

Serial
number

1

Hydraulic fluids

Hydraulic fluids with
classification

HL, HM, HV according
to ISO 11158

Features / Typical field of application / Notes

— Can be used without confirmation provided they are listed in the respective product
data sheet and are compliant with DIN 51524. Conformity with DIN 51524 must be
verified in the technical data sheet of the fluid concerned. For classification see Table
4: "Hydraulic fluid classification”.

— Fluids only classified in accordance with ISO 11158 may be used only with prior
written approval of Bosch Rexroth AG.

2 Hydraulic fluids with — May not be used.

classification

HH, HR, HS, HG ac-

cording to ISO 11158

3 Hydraulic fluids with — DIN 51502 merely describes how fluids are classified / designated on a national
classification level.

HL, HLP, HLPD, HVLF, It contains no information on minimum requirements for hydraulic fluid

HVLPD to DIN 51502 contains no information o um requirements for hydraulic fluids.

— Hydraulic fluids standardized according to DIN 51502 can be used without confirma-
tion provided they are listed in the respective product data sheet and are compliant
with DIN 515624. Conformity with DIN 51524 must be verified in the technical data
sheet of the fluid concerned. For classification see Table 4: "Hydraulic fluid clas-
sification”.

4 Hydraulic fluids with - 1SO 6743-4 merely describes how fluids are classified / designated on an interna-
classification tional level. It contains no information on minimum requirements for hydraulic fluids.

HH, HL, HM, HR’ HV, — Hydraulic fluids standardized according to ISO 6743 -4 can be used without

HS, HG according to ! . . . . .

ISO 6743-4 confirmation provided they are listed in the respective product data sheet and are
compliant with DIN 51524. Conformity with DIN 51524 must be verified in the techni-
cal data sheet of the fluid concerned. For classification see table 4: "Classification
and fields of application".

5 Lubricants and regulator | — Turbine oils can be used after confirmation and with limited performance data.
gﬁﬁ%:%:t;_:b:fj tg — They usually offer lower wear protection than mineral oil HLP. Classification of
turbine oils to DIN 51515-1 comparable to HL, turbine oils to DIN 51515-2 compa-
rable to HLP.
— Particular attention must be paid to material compatibility!
6 Lube oils C, CL, CLP — Lube oils in acc. with DIN 51517 can be used after confirmation and with limited

in accordance with performance data. They are mostly higher-viscosity fluids with low wear protection.

DIN 51517 Classification: CL similar to HL fluids and CLP similar to HLP fluids.

- Particular attention must be paid to material compatibility, specifically with non-ferrous
metals!

7 Fluids to be used in — There are medical white oils and synthetic hydrocarbons (PAO).

pharmaceutical

and foodstuff industries,
in acc. with FDA /
USDA / NSF HA1

— Can only be used after consultation and approval for use in the specific application,
even if they are compliant with DIN 51524.

— May be used only with FKM seals.

— Other fluids used in pharmaceutical and foodstuff industries may be used only after
confirmation.

— Attention is to be paid to material compatibility in accordance with the applicable food
law.

Caution! Fluids used in pharmaceutical and foodstuff industries should not be con-
fused with environmentally acceptable fluids!

20
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Table 6: Other hydraulic fluids based on mineral oils and related hydrocarbons

(continued from page 12)
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Serial . . . . ..
number Hydraulic fluids Features / Typical field of application / Notes
8 Hydraulic fluids of — Can only be used after consultation and approval for use in the specific application,
classes HVLP and even if they are compliant with DIN 51524.
HVLPD based on .
related hydrocarbons — Lower pour point than HLP

— Other wetting (polarity)

9 Automatic Transmission |— ATF are operating fluids for automatic gearboxes in vehicles and machines. In special
Fluids (ATF) cases, ATFs are also used for certain synchronous gearboxes and hydraulic systems
comprising gearboxes.

— To be used only after confirmation!

— Some of these fluids have poor air separation abilities and modified wear properties.

— Check material compatibility and filterability!

10 Multi-purpose oil — Multi-purpose oils (industry) combine at least two requirements for a fluid,
(MFO) — Industry for instance metal machining and hydraulics.

— To be used only after confirmation!

— Please pay particular attention to air separation ability, modified wear properties and
the reduced material life cycle.

— Check material compatibility and filterability!

11 Multi-purpose oils — Multi-purpose oils combine requirements for wet brakes, gearboxes, motor oil
(MFO) - Mobil (STOU only) and hydraulics.
UTTO, STOU — Fluids of the types:

— UTTO (= universal tractor transmission oil) and

— STOU (= Super Tractor super tractor universal oil)

— To be used only after confirmation!

— Please pay particular attention to shear stability, air separation ability and modified
wear properties.

— Check material compatibility and filterability!

12 Single-grade engine — To be used only after confirmation!

oils 10W, 20W, 30W — Please pay particular attention to the air separation ability and filtering ability.
13 Multi-grade engine oils | — To be used only after confirmation!

OWx-30Wx . . . . . . .

— Please pay particular attention to air separation ability, changes in wear protection
capability, viscosity changes during operation, material compatibility, dispersant and
detergent properties and filterability.

Caution! Multi-grade engine oils have been adapted to specific requirements in com-

bustion engines and are suitable for use in hydraulic systems only to a limited extent.

14 Motor vehicle transmis- | — Motor vehicle transmission oil can be used after confirmation and with limited
sion oils performance data.

— Pay particular attention to wear protection, material compatibility, specifically with
non-ferrous metals, as well as viscosity!

15 Diesel, test diesel in — Diesel / test diesel has poorer wear protection capabilities and a very low viscosity

acc. with DIN 4113

(<3 mm?/s).
— May be used only with FKM seals
- Please note their low flash point!

— To be used only after confirmation and with limited performance data!

Continued on page 14
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Table 6: Other hydraulic fluids based on mineral oils and related hydrocarbons
(continued from page 13)

QL Hydraulic fluids Features / Typical field of application / Notes
number
16 Hydraulic fluids for roller | — Hydraulic fluids for roller processes have lower wear protection capabilities than
processes mineral oil HLP and a lower viscosity
— Please note their low flash point!
— Hydraulic fluids for roller processes with limited performance data can be used only
after confirmation.
17 Fluids for power — Can only be used after consultation and approval for use in the specific application,
steering, even if they are compliant with DIN 51524.
hydrg-pneumatlc sus - Please note the low viscosity!
pension,
active chassis etc. — In most cases they have poor water separation capability
— Check the material compatibility!
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7 Glossary

Additivation
Additives are chemical substances added to the basic fluids to
achieve or improve specific properties.

Aging

Hydraulic fluids age due to oxidation (see chapter 3.1.5 "Aging
resistance"). Liquid and solid contamination acts as a catalyzer
for aging, meaning that it needs to be minimized as far as
possible by careful filtration.

API classification

Classification of basic fluids by the American Petroleum
Institute (API) — the largest association representing the US oil
and gas industry.

Arrhenius equation

The quantitative relation between reaction rate and temperature
is described by an exponential function, the Arrhenius equation.
This function is usually visualized within the typical temperature
range of the hydraulic system. For a practical example, see
chapter 3.1.5 "Aging resistance”.

Related hydrocarbons
Related hydrocarbons are hydrocarbon compounds that are
not classified as APl class 1, 2 or 5.

Basic fluids

In general, a hydraulic fluid is made up of a basic fluid, or
base oil, and chemical substances, the so-called additives.
The proportion of basic fluid is generally greater than 90%.

Demulsifying
Ability of a fluid to separate water contamination quickly;
achieved with careful selection of base oil and additives.

Detergent

Ability of certain additives to emulsify part of the water contami-
nation in the oil or to hold it in suspension until it has evapo-
rated with increasing temperature. Larger water quantities, in
contrast (above approx. 2 %), are separated immediately.

Dispersant
Ability of certain additives to keep insoluble liquid and solid
contamination in suspension in the fluid.

Diesel effect

If hydraulic fluid that contains air bubbles is compressed
quickly, the bubbles are heated to such a degree that a self-
ignition of the air-gas mix may occur. The resultant temperature
increase may lead to seal damage and increased aging of the
hydraulic fluid.

Hydraulic fluids based on mineral oils
Hydraulic fluids based on mineral oils are made from petroleum
(crude oil).

ICP (atomic emission spectroscopy)

The ICP procedure can be used to determine various wear
metals, contamination types and additives. Practically all
elements in the periodic system can be detected with this
method.

Karl Fischer method

Method to determine the water content in fluids. Indirect
coulometric determination procedure in accordance with

DIN EN ISO 12937 in connection with DIN 51777-2. Only the
combination of both standards will assure adequately accurate
measured values.

Bosch Rexroth AG 15/16

Cavitation

Cavitation is the creation of cavities in fluids due to pressure
reduction below the saturated vapour pressure and subse-
quent implosion when the pressure increases. When the
cavities implode, extremely high acceleration, temperatures
and pressure may occur temporarily, which may damage the
component surfaces.

Neutralization number (NN)

The neutralization number (NN) or acid number (AN) specifies
the amount of caustic potash required to neutralize the acid
contained in one gram of fluid.

Pour point

The lowest temperature at which the fluid still just flows when
cooled down under set conditions. The pour point is specified
in the lubricant manufacturers' technical data sheets as a
reference value for achieving this flow limit.

RFA (wavelength dispersive x-ray fluorescence analysis)
Is a procedure to determine nearly all elements in liquid and
solid samples with nearly any composition. This analysis
method is suitable for examining additives and contamination,
delivering fast results.

Shearing/shear loss

Shearing of molecule chains during operation can change the
viscosity of hydraulic fluids with long chain VI enhancers. The
initially high viscosity index drops. This needs to be taken into
account when selecting the hydraulic fluid.

The only value at present that can be used to assess viscosity
changes in operation is the result of the test in accordance
with DIN 51350 part -6. Please note that there are practical
applications that create a much higher shear load on such
hydraulic fluids than can be achieved by this test.

Stick-slip effect (sliding)

Interaction between a resilient mass system involving friction
(such as cylinder + oil column + load) and the pressure
increase at very low sliding speeds. The static friction of the
system is a decisive value here. The lower it is, the lower the
speed that can still be maintained without sticking. Depend-
ing on the tribologic system, the stick-slip effect may lead to
vibrations generated and sometimes also to significant noise
emission. In many cases, the effect can be attenuated by
replacing the lubricant.

Viscosity

Viscosity is the measure of the internal friction of a fluid to
flow. It is defined as the property of a substance to flow under
tension. Viscosity is the most important characteristic for
describing the load-bearing capacity of a hydraulic fluid.

Kinematic viscosity is the ratio of the dynamic viscosity and the
density of the fluid; the unit is mm2/s. Hydraulic fluids are clas-
sified by their kinematic viscosity into ISO viscosity classes.
The reference temperature for this is 40 °C.

Viscosity index (VI)

Refers to the viscosity temperature behavior of a fluid.

The lower the change of viscosity in relation the temperature,
the higher the VI.
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Application notes and requirements for Rexroth hydraulic components

Hydraulic fluids

Hydraulic fluids based Environmentally Fire-resistant, Fire-resistant,
Title on mineral oils and acceptable hydraulic water-free water-containing
related hydrocarbons fluids hydraulic fluids hydraulic fluids
Standard DIN 51524 ISO 15380 ISO 12922 ISO 12922
Data sheets RE 90220 RE 90221 RE 90222 . RE 9022.3
(in preparation)
HL HEPG
HLP HEES partially satu- HFDR HFC
Classification HLPD rated HFDU (ester base) HFB
HVLP HEES saturated HFDU (glycol base) HFAE
HLPD HEPR and more HFAS
and more HETG
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1 Basic information

11 General instructions

The hydraulic fluid is the common element in any hydraulic

component and must be selected very carefully. Quality and
cleanliness of the hydraulic fluid are decisive factors for the
operational reliability, efficiency and service life of a system.

Hydraulic fluids must conform, be selected and used in
accordance with the generally acknowledged rules of technol-
ogy and safety provisions. Reference is made to the country-
specific standards and directives (in Germany the directive of
the Employer's Liability Insurance Association BGR 137).

This data sheet includes recommendations and regulations
concerning the selection, operation and disposal of envi-
ronmentally compatible hydraulic fluids in the application of
Rexroth hydraulic components.

The individual selection of hydraulic fluid or the choice of
classification are the responsibility of the operator.

It is the responsibility of the user to ensure that appropriate
measures are taken for safety and health protection and to ensure
compliance with statutory regulations. The recommendations

of the lubricant manufacturer and the specifications given in the
safety data sheet are to be observed when using hydraulic fluid.

This data sheet does not absolve the operator from verifying
the conformity and suitability of the respective hydraulic fluid
for his system. He is to ensure that the selected fluid meets the
minimum requirements of the relevant fluid standard during the
whole of the period of use.

Other regulations and legal provisions may also apply. The operator
is responsible for their observance, e.g. EU directive 2004/35/EG,
2005/360/EG and their national implementation. In Germany the
Water Resources Act (WHG) is also to be observed.

We recommend that you maintain constant, close contact
with lubricant manufacturers to support you in the selection,
maintenance, care and analyses.

When disposing of used hydraulic fluids, apply the same care
as during use.

Environmentally acceptable hydraulic fluids have been used
successfully for many years. In some countries, the use of envi-
ronmentally acceptable hydraulic fluids is already prescribed in
ecologically sensitive areas (e.g. forestry, locks, weirs).

Environmentally acceptable hydraulic fluids may only be used
in the pharmaceutical and food industry subject to required
certification to FDA/USDA/NSF H1.

1.2 Environmental compatibility

There is no unambiguous legal definition for environmentally
acceptable hydraulic fluids as different testing procedures can
be applied for biological degradation and toxicity.

According to ISO 15380 the definition of "environmentally
acceptable" is as follows: Humans, animals, plants, air and soil
must not be endangered. With regard to hydraulic fluids in an
unused condition in the bin this mainly means:

— biological degradation at least 60 %
(according to ISO 14593 or ISO 9439)

— acute fish toxicity at least 100 mg/I
(according to ISO 7346-2)
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— acute daphnia toxicity at least 100 mg/I
(according to ISO 5341)

— acute bacteria toxicity at least 100 mg/I
(according to ISO 8192)

The same amount of care should be taken when handling
environmentally acceptable hydraulic fluids as for mineral oils,
leakage from the hydraulic system should be avoided. Environ-
mentally acceptable hydraulic fluids are designed so that in the
event of accidents and leakage,less permanent environmental
damage is caused than by mineral oils, see also chapter 5
"Disposal and environmental protection".

In comparison to mineral oil HLP/HVLP , the biological deg-
radation of environmentally acceptable hydraulic fluids may
change fluid aging, see chapter 3.1.5 "Aging resistance", 3.1.6.
"Biological degradation" and 4 "Hydraulic fluids in operation".

1.3 Scope

This data sheet must be applied when using environmentally
acceptable hydraulic fluids with Rexroth hydraulic components.
The specifications of this data sheet may be further restricted
by the specification given in the data sheets for the individual
components.

The use of the individual environmentally acceptable hydraulic
fluids in accordance with the intended purpose can be found in
the safety data sheets or other product description documents
of the lubricant manufacturers. In addition, each use is to be
individually considered.

Rexroth hydraulic components may only be operated with
environmentally acceptable hydraulic fluids according to
1ISO 15380 if specified in the respective component data
sheet or if a Rexroth approval for use is furnished.

The manufacturers of hydraulic systems must adjust their
systems and operating instructions to the environmentally
acceptable hydraulic fluids.

Notes:

In the market overview RE 90221-01, environmentally accept-
able hydraulic fluids based on mineral oil are described which,
according to the information of the lubricant manufacturer,
feature the respective parameters of the current requirements
standard ISO 15380 and other parameters which are of rel-
evance for suitability in connection with Rexroth components.

These specifications are not checked or monitored by Bosch
Rexroth. The list in the market overview does not therefore
represent a recommendation on the part of Rexroth or approval
of the respective hydraulic fluid for use with Rexroth compo-
nents and does not release the operator from his responsibility
regarding selection of the hydraulic fluid.

Bosch Rexroth will accept no liability for its components
for any damage resulting from failure to comply with the
notes below.

1.4 Safety instructions

Hydraulic fluids can constitute a risk for persons and the
environment. These risks are described in the hydraulic fluid
safety data sheets. The operator is to ensure that a current
safety data sheet for the hydraulic fluid used is available and
that the measures stipulated therein are complied with.
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2 Solid particle contamination and cleanliness levels

Solid particle contamination is the major reason for faults oc-
curring in hydraulic systems. It may lead to a number of effects
in the hydraulic system. Firstly, single large solid particles

may lead directly to a system malfunction, and secondly small
particles cause continuous elevated wear.

For mineral oils, the cleanliness level of environmentally accept-
able hydraulic fluids is given as a three-digit numerical code in
accordance with ISO 4406. This numerical code denotes the
number of particles present in a hydraulic fluid for a defined
quantity. Moreover, foreign solid matter is not to exceed a mass
of 50 mg/kg (gravimetric examination according to ISO 4405).

In general, compliance with a minimum cleanliness level of
20/18/15 in accordance with ISO 4406 or better is to be main-
tained in operation. Special servo valves demand improved
cleanliness levels of at least 18/16/13. A reduction in cleanli-
ness level by one level means half of the quantity of particles
and thus greater cleanliness. Lower numbers in cleanliness
levels should always be striven for and extend the service life
of hydraulic components. The component with the highest
cleanliness requirements determines the required cleanliness
of the overall system. Please also observe the specifications in
table 1: "Cleanliness levels according to ISO 4406" and in the
respective data sheets of the various hydraulic components.

Hydraulic fluids frequently fail to meet these cleanliness
requirements on delivery. Careful filtering is therefore required
during operation and in particular, during filling in order to
ensure the required cleanliness levels. Your lubricant manu-
facturer can tell you the cleanliness level of hydraulic fluids

as delivered. To maintain the required cleanliness level over

Table 1: Cleanliness levels according to ISO 4406

/

the operating period, you must use a reservoir breather filter.
If the environment is humid, take appropriate measures, such
as a breather filter with air drying or permanent off-line water
separation.

Note: the specifications of the lubricant manufacturer relat-
ing to cleanliness levels are based on the time at which the
container concerned is filled and not on the conditions during
transport and storage.

Further information about contamination with solid matter and
cleanliness levels can be found in brochure RE 08016.

18 / 15

>4pm >6pm  >14pum

Particles per 100 ml
More than ::‘ZILZ:‘,: Scale number
8,000,000 16,000,000 24
4,000,000 8,000,000 23 20
2,000,000 4,000,000 22
1,000,000 2,000,000 21
500,000 1,000,000 20
250,000 500,000 19
130,000 250,000 18
64000 130,000 17
32000 64000 16
16000 32000 15
8000 16000 14
4000 8000 13
2000 4000 12
1000 2000 11
500 1000 10
250 500 9
130 250 8
64 130 7
32 64 6
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3 Selection of the hydraulic fluid

Environmentally acceptable hydraulic fluids for Bosch Rexroth
hydraulic components are assessed on the basis of their fulfill-
ment of the minimum requirements of ISO 15380.

3.1 Selection criteria for the hydraulic fluid

The specified limit values for all components employed in the
hydraulic system, for example viscosity and cleanliness level,
must be observed with the hydraulic fluid used, taking into
account the specified operating conditions.

Hydraulic fluid suitability depends, amongst others, on the
following factors:

3.1.1 Viscosity

Viscosity is a basic property of hydraulic fluids. The permissible
viscosity range of complete systems needs to be determined
taking account of the permissible viscosity of all components
and it is to be observed for each individual component.

The viscosity at operating temperature determines the
response characteristics of closed control loops, stability and
damping of systems, the efficiency factor and the degree of
wear.

We recommend that the optimum operating viscosity range of
each component be kept within the permissible temperature
range. This usually requires either cooling or heating, or both.
The permissible viscosity range and the necessary cleanliness
level can be found in the product data sheet for the component
concerned.

If the viscosity of a hydraulic fluid used is above the permitted
operating viscosity, this will result in increased hydraulic-me-
chanical losses. In return, there will be lower internal leakage
losses. If the pressure level is lower, lubrication gaps may not
be filled up, which can lead to increased wear. For hydraulic
pumps, the permitted suction pressure may not be reached,
which may lead to cavitation damage.
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If the viscosity of a hydraulic fluid is below the permitted
operating viscosity, increased leakage, wear, susceptibility to
contamination and a shorter life cycle will result.

Please ensure that the permissible temperature and viscosity
limits are observed for the respective components. This usually
requires either cooling or heating, or both.

3.1.2 Viscosity-temperature behavior

For hydraulic fluids, the viscosity temperature behavior (V-T
behavior) is of particular importance. Viscosity is characterized
in that it drops when the temperature increases and rises when
the temperature drops. The interrelation between viscosity and
temperature is described by the viscosity index (VI).

If exposed to the cold for several days, viscosity may rise sig-
nificantly (HETG and HEES). After heating, the characteristic
values as specified on the data sheet are restored. Please ask
your lubricant manufacturer for the " Flow capacity after 7 days
at low temperature" (ASTM D 2532) of fluid classifications
HETG and partially saturated HEES.

All known environmentally acceptable hydraulic fluids have
better viscosity temperature behavior than mineral oil HLP and
generally feature greater shear stability than HVLP mineral
oils. This should be taken into consideration when selecting
hydraulic fluid for the required temperature range. A lower
viscosity level can frequently be used to save any drive power
during a cold start and avoid viscosity being too low at higher
temperatures. The required viscosity and temperature limits

in the product data sheets are to be observed in all operating
conditions.

Depending on the basic fluid types/classes, VI indices can be
achieved of 140-220, see Fig. 1: "Examples: V-T diagrams in
comparison to HLP (reference values)" and Table 4: "Classifi-
cation and fields of application of environmentally acceptable
hydraulic fluids".

Fig. 1: Examples V-T diagrams in comparison to HLP (reference values, double-logarithmic representation)

-40°  -20° 0° 20° 40° 60° 80° 100°
1600 Il N N I B Il Il Il Il Il Il Il Il Il Il - Typical viscosity data [mmz/S]
1888 ~F Temperature -20°C 40°C 100°C
400
200 HEES partially saturated 1250 46 9
@ 400 HEES saturated 2500 46 8
E 60 HEPG 2500 46 10
> 40 HEPR 1400 46 10
E For comparison HLP
g 20
k] N (see RE 90220) 4500 46 7
= R HEPG
10 SN HEPR
PO HEES partially saturated
SN—HEES saturated
5 HLP
-40° -25° -10°0° 10° 30° 50° 70° 90° 115°

Temperature t [°C]

Detailed V-T diagrams may be obtained from your lubricant manufacturer for their specific products.
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3.1.3 Wear protection capability

Wear protection capability describes the property of hydraulic
fluids to prevent or minimize wear within the components. The
wear protection capability is described in ISO 15380 via test
procedures"FZG gear test rig" (ISO 14635-1) and "Mechani-
cal test in the vane pump" (ISO 20763). From ISO VG 32,
ISO 15380 prescribes a rating of at least 10 (FZG test). At
present, the FZG test cannot be applied to viscosity classes
<ISO VG 32. The wear protection capability of environmen-
tally acceptable hydraulic fluids in relation to the two test
procedures is comparable to that of mineral oil HLP/HVLP.

3.1.4 Material compatibility

The hydraulic fluid must not negatively affect the materials
used in the components. Compatibility with coatings, seals,
hoses, metals and plastics is to be observed in particular. The
fluid classifications specified in the respective component data
sheets are tested by the manufacturer with regard to material
compatibility. Parts and components not supplied by us are to
be checked by the user.

Table 2: Known material incompatibilities

Classification | Incompatible with:

HE... general | One-component color coatings, lead, galva-
nized zinc coatings, some non-ferrous metals,
seals made of NBR. In some cases, the

latter show major increases in volume when
impermissibly aged hydraulic fluids come

into contact with the material. NBR is only
permitted by prior consent, please observe
the customary seal and tube replacement
intervals. Do not use any hydrolysis/suscep-
tible polyurethane qualities.

Note

Please check seals and coatings of control
cabinets, outer coatings of hydraulic compo-
nents and accessories (connectors, cables,
control cabinets) for resistance to vapors
issuing from hydraulic fluids.

HETG/HEES |Zinc, some non-ferrous alloys with zinc

HEPG Steel/aluminum tribocontacts, paper filters,

polymethylmethacrylate (PMMA), NBR

Note
Check plastics for resistance

The material incompatibilities mentioned here do not automati-
cally result in function problems. However the elements of the
materials are found in the hydraulic fluids after use. The biologi-
cal degradation of hydraulic fluids is negatively influenced.
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3.1.5 Aging resistance

The way an environmentally acceptable hydraulic fluids ages
depends on the thermal, chemical and mechanical stress to
which it is subjected. The influence of water, air, temperature
and contamination may be significantly greater than for mineral
oils HLP/HVLP. Aging resistance can be greatly influenced by
the chemical composition of the hydraulic fluids .

High fluid temperatures (e.g. over 80 °C) result in a approxi-
mate halving of the fluid service life for every 10 °C temperature
increase and should therefore by avoided. The halving of the
fluid service life results from the application of the Arrhenius
equation (see Glossary).

Table 3: Reference values for temperature-dependent
aging of the hydraulic fluid

Reservoir temperature Fluid life cycle
80 °C 100 %

90 °C 50 %

100 °C 25 %

A modified aging test (without adding water) is prescribed for
fluid classifications HETG and HEES. Hydraulic fluids with
HEPG and HEPR classification are subjected to the identical
test procedure as mineral oils (with 20 % water added). The
calculated fluid service life is derived from the results of tests in
which the long-term characteristics are simulated in a short pe-
riod of time by applying more arduous conditions (condensed
testing). This calculated fluid service life is not to be equated to
the fluid service life in real-life applications.

Table 3 is a practical indicator for hydraulic fluids with water
content < 0.1%, cf. chapter 4.10. "Water".

3.1.6 Biological degradation

Environmentally acceptable hydraulic fluids are ones which
degrade biologically much faster than mineral oils. Biologi-

cal degradation is a biochemical transformation effected by
micro-organisms resulting in mineralization. For environmentally
acceptable hydraulic fluids that make reference to ISO 15380,
biological degradation according to ISO 14593 or ISO 9439
must be verified. 60% minimum degradation is defined as limit
value. Proof of biological degradation is furnished for the new,
unmixed, ready-formulated hydraulic fluids. Aged or mixed
hydraulic fluids are less able to degrade biologically. Biological
degradation outside the defined test procedure is subject to a
variety of natural influences. The key factors are temperature,
humidity, contamination, fluid concentration, type and quantity
of micro-organisms. Environmentally acceptable hydraulic fluids
require no extended maintenance in comparison to mineral oils,
please observe chapter 4 "Hydraulic fluids in operation".
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31.7 Air separation ability (ASA)

The air separation ability (ASA) describes the property of a
hydraulic fluid to separate undissolved air. Hydraulic fluids
always contain dissolved air. During operation, dissolved air
may be transformed into undissolved air, leading to cavitation
damages. Fluid classification, fluid product, reservoir size and
design must be coordinated to take into account the dwell
time and ASA value of the hydraulic fluid. The air separation
capacity depends on the viscosity, temperature, basic fluid
and aging. It cannot be improved by additives.

According to ISO 15380, for instance, an ASA value < 10 minutes
is required for viscosity class ISO VG 46, 6 minutes are typical,
lower values are preferable.

3.1.8 Demulsifying ability and water solubility

The capacity of a hydraulic fluid to separate water at a defined
temperature is known as the demulsifying ability. ISO 6614
defines the demulsifying properties of hydraulic fluids.

Fluids classified HETG, HEES and HEPR separate from

water. HETG and HEES hydraulic fluids have a different

water separation ability to mineral oil HLP/HVLP. At 20 °C, in
comparison to mineral oil HLP/HVLP, a multiple (> factor 3)

of water can separate in the hydraulic fluid. Water solubility is
also more temperature-dependent than for mineral oils. With
regard to water solubility, HEPR hydraulic fluids behave like
HVLP hydraulic fluids (see RE 90220). In the majority of cases,
HEPG-classified fluids HEPG dissolve water completely , see
chapter "4.10 Water".

3.1.9 Filterability

Filterability describes the ability of a hydraulic fluid to pass
through a filter, removing solid contaminants. The hydraulic
fluids used require a good filterability, not just when new, but
also during the whole of their service life. Depending on the
different basic fluids (glycols, saturated and partially saturated
ester oils, hydrocrack oils, polyalpha olefins, triglycerides) and
additives (VI enhancers), there are great differences here.

The filterability is a basic prerequisite for cleanliness, servicing
and filtration of hydraulic fluids. Rexroth therefore requires

the same degree of filterability of environmentally acceptable
hydraulic fluids as for mineral oils HLP/HVLP to DIN 51524. As
ISO 15380 does not comment on the filterability of hydraulic
fluids, filterability comparable to that of mineral oils HLP/HVLP
must be requested of lubricant manufacturers.

Filterability is tested with the new hydraulic fluid and after the
addition of 0.2 % water. The underlying standard (ISO 13357-
1/-2) stipulates that filterability must have no negative effects
on the filters or the hydraulic fluid, see chapter 4 "Hydraulic
fluids in operation".
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3.1.10 Corrosion protection

Hydraulic fluids should not just prevent corrosion formation

on steel components, they must also be compatible with
non-ferrous metals and alloys. Corrosion protection tests on
different metals and metal alloys are described in ISO 15380.
Hydraulic fluids that are not compatible with the materials listed
above must not be used, even if they are compliant with

ISO 15380.

Rexroth components are usually tested with HLP hydraulic
fluids or corrosion protection oils based on mineral oils before
they are delivered.

3.1.11 Additivation

The properties described above can be modified with the help
of suitable additives. Environmentally acceptable hydraulic
fluids should never contain heavy metals. According to the
present state of knowledge, all hydraulic fluids, regardless of
additivation, can be filtered with all customary filter materials
in all known filtration ratings (> 0.8 um), without filtering out
effective additives at the same time.

Bosch Rexroth does not prescribe any specific additive system.
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3.2 Classification and fields of application

Table 4: Classification and fields of application

Classification

HEPG
according to
ISO 15380

Density at
15 °C: typically
> 0.97 kg/dm3

VI: typical > 170

Features

Basic fluid, glycols

Typical field
of application

Systems on exposed
water courses
(locks, weirs,
dredgers)

Environmentally acceptable hydraulic fluids | RE 90221/05.12

Notes

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

— Very good viscosity/temperature characteristics, shear
stability

— Resistant to aging

— Incompatible with mineral oil (exceptions must be confirmed
by the lubricant manufacturer)

— Can be water-soluble
— Can be mixed with water
- Very good wear protection properties

— A higher implementation temperature with the same viscosity
in comparison to mineral oil is to be expected

— Due to the higher density in comparison to HLP, lower suc-
tion pressures are to be anticipated for pumps. Reduce the
maximum speed as required and optimize suction conditions.

— Classified as insignificantly water-endangering (water hazard
class WGK 1)

— Prior to commissioning, contact the lubricant manufacturer,
as the components are tested with mineral oil HLP/corrosion
protection oil.

HEES

partially saturated
according to

ISO 15380

Density at
15 °C: typically
0.90-0.93 kg/dm3

VI: typical > 160

lodine count < 90

Basic fluid: Ester
based on renew-
able raw materials,
synthetic esters,
mixtures of various
esters, mixtures with
polyalphaolefines

(< 30%)

Suitable for most
fields of application
and components.

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

— Preferred use of FKM seals. Please enquire for shaft seal
rings and implementation temperatures under —15 °C.

— In operation, a higher temperature in comparison to mineral
oil HLP/HVLP is to be expected given identical design and
viscosity

— Limit lower (depending on viscosity class) and upper imple-
mentation temperatures (maximum 80 °C due to aging)

— Good viscosity/temperature characteristics, shear stability.
— Good corrosion protection, if correspondingly additivized

— Mostly classed as insignificantly water-endangering (water
hazard class WGK 1), in some cases as not water-endangering

— High dirt dissolving capacity on fluid changeovers

- In unfavorable operating conditions (high water content,
high temperature), HEES on ester basis have a tendency to
hydrolysis. The acidic organic decomposition products can
chemically attack materials and components.
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Table 4: Classification and fields of application (continued from page 8)

Classification

HEES

saturated
according to ISO
15380

Density at
15 °C: typically
0.90-0.93 kg/dm?

VI:
typical 140-160

lodine count <15

Features

Basic fluid: Ester
based on renew-
able raw materials,
synthetic esters,
mixtures of various
esters, mixtures with
polyalphaolefines

(< 30%)

Typical field
of application

Suitable for most
fields of application
and components.
Saturated HEES
should be preferred
over partially
saturated HEES
and HETG for
components and
systems exposed to
high stress levels.
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Notes

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

— Preferred use of FKM seals. Please enquire for shaft seal
rings and implementation temperatures under =15 °C.

— In operation, a higher temperature in comparison to mineral
oil HLP/HVLP is to be expected given identical design and
viscosity

— Good viscosity/temperature characteristics, shear stability
— Good corrosion protection, if correspondingly additivized

— Mostly classed as insignificantly water-endangering (water
hazard class WGK 1), in the case of low viscosity classes
(up to ISO VG 32) also classed as not water-endangering

- High dirt dissolving capacity on fluid changeovers

HEPR
according to
ISO 15380

Density at 15 °C:
typically 0.87 kg/
dm3

Vi:
typical 140-160

Basic fluid:
synthetically
manufactured hydro-
carbons (polyalpha
olefins PAO) partly
mixed with esters (
< 30 %)

Suitable for most
fields of application
and components.
HEPR should be
preferred over
partially saturated
HEES and HETG
for components and
systems exposed to
high stress levels.

For information on approved components, please refer to the
respective product data sheet. For components which have not
been approved according to the product data sheet, please
consult your Bosch Rexroth sales partner.

— Behaves similarly to HVLP- hydraulic fluids, individual prod-
ucts comply with ISO 15380 HEPR and DIN 51524-3 HVLP

— Preferred use of FKM seals. Please enquire for shaft seal
rings and implementation temperatures under —15 °C.

- Good viscosity-temperature behavior

— Classified as insignificantly water-endangering (water hazard
class WGK 1)

Note:
Note shear stability (see chapter 4.11 "Fluid servicing, fluid
analysis and filtration" and chapter 6 "Glossary")

HETG
according to
ISO 15380

Density at 15 °C:
typically 0.90-0.93
kg/dms3

VI: typical > 200

lodine count > 90

Basic fluid:
vegetable oils and
triglycerides

Not recommended
for Rexroth compo-
nents!

Practical requirements are frequently not fulfilled by hydraulic
fluids in this classification. Use only permissible after consulta-
tion.

- Viscosity is not stable over time

— Very fast fluid aging, very hydrolysis-susceptible
(please observe neutralization number)

— Tendency to gumming, gelling and setting.

— Limit the lower (depending on viscosity class) and upper
implementation temperatures (see chapter 3.1.5)

— Only limited material compatibility
— Filterability problems at water ingress
— High dirt dissolving capacity on fluid changeovers

— Mostly classed as not water-endangering
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4 Hydraulic fluids in operation

41 General

The properties of hydraulic fluids can change continually during
storage and operation.

Please note that the fluid standard ISO 15380 merely
describes minimum requirements for hydraulic fluids in new
condition at the time of filling into the bins. The operator of

a hydraulic system must ensure that the hydraulic fluid remains
in a utilizable condition throughout its entire period of use.

Deviations from the characteristic values are to be clarified with
the lubricant manufacturer, the test labs or Bosch Rexroth.

Bosch Rexroth will accept no liability for damage to its compo-
nents within the framework of the applicable liability legislation
insofar as the latter is due to non-observance of the following
instructions.

Please note the following aspects in operation.

4.2 Storage and handling

Hydraulic fluids must be stored correctly in accordance with
the instructions of the lubricant manufacturer. Avoid exposing
the containers to lengthy periods of direct heat. Containers
are to be stored in such a way that the risk of any foreign liquid
or solid matter (e.g. water, foreign fluids or dust) ingression
into the inside of the container can be ruled out. After taking
hydraulic fluids from the containers, these are immediately to
be properly resealed.

Recommendation:
— Store containers in a dry, roofed place
— Store barrels on their sides

— Clean reservoir systems and machine reservoirs regularly

4.3 Filling of new systems

Usually, the cleanliness levels of the hydraulic fluids as
delivered do not meet the requirements of our components.
Hydraulic fluids must be filtered using an appropriate filter
system to minimize solid particle contamination and water in
the system.

As early as possible during test operation, new systems should
be filled with the selected hydraulic fluid so as to reduce the
risk of accidentally mixing fluids (see chapter 4.6 "Mixing and
compatibility of different hydraulic fluids"). Changing the hy-
draulic medium at a later point represents significant additional
costs (see following chapter).

4.4 Hydraulic fluid changeover

In particular with the changeover from mineral oils to environ-
mentally acceptable hydraulic fluids, but also from one environ-
mentally acceptable hydraulic fluids to another, there may be
interference (e.g. incompatibility in the form of gelling, silting,
stable foam or reduced filterability or filter blockage).

In the case of changeovers of the fluid in hydraulic systems, it
is important to ensure compatibility of the new hydraulic fluid
with the remains of the previous hydraulic fluid. Bosch Rexroth
recommends obtaining verification of compatibility from the
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manufacturer or supplier of the new hydraulic fluid. The quantity
of old fluid remaining should be minimized. Mixing hydraulic
fluids should be avoided, see following chapter.

For information on changing over hydraulic fluids with different
classifications, please refer to VDMA 24314, VDMA 24569
and ISO 15380 appendix A.

Bosch Rexroth will not accept liability for any damage to its
components resulting from inadequate hydraulic fluid change-
overs!

4.5 Mixing and compatibility of different
hydraulic fluids

If hydraulic fluids from different manufacturers or different
types from the same manufacturer are mixed, gelling, silting
and deposits may occur. These, in turn, may cause foaming,
impaired air separation ability, malfunctions and damage to the
hydraulic system.

If the fluid contains more than 2 % of another fluid then it is
considered to be a mixture. Exceptions apply for water, see
chapter 4.10 "Water".

Mixing with other hydraulic fluids is not generally permitted.
This also includes hydraulic fluids with the same classification
and from the market overview RE 90221-01. If individual lubri-
cant manufacturers advertise miscibility and/or compatibility,
this is entirely the responsibility of the lubricant manufacturer.

Bosch Rexroth customarily tests all components with mineral
oil HLP before they are delivered.

Note: With connectible accessory units and mobile filtering
systems, there is a considerable risk of non-permitted mixing
of the hydraulic fluids!

Rexroth will not accept liability for any damage to its compo-
nents resulting from mixing hydraulic fluids!

4.6 Re-additivation

Additives added at a later point in time such as colors, wear
reducers, VI enhancers or anti-foam additives, may negatively
affect the performance properties of the hydraulic fluid and
the compatibility with our components and therefore are not
permissible.

Rexroth will not accept liability for any damage to its compo-
nents resulting from re-additivation!

4.7 Foaming behavior

Foam is created by rising air bubbles at the surface of hydraulic
fluids in the reservoir. Foam that develops should collapse as
quickly as possible.

Common hydraulic fluids in accordance with ISO 15380 are
sufficiently inhibited against foam formation in new condi-
tion. On account of aging and adsorption onto surfaces, the
defoamer concentration may decrease over time, leading to a
stable foam.

Defoamers may be re-dosed only after consultation with the
lubricant manufacturer and with his written approval.

Defoamers may affect the air separation ability.
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4.8 Corrosion

The hydraulic fluid is to guarantee sufficient corrosion protec-
tion of components under all operating conditions, even in the
event of impermissible water contamination.

Environmentally acceptable hydraulic fluids are tested for
corrosion protection in the same way as mineral oil HLP/
HVLP. When used in practice other corrosion mechanisms are
revealed in detail and in individual cases, for the most part in
contact with non-ferrous and white alloys.

4.9 Air

Under atmospheric conditions the hydraulic fluid contains
dissolved air. In the negative pressure range, for instance in
the suction pipe of the pump or downstream of control edges,
this dissolved air may transform into undissolved air. The
undissolved air content represents a risk of cavitation and of
the diesel effect. This results in material erosion of components
and increased hydraulic fluid aging.

With the correct measures, such as suction pipe and reservoir
design, and an appropriate hydraulic fluid, air intake and
separation can be positively influenced.

See also chapter 3.1.7 "Air separation ability (ASA)”.

410 Water

Water contamination in hydraulic fluids can result from direct
ingress or indirectly through condensation of water from the air
due to temperature variations.

HEPG dissolves water completely. This means that any water
that has ingressed into the system cannot be drained off in the
sump of the reservoir.

In the case of hydraulic fluids classed HETG, HEES and
HEPR undissolved water can be drained off from the reservoir
sump, the remaining water content is however too high to
ensure that the maximum permissible water limit values are
observed in the long term.

Water in the hydraulic fluid can result in wear or direct failure
of hydraulic components. Furthermore, a high water content
in the hydraulic fluid negatively affects aging and filterability
and increases susceptibility to cavitation. During operation,
the water content in all hydraulic fluids, determined according
to the "Karl Fischer method" (see chapter 6 "Glossary") for all
environmentally acceptable hydraulic fluids must constantly be
kept below 0.19% (1000 ppm). To ensure a long service life of
both hydraulic fluids and components, Bosch Rexroth recom-
mends that values below 0.05% (500 ppm) are permanently
maintained.

Due to the higher water solubility (except for HEPR) in
comparison to mineral oil HLP/HVLP it is urgently advised
that precautions be taken when using environmentally accept-
able hydraulic fluids, such as a dehumidifier on the reservoir
ventilation.

Water content has an affect particularly in the case of HETG
and partially saturated HEES in that it accelerates aging

(hydrolysis) of the hydraulic fluid and biological degradation,
see chapter 4.11 "Fluid servicing, fluid analysis and filtration".
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411 Fluid servicing, fluid analysis and filtration

Air, water, operating temperature influences and solid matter
contamination will change the performance characteristics of
hydraulic fluids and cause them to age.

To preserve the usage properties and ensure a long service life
for hydraulic fluid and components, the monitoring of the fluid
condition and a filtration adapted to the application require-
ments (draining and degassing if required) are indispensable.

The effort is higher in the case of unfavorable usage conditions,
increased stress for the hydraulic system or high expectations
as to availability and service life, see chapter 2 "Solid particle
contamination and cleanliness levels".

When commissioning a system, please note that the required
minimum cleanliness level can frequently be attained only by
flushing the system. Due to severe start-up contamination, it
may be possible that a fluid and/or filter replacement becomes
necessary after a short operating period (< 50 operating
hours).

The hydraulic fluid must be replaced at regular intervals and
tested by the lubricant manufacturer or recognized accredited
test labs. We recommend a reference analysis after com-
missioning.

The minimum data to be tested for analyses are:
- Viscosity at 40 °C and 100 °C

— Neutralization number NN (acid number AN)
— Water content (Karl-Fischer method)

— Particle measurement with evaluation according to
ISO 4406 or mass of solid foreign substances with
evaluation to EN 12662

— Element analysis (RFA (EDX) / ICP, specify test method)
— Comparison with new product or available trend analyses
— Assessment / evaluation for further use

— Also recommended: IR spectrum"

Differences in the maintenance and upkeep of environmentally
acceptable hydraulic fluids with the corresponding suitability
characteristics (as required in market overview RE 90221-01)
in comparison to mineral oil HLP/HVLP are not necessary.
Attention is however drawn to the note in chapter 1.3.

After changing over hydraulic fluids it is recommended that
the filters be replaced again after 50 operating hours as fluid
aging products may have detached themselves ("self-cleaning
effect").

Compared to the pure unused hydraulic fluid the changed
neutralization number NN (acid number AN) indicates how
many aging products are contained in the hydraulic fluid. This
difference must be kept as low as possible. As soon as the
trend analysis notes a significant increase in the values, the
lubricant manufacturer should be contacted.

A higher viscosity than that of new materials indicates that the
hydraulic fluid has aged. Evaluation by the test lab or lubricant
manufacturers is however authoritative, whose recommenda-
tion should be urgently observed.
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On systems where the possibility of water contamination
cannot be completely ruled out (also condensation), it should
be ensured via the hydraulic system circuit that fluid aging
products are not accumulating in individual areas of the
hydraulic system, but are being removed from the system in
a controlled manner via the filtration system. This should be
ensured via suitable hydraulic circuits (e.g. flushing circuit) or
system manufacturer's operating instructions/specifications.

In case of warranty, liability or guarantee claims to Bosch
Rexroth, service verification and/or the results of fluid analyses
are to be provided.
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5 Disposal and environmental
protection

All environmentally acceptable hydraulic fluids, are like mineral
oil-based hydraulic fluids, subject to special disposal obliga-
tions.

The respective lubricant manufacturers provide specifications
on environmentally acceptable handling and storage. Please
ensure that spilt or splashed fluids are absorbed with appropri-
ate adsorbents or by a technique that prevents it contaminating
water courses, the ground or sewerage systems.

It is also not permitted to mix fluids when disposing of hydraulic
fluids. Regulations governing the handing of used oils stipulate
that used oils are not to mixed with other products, e.g.
substances containing halogen. Non-compliance will increase
disposal costs. Comply with the national legal provisions
concerning the disposal of the corresponding hydraulic

fluid. Comply with the local safety data sheet of the lubricant
manufacturer for the country concerned.
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6 Glossary

Additivation
Additives are chemical substances added to the basic fluids
to achieve or improve specific properties.

Aging

Hydraulic fluids age due to oxidation (see chapter 3.1.5 "Aging
resistance"). Liquid and solid contamination acts as a catalyzer
for aging, meaning that it needs to be minimized as far as
possible by careful filtration. Please refer to Hydrolysis.

Arrhenius equation

The quantitative relation between reaction rate and temperature
is described by an exponential function, the Arrhenius equation.
This function is usually visualized within the typical temperature
range of the hydraulic system. For a practical example, see
chapter 3.1.5 "Aging resistance”.

Basic fluids

In general, a hydraulic fluid is made up of a basic fluid, or base
oil, and chemical substances, the so-called additives. The
proportion of basic fluid is generally greater than 900%.

Diesel effect

If hydraulic fluid that contains air bubbles is compressed
quickly, the bubbles are heated to such a degree that a self-
ignition of the air-gas mix may occur. The resultant temperature
increase may lead to seal damage and increased aging of the
hydraulic fluid.

Saturated esters

Esters differ by the number of C atoms (chain length) and
position of the bonds between the C atoms. Saturated esters
do not have double/multiple bonds between C atoms and are
therefore more resistant to aging than partially saturated esters.

Partially saturated esters

In contrast to saturated esters, partially saturated esters have
double/multiple bonds between C atoms. Rexroth defines
partially saturated esters as unsaturated bonds and mixtures
of esters with unsaturated and saturated bonds. Esters with
unsaturated bonds are produced on the basis of renewable
raw materials.

Depending on their number and position, these unsaturated
bonds between the C atoms are instable. These bonds can
detach themselves and form new bonds, thus changing the
properties of those liquids (an aging mechanism). One of the
underlying requirements for inclusion in the market overview
RE 90221-01 is an aging stability characteristic. Attention is
however drawn to the note in chapter 1.3.

Hydrolysis
Hydrolysis is the splitting of a chemical bond through the
reaction with water under the influence of temperature.

ICP (atomic emission spectroscopy)

The ICP procedure can be used to determine various wear
metals, contamination types and additives. Practically all
elements in the periodic system can be detected with this
method..
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lodine count

The iodine count is a yardstick for the quantity of single and
multiple unsaturated bonds between C atoms in the basic fluid.
A low iodine count indicates that the hydraulic fluid contains
few unsaturated bonds and is thus considerably more resistant
to aging than a hydraulic fluid with a high iodine count. A
statement about the position at which these multiple bonds are
located and about how "stable" they are against influencing
factors cannot be derived simply by stating the iodine count.

Karl Fischer method

Method to determine the water content in fluids. Indirect
coulometric determination procedure in accordance with DIN
EN ISO 12937 in connection with DIN 51777-2. Only the
combination of both standards will assure adequately accurate
measured values. For hydraulic fluids based on glycol, DIN EN
ISO 12937 is to be applied in conjunction with DIN 51777-1.

Cavitation

Cavitation is the creation of cavities in fluids due to pressure
reduction below the saturated vapour pressure and subse-
quent implosion when the pressure increases. When the
cavities implode, extremely high acceleration, temperatures
and pressure may occur temporarily, which may damage the
component surfaces.

Neutralization number (NN)

The neutralization number (NN) or acid number (AN) specifies
the amount of caustic potash required to neutralize the acid
contained in one gram of fluid.

Pour point

The lowest temperature at which the fluid still just flows when
cooled down under set conditions. The pour point is specified
in the lubricant manufacturers' technical data sheets as a
reference value for achieving this flow limit.

RFA (wavelength dispersive x-ray fluorescence analysis)
Is a procedure to determine nearly all elements in liquid and
solid samples with nearly any composition. This analysis
method is suitable for examining additives and contamination,
delivering fast results.

Shearing/shear loss

Shearing of molecule chains during operation can change the
viscosity of hydraulic fluids with long chain VI enhancers. The
initially high viscosity index drops. This needs to be taken into
account when selecting the hydraulic fluid.

The only value at present that can be used to assess viscosity
changes in operation is the result of the test in accordance
with DIN 51350 part -6. Please note that there are practical
applications that create a much higher shear load on such
hydraulic fluids than can be achieved by this test.

Stick-slip

Interaction between a resilient mass system involving friction
(such as cylinder + oil column + load) and the pressure
increase at very low sliding speeds. The static friction of the
system is a decisive value here. The lower it is, the lower the
speed that can still be maintained without sticking. Depend-
ing on the tribologic system, the stick-slip effect may lead to
vibrations generated and sometimes also to significant noise
emission. In many cases, the effect can be attenuated by
replacing the lubricant.
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Viscosity

Viscosity is the measure of the internal friction of a fluid to
flow. It is defined as the property of a substance to flow under
tension. Viscosity is the most important characteristic for
describing the load-bearing capacity of a hydraulic fluid.

Kinematic viscosity is the ratio of the dynamic viscosity and the
density of the fluid; the unit is mm2/s. Hydraulic fluids are clas-
sified by their kinematic viscosity into ISO viscosity classes.
The reference temperature for this is 40 °C.

Viscosity index (VI)

Refers to the viscosity temperature behavior of a fluid. The
lower the change of viscosity in relation the temperature, the

higher the VI.

Bosch Rexroth AG
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© This document, as well as the data, specifications and other information
set forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
reproduced or given to third parties without its consent.

No statements concerning the suitability of a hydraulic fluid for a specific purpose
can be derived from our information. The information given does not release the
user from the obligation of own judgment and verification.

It must be remembered that our products are subject to a natural process of
wear and aging.

Subject to change.
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1 Basic information

11 General instructions

The hydraulic fluid is the common element in any hydraulic

component and must be selected very carefully. Quality and
cleanliness of the hydraulic fluid are decisive factors for the
operational reliability, efficiency and service life of a system.

Hydraulic fluids must conform, be selected and used in
accordance with the generally acknowledged rules of technol-
ogy and safety provisions. Reference is made to the country-
specific standards and directives (in Germany the directive of
the Employer's Liability Insurance Association BGR 137).

This data sheet includes recommendations and regulations
concerning the selection, operation and disposal of fire-resis-
tant, water-free hydraulic fluids in the application of Rexroth
hydraulic components.

The individual selection of hydraulic fluid or the choice of
classification are the responsibility of the operator.

It is the responsibility of the user to ensure that appropriate
measures are taken for safety and health protection and to
ensure compliance with statutory regulations. The recommen-
dations of the lubricant manufacturer and the specifications
given in the safety data sheet are to be observed when using
hydraulic fluid.

This data sheet does not absolve the operator from verifying
the conformity and suitability of the respective hydraulic fluid
for his system. He is to ensure that the selected fluid meets the
minimum requirements of the relevant hydraulic fluid standard
during the whole of the period of use.

The currently valid standard for fire-resistant hydraulic fluids is
the ISO 12922. In addition, other, more detailed documents,
guidelines, specifications and legislation may also be valid. The
operator is responsible for ensuring that such regulations are
observed, for example:

— 7th Luxembourg Report: Luxembourg, April 1994, Doc.
No. 4746/10/91 EN "Requirements and tests applicable to
fire-resistant hydraulic fluids for hydrostatic and hydrokinetic
power transmission and control"

— VDMA 24314 (1981-11): "Changing hydraulic fluids — guide-
lines"

- VDMA 24317 (2005-11): "Fire-resistant hydraulic fluids —
minimum technical requirements"

— FM Approval Standard 6930 (2009-04): "Flammability
Classification of Industrial Fluids" (only available in English)

— DIN Technical Report CEN/TR 14489 (2006-01): "Selection
guidelines for protecting safety, health and the environment"

We recommend that you maintain constant, close contact
with lubricant manufacturers to support you in the selection,
maintenance, care and analyses.

When disposing of used hydraulic fluids, apply the same care
as during use.
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1.2 Fire resistance

There is no clear legal definition of fire-resistant hydraulic fluids.
There are great differences regarding fire resistance. The
selection is the sole responsibility of the system operator with
respect to requirements (application, construction and design
of the system, hottest source in the system, necessary fire
protection).

Different test procedures are applied for evaluating fire
resistance.

Fire resistance test procedure according to ISO 12922:

— Ignition properties of spray according to ISO 15029-1
(Spray flame persistence — hollow-cone nozzle method)

- Ignition properties of spray according to ISO 15029-2
(Stabilized flame heat release)

— Wick flame persistence of fluids according to ISO 14935
(average flame persistence)

— Determination of the flammability characteristics of fluids
in contact with hot surfaces, ignition process according to
ISO 20823 (ignition temperature, flame spread)

In general, fire-resistant hydraulic fluids are distinguished
between water-containing fire-resistant and water-free
fire-resistant hydraulic fluids. Water-containing fire-resistant
hydraulic fluids are described in RE 90223.

Water-free, fire-resistant hydraulic fluid means hydraulic

fluids with a water-proportion of 0.1% by volume ("Karl Fischer
method", see chapter 6 "Glossary"), measured at the time

of filling in the transport container.

In Europe water-free, fire-resistant hydraulic fluids are not
approved for use in underground coal mining. The classification
HFDU is no longer included in the VDMA 24317: 2005.

Note

In contrast to water-containing fluids, all water-free, fire-
resistant hydraulic fluids have a flash point and a fire point.
Specific parameters for flash point and fire point can be found
in the technical and/or safety data sheet for the hydraulic fluid
concerned.

Just as much care should be taken when working with fire-
resistant hydraulic fluids are with other hydraulic fluids,

e.g. mineral oils. A leak from the hydraulic system must be
avoided. The best and most cost-effective protection against
fire and explosion is to prevent leakage with meticulous
service, maintenance and care of the hydraulic system.
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1.3 Scope

This data sheet must be applied when using water-free, fire-
resistant hydraulic fluids with Rexroth hydraulic components.
The specifications of this data sheet may be further restricted
by the specifications given in data sheets for the individual
components concerned.

The use of the individual water-free, fire-resistant hydraulic
fluids in accordance with the intended purpose can be found in
the safety data sheets or other product description documents
of the lubricant manufacturers. In addition, each use is to be
individually considered.

Rexroth hydraulic components may only be operated with
water-free, fire-resistant hydraulic fluids according to

1ISO 12922 if specified in the respective component data
sheet or if a Rexroth approval for use is furnished.

The manufacturers of hydraulic systems must adjust their sys-
tems and operating instructions to the water-free, fire-resistant
hydraulic fluids.

Bosch Rexroth will accept no liability for its components
for any damage resulting from failure to comply with the
notes below.
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1.4 Safety instructions

Hydraulic fluids can constitute a risk for persons and the
environment. These risks are described in the hydraulic fluid
safety data sheets. The operator is to ensure that a current
safety data sheet for the hydraulic fluid used is available and
that the measures stipulated therein are complied with.
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2 Solid particle contamination and cleanliness levels

Solid particle contamination is the major reason for faults oc-
curring in hydraulic systems. It may lead to a number of effects
in the hydraulic system. Firstly, single large solid particles

may lead directly to a system malfunction, and secondly small
particles cause continuous elevated wear.

For mineral oils, the cleanliness level of water-free, fire-resistant
hydraulic fluids is given as a three-digit numerical code in
accordance with ISO 4406. This numerical code denotes the
number of particles present in a hydraulic fluid for a defined
quantity. Moreover, foreign solid matter is not to exceed a mass
of 50 mg/kg (gravimetric examination according to ISO 4405).

In general, compliance with a minimum cleanliness level of
20/18/15 in accordance with ISO 4406 or better is to be main-
tained in operation. Special servo valves demand improved
cleanliness levels of at least 18/16/13. A reduction in cleanli-
ness level by one level means half of the quantity of particles
and thus greater cleanliness. Lower numbers in cleanliness
levels should always be striven for and extend the service life
of hydraulic components. The component with the highest
cleanliness requirements determines the required cleanliness
of the overall system. Please also observe the specifications in
table 1: "Cleanliness levels according to ISO 4406" and in the
respective data sheets of the various hydraulic components.

Table 1: Cleanliness levels according to ISO 4406

Hydraulic fluids frequently fail to meet these cleanliness
requirements on delivery. Careful filtering is therefore required
during operation and in particular, during filling in order to
ensure the required cleanliness levels. Your lubricant manu-
facturer can tell you the cleanliness level of hydraulic fluids

as delivered. To maintain the required cleanliness level over
the operating period, you must use a reservoir breather filter.
If the environment is humid, take appropriate measures, such
as a breather filter with air drying or permanent off-line water
separation.

Note: the specifications of the lubricant manufacturer relat-
ing to cleanliness levels are based on the time at which the
container concerned is filled and not on the conditions during
transport and storage.

Further information about contamination with solid matter
and cleanliness levels can be found in brochure RE 08016.

Particles per 100 mi
More than .Up to .and Scale number
including
8,000,000 16,000,000 24
4,000,000 8,000,000 23 20 / 18 / 15
2,000,000 4,000,000 22 >4pum >6um >14pm
1,000,000 2,000,000 21
500,000 1,000,000 20
250,000 500,000 19
130,000 250,000 18
64000 130,000 17
32000 64000 16
16000 32000 15
8000 16000 14
4000 8000 13
2000 4000 12
1000 2000 11
500 1000 10
250 500 9
130 250 8
64 130 7
32 64 6
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3 Selection of the hydraulic fluid

Water-free, fire-resistant hydraulic fluids for Bosch Rexroth
hydraulic components are assessed on the basis of their fulfill-
ment of the minimum requirements of ISO 12922.

3.1 Selection criteria for the hydraulic fluid

The specified limit values for all components employed in the
hydraulic system, for example viscosity and cleanliness level,
must be observed with the hydraulic fluid used, taking into
account the specified operating conditions.

Hydraulic fluid suitability depends, amongst others, on the
following factors:

3.1.1 Viscosity

Viscosity is a basic property of hydraulic fluids. The permissible
viscosity range of complete systems needs to be determined
taking account of the permissible viscosity of all components
and it is to be observed for each individual component.

The viscosity at operating temperature determines the response
characteristics of closed control loops, stability and damping
of systems, the efficiency factor and the degree of wear.

Fire-resistant, water-free hydraulic fluids | RE 90222/05.12

We recommend that the optimum operating viscosity range of
each component be kept within the permissible temperature
range. This usually requires either cooling or heating, or both.
The permissible viscosity range and the necessary cleanliness
level can be found in the product data sheet for the component
concerned.

If the viscosity of a hydraulic fluid used is above the permitted
operating viscosity, this will result in increased hydraulic-me-
chanical losses. In return, there will be lower internal leakage
losses. If the pressure level is lower, lubrication gaps may not
be filled up, which can lead to increased wear. For hydraulic
pumps, the permitted suction pressure may not be reached,
which may lead to cavitation damage.

If the viscosity of a hydraulic fluid is below the permitted
operating viscosity, increased leakage, wear, susceptibility to
contamination and a shorter component life cycle will result.

Please ensure that the permissible temperature and viscosity
limits are observed for the respective components. This usually
requires either cooling or heating, or both.

Fig. 1: Examples V-T diagrams for water-free, fire-resistant hydraulic fluids in comparison to
HLP and HFC (reference values, double-logarithmic representation)

-40°  -20° 0° 20° 40° 60° 80° 100°
1600 <1
1000 NN
600 s
400 ST\
200 RN
R
7 100 AN
£ hal
£ 60 N
> 40 x
z R
2 20 ANV
= ANTIENE
NS HFC
10 N\ Sar ars
<] HFDU_
] G HLP46
-40° -25° -10°0° 10° 30° 50° 70° 90° 115° "HEDR
Temperature t [°C]
Typical viscosity data [mm2/s] Detailed V-T diagrams may .b.e obtained from your lubricant
o °c °c manufacturer for their specific products. Descriptions of the
at temperature 0°C 40 100 individual classifications can be found in chapter 3.2 and in
HFDR 2500 43 5,3 Table 4.
HFDU (ester base) 330 46 9,2
HFDU (glycol base) 350 46 8,7
For comparison HLP
(see RE 90220) 610 46 7
For comparison HFC
(see RE 90223) 280 46
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3.1.2 Viscosity-temperature behavior

For hydraulic fluids, the viscosity temperature behavior (V-T
behavior) is of particular importance. Viscosity is characterized
in that it drops when the temperature increases and rises when
the temperature drops. The interrelation between viscosity and
temperature is described by the viscosity index (VI).

For cold testing over a period of several days, the viscosity

of ester-based HFDU can increase greatly. After heating,

the characteristic values as specified on the data sheet are
restored. Please ask your lubricant manufacturer for the "Flow
capacity after seven days at low temperature" (ASTM D 2532)
for the fluid classification ester-based HFDU .

HFDU fluid based on ester and glycol have better viscosity/
temperature characteristics than mineral oil HLP (see Fig. 1).
This should be taken into consideration when selecting
hydraulic fluid for the required temperature range. The viscosity
and temperature limits required in the product data sheets are
to be observed in all operating conditions.

Note

For ambient temperatures below 0 °C, fire-resistant, water-
containing hydraulic fluids of classification HFC are to be
preferred because they observe the component-related
viscosity ranges and because the have better pour points
(see RE 90223).

3.1.3 Wear protection capability

Wear protection capability describes the property of hydraulic
fluids to prevent or minimize wear within the components. The
wear protection capability is described in ISO 12922 via test

procedures"FZG gear test rig" (ISO 14635-1) and "Mechani-

cal test in the vane pump" (ISO 20763). The wear protection

capability of water-free, fire-resistant hydraulic fluids in relation
to the two test procedures is comparable to that of mineral oil
HLP/HVLP.

3.1.4 Material compatibility

The hydraulic fluid must not negatively affect the materials
used in the components. Compatibility with coatings, seals,
hoses, metals and plastics is to be observed in particular. The
fluid classifications specified in the respective component data
sheets are tested by the manufacturer with regard to material
compatibility. Parts and components not supplied by us are to
be checked by the user.
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Table 2: Known material incompatibilities
Classification

HFD in
general

Incompatible with:

Seals, plastics and coatings of control cabi-
nets, outer coatings of hydraulic components
and accessory components (connectors,
wiring harnesses, control cabinets) are to be
tested for stability.

Note: hydraulic fluid vapors can also lead to
incompatibility!

HFDR Individual component color coating, lead, gal-
vanic zinc-plating, in part non-ferrous metals
with zinc, tin and aluminum in a tribological
system. Sealing elements made of NBR. In
some cases, the latter show major increases
in volume when impermissibly aged hydraulic
fluids come into contact with the material. Do
not use any hydrolysis/susceptible polyure-

thane qualities.

HFDU based
on ester

Single-component color coatings, lead,
galvanized zinc coatings, in part non-ferrous
metals with zinc, tin, seals made of NBR. In
some cases, the latter show major increases
in volume when impermissibly aged hydraulic
fluids come into contact with the material. Do
not use any hydrolysis/susceptible polyure-
thane qualities.

HFDU based
on glycol

Single-component color coatings, steel/alu-

minum tribocontacts, paper filters, polymeth-
ylmethacrylate (PMMA). The compatibility of
NBR is to be examined for individual case.

The material incompatibilities mentioned here do not automati-
cally result in function problems. However the elements of

the materials are found in the hydraulic fluids after use. The
material incompatibilities described here may lead to acceler-
ated aging of the hydraulic fluid and to reduced fire resistance.

3.1.5 Aging resistance

The way a water-free, fire-resistant hydraulic fluid ages de-
pends on the thermal, chemical and mechanical stress to which
it is subjected. The influence of water, air, temperature and
contamination may be significantly greater than for mineral oils
HLP/HVLP. Aging resistance can be greatly influenced by the
chemical composition of the hydraulic fluids.

High fluid temperatures (e.g. over 80 °C) result in a approxi-
mate halving of the fluid service life for every 10 °C temperature
increase and should therefore by avoided. The halving of the
fluid service life results from the application of the Arrhenius
equation (see Glossary).

Table 3: Reference values for temperature-dependent
aging of the hydraulic fluid

Reservoir temperature Fluid life cycle
80 °C 100 %

90 °C 50 %

100 °C 25 %
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A modified aging test (ISO 4263-3 or ASTM D943 — without
the addition of water) is specified for fluid classification

HFDU. Fluid classification HFDR is described with a special
procedure with respect to oxidation stability (EN 14832) and
oxidation service life (ISO 4263-3). The calculated fluid service
life is derived from the results of tests in which the long-term
characteristics are simulated in a short period of time by
applying more arduous conditions (condensed testing). This
calculated fluid service life is not to be equated to the fluid
service life in real-life applications.

Table 3 is a practical indicator for hydraulic fluids with water
content < 0.1%, cf. chapter 4.10. "Water".

3.1.6 Environmentally acceptable

HFDU fluids based on ester and glycol are hydraulic fluids
which may also be classified as environmentally acceptable.
The main criteria for fire-resistant, water-free hydraulic fluids
are the leak-free, technically problem-free use and the neces-
sary fire resistance. Environmentally acceptable is merely a
supplementary criterion. Notes on environmentally compatible
hydraulic fluids can be found in RE 90221.

3.1.7 Air separation ability (ASA)

The air separation ability (ASA) describes the property of a
hydraulic fluid to separate undissolved air. Hydraulic fluids
always contain dissolved air. During operation, dissolved air
may be transformed into undissolved air, leading to cavitation
damages. Fluid classification, fluid product, reservoir size and
design must be coordinated to take into account the dwell
time and ASA value of the hydraulic fluid. The air separation
capacity depends on the viscosity, temperature, basic fluid and
aging. It cannot be improved by additives.

According to ISO 12922 for instance, an ASA value < 15 min-
utes is required for viscosity class ISO VG 486, practical values
on delivery are < 10 minutes, lower values are preferable.

3.1.8 Demulsifying ability and water solubility

The capacity of a hydraulic fluid to separate water at a defined
temperature is known as the demulsifying ability. ISO 6614
defines the demulsifying properties of hydraulic fluids.

The fluid classifications HFDU based on ester and HFDR
separate water, but HFD hydraulic fluids have a different

water separation ability to mineral oil HLP/HVLP. At 20 °C, in
comparison to mineral oil HLP/HVLP, a multiple (> factor 3) of
water can separate in the hydraulic fluid. Water solubility is also
more temperature-dependent than for mineral oils. The fluid
classification HFDU based on glycol usually dissolves water
completely, see chapter "4.10 Water".
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3.1.9 Filterability

Filterability describes the ability of a hydraulic fluid to pass
through a filter, removing solid contaminants. The hydraulic
fluids used require a good filterability, not just when new, but
also during the whole of their service life. This can differ greatly
depending on the different basic fluids (glycols, esters) and
additives (VI enhancers, anti-fogging additives).

The filterability is a basic prerequisite for cleanliness, servicing
and filtration of hydraulic fluids. Rexroth therefore requires the
same degree of filterability of water-free, fire-resistant hydraulic
fluids as for mineral oils HLP/HVLP to DIN 51524.

As ISO 12922 does not comment on the filterability of hydrau-
lic fluids, filterability comparable to that of mineral oils HLP/
HVLP must be requested of lubricant manufacturers.

Filterability is tested with the new hydraulic fluid and after the
addition of 0.2 % water. The underlying standard (ISO 13357-
1/-2) stipulates that filterability must have no negative effects
on the filters or the hydraulic fluid, see chapter 4 "Hydraulic
fluids in operation".

31.10 Corrosion protection

Hydraulic fluids should not just prevent corrosion formation
on steel components, they must also be compatible with
non-ferrous metals and alloys. Corrosion protection tests on
different metals and metal alloys are described in ISO 12922.

Rexroth components are usually tested with HLP hydraulic
fluids or corrosion protection oils based on mineral oils before
they are delivered.

31.11 Additivation

The properties described above can be modified with the help
of suitable additives.

Bosch Rexroth does not prescribe any specific additive
system.
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3.2 Classification and fields of application

Table 4: Classification and fields of application
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Classification Features Typlcal'flel'd Notes
of application
HFDU Base fluid: Mobile systems with | For information on approved components, please refer to the
(glycol-based) Glycols high thermal loading | respective product data sheet. For components which have
according to ISO not been approved according to the product data sheet,
12922 please consult your Bosch Rexroth sales partner.
Density at 15 °C: — Very good viscosity/temperature characteristics, shear
typically stability
> 0.97 kg/dm3 . .
0.97 kg/dm - Resistant to aging
Vi-typical > 170 — Can be water-soluble
— Can be mixed with water
The classification —V d tecti i
"HFDU" is no longer ery good wear protection properties
listed in the current — A higher implementation temperature with the same viscos-
standard sheet ity in comparison to mineral oil is to be expected
VDMA 24317 — Due to the higher density in comparison to HLP, lower
suction pressures are to be anticipated for pumps. Reduce
the maximum speed as required and optimize suction
conditions.

— Prior to commissioning, contact the lubricant manufacturer,
as the components are tested with mineral oil HLP/corro-
sion protection oil.

— Incompatible with mineral oil (exceptions must be con-
firmed by the lubricant manufacturer).

HFDU (ester-based) | Base fluid: Suitable for most For information on approved components, please refer to the

according to
ISO 12922

Density at 15 °C:
typically 0.90-0.93
kg/dms3

VI: typical > 160
lodine count <90

The classification
"HFDU" is no longer
listed in the current
standard sheet
VDMA 24317.

Ester based on
regenerative raw
materials, synthetic
ester and mixtures
of different esters

Because of the fire
resistance, HFDU
hydraulic fluids
based on ester are
usually partially
saturated esters

fields of application
and components.

respective product data sheet. For components which have
not been approved according to the product data sheet,
please consult your Bosch Rexroth sales partner.

— Preferred use of FKM seals. Please enquire about shaft
seal rings and implementation temperatures under =15 °C.

— Note shear stability (see chapter 4.11 "Fluid servicing, fluid
analysis and filtration" and chapter 6 "Glossary")

— Fire resistance is not stable over time

— In operation, a higher temperature in comparison to mineral
oil HLP/HVLP is to be expected given identical design
and viscosity. Please check ATEX approvals for hydraulic
components.

— Limit the lower (see chapter 3.1.2) and upper implementa-
tion temperatures (see chapter 3.1.5)

— Good viscosity-temperature behavior

— Usually classified as insignificantly water-endangering
(water hazard class WGK 1)

- High dirt dissolving capacity on fluid changeovers

— In unfavorable operating conditions (high water content,
high temperature), HFDU on ester basis have a tendency
to hydrolysis. The acidic organic decomposition products
can chemically attack materials and components.
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Classification

HFDR
according to ISO
12922

Density at 15 °C:
typically 1.1 kg/dm?3

VI : typical 140-160

Bosch Rexroth AG

Features

Base fluid: phos-
phoric acid ester

Typical field
of application
Turbine control
systems

Fire-resistant, water-free hydraulic fluids | RE 90222/05.12

Notes

For information on approved components, please refer to the
respective product data sheet. For components which have
not been approved according to the product data sheet,
please consult your Bosch Rexroth sales partner.

— Classified as hazardous materials
(for transportation and storage)

— Hazardous working material
— Water-endangering (Water hazard class 2 - WGK2)
— Develops toxic vapors in case of fire

— Preferred use of FKM, and possibly PTFE seals. Please
enquire for shaft seal rings and implementation tempera-
tures under —15 °C.

— In operation, a higher temperature in comparison to mineral
oil HLP/HVLP is to be expected given identical design and
viscosity

— Phosphoric acid esters display a tendency to hydrolysis
when they come into contact with moisture. Under the
influence of water/moisture, they become unstable or form
highly aggressive, acidic components which could damage
the hydraulic fluid and component beyond repair.

— Poor viscosity/temperature characteristics

— Due to the higher density in comparison to HLP, lower
suction pressures are to be anticipated for pumps. Reduce
the maximum speed as required and optimize suction
conditions.

— In unfavorable operating conditions (high water content,
high temperature), HFDR have a tendency to hydrolysis.
The acidic inorganic decomposition products chemically
attack materials and components.

HFDU (continued)

Based on triglycer-
ides, mineral oils or
related hydrocarbons

Not recommended
for Rexroth compo-
nents!

Hydraulic fluids based on polyalphaolefines are not recom-
mended on account of their poor fire resistance. This clas-
sification can usually be identified from: density < 0.89;
VI< 140 to 160

Hydraulic fluids based on triglycerides are not recommended
on account of their aging resistance. This classification can
usually be identified from: density > 0.92; VI > 190; iodine
count > 90

Consult your lubricant manufacturer or your Bosch Rexroth
sales partner if the classification of a hydraulic fluid is not
clear.

HFDS
HFDT

Based on haloge-
nated hydrocarbons
or mixtures with
halogenated
hydrocarbons

Not approved for
Rexroth compo-
nents!

HFDS and HFDT have not been permitted to be manufac-
tured or used since 1989 for environmental reasons.
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4 Hydraulic fluids in operation

41 General

The properties of hydraulic fluids can change continually during
storage and operation.

Please note that the fluid standard ISO 12922 merely
describes minimum requirements for hydraulic fluids in new
condition at the time of filling into the bins. The operator of a
hydraulic system must ensure that the hydraulic fluid remains
in a utilizable condition throughout its entire period of use.

Deviations from the characteristic values are to be clarified with
the lubricant manufacturer, the test labs or Bosch Rexroth.

Bosch Rexroth will accept no liability for damage to its compo-
nents within the framework of the applicable liability legislation
insofar as the latter is due to non-observance of the following
instructions.

Please note the following aspects in operation.

4.2 Storage and handling

Hydraulic fluids must be stored correctly in accordance with
the instructions of the lubricant manufacturer. Avoid exposing
the containers to lengthy periods of direct heat. Containers
are to be stored in such a way that the risk of any foreign liquid
or solid matter (e.g. water, foreign fluids or dust) ingression
into the inside of the container can be ruled out. After taking
hydraulic fluids from the containers, these are immediately to
be properly resealed.

Recommendation:
— Store containers in a dry, roofed place
— Store barrels on their sides

— Clean reservoir systems and machine reservoirs regularly

4.3 Filling of new systems

Usually, the cleanliness levels of the hydraulic fluids as delivered
do not meet the requirements of our components. Hydraulic fluids
must be filtered using an appropriate filter system to minimize solid
particle contamination and water in the system.

As early as possible during test operation, new systems should
be filled with the selected hydraulic fluid so as to reduce the
risk of accidentally mixing fluids (see chapter 4.5 "Mixing and
compatibility of different hydraulic fluids"). Changing the hy-
draulic medium at a later point represents significant additional
costs (see following chapter).

4.4 Hydraulic fluid changeover

Problems may be encountered in particular when changing
over from water-containing, fire-resistant hydraulic fluid or
mineral oils to water-free, fire-resistant hydraulic fluids (e.g.
incompatibilities in the form of gelling, silting, stable foam,
reduced filterability or filter blockage). This may also happen
when changing products within the same classification.

In the case of changeovers of the fluid in hydraulic systems, it
is important to ensure compatibility of the new hydraulic fluid
with the remains of the previous hydraulic fluid. Bosch Rexroth
recommends obtaining verification of compatibility from the
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manufacturer or supplier of the new hydraulic fluid. The quantity
of old fluid remaining should be minimized. Mixing hydraulic
fluids should be avoided, see following chapter.

Information about changing to a hydraulic fluid of a different
classification can be found, for example, in VDMA 24314 and
in ISO 7745. In addition, the information given in chapter 3.1.4
"Material compatibility" is also to be observed.

Bosch Rexroth will not accept liability for any damage to its com-
ponents resulting from inadequate hydraulic fluid changeovers!

4.5 Mixing and compatibility of different
hydraulic fluids

If hydraulic fluids from different manufacturers or different
types from the same manufacturer are mixed, gelling, silting
and deposits may occur. These, in turn, may cause foaming,
impaired air separation ability, malfunctions and damage to the
hydraulic system.

If the fluid contains more than 2 % of another fluid then it is
considered to be a mixture. Exceptions apply for water, see
chapter 4.10 "Water".

Mixing with other hydraulic fluids is not generally permitted.
This includes hydraulic fluids with the same classification. If
individual lubricant manufacturers advertise miscibility and/or
compatibility, this is entirely the responsibility of the lubricant
manufacturer.

Bosch Rexroth customarily tests all components with mineral
oil HLP before they are delivered.

Note: With connectible accessory units and mobile filtering
systems, there is a considerable risk of non-permitted mixing
of the hydraulic fluids!

Rexroth will not accept liability for any damage to its compo-
nents resulting from mixing hydraulic fluids!

4.6 Re-additivation

Additives added at a later point in time such as colors, wear
reducers, VI enhancers or anti-foam additives, may negatively
affect the performance properties of the hydraulic fluid and
the compatibility with our components and therefore are not
permissible.

Rexroth will not accept liability for any damage to its compo-
nents resulting from re-additivation!

4.7 Foaming behavior

Foam is created by rising air bubbles at the surface of hydraulic
fluids in the reservoir. Foam that develops should collapse as
quickly as possible.

Common hydraulic fluids in accordance with ISO 12922 are
sufficiently inhibited against foam formation in new condi-
tion. On account of aging and adsorption onto surfaces, the
defoamer concentration may decrease over time, leading to a
stable foam.

Defoamers may be re-dosed only after consultation with the
lubricant manufacturer and with his written approval.

Defoamers may affect the air separation ability.
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4.8 Corrosion

The hydraulic fluid is to guarantee sufficient corrosion protec-
tion of components under all operating conditions, even in the
event of impermissible water contamination.

Water-free, fire-resistant hydraulic fluids are tested for cor-
rosion protection in the same way as mineral oil HLP/HVLP.
When used in practice other corrosion mechanisms are
revealed in detail and in individual cases, for the most part in
contact with non-ferrous and white alloys.

4.9 Air

Under atmospheric conditions the hydraulic fluid contains
dissolved air. In the negative pressure range, for instance in
the suction pipe of the pump or downstream of control edges,
this dissolved air may transform into undissolved air. The
undissolved air content represents a risk of cavitation and of
the diesel effect. This results in material erosion of components
and increased hydraulic fluid aging.

With the correct measures, such as suction pipe and reservoir
design, and an appropriate hydraulic fluid, air intake and
separation can be positively influenced.

See also chapter 3.1.7 "Air separation ability (ASA)”.

410 Water

Water contamination in hydraulic fluids can result from direct
ingress or indirectly through condensation of water from the air
due to temperature variations.

HFDU hydraulic fluids on glycol basis are water-soluble or
can be mixed with water. This means that any water that has
ingressed into the system cannot be drained off in the sump
of the reservoir.

In the case of HDFU hydraulic fluids on ester basis, undis-
solved water can be drained off from the reservoir sump, the
remaining water content is however too high to ensure that the
maximum permissible water limit values are observed in the
long term.

With the fluid classification HFDR, the greater density of the
ester means that the any water that has ingressed will be on
the surface of the hydraulic fluid. This means that any water
that has ingressed into the system cannot be drained off in the
sump of the reservoir.

Water in the hydraulic fluid can result in wear or direct failure

of hydraulic components. Furthermore, a high water content in
the hydraulic fluid negatively affects aging and filterability and
increases susceptibility to cavitation. During operation, the water
content in all hydraulic fluids, determined according to the "Karl
Fischer method" (see chapter 6 "Glossary") for all water-free,
fire-resistant hydraulic fluids must constantly be kept below 0.1%
(1000 ppm). To ensure a long service life of both hydraulic fluids
and components, Bosch Rexroth recommends that values below
0.05% (500 ppm) are permanently maintained.

Due to the higher water solubility in comparison to mineral oil
HLP/HVLP it is urgently advised that precautions be taken
when using water-free, fire-resistant hydraulic fluids, such as a
dehumidifier on the reservoir ventilation.
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Water content has an affect particularly in the case of HEDU
hydraulic fluid on ester basis and HFDR in that it accelerates
aging (hydrolysis) of the hydraulic fluid and biological degra-
dation, see chapter 4.11 "Fluid servicing, fluid analysis and
filtration".

411 Fluid servicing, fluid analysis and filtration

Air, water, operating temperature influences and solid matter
contamination will change the performance characteristics of
hydraulic fluids and cause them to age.

To preserve the usage properties and ensure a long service life
for hydraulic fluid and components, the monitoring of the fluid
condition and a filtration adapted to the application require-
ments (draining and degassing if required) are indispensable.

The effort is higher in the case of unfavorable usage conditions,
increased stress for the hydraulic system or high expectations
as to availability and service life, see chapter 2 "Solid particle
contamination and cleanliness levels".

When commissioning a system, please note that the required
minimum cleanliness level can frequently be attained only by
flushing the system. Due to severe start-up contamination, it
may be possible that a fluid and/or filter replacement becomes
necessary after a short operating period (< 50 operating
hours).

The hydraulic fluid must be replaced at regular intervals and
tested by the lubricant manufacturer or recognized accredited
test labs. We recommend a reference analysis after com-
missioning.

The minimum data to be tested for analyses are:
— Viscosity at 40 °C and 100 °C

— Neutralization number NN (acid number AN)
— Water content (Karl-Fischer method)

— Particle measurement with evaluation according to
ISO 4406 or mass of solid foreign substances with
evaluation to EN 12662

— Element analysis (RFA (EDX) / ICP, specify test method)
— Comparison with new product or available trend analyses
— Assessment / evaluation for further use

— Also recommended: IR spectrum

No differences are needed in the maintenance and care of
water-free, fire-resistant hydraulic fluids with the appropriate
suitability parameters compared to HLP/HVLP mineral oils.
Attention is however drawn to the note in chapter 1.3.

After changing over hydraulic fluids it is recommended that the
filters be replaced again after 50 operating hours as fluid aging
products may have detached themselves ("self-cleaning effect").

Compared to the pure unused hydraulic fluid the changed
neutralization number NN (acid number AN) indicates how
many aging products are contained in the hydraulic fluid.

This difference must be kept as small as possible. The lubricant
manufacturer should be contacted as soon as the trend
analysis notes a significant increase in values.
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A higher viscosity than that of new materials indicates that the
hydraulic fluid has aged. Evaluation by the test lab or lubricant
manufacturers is however authoritative, whose recommenda-
tion should be urgently observed.

On systems where the possibility of water contamination
cannot be completely ruled out (also condensation), it should
be ensured via the hydraulic system circuit that fluid aging
products are not accumulating in individual areas of the
hydraulic system, but are being removed from the system in
a controlled manner via the filtration system. This should be
ensured via suitable hydraulic circuits (e.g. flushing circuit) or
system manufacturer's operating instructions/specifications.

In case of warranty, liability or guarantee claims to Bosch
Rexroth, service verification and/or the results of fluid analyses
are to be provided.
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5 Disposal and environmental
protection

All water-free, fire-resistant hydraulic fluids, are, like mineral oil-
based hydraulic fluids, subject to special disposal obligations.

The respective lubricant manufacturers provide specifications
on environmentally acceptable handling and storage. Please
ensure that spilt or splashed fluids are absorbed with appropri-
ate adsorbents or by a technique that prevents it contaminating
water courses, the ground or sewerage systems.

It is also not permitted to mix fluids when disposing of hydraulic
fluids. Regulations governing the handing of used oils stipulate
that used oils are not to mixed with other products, e.g.
substances containing halogen. Non-compliance will increase
disposal costs. Comply with the national legal provisions
concerning the disposal of the corresponding hydraulic

fluid. Comply with the local safety data sheet of the lubricant
manufacturer for the country concerned.
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6 Glossary

Additivation
Additives are chemical substances added to the basic fluids to
achieve or improve specific properties.

Aging

Hydraulic fluids age due to oxidation (see chapter 3.1.5 "Aging
resistance"). Liquid and solid contamination acts as a catalyzer
for aging, meaning that it needs to be minimized as far as
possible by careful filtration. Please refer to Hydrolysis.

Arrhenius equation

The quantitative relation between reaction rate and temperature
is described by an exponential function, the Arrhenius equation.
This function is usually visualized within the typical temperature
range of the hydraulic system. For a practical example, see
chapter 3.1.5 "Aging resistance”.

Basic fluids

In general, a hydraulic fluid is made up of a basic fluid,

or base oil, and chemical substances, the so-called additives.
The proportion of basic fluid is generally greater than 90%.

Diesel effect

If hydraulic fluid that contains air bubbles is compressed
quickly, the bubbles are heated to such a degree that a self-
ignition of the air-gas mix may occur. The resultant temperature
increase may lead to seal damage and increased aging of the
hydraulic fluid.

Partially saturated esters

In contrast to saturated esters, partially saturated esters have
double/multiple bonds between C atoms. Rexroth defines
partially saturated esters as unsaturated bonds and mixtures
of esters with unsaturated and saturated bonds. Esters with
unsaturated bonds are produced on the basis of renewable
raw materials.

Depending on their number and position, these unsaturated
bonds between the C atoms are instable. These bonds can
detach themselves and form new bonds, thus changing the
properties of those liquids (an aging mechanism). Attention
is however drawn to the note in chapter 1.3.

Hydrolysis
Hydrolysis is the splitting of a chemical bond through the
reaction with water under the influence of temperature.

ICP (atomic emission spectroscopy)

The ICP procedure can be used to determine various wear
metals, contamination types and additives. Practically all
elements in the periodic system can be detected with this
method.

lodine count

The iodine count is a yardstick for the quantity of single and
multiple unsaturated bonds between C atoms in the basic fluid.
A low iodine count indicates that the hydraulic fluid contains
few unsaturated bonds and is thus considerably more resistant
to aging than a hydraulic fluid with a high iodine count. A
statement about the position at which these multiple bonds are
located and about how "stable" they are against influencing
factors cannot be derived simply by stating the iodine count.
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Karl Fischer method

Method to determine the water content in fluids. Indirect
coulometric determination procedure in accordance with DIN
EN ISO 12937 in connection with DIN 51777-2. Only the
combination of both standards will assure adequately accurate
measured values. For hydraulic fluids based on glycol, DIN EN
ISO 12937 is to be applied in conjunction with DIN 51777-1.

Cavitation

Cavitation is the creation of cavities in fluids due to pressure
reduction below the saturated vapour pressure and subse-
quent implosion when the pressure increases. When the
cavities implode, extremely high acceleration, temperatures
and pressure may occur temporarily, which may damage the
component surfaces.

Neutralization number (NN)

The neutralization number (NN) or acid number (AN) specifies
the amount of caustic potash required to neutralize the acid
contained in one gram of fluid.

Pour point

The lowest temperature at which the fluid still just flows when
cooled down under set conditions. The pour point is specified
in the lubricant manufacturers' technical data sheets as a
reference value for achieving this flow limit.

RFA (wavelength dispersive x-ray fluorescence analysis)
Is a procedure to determine nearly all elements in liquid and
solid samples with nearly any composition. This analysis
method is suitable for examining additives and contamination,
delivering fast results.

Shearing/shear loss

Shearing of molecule chains during operation can change

the viscosity of hydraulic fluids with long chain VI enhancers
and anti-fogging additives. The initially high viscosity index
drops. This needs to be taken into account when selecting the
hydraulic fluid.

The only value at present that can be used to assess viscosity
changes in operation is the result of the test in accordance
with DIN 51350 part -6. Please note that there are practical
applications that create a much higher shear load on such
hydraulic fluids than can be achieved by this test.

Viscosity

Viscosity is the measure of the internal friction of a fluid to
flow. It is defined as the property of a substance to flow under
tension. Viscosity is the most important characteristic for
describing the load-bearing capacity of a hydraulic fluid.

Kinematic viscosity is the ratio of the dynamic viscosity and the
density of the fluid; the unit is mm2/s. Hydraulic fluids are clas-
sified by their kinematic viscosity into ISO viscosity classes.
The reference temperature for this is 40 °C.

Viscosity index (VI)

Refers to the viscosity temperature behavior of a fluid. The
lower the change of viscosity in relation the temperature, the
higher the VI.
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© This document, as well as the data, specifications and other information
set forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
reproduced or given to third parties without its consent.

The data specified above only serve to describe the product. No statements
concerning a certain condition or suitability for a certain application can be
derived from our information. The information given does not release the user
from the obligation of own judgment and verification.

It must be remembered that our products are subject to a natural process of
wear and aging.

Subject to change.
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1 Basic information

1.1 General instructions

Hydraulic fluid is the common element in any hydraulic
system and must be selected very carefully. Quality and
cleanliness of the hydraulic fluid are decisive factors for the
operational reliability, efficiency, and life cycle of the system.
Hydraulic fluids must conform, be selected and used in
accordance with the generally acknowledged rules of tech-
nology and safety provisions. Reference is made to the
country-specific standards and directives (in Germany the
directive of the Employer's Liability Insurance Association
BGR 137).

This document includes recommendations and regulations
concerning the selection, operation, and disposal of water-
containing, fire-resistant hydraulic fluids in the application
of Rexroth hydraulic components.

The individual selection of hydraulic fluid or the choice of
classification are the responsibility of the operator.

It is also the responsibility of the operator to ensure that
appropriate measures are taken for safety and health pro-
tection and to ensure compliance with statutory regula-
tions. The recommendations of the lubricant manufacturer
and the specifications given in the safety data sheet are to
be observed when using hydraulic fluid.

This document does not release the operator from verifying
the conformity and suitability of the respective hydraulic
fluid for his system. The operator of a hydraulic system
must ensure that the hydraulic fluid remains fit for purpose
throughout its entire period of use.

The currently valid standard for fire-resistant hydraulic

fluids is ISO 12922. In addition, even more detailed docu-

ments, guidelines, specifications, and laws (the observance
of which the operator shall also be responsible) may be
valid. This includes, for instance:

a. 90235 - Assessment of hydraulic fluids used in Rexroth
hydraulic components (pumps and motors)

b. 7th Luxembourg Report: Luxembourg, April 1994 - Doc.
No. 4746/10/91 EN “Requirements and tests applicable
to fire-resistant hydraulic fluids used for power trans-
mission and control (hydrostatic and hydrokinetic)”

c. VDMA 24314 (1981-11): “Change of pressure liquids —
Directives”

d. VDMA 24317 (2005-11): “Fire-resistant hydraulic fluids -
Minimum technical requirements”

m.
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FM Approval Standard 6930 (2009-04): “Flammability
Classification of Industrial Fluids” (only available in
English)

DIN Technical Report CEN/TR 14489 (2006-01):
“Selection guidelines for protecting safety, health,

and the environment”

BGR 137 - Handling hydraulic fluids (1997-04): German
trade association rules health and safety at work.

DIN 24320: “Fire-resistant fluids - Hydraulic fluids of
categories HFAE and HFAS - Characteristics and
requirements”

List of hydraulic fluids in the set of regulations for

the mining sector (coal mining): http://www.
bezregarnsberg.nrw.de/themen/s/schwerentflammbare_
hydraulikfluessigkeiten/index.php

RAG N 762010 (2012-10): “Fire-resistant hydraulic
fluids HFC-E, requirements”

RAG N 762011 (2012-09): “Requirements on synthetic,
fire-resistant hydraulic fluids (HFA-S and synthetic
emulsions)”

Ordinance for all mining sectors - ABBergV (1995-10):
General Federal Mining Ordinance

Occupational Health and Safety Ordinance for Mines
(GesBergV) (1991-07): Mining ordinance for the health
protection of mineworkers

We recommend that you maintain constant, close contact
with lubricant manufacturers to support you in the selec-
tion, maintenance, care, and analyses.

When disposing of used hydraulic fluids, apply the same
care as during use.

RE 90223/01.2015 Bosch Rexroth AG
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Basic information

1.2 Fire resistance
There is no clear legal definition of fire-resistant hydraulic
fluids. There are great differences regarding fire resistance.
Selection is the sole responsibility of the system operator
with respect to requirements (application, construction and
design of the system, hottest ignition source in the system,
required fire protection).
The most important task in determining the fire resistance
of hydraulic fluids is to find a test method that reproduces
the situation occurring in a specific application. Different
test methods are used to assess the fire resistance accord-
ing to ISO 12922:
» Spray ignition characteristics according to ISO 15029-1
(Spray flame persistence — Hollow-cone nozzle method)
» Spray ignition characteristics according to ISO 15029-2
(Stabilized flame heat release method) Flammability
index (RI))
» Wick flame persistence of fluids according to ISO 14935
(average flame persistence)
» Flammability on hot surfaces according to ISO 20823
(ignition temperature, spread of flame)
The required minimum values for the ignition tempera-
ture differ according to ISO 12922:
HFB: 650 °C, HFC: 600 °C, HFDU: 400 °C, HFDR: 700 °C
In general, fire-resistant hydraulic fluids are distinguished
between fire-resistant, water-free, and fire-resistant, water-
containing hydraulic fluids. The fire-resistant, water-free
hydraulic fluids are described in Document 90222.
Fire resistant, water-containing hydraulic fluids are normally
understood as hydraulic fluids with a proportion greater
than 35% by mass of water (according to ISO 12922).
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Information

» Only fire-resistant, water-containing hydraulic fluids
can currently receive approval from the mining authori-
ties for use in coal mining below ground.

» In contrast to water-free fluids, all fire-resistant, water-
containing hydraulic fluids do not have a flash point or
combustion point.

» The test conditions for determining the flammability on
hot surfaces vary significantly within ISO 12922
between fire-resistant, water-free and fire-resistant,
water-containing hydraulic fluids (e.g. different testing
temperatures).

» Just as much care should be taken when working with
fire-resistant hydraulic fluids as with other hydraulic
fluids, e.g. mineral oils. Leakage in the hydraulic sys-
tem must be prevented. The best and most cost-effec-
tive protection against fire and explosion is to prevent
leakage with meticulous servicing, and maintenance
and care of the hydraulic system.

» |If possible, the system should be designed such that
fires and explosions cannot arise.

1.3 Scope

This document must be applied when using fire-resistant,
water-containing hydraulic fluids in Bosch Rexroth hydraulic
components. Please note that the specifications in this
document may be further defined by the data sheets for the
individual components.

The use of the individual fire-resistant, water-containing
hydraulic fluids according to the intended purpose can be
found in the safety data sheets or other product description
documents of the lubricant manufacturers.

Rexroth hydraulic components may only be operated with
fire-resistant, water-containing hydraulic fluids according
to ISO 12922 if this is specified in the respective
component data sheet or if a Rexroth approval for use is
furnished.

The manufacturers of hydraulic systems must adjust their
systems and operating instructions to the fire-resistant,
water-containing hydraulic fluids.

Bosch Rexroth will accept no liability for its components
for any damage resulting from failure to comply with the
notes below.



1.4 Safety instructions

Hydraulic fluids can constitute a risk for persons and the
environment. These risks are described in the hydraulic
fluid safety data sheets. The operator is to ensure that a
current safety data sheet for the hydraulic fluid used is
available and that the measures stipulated therein are
complied with.

See also sub-paragraphs 1.1 b., f., g.,j., k., and .

2 Solid particle contamination and cleanliness
levels

Solid particle contamination is the major reason for faults
occurring in hydraulic systems. It may lead to a number of
effects in the hydraulic system. Firstly, single large solid
particles may lead directly to a system malfunction, and
secondly small particles cause continuous elevated wear.
For fire-resistant, water-containing hydraulic fluids, the clean-
liness level is given as a three-digit numerical code in accor-
dance with I1ISO 4406. The determination of this is made
pursuant to the microscope method according to ISO 4407.
The automatic method cannot be applied for fire-resistant,
water-containing hydraulic fluids, since oil droplets could
be counted as particles, for instance. This numerical code
denotes the number of particles present in a hydraulic fluid
for a defined quantity. Only particles > 5 ym and > 15 ym
are counted here. The specification of the cleanliness level
according to ISO 4406 thus only relates to those two parti-
cle sizes; for example: “ISO 4406: - / 18 / 15”. The type of
measuring method applied must always be specified as well
when the cleanliness level is being determined.

ISO 4406 is generally preferred in hydraulics.

Moreover, foreign solid matter is not to exceed a mass of
50 mg/kg (gravimetric examination according to ISO 4405).

Fire-resistant hydraulic fluids - containing water 5
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In general, compliance with a minimum cleanliness level of
20/18/15 according to ISO 4406 or better is to be main-
tained during operation. Special servo valves require better
cleanliness levels of at least 18/16/13. An ordinal number
lower by one signifies one half of the number of particles,
and thus a higher level of cleanliness. Lower numbers in
cleanliness levels should always be striven for, and extend
the service life of hydraulic components. The component
with the highest cleanliness requirements determines the
required cleanliness for the overall system. Please also note
the information given in Table 1: “Cleanliness levels accord-
ing to ISO 4406” and in the respective data sheets for the
various hydraulic components.

As an option, SAE AS 4059 can be used instead of 1ISO 4406 if
particles above the size of 14 pm are going to be identified.
The specification of cleanliness levels using cumulative
particle counts is indicated by way of a letter/numerical
code, although usually the particle size with the highest
code is specified.

Hydraulic fluids frequently fail to meet the cleanliness
requirements on delivery (basic contamination in contain-
ers). Careful filtering is therefore required during operation
and, in particular, during filling in order to ensure the
required cleanliness levels in the system. Your lubricant
manufacturer can tell you the cleanliness levels of hydraulic
fluids as delivered. To maintain the required cleanliness
level over the operating period, it is recommended that a
tank breather filter be used.

Information

Note: the specifications of the lubricant manufacturer
relating to cleanliness levels are based on the time at
which the container concerned is filled and not on the
conditions during transport and storage.

Further information about solid matter contamination and
cleanliness levels can be found in the Bosch Rexroth oil
cleanliness booklet R999000239.

Filter inspections and tests can be ordered at Bosch
Rexroth as a service using the number R928037504 -
Filter inspection - (inspection of used filter cartridges).
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Table 1: Cleanliness levels according to 1ISO 4406 (determination according to ISO 4407)

Particles per 100 ml

Ordinal number

More than Up to and including
8,000,000 16,000,000 24
4,000,000 8,000,000 23 -/ 18/ 15
2,000,000 4,000,000 22 >5pum >15pm
1,000,000 2,000,000 21
500,000 1,000,000 20
250,000 500,000 19
130,000 250,000 18
64000 130,000 17
32000 64000 16
16000 32000 15
8000 16000 14
4000 8000 13
2000 4000 12
1000 2000 11
500 1000 10
250 500 9
130 250 8
64 130 7
32 64 6

3 Selection of the hydraulic fluid

Fire-resistant, water-containing hydraulic fluids for Bosch
Rexroth hydraulic components are assessed on the basis of
their fulfillment of the minimum requirements according to
ISO 12922.

Based on this, hydraulic fluids can be used that were

assessed by Bosch Rexroth according to 90235 (fluid rating).

3.1 Selection criteria for the hydraulic fluid

The specified limit values for all components employed in
the hydraulic system, for example required viscosities and
cleanliness levels, need to be complied with while observ-
ing the specified operating conditions with the hydraulic
fluid used. Please refer to the data sheet for the respective
Rexroth hydraulic component for the permissible viscosity
range, the required cleanliness levels, and the approved
operating data.

Hydraulic fluid suitability depends, among other things, on
the following factors:

3.1.1
Viscosity is a basic property of hydraulic fluids. The permis-
sible viscosity range of complete systems needs to be
determined taking account of the permissible viscosity of
all components, and it is to be observed for each individual

Viscosity

component.
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The viscosity at operating temperature determines the
response characteristics of closed control loops, stability
and damping of systems, the efficiency factor, and the
degree of wear.

We recommend that the optimum operating viscosity range
of each component be kept within the permissible tempera-
ture range.

If the viscosity of a hydraulic fluid used is above the permit-
ted operating viscosity, this will result in increased hydrau-
licc-mechanical losses. However, internal

leakage losses will be fewer. If the pressure level is lower,
lubrication gaps may not be filled up, which can lead to
increased wear. For hydraulic pumps, the permitted suction
pressure may not be reached, which could lead to cavita-
tion damage.

If the viscosity of a hydraulic fluid is below the permitted
operating viscosity, increased leakage, wear, susceptibility
to contamination, and a shorter life cycle in the compo-
nents will result.

Please ensure that the permissible temperature and viscos-
ity limits are observed for the respective components. This
usually requires either cooling or heating, or both.

The viscosity is influenced by the water content. If water
loss occurs during operation owing to temperatures

> +40 °C, then the viscosity will increase firstly (mainly in



open systems). If the viscosity drops when the water con-
tent is reduced or if it remains the same, then the polymers
in the water-glycol mixture are either damaged or sheared.

Fig. 1: Example v-T-diagram HFA, HFAS concentrated, HFC
compared to HFDR, HFDU (ester based) and HLP (reference values,
double-logarithmic presentation)
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Table 2: Examples of typical viscosity data [mm?/s] in different

hydraulic fluids

Temperature -20 °C 0°C 40°C 60°C 100°C
HFA -1 1.75 0.65 0.47 -2)
HFAS concentrated — -% 550 42 187 -2
HFC 1183 295 46 24.3 -2
compare HFDR (14250)¥ 956 43 17.1 (5)%
(see 90222)

compare HFDU 1195 310 50 26.5 10.4
(ester based)

(see 90222)

compare HLP (4034)% 547 46 20.8 (6.9)3

(see 90220)

1) Not applicable (see Pour point)

2) Not applicable (water loss in depressurized reservoir)
3) Observe permissible viscosity range for the respective hydraulic

component.
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3.1.2 Viscosity temperature behavior

In hydraulic fluids, it is primarily the viscosity temperature
behavior (v-T-behavior) that is of particular importance.

In hydraulic fluids, the viscosity is characterized in that it
drops when the temperature increases and rises when the
temperature drops. The interrelation between viscosity and
temperature is described by the viscosity index (VI).

HFC hydraulic fluids have a better viscosity temperature
behavior than HLP mineral oil.

In HFA hydraulic fluids, the dependency of the viscosity on
the temperature is negligible.

The differing viscosity temperature behavior needs to be
taken into consideration when selecting hydraulic fluid for
the required temperature range.

Owing to a high vapor pressure in comparison to a similar
HLP mineral oil, the maximum operating temperature when
working with fire-resistant, water-containing hydraulic fluids
must be limited. Reservoir temperatures above +50 °C must
be prevented in open systems, because they can lead to
serious water loss and accelerate the aging process in the
hydraulic fluid. Furthermore, in HFC hydraulic fluids, water
losses that are too high can lead to both an increase in
viscosity and to a reduction in the fire-resistant properties.

Information

» The minimum operating temperature for HFA hydraulic
fluids is +5 °C.

» HFC hydraulic fluids respond very well at low tempera-
tures and have a lower pour point when compared to
HLP mineral oils.

3.1.3 Wear protection capability

Wear protection capability describes the property of

hydraulic fluids to prevent or minimize wear within the

components.

This is described in 1ISO 12922 for HFC hydraulic fluids

using the following test methods:

» Mechanical testing in the vane pump (ISO 20763),
method B (reduced temperature and working pressure
when compared to HLP mineral oil)

» Testing in the four-ball apparatus (ISO 20623)

» Testing in the FZG test machine for mechanical stress in
the gears (ISO 14635-1), reduced test temperature when
compared with HLP mineral oil: in accordance with the
7th Luxembourg Report or ISO 12922 for HFB and HFC at
60 °C.

These test methods cannot be applied for HFA hydraulic

fluids.
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The test methods and test conditions for fire-resistant,
water-containing hydraulic fluids are not comparable to
those used for HLP/HVLP mineral oils. This is why the
operating data for Rexroth hydraulic components that were
optimized for HLP/HVLP mineral oils are (in part) limited.
To some extent, Rexroth hydraulic components specifically
developed for fire-resistant, water-containing hydraulic
fluids are available without the limitation of operating data
(e.g. in 92053, the A4VSO axial piston variable pump for
HFC hydraulic fluids).

3.1.4 Material compatibility

The hydraulic fluid must not negatively affect the materials
used in the components. Compatibility with coatings, seals,
hoses, metals, and plastics is to be observed in particular.
The fluid classifications specified in the respective compo-
nents data sheets are tested by the manufacturer with
regard to material compatibility. Parts and components not
supplied by us are to be checked by the user.

The material incompatibilities mentioned here do not auto-
matically result in function problems. However the ele-
ments of the materials are found in the hydraulic fluid after
use. Material incompatibilities may, where applicable, lead
to an accelerated aging process in the hydraulic fluid and to
increased wear and corrosion of the components.
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Table 3: Known incompatibilities of materials

Classification

Incompatible with

Water-containing HF... general

Seals/plastics/coatings

FKM elastomers are normally not resistant, NBR elastomers are recommended.

Seals, plastics, coatings (of control cabinets, too), outer coatings of hydraulic components, and
accessory components (connectors, wiring harnesses, control cabinets) are to be tested for
stability.

Note: hydraulic fluid vapors can also lead to incompatibility!

Coatings on the inside of the reservoir
Single component lacquer (e.g. zinc dust paint) is unstable; the use of stainless steel reservoirs
(rustproof steel) is recommended.

Zinc

Zinc and zinc coatings exhibit in the static immersion test only a minimal amount of change in
weight. If zinc (e.g. Zn die-cast housings for filters etc.) is attacked even to a minimal extent, then
voluminous reaction products are formed (e.g. zinc soaps) that may block the filters, solenoids
etc.

Aluminum

Aluminum alloys are not stable in all cases (risk of corrosion with cast aluminum). Above all, it is
the simpler properties that get attacked, especially if they come into contact with steel parts.
The electrochemical reaction with steel (potential difference

approx. 1.23 V) may cause a severe case of aluminum removal. Anodized aluminum is suitable for
static loading.

Aluminum wrought alloys offer improved stability.

Cadmium/magnesium
Cadmium and magnesium alloys are not compatible.

Lead

Pure lead is noticeably attacked already in the static compatibility test.
HFB Seals

Polyurethane (AU) not stable
HFC Seals

Polyurethane (AU) not stable

Tin and zinc

Tin and zinc should be avoided in systems using HFC hydraulic fluids.

Residual amounts of HLP mineral oils containing zinc and oils used for corrosion protection must
be avoided.
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3.1.5 Aging resistance

Fire-resistant, water-containing hydraulic fluids are less
subject to thermal load than HLP mineral oils, which is why
they are substantially less subject to aging.

In HFAE hydraulic fluids, microbial contamination can cause
undesirable aging in the hydraulic fluid. Fungal slime, cakes
of fungus, and yeasts can clog filters and lines.

3.1.6 Environmental compatibility

Fire-resistant, water-containing hydraulic fluids are hydrau-

lic fluids that can also be environmentally acceptable at the

same time. The main criterion for fire-resistant, water-con-

taining hydraulic fluids is the leak-free, technically problem-

free application with the necessary fire resistance. Environ-

mental compatibility is merely a supplementary criterion.

You can recognize the environmental compatibility in the

technical data sheet for the hydraulic fluid using the refer-

ence to:

» DIN Technical Report CEN/TR 14489

» BGR 137

» 7th Luxembourg Report, Part IV “assessment of health
hazards” and Part VI “assessment of environmental
compatibility”

» Occupational Health and Safety Ordinance for Mines
(GesBergV)

Please refer to the safety data sheet of the respective

hydraulic fluids for more information on environmental

compatibility.

Information on other environmentally acceptable hydraulic

fluids can be found (without reference to fire resistance) in

Document 90221.

3.1.7 Air separation ability (ASA)

The air separation ability (ASA) describes the property of a
hydraulic fluid to separate undissolved air. Hydraulic fluids
always contain dissolved air. During operation, dissolved air
may be transformed into undissolved air, leading to cavita-
tion damage.

Furthermore, the system behavior can differ due to the
higher proportion of undissolved air when compared with
HLP mineral oil. According to ISO 12922, a specific value
for the air separation ability is not required for the HFAE
and HFAS classifications.

The air separation ability for the HFC classification depends
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on the viscosity, the temperature, basic fluid, and aging. It
cannot be improved by additives.

Fluid classification, fluid product, reservoir size and design
must be coordinated to take into account the dwell time
and ASA value of the hydraulic fluid.

According to ISO 12922 for instance, an ASA value of

< 25 minutes is required for HFC in viscosity class

ISO VG 46, lower values are preferable.



3.2 Classification and fields of application

Table 4: Classification and fields of application
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Classification Features Typical field of Information

application
HFAE Oil-in-water Mine support, hydrostatic Approved for all components that allow “HFAE according to ISO 12922”
according to ISO 12922 emulsions drives, hydraulic strut in the product data sheet for hydraulic fluids.

extension below ground Observe limitations in the operating data for the respective components.
Density at 15 °C Viscosity at - Water-polluting (WGK 1 to 3)
typically 40 °C: - Reservoir temperature +5 °C to +50 °C
1.00 kg/dm? max. 5 mm?/s - Resistance to aging, see chapter 3.1.5

Normal water content
> 95% (m/m)

Appearance:
milky to translu-
cent emulsion

- Owing to the higher density by comparison to HLP, lower intake
pressures are to be expected in pumps and, where applicable, the
flow must be reduced and the intake conditions optimized (higher
cavitation tendency)

HFAS
according to ISO 12922

Density at 15 °C

typically
1.00 kg/dm?

Normal water content
>95% (m/m)

Chemical solu-
tions in water

Viscosity at 40 °C:
max. 5 mm?/s or
thickened variants
up to ISO VG 68

Appearance:
transparent

Mine support, foundry
technology, press hydrau-
lics (example: hydroform-
ing)

Approved for all components that allow “HFAS according to ISO 12922”

in the product data sheet for hydraulic fluids.

Observe limitations in the operating data for the respective compo-

nents.

- Mineral-oil free

- Water-polluting (WGK 1 to 2)

- Reservoir temperature +5 °C to +50 °C

- Owing to the higher density by comparison to HLP, lower intake
pressures are to be expected in pumps and, where applicable, the
flow must be reduced and the intake conditions optimized (higher
cavitation tendency)

HFB
according to ISO 12922

Density at 15 °C

Water-in-oil emul-
sions

Viscosity classes:

Mostly in coal mining be-
low ground, primarily in

the U.K.

(hydrostatic control sys-

Practical requirements are frequently not fulfilled by hydraulic fluids
in this classification. As a result of a high mineral oil content up to
60%, they do not meet the limit values for spray ignition characteris-
tics (fire resistance) prescribed in Germany. Observe limitations in

typically ISO VG 46 up tems and drives) the operating data for the respective components.
0.92 to 1.05 kg/dm? to 100 - Water-polluting (WGK 1 to 3)
- Reservoir temperature +5 °C to +50 °C

Normal water content - Owing to the higher density by comparison to HLP mineral oil,

> 40% (m/m) lower intake pressures are to be expected in pumps and, where
applicable, the flow must be reduced and the intake conditions op-
timized (higher cavitation tendency)

HFC Watery All application areas Approved for all components that allow “HFC according to ISO 12922”

according to ISO 12922
Density at 15 °C
typically

1.07 to 1.09 kg/dm?®
VI: typically > 150

Normal water content
> 35% (m/m)

polymer solutions

Viscosity classes:
ISO VG 22 up

to 68

Usually ISO VG 46

where water-free hydrau-
lic fluids are not permit-
ted due to the risk of fire.
For example:

The steel industry, coking
plants, foundries, harden-
ing plants, forming
presses, injection molding
and pressure die casting
machines, mining technol-
ogy (exception: salt min-
ing)

in the product data sheet for hydraulic fluids.

Observe limitations in the operating data for the respective compo-

nents.

- Categorized as non-/minimally water-polluting (NWG/WGK 1)

- Reservoir temperatures -20 °C to +50 °C

- Very good viscosity temperature behavior

- Owing to the higher density by comparison to HLP mineral oil,
lower intake pressures are to be expected in pumps and, where
applicable, the flow must be reduced and the intake conditions op-
timized (higher cavitation tendency).

- A reservoir with an inspection port above the fill level is recom-
mended in order to remove floating residual oil.

HFC-E
not standardized ac-
cording to ISO 12922

Density at 15 °C
typically

1.07 to 1.14 kg/dm?®
VI: typically > 135

Normal water content
18 to 20% (m/m)

Watery
polymer
solutions

Viscosity classes:
ISO VG 46 up

to 68

Normally

ISO VG 68

Mostly in coal mining be-
low ground, primarily in
Germany

- Like HFC, but improved protection against wear and extended
temperature range up to 70 °C
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4 Hydraulic fluids in operation

4.1 General

The properties of hydraulic fluids can change continually
during storage and operation.

Please note that the fluid standard ISO 12922 merely
describes minimum requirements for hydraulic fluids in
new condition at the time of filling into the delivery contain-
ers. The operator of a hydraulic system must ensure that
the hydraulic fluid remains fit for purpose throughout its
entire period of use.

Deviations from the characteristic values are to be clari-
fied with the lubricant manufacturer, the test labs, or
Bosch Rexroth.

Bosch Rexroth will accept no liability for damage to its
components within the framework of the applicable liability
legislation insofar as the latter is due to non-observance of
the following instructions.

Please note the following aspects in operation.

4.2 Storage and handling

Hydraulic fluids must be stored correctly in accordance

with the instructions of the lubricant manufacturer. Avoid

exposing the containers to lengthy periods of direct heat.

A container is to be stored such that the risk of any foreign

liquid or solid matter (e.g. water, foreign fluids, or dust)

ingression into the inside of the container can be ruled out.

After taking hydraulic fluids from the containers, these are

to be properly resealed immediately. HFAE and HFAS

hydraulic fluids are delivered in a concentrated form.

Please observe the hardness (°dH) in order to produce the

finished product, lower hardness values should be aimed at

(°dH, calcium oxide CaO in ppm).

Recommendation:

» Store containers in a dry, roofed place

» Store HFA containers frost-protected

» Clean reservoir systems and machine reservoirs
regularly

Please refer to the respective safety data sheet for the

minimum storage duration and storage conditions.
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4.3 Filling of new systems

Usually, the cleanliness levels of the hydraulic fluids as
delivered do not meet the requirements of our hydraulic
components at the company. When filling, hydraulic fluids
must be filtered using an appropriate filter system to mini-
mize solid particle contamination in the system.

As early as possible during test operation, new systems
should be filled with the selected hydraulic fluid so as to
reduce the risk of accidentally mixing the fluids (see chap-
ter 4.5 “Mixing and compatibility of different hydraulic
fluids”). Changing the hydraulic medium at a later point
represents significant additional costs (see following
section).

4.4 Hydraulic fluid changeover

Problems may be encountered in particular when changing
over from fire-resistant, water-free hydraulic fluids or mineral
oils to fire-resistant, water-containing hydraulic fluids (e.g.
incompatibilities in the form of gelling, silting, stable foam,
reduced filterability, or filter blockage). This may also happen
when changing products within the same classification.

In the case of changeovers of the fluid in hydraulic systems,
it is important to ensure compatibility and miscibility of the
new hydraulic fluid with the remains of the previous hydrau-
lic fluid from the system.

Bosch Rexroth recommends obtaining verification of com-
patibility and miscibility from the manufacturer or supplier
of the new hydraulic fluid. The remainder quantities of the
old fluid need to be minimized. Mixing hydraulic fluids
should be avoided; see following section.

Information on changing over hydraulic fluids with different
classifications can be found in VDMA 24314 and ISO 7745,
among others. Beyond that, please observe chapter 3.1.4
“Material compatibility”.

Bosch Rexroth will not accept liability for any damage to its
components resulting from inadequate hydraulic fluid
changeovers!



4.5 Mixing and compatibility of different hydraulic fluids
If hydraulic fluids from different manufacturers or different
types from the same manufacturer are mixed, gelling, silt-
ing, and deposits may occur. These, in turn, may cause
foaming, impaired air separation ability, malfunctions, and
damage to the hydraulic system.

If the fluid contains more than 2% of another fluid then it is
considered to be a mixture.

Mixing with other hydraulic fluids is not generally permit-
ted. This includes hydraulic fluids with the same classifica-
tion. If individual lubricant manufacturers advertise misci-
bility and/or compatibility, this is entirely the responsibility
of the lubricant manufacturer.

Bosch Rexroth customarily tests all components with HLP
mineral oil.

Bosch Rexroth will not accept liability for any damage to its
components resulting from mixing hydraulic fluids!

4.6 Re-additivation

Additives added at a later point in time such as colors, wear
reducers, VI enhancers or anti-foam additives, may nega-
tively affect the performance properties of the hydraulic
fluid and the compatibility with our components, and are
not approved.

Bosch Rexroth will not accept liability for any damage to its
components resulting from re-additivation!

4.7 Foaming behavior

Foam is created by rising air bubbles at the surface of
hydraulic fluids in the reservoir. Foam that develops should
collapse as quickly as possible.

The foaming behavior of fire-resistant, water-containing
hydraulic fluids is normally worse than in HLP mineral oil.

4.8 Corrosion protection

Water generally has corrosive properties.

Corrosion protection is only possible to a limited extent
due to the water content in fire-resistant, water-containing
hydraulic fluids, despite the available corrosion protection
additives.

Materials made of steel, copper, zinc, aluminum, bronze
alloys and brass alloys, as well as combinations of these
materials have a higher corrosion tendency.
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4.9 Dissolved and undissolved air

Under atmospheric conditions, the hydraulic fluid contains
dissolved air. In the negative pressure range, for instance in
the suction pipe of the pump or downstream of control
edges, this dissolved air may transform into undissolved air.
The undissolved air content represents a risk of cavitation.
The consequence of this is material erosion on components.

With the correct measures, such as suction pipe and reser-
voir design, and an appropriate hydraulic fluid, air intake
and separation can be positively influenced.

See also section 3.1.7 “Air separation ability (ASA)”.

4.10 Fluid servicing, fluid analysis, and filtration

To preserve the usage properties and ensure a long service
life for hydraulic fluid and components, both the monitoring
of the fluid condition and a filtration adapted to the appli-
cation requirements are indispensable.

The application of hydraulic system filters with a filtration
rate > 200 for 10um particles (310(c) > 200 according to
ISO 16889) is not recommended for fire-resistant, water-
containing hydraulic fluids, since finer filters can break
down the chemical composition of the fluid. If finer filters
are required despite that, then the fluid manufacturer
needs to be consulted before they are used.

[310(c) > 75 according to ISO 16889 is recommended.

The effort is higher in the case of unfavorable usage condi-
tions, increased stress on the hydraulic system or high
expectations as to availability and service life, see chapter 2
“Solid particle contamination and cleanliness levels”.
When commissioning a system, please note that the
required minimum cleanliness level can frequently be
attained only by flushing the system. Due to severe start-up
contamination, it may be possible that a fluid and/or filter
replacement becomes necessary after a short operating
period (< 50 operating hours).

The hydraulic fluid must be replaced at regular intervals
and tested by the lubricant manufacturer or recognized,
accredited test labs. A reference inspection is recom-
mended both for the unused hydraulic fluid (casks) and
after commissioning.

RE 90223/01.2015 Bosch Rexroth AG

67



14 Fire-resistant hydraulic fluids - containing water
Hydraulic fluids in operation

Minimum information in analyses (recommended)

Property or test conditions Test method HFAE HFAS HFB HFC
Appearance [ ] [ ] ® (]
Water content HFAE, HFB: ISO 3733 o Y ° )
HFAS: ISO 6296; HFC: DIN 51777-1

Density at 15 °C ISO 3675, DIN 51757 incl. supplementary sheet 1 - - ° °
pH value at 20 °C 1ISO 20843 ) ) - Y
Viscosity at 20 °C, 40 °C, and 50 °C 1ISO 3104, DIN 51562-1, ASTM D7042 Y Y Y Y
Volume fraction of emulsified concentrate DIN 51368 in conjunction with DIN 51423-2 ° - ™ -
Foreign oil proportion ° [ ) ° °
Cleanliness level 1SO 4406 Y Y ° °
Content of foreign solid matter ISO 4405 ° ° ° °
Microbial stability with details on bacteria, fungi, ° ° °

yeasts, and germ count

Elements DIN 51399-1 ) ) ° Y
Optional information

Property or test conditions Test method HFAE HFAS HFB HFC
Reserve alkalinity compared with pH values 3.3 and 5.5 ) ) ° °
Testing in the four-ball apparatus 1ISO 20623 - - —

Air separation ability at 50 °C 1ISO 9120 — — —

Information

» |If possible, compare the measurement results with the
values of new oil or available trend analyses.

» The test report should include an evaluation /
assessment pertaining to the further use of
the hydraulic fluid.

When using fire-resistant, water-containing hydraulic fluids,
the same servicing and maintenance requirements as
applied for HLP/HVLP mineral oil are necessary. However,
the scope of the analysis/analysis methods have to be
adapted to the fluid properties.

After changing over hydraulic fluids, it is recommended that
the filter be replaced again after 50 operating hours as
fluid aging products may have detached themselves (“self-
cleaning effect”).

Fire-resistant, water-containing hydraulic fluids contain
alkaline additives. They are used both for the neutralization
of contamination and for corrosion protection in the
hydraulic system. If the reserve alkalinity drops significantly
below the value for the unused hydraulic fluid, there is a
chance that fully developed, acidic reaction products can
no longer be fully neutralized. The risk of electrochemical
corrosion in the system increases, which is why the propor-
tion of corrosion protection inhibitors have to be checked
during operation (reserve alkalinity compared with pH val-
ues 3.3 and 5.5).
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If the water contained has noticeably vaporized, then dis-
tilled water or VE water needs to be replenished in order to
set the initial viscosity; tap water must never be used. The
addition of larger quantities of water should be done slowly
and, if possible, in several positions during ongoing opera-
tion, so as to prevent the pump from occasionally sucking
in pure water, and thus being damaged by that. It is recom-
mended that the corresponding amount of water prior to
the addition be mixed with approximately the same amount
of HFC fluid, for example.

Ultimately, the evaluation by the test lab or lubricant manu-
facturers is authoritative. Their recommendation should be
urgently observed.

In case of warranty, liability, or guarantee claims to

Bosch Rexroth, service verification and/or the results

of fluid analyses are to be provided.



5 Disposal and environmental protection

All fire-resistant, water-containing hydraulic fluids, are, like
mineral oil-based hydraulic fluids, subject to special dis-
posal obligations.

The respective lubricant manufacturers provide specifica-
tions on environmentally friendly handling and storage.
Please ensure that spilled or splashed fluids are absorbed
with appropriate adsorbents or by a technique that pre-
vents it contaminating water courses, the ground, or sewer-
age systems.

It is also not permitted to mix fluids when disposing of
hydraulic fluids. Regulations governing the handing of used
oils stipulate that used oils are not to be mixed with other
products. Non-compliance will increase disposal costs.

Both the national legal or regulatory provisions and the
information given in the respective safety data sheets
(e.g. waste codes) must be observed for the disposal of
the relevant hydraulic fluid.

6 Standardization

The information pertaining to the standards listed in this
document relates to the respective standard edition
currently valid.

Fire-resistant hydraulic fluids - containing water 15
Disposal and environmental protection

7 Glossary

Additivation
Additives are chemical substances added to base fluids in
small quantities to achieve or improve specific properties.

Alkaline additives

Hydraulic fluids can produce acids as a result of various
aging processes. The hydraulic fluid contains alkaline addi-
tives in order to cushion/remove the acidification. These
additives bind the acid residue and then become particles
that are (can be) filtered out. A statement in regard of
alkaline additives still effective is provided, on the one
hand, by pH value, but better still is the statement pertain-
ing to the content of free acids. In the alkaline f value
range, acidic corrosion is not possible, even if acids are
present.

Aging

The aging response in a hydraulic fluid describes the
chronological sequence of the oxidative, thermal, and
(sometimes) hydrolytic change in selected chemical and
physical data under test conditions or in practice.

(See chapter 3.1.5 “Aging resistance”).

Arrhenius equation

The quantitative relation between reaction rate and temper-
ature is described by an exponential function, the Arrhenius
equation. This function is usually visualized within the
typical temperature range of the hydraulic system.

ICP (optical emission spectrometry)

The ICP procedure can be used to determine various wear
metals, contamination types, and additives. Practically all
elements in the periodic system can be detected with this
method.

Karl Fischer method
Method for determining the proportion of water in water-

containing hydraulic fluids: potentiometric method accord-
ing to DIN 51777-1
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16  Fire-resistant hydraulic fluids - containing water

Cavitation

Cavitation is the creation of vapor filled cavities (vapor
bubbles) in fluids due to insufficient vapor pressure and
subsequent implosion when the pressure increases. When
the cavities implode, extremely high acceleration, tempera-
tures, and pressures may occur temporarily, which may
damage the component surfaces.

Reserve alkalinity

Determining the reserve alkalinity is used for the investiga-
tion of the corrosion protection still available. If the deter-
mined reserve alkalinity significantly drops below the initial
value of the new oil, then acidic contamination can no
longer be neutralized, this means that there is a potential
threat to the system becoming damaged due to corrosion.

pH value
This is the measurement for the acidic or alkaline character
of an aqueous solution or emulsion.

Pour point

This is the lowest temperature at which the fluid still just
flows when cooled down under set conditions. The pour
point is specified in the lubricant manufacturers' technical
data sheets as a reference value for achieving this flow
limit.

RFA (energy dispersive or wavelength dispersive X-ray
fluorescence analysis)

Is a procedure to determine almost all elements in liquid
and solid samples with nearly any composition. This analy-
sis method is suitable for examining additives and contami-
nation, delivering fast results.

VE water
Demineralized water, also known as deionized, fully desali-
nated water

Bosch Rexroth AG

Mobile Applications
GlockeraustraBe 4

89275 Elchingen, Germany
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Viscosity

Viscosity is the measure of the internal friction of a fluid to
flow. It is defined as the property of a substance to flow
under tension. Viscosity is the most important characteris-
tic for describing the load-bearing capacity of a hydraulic
fluid.

Kinematic viscosity is the ratio of the dynamic viscosity and
the density of the fluid; the unit is mm?/s. Hydraulic fluids
are categorized in ISO viscosity classes by kinematic viscos-
ity. The reference temperature for this is 40 °C.

Viscosity index (VI)

Refers to the viscosity temperature behavior of a fluid.
The lower the change of viscosity in relation the tempera-
ture, the higher the VI.

© This document, as well as the data, specifications and other information set
forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
reproduced or given to third parties without its consent. No statements
concerning the suitability of a hydraulic fluid for a specific purpose can be
derived from our information. The information given does not release the user
from the obligation of own judgment and verification.

Subject to change.
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| Axial piston units for operation with fire-resistant hydraulic fluids 3

1 Basic information

In accordance with DIN 51502 and DIN EN ISO 6743-4,

fire resistant fluids — hereinafter referred to as HF hydraulic
fluids — are divided into four groups A, B, C, D and corre-
spondingly designated HFA, HFB, HFC, HFD. In the designa-
tion “HF”, the “H” for “hydraulic fluid” and “F” is for

“fire resistant”.

In general, fire-resistant hydraulic fluids are divided into
water-free, fire-resistant hydraulic fluids and water-containing,
fire-resistant hydraulic fluids. The water-free, fire-resistant
hydraulic fluids are described in Rexroth data sheet 90222,
the water-containing ones are described in Rexroth

data sheet 90223.

Compared with hydraulic fluids based on mineral oils and
related hydrocarbons, fire-resistant hydraulic fluids do have
other, sometimes disadvantageous, properties. This docu-
ment is intended to show how these special properties
have to be considered in the selection and operation of
axial piston units.

For axial piston units which may, in accordance with prod-
uct data sheet, be operated with fire-resistant hydraulic
fluids, note the following:

» The operation with HFA, HFB and HFC hydraulic fluids
usually requires a reduction in the permissible pressures
and rotational speeds. Depending on the product size or
nominal size, a special version of the axial piston unit is
needed (version E-...).

However, Rexroth hydraulic components that have been
specifically developed for water-containing, fire-resistant
hydraulic fluids are available without limitation of opera-
tional data (e.g. 92053 axial piston variable pump
A4VSO for HFC hydraulic fluids).

» When using hydraulic fluids of the category HFDU (ester
base), there are permissible standard values for pres-
sure and rotational speed for these axial piston units
just as there are for hydraulic fluids based on mineral
oils and related hydrocarbons. For operation with HFDR
and HFDU (glycol base), for example, a reduction in the
permissible rotational speeds results from the signifi-
cantly higher density of the fluid.

» Note that for almost all HF hydraulic fluids, due to the
higher density compared with hydraulic fluids based on
mineral oils, the pressure will not fall below the mini-
mum permissible suction pressure at the pump inlet.

» Additional technical data and required sealing materials
for the axial piston units are listed in the table on page 4.

When ordering the axial piston unit, please state in plain
text the hydraulic fluid that is to be used.
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4 Axial piston units for operation with fire-resistant hydraulic fluids |

2 Classification of HF-hydraulic fluids

Classification Containing water Water-free
HFAE HFAS HFB HFC HFC-E® HFDR HFDUY HFDU
(Glycol base) (Ester base)
Features Oil-in-water  Chemical Water-in-oil ~ Watery Watery Basic fluids  Basic fluids Basic fluids
emulsions solutions emulsions polymer polymer
in water solutions solutions
Phosphoric  Glycols Ester
acid ester
Water content > 95 > 95 > 40 > 35 > 202 - - -
[%(m/m)]
Reservoir temperature 5 to 50 5 to 50 5 to 50 -20 to 50 -20to 70 80 80 80
T [°C]
Optimal reservoir 40 40 40 40 40 70 70 70
temperature Topt [°C]
Bearing service life!) 10 10 20 1002 1002 100 100 100
[%] 20 20
Cleanliness level -/18/15 -/18/15 -/18/15 -/18/15 -/18/15 20/18/15 20/18/15 20/18/15
acc. to 1ISO 4406
Filter material Glass fiber, do not use cellulose (filter paper) - - -
Sealing material NBR NBR NBR NBR NBR FKM FKM FKM
Minimum suction pressure 1.0 (abs.) 1.0 (abs.) 1.0 (abs.) 1.0 (abs.) 1.0 (abs.) 1.0 (abs.) 1.0 (abs.) 1.0 (abs.)

Port S ps min [bar]
(operation as a pump,
open circuit)

Notice

» Sealing material and filter grade is to be agreed upon
with the manufacturer of the hydraulic fluid or with
Bosch Rexroth Filtration System.

Link: Bosch Rexroth Filtration System

» Compared to hydraulic fluids based on mineral oils,
HFC hydraulic fluids have a very good low-temperature
performance, a lower pour point and a lower viscosity-
pressure coefficients.

» Bosch Rexroth offers the rating of hydraulic fluids for
Rexroth hydraulic components as a service. You can
find further information on this in the following
data sheet:

90235: Rating of hydraulic fluids for Rexroth hydraulic
components

1) Attainable bearing service life based on operation with hydraulic
fluids based on mineral oils, according to the specifications of the
bearing manufacturer.

Practical application cases show results that are much higher.
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2) Axial piston variable pump A4VSO for HFC hydraulic fluids,

see document 92053

3) Not standardized according to ISO 12922.

4) Can be water-soluble
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3 Technical data for axial piston units operating with HF-hydraulic fluids

Notice

» Maximum permissible rotational speeds

» In the following tables, HFA includes HFAE and HFAS

» Nominal pressure/maximum pressure for HFD
corresponds to the specifications for mineral oil;
see product data sheet

» For HFDU (ester and glycol) as well as for HFDR,
there is no pressure limitation

» For HFDR and HFDU (glycol), the maximum allowable
rotational speed must be reduced due to the high
density of the hydraulic fluid

» The manufacturer’s specifications concerning the

suction performance, the temperatures, the working
pressures and the rotational speeds are to be strictly
adhered to for a long service life of the axial piston unit

3.1 Swashplate pumps for open circuit

Variable pump A4VSO series 1x and series 30
for open circuit (data sheet 92050)

Size 40 71 125 180 250 355 500 750 1000

HFA Nominal pressure py = 140 bar rpm 19500 1650 1350 1350 1120 1120 1000Y 900 750
Maximum pressure pmax = 160 bar

HFB Nominal pressure py = 160 bar rpm 21009 1760 1450 1450 1200 1200 1050Y 960 800
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 250 bar rpm 21001 2 2) 2 2) 2) 10501 960 800
Maximum pressure pmax = 280 bar

HFD HFDR, HFDU (glycol base) rpm 2100 1760 1450 1450 1200 1200 1050 960 800
HFDU (ester base) rpm 2600 2200 1800 1800 1500 1500 1320 1200 1000

Variable pump A4VSO series 1x and series 30 for HFC hydraulic fluids
for open circuit (data sheet 92053)

Size 71 125 180 250 355

HFA See table above: Variable pump A4VSO series 1x and series 30
Please contact us.

HFB See table above, variable pump A4VSO series 1x and series 30
Please contact us.

HFC Nominal pressure py = 350 bar rpm 2200 1800% 1800% 150094 15003

Maximum pressure ppax = 400 bar

HFD See table above, variable pump A4VSO series 1x and series 30
Please contact us.

1) Version E-A4VSO 3) Version A4VSO-F
2) See table below, variable pump A4VSO series 1x and series 30 for 4) Version A4VSO-F2
HFC hydraulic fluids

RE 90225/07.2016, Bosch Rexroth AG
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Fixed pump A4FO series 10, series 3x
for open circuit (data sheet 91455)

Size 16 22 28 40 71 125 180 250 500
HFA Nominal pressure py = 140 bar rpom - - - - 16501 13501 1350Y 1120Y 1000V
Maximum pressure pmax = 160 bar
HFB Nominal pressure py = 160 bar rom - - - - 1760Y 1450 14509 12009 1050Y
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 250 bar rom - - - - 17601 1450V 14501 1200V 1050Y
Maximum pressure pmax = 280 bar
HFD HFDR, HFDU (glycol base) rpm 3200 2880 2400 2200 1760 1450 1450 1200 1050
HFDU (ester base) rom 4000 3600 3000 2750 2200 1800 1800 1500 1320
Variable pump A10VO series 31
for open circuit (data sheet 92701)
Size 182 28 45 71 100 140
HFA not permissible - - - - - -
HFB not permissible - - - - - -
HFC not permissible - - - - - -
HFD HFDR, HFDU (glycol base) rom 2650 2400 2100 1760 1600 1450
HFDU (ester base) rom 3300 3000 2600 2200 2000 1800
Variable pump A10VSO series 31
for open circuit (data sheet 92711)
Size 18 28 45 71 100 140
HFA Nominal pressure py = 140 bar rom 24509 22503 1950% 1650% 1500% 13509
Maximum pressure pmax = 160 bar
HFB Nominal pressure py = 140 bar rpom 2650% 2400%® 2100 1760%® 16003 14509
Maximum pressure pmax = 160 bar
HFC Nominal pressure py = 175 bar rom 26503 2400%® 2100% 1760% 16003 14503
Maximum pressure pmax = 210 bar
HFD HFDR, HFDU (glycol base) rom 2650 2400 2100 1760 1600 1450
HFDU (ester base) rpm 3300 3000 2600 2200 2000 1800
Variable pump A10VO series 32
for open circuit (data sheet 92705)
Size 45 71 100 140
HFA not permissible - - - -
HFB not permissible - - - -
HFC not permissible - - - -
HFD HFDR, HFDU (glycol base) rpm 2100 1760 1600 1450
HFDU (ester base) rom 2600 2200 2000 1800

1) Version E-A4FO
2) Version A10VSO

Bosch Rexroth AG, RE 90225/07.2016
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Variable pump A10VSO series 32
for open circuit (data sheet 92714)

Size 45 71 100 140 180

HFA not permissible - - - — _

HFB not permissible - - - - _

HFC not permissible - - _ _ _

HFD HFDR, HFDU (glycol base) rom 2100 1760 1600 1450 Onrequest
HFDU (ester base) rpm 2600 2200 2000 1800 On request

Variable pump A11VO series 1x
for open circuit (data sheet 92500)

Size 40 60 75 95 130 145 190 260

HFA not permissible - - - - - - - _

HFB not permissible - - - - — - — _

HFC not permissible - - - - - - - _

HFD HFDR, HFDU (glycol base) rpm 2400 2200 2050 1900 1700 1700 1700 1450
HFDU (ester base) rpm 3000 2700 2550 2350 2100 2100 2100 1800

Variable pump A11VLO series 1x
for open circuit (data sheet 92500)

Size 130 145 190 260
HFA not permissible - - - -

HFB not permissible - - - -

HFC not permissible - - - —

HFD HFDR, HFDU (glycol base) rpm 2000 2000 2000 1850
HFDU (ester base) rom 2500 2500 2500 2300

Variable pump A11VO series 41
for open circuit (data sheet 92510)

Size 280
HFA not permissible -

HFB not permissible -

HFC not permissible -

HFD HFDR, HFDU (glycol base) rpm 1450
HFDU (ester base) rpm 1800
1) Version P

RE 90225/07.2016, Bosch Rexroth AG
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VVariable pump A11VLO series 417
for open circuit (data sheet 92510)

Size 280
HFA not permissible -
HFB not permissible -
HFC not permissible -
HFD HFDR, HFDU (glycol base) rom 1850
HFDU (ester base) rpm 2300
Variable pump A15VO series 11V
for open circuit (data sheet 92800)
Size 280
HFA not permissible -
HFB not permissible -
HFC not permissible -
HFD HFDR, HFDU (glycol base) rom 1450
HFDU (ester base) rpm 1800
Variable pump A15VLO series 117
for open circuit (data sheet 92800)
Size 280
HFA not permissible -
HFB not permissible -
HFC not permissible -
HFD HFDR, HFDU (glycol base) rpm 1850
HFDU (ester base) rom 2300

Variable pump A18VO series 11
for open circuit (data sheet 92270)

Size 55 80 107
HFA not permissible - - -
HFB not permissible - - -
HFC not permissible - - -
HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing
materials are to be observed. Please contact us.
1) Version P
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Variable pump A18VLO series 11
for open circuit (data sheet 92280)

Size 80
HFA not permissible -

HFB not permissible -

HFC not permissible -

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing
materials are to be observed. Please contact us.

Variable double pump A20VO series 10
for open circuit (data sheet 93100)

Size 95 190 260 520

HFA Nominal pressure py = 140 bar rpm - - - 1000
Maximum pressure pmax = 160 bar

HFB Nominal pressure py = 160(140Y) bar rpm - - - 1000
Maximum pressure pmax = 210(160%) bar

HFC Nominal pressure py = 250(175%) bar rpm - - - 1000
Maximum pressure Pmax = 280(210Y) bar

HFD HFDR, HFDU (glycol base) rpm 1900 2000 1850 1000
HFDU (ester base) rpm 2350 2500 2300 1300

3.2 Swashplate pumps for closed circuit

Variable pump A4VSG series 1x and series 30
for closed circuit (data sheet 92100)

Size 40 71 125 180 250 355 500 750 1000

HFA Nominal pressure py = 140 bar rom 275092 240012 195012 180012 165012 150012 135012 12002 12002
Maximum pressure pmax = 160 bar

HFB Nominal pressure py = 160 bar rom 300012 255012 210012 192012 175012 160012 145012 13002 13002
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 250 bar rom 300012 255012 210012 192012 175012 160012 145012 13002 13002
Maximum pressure pmax = 280 bar

HFD rom 3700 3200 2600 2400 2200 2000 1800 1600 1600

Variable pump A4VG series 32
for closed circuit (data sheet 92003)

Size 28 40 56 71 20 125 180 250

HFA not permissible - - - - - - - _

HFB not permissible - - - - — - — _

HFC not permissible - - - - - - - _

HFD rom 4250 4000 3600 3300 3050 2850 2500 2400

1) Bearing flushing at U port required!
2) Version E-A4VSG

RE 90225/07.2016, Bosch Rexroth AG
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Variable pump A4VG series 40
for closed circuit (data sheet 92004)
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Size 45 65 85 110 145 175 210 280

HFA not permissible - - - - - - - _

HFB not permissible - - - - - - - _

HFC not permissible - - - - - - - _

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing

materials are to be observed. Please contact us.

Variable pump A4VTG series 33
for closed circuit (data sheet 92013)

Size 71 20

HFA not permissible - -

HFB not permissible - -

HFC not permissible - -

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing

materials are to be observed. Please contact us.

Variable pump A10VG series 10
for closed circuit (data sheet 92750)

Size 18 28 45 63
HFA not permissible - - - —
HFB not permissible - - - —
HFC not permissible - - - —
HFD rom 5000 4250 3800 3500

Variable double pump A20VG series 11 and A22VG series 11

for closed circuit (data sheet 93220)

Size

45

HFA

not permissible

HFB

not permissible

HFC

not permissible

HFD

For operation with HFD hydraulic fluids, limitations for the technical data and the sealing
materials are to be observed. Please contact us.
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Variable double pump A22VG series 40
for closed circuit (data sheet 93221)

| Axial piston units for operation with fire-resistant hydraulic fluids 11

Size 45

HFA not permissible -

HFB not permissible -

HFC not permissible -

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing

materials are to be observed. Please contact us.

Variable double pump A24VG series 10
for closed circuit (data sheet 93240)

Size 45 - 45 65 - 45 65 - 65

HFA not permissible - - _

HFB not permissible - - _

HFC not permissible - - _

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing

materials are to be observed. Please contact us.

Variable double pump A30VG series 10
for closed circuit (data sheet 93430)

Size 28

HFA not permissible -

HFB not permissible -

HFC not permissible -

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing

materials are to be observed. Please contact us.
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3.3 Bent-axis pumps for open circuit

Fixed pump A2FO series 6

for open circuit (data sheet 91401)

Size 5 10 12 16 23 28 32 45 56 63 80
HFA not permissible - - - - - - - - - - -
HFB Nominal pressure py = 160 bar rom 4500 2520 2520 2520 2000 2000 2000 1800 1600 1600 1440
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rpm 4500 2520 2520 2520 2000 2000 2000 1800 1600 1600 1440
Maximum pressure pmax = 250 bar
HFD HFDR, HFDU (glycol base) rom 4500 2520 2520 2520 2000 2000 2000 1800 1600 1600 1440
HFDU (ester base) rom 5600 3150 3150 3150 2500 2500 2500 2240 2000 2000 1800
Size 920 107 125 160 180 200 250 355 500 710 1000
HFA not permissible - - - - - - - - - - -
HFB Nominal pressure py = 160 bar rom 1440 1280 1280 1160 1160 1240 12000 1060V 9501 950D 750
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rom 1440 1280 1280 1160 1160 1240 1200 1060V 9501 9501 750V
Maximum pressure pmax = 250 bar
HFD HFDR, HFDU (glycol base) rom 1440 1280 1280 1160 1160 1240 12002 10602 9502 9502 7502
HFDU (ester base) rom 1800 1600 1600 1450 1450 1550 15002 13202 12002 12002 9502
Variable pump A7VO series 63
for open circuit (data sheet 92202)
Size 55 80 107 160
HFA not permissible - - - -
HFB Nominal pressure py = 160 bar rom 2000 1800 1600 1400
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rom 2000 1800 1600 1400
Maximum pressure pmax = 250 bar
HFD HFDR, HFDU (glycol base) rom 2000 1800 1600 1400
HFDU (ester base) rom 2500 2240 2150 1900
Variable pump A7VLO series 63
for open circuit (data sheet 92203)
Size 250 355 500
HFA not permissible - - -
HFB not permissible - - -
HFC not permissible - - -
HFD HFDR, HFDU (glycol base) rpm 1200 1060 950
HFDU (ester base) rom 1500 1320 1200

1) Version E-A2FLO
2) Version A2FLO
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Variable double pump A8VO series 6x
for open circuit (data sheet 93010)

Size 55 80 107 140 200

HFA not permissible - - - — _

HFB not permissible - - - - _

HFC not permissible - - _ _ _

HFD HFDR, HFDU (glycol base) rpm 2000 1800 1600 - -
HFDU (ester base) rpm 2500 2240 2150 2100 1950

Fixed pump A17FO series 10
for open circuit (data sheet 91520)

Size 23 32 45 63 80 107
HFA not permissible - - - - - _

HFB not permissible - - - — _ _

HFC not permissible - - - - — _

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing
materials are to be observed. Please contact us.

Fixed pump A17FNO series 10
for open circuit (data sheet 91510)

Size 125
HFA not permissible -

HFB not permissible -

HFC not permissible -

HFD For operation with HFD hydraulic fluids, limitations for the technical data and the sealing
materials are to be observed. Please contact us.

3.4 Swashplate motor

Fixed motor A4FM series 1x and series 3x
for open and closed circuit (data sheet 91120)

Size 22 28 40 56 71 125 250 500

HFA Nominal pressure py = 140 bar rpm - - - - 24001 1950V 16501 1350Y
Maximum pressure pmax = 160 bar

HFB Nominal pressure py = 160 bar rpm - - - - 25501 2100V 17501 1450Y
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 250 bar rpm - - - - 25501 2100V 17501 1450Y
Maximum pressure pmax = 280 bar

HFD rpm 4250 4250 4000 3600 3200 2600 2200 1800

1) Version E-A4FM

RE 90225/07.2016, Bosch Rexroth AG
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14 Axial piston units for operation with fire-resistant hydraulic fluids |

3.5 Bent-axis motors

Fixed motor A2FM series 6x

for open and closed circuit (data sheet 91001)

Size 10 12 16 23 28 32 45 56 63 80 20

HFA not permissible - - - - - - - - - - -

HFB Nominal pressure py = 160 bar rpm 4800 4800 4800 3800 3800 3800 3400 3000 3000 2680 2680
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 200 bar rpm 4800 4800 4800 3800 3800 3800 3400 3000 3000 2680 2680
Maximum pressure pmax = 250 bar

HFD rpm 8000 8000 8000 6300 6300 6300 5600 5000 5000 4500 4500

Size 107 125 160 180 200 250 355 500 710 1000

HFA not permissible - - - - - - - - - -

HFB Nominal pressure py = 160 bar rom 2400 2400 2100 2100 2200 2150V 1800V 1600Y 12801 1280V
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 200 bar rom 2400 2400 2100 2100 2200 2150V 1800V 16001 12801 1280V
Maximum pressure pmax = 250 bar

HFD rom 4000 4000 3600 3600 2750 27002 22402 20002 16002 16002

Fixed motor A2FE series 6x

for open and closed circuit (data sheet 91008)

Size 28 32 45 56 63 80 20 107 125 160 180

HFA not permissible - - - - - - - - - - -

HFB Nominal pressure py = 160 bar rpm 3800 3800 3400 3000 3000 2680 2680 2400 2400 2100 2100
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 200 bar rom 3800 3800 3400 3000 3000 2680 2680 2400 2400 2100 2100
Maximum pressure pmax = 250 bar

HFD rom 6300 6300 5600 5000 5000 4500 4500 4000 4000 3600 3600

Size 250 355

HFA not permissible - -

HFB Nominal pressure py = 160 bar rom 2150% 1800%
Maximum pressure pmax = 210 bar

HFC Nominal pressure py = 200 bar rom 2150 18003
Maximum pressure pmax = 250 bar

HFD rem 27009 22409

1) Version E-A2FLM
2) Version A2FLM

Bosch Rexroth AG, RE 90225/07.2016
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Variable motor A6VM series 63
for open and closed circuit (data sheet 91604)
Size 28 55 80 107 140 160 200 250 355 500 1000
HFA not permissible - - - - - - - - - - -
HFB Nominal pressure py = 160 bar rom 3700 3000 2600 2300 2200 2100 1900 2150Y 1800Y 1600% 1280Y
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rpm 3700 3000 2600 2300 2200 2100 1900 2150V 18001 1600 1280
Maximum pressure pmax = 250 bar
HFD rpm 5550 4450 3900 3550 3250 3100 2900 27002 22402 20002 16002
Variable motor AGVE series 63
for open and closed circuit (data sheet 91606)
Size 28 55 80 107 160 250
HFA not permissible - - - - - -
HFB Nominal pressure py = 160 bar rpm 3700 3000 2600 2300 2100 21509
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rpm 3700 3000 2600 2300 2100 21509
Maximum pressure pmax = 250 bar
HFD rpm 5550 4450 3900 3550 3100 27004
Variable motor A6VM series 65
for open and closed circuit (data sheet 91607)
Size 55 80 107 140 160 200
HFA not permissible - - - - - -
HFB Nominal pressure py = 160 bar rom 3000 2600 2300 2200 2100 1900
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rpm 3000 2600 2300 2200 2100 1900
Maximum pressure pmax = 250 bar
HFD rpm 4450 3900 3550 3250 3100 2900
Variable motor A6VM series 71
for open and closed circuit (data sheet 91610)
Size 60 85 115 150 170 215
HFA not permissible - - - - - -
HFB Nominal pressure py = 160 bar rom 3000 2600 2300 2200 2100 1900
Maximum pressure pmax = 210 bar
HFC Nominal pressure py = 200 bar rpm 3000 2600 2300 2200 2100 1900
Maximum pressure pmax = 250 bar
HFD rpm 4450 3900 3550 3250 3100 2900

1) Version E-A6VLM
2) Version AGVLM

3) Version E-A6VLE
4) Version A6VLE

RE 90225/07.2016, Bosch Rexroth AG
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Bosch Rexroth AG
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The Drive & Control Company Reerth

Rating of hydraulic fluids
for Rexroth hydraulic components

(pumps and motors)

Bosch Group

RE 90235
Edition: 02.2015
Replaces 01.2013

Bosch Rexroth offers the rating of hydraulic fluids as service —
inclusive assistance and consulting of experienced engineers.

Hydraulic fluids

Hydraulic fluids based on Environmentally Fire-resistant Fire-resistant
Title mineral oils and related acceptable hydraulic fluids, hydraulic fluids,
hydrocarbons hydraulic fluids water-free water-containing
Standard DIN 51524 ISO 15380 1ISO 12922 1ISO 12922
90222 90223
Document 90220 90221 902251 902259
902352
Flui i
uid rating Bosch Rexroth Fluid Rating List 902452
HL HETG HFDR HFAE
HEPG HFAS
cgr us HLP . HFDU (ester base)
Classification HVLP HEES partially saturated HFDU (glycol base) HFB
A HEES saturated ani fnore HFC
HEPR and more

1) Valid for Bosch Rexroth axial piston units
2) Valid for Bosch Rexroth Business Unit “Mobile Applications” — pumps and motors

RE 90235/02.2015, Bosch Rexroth AG
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2 Rating of hydraulic fluids
Description

The safe and reliable operation of industrial and mobile
equipment is only possible if the hydraulic fluid used is
selected with respect to the application. The main tasks of
the hydraulic fluid are e.g. transmission of power, lubrica-
tion of the components, reduction of friction, corrosion
prevention and heat dissipation. Unfortunately the common
element “hydraulic fluid” is often disregarded during con-
ceptual design.

Increased requirements on machines and equipment cons-
tantly raise the quality requirements on the hydraulic fluid
used. For using a suitable hydraulic fluid, adequate know-
ledge and experience of this are necessary.

Therefore Bosch Rexroth offers the rating of hydraulic fluids
for Rexroth hydraulic components as service.

Bosch Rexroth defines hydraulic fluids on the basis of the
illustration on page 1. Application notes and requirements
for Rexroth hydraulic components can be taken out of the
data sheets mentioned in this illlustration on page 1.

1 Description

Minimum requirements

At present the standards conformity for the minimum requi-
rement on fluids is defined in our Bosch Rexroth compo-
nent data sheets. The fluid manufacturers’ technical data
sheets have to include that the specific standards are met.
The plausibility and correctness of the fluid data are not
reviewed by Bosch Rexroth.

Bosch Rexroth Fluid Rating

Fluid data of the manufacturer has to be according to ISO
(selected characteristic values of standards) and Bosch
Rexroth requirements (tightened values of standards and
extended Bosch Rexroth requirements). Bosch Rexroth
demands the data to be confirmed in writing. The plausibi-
lity and correctness of the fluid data is reviewed by Bosch
Rexroth.

The extended Bosch Rexroth requirements are beneath
others specific fluid tests, that show suitability of the hyd-
raulic fluid with defined Rexroth components and which are
constituents of the respective specification.

Depending on the utilized Rexroth hydraulic components
and the oil type, the corresponding fluid test has to be
passed prior to the assignment of the Bosch Rexroth fluid
rating.

Bosch Rexroth AG, RE 90235/02.2015
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Retention samples (finished oil, base oil) are furthermore
saved. The hydraulic fluids that fulfill the Bosch Rexroth
Fluid Rating requirements will be listed on the following
Bosch Rexroth document.

» 90245: Bosch Rexroth Fluid Rating List

Note

The Bosch Rexroth Fluid Rating requirements cannot
cover all machine and system-dependent conditions (see
residual risk on rating scheme on page 3). Only single
Rexroth components pumps/motors can be examined in
the fluid tests. Bosch Rexroth Fluid Rating does not cover
all systems and applications.

Releases for special applications are excluded from the
Bosch Rexroth Fluid Rating.

The responsibility for selection of the hydraulic fluid
remains with the equipment/machinery operator and the
fluid manufacturer.

By means of the requirements contained in the Bosch
Rexroth Fluid Rating the risk of using hydraulic fluid in
combination with Rexroth hydraulic components can be
considerably reduced and the reliability significantly
increased.



Rating of hydraulic fluids 3
Process

-]
v e Technical data sheets of the fluid
- Q0 .
Minimum requirements oy g manufacturers:
x o . .
= E » DIN / ISO conformity for the minimum
: :DSI(N) iéggg part2/3 = S requirement on fluids is defined in the
> SO 12922 z 0 Bosch Rexroth component data sheets
k) § » Not reviewed by Bosch Rexroth
® _‘g (plausibility / correctness of the data)
c
5 >
2 =
£
o
)
£ » Characteristic values of the fluid according
Bosch Rexroth Fluid Rating *‘Q to 1SO, relevant for Bosch Rexroth and
?:’-" [ extended by the Bosch Rexroth require-
.'E » Review of manufacturer’s data mgnts, pump tests mpluded, have t? be
o SO 11158 evidenced and submitted by the fluid
o ISO 15380 téo manufacturer.
S b= » Reviewed by Bosch Rexroth
o 1ISO 12922 ©
= > Bosch Rexroth requirements _; » Listed on Bosch Rexroth Fluid Rating
a 5 List 90245
{ x = Special fluids are rated separately
Residual risk
2 Process

The process of a Fluid Rating includes the following steps:

(BR*  Contacting fluid manufacturer)
v EM** Registration for “Fluid Rating” on website of Bosch Rexroth
(www.boschrexroth.com/fluidrating)
v
v BR Reviewing registration data of the fluid manufacturer for plausibility
£
3 " BR Assignation of registration number to fluid manufacturer
§ : Activating of fluid manufacturer’s access to download area of “Fluid Rating” on the website of Bosch Rexroth
o =
o E Information to fluid manufacturer:
&n = BR 1) Registration number (=user name for login in the download area “Fluid Rating")
" ° 2) Activating for download area is done
o %
()
:g o FM Download of all documents (conditions, applications) necessary for “Fluid Rating”
s S
]
3 Submitting of all documents and retained samples necessary for “Fluid Rating” to
v FM
Bosch Rexroth
v
BR Reviewing of the manufacturer’s data, storing of retained samples
v
BR when the requirements are fulfilled - hydraulic fluid will be listed on the
Bosch Rexroth Fluid Rating List 90245
— Fulfilled the requirements of Bosch Rexroth Fluid Rating 90245 validity period: 5 years
*BR: Bosch Rexroth  **FM: Fluid Manufacturer

RE 90235/02.2015 Bosch Rexroth AG
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4 Rating of hydraulic fluids
Fluid tests

3 Fluid tests

3.1 Requests for Fluid Tests

Two different fluid tests may presently be requested by

Bosch Rexroth:

» RFT-APU-CL Rexroth Fluid Test Axial Piston Unit Closed

Loop (see 3.2)

» RFT-APU-OL-HFC Rexroth Fluid Test Axial Piston Unit

Open Loop-HFC (see 3.3)

The process of the fluid test includes the following steps:

These tests may be requested independent of the Bosch
Rexroth Fluid Rating. They are, however, a permanent
specification of the Bosch Rexroth Fluid Rating.

Prior to the request for the Bosch Rexroth Fluid Rating
the fluid test, required in the respective specification, has
to be terminated positively.

FM Request for quotation for fluid test by Bosch Rexroth (fluidrating@boschrexroth.de)

FM Commissioning of fluid test, submission of further documents and supplying of the fluid for the test

Implementation of the requested
BR fluid test using defined
Rexroth components

RFT-APU-CL

Rexroth Fluid Test - Rexroth Fluid Test - Further fluid tests in

Axial Piston Unit
Closed Loop

RFT-APU-OL-HFC

Axial Piston Unit preparation
Open Loop-HFC

Bosch Rexroth AG, RE 90235/02.2015
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*BR: Bosch Rexroth  **FM: Fluid Manufacturer



3.2 Rexroth fluid test RFT-APU-CL
(Rexroth Fluid Test Axial Piston Unit Closed Loop)

Fluid test for closed loop applications using a combination
of units consisting of a hydraulic pump A4VGO45EP and a
hydraulic motor AGVMOGB0EP. This fluid test represents the
requirements on a hydrostatic transmission.

Features of the fluid test

The suitability of the hydraulic fluid is tested at high stress
under laboratory conditions. The fluid test consists of a
break-in test, swivel cycle test and a corner power test.

Rating criteria
» Examination of the interaction fluid / component
— Measurement of the component weight change
respectively dimensional change
— Material compatibility
— Visual inspection of components /component
surfaces
— Oil analysis (start of test (SOT), during test, end of
test (EOT)
» Evidence of endurance performance
» Determination of efficiency (SOT, EOT)

Test bench

v Schematical hydraulic circuit diagram of the RFT-APU-CL

AB6VMO60
EP

(-

A4VG045
EP

Rating of hydraulic fluids 5

Fluid tests

Technical data of the test components

Type A4VGO45 EP  A6VMO060 EP
Data sheet 92004 91610
Operation mode pump motor
Nominal volume 45 cm3 62 cm?3
Maximum speed (at Vgmax) 4300 mint 4450 min?
Maximum pressure 500 bar 500 bar

Control electric (EP) electric (EP)

Operating data

1. Break-in test A4VGO045 EP A6VMO060 EP
Speed 2000 mint 2000 mint
Operating pressure 250 bar 250 bar
Leckage temperature 60 °C
Hydraulic motor at port T
Operating time 10 h 10h

2. Swivel cycle test A4VGO045 EP A6VMO060 EP
Speed 4000 mint 4000 mint
Operating pressure 450 bar 450 bar
Leckage temperature 100 °C
Hydraulic motor at port T
Operating time 300 h 300 h

v Swivel cycle (schematic diagram)

50

45
40
35
30

25

20

Displacement [cm?3]

15
10

0g 1 2 3 4 5 6 7 8 9

Time[s]

10 11 12 13

Displacement A4

= = = Displacement A6

3. Corner power test A4VG045 EP A6VMO060 EP

Speed 4000 mint 4000 mint

Operating pressure 500 bar 500 bar

Leckage temperature
Hydraulic motor

100 °C
at port T

Operating time 200 h 200 h

RE 90235/02.2015 Bosch Rexroth AG
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6 Rating of hydraulic fluids
Fluid tests

3.3 Rexroth fluid test RFT-APU-OL-HFC
(Rexroth Fluid Test Axial Piston Unit Open Loop-HFC)

Fluid test for open loop applications using a combination of
units consisting of a A4VSO swashplate axial piston combi-
nation unit (hydraulic pump and hydraulic motor) as well as
an EA10VSO/31 hydraulic pump. This fluid test represents
the requirements on applications demanding water-contai-
ning, fire-resistant hydraulic fluids of the HFC classification.

Features of the fluid test

The suitability of the hydraulic fluid is tested at high stress
under laboratory conditions. The fluid test consists of a
constant and swivel cycle test.

Rating criteria
» Examination of the interaction fluid / component
— Wear and cavitation behaviour
— Material compatibility
— Visual inspection of components /component
surfaces
— Measuring records of functional relevant component
surfaces
— Oil analysis (SOT, during test, EOT)
» Evidence of endurance performance

Test bench

v Schematical hydraulic circuit diagram of the RFT-APU-OL-HFC

Technical data of the test components

BN L]
A4\ESF?E125 EA18\;2018
I \H Q) "\" =
I K \1
A4VSO125
DR [ X ad LA

Bosch Rexroth AG, RE 90235/02.2015
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Type A4VS0125 A4VS0125 EA10VSO18
DR DFE DFR/31
Data sheet 92053 92053 92711
Operation mode pump, motor pump,
self-priming self-priming
Nominal volume 125 cm?d 125 cm?d 18 cmd
Maximum speed 2200 mint 2200 mint 3300 min?
Maximum pressure 400 bar 400 bar 350 bar
Operating data
1. Constant test A4VS0125 EA10VSO18
DR/DFE DFR/31
Speed 1800 mint 1800 mint
Operating pressure 350 bar 175 bar
Displacement Vg max/Vg min Vg max/Vg min
Temperature 50 °C 50 °C
Operating time 100/100 h 100/100 h
2. Swivel cycle test A4VS0125 EA10VSO18
DR/DFE DFR/31
Speed 1800 mint 1800 min?
Operating pressure 350 bar 50/ 175 bar
Displacement 0,5 sec Vg min/ 0,5 sec Vg min/
0,5 sec Vg max 0,5 sec Vg max
Temperature 50 °C 50 °C
Operating time 800 h 800 h
v Swivel cycle (schematic diagram)
100 500
V| fr——9 r——A 450
80 400
70 350 3
S o
— 60 300 >
[ 0
w ]
s 50 250 &
< oo
> £
'z 40 200 ¥
» o
30 150 &
20 100
10 50

o 0204 0608 1

Time [s]

A4 Pump

= = = A4 Motor

1,2 1,4 16 1,8 2

pHD EA10
pHD A4
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Mobile Applications
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89275 Elchingen, Germany
Tel. +49 7308 82-0
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72160 Horb, Germany
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© This document, as well as the data, specifications and other information
set forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
reproduced or given to third parties without its consent. No statements
concerning the suitability of a hydraulic fluid for a specific purpose can be
derived from our information. The information given does not release the
user from the obligation of own judgment and verification.

Subject to change.



Axial piston pumps
Fixed pumps, open circuits

Part 1: Pumps | Product Catalog Mobile Hydraulics

Designation Type Size Series Data sheet Page
Fixed pump A2FO 5...1000 6X 91401 97
Fixed pump A4FO 22...500 10/32 91455 131
Fixed pump A17FO 23...107 10 91520 159
Fixed pump A17FNO 125 10 91510 175

For the latest information on axial piston pumps, please visit our website:

www.boschrexroth.com/axial-piston-pumps

RE 90010-01/07.2016, Bosch Rexroth AG
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Axial Piston Fixed Pump RE 91401/06.2012  1/34

A2FO

Rexroth
Bosch Group

Replaces: 03.08

Data sheet
Series 6
Size Nominal pressure/Maximum pressure
5 315/350 bar
10 to 200 400/450 bar
250 to 1000 350/400 bar
Open circuit
Features
Contents . o .
— Fixed pump with axial tapered piston rotary group of
Ordering code for standard program 2 bent-axis design, for hydrostatic drives in an open circuit
Technical data 4 — For use in mobile and stationary applications
Dimensions size 5 11 — The flow is proportional to the drive speed and displacement
Dimensions sizes 10, 12, 16 12 — The drive shaft bearings are designed for the bearing service
Dimensions sizes 23, 28, 32 14 life requirements usually encountered in these areas
Dimensions size 45 16 ~ High power density
Dimensions sizes 56, 63 18 — Small dimensions
Dimensions sizes 80, 90 20 = High total efficiency
Dimensions sizes 107, 125 22 ~ Economical design

— One-piece tapered piston with piston rings for sealing

Dimensions sizes 160, 180 24
Dimensions size 200 26
Dimensions size 250 27
Dimensions size 355 28
Dimensions size 500 29
Dimensions size 710 30
Dimensions size 1000 31
Installation instructions 32
General instructions 34
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Bosch Rexroth AG

Ordering code for standard program

A2FO Series 6 | RE 91401/06.2012

A2F

o)

/

6

01

02 03

04

05

Hydraulic fluid

06

07

08

09

Mineral oil and HFD. HFD for sizes 250 to 1000 only in combination with long-life bearings "L" (without code)

01 |HFB, HFC hydraulic fluid Sizes 5 to 200 (without code)
Sizes 250 to 1000 (only in combination with long-life bearings "L") E-
Axial piston unit
‘ 02 |Bent-axis design, fixed | A2F |
Drive shaft bearing 510200 250to 500 710 to 1000
03 Standard bearing (without code) [ [ ] -
Long-life bearing - [ ] [ L
Operating mode
‘ 04 |Pump, open circuit | o |
Sizes (NG)
05 Geometric displacement, see table of values on page 7
[ 5 |10]12[ 16 23] 28|32 45|56 63|80 90|107[125|160[180[200[250355]500|710]1000
Series
| 06 | | 6 |
Index
NG10 to 180 1
07 NG200 3
NG5 and 250 to 1000 0
Directions of rotation
08 Viewed on drive shaft clockwise R
counter-clockwise L
Seals
‘ 09 |FKM (fluor-caoutchouc) | v |
Drive shafts 10 12 16 23 28 32 45 56 63 80 90 107 125 160 180 200 250 to 1000
Splined shaft o o 6 o 6 o - o 6 o o o o o o o - A
DIN 5480 o o - 0/0 -0 0 -0 -0 -0 - - ° z
10 | Parallel keyed shaft (BN BN BN BN RN NN NN BN AN NN BN BN BN NN ) - B
DIN 6885 oo/ -|oo|-|(00|-|0|-|0|-|0]-]- ° p
Conical shaft? o e i T T B R B - Cc
Mounting flanges 5t0 250 355to 1000
» ISO 3019-2 4-hole [ - B
8-hole - [ H
@ = Available O = On request — = Not available [[] = Preferred program

1) Conical shaft with threaded pin and woodruff key (DIN 6888). The torque must be transmitted via the tapered press fit.
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RE 91401/06.2012 | A2FO Series 6 Bosch Rexroth AG 3/34

Ordering code for standard program

A2F o / 6 - |V
12 13

Port plates for service lines? 5 10to16 23to 250 355 to 1000
SAE flange port A/B at side and _ _ ° _ 05
SAE flange port S at rear

12 | Threaded port A/B at side and threaded port S at rear - [ ] - - 06
SAE flange ports A/B and S at rear - - - [ ] 11
Threaded ports A/B and S at side [ - - - 07
Standard / special version
Standard version (without code)

13 | Standard version with installation variants, e. g. T ports against standard open or closed -Y
Special version -S

@ = Available O = On request - = Not available ] = Preferred program

2) Fastening thread or threaded ports, metric

929
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Technical data
Hydraulic fluid

Before starting project planning, please refer to our data
sheets RE 90220 (mineral oil), RE 90221 (environmentally
acceptable hydraulic fluids), RE 90222 (HFD hydraulic fluids)
and RE 90223 (HFA, HFB, HFC hydraulic fluids) for detailed
information regarding the choice of hydraulic fluid and applica-
tion conditions.

The fixed pump A2FO is not suitable for operation with HFA
hydraulic fluid. If HFB, HFC or HFD or environmentally accept-
able hydraulic fluids are used, the limitations regarding technical
data or other seals must be observed.

Selection diagram

40° -20° 0° 20°  40° 60° 80° 100°

1600 1600
1000
600

400

N
o
o

L

=
o
o

(2]
o

N
o

36

Vopt.

N
o

Viscosity v [mm?/s]

—_
o

5 5
-40°  -25°  -10° 0° 10° 30° 50° 70° 90° 115°
‘ ‘ Temperature t [°C]

tmin=-40°C  Hydraulic fluid temperature range ~ tmax=+115°C

Viscosity and temperature of hydraulic fluid

Viscosity [mm2/s] Temperature
Transport and storage Timin = -50 °C

at ambient temperature

Topt = +5 °C to +20 °C

A2FO Series 6 | RE 91401/06.2012

Details regarding the choice of hydraulic fluid

The correct choice of hydraulic fluid requires knowledge of the
operating temperature in relation to the ambient temperature:
in an open circuit, the reservoir temperature.

The hydraulic fluid should be chosen so that the operating
viscosity in the operating temperature range is within the
optimum range (vopt See shaded area of the selection diagram).
We recommended that the higher viscosity class be selected
in each case.

Example: At an ambient temperature of X °C, an operating tem-
perature of 60 °C is set in the circuit. In the optimum operating
viscosity range (vopt, shaded area), this corresponds to the
viscosity classes VG 46 or VG 68; to be selected: VG 68.

Note

The case drain temperature, which is affected by pressure and
speed, can be higher than the reservoir temperature. At no
point of the component may the temperature be higher than
115 °C. The temperature difference specified below is to be
taken into account when determining the viscosity in the bear-
ing.

If the above conditions cannot be maintained due to extreme
operating parameters, we recommend flushing the case at
port U (sizes 250 to 1000).

Comment

factory preservation: up to 12 months with standard,
up to 24 months with long-term

(Cold) start-up? Vmax = 1600 Tst > -40 °C t < 3 min, without load (p < 50 bar),
n <1000 rpm (for sizes 5 to 200),
n <0.25 ¢ nyom (for sizes 250 to 1000)
Permissible temperature difference AT <25 K between axial piston unit and hydraulic fluid

Warm-up phase v <1600 to 400

T=-40°Cto-25°C

at p <£0.7 * prom; N £0.5 * npomandt < 15 min

Operating phase
Temperature difference

AT = approx. 12 K

between hydraulic fluid in the bearing and at port T.

Maximum temperature 115 °C in the bearing
103 °C measured at port T
Continuous operation v =400 to 10 T=-25°Cto+90°C  measured at port T,
Vopt = 36 to 16 no restriction within the permissible data
Short-term operation? v, > 7 Tmax = +103 °C measured at port T, t < 3 min, p < 0.3 * prom

FKM shaft seal? T<+115°C

see page 5

1) At temperatures below -25 °C, an NBR shaft seal is required (permissible temperature range: -40 °C to +90 °C).

2) Sizes 250 to 1000, please contact us.
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RE 91401/06.2012 | A2FO Series 6

Technical data
Filtration of the hydraulic fluid

Finer filtration improves the cleanliness level of the hydraulic
fluid, which increases the service life of the axial piston unit.

To ensure the functional reliability of the axial piston unit, a gra-
vimetric analysis of the hydraulic fluid is necessary to determine
the amount of solid contaminant and to determine the cleanli-
ness level according to ISO 44086. A cleanliness level of at
least 20/18/15 is to be maintained.

At very high hydraulic fluid temperatures (90 °C to maximum
115 °C), a cleanliness level of at least 19/17/14 according to
ISO 44086 is necessary.

If the above classes cannot be achieved, please contact us.

Shaft seal

Permissible pressure loading

The service life of the shaft seal is influenced by the speed of
the axial piston unit and the case drain pressure (case pres-
sure). The mean differential pressure of 2 bar between the
case and the ambient pressure may not be enduringly exceed-
ed at normal operating temperature. For a higher differential
pressure at reduced speed, see diagram. Momentary pressure
spikes (t < 0.1 s) of up to 10 bar are permitted. The service life
of the shaft seal decreases with an increase in the frequency of
pressure spikes.

The case pressure must be equal to or higher than the ambient
pressure.

Sizes 10 to 200

5 \ \
_ \ \\ \\ NG10, 1‘2, 16
[}
Q
2 4
= Q N NG23, 28, 32
> NG80, 90 - NG45
?—) 3 } S
¢ NG107, 125
E_ ’
5 2 1 1
s NG160, 180 | | | NG56,63
g | |
E !
e NG200

\

0
0 1000 2000 3000 4000 5000 6000 7000 8000
Speed n [rpm]

Bosch Rexroth AG 5/34

Sizes 250 to 1000

5
= \ \\ \\</N(3250
=) NG710,1oook\ N >\NG355
£ 3 AN ™
2 AN \\ N
5 NG500 | N\
I 2
£
o
£ 1
[a]

0

0 500 1000 1500 2000 2500

Speed n [rpm]
The values are valid for an ambient pressure paps = 1 bar.

Temperature range

The FKM shaft seal may be used for case drain temperatures
from -25 °C to +115 °C.

Note

For application cases below -25 °C, an NBR shaft seal is
required (permissible temperature range: -40 °C to +90 °C).
State NBR shaft seal in plain text when ordering.

Please contact us.

Direction of flow

Direction of rotation, viewed on drive shaft
counter-clockwise
StoA

clockwise
StoB

Long-life bearing

Sizes 250 to 1000

For long service life and use with HF hydraulic fluids. Identical
external dimensions as motor with standard bearings. Subse-

quent conversion to long-life bearings is possible. Bearing and
case flushing via port U is recommended.

Flushing flow (recommended)

NG 250 355 500 710 1000
Qv flush (L/min) | 10 16 16 16 16
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Technical data

Operating pressure range
(operating with mineral oil)

Pressure at service line port A or B

Size 5

Nominal pressure ppon

315 bar absolute

Maximum pressure pmay

Single operating period

350 bar absolute
10s

Total operating period

300 h

Sizes 10 to 200

Nominal pressure ppon

Maximum pressure ppay

Single operating period

400 bar absolute

450 bar absolute
10s

300 h

Total operating period

Sizes 250 to 1000

Nominal pressure ppom

Maximum pressure pmay

Single operating period

350 bar absolute

400 bar absolute
10s

300 h

Total operating period

Minimum pressure (high-pressure side) __ 25 bar absolute

Rate of pressure change R may
Without pressure-relief valve

16000 bar/s

Ap

Pressure p

Time t

Pressure at suction port S (inlet)

Minimum pressure ps min

0.8 bar absolute

Maximum pressure ps max

30 bar absolute

Note

Values for other hydraulic fluids, please contact us.
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Definition

Nominal pressure pnom
The nominal pressure corresponds to the maximum design
pressure.

Maximum pressure pmax

The maximum pressure corresponds to the maximum operat-
ing pressure within the single operating period. The sum of the
single operating periods must not exceed the total operating
period.

Minimum pressure (high-pressure side)
Minimum pressure at the high-pressure side (A or B) which is
required in order to prevent damage to the axial piston unit.

Minimum pressure (inlet)

Minimum pressure at suction port S (inlet) which is required in
order to prevent damage to the axial piston unit. The minimum
pressure is dependent on the speed of the axial piston unit
(see diagram on page 7).

Rate of pressure change Ry
Maximum permissible rate of pressure rise and reduction dur-
ing a pressure change over the entire pressure range.

——

Single operating period

Pressure p

Time t

Total operating period =ty yto 4 +1n
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Technical data
Table of values (theoretical values, without efficiency and tolerances; values rounded)
Size NG 5 10 12 16 23 28 32 45 56 63 80
Displacement geometric, A cmd® 493 103 12 16 229 281 32 456 561 63 80.4
per revolution
Speed maximum") MNhom  pM 5600 3150 3150 3150 2500 2500 2500 2240 2000 2000 1800
Nma®  1pM 8000 6000 6000 6000 4750 4750 4750 4250 3750 3750 3350
Flow at nyom el L/min 276 32 38 50 57 70 80 102 112 126 145
Power at Ap = 350 bar P kW 14,54 19 22 29 33 41 47 60 65 74 84
Ap =400 bar P kW - 22 25 34 38 47 53 68 75 84 96
Torque®
atVgand Ap =350 bar T Nm 2474 57 67 89 128 157 178 254 313 351 448
Ap =400 bar T Nm - 66 76 102 146 179 204 290 357 401 512
Rotary stiffness c kNm/rad|0.63 092 125 159 256 293 312 418 594 6.25 873
Moment of inertia for rotary group Jgr kgm? 0.00006 0.0004 0.0004 0.0004 0.0012 0.0012 0.0012 0.0024 0.0042 0.0042 0.0072
Maximum angular acceleration o rad/s2 |5000 5000 5000 5000 6500 6500 6500 14600 7500 7500 6000
Case volume \% L 017 017 017 020 020 020 033 045 045 055
Mass (approx.) m kg 2.5 6 6 6 9.5 9.5 9.5 135 18 18 23
Size NG 90 107 125 160 180 200 250 355 500 710 1000
Displacement geometric, V, cm® |90 1067 125 1604 180 200 250 355 500 710 1000
per revolution
Speed maximum® Npom  fpmM 1800 1600 1600 1450 1450 1550 1500 1320 1200 1200 950
Nma®  1PM 3350 3000 3000 2650 2650 2750 1800 1600 1500 1500 1200
Flow at nnom Qv L/min 162 171 200 233 261 310 375 469 600 852 950
Power at Ap = 350 bar P kW 95 100 117 136 152 181 219 273 350 497 554
Ap =400 bar P kW 108 114 133 155 174 207 - - - - -
Torque®
atVgand Ap =350 bar T Nm 501 594 696 893 1003 1114 1393 1978 2785 3955 5570
Ap =400 bar T Nm 573 679 796 1021 1146 1273 - - - - -
Rotary stiffness c kNm/rad| 9.14 11.2 11.9 174 18.2 573 731 96.1 144 270 324
Moment of inertia for rotary group Jar kgm? 0.0072 0.0116 0.0116 0.0220 0.0220 0.0353 0.061 0.102 0,178 0.55 0.55
Maximum angular acceleration o rad/s2 |6000 4500 4500 3500 3500 11000 10000 8300 5500 4300 4500
Case volume \Y L 055 0.8 0.8 1.1 1.1 2.7 2.5 3.5 4.2 8 8
Mass (approx.) m kg 23 32 32 45 45 66 73 110 155 325 336
1) The values are valid: 4
o 2P ~ezsots 1000/
Vopt = 16 to 36 mm?/s "% 3 | /
- with hydraulic fluid based on mineral oils s I /
2) Maximum speed (limiting speed) with increased inlet pressure e o9 | /NG5 tg 200
Pabs at su.ction port. S, see adjgcent fjiagram. é Y //
3) Torque without radial force, with radial force see page 8 %’_ //
4) Torque at Ap = 315 bar %’ e
Note T
Operation above the maximum values or below the minimum val- 08 10 12 14 16 18 20

ues may result in a loss of function, a reduced service life or in the
destruction of the axial piston unit. Other permissible limit values,
with respect to speed variation, reduced angular acceleration as a
function of the frequency and the permissible start up angular ac-
celeration (lower than the maximum angular acceleration) can be
found in data sheet RE 90261.

Speed n / npom
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Technical data

Permissible radial and axial forces of the drive shafts
(splined shaft and parallel keyed shaft)

Size NG 5 53 10 10 12 12 16 23 23
Drive shaft o mm 12 12 20 25 20 25 25 25 30
Maximum radial force” Fq Fo max kN 1.6 1.6 3.0 3.2 3.0 3.2 3.2 5.7 5.4
at distance a O
(from shaft collar) = a mm 12 12 16 16 16 16 16 16 16
a
with permissible torque Trmax Nm 247 247 66 66 76 76 102 146 146
A permissible pressure Ap AP perm bar 315 315 400 400 400 400 400 400 400
Maximum axial force? E o+ +F oy max N 180 180 320 320 320 320 320 500 500
ax*E[H} ~Femae N JO 0 0 0 0 0 0 0 O

Permissible axial force per bar operating pressure  £Fuy permmar N/bar | 1.5 15 3.0 3.0 3.0 3.0 3.0 5.2 5.2

Size NG 28 28 32 45 56 564 56 63 80
Drive shaft %] mm 25 30 30 30 30 30 35 35 35
Maximum radial force™ Fq Fq max kN 5.7 5.4 5.4 7.6 9.5 7.8 9.1 9.1 11.6
at distance a -
(from shaft collar) O a mm 16 16 16 18 18 18 18 18 20
a

with permissible torque Timax Nm 179 179 204 290 357 294 357 401 512

A permissible pressure Ap AP perm bar 400 400 400 400 400 330 400 400 400
Maximum axial force? E 4 +F 2y max N 500 500 500 630 800 800 800 800 1000

ax=-— —Fax max N 0 0 0 0 0 0 0 0 0

Permissible axial force per bar operating pressure  Fuy permmar N/bar | 5.2 5.2 5.2 7.0 8.7 8.7 8.7 8.7 10.6

Size NG 804 80 920 107 107 125 160 160 180
Drive shaft %) mm 35 40 40 40 45 45 45 50 50
Maximum radial force Fq Fq max kN 111 114 114 136 141 1441 181 18.3 18.3
at distance a -
(from shaft collar) = a mm 20 20 20 20 20 20 25 25 25
a

with permissible torque Tax Nm 488 512 573 679 679 796 1021 1021 1146

A permissible pressure Ap Apperm  bar 380 400 400 400 400 400 400 400 400
Maximum axial force? £y +F 2y max N 1000 1000 1000 1250 1250 1250 1600 1600 1600

e ~Fama N0 0 0 0 0 0 0 0 O

Permissible axial force per bar operating pressure  £Fy permmbar N/bar |10.6  10.6  10.6 129 129 129 167 167 167

Size NG 200 250 355 500 710 1000
Drive shaft o mm 50 50 60 70 90 90
Maximum radial force” Fq Fq max kN 20.3 1280 156 198 3.08 266
at distance a -
(from shaft collar) = a mm 25 M 525 525 675 675
a
with permissible torque Tinax Nm 1273 9 5) 5) 5) 5)
2 permissible pressure Ap AP perm bar 400 ° B B B °
Maximum axial force? E 4 +Fax max N 1600 2000 2500 3000 4400 4400
s ~Famax N 0 0 0 0 0 0
Permissible axial force per bar operating pressure  +Fay permibar N/bar {167 9 5) 5) 5) 5)
1) With intermittent operation 6) When at a standstill or when axial piston unit operating in non-
2) Maximum permissible axial force during standstill or when the axial pressurized conditions. Higher forces are permissible when under
piston unit is operating in non-pressurized condition. pressure, please contact us.
3) Conical shaft with threaded pin and woodruff key (DIN 6888) Note
4) Restricted technical data only for splined shaft Influence of the direction of the permissible axial force:
5) Please contact us. +Faxmax = Increase in service life of bearings
-Fuxmax = Reduction in service life of bearings (avoid)
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Technical data

Effect of radial force F, on the service life of bearings

By selecting a suitable direction of radial force Fq, the load on
the bearings, caused by the internal rotary group forces can be
reduced, thus optimizing the service life of the bearings. Rec-
ommended position of mating gear is dependent on direction
of rotation. Examples:

Toothed gear drive V-belt output
NG Qopt- Popt-
510 180 + 70° + 45°
200 to 1000 + 45° + 70°

Clockwise Counter-clockwise Clockwise
direction direction direction
of rotation of rotation of rotation
Pressure at Pressure at Pressure at
port B port A port B

Bosch Rexroth AG

Determining the operating characteristics

Vgeneny
Flow Qv = S
1000
Vg A
Torque T=—"232—— P
20 * T * N
2meTen * A
Power P = = 7 2P
60000 600 * 1y
Vy = Displacement per revolution in cm?3

Ap = Differential pressure in bar

n = Speedinrpm

nv = Volumetric efficiency

Nmh = Mechanical-hydraulic efficiency

n = Total efficiency (y= 1, * Nmp)

9/34

[L/min]

[Nm]

(kw]
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. . . Before finalizing your design, request a binding
D I m e nSIO n S S |Ze 5 installation drawing. Dimensions in mm.
Port plate 07 — Threaded ports A/B and S at side

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
521 24
View Y
To
© S
= e/
o
O
® 10
0]
<
T
4| | 8 5 1
B,
61 B
51 80
Drive shafts
B Parallel keyed shaft C Conical shaft with threaded pin and woodruff key, 3x5
DIN 6885, A4x4x20 (DIN 6888), (tapering 1:10)
5| & 10 b3
33| ® %
3 Py 3.2 ~ ,C>’_< .
5 s = .
of [Z_ [ A - r 7] o -
2 [— 1T s =
~—
9.6
24
10.5
22.5
Ports
Designation | Port for Standard®  Size® Maximum pressure [bar]® State?
B (A) Service line DIN 3852 M18 x 1.5; 12 deep 350 (@)
S Suction line DIN 3852 M22 x 1.5; 14 deep 30 @)
T4 Drain line DIN 3852 M10 x 1; 8 deep 3 O
To Drain line DIN 3852 M10 x 1; 8 deep 3 (@)

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)

3) Observe the general instructions on page 34 for the maximum tightening torques.

4) Thread according to DIN 3852, maximum tightening torque: 30 Nm

5) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
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Before finalizing your design, request a binding
installation drawing. Dimensions in mm.

Dimensions sizes 10, 12, 16

Port plate 06 — Threaded port A/B at side and threaded port S at rear
lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)

AE)O 450

20"
95

280 -0.019
||
) [ (

18.2

Flange
similar to ISO 3019-2

View Y

85

425 |16

1) To shaft collar
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. . . Before finalizing your design, request a binding

D I menSIOnS SlzeS 1 O, 1 2, 1 6 installation drawing. Dimensions in mm.
Drive shafts

Sizes 10, 12, 16 NG10, 12 Sizes 10, 12, 16 NG10, 12

A Splined shaft DIN5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft

W25x1.25x18x9g W20x1.25x14x9g DIN 6885, AS8x7x32 DIN 6885, AS6x6x32

g 29 - 16 gg . 22 Key gg 16 Key

2| 75 %_ 5 ?'E 0|75 width 8 gosg w5 width 6

S & RS Sz

= = S = I S— i

® ® 0
-8 g = g & =R
22 22 40 40
28 34

Ports

Designation |Port for Standard®  Size? Maximum pressure [bar]® State®
B (A) Service line DIN 3852 M22 x 1.5; 14 deep 450 (e
S Suction line DIN 3852 M33 x 2; 18 deep 30 (@)
T, Drain line DIN 3852 M12 x 1.5; 12 deep 3 X4
To Drain line DIN 3852 M12 x 1.5; 12 deep 3 ok
R Air bleed DIN 3852 M8 x 1; 8 deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).
5) The spot face can be deeper than specified in the appropriate standard.
6) O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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D|menS|OnS SIZGS 23, 28, 32 Before finalizing your design, request a binding

installation drawing. Dimensions in mm.

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
port p 9

% 450
257)_ 106 A 9
8 18 118
- 1

‘% T
T O : 12
= = g N /tx /0 N . A ©
S — AN N < e -
S 5 8. & - -

_ NS g :
/E L o~
R | To Xi )
23.2 9
42 \
144 Y
166
190
Flange
ISO 3019-2 View Y
476
19

106

22.2

1) To shaft collar
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. . . Before finalizing your design, request a binding
D I menS I OnS SlzeS 2 3, 2 8, 3 2 installation drawing. Dimensions in mm.
Drive shafts
Sizes 23, 28, 32 NG23, 28 Sizes 23, 28, 32 NG23, 28
A Splined shaft DIN 5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft
W30x2x14x9g W25x1.25x18x9g DIN 6885, AS8x7x40 DIN 6885, AS8x7x40
s 22 s 19 os| 22_ Key 3| = 19 _ Key
2| 75 K| 6 23| |75, width 8 32| 3 6 width 8
> — O [Te] .
S 3 23 k=
= = - |— 2 A I
—8 g QF =7 Rk =R
27 28 50 50
35 43
Ports
Designation |Port for Standard Size? Maximum pressure  State?
[bar]®
B (A) Service line SAE J5189 1/2 in 450 (@]
Fastening thread B/A DIN 13 M8 x 1.25; 15 deep
S Suction line SAE J518%  3/4in 30 0
Fastening thread DIN 13 M10 x 1.5; 17 deep
Ty Drain line DIN 38529  M16x 1.5;12deep 3 X4
Ty Drain line DIN 38529 M16x 1.5;12deep 3 04
R Air bleed DIN 38529 M10x1;12deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).

5) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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Before finalizing your design, request a binding
installation drawing. Dimensions in mm.

Dimensions size 45

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear
lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)

y 450
32" 108 2 9
150
—+
] gh
3} ©
=] N L B B ey
LO ~—
X 25 A 0
S} & )
8 g . | X}
- g [39] E:
A —
AN
155 Y
179
207
Flange
ISO 3019-2 View Y
52.4
25
o
X
g _} ®
NS -
)
7 o
©
N
20

1) To shaft collar
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Dimensions size 45

Bosch Rexroth AG 17/34

Before finalizing your design, request a binding
installation drawing. Dimensions in mm.

Drive shafts
Z Splined shaft DIN 5480 | |P Parallel keyed shaft
W30x2x14x9g DIN 6885, AS8x7x50
g 28 ol & 28 _ Ke
39| o y
R| 95 22| Blos width 8
= = ! I
—g | 3 =71
Q —1 Q
27 60
35
Ports
Designation | Port for Standard Size? Maximum pressure  State?”
[bar]®
B (A) Service line SAE J5189 3/4 in 450 (e}
Fastening thread B/A DIN 13 M10 x 1.5; 17 deep
S Suction line SAE J518% 1in 30 (0]
Fastening thread DIN 13 M10 x 1.5; 17 deep

T Drain line DIN 38529 M18x 1.5;12deep 3 X4
Ty Drain line DIN 38529 M18x 1.5;12deep 3 04
R Air bleed DIN 38529 M12x1.5;12deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)
2) Observe the general instructions on page 34 for the maximum tightening torques.

w

fittings.

(SIS

6) The spot face can be deeper than specified in the appropriate standard.
7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)

) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and

) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).
) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.
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DlmenS|OnS SIZGS 56, 63 Before finalizing your design, request a binding

installation drawing. Dimensions in mm.

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
port p )

321 117
10 FQO
T4
e — S & o
s o N S 06’
R = & o o~ |
Cy O o
— . }‘rt T ~— Sr |
/ <
R| Ty o
30 11
50
171 \Y
195
225
Flange
ISO 3019-2
View Y
52.4
25

128

68 23

1) To shaft collar
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. . . Before finalizing your design, request a binding
D I menS I OnS SlzeS 5 6, 63 installation drawing. Dimensions in mm.
Drive shafts
NG56, 63 NG56 NG56, 63 NG56
A Splined shaft DIN 5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft
W35x2x16x9g W30x2x14x9g DIN 6885, AS10x8x50 DIN 6885, AS8x7x50
8 28 g 28 S = N o
o o B512| =2 Key 8318 2B Key
=| 85 =| 95 3% 2|95 width 10 32| 295 width 8
& & 3| = 2 =
— — Q] AN Q| N
s = s % I = A I
o o
g g 3 =7 S =R
32 27 60 60
40 35
Ports
Designation |Port for Standard Size? Maximum pressure  State?
[bar]®
B (A) Service line SAE J518%) 3/4in 450 O
Fastening thread B/A DIN 13 M10 x 1.5; 17 deep
S Suction line SAE J518%9  1in 30 0
Fastening thread DIN 13 M10 x 1.5; 17 deep
Ty Drain line DIN 38529 M18x 1.5;12deep 3 X4
Ty Drain line DIN 38529 M18x 1.5;12deep 3 04
R Air bleed DIN 38529 M12x 1.5;12deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).

5) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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Dimensions sizes 80, 90

Bosch Rexroth AG

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

A2FO Series 6 | RE 91401/06.2012

Before finalizing your design, request a binding

installation drawing. Dimensions in mm.

132

2140 -0.025

ISO 3019-2

1) To shaft collar

<
(2]
3
T o
©
196 \Y
224
257
Flange

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)

450

165

View Y

73

58.7

32

AN
44@4
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+
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Dimensions sizes 80, 90 nctolation crouivg. Dimecaonsmmm.
Drive shafts

NG80, 90 NG80 NG80, 90 NG80

A Splined shaft DIN 5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft

W40x2x18x9g W35x2x16x9g DIN 6885, AS12x8x56 DIN 6885, AS10x8x56
- 36 s 28 28 36_ Key o8| = 28 _ Key
| 12 | 95 2| & |12 width 12 22| Blas width 10
) S 3,8 Q8
= = FS = i = i
— 3 IR =272 50k == IR
37 32 70 70
45 40

Ports

Designation |Port for Standard Size? Maximum pressure  State?

[bar]®
B (A) Service line SAE J518%  1in 450 O
Fastening thread B/A DIN 13 M12 x 1.5; 17 deep
S Suction line SAE J518%9 1 1/4in 30 0
Fastening thread DIN 13 M10 x 1.5; 17 deep

Ty Drain line DIN 38529 M18x 1.5;12deep 3 X4

To Drain line DIN 38529 M18x 1.5;12deep 3 04

R Air bleed DIN 38529 M12x 1.5;12deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).

5) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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Before finalizing your design, request a binding

DimenSionS SizeS 1 07, 1 25 installation drawing. Dimensions in mm.

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear
lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)

40" NS 450
10
| = : A
pres B 2
© _ [le]
= =
& 2 o |
(a2}
§ 3 < —a] |
36.5
213 \Y
245
275
Flange
ISO 3019-2
View Y
Detail: port A/B 69.9
(dimensions in brackets for size 107) 38
S
31.8(278) B (A) N\
N ,) 3
o — | N e T
B & 5
N o ™
[(] [e0]
© ﬁf&
89 20

1) To shaft collar
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. . . Before finalizing your design, request a binding
D I menSIOnS SlzeS 1 07, 1 2 5 installation drawing. Dimensions in mm.
Drive shafts
NG107, 125 NG107 NG107, 125 NG107
A Splined shaft DIN 5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft
W45x2x21x9g W40x2x18x9g DIN 6885, AS14x9x63 DIN 6885, AS12x8x63
B 36 '% 28 gl 36_ Key g %; 28 Key
=112 | 9.5 2| S (12 width 14 2| (9.5 width 12
(o] - [To R ol —
& 8 38 3
= s LS |—H I S — I
[[e]
—8 —g | 3 == R ==
Q ] ¥
42 37 80 80
50 45
Ports
Designation | Port for Standard Size? Maximum pressure State”)
[bar]®
B (A) Service line SAE J518% 1 in (size 107) 450 (@)
1 1/4 in (size 125)
Fastening thread B/A DIN 13 M12 x 1.75; 17 deep (size 107)
M14 x 2; 19 deep (size 125)
S Suction line SAE J5185) 1 1/2in 30 o]
Fastening thread DIN 13 M12 x 1.75; 20 deep
T, Drain line DIN 38529  M18 x 1.5; 12 deep 3 X4
T Drain line DIN 38529  M18 x 1.5; 12 deep 3 o4
R Air bleed DIN 38529  M14 x 1.5; 12 deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, T1 or T, must be connected (see also installation instructions on pages 32 and 33).

5) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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. . . Before finalizing your design, request a binding
D I menSIO nS SlzeS 1 6 O, 1 8 O installation drawing. Dimensions in mm.

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
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1) To shaft collar
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. . . Before finalizing your design, request a binding
D I menSIOnS SlzeS 1 6 O, 1 80 installation drawing. Dimensions in mm.
Drive shafts
NG160, 180 NG160 NG160, 180 NG160
A Splined shaft DIN 5480 | |Z Splined shaft DIN 5480 | |B Parallel keyed shaft P Parallel keyed shaft
W50x2x24x9g W45x2x21x9g DIN 6885, AS14x9x70 DIN 6885, AS14x9x70

A 36 ~ 36 ggl 36_ Key 28 36, Key

< | 12 =] 12 ?F| £ |12 width 14 2| 249 width 14

(] <l o 0| N

& S 8,8 % 8

= = LS = “/%n S = .

o o o
—§ g 8 i L =/ 18-
44 42 90 90
55 50
Ports
Designation | Port for Standard Size? Maximum pressure State?
[bar]®
B (A) Service line SAE J518% 1 1/4in 450 )
Fastening thread B/A DIN 13 M14 x 2; 19 deep
S Suction line SAE J518% 11/2in 30 ¢}
Fastening thread DIN 13 M12 x 1.75; 20 deep

T Drain line DIN 38529  M22x1.5;14 deep 3 X4
Ty Drain line DIN 38528 M22x1.5;14 deep 3 04
R Air bleed DIN 38528  M14x 1.5;12deep 3 X

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Observe the general instructions on page 34 for the maximum tightening torques.

3) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

4) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).

5) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

6) The spot face can be deeper than specified in the appropriate standard.

7) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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D | menS|OnS SIZG 2 OO Before finalizing your design, request a binding

installation drawing. Dimensions in mm.

Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
40" 156
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32
Detail Y
Flange
ISO 3019-2
Drive shafts
A Splined shaft DIN 5480| | B Parallel keyed shaft
W50x2x24x9g DIN 6885, AS14x9x80
- 3 28 86 _ Key )
&,| 12 32| |12 width 14
> ol
S 83
=) 3] o
S 3 = 108
44 100
55
Ports
Designation | Port for Standard Sized® Maximum pressure  State®
[bar]¥
B (A) Service line SAE J5189) 11/4in 450 (0]
Fastening thread B/A DIN 13 M14 x 2; 19 deep
S Suction line SAE J5188) 3 1/2in 30 0
Fastening thread DIN 13 M16 x 2; 24 deep
T, Drain line DIN 38527  M22x 1.5;14 deep 3 X5
To Drain line DIN 38527  M22x 1.5; 14 deep 3 0%
R Air bleed DIN 38527 M14x1.5;12deep 3 X

1) To shaft collar
2) Center bore according to DIN 332 (thread according to DIN 13)
3) Observe the general instructions on page 34 for the maximum tightening torques.
4) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.
) Depending on installation position, T or T, must be connected (see also installation instructions on pages 32 and 33).
) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.
) The spot face can be deeper than specified in the appropriate standard.
8) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)

N o o
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. . . Before finalizing your design, request a binding
D I menSIOnS Slze 250 installation drawing. Dimensions in mm.
Port plate 05 — SAE flange port A/B at side and SAE flange port S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
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Flange 309 Detail Y
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Ports
Designation | Port for Standard Sized Maximum pressure  State®
4)
[barl
B (A) Service line SAE J5186) 11/4in 400 (0]
Fastening thread B/A DIN 13 M14 x 2; 19 deep
S Suction line SAE J5188)  21/2in 30 ¢}
Fastening thread DIN 13 M12 x 1.75; 17 deep
T, Drain line DIN 38527 M22x1.5;14 deep 3 (o)
To Drain line DIN 38527  M22x1.5;14deep 3 X58)
U Bearing flushing DIN 38527 M14x15;12deep 3 X

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)

3) Observe the general instructions on page 34 for the maximum tightening torques.

4) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

5) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).

6) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

7) The spot face can be deeper than specified in the appropriate standard.

8) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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Dimensions size 355

Port plate 11 — SAE flange ports A

/B and S at rear

A2FO Series 6 | RE 91401/06.2012

Before finalizing your design, request a binding
installation drawing. Dimensions in mm.

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
1)
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Flange etal
ISO 3019-2 850
. 36.5 88.9
Drive shafts
Z Splined shaft DIN 5480| | P Parallel keyed shaft B @
W60x2x28x9g DIN 6885, AS18x11x100 Mg (Ma) % Ms
] P D L
< hd | to)
= o | & O _ | _ 1 QRS
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Ports
Designation | Port for Standard Size3) Maximum pressure  State®
[bar]¥
B (A) Service line SAE J5186) 11/2in 400 (0]
Fastening thread B/A DIN 13 M16 x 2; 21 deep
S Suction line SAE J5188)  21/2in 30 ¢}
Fastening thread DIN 13 M12 x 1.75; 17 deep
T, Drain line DIN 38527  M33 x 2; 18 deep 3 oY
To Drain line DIN 38527  M33x 2; 18 deep 3 X5
u Bearing flushing DIN 38527 M14x1.5;12deep 3 X
Ma, Mg Measuring operating pressure DIN 38527  M14x1.5; 12 deep 400 X
Ms Measuring suction pressure DIN 38527  M14x 1.5; 12 deep 30 X

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)
3) Observe the general instructions on page 34 for the maximum tightening torques.
4) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and

fittings.

N o o

8) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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) Depending on installation position, Ty or T, must be connected (see also installation instructions on pages 32 and 33).
) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.
) The spot face can be deeper than specified in the appropriate standard.
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D | menS|OnS Slze 500 Before finalizing your design, request a binding

installation drawing. Dimensions in mm.

Port plate 11 — SAE flange ports A/B and S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
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Ports
Designation | Port for Standard Size3 Maximum pressure  State®
[bar]
B (A) Service line SAE J5186) 11/2in 400 (0]
fastening thread B/A DIN 13 M16 x 2; 21 deep
S Suction line SAE J5189  3in 30 0
fastening thread DIN 13 M16 x 2; 24 deep
Ty Drain line DIN 38527 M33x2;18deep 3 0%
To Drain line DIN 38527  M33x 2; 18 deep 3 X5
U Bearing flushing DIN 38527 M18x1.5;12deep 3 X
Ma, Mg Operating pressure measurement DIN 38527  M14 x 1.5; 12 deep 400 X
Ms Suction pressure measurement DIN 38527 M14x1.5;12deep 30 X

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)

3) Observe the general instructions on page 34 for the maximum tightening torques.

) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

) Depending on installation position, T or T, must be connected (see also installation instructions on pages 32 and 33).

) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

) The spot face can be deeper than specified in the appropriate standard.

8) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)

i

N o o
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Before finalizing your design, request a binding

D i menSionS Size 71 O installation drawing. Dimensions in mm.

Port plate 11 — SAE flange ports A/B and S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
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Ports
Designation | Port for Standard Size3) Maximum pressure  State®
[bar]¥
B (A) Service line SAE J518%  2in 400
Fastening thread B/A DIN 13 M20 x 2.5; 30 deep
S Suction line SAE J518%)  4in 30 ¢]
Fastening thread DIN 13 M16 x 2; 24 deep
T4 Drain line DIN 38527 M42 x 2; 20 deep 3 0%
Ty Drain line DIN 38527 M42x2;20deep 3 X9
u Bearing flushing DIN 38527  M18x 1.5;12 deep 3 X
Ma, Mg Measuring operating pressure DIN 38527  M14x 1.5;12 deep 400 X
Ms Measuring suction pressure DIN 38527  M14x15;12deep 30 X

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)

3) Observe the general instructions on page 34 for the maximum tightening torques.

4) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

Depending on installation position, Ty or To must be connected (see also installation instructions on pages 32 and 33).
Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

The spot face can be deeper than specified in the appropriate standard.

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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. . . Before finalizing your design, request a binding
D I m e n S I O n S S |Ze 1 O O O installation drawing. Dimensions in mm.

Port plate 11 — SAE flange ports A/B and S at rear

lllustration: cw direction of rotation (on version "ccw direction of rotation" the port plate is rotated through 180°)
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Detail Y
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Ports
Designation |Port for Standard Size® Maximum pressure  State®
[bar]¥
B (A) Service line SAE J518%)  2in 400
fastening thread B/A DIN 13 M20 x 2.5; 30 deep
S Suction line SAE J5189  4in 30 0
fastening thread DIN 13 M16 x 2; 24 deep
T4 Drain line DIN 38527 M42x2;20deep 3 0%
To Drain line DIN 38527 M42x2;20deep 3 X5
U Bearing flushing DIN 38527 M18x1.5;12deep 3 X
Ma, Mg Measuring operating pressure DIN 38527  M14 x 1.5; 12 deep 400 X
Ms Measuring suction pressure DIN 38527  M14x1.5;12deep 30 X

1) To shaft collar

2) Center bore according to DIN 332 (thread according to DIN 13)

3) Observe the general instructions on page 34 for the maximum tightening torques.

4) Momentary pressure spikes may occur depending on the application. Keep this in mind when selecting measuring devices and
fittings.

5) Depending on installation position, T1 or To must be connected (see also installation instructions on pages 32 and 33).

6) Only dimensions according to SAE J518, metric fastening thread is a deviation from standard.

7) The spot face can be deeper than specified in the appropriate standard.

8) O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)
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Installation instructions

General

During commissioning and operation, the axial piston unit must
be filled with hydraulic fluid and air bled. This must also be
observed following a relatively long standstill as the axial piston
unit may drain back to the reservoir via the hydraulic lines.

Particularly in the installation position "drive shaft upwards"
filling and air bleeding must be carried out completely as there
is, for example, a danger of dry running.

The case drain fluid in the motor housing must be directed to
the reservoir via the highest available drain port (T4, To).

For combinations of multiple units, make sure that the respec-
tive case pressure in each unit is not exceeded. In the event of
pressure differences at the drain ports of the units, the shared
drain line must be changed so that the minimum permissible
case pressure of all connected units is not exceeded in any
situation. If this is not possible, separate drain lines must be
laid if necessary.

To achieve favorable noise values, decouple all connecting
lines using elastic elements and avoid above-reservoir installa-
tion.

In all operating conditions, the suction and drain lines must flow
into the reservoir below the minimum fluid level. The permissible
suction height hg results from the overall loss of pressure; it must
not, however, be higher than hg yax= 800 mm. The minimum suc-
tion pressure at port S must also not fall below 0.8 bar absolute
during operation and during cold start.
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Installation position

See the following examples 1 to 8.
Further installation positions are possible upon request.

Recommended installation positions: 1 and 2.

Below-reservoir installation (standard)

Below-reservoir installation means that the axial piston unit is
installed outside of the reservoir below the minimum fluid level.

1 2
SB
s g
l : r ht min ht min ] ; ]
hmin hmin
3 4
SB SB
_ .V
ht minﬂ _E - ] ht min Il _E - ]
hminT Amin Pimin amin
Installation position Air bleed Filling
1 - Ty
2 - Ty
3 - Ty
4 R (U) T
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Installation instructions

Above-reservoir installation

Above-reservoir installation means that the axial piston unit is
installed above the minimum fluid level of the reservoir.

Recommendation for installation position 8 (drive shaft
upward): A check valve in the drain line (cracking pressure
0.5 bar) can prevent draining of the pump housing.

5 6

hs max

hs max

,ht min ht min

SB !hmin hminr SB

hs max
B _'. 4 .
- : ] Pt min ht mlni
[ ho
SB hrmin mn
Installation position Air bleed Filling
5 L Tq (L4)
6 L To (Ly)
7 L Tq (Ly)
8 R (U) Ty (L4)
L4 Filling / air bleed
R Air bleed port
U Bearing flushing / air bleed port
S Suction port

T1,T2 Drain port
htmin  Minimum required immersion depth (200 mm)

hmin Minimum required spacing to reservoir bot-
tom (100 mm)

SB Baffle (baffle plate)
hsmax Maximum permissible suction height (800 mm)

@min When designing the reservoir, ensure adequate
space between the suction line and the drain line.
This prevents the heated, return flow from being
drawn directly back into the suction line.
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General instructions

— The pump A2FO is designed to be used in open circuits.

— The project planning, installation and commissioning of the
axial piston unit requires the involvement of qualified person-

nel.

— Before using the axial piston unit, please read the corre-
sponding instruction manual completely and thoroughly. If
necessary, these can be requested from Bosch Rexroth.

— During and shortly after operation, there is a risk of burns
on the axial piston unit. Take appropriate safety measures
(e. g. by wearing protective clothing).

— Depending on the operating conditions of the axial piston
unit (operating pressure, fluid temperature), the characteris-

tic may shift.

- Service line ports:

- The ports and fastening threads are designed for the
specified maximum pressure. The machine or system
manufacturer must ensure that the connecting elements
and lines correspond to the specified application condi-
tions (pressure, flow, hydraulic fluid, temperature) with the

necessary safety factors.

- The service line ports and function ports can only be used
to accommodate hydraulic lines.

A2FO Series 6 | RE 91401/06.2012

— The data and notes contained herein must be adhered to.

— The product is not approved as a component for the safety
concept of a general machine according to ISO 13849.

— A pressure-relief valve is to be fitted in the hydraulic system.
— The following tightening torques apply:

- Fittings:
Observe the manufacturer's instructions regarding tighten-
ing torques of the fittings used.

- Mounting bolts:
For mounting bolts with metric ISO thread according to
DIN 13 or with thread according to ASME B1.1, we recom-
mend checking the tightening torque in individual cases in
accordance with VDI 2230.

- Female threads in the axial piston unit:
The maximum permissible tightening torques Mg max are
maximum values for the female threads and must not be
exceeded. For values, see the following table.

- Threaded plugs:
For the metallic threaded plugs supplied with the axial pis-
ton unit, the required tightening torques of threaded plugs
My apply. For values, see the following table.

Ports Maximum permissible Required WAF
tightening torque of the tightening torque of the hexagon socket in the

Standard Size of thread | female threads Mg max threaded plugs My threaded plugs
DIN 3852 M8 x 1 10 Nm 7 Nm 3 mm

M10 x 1 30 Nm 15 Nm?2 5 mm

M12x 1.5 50 Nm 25 Nm? 6 mm

M14 x 1.5 80 Nm 35 Nm 6 mm

M16 x 1.5 100 Nm 50 Nm 8 mm

M18 x 1.5 140 Nm 60 Nm 8 mm

M22 x 1.6 210 Nm 80 Nm 10 mm

M33 x 2 540 Nm 225 Nm 17 mm

M42 x 2 720 Nm 360 Nm 22 mm

1) The tightening torques apply for screws in the "dry" state as received on delivery and in the "lightly oiled" state for installation.
2) In the "lightly oiled" state, the My is reduced to 10 Nm for M10 x 1 and 17 Nm for M12 x 1.5.

Bosch Rexroth AG

Mobile Applications
Glockeraustrasse 4

89275 Elchingen, Germany
Tel.: +49-7308-82-0

Fax: +49-7308-72-74
info.orm@boschrexroth.de

An den Kelterwiesen 14
72160 Horb, Germany
Tel.: +49-7451-92-0
Fax: +49-7451-82-21

www.boschrexroth.com/axial-piston-pumps
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© This document, as well as the data, specifications and other information set
forth in it, are the exclusive property of Bosch Rexroth AG. It may not be repro-
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The data specified above only serve to describe the product. No statements
concerning a certain condition or suitability for a certain application can be de-
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» Sizes 22 and 28
— Nominal pressure 400 bar
— Maximum pressure 450 bar
» Sizes 71 to 500
— Nominal pressure 350 bar
— Maximum pressure 400 bar

Features Contents
» Fixed pump in axial piston swashplate design for hydro- Type code 2
static drives in an open circuit Hydraulic fluids 4
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» Flow is proportional to the drive speed and displacement. Flow direction 6
» High power density Working pressure range 7
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2 A4FO | Axial piston fixed pump

Type code
Type code
01 02 03 04 05 07 08 09 10 11
I | a4F | o | |/ | - | I I I I |
Hydraulic fluid 022 028 071 125 180 250 500
01 | Mineral oil, HFD hydraulic fluid (no code) ° ° ° ° °
HFA, HFB, HFC hydraulic fluid - - E-
High-speed version - - - - - H-
Axial piston unit
| 02 | Swashplate design, fixed displacement | A4F |
Operating mode
| 03 |Pump, open circuit | o |
Size (NG)
| 04 | Geometric displacement, see ,Technical data“ on page 8 | 022 | 028 | 071 | 125 | 180 | 250 | 500 |
Series 022, 028 071 125 to 500
05 | Series 1, index O - ° - 10
Series 3, index O - - ° 30
Series 3, index 2 ° - - 32
Direction of rotation
06 |Viewed on drive shaft clockwise R
counter-clockwise L
Sealing material 022, 028 071 to 500
07 | NBR (nitrile rubber), shaft seal in FKM (fluoroelastomer) ° - N
- ° P
FKM (fluoroelastomer) - ° \'
Drive shaft (permissible input torque, see page 10) 022 028 071 125 180 250 500
08 | Splined shaft ANSI B92.1a ° ° - - - - -
Splined shaft DIN 5480 - - ° ° ° ° Y4
Parallel keyed shaft DIN 6885 - - ° ° ° ° °
Mounting flange 022 028 071 125 180 250 500
09 |SAE J744, 2-hole ° ° - - - - - (o4
1SO 3019, 4-hole - - ° ° ° ° - B
ISO 3019, 8-hole - - - - - - ° H
Working port®) 022, 028 071 to 500
10 | SAE pressure and suction port, at side, opposite ) - 12
SAE pressure and suction port, at side, offset by 90° - R 25
2nd pressure port B1 opposite B (plugged with flange plate on delivery)

e = Available - = Not available

1) Fastening thread, metric
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Axial piston fixed pump | A4FO 3

Type code
01 02 03 04 05 06 07 08 09 10 11
I | aaF | o | | 7 | I I I I I I |
Through drive (for attachment options, see page 25) 022 028 071 125 180 250 500

11 | Without through drive ° ° ° ° NOO
With through drive for mounting an axial piston unit or gear pump - - - ° K...
Universal through drive (can be modified) - - - ° ° ° - U
Flange SAE J744 Hub for splined shaft SAE J744
82-2 (A) 5/8in (16-4) ° ° ° ° ° ° ...01
101-2 (B) 7/8in (22-4) - - - - - ...02
101-2 (B) 7/8 in (22-4) - - ° ° ° ° o 68
Flange 1SO 3019-2 (metric) Hub for splined shaft SAE J744
80, 2-hole 3/4in (19-4) - - ° ° ° ° o ...B2
100, 2-hole 7/8in (22-4) - - ° ° ° ° o ...B3
100, 2-hole 1in (25-4) - - ° ° ° ° o ...B4
125, 2-hole 11/4in (32-4) - - ° ° ° ° o ...B5
125, 2-hole 11/2in (38-4) - - - ° ° ° o ...B6
180, 4-hole 1 3/4in (44-4) - - - - ° ° ° ...B7
Flange 1ISO 3019-2 (metric) Hub for splined shaft DIN 5480
125, 4-hole W32x2x14x9g - - ° ° ° ° o .31
140, 4-hole W40x2x18x9g - - ° ° ° ° o ...33
160, 4-hole W50x2x24x9g - - - ° ° ° ° ...34
224, 4-hole W60x2x28x9g - - - - - ° ° ...35
315, 8-hole W80x3x25%x9g - - - - - - ° ...43
With through-drive shaft, without hub, without intermediate flange,
closed with cover B h ° ° ° ° ° 99

No

Available o =

tes

On request - =

Not available

» Note the project planning notes on page 28.

>

Preservation:

— Up to 12 months as standard
— Up to 24 months long-term (state in plain text when

ordering)
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4 A4FO | Axial piston fixed pump
Hydraulic fluids

Hydraulic fluids

The A4FO fixed pump is designed for operation with HLP

mineral oil according to DIN 51524.

Application instructions and requirements for hydraulic

fluids should be taken from the following data sheets

before the start of project planning:

» 90220: Hydraulic fluids based on mineral oils and related
hydrocarbons

» 90221: Environmentally acceptable hydraulic fluids

» 90222: Fire-resistant, water-free hydraulic fluids
(HFDR/HFDU)

» 90223: Fire-resistant, water-containing hydraulic fluids
(HFC, HFB, HFAE, HFAS)
Sizes 22 and 28 are not suitable for operation with HFA,
HFB and HFC.

Viscosity and temperature of hydraulic fluids

v Sizes 22 and 28

Details regarding the choice of hydraulic fluid

The hydraulic fluid should be selected such that the operat-
ing viscosity in the operating temperature range is within
the optimum range (vopt, See selection diagram).

Note

At no point of the component may the temperature be higher
than 115 °C (sizes 22 and 28) and 90 °C (sizes 71 to 500).
The temperature difference specified in the table is to be taken
into account when determining the viscosity in the bearing.

If the above conditions cannot be maintained due to
extreme operating parameters, please contact the respon-
sible member of staff at Bosch Rexroth.

Viscosity Temperature Comment
Cold start Vmax < 1600 mm?/s Ost > -40 °C t <3 min, n < 1000 rpm, without load p < 50 bar
Permissible temperature difference AT < 25K between axial piston unit and hydraulic fluid in the system

Warm-up phase Vmax < 1600 to 400 mm?/s

0 =-40°Cto -25°C

at p < 0,7 X proms 1 < 0,5 X npoy and ¢ < 15 min

Continuous operation v =400 to 10 mm?/s

0 =-25°Cto +110 °C

measured at port T; or T,
Note the permissible temperature range of the shaft seal
(AT = approx. 5 K between the bearing/shaft seal and port Ty/T,)

Vopt = 36 to 16 mm?/s

Range of optimum operating viscosity and efficiency

Short-term operation  vpyin 2 7 mm?/s

t <3 min, p <0,3 % Prom

v Sizes 71 to 500

Viscosity Temperature Comment
Cold start Vmax € 1000 mm?2/s Os¢ > -40 °C t <3 min, n < 1000 rpm, without load p < 50 bar
Permissible temperature difference AT < 25 K between axial piston unit and hydraulic fluid in the system

Warm-up phase Vmax < 1000 to 100 mm?/s

0 =-40°Cto-25°C

at p < 0,7 X proms 1 < 0,5 X nyom and t < 15 min

Continuous operation v =100 to 16 mm?/s

=-25°Cto +90 °C

measured at port T
Note the permissible temperature range of the shaft seal

Vopt = 36 to 16 mm?/s

Range of optimum operating viscosity and efficiency

Short-term operation vy, 2 10 mm2/s

t<3 min, p <0,3 X prom
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v Selection diagram

Axial piston fixed pump | A4FO

Hydraulic fluids

1600
1000
600
400

200

100

60
40

36

20

16

L

Optimum operating viscosity range vopt
Optimum efficiency 10

Viscosity v [mm?/s]

AANNN

-40 -25 -10

Filtration of the hydraulic fluid

Finer filtration improves the cleanliness level of the hydraulic
fluid, which in turn increases the service life of the axial
piston unit.

A cleanliness level of at least 20/18/15 is to be maintained
according to ISO 4406.

At very high hydraulic fluid temperatures (90 °C to maxi-
mum 110 °C, measured at port T, not permitted for sizes
71 to 500), a cleanliness level of at least 19/17/14 in accor-
dance with ISO 4406 is necessary.

0

10 30 50
Temperature 6 [°C]

70 90 115

5
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6 A4FO | Axial piston fixed pump
Shaft seal

Shaft seal

Permissible pressure loading

The service life of the shaft seal is influenced by the speed
of the axial piston unit and the leakage pressure in the
housing (case pressure). Momentary (t < 0,1 s) pressure
peaks of up to 10 bar are allowed. The service life of the
shaft seal decreases with increasing frequency of pressure
peaks and increasing mean differential pressure.

The case pressure must be equal to or higher than the
ambient pressure.

Differential pressure Ap [bar]
- ) w I
=z =
J
N (€]
o1 o
o o
/ [
z =z =
O 0O O
[ =N
o N -
o o

0 1000 2000 3000 4000
Rotational speed n [rpm]

The FKM shaft seal may be used for leakage temperatures
from -25 °C to +115 °C.
Sizes 22 and 28: For application cases below -25 °C, an

NBR shaft seal is required (permissible temperature range:

-40 °C to +90 °C).

Bosch Rexroth AG, RE 91455/03.2015

136

Flow direction

Direction of rotation, viewed on drive shaft, sizes 22 and 28

clockwise counter-clockwise

StoB StoA

v Schematic, sizes 22 and 28

Ports

A,B  Working port

S Suction port

Ty, T, Drain port

X3 Measuring pressure B (A)

B(A) Xs

Direction of rotation, viewed on drive shaft, sizes 71 to 500

clockwise counter-clockwise
StoB StoB
v Schematic, sizes 71 to 500
B, B Ms Ports
[ T B, By Working port
! ! sy D1 gp

S Suction port

(A>:::: T Drain port
P N R (L)

Filling / air bleeding

e | S Mg Measuring port working
:)w}( ) T | pressure
UMs S T R(L) Ms Measuring port suction
pressure
V) Flushing port

Bearing flushing (sizes 71 to 500)
Please refer to the data sheet 92050 (A4VSO) for operating
conditions, flushing quantities and notes on bearing flushing.



Working pressure range

Axial piston fixed pump | A4FO 7
Working pressure range

Pressure at working ports
A or B and B;

Sizes 22 and 28

Sizes 71 to 500 Definition

Nominal pressure pnom

400 bar absolute

350 bar absolute The nominal pressure corresponds to the maximum design pressure.

Maximum pressure Pmax

450 bar absolute

400 bar absolute The maximum pressure corresponds the maximum working pres-

Single operating period

1s

1s sure within the single operating period. The sum of the single

Total operating period

300 h

operating periods must not exceed the total operating period.

Minimum pressure
(high-pressure side)

25 bar absolute

Rate of pressure change Ra max

16000 bar/s

300 h

- Minimum pressure on high-pressure side (A or B and By) required
to prevent damage to the axial piston unit.

16000 bar/s Maximum permissible rate of pressure build-up and reduction

during a pressure change over the entire pressure range.

Pressure at suction port S (inlet)

Minimum pressure ps min

0,8 bar absolute

0,8 bar absolute Minimum pressure at suction port S (inlet) that is required in
order to avoid damage to the axial piston unit. The minimum
pressure depends on the speed of the axial piston unit.

Maximum pressure ps max

2 bar absolute

30 bar absolute

v Rate of pressure change Rj max

Pressure p

Time t

¥ Pressure definition

Pressure p

Time t

Total operating period =ty +ty +... + t,

Note

Working pressure range valid when using hydraulic fluids
based on mineral oils. Values for other hydraulic fluids,
please contact us.
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8 A4FO | Axial piston fixed pump
Technical data

Technical data

Size NG 22 28 71 125 180 250/HY  500/HY
Displacement, geometric, per revolution Vg cm? 22 28 71 125 180 250 500
Maximum rotational speed? e rpm 3600 3000 2200 1800 1800 1500/ 1320
1900 /1500
Maximum rotational speed® Triess rpm 4500 3750 2700 2200 2100 1800/ 1600 /
2100 1800
Flow at Vg and ninom qv [/min 79 84 156 225 324 375/ 660 /
475 750
Power at Vg, nnom and P kw 58] 56 914 1314 1894 219/ 385/
Ap = 400 bar 2774 4384
Torque at Vgand Ap = 400 bar T Nm 140 178 3964 6964 10034 13934 27854
Rotary stiffness  Shaft end S c kNm/rad 29,9 29,9 - - - - -
drive shaft Shaft end P c kNm/rad - - 146 260 328 527 1145
Shaft end Z c kNm/rad - - 146 263 387 543 1136
Moment of inertia for rotary group JGr kgm? 0,0017 0,0017 0,0121 0,0300 0,055 0,0959 0,3325
Maximum angular acceleration a rad/s? 38000 38000 20000 13000 10000 8000 4800
Case volume \% | 0,3 0,3 2,0 3,0 4,0 7,0 11,0
Weight (approx.) m kg 13,5 13,5 34 61 76 120 220

v Maximum permissible speed (speed limit) Determining operating characteristics

1.25 Vgxnxy
Flow -—5 = [I/min]
= 1.2 W 1000
a Ve x A
= Torque T = —5% P [Nm]
:E 1.1 20 x g1 % Nmh
2axTxn x A
; Power P = = 2P [kw]
- 60000 600 x n¢
3 10
8’ Key
Vg = Displacement per revolution [cm?3]
0.9 Ap = Differential pressure [bar]
0.8 1.0 1.2 1.4 1.6 1.8 2.0 A
n = Rotational speed [rpm]
Inlet pressure paps [bar] - -
My = Volumetric efficiency
Notes Nmh = Mechanical-hydraulic efficiency
» Theoretical values, without efficiency and tolerances; N = Total efficiency (¢ = 5y X Jmn)
values rounded
» Operation above the maximum values or below the
minimum values may result in a loss of function, a
reduced service life or the destruction of the axial
piston unit. Bosch Rexroth recommend testing the loads
by means of experiment or calculation / simulation and
comparison with the permissible values.
1) H = High-speed version 3) Maximum speed (speed limit) with increased inlet pressure paps at
2) The values are valid: suction port S, see diagram.
— At absolute pressure paps = 1 bar at suction port S 4) At Ap = 350 bar

- For the optimal viscosity range of vop = 36 to 16 mm?/s
— For hydraulic fluid based on mineral oils.
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Axial piston fixed pump | A4FO 9
Technical data

Permissible radial and axial forces of the drive shaft

Size NG 22 28
Drive shaft S according to ANSI B92.1a in 7/8 7/8
Maximum radial force Fq max N 2550 2150
at distance a (from shaft collar) a mm 16,5 16,5
Fq

i

[

a

Maximum axial force + Faxmax N 1557 1557

Fy ts HE ~Faxmax N 417 417
Size NG 71 71 125 125 180 180 250 250 500 500
Drive shaft Z according to DIN 5480 W40 W50 W50 W60 W80
Drive shaft P according to DIN 6885 mm 40 50 50 260 280
Maximum radial force at distance a = Fq max N 1200 1200 1600 1600 2000 2000 2000 2000 2500 2500
(from shaft collar) a mm 35 22,5 41 27 a1 27 52,5 35 65 45
Fq

o

[

a

Maximum axial force + Faxmax N 800 800 1000 1000 1400 1400 1800 1800 2000 2000
Fo s H E i N 800 800 1000 1000 1400 1400 1800 1800 2000 2000

ax _:
Note

Special requirements apply in the case of belt drive and
cardan shaft. Please contact us.
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10  A4FO | Axial piston fixed pump

Technical data

Permissible input and through-drive torques

Size NG 22 28
Torque at Vg and Ap = 400 bar!) T Nm 140 178
Input torque at drive shaft, maximum?
ANSI B92.1a S TE max Nm 192 192
7/8in 7/8in
Maximum through-drive torque Tb max Nm 192 192
Size NG 71 125 180 250 500
Torque at Vgand Ap = 350 bar!) T Nm 396 696 1003 1393 2785
Input torque at drive shaft, maximum?
DIN 5480 z TE max Nm 790 1392 2004 2782 5566
W40 W50 W50 W60 W80
DIN 6885 P TE max Nm 700 1392 1400 2300 5200
240 50 50 260 80
Maximum through-drive torque Tp max Nm 395 696 1002 1391 2783

v Torque distribution

1st pump

1 2nd pump

Torque at 1st pump Ty
Torque at 2nd pump T,
Torque at 3rd pump T3
Input torque Te T1+Ty+ T;
Te TE max
Through-drive torque Tp Ty + T3
To Tb max

1) Efficiency not considered

2) For drive shafts free of radial force
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Axial piston fixed pump | A4FO 11
Technical data

Flow and power

Vv Size 71 v Size 250
] 500 250
150 150
@ - /

= £ 400 #4200

E 100 FITrr g e = 100 & /

— [

> P 2 qv /

o qV max —

2 e a = 300 {150 =

: S T T | 2

- 50 =7 50 € £ y . A

- [a) = mm———— N _{\ 27 o
e N N\ et ——— ()
P N / ’ 3
av null 2 200 74 100 <o
E ’ 2
——m==mT= 0 //, -
0 100 200 300 350 s o
Working pressure p [bar] 100 50
——— n=2200 rpm Pavnu
------ n = 1500 rpm ’___—;éj—;:ﬂ’-—:— .
0
200 300 350
v Size 125 Working pressure p [bar]
300 150 — n=1500 rpm
------ n =1000 rpm

T :

£ 200 100 = v Size 500

E g

s o 800 400

g a

2 100 50 ¢

a
700 350
—————— =T 0 . =
0 100 200 300 350 —
Working pressure p [bar] 600 //' 300
qv
n =1800 rpm //'

------ n =1500 rpm /] —
_ 500 ——— 7 250 =
< Y SRk St =

v Size 180 £ / o
> / g

400 200 > 400 7 200 3
[e] (]
/ @ zZ
/ PqV max o
x4 300 150
300 & 7 150 =—

~ )z z

£ AR =

£ > -

= . 5 200 100

& 200 100 %

; o

© g

L =

5 100 Payv nun 50
100 50 |
Py null e T D
L 0 0
) ==, 300 350
0 100 200 300 350 Working pressure p [bar]
Working pressure p [bar]
1 = 1800 rom n=1320 rpm
------ n-lSOOer T o o00rem

RE 91455/03.2015, Bosch Rexroth AG

141



12 A4FO | Axial piston fixed pump

Dimensions [mm]
Dimensions sizes 22, 28

Dimensions sizes 22, 28

Representation with clockwise direction of rotation
Counter-clockwise drive rotation: Port plate rotated 180°

194.8
151.8 174
139.8 ‘ 146
62.5 55
9.5 |16
T, Xa 18 X,
S ) RS i
) s ~ 14\ "
/m ~=Li 19
& w D P B‘ 7 ! 0
o °° | B s b 7 B
~— | \ e
SEEH s e = GEL R
S | 5 o o
ENSRN &P | GD/ w -\ :
R ] j — |
\‘:\:ffz
23.8 T, 55
125.8 2 ‘ 80 66
View W
147.8
o ~
o W
| M
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Dimensions [mm]

v Splined shaft SAE J744

S -7/8in 13T 16/32DPY

Axial piston fixed pump | A4FO
Dimensions sizes 22, 28

13

a 33
8 25
(@]
=
S| 6
®
—
©
i
=~ I —
S 4 ~
] - ‘ N~
Il Il/‘ —f —
0 S
ol 1 e
Q
19
41.3
Ports Standard Size® Pmax abs [bar]?  Status
B (A) Working port (high-pressure series) SAE J518% 3/4in 450 (0]
fastening thread DIN 13 M10 x 1,5; 17 deep
S Suction port (standard series) SAE J518% 11/2in 35 (0]
fastening thread DIN 13 M12 x 1,75; 18 deep
T Drain port DIN 38526¢) M18 x 1,5; 12 deep 2 X
T, Drain port DIN 38526) M18 x 1,5; 12 deep 2
X3 Measuring pressure B (A) DIN 38526) M14 x 1,5; 12 deep 450 X

1

2

3)
4)

Involute spline according to ANSI B92.1a, 30° pressure angle, flat

root, side fit, tolerance class 5
Thread according to ASME B1.1

For notes on tightening torques, see instruction manual
Depending on the application, momentary pressure peaks can occur.
Keep this in mind when selecting measuring devices and fittings.

5) Only dimensions according to SAE J518, metric fastening thread is
a deviation from the standard

6) The spot face can be deeper than as specified in the standard

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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14 A4FO | Axial piston fixed pump Dimensions [mm]
Dimensions size 71

Dimensions size 71

Representation with clockwise and counter-clockwise direction of rotation

10 34 R (L) 27.8 15

-
ww #
Y
Il I r
83.5

2
o N
I ——ft—+————5 - of
‘a To)
5 ﬂ} | /—
\V
T ! N~
w NSNINY [eo}
i
T

|
20
8] 132 Me  [x Ms
|

77.8
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Dimensions [mm]

v Splined shaft DIN 5480

Axial piston fixed pump | A4FO 15
Dimensions size 71

v Parallel keyed shaft DIN 6885

Z - W40x2x18%x9g

P — AS12x8x68

o 28 8
; 28| w 28
= 95 22~ .
x €2 —|9.5 Key width 12
o~ o x|=
— <
= — Q| g
72 -y i 4
=i R 2 <
ZA| ® S =E7
37
70
45
Ports Standard Size? Prmax abs [bar]®?  Status
B Working port (high-pressure series) SAE J518% 1lin 400 0
fastening thread DIN 13 M12 x 1,75; 17 deep
B; 2nd working port (high-pressure series) SAE J518% 1lin 400 X
fastening thread DIN 13 M12 x 1,75; 17 deep
S Suction port (standard series) SAE J518% 2in 30 0
fastening thread DIN 13 M12 x 1,75; 20 deep
T Drain port DIN 3852% M27 x 2; 16 deep 4 X
R (L) Filling / air bleeding DIN 38525 M27 x 2; 16 deep 4 O
(drain port)
Mg Measuring pressure B DIN 3852%) M14 x 1,5; 12 deep 400 X
Ms Measuring pressure S DIN 3852% M14 x 1,5; 12 deep 30 X

1) Center bore according to DIN 332 (thread according to DIN 13)
2) For notes on tightening torques, see instruction manual
3) Depending on the application, momentary pressure peaks can occur.

Keep this in mind when selecting measuring devices and fittings.

O = Must be connected (plugged on delivery)
X = Plugged (in normal operation)

4) Only dimensions according to SAE J518, metric fastening thread is
a deviation from the standard.
5) The spot face can be deeper than as specified in the appropriate
standard.
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16  A4FO | Axial piston fixed pump Dimensions [mm]
Dimensions size 125

Dimensions size 125

Representation with clockwise and counter-clockwise direction of rotation

36
29 102
10 || R() 31.8 20
|
1 N
‘ l 0
u J 3 2
@ S ~
o L 0| I
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kS
: . 5
) /// :\\\ ] 8 :
sl N
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| R
24 \
8 156 Mg TX Mg
276 \
321

88.9
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Dimensions [mm] Axial piston fixed pump | AdFO 17
Dimensions size 125

v Splined shaft DIN 5480 v Parallel keyed shaft DIN 6885
Z - W50%x2x24x9g P — AS14x9x80
E 36 o
IREE: 3| 8 36
x ESARNIED) Key width 14
© ol «x
i o
= — (SR
g BE==7
- - — © 7o) o
[N 5 —] I} ©
z B | 22 IS}
45
82
54
Ports Standard Size? Pmax abs [bar]®  Status
B Working port (high-pressure series) SAE J518% 11/4in 400 (0]
fastening thread DIN 13 M14 x 2; 19 deep
B; 2nd working port (high-pressure series) SAE J518% 11/4in 400 X
fastening thread DIN 13 M14 x 2; 19 deep
S Suction port (standard series) SAE J518% 21/2in 30 (0]
fastening thread DIN 13 M12 x 1,75; 17 deep
T Drain port DIN 38525 M33 x 2; 18 deep 4 X
R (L) Filling / air bleeding DIN 3852% M33 x 2; 18 deep 4
(drain port)
Mg Measuring pressure B DIN 3852% M14 x 1,5; 12 deep 400 X
Ms Measuring pressure S DIN 3852% M14 x 1,5; 12 deep 30 X
U Bearing flushing DIN 38529 M14 x 1,5; 12 deep 10 X
1) Center bore according to DIN 332 (thread according to DIN 13) 4) Only dimensions according to SAE J518, metric fastening thread is
2) For notes on tightening torques, see instruction manual a deviation from the standard.
3) Depending on the application, momentary pressure peaks can 5) The spot face can be deeper than as specified in the appropriate
occur. Keep this in mind when selecting measuring devices and standard.
fittings. O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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18  A4FO | Axial piston fixed pump
Dimensions size 180

Dimensions size 180

Representation with clockwise and counter-clockwise direction of rotation

Dimensions [mm]

31.8
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Dimensions [mm] Axial piston fixed pump | AdFO 19
Dimensions size 180

v Splined shaft DIN 5480 v Parallel keyed shaft DIN 6885
Z - W50%x2x24x9g P — AS14x9x80
E 36 oo
a4 g8 5 36
w| 12 2 5 Key width 14
© QI 12
i & X
= — © /
o 7H - ! .
7 S i ) yﬂh Q
) — ] 1~
- < 22 S
45
54 82
Ports Standard Size? Pmax abs [bar]®  Status
B Working port (high-pressure series) SAE J518% 11/4in 400 (0]
fastening thread DIN 13 M14 x 2; 19 deep
B; 2nd working port (high-pressure series) SAE J518% 11/4in 400 X
fastening thread DIN 13 M14 x 2; 19 deep
S Suction port (standard series) SAE J518% 3in 30 (0]
fastening thread DIN 13 M16 x 2; 24 deep
T Drain port DIN 38529 M33 x 2; 18 deep 4 X
R (L) Filling / air bleeding DIN 3852% M33 x 2; 18 deep 4
(drain port)
Mg Measuring pressure B DIN 3852% M14 x 1,5; 12 deep 400 X
Ms Measuring pressure S DIN 3852% M14 x 1,5; 12 deep 30 X
U Bearing flushing DIN 38529 M14 x 1,5; 12 deep 10 X
1) Center bore according to DIN 332 (thread according to DIN 13) 4) Only dimensions according to SAE J518, metric fastening thread is
2) For notes on tightening torques, see instruction manual a deviation from the standard.
3) Depending on the application, momentary pressure peaks can 5) The spot face can be deeper than as specified in the appropriate
occur. Keep this in mind when selecting measuring devices and standard.
fittings. O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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20  A4FO | Axial piston fixed pump
Dimensions size 250

Dimensions size 250

Representation with clockwise and counter-clockwise direction of rotation

Dimensions [mm]
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Dimensions [mm]

v Splined shaft DIN 5480

Axial piston fixed pump | AdFO 21
Dimensions size 250

v Parallel keyed shaft DIN 6885

Z - W60x2x28x9g P - AS18x11x100
= 42 o
ol 15 883 42
x 9| ~ i
2 S| x 15 Key width 18
s — SIRS
E -=> | l I
T )
il 3 ==
59
105
70
Ports Standard Size? Pmax abs [bar]®  Status
B Working port (high-pressure series) SAE J518% 11/2in 400 (0]
fastening thread DIN 13 M16 x 2; 24 deep
B; 2nd working port (high-pressure series) SAE J518% 11/2in 400 X
fastening thread DIN 13 M16 x 2; 24 deep
S Suction port (standard series) SAE J518% 3in 30 (0]
fastening thread DIN 13 M16 x 2; 24 deep
T Drain port DIN 3852% M42 x 2; 20 deep 4 X
R (L) Filling / air bleeding DIN 3852% M42 x 2; 20 deep 4
(drain port)
Mg Measuring pressure B DIN 3852% M14 x 1,5; 12 deep 400 X
Ms Measuring pressure S DIN 3852% M14 x 1,5; 12 deep 30 X
U Bearing flushing DIN 38529 M14 x 1,5; 12 deep 10 X
1) Center bore according to DIN 332 (thread according to DIN 13) 4) Only dimensions according to SAE J518, metric fastening thread is
2) For notes on tightening torques, see instruction manual a deviation from the standard.
3) Depending on the application, momentary pressure peaks can 5) The spot face can be deeper than as specified in the appropriate
occur. Keep this in mind when selecting measuring devices and standard.
fittings. O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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22  A4FO | Axial piston fixed pump Dimensions [mm]
Dimensions size 500

Dimensions size 500

Representation with clockwise and counter-clockwise direction of rotation

50 80
44.5
| R (L) -
-
o
— &
— | 9 !
@ ] Y}‘ L\
| o 3 [ B P
o & Mris i T B3] O —
Q| 8 | | Ly & B
i _ D °
] AR 1 3 %
DNZEST | J
T
L ]
= (—
30
13 Mg X Mg
16*5 255
411 |
489

152.4
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Dimensions [mm] Axial piston fixed pump | AdFO 23
Dimensions size 500

v Splined shaft DIN 5480 v Parallel keyed shaft DIN 6885
Z - W80x3%x25x9g P - AS22x14x125
5] 42 cia m
Nl 15 33| =
X 9| N i
z | <15 Key width 22
I D o
= — ISR /
o -= | A h'
—1- _ 8 o
|| & : =27

76
130
90
Ports Standard Size? Pmax abs [bar]®  Status
B Working port (high-pressure series) SAE J518% 2in 400 (0]
fastening thread DIN 13 M20 x 2,5; 24 deep
B; 2nd working port (high-pressure series) SAE J518% 2in 400 X
fastening thread DIN 13 M20 x 2,5; 24 deep
S Suction port (standard series) SAE J518% 5in 30 (0]
fastening thread DIN 13 M16 x 2; 23 deep
T Drain port DIN 3852% M48 x 2; 22 deep 4 X
R (L) Filling / air bleeding DIN 3852% M48 x 2; 22 deep 4
(drain port)
Mg Measuring pressure B DIN 3852% M18 x 1,5; 12 deep 400 X
Ms Measuring pressure S DIN 3852% M18 x 1,5; 12 deep 30 X
U Bearing flushing DIN 38529 M18 x 1,5; 12 deep 10 X
1) Center bore according to DIN 332 (thread according to DIN 13) 4) Only dimensions according to SAE J518, metric fastening thread is
2) For notes on tightening torques, see instruction manual a deviation from the standard.
3) Depending on the application, momentary pressure peaks can 5) The spot face can be deeper than as specified in the appropriate
occur. Keep this in mind when selecting measuring devices and standard.
fittings. O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)
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24 A4FO | Axial piston fixed pump Dimensions [mm]
Through drives dimensions

Through drives dimensions

Sizes 22 and 28 Sizes 71 to 500
v KO1: Flange 82-2 (A), hub for splined shaft 5/8 in (16-4) v For through drives see data sheet 92050 (A4VSO)
M10 x 1,5, 15 deep X3
= 1
AR IE J
i N~
* €E ‘ @ ‘S @ ‘9

\

|
282.55

|

1

|

9
»}ﬁ :0 Al
194.8
v KO02: Flange 101-2 (B), hub for splined shaft 7/8 in (22-4) v Dimensions for Al

Code 71 125 180 250 500

M10 x 1,5, 15 deep X K/uol 269 335 360 419 o

K/U68 300 335 360 419 (o)

K/UB2 269 335 360 419 [e}

© K/UB3 269 335 360 419 [e}

§ K/uB4 294 335 360 419 (o)

¢ K/UB5 299 335 360 419 [e}

K/UB6 - 335 360 419 [e}
11 K/UB7 - - 373 419 500

12 K/U31 294 335 360 419 [¢)

K/U33 294 335 360 419 (e}
K/U34 - 335 360 419 475
K/U35 - - - 435 511
K/u43 - - - - 560
K/U99 286,5 334 359 419 497

O = on request
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Overview of attachment options

Axial piston fixed pump | A4FO
Overview of attachment options

25

Through drive A4FOY)

Attachment of 2nd pump

Flange Hub for splined Code A4VSO/G A4CSG A10V(S)O/ 31(2) A10V(S)0/52(3) External gear
shaft NG (shaft) NG (shaft) NG (shaft) NG (shaft) pump?

SAE J744

82-2 (A) 5/8 in K01 - - - - AZPF

101-2 (B) 7/8in K02, - - 28 (S)/31 28 (S) AZPN

K/U68

ISO 3019-2 (metric)

80, 2-hole 3/4 in K/UB2 - - 18 (S)/31 10 (S) -

100, 2-hole 7/8 in K/UB3 = - 28 (S)/31 - =
1in K/UB4 - - 45 (S)/31 - =

125, 2-hole 11/4in K/UB5 = - 71 (S)/31 - =
11/2in K/UB6 - - 100 (S)/31 - =

125, 4-hole W32x2x14x9g K/U31 40 (2) - = - =

140, 4-hole W40x2x18x9g K/U33 71 (2) - = - =

160, 4-hole W50x2x24x9g K/U34 125 (2) - = - =

180, 4-hole 13/4in K/UB7 = - 140 (S)/31/32 - =

224, 4-hole W60x2x28x9g K/U35 250 (2) 250 (2) = - =

315, 8-hole W80x3x25x9g K/u43 500 (2) 500 (2) = - =

1) Additional through drives are available on request
2) Bosch Rexroth recommends special versions of the external gear
pumps. Please contact us.
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26  A4FO | Axial piston fixed pump
Installation instructions

Installation instructions

General

The axial piston unit must be filled with hydraulic fluid and
air bled during commissioning and operation. This must
also be observed following a longer standstill as the axial
piston unit may empty via the hydraulic lines.

Particularly in the installation position ,drive shaft upwards®,
filling and air bleeding must be carried out completely as
there is, for example, a danger of dry running.

For sizes 22 and 28, the pump housing is internally con-
nected to the suction chamber. A separate drain line from
the housing to the reservoir is not needed. A drain line is
required for sizes 71 to 500.

If a shared drain line is used for several units, make sure
that the relevant case pressure is not exceeded. The shared
drain line must be dimensioned to ensure that the maxi-
mum permissible case pressure of all connected units is
not exceeded in any operational circumstances, particularly
at cold start. If this is not possible, separate drain lines
must be laid if necessary.

To achieve favorable noise values, decouple all connecting
lines using elastic elements and avoid above-reservoir
installation.

In all operating conditions, the suction lines and the drain
lines must flow into the reservoir below the minimum fluid
level. The permissible suction height hg results from the
overall loss of pressure. However, it must not be higher
than hg max = 800 mm. The minimum suction pressure at
port S must not fall below 0,8 bar absolute during opera-
tion either.

When designing the reservoir, ensure that there is adequate
spacing between the suction line and the drain line. This
minimizes oil turbulence and carries out degassing, which
prevents the heated hydraulic fluid from being sucked
directly back in again.

Installation position
See the following examples 1 to 8.
Additional installation positions are available upon request.

Bosch Rexroth AG, RE 91455/03.2015

156

Below-reservoir installation (standard)

Below-reservoir installation is when the axial piston unit
is installed outside of the reservoir below the minimum
fluid level.

Installation position Air bleeding Filling

1 Sizes 22,28 Above the highest S

drain port Ty or T,

["T'gfhtmm

J
T1 hmin
S
R (L) S+R (L)
l/SB
—- Y. ¥
R(L) l E - r ht min
Amin hmin
B
T S
3 Sizes 125 to 500 R (L), U S+R(L)
l/SB
Y. ¥
l : - r ht min

hmin

Amin

R(L)

Key, see page 27.



Axial piston fixed pump | AAFO 27
Installation instructions

Inside-reservoir installation Above-reservoir installation

Inside-reservoir installation is when the axial piston unit is Above-reservoir installation means the axial piston unit is
installed in the reservoir below the minimum fluid level. The installed above the minimum fluid level of the reservoir.
axial piston unit is completely below the hydraulic fluid. Observe the maximum permissible suction height

hs max = 800 mm.

Installation position Air bleeding Filling Installation position Air bleeding Filling
4 Sizes 22,28 Above the highest drain port n 7 Sizes 71 to 500 F (R (L)) F (R (L))
T1 or Tz
RL ¢
'_'_'_'_'_'_'_']['g'
I
ht mir /
V)
\ hS max
A Y
‘hmin) ht min
hmin
5 Sizes 71 to 500 via the highest open drain port 1 8 Sizes 125 to 500 F (V) F (R (L))
R (L) _
—
hS max
6 Sizes 125 to 500 via the highest open drain port %
R (L) and the bearing flushing U
Key
1 U T, T1, T, Drain port
R (L) Filling / air bleeding
S .t ing e
: F Filling / air bleeding
i SB R(L) Note: F is part of the external piping
Remin| | ) S Suction port
]
T
! SB Baffle (baffle plate)
]
H U Flushing port
Rrmin i s Nt min Minimum required immersion depth (200 mm)
y Nmin Minimum required spacing to reservoir bottom (100 mm)

hs max Maximum permissible suction height (800 mm)

1) With piping: The axial piston unit must be filled before the piping
is attached. Without piping: Automatically via all open ports, by
position below hydraulic fluid level
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28  A4FO | Axial piston fixed pump
Project planning notes

Project planning notes

» The A4FO pump is designed to be used in open circuits.
» Project planning, installation and commissioning of the
axial piston units requires the involvement of skilled

personnel.

» Before using the axial piston unit, please read the corre-
sponding instruction manual thoroughly and completely.
If necessary, request them from Bosch Rexroth.

» Before finalizing your design, request a binding installa-
tion drawing.

» The specified data and notes must be observed.

» Depending on the operating condition of the axial piston
unit (working pressure, fluid temperature), the charac-
teristic may shift.

» Not all versions of the product are approved for use in a
safety function pursuant to ISO 13849. Please consult
the responsible contact person at Bosch Rexroth if you
require reliability parameters (e.g. MTTF4) for functional
safety.

» Working ports:

— The ports and fastening threads are designed for the
specified maximum pressure. The machine or system
manufacturer must ensure that the connecting ele-
ments and lines correspond to the specified operat-
ing conditions (pressure, flow, hydraulic fluid, tem-
perature) with the necessary safety factors.

— The working ports and function ports can only be
used to accommodate hydraulic lines.

Bosch Rexroth AG

Mobile Applications
GlockeraustraBe 4

89275 Elchingen, Germany
Tel. +49 7308 82-0
info.ma@boschrexroth.de
www.boschrexroth.com
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Safety instructions

» During and shortly after operation, there is a risk of
burns on the axial piston unit. Take appropriate safety
measures (e.g. by wearing protective clothing).

© This document, as well as the data, specifications and other information set
forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
reproduced or given to third parties without its consent. The data specified
above only serve to describe the product. No statements concerning a certain
condition or suitability for a certain application can be derived from this
information. The information given does not release the user from the
obligation of own judgment and verification. It must be remembered that our
products are subject to a natural process of wear and aging.



Axial piston fixed pump
A17FO Series 10

Features

>

vV vVvVvyVvVYVvyyVvyy

Flange and shaft designed for direct mounting on the
power take-off of commercial vehicles

Weight-optimized thanks to diecast aluminum housing.

No case drain line necessary

Reduced noise

Straightforward adjustment of direction of drive
Excellent suction performance

High total efficiency

Long service life

The Drive & Control Company Reerth

Bosch Group

RE 91520
Issue: 11.2015

Replaces: 10.2014

Sizes 23 to 107

Nominal pressure/maximum pressure 350/400 bar
Bent-axis design

Open circuit

vvYVvyyvyy

High-pressure pump for use in commercial vehicles

Contents

Ordering code

Hydraulic fluid

Operating pressure range
Technical Data

Direction of rotation
Dimensions, sizes 23, 32
Dimensions, size 45
Dimensions, size 63
Dimensions, size 80
Dimensions, size 107
Accessories

Installation instructions
Other related documents
Project planning notes
Safety instructions
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2 A17FO Series 10 | Axial piston fixed pump
Ordering code

Ordering code

01 02 03 04 05 06 07 08 09 10 11
[ Aa17F [ o | [ 7/ [ 100 | N~ | L | w ko | 8 | 1 | - | |
Axial piston unit
|01 | Bent-axis design, fixed, nominal pressure 350 bar, maximum pressure 400 bar, for commercial vehicles (truck) | A17F |
Operating mode
|02| Pump, open circuit | (o] |
Sizes (NG)
|03| Geometric displacement, see table of values on page 5 | 023 | 032 | 045 | 063 | 080 | 107 |
Series
|04 Series 1, index 0 [ 10 |
Configuration of port and fastening threads
|05 | Metric, port threads with profiled sealing ring according to DIN 3852 | N |
Direction of rotation?)
|06 | Viewed on drive shaft counter-clockwise | L |
Sealing material
|07 | FKM (fluor-caoutchouc) including the 2 shaft seal rings in FKM | w |
Mounting flange
|08 Special flange 1SO 7653-1985 (for trucks) [ ko |
Drive shaft
|09 | Splined shaft similar to DIN ISO 14 (for trucks) | E8 |
Service line port
|1O | Threaded ports A and S at rear | 1 |
Standard / special version
11 | Standard version 0
Special version S

Note
Note the project planning notes on page 16.

1) Changing the direction of rotation see instruction manual 91520-01-B,
chapter 6.4.2
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Hydraulic fluid

The fixed pump A17FO is designed for operation with HLP

mineral oil according to DIN 51524.

Application instructions and requirements for hydraulic

fluids should be taken from the following data sheets

before the start of project planning:

» 90220: Hydraulic fluids based on mineral oils and
related hydrocarbons

» 90221: Environmentally acceptable hydraulic fluids

» 90222: Fire-resistant, water-free hydraulic fluids
(HFDR/HFDU)

The axial piston unit is not suitable for operation with
water-containing HF hydraulic fluid.

Viscosity and temperature of hydraulic fluids

Axial piston fixed pump | A17FO Series 10 3
Hydraulic fluid

Notes on selection of hydraulic fluid

The hydraulic fluid should be selected such that the operat-
ing viscosity in the operating temperature range is within
the optimum range (vopt See selection diagram).

Note

At no point of the component may the temperature be
higher than 115 °C. The temperature difference specified in
the table is to be taken into account when determining the
viscosity in the bearing.

Please contact us if the above conditions cannot be met
due to extreme operating parameters.

Viscosity Temperature Comment
Cold start Vmax € 1600 mm?/s Os¢ > —25 °CY t < 3 min, without load (p < 50 bar), n < 1000 rpm
Permissible temperature difference AT < 25K between axial piston unit and hydraulic fluid in the system
Warm-up phase v < 1600 to 400 mm?/s at p < 0.7 X ppom, 1 < 0.5 X Npom and ¢ < 15 min

Continuous operation v =400 to 10 mm?/s

this corresponds, for VG 46 for example, to a temperature range
of +5 °C to +85 °C (see selection diagram)

0 =-25°C to +103 °C

measured at air bleed port R
observe permissible temperature range of the shaft seal ring?
(AT = approx. 12 K between bearing/shaft seal and port R)

Vopt = 36 to 16 mm?/s

range of optimum operating viscosity and efficiency

Short-term operation Vmin 2 7 MmM?/s

t <3 min, p<0.3 X pPnom

v Selection diagram
W

arm-up phase

Maximum permissible viscosity for cold start i

1600 X
1000
600

400
200

100

60
40

36

20

Continuous operation

Viscosity v [mm?/s]

Optimum operating viscosity range vopt 16
Optimum efficiency

10

Minimum permissible viscosity for short-term operation

AN

-40 -25 -10 0 10 30 50 70 90 115

Minimum permissible temperature for cold start f

1) The FKM shaft seal is permissible for temperatures of =25 °C to
+115 °C, please contact us for temperatures below —25 °C.

Temperature 6 [°C]
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4 A17FO Series 10 | Axial piston fixed pump
Operating pressure range

Filtration of the hydraulic fluid

Finer filtration improves the cleanliness level of the hydraulic
fluid, which increases the service life of the axial piston unit.
A cleanliness level of at least 20/18/15 is to be maintained
according to ISO 4406.

At very high hydraulic fluid temperatures (90 °C to maximum
103 °C, measured at air bleed port R), a cleanliness level of at
least 19/17/14 according to ISO 4406 is necessary.

Operating pressure range

Pressure at service line port A (high-pressure side) Definition

Nominal pressure pnom 350 bar absolute The nominal pressure corresponds to the maximum design pres-

sure.

Maximum pressure pmax 400 bar absolute The maximum pressure corresponds to the maximum operating
Single operating period 55 pressure within the single operating period. The sum of the single
Total operating period 50 h operating periods must not exceed the total operating period.

Minimum pressure (high-pressure side) 10 bar absolute Minimum pressure at the high-pressure side (A) which is required

in order to prevent damage to the axial piston unit.

Rate of pressure change Ra max 9000 bar/s Maximum permissible rate of pressure rise and reduction during

a pressure change over the entire pressure range.

Pressure at suction port S (inlet)

Minimum pressure ps min 0.8 bar absolute Minimum pressure at suction port S (inlet) which is required in order

Maximum pressure ps max 2 bar absolute to prevent damage to the axial piston unit. The minimum pressure is
dependent on the speed of the axial piston unit.

v Rate of pressure change Rj yax ¥ Pressure definition

Pressure p

Pressure p

Time t

Time t

Total operating period =t; + o + ... + &,

Note

Operating pressure range valid when using hydraulic
fluids based on mineral oils. Values for other hydraulic
fluids, please contact us.
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Technical Data

Axial piston fixed pump | A17FO Series 10 5
Technical Data

Size NG 23 32 45 63 80 107
Displacement, geometric, per revolution Vg cm? 22.9 32 45.6 63 80.4 106.7
Speed maximum?) Nnom? rpm 3050 2750 2650 2200 2150 2000
Nnasd rpm 4300 3900 3800 3200 3100 2800

Flow at Mnom qv I/min 70 88 121 139 173 213
Power at nnom and Ap = 350 bar P kW 41 51 71 81 101 124
Torque at Ap = 350 bar T Nm 127 178 254 351 448 594
Rotary stiffness c kNm/rad 2.56 3.12 4.18 6.25 8.73 11.2
Moment of inertia for rotary group Jtw kgm? 0.0012 0.0012 0.003 0.0042 0.0072 0.0116
Maximum angular acceleration a rad/s? 6500 6500 14600 7500 6000 4500
Case volume Vv | 0.25 0.29 0.4 0.5 0.6 0.75
Mass moment Tg Nm 4.7 4.7 8.6 9.9 15.3 20
Mass (approx.) m kg 5.9 5.9 8.4 9.3 12.3 15.0

¥ Maximum speed (limiting speed) Determining the operating characteristics

% ? / Flow qv = % [I/min]
{15 // Torque T = _ Vexa4p [Nm]
g / 20 X 9T X Nhm

)

g Power po- ]ersgof); - 6q<:0X xM:;t [l

08

= 08 09 1.0 11 12 13 14 15 Key

Speed n/Npom

1

The values are applicable:

— for the optimum viscosity range from vop = 36 bis 16 mm?/s
— for hydraulic fluids based on mineral oils.

2
3

suction port S (see diagram).

The values apply at absolute pressure p,,s = 1 bar at suction port S
Maximum speed (speed limit) with increased inlet pressure paps at

Vg Displacement per revolution [cm?3]
Ap  Differential pressure [bar]

n Speed [rpm]

My Volumetric efficiency

Mhm
7. Total efficiency (1 = 17y X hm)

Hydraulic-mechanical efficiency

Note

» Theoretical values, without efficiency and tolerances;
values rounded.

» Operation above the maximum values or below the
minimum values may result in a loss of function,
a reduced service life or in the destruction of the axial
piston unit. Other permissible limit values, such as
speed variation, reduced angular acceleration as a
function of the frequency and the permissible angular
acceleration at start (lower than the maximum angular
acceleration) can be found in data sheet 90261.

RE 91520/11.2015, Bosch Rexroth AG

163



6 A17FO Series 10 | Axial piston fixed pump
Operating pressure range

Permissible axial forces of the drive shaft

Size NG 23 32 45 63 80 107
Maximum axial force, at standstill or + Faymax N 0 0 0 0 0 0
pressu re-free operation Faxt: = Fax max N 24 33 43 53 60 71
Note

» The values given are maximum values and do not apply
to continuous operation.

» The permissible axial force in direction —Fj, is to be
avoided as the lifetime of the bearing is reduced.

» Radial forces are not permissible.
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Axial piston fixed pump | A17FO Series 10 7
Direction of rotation

Direction of rotation

The direction of rotation of the axial piston unit is defined
by means of a pressure connection screwed into the ser-
vice line port and can easily be changed.

By changing the pressure connection, the service line port
and the suction port are exchanged. As a result, the permis-
sible drive direction is changed. This is necessary when
mounting on a power take-off with counter-clockwise rota-
tion, for example. The procedure for conversion of the
pressure nipple can be found in the instruction manual
(91520-01-B, chapter 6.4.2 “Direction of rotation and
change of direction of rotation”).

Direction of rotation on delivery

On delivery, the pressure connection (1) is pre-assembled
in the right-hand service line port of the axial piston unit.
The permissible drive direction of the pump looking at the
drive shaft: counter-clockwise. The power take-off turns
clockwise.

Note

The pressure connection is pre-installed upon delivery and
must be tightened with the torque stipulated for the appro-
priate thread size prior to installation (see instruction
manual).

Drehrichtung
Ansicht X der Pumpe

1 Druckstutzen
(im rechten Anschluss)

2 Sauganschluss S
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8 A17FO Series 10 | Axial piston fixed pump Dimensions [mm]
Dimensions, sizes 23, 32

Dimensions, sizes 23, 32
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173 96
159 80
15
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o N o —
g | —_ S\ 2
. D N
—] - ©
Ry >l Mg
o ™
AN
) 0.7
43 N70 e
N
81
& Center of gravity
AN
X
Drive shaft
Splined shaft similar to DIN ISO 14 )
E8 - 8x32x35 Detail X
36.8
28 s @rTN© a
9.5 !
' A ‘
3 = iy 25 1{o)
3 ol S RN 24
< V] %) g | ~
[s2] (] ~
Q D ‘ -
3 ©  © °
5w L \
0| ®
x
S 26.1 88
o 55 91
Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Pmax abs [bar]? State®
A Service line port DIN ISO 228 G1/2; 14 deep 400 (¢}
S Suction port DIN ISO 228 G3/4; 16 deep 2 (0]
R Air bleed port DIN 38524 M10 x 1, 8 deep 2 x3)

1

Center bore according to DIN 332 (thread according to DIN 13)

2) Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

3

4

5
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Dimensions [mm] Axial piston fixed pump | A17FO Series 10 9

Dimensions, size 45

Dimensions, size 45
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0.8
43 DA 103
104 D
& Center of gravity
AN
X
Drive shaft
Splined shaft similar to DIN ISO 14 Detail X
E8 - 8x32x35
36.8 / \
282 s (@ ¢F~ @) A
9.5 ‘
| N
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o Y NN § 3 : ‘ g 2
) § | ‘ [©)
> : S| ® . ‘ 7
¢ VAR |
2 | @ ©
S| 1
oS IL L NS | Z
o 6 58.8
q : 108
‘g 55
Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Prmax abs [bar]? State®
A Service line port DIN ISO 228 G3/4; 16 deep 400 (0]
S Suction port DIN ISO 228 G1; 18 deep 2 (¢]
R Air bleed port DIN 38524 M10 x 1, 8 deep 2 x3)

1

Center bore according to DIN 332 (thread according to DIN 13)
Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

)

3

4

5
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10  A17FO Series 10 | Axial piston fixed pump Dimensions [mm]
Dimensions, size 63

Dimensions, size 63

232 107
219 96
203 80
15 R
9
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S Y = 3
S | o
™
— \ \
tg? p 9l o
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— 0.8
43 AN 103
109 \ \
& Center of gravity
~ X
Drive shaft
Splined shaft similar to DIN ISO 14
E8 - 8x32x35 Detail X
36.8
28 S A
9.5
i |
S | i < D \ Ny
() N o
3 813 N Y/ &
[N F R | | -J/
2 |
/] [ @  ©
5 12 N\ \ Z
x
: 26.1 64
= 55 108
Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Pmax abs [bar]? State®
A Service line port DIN ISO 228 G3/4; 16 deep 400 (0]
S Suction port DIN ISO 228 G1; 18 deep 2 (0]
R Air bleed port DIN 38524 M10 x 1, 8 deep 2 X3

1

Center bore according to DIN 332 (thread according to DIN 13)
Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

2

3

4

5
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Dimensions [mm] Axial piston fixed pump | A17FO Series 10 11
Dimensions, size 80

Dimensions, size 80

261 107
245 96
227 80
15 R
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Splined shaft similar to DIN ISO 14 Detail X
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- 12 1619
x 7
S 26.1 Iy
s 55
Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Pmax abs [bar]? State®
A Service line port DIN ISO 228 G1; 18 deep 400 (0]
S Suction port DIN ISO 228 G1 1/4; 20 deep 2 (6]
R Air bleed port DIN 38524 M10 x 1, 8 deep 2 x3)

1) Center bore according to DIN 332 (thread according to DIN 13)

2) Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

&

4

5
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12 A17FO Series 10 | Axial piston fixed pump Dimensions [mm]
Dimensions, size 107

Dimensions, size 107
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Splined shaft similar to DIN ISO 14 Detail X
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Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Pmax abs [bar]? State®
A Service line port DIN ISO 228 G1; 18 deep 400 (¢}
S Suction port DIN ISO 228 G1 1/4; 20 deep 2 (0]
R Air bleed port DIN 38524 M10 x 1, 8 deep 2 x3)

1

Center bore according to DIN 332 (thread according to DIN 13)
Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

5) O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

2

3

4

Bosch Rexroth AG, RE 91520/11.2015

170



Dimensions [mm] Axial piston fixed pump | A17FO Series 10 13
Accessories

Accessories

Suction stud

v Dimensions

K4
K4 KS
K5 K1
K4 K3
K5 4—4}
LP \77777777\
AN T T
NN% : :
_ / & ) N © g
= S $ 4 | |
gL ! \yy Hl= ‘d// |
— - :hfi*f\l\ P2 g Q J‘
sw [ 1 ¥

SW
K7 K7
] r= o
o) x
< ©
@ X
x
Version Pump size Hose Material Thread K1 K2 K3 K4 K5 K6 K7 K8 K9 SW
nominal number KO
width
23,32 11/2" R909831856 G3/4 39 18 335 70 54 - 221 132 186 41
45 11/2" G1 39 23.5 33.5 72 54 - 248 139 197 41
R902600251
63 11/2" G1 39 23.5 33.5 72 54 - 257 146 204 41
Straight 63 2" R902602028 G1 51 26 44 82 64 - 268 157 215 55
80 2" Gl11/4 51 30 44 85 65 - 295 168 232 55
R902600252
107 2" G11/4 51 30 44 85 65 - 306 177 245 55
107 21/2" R902601630 G1 1/4 63 31 54 82 64 - 308 180 248 65
23, 32 11/2" R909831601 G3/4 39 20 31 101 82 43 259 126 180 36
45 11/2" G1 39 26 31 101 82 45 287 132 190 41
R909831600
63 11/2" G1 39 26 31 101 82 45 296 139 197 41
45° 63 2" R902602029 G1 51 26 43 100 81 44 295 145 203 41
80 2" G11/4 51 34 43 101 81 40 317 156 220 50
R909831597
107 2" Gl11/4 51 34 43 101 81 40 328 165 234 50
107 21/2" R902601631 G11/4 63 35 54 100 81 44 331 169 237 50
23, 32 11/2" R909831602 G3/4 39 20 31 62 43 81 265 117 171 36
45 11/2" G1 39 26 31 64 a4 85 296 127 185 41
R909831599
g0° 63 11/2" G1 39 26 31 64 44 85 305 134 192 41
63 2" R902602030 G1 51 26 43 62 42 81 305 138 196 41
80 2" G11/4 51 35 43 63 43 80 330 144 208 50
R909831598
107 2" Gl11/4 51 35 43 63 43 80 341 153 221 50

The suction stud is not included in the scope of delivery
and must be ordered separately.
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14  A17FO Series 10 | Axial piston fixed pump
Dimensions, size 107

Notes on suction line

» Keep as short and straight as possible, without sharp bend

» Use a supporting ring for plastic hoses

» Use two hose clamps to protect the suction hose against
air suction

» Note pressure resistance of suction hose compared to
ambient pressure

Replacing seals

The O-rings used as seals to prevent air from entering the
suction line are to be replaced after every removal and new
installation in order to guarantee complete sealing.
Material number for O-rings:

» R909083796: O-ring for suction stud G3/4

» R909083802: O-ring for suction stud G1

» R909083808: O-ring for suction stud G1 1/4

Bosch Rexroth AG, RE 91520/11.2015
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Dimensions [mm]

Coupling flange

There are special, modified coupling flanges in 4-hole and
6-hole design for the cardan shaft drive.

The coupling flange is not included in the scope of delivery
and must be ordered separately.

v 4-hole coupling flange, complete - g 90
Material number: R902060152

max. 60.7 Socket-head screw DIN 912
2.3 6 M12 x 35 -10.9
X Ly
8 oo o o —/
T O
) |
4
]
42.5
48.2

v 6-hole coupling flange, complete - g 100
Material number: R902060153

max. 60.7 Socket-head screw DIN 912
2.3 7 M12 x 35-10.9
=
o  E&LLLs
o 3
o| o9
O
[Te)
& p— Pp———
(A
42.5
48.2

Note

» Assembly of the coupling flange is carried out by pull-
ing onto the drive shaft with the aid of the threaded
bore in the drive shaft end.

» The coupling flange must be clamped on the drive
shaft using a socket-head screw. In addition, perma-
nent lubrication should be applied between the drive
shaft and the coupling flange.

» The socket-head screw should be secured in a suitable
manner (e.g. gluing with Loctite 276) and tightened
with a tightening torque of 130 Nm.

» Sudden axial impact upon the drive shaft will lead to
rotary group damage and therefore must be avoided.



Installation instructions

General

During commissioning and operation, the axial piston unit
must be filled with hydraulic fluid and air bled. This must
also be observed following a long standstill as the axial
piston unit can empty via the hydraulic lines.

The pump housing is internally connected to the suction
chamber. A separate drain line from the housing to the
reservoir is not needed.

To achieve favorable noise values, decouple all connecting
lines using elastic elements and avoid above-reservoir
installation.

In all operating conditions, the suction line must flow into the
reservoir below the minimum fluid level. The permissible
suction height hg results from the overall loss of pressure.
However, it must not be higher than hg nax = 800 mm. The
minimum suction pressure at port S must also not fall below
0.8 bar absolute during operation and during cold start.

Installation position

See the following examples 1 to 4.

Further installation positions are available upon request.
Recommended installation position: 1 and 2.

Below-reservoir installation (standard)
Below-reservoir installation means that the axial piston unit
is installed outside of the reservoir below the minimum

fluid level.

Installation position Air bleed Filling
1 R S

2 - S

Axial piston fixed pump | A17FO Series 10 15
Installation instructions

Above-reservoir installation

Above-reservoir installation means that the axial piston unit
is installed above the minimum fluid level of the reservoir.
Observe the maximum permissible suction height

hs max = 800 mm.

Installation position Air bleed Filling
3 R F
4 S S
hmin
Key
F Filling/air bleed
R Air bleed port
S Suction port
Nt min Minimum required immersion depth (200 mm)
Rmin Minimum required distance to reservoir bottom (100 mm)
hs max Maximum permissible suction height (800 mm)
Note

Port F is part of the external piping and must be provided
on the customer side to make filling and air bleeding
easier.

Other related documents

Other pumps with special characteristics and dimensions
for use in commercial vehicles can be found in the following
data sheets:

» 91510: Fixed pump A17FNO, 250/300 bar

» 92270: Variable pump, A18VO 350/400 bar

» 92280: Variable pump, A18VLO 350/400 bar
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16 A17FO Series 10 | Axial piston fixed pump
Project planning notes

Project planning notes

» The A17FO pump is designed to be used in open circuits. » Working ports:

» The project planning, installation and commissioning of — The ports and fastening threads are designed for the
the axial piston unit requires the involvement of quali- specified maximum pressure. The machine or system
fied personnel. manufacturer must ensure that the connecting ele-

» Before using the axial piston unit, please read the corre- ments and lines correspond to the specified applica-
sponding instruction manual completely and thoroughly. If tion conditions (pressure, flow, hydraulic fluid, tem-
necessary, these can be requested from Bosch Rexroth. perature) with the necessary safety factors.

» Before finalizing your design, please request a binding — The service line ports and function ports can only be
installation drawing. used to accommodate hydraulic lines.

» The specified data and notes must be observed.

» Depending on the operating conditions of the axial
piston unit (operating pressure, fluid temperature), the Safety instructions
characteristic may shift.

» Preservation: Our axial piston units are supplied as » During and shortly after operation, there is a risk of
standard with protection to preserve for a maximum of burns on the axial piston unit and especially on the
12 months. If longer preservative protection is required solenoids. Take appropriate safety measures (e.g. by
(maximum 24 months), please specify this in plain text wearing protective clothing).

when placing your order. The preservation periods apply
under optimal storage conditions, details of which can
be found in the data sheet 90312 or the instruction
manual.

» Not all variants of the product are approved for use in
safety functions according to ISO 13849. Please consult
the responsible contact person at Bosch Rexroth if you
require reliability parameters (e.g. MTTFq) for functional
safety.

» Be sure to add a pressure relief valve to the hydraulic
system.

» Please note the details regarding the tightening torques
of port threads and other threaded joints.

Bosch Rexroth AG © This document, as well as the data, specifications and other information set
Mobile Applications forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
GlockeraustraBBe 4 reproduced or given to third parties without its consent. The data specified
89275 Elchingen, Germany above only serve to describe the product. No statements concerning a certain
Tel. +49 7308 82-0 condition or suitability for a certain application can be derived from our
info.ma@boschrexroth.de information. The information given does not release the user from the
www.boschrexroth.com obligation of own judgement and verification. It must be remembered that our

products are subject to a natural process of wear and aging.
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Axial piston fixed pump
A17FENO Series 10

Features

>

vV vVvvyVvVYVvyywvyvyey

Flange and shaft designed for direct mounting on the
power take-off of commercial vehicles

Weight-optimized thanks to diecast aluminum housing.

No case drain line necessary

Reduced noise

Straightforward adjustment of direction of drive
Excellent suction performance

High total efficiency

Long service life

The Drive & Control Company Reerth

Bosch Group

RE 91510
Issue: 11.2015
Replaces: 06.2012

» Designed for use in commercial vehicles with standard

pressure requirements
Size 125

Bent-axis design
Open circuit

vvvyywyy

Nominal pressure/maximum pressure 250/300 bar

Contents

Ordering code

Hydraulic fluid

Operating pressure range
Technical Data

Direction of rotation
Dimensions, size 125
Accessories

Installation instructions
Other related documents
Project planning notes
Safety instructions

© 00 N oD 0N

11
11
12
12
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2 A17FNO Series 10 | Axial piston fixed pump
Ordering code

Ordering code

01 02 03 04 05 06 07 11
[A17fN | o | [ 7/ [ 100 | N~ | L | w
Axial piston unit
|01 | Bent-axis design, fixed, nominal pressure 250 bar, maximum pressure 300 bar, for commercial vehicles (truck) |A17FN|
Operating mode
|02| Pump, open circuit | (o] |
Sizes (NG)
|03 | Geometric displacement, see table of values on page 5
Series
|04 Series 1, index 0 10
Configuration of port and fastening threads
|05 | Metric, port threads with profiled sealing ring according to DIN 3852 N
Direction of rotation?)
|06 | Viewed on drive shaft counter-clockwise L
Sealing material
|07 | FKM (fluor-caoutchouc) including the 2 shaft seal rings in FKM w
Mounting flange
|08 Special flange 1SO 7653-1985 (for trucks) | ko
Drive shaft
|09 | Splined shaft similar to DIN ISO 14 (for trucks) | E8
Service line port
|1O | Threaded ports A and S at rear | 1 |
Standard / special version
11 | Standard version 0

Special version S

Note
Note the project planning notes on page 12.

1) Changing the direction of rotation see instruction manual 91520-01-B,
chapter 6.4.2
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Hydraulic fluid

The A17FNO fixed pump is designed for operation with HLP

mineral oil according to DIN 51524.

Application instructions and requirements for hydraulic

fluids should be taken from the following data sheets

before the start of project planning:

» 90220: Hydraulic fluids based on mineral oils and
related hydrocarbons

» 90221: Environmentally acceptable hydraulic fluids

» 90222: Fire-resistant, water-free hydraulic fluids
(HFDR/HFDU)

The axial piston unit is not suitable for operation with
water-containing HF hydraulic fluid.

Viscosity and temperature of hydraulic fluids

Axial piston fixed pump | A17ZFNO Series 10 3
Hydraulic fluid

Notes on selection of hydraulic fluid

The hydraulic fluid should be selected such that the operat-
ing viscosity in the operating temperature range is within
the optimum range (vopt See selection diagram).

Note

At no point of the component may the temperature be
higher than 115 °C. The temperature difference specified in
the table is to be taken into account when determining the
viscosity in the bearing.

Please contact us if the above conditions cannot be met
due to extreme operating parameters.

Viscosity Temperature Comment
Cold start Vmax € 1600 mm?/s Os; > —25°CY t < 3 min, without load (p < 50 bar), n < 1000 rpm
Permissible temperature difference AT < 25K between axial piston unit and hydraulic fluid in the system

Warm-up phase v < 1600 to 400 mm?/s

at p < 0.7 X prom, 1 < 0.5 X oy and ¢ < 15 min

Continuous operation v =400 to 10 mm?/s

this corresponds, for VG 46 for example, to a temperature range
of +5 °C to +85 °C (see selection diagram)

6 =-25°Cto +103 °C

measured at air bleed port R
observe permissible temperature range of the shaft seal ring?
(AT = approx. 12 K between bearing/shaft seal and port R)

Vopt = 36 to 16 mm?/s

range of optimum operating viscosity and efficiency

Short-term operation Vmin = 7 Mm?2/s

t <3 min, p <0.3 X pPnom

v Selection diagram

Warm-up phase

Maximum permissible viscosity for cold start i

1600 X
1000
600

400
200

100

60
40

36

20

Continuous operation

Viscosity v [mm?/s]

Optimum operating viscosity range vopt 16
Optimum efficiency

10

Minimum permissible viscosity for short-term operation

AN

-40 -25
Minimum permissible temperature for cold start f

-10 0 10 30 50

1) The FKM shaft seal is permissible for temperatures of =25 °C to
+115 °C, please contact us for temperatures below —25 °C.

70 90 115
Temperature 6 [°C]
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4 A17FNO Series 10 | Axial piston fixed pump
Operating pressure range

Filtration of the hydraulic fluid

Finer filtration improves the cleanliness level of the hydrau-
lic fluid, which increases the service life of the axial piston

unit.

A cleanliness level of at least 20/18/15 is to be maintained

according to ISO 4406.

At very high hydraulic fluid temperatures (90 °C to maximum
103 °C, measured at air bleed port R), a cleanliness level of

at least 19/17/14 according to I1ISO 4406 is necessary.

Operating pressure range

Pressure at service line port A (high-pressure side) Definition

Nominal pressure pnom 250 bar absolute The nominal pressure corresponds to the maximum design pressure.

Maximum pressure pmax 300 bar absolute The maximum pressure corresponds to the maximum operating
Single operating period 5 pressure within the single operating period. The sum of the single
Total operating period 50 h operating periods must not exceed the total operating period.

Minimum pressure (high-pressure side) 10 bar absolute Minimum pressure at the high-pressure side (A) which is required

in order to prevent damage to the axial piston unit.
Rate of pressure change Ra max 9000 bar/s Maximum permissible rate of pressure rise and reduction during

a pressure change over the entire pressure range.

Pressure at suction port S (inlet)

Minimum pressure ps min 0.8 bar absolute Minimum pressure at suction port S (inlet) which is required in order
Maximum pressure ps max 2 bar absolute to prevent damage to the axial piston unit. The minimum pressure
is dependent on the speed of the axial piston unit.

v Rate of pressure change Rj yax ¥ Pressure definition

Pressure p

Pressure p

Time t

Time t

Total operating period = t; + £, + ... + &,

Note

Operating pressure range valid when using hydraulic
fluids based on mineral oils. Values for other hydraulic
fluids, please contact us.
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Axial piston fixed pump | A17ZFNO Series 10 5
Technical Data
Technical Data
Size NG 125
Displacement, geometric, per revolution Vg cm?d 125
Speed maximum?) Nnom? rpm 1750
NmaxS rpm 2500
Flow at Mnom qy I/min 219
Power at nnom and Ap = 350 bar P kW 91
Torque at Ap = 350 bar T Nm 497
Rotary stiffness c kNm/rad 11.9
Moment of inertia for rotary group Jtw kgm? 0.0016
Maximum angular acceleration a rad/s? 4500
Case volume Vv | 0.83
Mass moment Tg Nm 20
Mass (approx.) m kg 15.0
¥ Maximum speed (limiting speed) Determining the operating characteristics
% ? // Flow qv = % [I/min]
|
o ’/ Torque roe et [Nm]
5 / Mhm
g 1 Power P = 2axTxn ux4p [kW]
E 60000 600 x 1
2 e
- 05 / Key
06 07 08 09 1.0 1.1 12 13 14 V,  Displacement per revolution [cm?]
Speed n/Npom Ap  Differential pressure [bar]
n Speed [rpm]
My Volumetric efficiency
7hm  Hydraulic-mechanical efficiency
Mt Total efficiency (9t = 5y X Phm)

The values are applicable:

— for the optimum viscosity range from vop = 36 bis 16 mm?/s

- for hydraulic fluids based on mineral oils.

The values apply at absolute pressure paps = 1 bar at suction port S
Maximum speed (speed limit) with increased inlet pressure paps at
suction port S (see diagram).

1

2
3

Note

>

Theoretical values, without efficiency and tolerances;
values rounded.

Operation above the maximum values or below the
minimum values may result in a loss of function,

a reduced service life or in the destruction of the axial
piston unit. Other permissible limit values, such as speed
variation, reduced angular acceleration as a function of
the frequency and the permissible angular acceleration
at start (lower than the maximum angular acceleration)
can be found in data sheet 90261.
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6 A17FNO Series 10 | Axial piston fixed pump
Operating pressure range

Permissible axial forces of the drive shaft

Size NG 125
Maximum axial force, at standstill or pres- + Faxmax N 0

. +—>
sure-free operation Fal Z - Fayxmax N 77
Note

» The values given are maximum values and do not apply
to continuous operation.

» The permissible axial force in direction —Fj, is to be
avoided as the lifetime of the bearing is reduced.

» Radial forces are not permissible.

Bosch Rexroth AG, RE 91510/11.2015
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Direction of rotation

The direction of rotation of the axial piston unit is defined
by means of a pressure connection screwed into the ser-
vice line port and can easily be changed.

By changing the pressure connection, the service line port
and the suction port are exchanged. As a result, the permis-
sible drive direction is changed. This is necessary when
mounting on a power take-off with counter-clockwise rota-
tion, for example. The procedure for conversion of the
pressure nipple can be found in the instruction manual
(91520-01-B, chapter 6.4.2 “Direction of rotation and
change of direction of rotation”).

Direction of rotation on delivery

On delivery, the pressure connection (1) is pre-assembled
in the right-hand service line port of the axial piston unit.
The permissible drive direction of the pump looking at the
drive shaft: counter-clockwise. The power take-off turns
clockwise.

Note

The pressure connection is pre-installed upon delivery
and must be tightened with the torque stipulated for the
appropriate thread size prior to installation (see instruc-
tion manual).

Drehrichtung
der Pumpe

1 Druckstutzen
(im rechten Anschluss)

2 Sauganschluss S

Axial piston fixed pump | A17ZFNO Series 10 7
Direction of rotation
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8 A17FNO Series 10 | Axial piston fixed pump Dimensions [mm]
Dimensions, size 125

Dimensions, size 125
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Drive shaft
Splined shaft similar to DIN ISO 14 Detail X
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S 1
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= 12
- 77
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= 55
Groove for retaining ring 35 x 1.5 DIN 471
Ports Standard Size Prmax abs [bar]? State®
A Service line port DIN ISO 228 G1; 18 deep 300 (¢}
S Suction port DIN ISO 228 G1 1/4; 20 deep 2 (0]
R Air bleed port DIN 38524 M10 x 1; 8 deep 2 x3)

1

Center bore according to DIN 332 (thread according to DIN 13)
Momentary pressure spikes may occur depending on the application.
Keep this in mind when selecting measuring devices and fittings.
Only open port R for filling and air bleeding.

The spot face can be deeper than as specified in the appropriate
standard.

5) O = Must be connected (plugged on delivery)

X = Plugged (in normal operation)

2

3

4
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Dimensions [mm] Axial piston fixed pump | A17ZFNO Series 10 9
Accessories

Accessories

Suction stud

v Dimensions

£ F
F B
E D
F ®
Q O
{ AN T T
L : :
— 1 K o ‘ ‘ ©
\ B 1

1 ) .
X
[ee) el
x
Version Pump size Hose Material Thread K1 K2 K3 K4 K5 K6 K7 K8 K9 SW
nominal number KO
width
Straight 125 2" R902600252 G1 1/4 51 30 44 85 65 - 306 177 245 55
21/2" R902601630 G1 1/4 63 31 54 82 64 - 308 180 248 65
45° 125 2" R909831597 G11/4 51 34 43 101 81 40 328 165 234 50
21/2" R902601631 G11/4 63 35 54 100 81 44 331 169 237 50
90° 125 2" R909831598 G1 1/4 51 35 43 63 43 80 341 153 221 50

The suction stud is not included in the scope of delivery
and must be ordered separately.
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10  A17FNO Series 10 | Axial piston fixed pump
Dimensions, size 125

Notes on suction line

» Keep as short and straight as possible, without sharp bend

» Use a supporting ring for plastic hoses

» Use two hose clamps to protect the suction hose against
air suction

» Note pressure resistance of suction hose compared to
ambient pressure

Replacing seals

The O-rings used as seals to prevent air from entering the
suction line are to be replaced after every removal and new
installation in order to guarantee complete sealing.
Material number for O-rings:

» R909083808: O-ring for suction stud G1 1/4

Bosch Rexroth AG, RE 91510/11.2015
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Dimensions [mm]

Coupling flange

There are special, modified coupling flanges in 4-hole and
6-hole design for the cardan shaft drive.

The coupling flange is not included in the scope of delivery
and must be ordered separately.

v 4-hole coupling flange, complete - g 90
Material number: R902060152

max. 60.7 Socket-head screw DIN 912
2.3 6 M12 x 35 -10.9
X Ly
8 oo o o —/
T O
) |
4
]
42.5
48.2

v 6-hole coupling flange, complete - g 100
Material number: R902060153

max. 60.7 Socket-head screw DIN 912
2.3 7 M12 x 35-10.9
=
o  E&LLLs
o 3
o| o9
O
0
& p— Pp———
(A
42.5
48.2

Note

» Assembly of the coupling flange is carried out by pulling
onto the drive shaft with the aid of the threaded bore in
the drive shaft end.

» The coupling flange must be clamped on the drive
shaft using a socket-head screw. In addition, perma-
nent lubrication should be applied between the drive
shaft and the coupling flange.

» The socket-head screw should be secured in a suitable
manner (e.g. gluing with Loctite 276) and tightened
with a tightening torque of 130 Nm.

» Sudden axial impact upon the drive shaft will lead to
rotary group damage and therefore must be avoided.



Installation instructions

General

During commissioning and operation, the axial piston unit
must be filled with hydraulic fluid and air bled. This must
also be observed following a long standstill as the axial
piston unit can empty via the hydraulic lines.

The pump housing is internally connected to the suction

Axial piston fixed pump | A17ZFNO Series 10 11
Installation instructions

Above-reservoir installation

Above-reservoir installation means that the axial piston unit
is installed above the minimum fluid level of the reservoir.
Observe the maximum permissible suction height

hs max = 800 mm.

Installation position Air bleed Filling
chamber. A separate drain line from the housing to the 3 R F
reservoir is not needed.
To achieve favorable noise values, decouple all connecting
lines using elastic elements and avoid above-reservoir
installation.
In all operating conditions, the suction line must flow into the
reservoir below the minimum fluid level. The permissible
suction height hg results from the overall loss of pressure.
However, it must not be higher than hg yax = 800 mm.
The minimum suction pressure at port S must not fall below 4 S S
0.8 bar absolute during operation and during cold start.
Installation position
See the following examples 1 to 4.
Further installation positions are available upon request.
Recommended installation position: 1 and 2.
hmin
Below-reservoir installation (standard)
Below-reservoir installation means that the axial piston unit Key
is installed outside of the reservoir below the minimum F Filling/air bleed
fluid level. R Air bleed port
S Suction port
Installation position Air bleed Filling he min Minimum required immersion depth (200 mm)
1 R S Rmin Minimum required distance to reservoir bottom (100 mm)
o hs max Maximum permissible suction height (800 mm)
Note
Port F is part of the external piping and must be provided
on the customer side to make filling and air bleeding
easier.
2 - S

Other related documents

Other pumps with special characteristics and dimensions
for use in commercial vehicles can be found in the following
data sheets:

» 91520: Fixed pump A17FO, 350/400 bar

» 92270: Variable pump, A18VO 350/400 bar

» 92280: Variable pump, A18VLO 350/400 bar

RE 91510/11.2015, Bosch Rexroth AG
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12 A17FNO Series 10 | Axial piston fixed pump
Project planning notes

Project planning notes

» The A17FNO pump is designed to be used in open circuits.  » Working ports:

» The project planning, installation and commissioning of — The ports and fastening threads are designed for the
the axial piston unit requires the involvement of quali- specified maximum pressure. The machine or system
fied personnel. manufacturer must ensure that the connecting ele-

» Before using the axial piston unit, please read the corre- ments and lines correspond to the specified applica-
sponding instruction manual completely and thoroughly. If tion conditions (pressure, flow, hydraulic fluid, tem-
necessary, these can be requested from Bosch Rexroth. perature) with the necessary safety factors.

» Before finalizing your design, please request a binding — The service line ports and function ports can only be
installation drawing. used to accommodate hydraulic lines.

» The specified data and notes must be observed.

» Depending on the operating conditions of the axial
piston unit (operating pressure, fluid temperature), the Safety instructions
characteristic may shift.

» Preservation: Our axial piston units are supplied as » During and shortly after operation, there is a risk of
standard with protection to preserve for a maximum of burns on the axial piston unit and especially on the
12 months. If longer preservative protection is required solenoids. Take appropriate safety measures (e.g. by
(maximum 24 months), please specify this in plain text wearing protective clothing).

when placing your order. The preservation periods apply
under optimal storage conditions, details of which can
be found in the data sheet 90312 or the instruction
manual.

» Not all variants of the product are approved for use in
safety functions according to ISO 13849. Please consult
the responsible contact person at Bosch Rexroth if you
require reliability parameters (e.g. MTTFq) for functional
safety.

» Be sure to add a pressure relief valve to the hydraulic
system.

» Please note the details regarding the tightening torques
of port threads and other threaded joints.

Bosch Rexroth AG © This document, as well as the data, specifications and other information set
Mobile Applications forth in it, are the exclusive property of Bosch Rexroth AG. It may not be
GlockeraustraBBe 4 reproduced or given to third parties without its consent. The data specified
89275 Elchingen, Germany above only serve to describe the product. No statements concerning a certain
Tel. +49 7308 82-0 condition or suitability for a certain application can be derived from our
info.ma@boschrexroth.de information. The information given does not release the user from the
www.boschrexroth.com obligation of own judgement and verification. It must be remembered that our

products are subject to a natural process of wear and aging.

Bosch Rexroth AG, RE 91510/11.2015
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Axial piston pumps
Variable pumps, open circuits

Designation Type Size Series Data sheet Page
Variable pump A4VSO 40...1000 10/11/30 92050 189
Variable pump A11V(L)O 40...260 10/11 92500 257
Variable pump A11V(L)O 110...280 40 92510 321
Variable pump A1VO 18...35 10 92650 389
Variable pump A10V(S)O 18...140 31 92701 413
Variable pump A10VO 45...180 32 92705 473
Variable pump A10VO/5 10...100 52/53 92703 529
Variable pump A10VNO 28...85 52/53 92735 597
variable pump ALOV(S)O with electro- for ALOV(S)O  18...140 3x/5% 92709 633
proportional EF differential pressure control

Variable pump A7VO 28...160 63 92202 645
Variable pump A7VO 250...500 63 92203 689
Variable pump A18VO 55...107 11 92270 741
Variable pump A18VLO 80 11 92280 765
Variable double pump A8VO 55...200 6Xx 93010 781
Variable double pump A8VO 225 72 93013 821
Variable double pump A20VO 60...520 10 93100 837
Variable double pump A28VO 280 10 93110 853

For the latest information on axial piston pumps, please visit our website:
www.boschrexroth.com/axial-piston-pumps RE 90010-01/07.2016, Bosch Rexroth AG
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Bosch Rexroth AG, RE 90010-01/07.2016
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Electric Drives Linear Motion and Rexroth
and Controls Hydraulics Assembly Technologies Pneumatics Service
Bosch Group

Axial piston variable pump Repao 0000 00
A4VSO

Data sheet

Series 10, 11 and 30

Size 40..1000

Nominal pressure 350 bar
Peak pressure 400 bar

Open circuit
Contents Features
Type code for Standard program 2 — Axial piston pump in swash plate design for hydrostatic

Technical data 5 drives in open circuit operation

— The flow is proportional to the input drive speed and dis-

Characteristics 10 placement. By adjusting the swash plate angle it is possible
Summary of controls 13 to infinitely vary the output flow.
Dimensions, size 40 18 — Excellent suction characteristics
Dimensions, size 71 20 - Low noise level
Dimensions, size 125 22 - Long service life
Dimensions, size 180 24 ~ Modular design _
Dimensions, size 250 26 - Shf)rt response tlm.es )
. ) ) — Variable through drive options
Dimensions, size 355 28 ) ) o
— Visual swivel angle indicator
Dimensions, size 500 30 . . .
) ] ] — Optional mounting position
Dimensions, size 750 32 — Operation on HF-fluids under reduced operational data
Dimensions, size 1000 36 possible
: A special version is available for operation with
Through drive 38
9 HFC-fluid see data sheet RE 92053
Summary mounting options on A4VSO 39
Permissible mass bending moment 40
Dimensions combination pumps 41
Dimensions through drive 43 For the descriptions of the control devices see the separate
| lati 66 RE data sheets
nstallation notes RE 92056, RE 92060, RE 92064,
General information 68 RE 92072, RE 92076, RE 92080, RE 92088
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Type code for Standard program

A4VSO Series 10, 11 and 30 | RE 92050/04.09

A4VS 0 / -
01 02 03 04 05 06 07 08 09 10 11 12 13 14
Hydraulic fluid / Version 40 71 125 180 250 355 500 750 1000
Mineral oil and HFD-fluids (no code) e &6 6 & o o o o o
HFA-, HFB- and HFC-Fluids o o | - - - - | ®| - - E

01| For operation on HFC-special performance version olo!leo!le

see RE 92053 (HFA and HFB see RE 90223)
High-Speed-Version -l -]-|/-|®| | & | - | - H
Axial piston unit
|02| Swash plate design, variable | A4VS |
Boost pump (Impeller)
without boost pump (no coden) e o6 | o o | o o o o
03| with boost pump (Impeller) . S I N N I I e L
only with port plate 25 (service port connections)
Type of operation
|04| Pump, open circuit | (0] |
Size 40 | 71 |125(180|250(355| 500|750 1000
|05 | Displacement Vs, [cm] 40 | 71 |125 180|250 [355|500 | 750 [1000
Control devices
Pressure control DR |6 & o o | o o o o DR..
Pressure control for parallel operation DP | o o o o |0 o o o DP..
(RE 92060)
Flow control FR e 6 6|06 o o | - - | - FR..
Pressure and flow control DFR | e | e | ® | ®@ | ® ® | - | — | — | DFR..
Power control with hyperbolic curve (RE 92064) LR o & |6 o o o o o o ILR.)
Manual control MA | e | o & o o o - | - MA..
(RE 92072)

06 Electric motor control EM e & o | e o o o - | - EM..
Hydraulic control, control volume dependent HM ® | | ®© @ &6 6 & ©e | o | HM.
Hydr. control, with servo/proportional valve ~ (RE 92076) HS o |6 o o | e o o o HS.
Electronic control EO o | | o @ | @ @ | @ | EO.
Hydraulic control, pilot pressure dependent  (RE 92080) HD o) @) & | @ | ®© | @ | @ @ @ HD.)
Secundary speed control (RE92056)DS1 | @ | @ | ® | @ | ® | @ | ® | ® | O |DS1.)
S B R R D A R D

Series
o7 ® | O | - | - | -|-=-|=-1-=-1-=1]10011?
- - o & o o o o o 30
@ available O in preparation - not available |:| = preferred program

") when operating on HF-fluids, observe the limitations as shown in the relevant data sheets of the control devices and the

mounted valves

2) Versions with HD-controls only in series 11
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Type code for Standard program

A4VS O / -

01 02 03 04 05 06 07 08 09 10 11 12 13 14

Direction of rotation

08 with view on shaft end right hand R
left hand L
Seals 40 71 125 180 250 355 500 750 1000

NBR (Nitrile-rubber),

Shaft seal FKM (Fluoro-rubber) | ® 6 6 06 060 o o P

09

FKM (Fluoro-rubber) / for operation on HFD o |06 o o o o o o
HFC-special performance version see RE 92053 -l -] | ® | | - | - - F
Shaft end
o Keyed parallel shaft to DIN 6885 P
Splined shaft to DIN 5480 z
Mounting flange 40 71 125 180 250 355 500 750 1000
similar to ISO 3019-2 metric 4-hole e o | o o o - | - - B

11
8-hole - - | - - | - -1 | @ | @ H

Service line connections

Port B and S: SAE flange on side, 90° offset,
metric fixing screws

1o | Port B and S: SAE flange on side, 90° offset,
metric fixing screws

2. pressure port B; opposite B —

closed with blanking plate on delivery

@ available O in preparation |:| = preferred program

") only with through drive code NOO and K..

continuation of type code see page 4
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Type code for Standard program

A4VS o) / -
01 02 03 04 05 06 07 08 09 10 11 12 13 14
Through drive 40 71 125 180 250 355 500 750 1000

without auxiliary pump, without through drive ® | o | 6 6 & o o o o Noo
::g;?;?;i?oirﬁ:; mounting an axial piston unit, gear ol o - _ _ _lelel|e K.
Universal through drive, can be adapted -|l-|1® || & & | - | - |- U
Flange splined shaft coupler ') to mount
125, 4-hole (ISO?)) 32x2x14x9g A4VSO/G 40 ® o | o o o | e o o o 31
140, 4-hole (1ISO?)) 40x2x18x9g A4VSO/G T - || ®| ® |  ®|® | @ | ® | O 33
160, 4-hole (ISO?)) 50x2x24x9g A4VSO/G 125 - - ® o e o e o o 34
160, 4-hole (ISO?)) 50x2x24x9g A4VSO/G 180 -|/-|-|®|®|® | ®| ® | O 34
224, 4-hole (ISO?) 60x2x28x9g A4VSO/G,A4CSG2%0 = | - | - | - | @ | ® | @ | ® | O 35
224, 4-hole (ISO?)) 70x3x22x9g A4VSO/G, A4CSG 355| - - - - - | ®e| ®@| 0| O 77
315, 8-hole (ISO?) 80x3x25x9g A4VSO/G,A4CSGB00| = | = | - | - | - | - | ® | ® | O 43
400, 8-hole (ISO?%)) 90x3x28x9g A4VSO/G,A4CSG 750 - | = | = | - | - | - | - | ® | O 76
400, 8-hole (ISO?%)) 100x3x32x9g A4VSO/G 1000 - -l =-1-=-|-|1-1-|-1® 88
80, 2-hole (ISO?)  3/4in 19-4 (SAE A-B) A10VSO 10/52,18/31l o | @ | O | O | O | O | O | O | O B2
100, 2-hole (ISO?)) 7/8in 22-4 (SAEB)  A10VSO 28/31 ® | ® & oOo|O0O|O0O|O]|O B3

13| 100, 2-hole (1ISO?) 1in 25-4 (SAEB-B)  A10VSO 45/31 o oo | o |0 |0 |@ 00| B4
125, 2-hole (1ISO?) 1 1/4in 32-4 (SAE C) A10VSO 71/31 - || ®| ® | ®|® |  O0O|O]|O B5
160, 4-hole (ISO?) 1 1/4in 32-4 (SAE C) A10VSO 71/32 -|lo|lo|o|@|O|O|O]|O B8
125, 2-hole (ISO?)) 1 1/2in 38-4(SAE C-C) A10VSO 100/31 -|-Jlo|JOo|lO]|J]O]|]O|O]|O B6
180, 4-hole (ISO?)) 1 1/2in 38-4 (SAE C-C) A10VSO 100/32 -|/-Jlo|J]Oo|lO]|J]O|]O|O]|O B9
180, 4-hole (ISO?) 1 3/4in 44-4 (SAE D) A10VSO 140/31/32| - - - ® e e @ O O B7
82-2 (SAE A) 5/8in 16-4 (SAE A) AZPF-1X-004.022 | ® | ®© | ® | ®© | ®© | ® | ©  ©® O o1
82-2 (SAE A) 3/4in 19-4 (SAE A-B) A10VSO 10, 18/31/523)| ® | ® | O | O | O | O | O | O | O 52
101-2 (SAE B) 7/8in 22-4 (SAEB) AZ-PN-1X-020.032, ® | ® | ®© | @ | ® | ® | @ | O | O 68

A10VO 28/31/52(3)
101-2 (SAE B) 1in 25-4 (SAE B-B) PGH4,A10V045/31| ® | ®© | ®© | ®© | @ | ® | ®@ | O | O 04
127-2 (SAE C) 1 1/4in 32-4 (SAE C) A10VO 71/31 - || ®|® | ®|® | | ®@| O|O 07
127-2 (SAE C) 1 1/2in 38-4 (SAE C-C) PGH5,A10V0100/31| - | - | ® | @ | ® | ® | @ | O | O 24
152-4 (SAE D) 1 3/4in 44-4 (SAE D) A10VO 140/31 - - - ® & |  ® & O | O 17
J 63, metr.4-hole  for keyed shaft @ 25 R4 ® @€/ O0|O0O|O|O|]O|O]O 57
\é\/li(t)l;;gr\(zllijt%hcil;/i: sll:ta;t, without coupler, without adapter flange, o o  o/eo|/e 0o/ e|e!|e 99
Filtration (only with HS- and DS-control)

without filter N

1 Sandwich plate filter (with HS- and DS-control see RE 92076 and RE 92056) z

1) Keyed shaft coupler on K/U 57 through drive

Combination pumps

2) to ISO 3019-2 metric

1. Combination pumps consisting of axial piston units — ordering example see page 38; overview mounting options see page 39
2. if delivery with mounted gear or radial piston pump is desired, please consult us.

|:| = preferred program

@ available O in preparation - not available
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Technical data
Hydraulic fluid

For extensive information on the selection of hydraulic fluids and
application conditions please consult our data sheets RE 90220
(mineral oils), RE 90221 (ecologically acceptable fluids) and RE
90223 (HF-fluids).

The variable pump A4VSO is suitable for operation on HF-fluids.
(HFA, HFB, and HFC: EA4VSO or A4VSO....F
HFD: standard version A4VSO with FKM seals)

However, limitations to the technical data, according to
RE 90223 must be observed.

On certain selected HFC-fluids, pump sizes 125...355, exe-
cuted in accordance to RE 92053 can be operated with the
same pressures and speeds as on mineral oil.

On operation with HFA and HFB-fluids, limitations of the tech-
nical data must be observed according to RE 90223.
On operation with rolling oil please consult us.

When ordering, please state the fluid to be used.

Operating viscosity range

Within the operating viscosity range between 16..100 mm?/s
the units can be operated without limitations of the technical
data.

In order to obtain optimum efficiency and service life, we
recommend that the operating viscosity (at operating tempera-
ture) be selected in the range

Vopt = Opt. viscosity range 16..36 mm?/s

referred to tank temperature (open circuit).

Limit of viscosity range
For critical operating conditions the following values apply:

Vmin = 10 mm?/s
for short periods (t < 3 min)
at max. permissible case drain temperature
tmax = +90°C.
= 1000 mm?/s
for short periods (on cold start, operating viscosity

should be below 100 mm?%/sec within 15 minutes)
tmin= —2500

Vmax

For detailed information on operation with low temperatures see

RE 90300-03-B.

Bosch Rexroth AG 5/68
Selection diagram
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|- t(°C)
tmn=-25°C Fluid temperature range tma=+ 90°C

Notes on the selection of hydraulic fluid

In order to select the correct fluid, it is necessary to know the
operating temperature in the tank (open circuit) in relation to
the ambient temperature.

The hydraulic fluid should be selected so that within the ope-
rating temperature range, the viscosity lies within the optimum
range (v,,); see shaded section in the selection diagram. We
recommend, that the higher viscosity grade is selected in each
case.

Temperature range (see selection diagram)

tmin == 25° C
tmax =+ 90°C

Example: at an ambient temperature of X° C the operating
temperature in the tank is 60° C. In the optimum viscosity range
(Vopt ; shaded area), this corresponds to grades VG 46 or VG 68;
select: VG 68.

Important: The case drain temperature is influenced by pres-
sure and speed and is always higher than the tank temperature.
However the max. temperature at any point in the system may not
exceed 90° C.

193



6/68 Bosch Rexroth AG

Technical data

Bearing flushing

For the following operating conditions bearing flushing is
required for a safe, continuous operation:

— Applications with special fluids (non mineral oils) due to
limited lubricity and narrow operating temperature range

— Operation at critical conditions of temperature and viscosity
with mineral oil

Flushing is recommended with vertical mounting (drive shaft
facing upwards) in order to ensure lubrication of the front
bearing and shaft seal.

Flushing is carried out via port ,U", located in the front flange
area of the pump. The flushing fluid flows through the front be-
aring and leaves the pump together with the case drain flow.

Depending on pump size, the following flushing flows are
recommended:

Size 40 N 125

recommended
flushing flow

180 250

g, Umin [8 4 5 7 10

Size 355 500 750 1000

recommended

flushing flow 9% L/min {15 20 30 40

These recommended flushing flows will cause a pressure drop
of approx. 2 bar (series 1) and 3 bar (series 3) between the
entrance to port,U" and the pump case (including the pipe
fittings).

Notes regarding series 30

When using external bearing flushing the throttle screw at port
U must be turned in to the end stop.

Filtration of the fluid (Axial piston unit)

The finer the filtration, the better the achieved cleanliness of
the fluid and the longer the life of the axial piston pump.

To ensure a reliable functioning of the axial piston unit, a mini-
mum cleanliness class of

20/18/15 acc. to ISO 4406 is necessary.
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Case drain pressure

The permissible case drain pressure (housing pressure) is
dependent on the drive speed (see diagram).

Qo410 o
OL08LD ®
thmO'_m‘— o )
N~ < Size
N | |
b \
e 3 N\
[%2]
o
o
.g.g 2
° 22
o7,
82
o 1
0 1000 2000 3000 4000
speed n [rpm] —

Max. case drain pressure (housing pressure)

4 bar absolute

pL abs max

These are approximate values; under certain operating condi-
tions a reduction in these values may be necessary.

Direction of flow
S to B.
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Technical data

Operating pressure range

Pressure at service line port (pressure port) B

Nominal pressure p,, 350 bar absolute

Peak pressure p,., 400 bar absolute

Total operating period 300 h
Single operating period 1s
Minimum pressure (high-pressure side) 15 bar

For lower pressures please consult us.

Rate of pressure change R, 16000 bar/s

Pressure p

Ap

Time t

Pressure at suction port S (inlet)
Minimum suction pressure ps min
Maximum suction pressure ps max

0.8 bar absolute
30 bar absolute

Minimum pressure (inlet)

In order to avoid damage to the axial piston unit, a minimum
pressure must be ensured at the suction port S (inlet). The mi-
nimum pressure is dependent on the speed and displacement
of the axial piston unit.

RE ™ N ~———i5 &
2y \\ \\\§1:4 i
clc 1,2 %
& 09 08 $
0,5 0,6 0,7 0,8 0,9 1,0 g

9

Vg max

Displacement —>

The inlet pressure is the static feed pressure or the minimum
dynamic value of the boost pressure.

Please note:
Max. permissible drive speed N ma pem. (Speed limit) see page 8

Please contact us if these conditions cannot be satisfied.

Bosch Rexroth AG 7/68

Definition

Nominal pressure phom
The nominal pressure corresponds to the maximum design
pressure.

Peak pressure pmax

The peak pressure corresponds the maximum operating pres-
sure within the single operating period. The sum of the single
operating periods must not exceed the total operating period.

Minimum pressure (high-pressure side)
Minimum pressure on the high-pressure side (B) that is re-
quired in order to prevent damage to the axial piston unit.

Rate of pressure change R,

Maximum permissible rate of pressure build-up and pressure
reduction during a pressure change over the entire pressure
range.

——

Single operating period

| Peak pressure pa ..
| Nominal pressure p,,

Pressure p

Total operating period =t; +ty. . 1,
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Technical data

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Table of values (theoretical values, without considering efficiencies and tolerances; values rounded off)

Size 40 n 125 180 250/ 355/ 500/ 750 750 1000
H 1) H 1) H 1) mt;?eller
Displacement Vymar €mM® 40 7 125 180 250/ 355/ 500/ 750 750 1000
250 355 500
Speed ?)
max. at Vg ma Nomar  FPM 2600 2200 1800 1800 1500/ 1500/ 1320/ 1200 1500 1000
1900 1700 1500
max. at Vg <V ma No max zu. TPM 3200 2700 2200 2100 1800/ 1700/ 1600/ 1500 1500 1200
(speed limit) 2100 1900 1800
Flow
at No max Quomar  L/min 104 156 225 324 375/ 533/ 660/ 900 1125 1000
475 604 750
at ng = 1500 rpm Qvemax  L/min 60 107 186 270 375 533 5813 770% 1125 -
Power Ap = 350 bar
at Ng max Pymax kKW 61 91 131 189 219/ 311/ 385/ 525 656 583
277 352 437
at ng = 1500 rpm Pemar kKW 35 62 109 158 219 311 339%) 449% 656 -
Torque
bat Vgmax Ap = 350 bar Tonax Nm 223 395 696 1002 1391 1976 2783 4174 4174 5565
Ap =100 bar T Nm 64 113 199 286 398 564 795 1193 1193 1590
Rotary stiffness
Shaft end P c kNm/rad | 80 146 260 328 527 800 1145 1860 1860 2730
Shaft end Z c kNm/rad | 77 146 263 332 543 770 1136 1812 1812 2845
Moment of inertia Jry  kgm? | 0,0049 0,0121 0,03 0,055 00959 019  0,3325 0,66 0,66 1,20
rotary group
Angular acceleration max.#) o rad/s? 17000 11000 8000 6800 4800 3600 2800 2000 2000 1450
Case volume 4 L 2 25 5 4 10 8 14 19 22 27
Weight (with press. contr.) approx. m kg 39 53 88 102 184 207 320 460 490 605

') High-Speed-Version

2) Values are valid with inlet pressure p.,s 1 bar at inlet port S, with increased speed up to speed limit please observe diagram,

page 7
3) Vg < Vg max

4) — The range of validity lies between zero and the maximum permissible drive speeds.
Valid for external excitation (eg. diesel engine 2- to 8-fold rotary frequency, cardan shaft 2-fold rotary frequency).

—The limiting value is only valid for a single pump.

—The loading capacity of the connecting parts must be considered.

Notes

Exceeding the maximum or falling below the minimum permissible values can lead to a loss of function, a reduction in operational
service life or total destruction of the axial piston unit.
The permissible values can be determined through calculation.

Determination of pump size

Vyone
Flow o =—— [L/min]
1000
. Vg e Ap
Drive torque T =—""— [Nm]
20T Nmh
o +Ten A
Power P = =2
60000 600+,

196

V, = geometr. displacement per rev. in cm?®
Ap = pressure difference in bar

n =speed in rpm

nv = volumetric efficiency

Nmh = Mechanical-hydraulic efficiency

M. = overall efficiency (,= 1y * M)
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Technical data

Permissible radial and axial forces on the drive shaft
Size 40 71 125 180 250 355 500 750* 1000

Radial force, max. Fq

07 at X/2 Fy max N 1000 1200 1600 2000 2000 2200 2500 3000 3500

X/2| X/2}—

Axial force, max.

FE +F,... N |600 800 1000 1400 1800 2000 2000 2200 2200

* also valid for versions with boost pump
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Characteristics

Drive power and flow
(Fluid: Hydraulic oil ISO VG 46 DIN 51519, t = 50°C)

Overall efficiency:  n, = P Volumetric efficiency: 1, = il
qu max * 600 QV theor
Size 40 Size 180
150 75 t
400 A 200
s A > € =
E 2 E o 2
= 100 = 50 o = Z »” o
& av 7 Povmax| | 5 & 300 7 150 o
3 d 3 2 ey A / 3
3 —
r L LA a T 7/ - 8
50 A i s Y 0 AT 0
yd — Pav Nuil £ 200 Py max 4 100 =
A |+ i 9 4
V.
- s
0————-——"_—"_ T T 0 /,L/
/ K
0 100 200 300 350 100 77 50
Operating pressure p [bar] —= /// Pav null
/
———— 1 =2600 rpm / = ]
0 0
- = = - n=1500 rpm 0 100 200 300 350
Operating pressure p [barl—=—
Size 71
n= 1800 rpm
T = = = = nN=1500 rpm
T 150 | 150 T
— av =
= = Size250
RS = =
= 100 = o7 100 o 500 250
g P = e T T
; qv max ,// % ]
e} o = /' —
[T s =
P = j - =
L~ i qu Null o = L D;
~ [ L] d / 5}
— = / 3
e e 3 ol b oo B
0 100 200 300 350 T /'p pd o
. Qv max_g q>)
Operating pressure p [bar] —= Y 7 £
e =—H
n = 2200 rpm  ARnS
200 7 S 100
- = = = N=1500 rpm ya
W
/ /|
. /T 7
Size 125 100 // - 50
A qu Null
# Fav Null
T 300 150 T i g
y e
— = = 0 0
£ pd 2 0 100 200 300 350
£ = .
= 200~ __qv /,/ 1100 o Operating pressure p [barl—=
> = — == =
g 5 q;) n= 1500 rpm
o A ARy max 8 = = = = n=1000rpm
[T g o
100 A 50 2
71 =
A a
g qu Null
i \
0 = =t T | -T- 0
0 100 200 300 350
Operating pressure p [bar]—s
n= 1800 rpm

= = = = n=1500 rpm
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Characteristics

Drive power and flow
(Fluid: Hydraulic oil ISO VG 46 DIN 51519, t = 50°C)

Bosch Rexroth AG

Overall efficiency: n, = G-P Volumetric efficiency: n, = A
qu max * 600 qv theor
Size 355 Size 500
T 700 350 ﬁx
? 800 400
<€ g = /
£ 600 300 = E
= o =
& 5 G 700 350
=== 3 3
T 500 7= 950 & =2 == L |
=
T q / 5 600 v 7 300
/
400 qu max —* 200 / 7
)4
N , 500 == 250
T — = , -+
300 150 /
/ B 400 [ 11/ 200
7 7
200 / ~ 100 N qumax |
/11, 300 ¢ 150
/
100 pqv Null ] 50 / ’
/ a 200 7 100
Vi e e /
0 .é"‘:— 1 0 //
0 100 200 300 350 P —
100 qvNull_—+—++ 50
Operating pressure p [bar] —= '/
/ - :_"”_— |
n = 1500 rpm i mEEE
- P 0 /= T 0
- — = -n=1000 rpm 0 100 200 300 350
Operating pressure p [bar] —
n= 1320 rpm

= = = = n=1000 rpm

1

Drive power P [kW] —=

/68
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Characteristics

Drive power and flow
(Fluid: Hydraulic oil ISO VG 46 DIN 51519, t = 50°C)

Overall efficiency:  n, = P Volumetric efficiency:  n, = G
qu max * 600 qv theor
Size 750 Size 1000
1100 550 T
t T $ 1600 800
—_ / — . _
£ c
£ 1000 E £ / E
3 500 3 =
— / ¢ = 1400 /11 700 o
g / 3 E / g
" 900 e / 450 = 7 0
— 1] g< 1200 L 600 -Z
“—L /_ [a] S B e L [a)
/ R 7T
qiv Qv
800 // L1 400 !
1000 =N 500
— - [ 11/ P =+ H
= = -L / L , 7
700 1 350 /
/ J 800 VAR 400
/17 P 1
600 [ 300 BayEES LN
f 600 300
[l 1/ /
/
500 250 /
[l 400 ! 200
7
// /
400 / 200
/ ’ qu max 200 7 / qu Null 100
/ 7
/ / ERNE -
300 / ; 150 HEEEES o
0= 0
7 0 100 200 300 350
/
200 / 100 Operating pressure p [bar] —=
/ =
/ Py Nuil ———— n=1200 rpm
! AN = = = = n=1000 rpm
100 { 50
! L] et
/ = _:+/— -+
o T 0
0 100 200 300 350
Operating pressure p [bar] —m
n= 1200 rpm

= = = = n=1000 rpm
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Summary of controls

Pressure control DR (see RE 92060)

The DR- pressure control limits the maximum pres-
sure at thg pump outlet within the pump's control e o
range. This max. pressure level can be steplessly Bi B M8 EEd
set at the control valve. - +H
Setting range 20...350 bar A )
Optional: el
Remote control (DRG) ] X
1y
=="))
,,,,,,,,,,,,,,,,, ]
— kT
U S Ms Ki K2 T R(L)

Pressure control for parallel operation DP (see RE 92060) not in scope of supply

Suitable for pressure control with multiple A4VSO
axial piston pumps in parallel operation.

Optional:
Flow control (DPF)

u}

Flow control FR (see RE 92060) R

Maintains a constant flow in a hydraulic system. L 7777777
Dl L
Optional: A 7 AT
By B Ms ==
Remote pressure control (FRG) ‘ LA S
connection between X and tank closed
(FR1, FRG1) LY
i
Qv min Qv max ;=l 2 }“
o L
LK Kk kT
U S Ms K1 K2 T R(L)
Pressure and flow control DFR (see RE 92060) not in scope of supply
B
This control maintains a constant flow from the t ——
pump even under varying operating conditions. A
Overriding this control is a mechanically adjustable ‘ L
pressure control. ‘ Lal e
b
Optional: A B‘U e, i
connection between Xg and tank closed (DFR1) ‘ B B Ms - W
.
[ I
tred| I
D¢
L
S L
T Lk kT
U S Ms Ki K2 T R(L)
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Summary of controls

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Power control LR2 with hyperbolic characteristic (see RE 92064)

The hyperbolic power control maintains a constant
preset drive power at the same input speed.

Optional:
Pressure control (LR2D), remotely controlled (LR2G);

Flow control (LR2F, LR2S): P

Hydraulic stroke limiter (LR2H);

Mechanical stroke limiter (LR2M);

Hydraulic two-point control (LR2Z);

with electric unloading valve for easy start (LR2Y).

Vg min

Vg max

Power control LR3 with remote control of power characteristics (see RE 92064)

This power control maintains a constant preset drive
power, with remote control of the power characte-
ristics.

Optional:
Pressure control (LR3D), remotely controlled

(LR3G); P

Flow control (LR3F, LR3S);

Hydraulic stroke control (LR3H);

Mechanical stroke control (LR3M);

Hydraulic two-point control (LR3Z).

with electric unloading valve for easy start (LR3Y)

Vg min

Vg max

Hydraulic control LR2N and LR3N pilot pressure dependent, initial position V., (see RE 92064)

With overriding power control.

shown in shifted position

Mst

The pump displacement is proportional to a pilot A . P pressurized
pressure signal in Pg,. Ps . P
The additional hyperbolic power control overrides ' — 7
the pilot pressure signal and holds the preset drive < N e T
power constant. _»Iz Pst-4: 1 [
Optional: A > E:I él:
Remote control of power characteristics (LR3N) Vv BiBMs| |7
Pressure control (LR.DN), g max i
Remote pressure control (LR.GN) 4 ]
Electric control of pilot pressure signal (LR.NT) P : =

M == 1 J—

Vg min Vg max %j%
K1 K2 T R(L)
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Summary of controls

Manual control MA (see RE 92072)

Stepless adjustment of displacement by means of
a handwheel.

Smax

Vg max

Electric motor control EM (see RE 92072)

Stepless adjustment of displacement via an elec-
tric motor.

Various intermediate displacement values can be
selected with a programmed sequence control, by
means of built on limit switches and an optional
potentiometer for feedback signal. v,

smax

Vg max

Hydraulic control HD pilot pressure dependent (see RE 92080)

Stepless adjustment of displacement proportional to
a pilot pressure signal. The displacement is propor-
tional to the applied pilot pressure (Difference bet-
ween pilot pressure level and pump case pressure).

Optional: Ps;
Pilot pressure curves (HD1, HD2, HD3)

Pressure control (HD.B),

Remote pressure control (HD.GB)

Power control (HD1P) ' vV
with electric control of pilot pressure (HD1T) o

Bosch Rexroth AG 15/68

mﬁ=¢ﬁ;

]
1

X % kT
Ki K2 T R(L)
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Summary of controls

Hydraulic control HM 1/2, control volume dependent (see RE 92076)

The pump displacement is infinitely variable in rela- X Xi

. . . Bi1 B Mg [ R

tion to the control oil volume in ports X; and X,. I 4 ; i|

Application: i .

— 2-point control ‘ ‘

— basic control device for servo or proportional valve control ‘
]

L T
U S Ms Ki K2 T R(L)

Control system HS, HS4, with servo or proportional valve (see RE 92076)

The stepless displacement control is accomplis- r — W
hed by by means of servo or proportional valve im
with electrical feedback of the swivel angle. S
The HS4P-control system is fitted with a built on e
pressure transducer so that it can be utilized for U T 3+ “Tusp

electrical pressure and power control. u.’ Pro B1 B Mg Revi”
max —1 7

Optional:
Servo valve (HS); Vg
Proportional valve (HS4);
Short circuit valve (HSK, HS4K, HS4KP); Vg max }
Without valves (HSE, HS4E). A
For oil-immersed use (HS4M) ‘

Control system EO1/2 (see RE 92076)

The stepless adjustment of the displacement is
accomplished by means of a proportional valve
with electrical feedback of the swivel angle.

This control can be utilized as an electric control of
displacement.

]
=
£

Optional: —
Control pressure range (EO1, EO2) _ ‘ E
Short circuit valve (EO1K, EO2K) Vg
Without valves (EO1E, EO2E) vV

X ook T
U S Ms My K1 K2 T R(L) M2
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Summary of controls

Speed control DS1, secundary controlled (see RE 92056)

The speed control DS1 controls the secundary
unit (motor) in such a manner, that this motor
delivers sufficient torque to maintain the required
output speed. When connected to a constant
pressure system, this torque is proportional to

A
motor displacement and thus also proportional to n % (+)
the swivel angle. /

n,(min-')

/ nz(min'1;
»{% 2

,,,,,,,,,,,,,,,,,

]

G S Msi Msa K1 K2 T R(L)

Electro hydraulic control system DFE1 (see RE 92088)

The power, pressure and swivel angle control of the
variable pump A4VSO...DFE1 is accomplished by
means of an electrically controlled proportional val-
ve. A current signal to the proportional valve moves
the control piston and determines via an integrated
positional transducer the cradle's swivel angle and
thus the pump flow. When the electric drive motor
is switched off and the system is pressureless, the A
bias spring in the control chamber will swivel the p
pump to max. displacement (Vg may).

In scope of supply

205



18/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a

D I menSIOnS, SIZG 40 certified installation drawing. Dimensions in mm.

Series 1

(Example: pressure control; for exact dimensions of the control devices see separate data sheets)

R(L) \ 147 ‘ R(L)
| (260)
18 T
g _l ] 3
=
o
o) ®
1/ Ms/ || Ms
8 52 °
90 X \S 450 »%
227 |
266

Control valve mounting

for right hand rotation
Flange 125, 4-hole
similar to ‘ B1 (2. outlet port on version 25)

ISO 3019-2 (metric)

=N

]
(on version 25)

2125h8

79
—
I
A
—i ~
C

for left hand rotation

{
30 ‘ N .
144 o5 * Control valve mounting
Y

S SAE11/2in,

o 8 -~ B (B1 on version 25,
standard pressure series

shown without blanking plate)

69.9

SAE flange 3/4 in, high pressure series

03.8 357 M12; 20 deep

M10; 17 deep

For dimensions of shaft ends and ports see page 19
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. ' . Before finalising your design please request a
D I menS I OnS, S IZe 40 certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS10x8x56 W32x2x14x9g
1.5 56 | 10no
< | | N | -
Sl i X R
= o = |22
o Eg o o
= 58 _|L * =l |38
68 | .46 _|
Ports max. tightening torque 2)
S Suction port (standard pressure series) SAE J5183) 1 1/2in
Fixing thread DIN 13 M12x1,75; 20 deep ?)
Ky, Ky Flushing port DIN 3852 M22x1,5;14 deep (plugged) 210 Nm
T Drain DIN 3852  M22x1,5;14 deep (plugged) 210 Nm
Mg Measuring port outlet pressure DIN 3852  M14x1,5;12 deep (plugged) 80 Nm
Ms Measuring port suction pressure DIN 3852  M14x1,5;12 deep (plugged) 80 Nm
R(L) Fill and bleed DIN 3852 M22x1,5; 14 deep 210 Nm
(case drain port)
u Flushing port DIN 3852  M14x1,5;12 deep (plugged) 80 Nm
on version 13
B Pressure port (high pressure series) SAE J518 %) 3/4in
Fixing thread DIN 13 M10x1,5; 17 deep 2)
B, Additional port DIN 3852 M22x1,5;14 deep (plugged) 210 Nm

on version 25
B Pressure port (high pressure series) SAE J518 %) 3/4in

Fixing thread DIN 13 M10x1,5; 17 deep 2)
B, 2. press. port (high pressre series) SAE J518 %) 3/4 in (closed with blanking plate)
Fixing thread DIN 13 M10x1,5; 17 deep 2)

) Center bore to DIN 332 (threaded to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

8) Caution: metric thread deviates from standard
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D | menS|O nS’ S |Ze 71 Before finalising your design please request a

certified installation drawing. Dimensions in mm.

Series 1

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

(298) R(L) ‘
——=
=
K1
10
© ) 8l
= & e
L‘:’:’J
8 T 61 Me * Ms 170
101 X \§ 450 AD
254 |
295
Y Control valve mounting
* for right hand rotation
Flange 140, 4-hole
similar to @ B1 (2. pressure port on version 25)
ISO 3019-2 (metric) L
il ?
B | R 5
‘ ‘ ! 0 .S
| ﬁ\ ol 2
‘ ‘ o 2
2 M 4 c
() @~ ‘ S
! Hlre s
(9] ° ) ‘ \ ‘ T ® 0
’ < R | @
N ‘ i ‘ | h_[\‘(
T SR
g
27 \ Control valve mounting
166 2z for left hand rotation
Y
View Y View X
C\lr ©
e B (B1 on version 25, N S SAE 2in
shown without blanking plate) standard pressure series
M12; 20 deep 078 SAE 1 in high pressure series M12; 20 deep

For dimensions of shaft ends or ports see page 21
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Dimensions, size 71

Bosch Rexroth AG

21/68

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

max. tightening torque ?)

330 Nm
330 Nm
80 Nm
80 Nm
330 Nm
80 Nm

330 Nm

Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS12x8x68 W40x2x18x9g
15__ 68 | 1249
31, — | TEDH
< - |
el BN
o 28 : o 2
= 70 |4 ? = 2e
80 |~ 55 |
Ports
S Suction port (standard pressure series) SAE J518 %) 2 in
Fixing thread DIN 13 M12x1,75; 20 deep 2?)
Ky, Ky Flushing port DIN 3852  M27x2;16 deep (plugged)
T Drain DIN 3852  M27x2;16 deep (plugged)
Mg Measuring port outlet pressure DIN 3852  M14x1,5;12 deep (plugged)
Ms Measuring port suction pressure DIN 3852  M14x1,5;12 deep (plugged)
R(L) Fill + air bleed (case drain port) DIN 3852  M27x2; 16 deep
u Flushing port DIN 3852  M14x1,5;12 deep (plugged)
on version 13
B Pressure port (high pressure series) SAE J518°8) 1in
Fixing thread DIN 13 M12x1,75; 20 deep 2?)
B, Additional port DIN 3852  M27x2;16 deep (plugged)
on version 25
B Pressure port (high pressure series) SAE J518°%) 1in
Fixing thread DIN 13 M12x1,75; 20 deep ?)
B, 2. pressure port (high pressure series) SAE J518 %) 1 in (closed with blanking plate)
Fixing thread DIN 13 M12x1,75; 20 deep 2?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information

on page 68

3) Caution: metric thread deviates from standard
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. . . Before finalising your design please request a
D I m e n S I O n S y S IZe 1 2 5 certified installation drawing. Dimensions in mm.

Series 3

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)
— 1 0
22 B Z N
O i

5 o ‘ - 3

- =

| &[0y
o
o -@| :
- ‘ @ 9/ ©
2 L ‘ o
o R
T MB * Ms
8 70
125 X \S
310 ‘
3565
Y .
Control valve mounting
* for right hand rotation

Flange 160, 4-hole
similar to M2 B1 (2. pressure port on version 25)
ISO 3019-2 (metric) h h

B

(on version 25)

50
112.5

112

| qn
33 14 114 M1 Control valve mounting

003 /| * for left hand rotation
Position R(L) on HD- and EP-control Y
View Y View X
5% ! ¢
o~ . ) .
< cgjg@» B (B1 on version 25, K SSAE21/2in
E shown without blanking plate ‘ standard pressure series
| <
M14: 19 deep SAE 1 1/4 in high pressure series ‘ M12; 17 deep
! 31.8 50.8

For dimensions of shaft ends and ports see page 23
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. ' . Before finalising your design please request a
D I menS I OnS, S IZe 1 2 5 certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS14x9x80 W50x2x24x9g
15__ 80 | 145 I
dE=] O i
Sl — a -
o 3¢ 3 AREL
S| 82 | o 5| L5414
92 |~ © 64 |~
Ports max. tightening torque 2?)
S Suction port (standard pressure series) SAE J518°%) 2 1/2in
Fixing thread DIN 13 M12x1,75; 17 deep ?)
Ky, Ky Flushing port DIN 3852 M33x2; 18 deep (plugged) 540 Nm
T Drain DIN 3852 M33x2; 18 deep (plugged) 540 Nm
Mg Measuring port outlet pressure DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
Ms Measuring port suction pressure DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
R(L)  Fill + air bleed (case drain port) DIN 3852 M33x2; 18 deep 540 Nm
u Flushing port DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
M;, M, Measuring port control chamber press. DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
on version 13
B Pressure port (high pressure series) SAE J518°%) 1 1/4in
Fixing thread DIN 13 M14x2; 19 deep 2?)
B, Additional port DIN 3852 M33x2; 18 deep (plugged) 540 Nm
on version 25
B Pressure port (high pressure series) SAE J5182) 1 1/4in
Fixing thread DIN 13 M14x2; 19 deep 2?)
B, 2. pressure port (high pressure series) SAE J518 %) 1 1/4 in (closed with blanking plate)
Fixing thread DIN 13 M14x2; 19 deep ?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

8) Caution: metric thread deviates from standard
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Bosch Rexroth AG

Dimensions, size 180

Series 3

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)
29 ©® ' ©
: _—/‘_—@ | @—}_ ¢
e e e S
& NRRERCA A “
(= I b == .
T Ms *& Mg
8 70
125 X
318 |
375

Flange 160, 4-hole

similar to

ISO 3019-2 (metric)

\

A

112
2160hs

Control valve mounting
for right hand rotation

B1(2.

pressure port on version 25)

(on version 25)

203

Position R(L) on HD- and EP-control

66.7_

View Y

M14; 19 deep f

31.8

B (B, on version 25,

Y

shown without blanking plate)

SAE 1 1/4 in high pressure series

For dimensions of shaft ends and ports see page 25
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14 | Control valve mounting

for left hand rotation

106.4

standard pressure series

M16; 24 deep
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. ' . Before finalising your design please request a
D I menS I OnS, S IZe 1 8 O certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS14x9x80 W50x2x24x9g
15__ 80 _|| 14
IS Cy i
Q1 _] | = il
o =S S o |38
= g2 U P =| .54
92 [~ © 64 |~
Ports max. tightening torque 2?)
S Suction port (standard pressure series) SAE J518 %) 3in
Fixing thread DIN 13 M16x2; 24 deep ?)
Ky, Ky Flushing port DIN 3852 M33x2; 18 deep (plugged) 540 Nm
T Drain DIN 3852 M33x2; 18 deep (plugged) 540 Nm
Mg Measuring port outlet pressure DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
Ms Measuring port suction pressure DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
R(L) Fill + air bleed DIN 3852 M33x2; 18 deep 540 Nm
(case drain port)
U Flushing port DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
My, My Measuring port control chamber pressure  DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
on version 13
B Pressure port (high pressure series) SAE J518 %) 1 1/4 in deep ?)
Fixing thread DIN 13 M14x2; 19 deep ?)
B, Additional port DIN 3852 M33x2;18 deep (plugged) 540 Nm
on version 25
B Pressure port (high pressure series) SAE J518°%) 1 1/4in
Fixing thread DIN 13 M14x2; 19 deep ?)
B, 2. pressure port (high pressure series) SAE J518 %) 1 1/4 in (closed with blanking plate)
Fixing thread DIN 13 M14x2; 19 deep 2)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

3) Caution: metric thread deviates from standard
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D | menS|O nS’ S |Ze 2 5 O Before finalising your design please request a

certified installation drawing. Dimension in mm.

Series 3

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)
= ™
& g
Ki
©
N
Ms
Y
+ Control valve mounting
Flange 224, 4-hole for right hand rotation
similar to ) M2 B1 (2. pressure port on version 25)
ISO 3019-2 (metrlc) N

T
144 |
(on version 25)

j444
55

144

144

A
2=
—
'

2224
|
, !
S

ﬂ W
ww\mB

143 17 17 Control valve mounting for
248 *
Y

left hand rotation
Position R(L) on HD- and EP-control

View Y

79.4

<
% B (B, on version 25, S S SAE 3in
N shown without blanking plate) A standard pressure series
M16; 25 deep f e SAE 1 1/2 in high pressure series z M16; 24 deep
: 61.9

For dimensions on shaft ends and ports see page 27
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. ' . Before finalising your design please request a
D I menS I OnS, S IZe 2 5 O certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS18x11x100 W60x2x28x9g
3__ 100 _|| 184
1 L o —
o B 11 Y — | = I
© * <
Q = © & —
o 142 q 42
g 105 |4 s Loy
15 |~ 80
Ports max. tightening torque ?)
S Suction port (standard pressure series) ~ SAE J518 %) 3in
Fixing thread DIN 13 M16x2; 24deep ?)
Ky, Ky Flushing port DIN 3852  M42x2; 20 deep (plugged) 720 Nm
T Drain DIN 3852  M42x2; 20 deep (plugged) 720 Nm
Mg Measuring port outlet pressure DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
Ms Measuring port suction pressure DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
R(L) Fill + air bleed DIN 3852  M42x2; 20 deep 720 Nm
(case drain port)
u Flushing port DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
My, My Measuring port control chamber pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
on version 13
B Pressure port (high pressure series) SAE J518%) 1 1/2in
Fixing thread DIN 13 M16x2; 25 deep ?)
B, Additional port DIN 3852  M42x2; 20 deep (plugged) 720 Nm
on version 25
B Pressure port (high pressure series) SAE J5183) 11/2in
Fixing thread DIN 13 M16x2; 25 deep ?)
B, 2. pressure port (high pressure series) SAE J518 %) 1 1/2 in (closed with blanking plate)
Fixing thread DIN 13 M16x2; 25 deep 2?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

8) Caution: thread deviates from standard
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Bosch Rexroth AG

Dimensions, size 355

Series 3

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

265

Control valve mounting
for right hand rotation

Control valve mounting on

left hand rotation

R(L)
30
w —
] ™
N T 1)
\ :
\
\
) ‘ <
o ‘ N
T p\S| s
90
150 X
393 |
464
Y
Flange 224, 4-hole M2 *
similar to
ISO 3019-2 (metric) . B1(2
| )
\ N
- | | ] s
- | i é i qe
© ! — 0
g —l [ L i :
Q - o
//4‘ y d
St | (g m ©
= = ‘ s
— | R(L) %
|
U T =
40 17 17
248 *
Position R(L) on HD- and EP-control Y
View Y
</ .
o B (B; on version 25,
= shown without blanking plate)
M16; 25 deep SAE 1 1/2 in high pressure series

36.5

For dimensions of shaft ends and ports see page 29
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130.2

View X

pressure port on version 25)

S SAE4in
standard pressure series

M16; 21 deep




RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 29/68

. ' . Before finalising your design please request a
D I menS I OnS, S IZe 3 5 5 certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS20x12x100 W70x3x22x9g
45__ 100 _[ 204
| _
(g{
o m 1|
o~
Q = N: ==
= |49 S| 142 13
o| |4 [Si=s
S [ 105 | S| 824
15 [~ L 92 |
Ports max. tightening torque 2?)
S Suction port (standard pressure series) SAE J518 %) 4 in
Fixing thread DIN 13 M16x2; 21 deep ?)
Ky, Ky Flushing port DIN 3852 M42x2; 20 deep (plugged) 720 Nm
T Drain DIN 3852 M42x2; 20 deep (plugged) 720 Nm
Mg Measuring port outlet pressure DIN 3852 M14x1,5; 12deep (plugged) 80 Nm
Ms Measuring port suction pressure DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
R(L) Fill + air bleed DIN 3852 M42x2; 20 deep 720 Nm
(case drain port)
U Flushing port DIN 3852 M18x1,5;12 deep (plugged) 140 Nm
My, My, Measuring port control chamber pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
on version 13
B Pressure port (high pressure series) SAE J518°%) 1 1/2in
Fixing thread DIN 13 M16x2; 25 deep ?)
B, Additional port DIN 3852 M42x2; 20 deep (plugged) 720 Nm
on version 25
B Pressure port (high pressure series) SAE J518%) 1 1/2in
Fixing thread DIN 13 M16x2; 25 deep?)
B, 2. pressure port (high pressure series)  SAE J518 %) 1 1/2 in (closed with blanking plate)
Fixing thread DIN 13 M16x2; 25 deep 2)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

3) Caution: metric thread deviates from standard
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. . . Before finalising your design please request a
DlmenSIOnS, SIZG 500 certified installation drawing. Dimensions in mm.

Series 3

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)
16+5
13
- L
. o :
— (o]
& 3
K1~
H |
Q o
| o e 3 2
1 S
17
47
190 190
Thread for eye bolts
M16x2; 27 deep DIN 580 Y
control valve mounting for
* right hand rotation
6 U M2
‘I‘—Q—‘I‘- B+
i | | (
: /P o[ | e
HHE: Fa il
L R SR W -
Y N |
TN
| | ik
@ \ i 17
<) !
- M1\ B
Flange 315, 8-hole 30 Control valve mounting for
similar to _ 279 50 * left hand rotation
ISO 3019-2 (metric)
Y
View Y View X
OQr o X .
©|Q B and B (shown without blanking plate) X N SSAES in )
€ Iy —| ® standard pressure series
919/ SAE2in high pressure series
M20; 24 deep 44.5 = M16; 24 deep

For dimensions of shaft ends and ports see page 31
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. ' . Before finalising your design please request a
D I menS I OnS, S IZe 5 O O certified installation drawing. Dimensions in mm.
Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS22x14x125 W80x3x25x9g
3__ 125 ] 2240 |
‘E{ H} -~
= || ]
@
e &
= a2 -
3 N é 42| ||
= 130 | | 9 | L
180 — 140 —
Ports max. tightening torque 2)
S Suction port (standard pressure series) SAE J518 %) 5in
Fixing thread DIN 13 M16x2; 24 deep ?)
Ky, Ky Flushing port DIN 3852  M48x2; 22 deep (plugged) 960 Nm
T Drain DIN 3852  M48x2; 22 deep (plugged) 960 Nm
Mg Measuring port outlet pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
Ms Measuring port suction pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
R(L) Fill + air bleed DIN 3852  M48x2; 22 deep 960 Nm
(case drain port)
u Flushing port DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
My, My Measuring port control chamber pressure ~ DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
or dependent on control device DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
B Pressure port (high pressure series) SAE J518°%) 2in
Fixing thread DIN 13 M20x2,5; 24 deep ?)
B, 2. pressure port (high pressure series) SAE J518 %) 2 in (closed with blanking plate)
Fixing thread DIN 13 M20x2,5; 24 deep ?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

3) Caution: metric thread deviates from standard
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Before finalising your design please request a

D I menSIOnS, SIZG 750 certified installation drawing. Dimensions in mm.

Series 3

(Example: pressure control; for exact dimensions of control devices see separate dData sheets)

R(L)
& | e
() | ™ o
™
‘ boX
| K1
o
g | © 5
B | j & &
—~ | g g N
I T e
5 \x
S * Ms
89
X
47, 161
473 ‘ 232 232
560
Thread for eye bolts
M16x2; 27 deep DIN 580 Y
Control valve mounting
16_ U Mo * for right hand rotation
o @ B1
\
| | G
7 — & o
FoX | . ‘ 0| I S
®| © T é ‘ ‘ ‘ o
< +
S| m| 0 o] e
828 - H oot
39S Jé 3% @ 3
L[ \\ ‘ N2 N
S LN S
o i \ L
i3 \ 'M B
1
Flange 400, 8-hole - i .
similar to Control valve mounting for
ISO 3019-2 (metric) |50 left hand rotation
Y
View Y View X
Y S| %= :
& B und B4(shown without blanking plate) N A SSAE5 in
o IS .
SAE 2 in high pressure series SEMEREIE [Eresslie s2izs

M20; 24 deep M16; 24 deep

44.5

For dimensions of shaft ends and ports see page 33
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Dimensions , size 750

Shaft ends
P Keyed to DIN 6885
AS25x14x125
45__ 125 [ 25ho y
B 3
S| 50
N
2 —
130 |
180 =
Ports
S Suction port (standard pressure series)
Fixing thread
Ky, Ko Flushing port
T Drain
Mg Measuring port outlet pressure
Ms Measuring port suction pressure
R(L) Fill + air bleed
(case drain port)
u Flushing port
M;, M, Measuring port control chamber press.
or dependent on control device
B Pressure port (high pressure series)
Fixing thread
B 2. pressure port (high pressure series)

Fixing thread

) Center bore to DIN 332 (thread to DIN 13)

Bosch Rexroth AG

33/68

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

Z Splined to DIN 5480

W90x3x28x9g
i
S| Jsol
105 L
155 —

SAE J518°%) 5in
DIN 13 M16x2; 24 deep ?)
DIN 3852 M48x2; 20 deep (plugged)
DIN 3852 M48x2; 20 deep (plugged)
DIN 3852 M18x1,5; 12 deep (plugged)
DIN 3852 M18x1,5; 12 deep (plugged)
DIN 3852 M48x2; 20 deep
DIN 3852 M18x1,5; 12 deep (plugged)
DIN 3852 M18x1,5; 12 deep (plugged)
DIN 3852 M14x1,5; 12 deep (plugged)
SAE J518°%) 2in
DIN 13 M20x2,5; 24 deep ?)
SAE J518 %) 2 in (closed with blanking plate)
DIN 13 M20x2,5; 24 deep ?)

max. tightening torques *

960 Nm
960 Nm
140 Nm
140 Nm
960 Nm

140 Nm

140 Nm
80 Nm

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

8) Caution: metric thread deviates from standard
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. . . Before finalising your design please request a
DlmenSIOnS, SIZG 750 certified installation drawing. Dimensions in mm.
with boost pump (Impeller)

Series 3

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)
16+5
13
N =
(o}
™ » o
- N
— K4
— o
o o &
(o}
. ‘ Q
47, 161 A
457 ‘ 232 232
530 |
614
640
Thread for eye bolts
M16x2; 27 deep DIN 580 Y
Control valve mounting
16 U M * for right hand rotation
] M=
b B1
|
; = T
™ 1 N
N | (I - h &
ol o /T | A T .
< +
S| m| 0 @ ~e
2l ool 2
I b e
A\ R(IL® |LP—] 2
| \ ] O\
F_Ianlget400, 8-hole 39 Control valve mounting
similar to .
SO 3019-2 (metric) 301 50 * for left hand rotation
Y
i View X
View Y Ms

96.8
W
)
=}
o
L'
@
-0
o
£
=}
2
=4
o
g
o
[
=}
=
=)
«Q
o
)
<
152.4
(7]
(%2
>
m
o1
o

standard pressure series

M16; 24 deep

SAE 2 in high pressure series

M20; 24 deep
44.5

For dimensions of shaft ends and ports see page 35
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Before finalising your design please request a

D I m e n S I O n S y S IZe 7 5 O certified installation drawing. Dimensions in mm.

with boost pump (Impeller)

Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS25x14x125 W90x3x28x9g
45__ 125 (||  25me |
g c ==
ér 50 i § 0 i
130 | 105 i
180 = 155 —

Ports max. tightening torque 2?)
S Suction port (standard pressure series) SAE J518 %) 5in

Fixing thread DIN 13 M16x2; 24 deep ?)
Ky, Ky Flushing port DIN 3852  M48x2; 20 deep (plugged) 960 Nm
T Drain DIN 3852  M48x2; 20 deep (plugged) 960 Nm
Mg Measuring port outlet pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
Ms Measuring port suction pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
M. Measuring port boost pressure DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
R(L)  Fill + air bleed DIN 3852  M48x2; 20 deep 960 Nm

(case drain port)
u Flushing port DIN 3852  M18x1,5; 12 deep (plugged) 140 Nm
M;, M, Measuring port control chamber press. DIN 3852 M18x1,5; 12 deep (plugged) 140 Nm

or dependent on control device DIN 3852  M14x1,5; 12 deep (plugged) 80 Nm
B Pressure port (high pressure series) SAE J518 %) 2in

Fixing thread DIN 13 M20x2,5; 24 deep ?)
B, 2. pressure port (high pressure series) SAE J518 %) 2 in (closed with blanking plate)

Fixing thread DIN 13 M20x2,5; 24 deep 2?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information
on page 68

3) Caution: metric thread deviates from standard
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Dimensions, size 1000

Series 3

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

(Example: pressure control; for exact dimensions of control devices see separate data sheets)

R(L)

o N

o /0 s
Its} | <
@ . (8]
(Em—
_ ‘ o B
A O s
N4
N 7’*A\\ ‘ @7@ 2 2
e | &
N |
1 | I
T
S * Ms
98
47| 203 X
548
633
Thread for eye bolts Y ;
M20x2,5; 30 deep DIN 580 Control valve mounting
for right hand rotation
16 U M2 B+ Ma1
a =
N
| © ¥
2hs [
ge s Ll 2
o
&
Flange 400, 8-hole Mg
similar to
ISO 3019-2 (metric) Control valve mounting for

M20; 30 deep

96.; SAE 2 in high pressure series

For dimensions of shaft ends and ports see page 37
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left hand rotation

View X

1562.4
0125

JT SSAE5in

standard pressure series

M16; 24 deep
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Dimensions, size 1000

Bosch Rexroth AG

37/68

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

max. tightening torque

Shaft ends
P Keyed to DIN 6885 Z Splined to DIN 5480
AS28x16x160 W100x3x32x9g
/_ /_
4,5 160 28no
: | =
I5s 1 O Bl
el A =~ =L
< |50 o
N 3 _|50
= S
165 | 1 105_| |
215 I 155 | —
Ports
S Suction port (standard pressure series) ~ SAE J518 %) 5in
Fixing thread DIN 13 M16x2; 24 deep ?)
Ky, K, Flushing port DIN 3852 M48x2; 20 deep (plugged) 960 Nm
T Drain DIN 3852 M48x2; 20 deep (plugged) 960 Nm
Mg, Mg; Measuring port outlet pressure DIN 3852 M18x1,5; 12 deep (plugged) 140 Nm
Ms Measuring port suction pressure DIN 3852 M18x1,5; 12 deep (plugged) 140 Nm
R(L) Fill + air bleed DIN 3852 M48x2; 20 deep 960 Nm
(case drain port)
u Flushing port DIN 3852 M18x1,5; 12 deep (plugged) 140 Nm
My, My Measuring port control chamber press.or DIN 3852 M18x1,5; 12 deep (plugged) 140 Nm
dependent on control device DIN 3852 M14x1,5; 12 deep (plugged) 80 Nm
B Pressure port (high pressure series) SAE J518°%) 2in
Fixing thread DIN 13 M20x2,5; 30 deep ?)
B, 2. pressure port (high pressure series) SAE J518 ®) 2 in (closed with blanking plate)
Fixing thread DIN 13 M20x2,5; 30 deep ?)

) Center bore to DIN 332 (thread to DIN 13)

2) for the max. tightening torques please observe the manufacturer's information on the used fittings and the general information

on page 68

8) Caution: metric thread deviates from standard
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Through drive

The axial piston unit A4VSO can be equipped with a through drive, as shown in the type code on page 4.
The through drive execution is designated by the code K/U 31...99.

We recommend, that no more than three pumps be coupled together.

Permissible input and through drive torques

Size 40 71 125 180 250 355 500 750 1000
Splined shaft

Max. perm. total input torque at shaft of pump 1

(Pump 1 + pump 2) Totmae Nm [446 790 1392 2004 2782 3952 5566 8348 11130

Toi mar Nm [223 395 696 1002 1391 1976 2783 4174 5565
Toomax  Nm |223 395 696 1002 1391 1976 2783 4174 5565
Tormax Nm |223 395 696 1002 1391 1976 2783 4174 5565
Toomax  Nm |223 395 696 1002 1391 1976 2783 4174 5565

A Perm.through drive torque

B Perm. through drive torque

Keyed shaft
Max. perm. total input torque at shaft of pump 1
(Pump 1 + pump 2) Totmae Nm [380 700 1392 1400 2300 3557 5200 7513 9444

Tormax Nm |223 395 696 1002 1391 1976 2783 4174 5565
Tpo max ~ Nm 157 305 696 398 909 1581 2417 3339 3879
To1 max ~ Nm 1567 305 696 398 909 1581 2417 3339 3879
Toomar Nm [223 395 696 1002 1391 1976 2783 4174 5565

A Perm. through drive torque

B Perm. through drive torque

Distribution of torques

Tges Taes

Tos To2 To1 To2

Single pump with through drive
If no further pumps are factory-mounted the simple type code is sufficient.

included in this case are:

on all through drives except K/U 99
shaft coupler, mounting screws, seal and if required an adapter flange

on K/U 99
with through drive shaft, without shaft coupler, without adapter flange; unit is closed with pressure tight cover.
Universal through drive

On pump sizes 125...355 all through drives are supplied as universal through drives ,U" .
These have the advantage, that they can be adapted later on.

Simply by exchanging the adapter flange and the shaft coupler it is possible to convert the through drive option.
The conversion sets must be ordered separately, see RE 95581.

Combination pumps

Independent circuits are available for the user when further pumps are built on.

1. If the combination consists of 2 Rexroth axial piston pumps, and if this must be factory mounted, the two individual type
codes must be joined by a ,+".

Ordering example:
A4VSO 125 DR/ 30 R - PPB13K33 + A4VSO 71 DR/ 10 R - PZB13NOO

2 If a gear or a radial piston pump must be factory mounted as the second pump please consult us.
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Overview of A4VSO through drive options
Through drive - A4VSO Mounting option 2. pump Through drive
Flange Coupler for splined Code |A4VSO/G A4CSG  A10V(S)O/31(2)°) A10V(S)O/52(3) External/internal | available
shaft®) size (shaft) size (shaft) size (shaft) size (shaft)  gear pump for size
Flange ISO 3019-2 (metric)
80, 2-hole 19-4 (3/4in, 11T) %) K/UB2| - - 18 (S)/31 10 (S) - 7
100, 2-hole  22-4 (7/8in, 13T) 3) K/UB3| - - 28 (S)/31 - - 40..180
25-4 (1in, 157) 3) K/UB4 | - - 45 (S)/31 - - 40...500
125, 2-hole  32-4 (1 1/4in, 14T) ®) K/UB5 | — - 71 (S)/31 - - 71..355
38-4(1 1/2in, 17T) %) UB6 |- - 100 (8)/31 - - in preparation
125, 4-hole W 32x2x14x9g 2?) K/U31 | 40 (2) - - - - 40..500
140, 4-hole W 40x2x18x9g ?) K/U33 | 71 (2) - - - - 71..750
160, 4-hole W 50x2x24x9g ?) K/U34 | 125 (2) - - - - 125...750
180 (2) - - - - 180...750
32-4 (1 1/4in, 14T) ®) UB8 - - 71 (S)/32 - - 250
180, 4-hole  44-4 (1 3/4in, 13T) 3) K/UB7 | - - 140 (S)/31/32 - - 180... 500
38-4 (1 1/2in, 17T) 3) UB9 - - 100 (S)/32 - - in preparation
224, 4-hole W 60x2x28x9g ?) K/U35 | 250 (Z) 250(Z2) - - - 250...750
W 70x3x22x9g ?) K/U77 | 355 (Z) 355(2) - - - 355, 500
315, 8-hole W 80x3x25x9g ?) K43 500 (Z) 500 (2) - - - 500, 750
400, 8-hole W 90x3x28x9g ?) K76 750 (Z2) 750(Z2) - - - 750
W 100x3x32x9g ?) K88 1000 (Z) - - - - 1000
Flange SAE J 744 (1SO 3019-1)
82-2 (A) ) 16-4 (5/8in, 9T) 2) K/Uo1 | - - - - AZ-PF-1X- 40...750
004...022 %)
19-4 (3/4in, 11T) ®) K/U52 | - - 18 (S)/31 10, 18 (S) - 40u. 71
101-2 (B) ) 22-4 (7/8in, 13T) ) K/U68 | — - 28 (S)/31 28 (S) AZ-PN-1X- 40...500
020...032 %)
25-4 (1in, 15T) 3) K/U04 | - - 45 (S)/31 45 (S) PGH4 40..500
127-2 (C) ')  32-4 (1 1/4in, 14T) ?) K/UO07 | — - 71 (S)/31 - - 71...500
38-4 (1 1/2in, 17T) 3) K/U24 | - - 100 (S)/31 85 (S) PGH5 125...500
152-4 (D) ')  44-4 (1 38/4in, 13T) 3) K/U17 | - - 140 (S)/31 - - 180...500
Dia 63-4, metr. Keyed dia 25 K/U57 | — - - - R4 40 u. 71

) 2 =2-hole, 4 = 4-hole
2) to DIN 5480
%) Splined shafts acc. to SAEJ744 OCT83

%) If a through drive for an A10V(S)O with R-shaft is desired, please consult us.
6) Keyed shaft on through drive code K/U57

)

)
4) Rexroth recommends special executions of the gear pumps. Please consult us.
)

)
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Permissible mass moment of inertia

referred to the mounting flange of the main pump

R %m%EKmZGF . my, my [kgl  Weight of pump
‘ _|__ L i, 1, [mm] Distance center of gravity
u \ =
— | 1
Tm = o o + el, o —— [N
I Mtk Gog Tmetkr Gop NmI
I2
Size 40 n 125 180 250 355 500 750 1000

Perm. mass moment of inertia T perm.  NM 1800 2000 4200 4200 9300 9300 15600 19500 19500

Perm. mass moment at

dynam. acceleration of T perm. N 180 200 420 420 930 930 1560 1950 1950
10 g £ 98,1 m/sec?

Weight (A4VSO...DR) m kg 39 53 88 102 184 207 320 460 605
Distance center of gravity Iy mm 120 140 170 180 210 220 230 260 290
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Before finalising your design please request a

D I menS I OnS COm b I n ath n pu m pS certified installation drawing. Dimensions in mm.

A4VSO + A4VSO

u _J
] % A4VSO |
(1.Pumpe)

_

— 1]

A4VSO
(2.Pumpe)

[

- [my-
u

Overall lenght A

A4VSO A4VSO..DR..NOO (2. pump)

(1. pump) Size 40 Size 71 Size 125 Size 180 Size 250 Size 355 Size 500 size 750 Size 1000
Size 40 554 - - - - - - - -
Size 71 582 611 - - - - - - -
Size 125 635 664 724 - - - - - -
Size 180 659 688 748 768 - - - - -
Size 250 719 748 808 828 904 - - - -
Size 355 748 777 837 857 933 962 - - -
Size 500 77 800 860 880 976 1005 1110 - -
Size 750 821 850 910 930 1026 1055 1160 1214 -
Size 1000 * * * * * * * * 1368

* on request
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Before finalising your design please request a

D I menSIO nS CO m b I natIO n p U m pS certified installation drawing. Dimensions in mm.

A4VSO +  A10VSO

| _J
| kf _ A4VSO |
(1.Pumpe)

A10VSO |
(2.Pumpe)

R —
A

Overall lenght A
A4VSO A10VSO.../31 (2. pump)
(1. pump) Size 18 Size 28 Size 45 Size 71 Size 100 Size 140
Size 40 458 496 514 - - -
Size 71 486 497 540 580 - -
Size 125 564 575 593 628 698 -
Size 180 588 599 617 652 722 744
Size 250 648 659 677 712 782 791
Size 355 * * 706 741 * 820
Size 500 700 711 729 764 857 868
Size 750 750 761 779 812 907 917
Size 1000 * * * * * *

* on request
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Dimensions through drives

K31 Flange ISO 3019-2 125, 4-hole
Shaft coupler to DIN 5480 N32x2x14x8H

for mounting an A4VSO/G 40 splined shaft

Bosch Rexroth AG

43/68

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

Size A, Ai A A A?)
M-N 40 288 125 40 M12
n 316 1256 336 9 M12
A 500 505 125 385 9 M12
. 750 in preparation
1000 | in preparation
1) Size | A; Ag
ﬁiﬁ 40 - -
7 - -
38
© 39 500 15 240
= Q 750 in preparation
S 1000 | in preparation
H
‘ As
N = A1 to mounting flange ‘ A7
U3t Flange ISO 3019-2 125, 4-hole
Shaft coupler to DIN 5480 N32x2x14x8H
for mounting an A4VSO/G 40 splined shaft
Size A, As A A A?)
M- N 125 (369 125 356 9 M12
180 393 125 356 9 M12
250 453 12,5 38 9 M12
0% 8 355 |482 125 38 9  MI2

|

|

i
007
012500

As

N = A1 to mounting flange

) Mounting screws and O-ring seal are included with supply

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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Before finalising your design please request a

D I menSIO nS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

K33 Flange ISO 3019-2 140, 4-hole
Shaft coupler to DIN 5480 N40x2x18x8H

for mounting an A4VSO/G 71 splined shaft

Size | A As A, As Ag?)
n 316 115 428 9 M12
500 505 12,56 57 9 M12
As 750 |555 125 445 9 M12

750 * | in preparation
1000 | in preparation
1)
% ) Size |A; Ag
= 4l - -
> o 500 15 240
SQ
< - %3 750 |- -
X 750 * | in preparation
Q
L 1000 | in preparation
* with boost pump
450
As
N = A1 to mounting face Az
us3s Flange ISO 3019-2 140, 4-hole

Shaft coupler to DIN 5480 N40x2x18x8H
for mounting an A4VSO/G 71 splined shaft

Size A, A; A, As Aq2?)

M-N 125 [369 125 438 9 M12

180 393 125 438 9 M12

A 250 |[453 12,5 489 9 M12
&

355 (482 125 48 9 M12
1)
S8
22
o
s
Q
As

A1 to mounting face

') Mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 45/68

. ' . Before finalising your design please request a
D I menS I OnS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

K34 Flange ISO 3019-2 160, 4-hole
Shaft coupler to DIN 5480 N50x2x24x8H

for mounting an A4VSO/G 125 or 180 splined shaft

Size | A, A, A, As Ag?)

M-N 500 |505 135 545 9 M16
750 555 125 555 9 M16
A4 As 750 * | in preparation
1000 | in preparation
ﬁ\ 1) * with boost pump
ol AN
=)
oo
¥
— — o
O
D= N °

As

A1 to mounting face

N =

uUs34 Flange ISO 3019-2 160, 4-hole
Shaft coupler to DIN 5480 N50x2x24x8H

for mounting an A4VSO/G 125 or 180 splined shaft

Size | A, A; A, As As?)
M- N 125 |369 125 516 9  Mi6
180 393 125 516 9 M16
250 453 1256 54 9 M16
355 482 12,6 54 9 M16

+0.07
2160+0.02

A1 to mounting face

N =

") Mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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46/68 Bosch Rexroth AG

Dimensions through drives

Flange ISO 3019-2 224, 4-hole
Shaft coupler to DIN 5480 N60x2x28x8H

for mounting an A4VSO/G or A4CSG 250 splined shaft

K35

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

M . N Size A1 A3 A4 A5 AG 2)
500 541 125 74 9 M20
As4 A3 750 591 125 74 9 M20
. 750" | in preparation
T" ) 1000 | in preparation
ng * with boost pump
& o3
E So
++
—+- H—-—- i <
N
(9]
@ Q
As
A1to mounting face
N =
U35 Flange ISO 3019-2 224, 4-hole
Shaft coupler to DIN 5480 N60x2x28x8H
for mounting an A4VSO/G or A4CSG 250 splined shaft
Size | A A, A, As As?)
M-N 250 (469 125 75 9 M20
A4 A3 355 |498 125 75 9 M20

+0.10

2224 +0.03

o

As

A1 to mounting face

N -

') Mounting screws and O-ring seal are included with supply

?) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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RE 92050/04.09 | A4VSO Series 10, 11 and 30

Dimensions through drives

K77 Flange ISO 3019-2 224, 4-hole
Shaft coupler to DIN 5480 N70x3x22x8H

for mounting an A4VSO/G or A4CSG 355 splined shaft

M-N

0224 1003

|

‘”ﬂ@ | A@
o

As

A1to mounting face

N =

uz7 Flange ISO 3019-2 224, 4-hole
Shaft coupler to DIN 5480 N70x3x22x8H

for mounting an A4VSO/G or A4CSG 355 splined shaft

Size 355

498 to mounting face

N =

) Mounting screws and O-ring seal are included with supply

Bosch Rexroth AG 47/68

Before finalising your design please request a

certified installation drawing. Dimensions in mm.

Size A, As A, As A)
500 541 125 76 9 M20
750 in preparation
1000 | in preparation

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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48/68 Bosch Rexroth AG

Dimensions through drives

K43 Flange ISO 3019-2 315, 8-hole

Shaft coupler to DIN 5480 N80x3x25x8H
for mounting an A4VSO/G or A4CSG 500 splined shaft

A4

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

A1 to mounting face

K76

Flange ISO 3019-2 400, 8-hole

Shaft coupler to DIN 5480 N90x3x28x8H
for mounting an A4VSO/G or A4CSG 750 splined shaft

M-N

As

Size | A A; A, As As?)
500 590 535 71,9 19 M20
750 640 535 71,9 19 M20
750* | in preparation

1000 | in preparation

* with boost pump

L As

Size | A, A; A, A; As?)
750 655 104 53 19 M20
750" | in preparation

1000 | in preparation

-
—

A+ to mounting face

=

+0.10
+0.03

2400,/

I

>
&

') Mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 49/68

Before finalising your design please request a

D I m e n S I O n S th rO U g h d rIVGS certified installation drawing. Dimensions in mm.

K88 Flange ISO 3019-2 400, 8-hole
Shaft coupler to DIN 5480 N100x3x32x8H

for mounting an A4VSO/G 1000 splined shaft

Size 1000

99 583

—_
==

-

+0.10
+0.03

2400

e

=
©

728 to mounting face

N =i

KB2 Flange ISO 3019-2 80, 2-hole
Shaft coupler for splined shaft, 19-4 SAE A-B, 3/4 in, 16/32 DP; 11T 3)

for mounting an A10VSO 18/31 shaft S — see RE 92712 or an
A10VSO 10/52 shaft S — see RE 92703
Size | A, A, A, A; As?)
M-N 40 in preparation
" 291 21,5 19 10 M10
500 in preparation

Az A3z

750 in preparation

1000 | in preparation

4 Size |As As

—H 8y 40 in preparation
© S o
< ] e 7 2 140
®
e 500 in preparation

750 in preparation

1000 | in preparation

Sizes 125...355 with U-through drive in
preparation

450 A5

A1 to mounting face ‘ A7

N =
') Mounting screws and O-ring seal are included with supply

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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50/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a

D I menSIO nS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

KB3 Flange ISO 3019-2 100, 2-hole
Shaft coupler for splined shaft, 22-4 SAE B, 7/8 in, 16/32 DP; 13T ?)

for mounting an A10VSO 28/31 splined shaft S (see RE 92711)

M-N Size | A, A; A, As As?)
40 290 20,3 23 10 M12
As Az 71 201 204 23 10 M12
500 in preparation
750 in preparation
1) 1000 | in preparation
: Size |A; Ag
1=
egl 40 |- -
© < 2
< ! x 71 2 140
% 500 in preparation
750 in preparation
i 1000 | in preparation
|
0140 |
450 A5
A1 to mounting face ‘ Ay
N =

uB3 Flange ISO 3019-2 100, 2-hole
Shaft coupler for splined shaft, 22-4 SAE B, 7/8 in, 16/32 DP; 13T ?)

for mounting an A10VSO 28/31 splined shaft S (see RE 92711)

Size | A As A, As As2?)
125 369 205 249 10 M12
180 393 205 249 10 M12
250 in preparation

M-N

355 in preparation

+0.05
+0.02

2100

A1 to mounting face

N—»

') 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30°pressure angle, flat base, flank centering, fit class 5
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 51/68

Before finalising your design please request a

D I m e nSIO n S th I’OU g h d I'IVGS certified installation drawing. Dimensions in mm.

KB4 Flange ISO 3019-2 100, 2-hole
Shaft coupler for splined shaft, 25-4 SAE B-B, 1 in, 16/32 DP; 15T %)

for mounting an A10VSO 45/31 splined shaft S — see RE 92711

M- N Size |[A, A, A, As A
40 290 208 275 10  M12
A As 7 316 208 275 8 M12

M =
500 505 20,4 289 10 M12

750 in preparation

As

1000 | in preparation

Size |A; Ag

5 40 - -
2 - g2 o[- -
S 500 15 240
Q

750 in preparation

1000 | in preparation

2140

450

A1 to mounting face ‘ A7

N—»

UB4 Flange ISO 3019-2 100, 2-hole
Shaft coupler for splined shaft, 25-4 SAE B-B, 1 in, 16/32 DP; 15T °)

for mounting an A10VSO 45/31 splined shaft S — see RE 92711

Size | A, A, A, As Ag?)

125 [369 189 295 10  Mi12

" As 180 [393 189 295 10  Mi12

M —= 250 |453 209 295 10  Mi12
As 355 [482 209 295 10  M12

M-N

+0.05
+0.02

2100

As

450

A4 to mounting face

N =
) 2 mounting screws and O-ring seal are included with supply

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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52/68 Bosch Rexroth AG

Dimensions through drives

KB5 Flange ISO 3019-2 125, 2-hole

Shaft coupler for splined shaft, 32-4 SAE C, 1 1/4 in, 12/24 DP; 14T 3)

for mounting an A10VSO 71/31 splined shaft S (see RE 92711)

+0.05 éﬁ

2125 +0..02

As

A1 to mounting face

UB5 Flange ISO 3019-2 125, 2-hole

Shaft coupler for splined shaft, 32-4 SAE C, 1 1/4 in, 12/24 DP; 14T ?)

for mounting an A10VSO 71/31 splined shaft S (see RE 92711)

M-N

T
—_—

450 A5

A1 to mounting face

N—»

) 2 mounting screws and O-ring seal are included with supply

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

Size | A As A, As As?)
7 321 23 38 10 M20
500 in preparation

750 in preparation

1000 | in preparation

Size | A As A, As Ag?)

125 369 20 38 9 M16

180 393 20 38 9 M16

250 453 209 379 9 M16

355 482 209 379 9 M16

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68

%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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RE 92050/04.09 | A4VSO Series 10, 11 and 30

Dimensions through drives
uBs Flange ISO 3019-2 160, 4-hole
Shaft coupler for splined shaft, 32-4 SAE C, 1 1/4 in, 12/24 DP; 14T 3)
for mounting an A10VSO 71/32 splined shaft S (see RE 92714)
Size

M-N 125

Bosch Rexroth AG 53/68

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

A, A; A, As Ag?)

in preparation

180

in preparation

Aq

>
@

250

453 20,9 38 9 M16

355

in preparation

\
[
|
g o
i 01601035 T =

950 As

A1to mounting face

N =

) Mounting screws and O-ring seal are included with supply

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68

%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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54/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a

D I menSIO nS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

KB7 Flange ISO 3019-2 180, 4-hole
Shaft coupler for splined shaft, 44-4 SAE D, 1 3/4 in, 8/16 DP; 13T ?)

for mounting an A10VSO 140/31(32) splined shaft S — see RE 92711 (RE 92714)

Size | A A; A, As Aq?)
M-N 500 |530 104 636 10 Mi6
750 in preparation
A4 As : prep :
1000 | in preparation
39
E-
o
@
®
N —= A1 to mounting face
uBz7 Flange ISO 3019-2 180, 4-hole
Shaft coupler for splined shaft, 44-4 SAE D, 1 3/4 in, 8/16 DP; 13T 3)
for mounting an A10VSO 140/31(32) splined shaft S — see RE 92711 (RE 92714)
Size | A, A; A, As As?)
M-N 180 406 10,6 62 M16
250 453 10,6 64 M16
Ag As 355 482 10,6 64 9 M16

+0.07
+0.02

2180

A1 to mounting face

') Mounting screws and O-ring seal are included with supply
?) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 55/68

. ' . Before finalising your design please request a
D I menS I OnS th rO U g h d rlveS certified installation drawing. Dimensions in mm.
KO1 Flange ISO 3019-1 82-2 (SAE A)

Shaft coupler for splined shaft, 16-4 SAE A, 5/8 in, 16/32 DP; 9T 2)

for mounting an external gear pump AZ-PF-1X-004 ... 022 (see RE 10089)
Rexroth recommends a special execution of the gear pump, please consult us

Size |[A, As A, A5 A9
M-N 40 263 10,3 259 10 M10
A4 As 4l 291 10,3 246 10 M10
500 505 10,3 327 10 M10
M =
As 0o 750 555 10,3 327 10 M10
RL 750* | in preparation
8_ 1000 | in preparation
(o]
®
e NG A; Ag
40 |- -
< . ] % 71 2 140
500 15 240
; 750 - -
) 750" | in preparation
only on 1000 | in preparation
2106,5 size 40 and 500 * with boost pump
450 ‘ A5
A1 to mounting face ‘ A7
N —
(§]0]] Flange ISO 3019-1 82-2 (SAE A)

Shaft coupler for splined shaft, 16-4 SAE A, 5/8 in, 16/32 DP; 9T 3)

for mounting an external gear pump AZ-PF-1X-004 ... 022 (see RE 10089)
Rexroth recommends a special execution of the gear pump, please consult us

M - N Size A1 A3 A4 A5 As 2)
125 369 16 19,4 13 M10
Aq Az 180 393 16 19,4 13 M10

250 453 16 194 13 M10
355 482 16 19,4 13 M10

+0.05
+0.02

282,55

A1 to mounting face

N =
) 2 mounting screws and O-ring seal are included with supply

2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5

243



56/68

Bosch Rexroth AG

Dimensions through drives

K52

Flange ISO 3019-1 82-2 (SAE A)
Shaft coupler for splined shaft, 19-4 SAE A-B, 3/4 in, 16/32 DP; 11T ?)

for mounting an A10VSO 18/31 splined shaft S (see RE 92711) or

A10VSO10 or 18/52 splined shaft S (see RE 92703)

N =

M-N
Ag A3z
88
So
FF
o
0
AN
©
L ®
‘ A
4
\
i
As

A1 to mounting face

') 2 mounting screws and O-ring seal are included with supply
?) Thread to DIN 13, for the max. tightening torques observe the general information on page 68

%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5

244

A4VSO Series 10, 11 and 30 | RE 92050/04.09

Before finalising your design please request a
certified installation drawing. Dimensions in mm.

Size A, A; A, As As 2)
40 263 10,5 338 10 M10
4l 315 10,6 30 10 M10
500 in preparation
750 in preparation
1000 | in preparation

Sizes 125...355 with U-through drive in
preparation



RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 57/68

Before finalising your design please request a

D I m e nSIO n S th I"OU g h d rlveS certified installation drawing. Dimensionse in mm.

Kes Flange ISO 3019-1 101-2 (SAE B)
Shaft coupler for splined shaft 22-4 SAE B, 7/8 in, 16/32 DP; 13T ?)

for mounting an external gear pump AZ-PN-1X020...032 (see RE 10091 or an
A10VO 28/31 and 52(53) splined shaft S (see RE 92701 and 92703)
Rexroth recommends a special excution of the gear pump, please consult us

Size A1 A3 A4 A5 AG 2)

M- N 40 290 20,4 231 10 M12
only on A 71 322 104 351 10  M12
M —=f Size500 R 500 |505 195 25 10 M2
| As : 750 | in preparation
| 1000 | in preparation
) size |A, A
0 N 40 - -
X
) °g |- -
< = f. 500 15 240
% 750 in preparation
1000 | in preparation

As

450

A1 to mounting face ‘ A7

N—>

uUes Flange ISO 3019-1 101-2 (SAE B)
Shaft coupler for splined shaft 22-4 SAE B, 7/8 in, 16/32 DP; 13T ?)

for mounting an external gear pump AZ-PN-1X020...032 (see RE 10091 or an
A10VO 28/31 and 52(53) splined shaft S (see RE 92701 and 92703)
Rexroth recommends a special execution of the gear pump, please consult us

M-N Size | A, A; A, As As?)
125 369 28 25 13 M12
Aq As 180 303 28 25 13 M12

250 453 19,5 231 13 M12
355 482 195 231 13 M12

+0.05
+0.02

2101,5

only on
size 125 and 180

A1 to mounting face

N—>

) 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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58/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

. . . Before finalising your design please request a
DlmenSIOnS thrOUg h drlveS certified installation drawing. Dimensions in mm.
K04 Flange ISO 3019-1 101-2 (SAE B)

Shaft coupler for splined shaft 25-4 SAE B-B, 1 in, 16/32 DP; 15T 2)

for mounting an A10VO 45/31 and 52 (53) splined shaft S (see RE 92701 and 92703) or an
internal gear pump PGH4 (see RE 10223)

Size A1 As A4 As Ae 2)

M-N 40 290 10,4 379 10 M12
71 322 10,3 357 10 Mi2
Ag A3z
-] 500 |[505 10,3 289 10  M12
i 750 in preparation
| 1000 | in preparation
\
gl size |[A A
83 40 _ _
22
< © 7 - -
) 500 |15 240
Q

750 in preparation

1000 | in preparation

450 ‘ As

A1 to mounting face ‘ Ay

N =

uo4 Flange ISO 3019-1 101-2 (SAE B)
Shaft coupler for splined shaft 25-4 SAE B-B, 1 in, 16/32 DP; 15T 2)

for mounting an A10VO 45/31 and 52 (563) splined shaft S (see RE 92701 and 92703) or an
internal gear pump PGH4 (see RE 10223)

Size A, A; A, As As?)
M-N 125 |369 189 294 13 M12
A As 180 |393 189 294 13  M12
M —= 250 |453 18,9 294 13  M12
| As 355 [482 189 294 13  M12
| J 4
N ///’_‘—; = 4
el | 0 N
) OO
s
\ @ 7 % : I Q
% S
SN, 2
R
\
only on l |
size 125 and 180
As

A1 to mounting face

N =

) 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 59/68

Before finalising your design please request a

D I menS I OnS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

K07 Flange ISO 3019-1 127-2 (SAE C)
Shaft coupler for splined shaft 32-4 SAE C, 1 1/4 in, 12/24 DP; 14T ?)

for mounting an A10VO 71/31 splined shaft S (see RE 92701)

Size | A A, A, As Aq?)
M-N 7 321 104 476 13 M16
500 (505 11,3 40,2 13 M16
750 in preparation

1000 | in preparation

Size |A; Ag
14! - -

oy 500 15 240
® 3% 750 in preparation
< D~ . .
o 1000 | in preparation
Q

A1to mounting face ‘ A7

Uo7 Flange ISO 3019-1 127-2 (SAE C)
Shaft coupler for splined shaft 32-4 SAE C, 1 1/4 in, 12/24 DP; 14T ?)

for mounting an A10VO 71/31 splined shaft S (see RE 92701)

Size |A, A A As A
M-N 125 |[369 20,9 379 13  Mi16
180 [393 209 379 13  Mi6
250 [453 209 379 13  Mi6
355 [482 209 379 13  MI16

+0.05
+0.02

2127

A1 to mounting face

) 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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60/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

. . . Before finalising your design please request a
D I m e n S I O n S th rO U g h d rlveS certified installation drawing. Dimensions in mm.

K24 Flange ISO 3019-1 127-2 (SAE C)
Shaft coupler for splined shaft 38-4 SAE C-C, 1 1/2 in, 12/24 DP; 17T )

for mounting an A10VO 100/31 splined shaft S (see RE 92701) or an A10VO 85/52(53) splined shaft S
(see RE 927083) or an internal gear pump PGH5 (see RE 10223)
Size | A, A; A, As As?)
M-N 500 505 10,3 56,7 13 M16
750 in preparation

1000 | in preparation

+0.05
+0.02

2127

|
!
N = A+ to mounting face

U24 Flange ISO 3019-1 127-2 (SAE C)
Shaft coupler for splined shaft 38-4 SAE C-C, 1 1/2 in, 12/24 DP; 17T )

for mounting an A10VO 100/31 splined shaft S (see RE 92701) or an A10VO 85/52(53) splined shaft S

(see RE 927083) or an internal gear pump PGH5 (see RE 10223)

Size Ay As A, A5 A
125 369 104 50 13 M16
180 393 10,4 50 13 M16
250 453 124 55 13 M16
355 482 124 55 13 M16

M-N

+0.05
+0.02

2127

N = A1 to mounting face

1) 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 61/68

Before finalising your design please request a

D I menS I OnS th rO U g h d rlveS certified installation drawing. Dimensions in mm.

K17 Flange ISO 3019-1 152-4 (SAE D)
Shaft coupler for splined shaft 44-4 SAE D, 1 3/4 in, 8/16 DP; 13T )

for mounting an A10VO 140/31 splined shaft S (see RE 92701)

Size (A7 As A A5 A)
500 505 10,4 596 13 M16
750 in preparation
1000 | in preparation

N
L

L 88
L Ll o o
F+
| | <
(9]
7 2
T' Q

| m]

| =

|
450
As
: A1 to mounting face
N =
Uiz Flange ISO 3019-1 152-4 (SAE D)

Shaft coupler for splined shaft 44-4 SAE D, 1 3/4 in, 8/16 DP; 13T 8)
for mounting an A10VO 140/31 splined shaft S (see RE 92701)

Size | A, A, A, As As2?)
180 |406 104 62 13  M16
M-N 250 |453 106 62 13  M16
355 |482 106 62 13  M16

I
4 0 N
S o
— o o
+ +
— 4 ~
N
— o
)

e

| =i

450
As
' A1 to mounting face
N —>| 9

) 2 mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
%) To ANSI B92.1a-1976, 30° pressure angle, flat base, flank centering, fit class 5
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62/68 Bosch Rexroth AG A4VSO Series 10, 11 and 30 | RE 92050/04.09

D | menS|O nS th ro u g h d I‘IVGS Before finalising your design please request a

certified installation drawing. Dimensions in mm.

K57 dia. 63 metric, 4-hole
Shaft coupler for keyed shaft dia. 25

for mounting a radial piston pump R4 (see RE 11263)

Size | A As A, As A2 A
M-N 40 288 11 56 8 M8
M = A A 71 319 109 42 8 M8 9
! . 4 ‘ 2 500 | in preparation
8 Az 750 | in preparation

Sizes 125...355 with U-through drive in
\ P preparation

/)
08,3+02
o
)
7

e

280

=
\
YN
26317

As

450 )

A, to mounting face

N =

') Mounting screws and O-ring seal are included with supply
2) Thread to DIN 13, for the max. tightening torques observe the general information on page 68
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RE 92050/04.09 | A4VSO Series 10, 11 and 30 Bosch Rexroth AG 63/68

Before finalising your design please request a

D I menSIO nS th I'O U g h d rlveS certified installation drawing. Dimensions in mm.

K99 Sizes 40 and 71

with through drive shaft, without shaft coupler, without adapter flange, closed with pressure tight cover

M-N
shown without cover
Az A4
——
M Ats
A1o
A7 Az A0
As jﬁ
I "
U
© )
<C o
N el d
I ] < | << <
[{e]
< —
—1H
spline profile to | 4x As
DIN 5480 ;
see table ‘
Ag
A4 to mounting face
Ao to mounting face
depiction shows
size 71
Size
Main pump A, A, A, As As A; As A, Ao Ay A Ass
40 263 280 51.3+#1  M12x25  37z02 3702 0 18 9 2.3 5118 21054
71 291 310 48+1 M12x25 42,3 015 45 2015 15.4+015 18 9 277" 2130 ©1164
Size Spline profile ) O-Ring for retrofitting
Main pump A A A A, to DIN 5480 (not in supply)
40 297.6-04 252 44 14 W25x1,25x18x9g 99 x 3
7 2106.4-04 263 38 16 W30x1,25x22x9g 110,72 x 3,53

Sizes 125..1000 see pages 65 and 66
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. . . Before finalising your design please request a
DI m e n S I O n S th rO U g h d rlveS certified installation drawing. Dimensions in mm.

uo9 Sizes 125...355

with through drive shaft, without shaft coupler, without adapter flange, closed with pressure tight cover

shown without cover

M M-N
As As Az A4
Ats
As | As A
- 1
® PN }ﬁg 3
2 @ LT o
D & ©
g | [N LS O EF
<< <
2 |\t ) e .
> D,
< \Z
@ Q N
OT"Y ot spline profile | ‘ 51'
Ats A | sizes 250 to DIN 5480
and 355 see table Az
N —= | [ A2
A1 to mounting face
Ao to mounting face
Size
Main pump A A, A, As As A; As A, Ay A A
125 347 368 49.7t1 M14; 15 deep 33,27 M12; 18 deep - 79,2+015  5118H7 9 2,8+02
180 371 392 49.7#1 M14;15deep 33,2 M12; 18 deep - 79,2+015 51187 9 2,8+02
250 431 455 61.4+1 M20;22 deep 44,5 M10; 15 deep 58,15%%5 86,27"® 160" 9 2,8+02
355 460 487 61.4+x1 M20;22 deep 44,57°"® M10; 15 deep 58,155 86,27°%® 160" 9 2,8+02
Size Spline profile ) O-Ring for retrofitting
Main pump A Ass A Ay A to DIN 5480 (included in supply)
125 @121+01 270 46 22 - W35x1,25x26x9g 118 x 2
180 @121+01 270 46 25 - W35x1,25x26x9g 118 x 2
250 21631 87 64 30,5 86,270 \W42x1,25x32x9¢g 160 x 2
355 2163 87 64 34 86,2+05  W42x1,25x32x9g 160 x 2

Sizes 500...1000 see page 66
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. . ' Before finalising your design please request a
D I menSIO nS th rO U g h d rIVGS certified installation drawing. Dimensions in mm.

K99 Sizes 500..1000

with through drive shaft, without shaft coupler, without adapter flange, closed with pressure tight cover

shown without cover

M = M-N
11255 11255
70 +02 M16; 24 tief O-Ring
—— A7_ 165x3
720, g included in supply
33 3y 5
o e
= < ] 53| 3
1 ©o| F+| *
< g &
A4 5| ®
g oy oy
. s & |
on S spline profile } \ &ﬁ i E
70.7 Iy5 to DIN 5480 :
70.7%5 \ As see table 93
88157 Il 1o
88153 111
Asa| As
N -~ A1 to mounting face
A2 to mounting face
Size Spline profile
Main pump A, A, As A, As As A, to DIN 5480
500 505 527 73 41 M20; 24 deep 2115 75 W55x1,25x42x9g
750 555 577 73 41 M20: 24 deep 2115 75 W55x1,25x42x9g
750* in preparation
1000 628 650 77 66,5 M20; 30 deep 2138 65 W65x1,25x50x9g

* with boost pump

Sizes 40 and 71 see page 64 and sizes 125...355 see page 65
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Installation notes

Mounting position:

Optional. The pump case must be filled with fluid during com-
missioning and remain full when operating.

In order to reduce the operating noise level, all connecting lines
(suction, pressure and case drain lines) must be de-coupled
from the tank, using flexible elements.

The use of check valves in the case drain line must be avoided.
The case drain line must be returned directly to tank without a
reduction in cross section.

Exceptions maybe possible, please consult us first.

1. Vertical installation (shaft end pointing upwards)
With a vertical installation, bearing flushing is recommended
to provide lubrication for the front bearing, see page 6.

The following installation conditions must be taken into
account:

1.1 Installation into the reservoir
a) When the minimum fluid level is equal to or above the
pump mounting flange area: ports »R/L«, »T« and »S« open
(see fig. 1).

Fig. 1

b) When the minimum fluid level is below the mounting
flange area: ports»R/L«»T« und possibly »S« must be piped
as shown in fig. 2. Also observe the conditions as shown in
point 1.2.

Filling point

hmax = 800 - JL

himax= 200

Fig. 2

1.2 Installation outside the reservoir

Before installation, fill the pump housing with the pump in a
horizontal position.

Pipe port »T« to tank, »R/L« plugged.

Filling in mounted condition: fill via »R« and bleed via»T«,
afterwards plug port»R«.

Conditions: A minimum pump inlet pressure (suction pres-
sure) of 0,8 bar abs. is necessary. Avoid mounting above
the reservoir in order to reduce the noise level.
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2. Horizontal installation
The highest situated of the ports»T«»K,«, »K,« or »R/L« must
be used for filling/bleeding and subsequently to connect the
case drain line.

2.1 Installation inside the reservoir
a) When the minimum fluid level is equal to or lies above the
upper edge of the pump: case drain port and suction port
»S« open (see fig. 3).

R(L)

LR

EAK1(K2)D

| —

S

Fig. 3

b) When the minimum fluid level lies below the upper edge
of the pump: case drain port and possibly port »S« must be
piped, see fig. 4. Observe conditions as shown in point 1.2.

Fill pump housing prior to commissioning.

2.2 Installation outside the reservoir
Fill the pump housing before commissioning.
a) Mounting above the reservoir see fig. 4.
Observe conditions as shown in point 1.2.
b) Mounting below the reservoir
Case drain port and port »S« must be piped (see fig. 5).

R(L)

hmax = 800

l
|
| htmax= 200
|
|
1

Fig. 5
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Notes
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General information

— The pump A4VSO was designed for operation in open loop circuits.
— Systems design, installation and commissioning requires trained technicians or tradesmen.
— All hydraulic ports can only be used for the fastening of hydraulic service lines.

- Tightening torques:
- All tightening torques mentioned in this data sheet are maximum values and may not be exceeded
(Maximum values for the female threads in the castings).
Please comply with the manufacturer's information regarding the max. permissible tightening torques for the used fittings.
- For fastening screws to DIN 13 we recommend to check the permissible tightening torque in each individual case acc. to
VDI 2230 issue 2003.

— During and shortly after operation of a pump the housing and especially a solenoid can be extremely hot. Take suitable safety
measures (e.g. wear protective clothing).

- All given data and information has to be adhered to.

Bosch Rexroth AG © This document, as well as the data, specifications and other information set
Hydraulics forth in it, are the exclusive property of Bosch Rexroth AG. It may not be reprodu-
Axial Piston Units ced or given to third parties without its consent.

An den Kelterwiesen 14 The data specified above only serve to describe the product. No statements
72160 Horb a.N., Germany concerning a certain condition or suitability for a certain application can be de-
Telefon  +49 (0) 74 51 - 92 0 rived from our information. The information given does not release the user from

the obligation of own judgment and verification. It must be remembered that our
products are subject to a natural process of wear and aging.

Telefax +49 (0) 74 51 - 82 21
info.brm-ak@boschrexroth.de

www.boschrexroth.com/axial-piston-pumps Subject to change.
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Axial Piston Variable Pump Ronioons 06,08 | 04
A11VO

Data sheet

Series 1

Size NG40 to 260

Nominal pressure 350 bar
Maximum pressure 400 bar

Open circuit
Contents Features
Ordering Code / Standard Program 2 — Variable axial piston pump of swashplate design for hydrosta-
Technical Data 5 tic drives in open circuit hydraulic system.
LR - Power Control 9 — Designed primarily for use in mobile applications.
20 T epi e sl conor i
HD — Hydraulic Control, Pilot-Pressure Related 24 (impeller).
EP — Electric Control with Proportional Solenoid 26 — A comprehensive range of control options is available
Dimensions, Size 40 08 matching any application requirement.
Dimensions, Size 60 39 - gsxgri;;?;:r:ilng?tlon is externally adjustable, even when the
Dimensions, Size 75 36 — The through drive is suitable for adding gear pumps and axial
Dimensions, Size 95 40 piston pumps up to the same, i.e. 100% through drive.
Dimensions, Size 130/145 44 — The output flow is proportional to the drive speed and
Dimensions, Size 190 48 infinitely variable between qy max and qy min = O.
Dimensions, Size 260 52
Through Drive Dimensions 56
Overview of Attachments for A11V(L)O 58
Combination Pumps A11VO + A11VO 58
Swivel Angle Indicator 59
Connector for Solenoids 60
Installation Notes 61
General Notes 64
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Ordering Code / Standard Program

Bosch Rexroth AG

A11VO Series 1 | RE 92500/10.09

A11V o /|1 N
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
Axial piston unit
|01 |Swashplate design, variable, nominal pressure 350 bar, maximum pressure 400 bar | A11V |
Charge pump (impeller) 40 60 75 95 130 145 190 260
without charge pump (no code) o o o o o o o o
02 with charge pump -l-|-|/-1@®|  ® | @& @ L
Operation
|03| Pump, open circuit | 0 |
Size
[04] ~ Displacement Vg e in cm® [ 40| 60] 75 | 95 [130[145[190]260]|
Control unit
Power control LR e & &6 o o6 o6 o o LR
with override cross sensing negative| LR | |00 & o o o LRC
high-pressure related negative| LR3 ® ® & & o e o o LR
pilot-pressure related negative|LG1 ® & & o & o o o LGt
positive [LG2 ® & & o & o o o LG2
electric U=12V  negative|LE1 O|l0Oj|0O| | ® | ® | ® | ®| LE1
U=24V negativelLE2 ONN NN NN NN BN NN NN N
with pressure cut-off ® & &6 6 6 &6 & o |L.D.
hydraulic, 2-stage o & 60 &6 o o |L.E.
hydraulic, remote controlled G o & & & o o o |L..G
with load sensing S e & ®© © &6 ®© & ©o(L..S
electric, prop. override, 24 V S210|0|0O| | ®|@® @ @®|..S2
hydraulic, prop. override S6|0O|0O|O0O| @ |®@ | @® @ @®|..S5
with stroke limiter ~ negative Ap = 25 bar HH®e © © | © ®© ®  ® @ |L..H1
characteristic Ap = 10 bar H5| @ | @ | @ | @ | @@ | ® | @®|L..H5
05 positive Ap = 25 bar H2| ®e ®© ®© & & &  ©® o |L..H2
characteristic Ap = 10 bar He| @ | @ | @ | @ |®@|® | ® | ®]|L..H6
U=12V Uil e ®o| ®© @ ®© & ©® O |..U1
U=24V U2 @e| ®© | ®© @ @ @ ® O |..U2
Pressure control DR ® &6 &6 &6 &6 6 & o DR
with load sensing DRS ® ®© & & &6 &6 & o | DRS
remote controlled DRG ® & &6 0o e o o o DRG
for parallel operation DRL e & & o e e e o DRL
Hydraulic control, Ap =10 bar |HD1 ® &6 6 &6 &6 & o o HDi
pilot-pressure  (positive characteristic) ~ Ap = 25 bar|HD2 ® 6 0 6 & o o | o | HD2
related with pressure cut-off o o6/ ® o ® ® @® O |HDD
with pressure cut-off, remote controlled O @ O0O|0O|O0O|O|@®|@®]|HD.G
Electric control U=12V |EP1 e  ® &6 o o6 o o o EPi
with (positive characteristic) U=24V |EP2 BN BN BN BN BN BN BN N
proportional - ith pressure cut-off ® 6| ® @& o e o | e | EPD
solenoid with pressure cut-off, remote control ® & 0 6 &6 & o o EPG

In case of controls with several additional functions, observe the order of the columns, only one option per colu