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FOREWORD

These Guidelines are intended to reflect the opinion of the British Fluid Power Association only
and a User should also consider manufacturer’s instructions before using any particular product.

This document has been prepared under the direction of the British Rubber Manufacturers
Association and the British Fluid Power Association.

These guidelines reflect current practice within the industry and draw together information from a
number of national and international specifications currently used.

Whilst the Association has taken all reasonable care to ensure the accuracy of these Guidelines,
no liability or responsibility in negligence or otherwise whatsoever shall be accepted by the
Association, its members, servants or agents as to the content or interpretation of these
Guidelines.

BFPA would like to express its appreciation for the preparation to individuals and companies who
prepared these Guidelines.

Health and Safety

The BFPA fluid injection injury document examines the factors that influence the background,
symptoms, treatment and likelihood of fluid injection injuries, specifically identifying people who
are most at risk and how such an injury should be treated.

Training

It is recommended that as part of the company’s training requirements (as a minimum) all hose
assembly and safety staff undertake the BFPA Foundation Course ‘Working Safely with Hydraulic
Hose and Connectors’ and/or ‘Hose Assembly Skills Training Programme’ see

www. hydraulichosesafety.co.uk.

Whilst the Association does its best to ensure that any information that it may give is accurate, no
liability or responsibility of any kind is accepted in this respect by the Association, its members, its
servants or its agents.

© 2013 No part of this publication may be photocopied or otherwise reproduced without the prior
permission, in writing, of the Association.

© The British Fluid Power Association
Cheriton House
17 Cromwell Park
Chipping Norton
Oxfordshire
OX7 5SR
Telephone: 01608 647900 — Fax: 01608 647919
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BFPA/P4

BFPA/P4 Guidelines for the Design of Quieter Hydraulic Fluid Power
Systems

BFPA Foundation Course in Working Safely with Hydraulic Hose and
Connectors

BFPA Hose Assembly Skills Training Programme

Consumer Protection Act 1987

Health and Safety at Work Act 1974 (as amended in 1988)

BS EN 853:1997

Rubber hoses and hose assemblies — Wire braid reinforced hydraulic
type — Specification

BS EN 854:1997

Rubber hoses and hose assemblies — Textile reinforced hydraulic type
— Specification

BS EN 855:1997

Plastics hoses and hose assemblies — Thermoplastic textile reinforced
hydraulic type — Specification

BS EN 856:1997

Rubber hoses and hose assemblies — Rubber-covered spiral wire
reinforced hydraulic type — Specification

BS EN 857:1997

Rubber hoses and hose assemblies — Wire braid reinforced compact
type for hydraulic applications - Specification

BS EN I1SO 1402:2009

Rubber and plastics hoses and hose assemblies - Hydrostatic testing

BS ISO 1436:2009

Rubber hoses and hose assemblies — Wire-braid-reinforced hydraulic
types - Specification

ISO 3862:2009

Rubber hoses and hose assemblies — Rubber-covered spiral-wire-
reinforced hydraulic types - Specification

BS ISO 3949

Rubber hoses and hose assemblies — Textile-reinforced
thermoplastics types for hydraulic applications — Specification

BS ISO 4079:2009

Rubber hoses and hose assemblies — Textile-reinforced hydraulic
types - Specification

BS EN ISO 4080:2009

Rubber and plastics hoses and hose assemblies. Determination of
permeability to gas

ISO 4405:1991

Hydraulic Fluid Power — Fluid contamination — Determination of
particulate contamination by the gravimetric method

BS ISO 4406:1999

Hydraulic Fluid Power — Fluids — Method for coding the level of
contamination by solid particles

BS ISO 4407:2002

Hydraulic Fluid Power — Fluid contamination — Determination of
particulate contamination by the counting method using an optical
microscope

BS EN I1SO 4413:2010

Hydraulic Fluid Power - General rules and safety requirements for
systems and their components

BS EN ISO 4671:2007
+A1:2011

Rubber and plastics hoses and hose assemblies — Methods of
measurement of the dimensions of hoses and the lengths of hose
assemblies

BS EN ISO 5173:2010
+A1:2011

Methods of test for rubber and plastics hoses and hose assemblies —
Hydraulic pressure tests — determination of volumetric expansion of
fuel dispensing pump hoses

BS 5244:1996

Recommendations for application, storage and life expiry of hydraulic
rubber hoses and hose assemblies

BS 6537:1984

Specification for staple type connectors for hydraulic fluid power
applications

ISO 6801:1983

Rubber or plastics hoses - Determination of volumetric expansion

BS EN ISO 6802:2008

Rubber and plastics hose and hose assemblies with wire
reinforcements - Hydraulic impulse test with flexing

BS EN ISO 6803:2008

Rubber or plastics hoses and hose assemblies - Hydraulic pressure
impulse test without flexing
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1. INTRODUCTION
The aim is to assist the user of fluid power hose assemblies to understand the many terms
that are used within this branch of the industry, to direct the user to the correct manner in
which to use the hose assemblies and give information on performance and specifications.
NOTE 1: The recommendations made within this document are not applicable to
automotive hydraulic brake and power steering hoses due to the unusual
installation conditions of these hose assemblies.

NOTE 2: The recommendations do not apply to wire reinforced hoses for water
jetting as these hoses operate at different safety factors to hydraulic hose.

2. SCOPE

This document gives guidance for hydraulic hose and hose assemblies in order to assist
designers and users in the following areas:

= Selection
+ Handling
- Storage
* Routing

e |nstallation
e Maintenance

3. PRODUCT DESCRIPTION
Hydraulic hose generally has three main constitutional parts:

* Inner lining (core tube)

» Reinforcing material over the external surface of the lining

= Protective cover over the reinforcement of either a rubber or thermoplastic layer
or textile braid. Sometimes the reinforcing material and protective cover are
the same element

NOTE 3: The inner lining of the hose is used to conduct and convey the hydraulic
fluid and as a consequence must be resistant to the fluid it is conveying.

NOTE 4: The reinforcing material of either textile or steel is the load-bearing
component of the hose. This may be braided, spiraled or helicalled over the inner
lining of the hose.

NOTE 5: The cover is primarily for protection of the reinforcement from external
damage and abuse.
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4.

5.1

BENEFITS OF HYDRAULIC HOSE AND HOSE ASSEMBLIES

There are four main advantages in using hydraulic hose and hose assemblies in hydraulic
systems:

i) the hose provides a flexible means of conveying hydraulic power to
independently moving components

ii) hose can provide a natural insulator for both noise and vibration

iii) where variations to length can occur due to thermal expansion, the flexibility
of a hydraulic hose isolates any stress transfer

iv) due to their flexibility, hoses lend themselves to overcoming build up of
tolerances on complex machines and allow easily adjustable routing

SELECTION CRITERIA

The following Tables and notes give guidance to the designer/engineer on how to select
hose or hose assemblies for specific applications.

Proper hose selection is critical in a safe hydraulic system. A simple guide is the word
‘STAMPED'.

Table 1

Guide to Hose Selection

size, ID and OD

temperature (minimum and maximum)
application

material (conveyed through the tube)
pressure (working and burst)

end connectors

delivery (flow)

omo > Hw

Hose Selection Criteria

Basic selection of requirements can be obtained from hose manufacturers where pressure
ratings, temperature capability and a range of end terminations are presented.

STAMPED (S = size)

NOTE 6: Use nomograph to select the recommended hose bore size for any given
flow rate. These recommendations are for fluids having a maximum viscosity of
70 cSt at 38°C, operating at temperatures between 18°C and 51°C (see Figure 1).
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5. SELECTION CRITERIA - continued...
Figure 1

Nomographic Chart
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5.

5.1

SELECTION CRITERIA - continued...
Hose Selection Criteria — continued...

NOTE 7: To determine the recommended hose assembly size where the flow rate
is known, lay a straight edge across the three columns so that the edge registers
with the flow rate figure in the left hand scale and the centre figure of the
recommended velocity range in the right hand scale. The point at which the
straight edge intersects the centre scale indicates the recommended hose bore
size.

Should this reading not coincide with a standard hose assembly bore size the right
hand edge of the straight edge may be adjusted up or down, within the
recommended velocity range, until the straight edge registers with a standard bore
size in the centre scale.

NOTE 8: Example where flow rate is 70 litres per minute and recommended flow
velocity is 3 metres per second a 25 mm (1 inch) bore size hose assembly is
indicated (see Figure 1).

5.1.1 Temperature

sTAMPED (T=temperature)

Most polymers and thermoplastics used in the manufacture of flexible hoses are
temperature sensitive, in particular when near to the upper and lower specified temperature
limits. For petroleum and synthetic base hydraulic fluids within temperature range of -40°C
to 100°C. For water base fluids, temperature range of 0°C to 70°C. Operating
temperatures outside of these ranges may materially reduce the life of the hose.

5.1.2 Life

This cannot be readily assessed. Although tests are conducted to specified pressure and
temperature criteria, results are comparative and, as such, cater for capability under
maximum conditions. The wide variety of variables in service can significantly alter the
projected life.

Examples of factors that can adversely affect hose and hose assembly life in
service are:

stTAMPpPeD (A = application, M = material)
a) Application

- system pressures, frequency and amplitude of pressure surges
- suction

- external pressures (e.g. under water)

- temperature

- permeation, or effusion

- hose material compatibility
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5.

SELECTION CRITERIA - continued...

5.1.2 Life —continued...

sTAMPED (A = application, M = material)

b)

d)
e)

5.1.3

Environment

uv light

salt water

air pollutants
temperature

ozone

chemicals

electricity

abrasion

static electric discharge
vibration

External physical abuse

tensile loads
side loads
flattening
thread damage
kinking

damage to sealing surfaces

abrasion
twisting
bend radii
chaffing

History of previous replacements
Period between visual examinations to ascertain on-going suitability

Working Pressure

sTAMPED (P = pressure)

Pressure should not exceed the ratings marked on the hose or given in the hose

manufacturer's catalogue unless by agreement with the manufacturer. Pressure and its

frequency and amplitude should be considered when assessing a safe working life.

5.1.4 Flexibility

The flexibility aspects of hoses should be carefully considered, especially where space is

restricted. Minimum bend radius must not be exceeded and allowances made for

contraction and extension. A change in length of typically +2% to -4% is possible. Hose

dilation can also occur. An increase in volume of 4% is normal at working pressure.
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5. SELECTION CRITERIA - continued...
5.1.5 Electrical Conductivity

This applies in specific applications where the hose must either be fully earthed to prevent
build-up of static in a potentially explosive environment or may also relate to applications
where magnetic or static effects must be at a minimum.

5.1.6 Flammability

In areas of fire risk, low flammability materials can be used for hose and fluids. Most hose
manufacturers incorporate a degree of fire resistance in cover compounds as standard
practice. When hoses are expected to continue operation in high temperatures or fire
hazard areas, then heat or fire resistant constructions need to be specified.

5.1.7 Vacuum

For vacuum applications it is important that the hose to be used is demonstrated as being
capable of resisting levels of vacuum anticipated. Designers should be aware of this
requirement and ensure that hose is selected accordingly.

5.2 End Fitting Selection Criteria

STAMPED (E = ends)
5.2.1 Hose Couplings

An end fitting consists of two main features - the hose couplings, designed to anchor to
the hose end and be capable of retaining that anchorage over the full range of specified
hose performance, and the termination which is that portion of the fitting made to a
compatible standard to mate with the user’s connection.

5.2.2 Termination

The type of termination may often be specified by the customer but it is stressed that use
of published standards should be applied and the limitations recognised of those
standards. For many end fittings the rated pressure capability is published and this value
must not be exceeded. Service pressures are steadily increasing and many traditional
types are now working close to their limitations.

5.3 End Fitting Materials

The ‘industry standard’ is free machining carbon steel although increased strengths
applied to specific needs or environmental conditions frequently require the use of other
materials. Materials suitable for many situations can be readily specified for the
manufacture of hose fittings. Situations sometimes exist where there is incompatibility of
materials. Examples are corrosion due to dissimilar materials or the potential for seizure
commonly experienced with stainless steel.
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5.

5.3

SELECTION CRITERIA - continued...
End Fitting Materials — continued...

Hose couplings fall into two basic groups:

1) Swaged Type:

These require specific equipment for swaging and preparation instructions
from the fitting manufacturer. Full type testing must have been carried out
to ensure compatibility of fittings with approved hose supplies.

2) Re-usable Type:

These are suitable for specific hose types and are designed for field use
and hand tool assembly. The manufacturer’s instructions must be closely
adhered to.

NOTE 9: Reputable hose and fitting design companies’ supply fully developed and
type tested products. The use of couplings not tested for compatibility may result
in disastrous consequences.

Only matched and type tested hose and fittings shall be used and assembled as
per the assembly procedure approved by the hose and fitting manufacturer.

NOTE 10: The procedures, methods and equipment for the attachment of hose
couplings to hose are very specific. Full preparation details should be obtained
from the manufacturer of the hose and/or fittings. Full type-testing should have
been carried out to ensure compatibility of fittings with specific hose types.

BS EN ISO 4413 states:

“Hose assemblies shall be constructed from hoses that have not been previously used in operation
as part of another hose assembly and that fulfil all performance and marking requirements given in
appropriate standards.”

NOTE 11: It is extremely important that the end user is aware of the incompatibility
that can exist between hose and fittings. Although hoses are generally
manufactured to international standards, the attachment of fittings to hose is not
controlled by any standard design other than the performance requirements of the
completed assembly. To this end, purchasers and end users must be confident
that they are buying fully type-tested compatible and approved assemblies.
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5. SELECTION CRITERIA - continued...

5.4 Delivery

sTAMPED (D = delivery)

NOTE 12: Figure 2 graph applies to rubber hose only and is used to calculate the
pressure loss for any given bore of hose and flow rate. Significant reduction of
bores in adaptors, hose and connectors, also increases losses and care should be
taken to avoid restriction of flow.

Figure 2
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6. CONTAMINATION CONTROL

6.1 There are three principle methods established by the International Standards
Organisation (ISO) to measure the contamination level within a component, circuit,
or complete system. These methods are:

* ISO 4405 - gravimetric measurement
= BS ISO 4406 — particle size counting by distribution analysis
« BS ISO 4407 — maximum patrticle size analysis using an optical microscope

6.2 Aerospace Standard AS4059E (replaced NAS1638) is another method to measure
cleanliness. This method was originally developed to ascertain the cleanliness
level of individual components and uses a 100ml sample size. The AS system can
identify a critical size level of contaminant with a particular sample. The AS and BS
ISO 4406 cleanliness levels can be directly compared.

7. HANDLING

Hose and hose assemblies should always be handled with care. They should not be
dragged over sharp or abrasive surfaces. They should be kept capped until installation to
stop any ingress of contamination and thereby avoiding contamination of the system.
They should not be subjected to kinking or flattening, ie run over by vehicles. The
minimum bend radius for the product should not be exceeded at any stage during
handling, coiling, transportation and storage.

Although a robust product, general abuse will lead to increased wear and tear and a
reduced life expectancy.

8. STORAGE
8.1 Hose and Hose Assemblies Stored as Separate Iltems

Before fitting, all hose assemblies should be subjected to visual examination for evidence
of deterioration (see BS 5244).

The recommendations for rubber hose within Tables 2 and 3 applies to stored hoses and
assemblies, dependent upon their age.

Table 2
Test Recommendations for Rubber Hoses

Age Recommendations
up to 3 years use without further testing
3to 5years use after representative samples subjected to proof pressure test
5 to 8 years use after representative samples subjected to proof, impulse, burst
pressure tests, cold-bend and electrical tests
over 8 years scrap
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8. STORAGE - continued...

8.1 Hose and Hose Assemblies Stored as Separate Items — continued...

Table 3

Test Recommendations for Rubber Hose Assemblies

Age Recommendations
up to 3 years use without further testing
3to 5years use only after subjecting each assembly to a pressure test of
1.5 x design working pressure and representative samples to a
burst pressure test
5 to 8 years use only after subjecting each assembly to a pressure test of 1.5 x

design working pressure and representative samples to a burst
pressure test. Plus impulse pressure test, cold-bend and electrical
tests on representative samples

over 8 years

scrap

The recommendation for thermoplastic hose within Tables 4 and 5 applies to stored hose
and assemblies dependent upon their age.

Table 4

Test Recommendations for Thermoplastic Hoses

Age Recommendations
up to 5 years use without further testing
5 to 8 years use after representative samples subjected to pressure test

8 to 12 years

use after representative samples subjected to impulse, burst
pressures tests, cold-blend and electrical tests

over 12 years

scrap

Table 5

Test Recommendations for Thermoplastic Hose Assemblies

Age Recommendations
up to 5 years use without further testing
5 to 8 years use only after subjecting each assembly to a pressure test of 1.5 x

design working pressure and representative samples to a burst
pressure test

8to 12 years

use only after subjecting each assembly to a pressure test of 1.5 x
design working pressure and representative samples to a burst
pressure test. Plus impulse pressure test, cold-bend and electrical
tests on representative samples

over 12 years

scrap
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8. STORAGE - continued...
8.1 Hose and Hose Assemblies Stored as Separate Iltems — continued...

The recommendations for stored equipment within Table 6 refers to hoses assembled on
stored equipment.

Table 6

Test Recommendations for Stored Equipment

Age Recommendations
up to 3 years use without further testing
3to 5years use only after subjecting each assembly to a pressure test of 1.5 x

design working pressure and representative samples subjected to a
burst pressure test
over 5 years scrap

NOTE 13: It is important that hose assemblies fitted to stored equipment shall be
filled with the operating fluid with which they will be used on that equipment.

NOTE 14: It is highly recommended that hose assembilies fitted to stored
equipment in conditions of extreme temperature, humidity or ozone concentration
(strong sunlight) shall be tested after one (1) year according to the criteria
stipulated for three (3) to five (5) year old assemblies.
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9.

REQUIREMENTS FOR MANUFACTURING INSTRUCTIONS FOR HOSE ASSEMBLIES

The hose fitting manufacturer shall issue manufacturing instructions for the different hose
assemblies to ensure their correct manufacture. These shall contain the following

information:

a) Instructions about the hose to be used.

b) Instructions for cutting and preparing the hose.

C) Instructions for assembling the hose fitting to the hose.

d) Recommendations for the tools to be used.

e) Further measures to be taken during and after the assembly process to ensure
proper manufacturing and leak prevention.

f) The tolerances on the length of hose assemblies shall be in accordance with
Table 7, unless otherwise agreed upon by the manufacturer and user (see Figure 3
and BS ISO 17165-1).

Q) All straight female connectors should be measured to the end of the cone (see
BS EN ISO 4671). Be aware that some OEMs do specify that female connectors
are measured over the end of the nut.

Table 7
Tolerances on Hose Assembly Length
Length of a Nominal hose size
hose assembly
Lo <25 >25
< 630 +4 +8
>630 <1250 +8 +13
>1 250 < 2 500 +13 +15
+1,5%
>2 500 < 8 000 - 0.5%
+ 3%
> 8 000 1%
?Length of hose assembly measured in accordance
with 1SO 4671
NOTE 15: Dimensions in millimetres.
h) If two elbow hose fittings are used on the same hose assembly, the rotational angle

B shall be stated. The tolerance on the rotational angle g shall be + 3° for a hose
assembly up to 610 mm and = 5° for a longer hose assembly. Fittings should be
phased to avoid bending against the natural curvature of the hose when being
installed onto the machine (see Figure 4).

Any torque values given will be based upon ‘dry/as received new product’. Care
should be taken when disassembly/reassembly of parts is undertaken due to the
lubricity of any residual fluids (and stretching of mating threads). All O-rings should
be lubricated prior to assembly, taking care not to lubricate the threads/sealing
faces.
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9. REQUIREMENTS FOR MANUFACTURING INSTRUCTIONS FOR HOSE ASSEMBLIES
— continued...

Figure 3

Manufacturing Reference Points of Measurement

Lenath between SP and nipple ends

Swivel female connecteor Male connector Straight standpipe Male Connecteor

Lenglh belween cenlie lines of angle and banjo . ngth between the male nio

Swivel female $0° Banjo connector Male connector Swivel female 45°

swept connector swept connector

Lengih between centre lines of SP and end of nipple | . Length between cenfre of angle and nipple end

45° standpipe Swivel female connector Male connector 90° flange
Figure 4

How to Measure Angular Orientation

NOTE 16: Unless otherwise agreed by the manufacturer and user, the above
method shall be used.
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10. ROUTING

In general, routing should be such that bends lower than minimum bend radius or tensile
loading of the hose assemblies must be avoided. The minimum bend radius is measured
to the inside of the bent hose and the length of the assembly should be such that there is
a minimum of 25 mm or 1.5 x hose OD (whichever is the greater) long straight portion of
the hose at the inlet to each end fitting. Where abrasion of the product is likely,
consideration should be given to extra protection. This can be provided in the form of
steel or plastic spring guarding over the external surface of the hose preventing exposure
to damage.

To this end, specific attention must be paid to the movement of the hose when operating
between components of a hydraulic system which move relative to each other. Itis
advisable to ensure that hose is routed such that there is no bending of the hose within a
minimum of 25 mm, or 1.5 x hose OD (whichever is the greater) of the end fitting to which
it is attached and that where possible, assemblies are not manufactured with swept elbows
at either end. When deciding the routing of hose assemblies specific attention should also
be paid to clipping and/or clamping of hoses at appropriate points (see Figure 5).
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10. ROUTING - continued...

Figure 5

Hose Routing and Installations

0 “um g

o CORRECT

X INCORRECT

Provide sufficient length to allow for hose contraction of up to 4% ot
maximum working pressure.

2] ri-\

& CORRECT X INCORRECT

When installing & hose it must be installed without hose twist otherwise the
threads can become loose or failure can occur at the fitting/hose interface
when pressure is applied. Use the hose loyline (bronding) os o guide

D3

o CORRECT X INCORRECT

The bend radius should be as large as practically possible ond the start of
the radius should be distanced away from the end fitting as recommended
{25mm or 1.5 x hase OD). Bend radii smaller than the minimum
recommended will not only collopse the hose bore causing flow restriction
and inefficiency but will also lead to premature failure.

o o/ CORRECT X INCORRECT

When routing hoses on dynamic applications ensure that there is
adequate hose length cllowed for the extremes of movement, checking
that no abrosion or chaffing of the hose occurs, or that the hose does not
go below it’s minimum recommended bend radius during its extreme
range of movement.

Page | 21



BFPA/PA4T Issue 3
11. INSTALLATION

Before attempting to connect a hose assembly it is essential to ensure that the joining
surfaces are completely free from foreign matter and from burrs, flash or fins. Damage to
these surfaces, especially where metal to metal cone connections are concerned, may
result in leakage. Also, hose assemblies should have been cleaned internally to avoid any
contamination entering the system which may be residue of the hose assembly
manufacture.

Union nuts should be tightened at both ends of the assembly such that the hose is allowed
to adopt a natural position. During tightening any twist in the finally installed hose must be
avoided.

Particular care should be taken to comply with the torque tightening figures where
specified by the manufacturer or supplier.

NOTE 17: Care should be taken to avoid substances which may damage the
finished cover of the hose.

12. MAINTENANCE

Hose and hose assemblies should be subjected to periodic testing/inspection to establish
their suitability for continued use. Particular attention should be paid to the condition of the
connections and adjacent areas for the appearance of deterioration of hose due to ageing
or damage, mal-treatment or accident during use.

The following defects would be sufficient justification for the withdrawal of hose assemblies
from service:

e Puncture
« Splits
e Tears

= Exposure of reinforcement
 Weathering
» Localised deformation

- Blistering

» Swelling

- Soft or sticky patches
 Leakage

« Hard, stiff, heat-cracked or charred hose
Where manufacture dates can be identified from the hose markings or from supplier serial
numbers against the appropriate external specifications, these should be observed even if
the hose shows no apparent signs of deterioration.

NOTE 18: Rework of used hose should not be undertaken at any time. Re-ended
hoses are not to be used at any time (BS EN ISO 4413:2010) states:

“Flexible hose assemblies shall not be constructed from hoses which have been previously used as
part of a hose assembly.”
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13. LIABILITY

The manufacturer, importer and supplier have responsibilities under Part 1 of the
Consumer Protection Act 1987 (concerning product liability) and the Health and Safety at
Work Act 1974 (as amended in 1988).

14. FAILURE ANALYSIS

Preliminary causes can be assessed in-situ but detailed examination by the supplier or
manufacturer is always advised. Therefore, full information of the application must be
supplied, including photographs where possible, and a visit to the installation may be
advisable to enable a full assessment to be made. The prevention of such occurrences is
a prime factor for safety purposes and for the guidance of designers.
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APPENDIX A
GLOSSARY OF TERMINOLOGY
Over the years, the hose industry servicing fluid power requirements has developed a range of
common terms which have become part of the language. A list of these terms is given below
together with descriptions to guide users into providing more accurate explanations of
requirements and to understand more easily information supplied.

Al Fitting Terms

a) Female: Refers to the internal thread or recess, may be of a fixed part or a swivel
nut to hold mating parts together.

b) Male: Refers to the external thread or part which enters into the female to provide
connection.
C) Insert: The portion of a hose fitting which is inserted internally to the hose and

usually has a connecting termination on the other end.

d) Ferrule, Sleeve and Socket: That portion of a hose fitting which is mounted
externally and can be either:

i) swaged (compressed) down onto the hose
1)) reusable compressed from within due to internal expansion
e) Re-usable: A hose fitting which utilises a taper action to create compression

of hose from either a screw or slide action and is designed for re-use on new hose.

f) Banjo: A hollow fitting clamped between seals incorporating a hollow bolt to
facilitate 360° orientation of connecting pipework or hose.

Q) Bulkhead Male: An extended male fitting which permits protrusion through
housings, normally locked in place with a lock nut.

h) Split Clamp: Flange clamps which are split in equal halves to facilitate
access round a circular flange.

i) Hose Guard: External protection on hose or pipe to provide additional protection
from abrasion, heat or damaging substances. Whilst spring forms or flat steel and
plastic are in common use, a variety of materials can be used to suit each
particular situation.

)] Elbow: An extended insert bent to present the termination into a more suitable
connecting angle. Standard angles of 90°, 60°, 45° and 30° are common, with
customised variations.

k) Thrust Wire: A method of connecting a swivel nut to inserts by mating
corresponding recesses by thrusting a wire around the recesses.

) Crimped Back Nut: A method of connecting a swivel nut to inserts by mating
corresponding recesses by crimping the rear portion of the nut.
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APPENDIX A
GLOSSARY OF TERMINOLOGY - continued...
Fitting Terms — continued...

m) Slip-On Nut (loose nut): A method of connecting a swivel nut to inserts by mating
corresponding shoulders by attaching from the tail end of the insert.

n) Termination/Nipple: The termination is usually part of the insert which is often
fitted with a swivel nut to mate with the system’s connection.

0) One-piece Fitting: A fitting in which the insert and ferrule are supplied by the
manufacturer crimped together to form one assembly before swaging onto the
hose.

p) Coupling: A fitting with both insert and ferrule attached to the hose ends.

Fitting Types

a) British Standard Pipe (BSP): This originates from the thread type (W hitworth
thread form) used to hold together the 60° male and female coned faces of

connector. There are several variations of the seating arrangement all of which
mate with a 60° male cone face:

i) Spherical female
1)) Conical female incorporating an O-ring on a 60° female cone face
iif) Conical female without O-ring

In some instances a flat face with a polymer seal is used for connecting into
machined ports.

b) Society of Automotive Engineers (SAE): A 45° coned seating face on male and
female connections, utilising Unified connecting thread. Developed for lower
pressure applications as found within the automotive industry.

¢) Joint Industrial Council (JIC): A 37° coned seating face on male and female
connections utilising Unified connecting thread. Developed for general hydraulic
purposes in the USA.

d) SAE Flange: A flange connection incorporating a trapped O-ring, attached by means
of independent clamps which are more frequently 'split' for ease of fitting. Two
pressure ranges are specified: Standard Pressure (Code 61) and High Pressure
(Code 62) (formerly 3000 psi (207 bar) and 6000 psi (414 bar) respectively).
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APPENDIX A
GLOSSARY OF TERMINOLOGY - continued...
A.2 Fitting Types — continued...
e) National Pipe Thread forms:
i) NPTF National Pipe Taper Fuel (Dryseal): tapered male thread fitting

utilising a Unified threadform which forms a wedge action when screwed
into the female. A 60° concave cone is often incorporated in the male end
to enable it to mate with an NPSM female and seal on the mating 60°
cones

i) NPT National Pipe Taper: tapered male thread fitting utilising a Unified
thread form which forms an edge action when screwed into the female. A
sealant must be used

NOTE 19: Often used on 700 bar applications.

f) British Standard Pipe Taper (BSPT): A tapered thread fitting utilising BSP thread
(Whitworth thread form) that forms a wedge action. A sealant must be used.

0) DKS: German compression fitting, metric thread 24° inclusive cone seat heavy
duty. Mating male fitting - CES.

h) DKOS: As DKS, but incorporating an O-ring seal in the female cone face. Mating
male fitting - CES.

i) DKL: German compression fitting, metric thread 24° inclusive cone seat light duty.
Mating male fitting - CEL.

) DKOL: As DKL, but incorporating an O-ring seal in the female cone face. Mating
male fitting - CEL.

k) DKF: French compression fitting, metric thread 24° inclusive cone seat light duty.
Mating male fitting - CEF.

)] DKM: German light duty metric thread 60° cone seat fitting.
m) RSS: Heavy duty metric standpipe — when with nut and sleeve equivalent to DKS.

n) RSL: Light duty metric standpipe — when with nut and sleeve equivalent to DKL.

0) CES: Metric thread male with 24° inclusive internal cone, heavy duty German
standard.

p) CEL: Metric thread male with 24° inclusive internal cone, light duty German
standard.
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APPENDIX A

GLOSSARY OF TERMINOLOGY - continued...

Fitting Types — continued...

a)

Y

CEF: Metric thread male with 24° inclusive internal cone, light duty French
standard.

Staple Lok: Plug in fitting sealing by means on an O-ring, held in place with a
U-shaped staple. Most often used in mining applications. The common version
is as specified within BS 6537.

NOTE 20: There are, however, several other versions in use (NCB 638,

SAE J1467), some are dimensionally inter-changeable but have different working/
minimum burst pressures.

ORFS: A flat seal fitting with an O-ring mounted in the male face, utilising Unified -
connecting threads.

Standpipe: A termination with a tube end for connecting to a pipe fitting. Can be
straight, an elbow, in metric or inch OD.

DIN 24: Termination designed to connect with tube fittings to DIN 2352 and have a
24° cone seat; meet DIN 20078 for gas application and the male cone to
incorporate a soft seal. They are produced in three series:

i) S = Heavy series

ii) L = Light series

iii) LL = Extra light series

Hose Terms

a)

b)

Lead Extrusion: Method of containing rubber hose in a lead sheath during the
vulcanizing process which results in a smooth outer cover. Lead extrusion has
been generally phased out for environmental reasons and replaced with plastic
extrusion or nylon wrap.

Wrapped: Spiral or straight wrapping technique to contain rubber hose during
the vulcanizing process. The results in hose having a textile appearance.

Mandrel Built: Use of a steel or flexible mandrel to provide a form upon which to
manufacture a hose. This results in a more consistent tolerance of hose bore.

Braided: Where the hose reinforcement is of a braided construction.

Spiral: Where layers of reinforcement are spirally wound, alternate layers in
opposite directions to maintain balance.
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APPENDIX A

GLOSSARY OF TERMINOLOGY - continued...

A.3 HOSE TERMS - continued...

f)

9)

h)

)
K)

n)

Branding or Marking: Information relating to supplier or manufacturer is marked on
hose outer cover to give its specification, working pressure and batch or date of
curing, with any other relevant information. This can either be:

i) branded by hot-foil transfer, indelible ink or dye
ii) embossed moulding of information on outer cover
iii) bonded attachment of synthetic material for forming a permanent mark

Minimum Bend Radius: The minimum radius (measured to the inside of the hose)
to which a hose can be subjected without affecting its specified working pressures.

Elongation/Contraction: Change in length of hose under internal pressure, for
normal hoses a balanced reinforcement will contain this within reasonable limits.

Preparation: Cutting, skiving and cleaning of the hose before assembly.

Free Length: The unrestricted amount of free hose between hose couplings.
Torsion: Twisting the hose on installation. It is to be noted that reinforced

hoses are torsionally resistant however a residual twist will significantly reduce its

performance capability.

Pulsing: Fluctuations of fluid pressure generated by pumps or operating pressure
surges. When widely varying and continuous, referred to as a dynamic application.

Skiving/Non-Skive:
i) skiving is the removal of the rubber cover (and sometimes the inner tube) to
a length specified by the manufacturer to permit the contact of the fitting

with the wire reinforcement

1)) non-skive is where the teeth of the ferrule penetrate the thin cover of a
hose and bite into the wire/spiral reinforcement

Natural Lie: Hose supplied in a coil usually adopts a curve. Where possible, this
should be used to follow the expected bend in the installed hose assembly.
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APPENDIX B
HYDRAULIC HOSE - TECHNICALLY EQUIVALENT STANDARDS

Appendix B lists the most commonly used hoses using SAE Standard SAE J517 as the base
index and the technically equivalent BSI and/or ISO Standard.

It should be noted that this list is for guidance only and hose manufacturers should be consulted
for confirmation of the degree of equivalence.

a) SAE 100 R1 Steel wire reinforced rubber covered hydraulic hose

Type AT: This hose shall consist of an inner tube of oil-resistant synthetic rubber, a
single steel wire braid reinforcement and an oil and weather-resistant synthetic
rubber cover. A ply or braid of suitable material may be used over the inner tube
and/or over the wire reinforcement to anchor the synthetic rubber to the wire.

This hose shall have a cover designed to assemble with fittings that do not require
removal of the cover or a portion thereof.

Type S: This hose shall have the same construction as Type AT and working
pressures of ISO 1436-1, Type 1SN.

b) SAE 100 R2 High pressure, steel wire reinforced rubber covered hydraulic
hose

Type AT: This hose shall consist of an inner tube of oil-resistant synthetic rubber, a
single steel wire braid reinforcement and an oil and weather-resistant synthetic
rubber cover. A ply or braid of suitable material may be used over the inner tube
and/or over the wire reinforcement to anchor the synthetic rubber to the wire.

This hose shall have two braids of steel wire reinforcement and a cover designed to
assemble with fittings that do not require removal of the cover or a portion thereof.

Type S: This hose is the same construction as type AT and working pressures of
ISO 1436-1 Type 2SN.

c) SAE 100 R3 Double fibre braid (non-metallic) rubber covered hydraulic hose

A seamless inner tube of oil resistant synthetic rubber, two braids of suitable textile
yarn and an oil resistant synthetic rubber cover. Equivalent to ISO 4079 Type R3.

d) SAE 100 R4 Wire inserted hydraulic suction hose - for use in low pressure
and vacuum applications.

A seamless inner tube of oil resistant synthetic rubber, a reinforcement consisting a

ply or plies of woven or braided textile fibres with a suitable spiral of body wire and
an oil and weather synthetic rubber cover.
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APPENDIX B

HYDRAULIC HOSE - TECHNICALLY EQUIVALENT STANDARDS - continued...

e) SAE 100 R5 Single wire braid, textile covered hydraulic hose
A seamless inner tube of oil resistant synthetic rubber, and two textile braids
separated by a high tensile steel wire. All braids are to be impregnated with an oil
and mildew resistant synthetic rubber compound.

f) SAE 100 R6 Single fibre braid (non-metallic) rubber covered hydraulic hose
A seamless inner tube of oil resistant synthetic rubber, one braided ply of suitable
textile yarn and an oil and weather resistant synthetic rubber cover. Equivalent to
ISO 4079 Type R6.

Q) SAE 100 R7 Thermoplastic hydraulic hose
A seamless thermoplastic inner tube resistant to hydraulic fluids with suitable
synthetic fibre reinforcement and a hydraulic fluid and weather resistant
thermoplastic cover. Equivalent to ISO 3949 Type R7.

h) SAE 100 R8 High pressure thermoplastic hydraulic hose

Similar to SAE 100 R7 (having a larger outside diameter) but suitable for higher
operating pressures. Equivalent to ISO 3949 Type R8.

i) SAE 100 R12 Heavy duty, high impulse, 4-spiral wire reinforced rubber
covered hydraulic hose

For use with petroleum and water-based fluids within a temperature range of -40°C
to 121°C. Operating temperatures in excess of 121°C may materially reduce the
life of the hose.

An inner tube of oil resistant synthetic rubber, 4-spiral plies of heavy wire wrapped
in alternating directions, and an oil-resistant synthetic rubber cover. A ply or braid
of suitable material may be used over or within the inner tube and/or over the wire
reinforcement to anchor the synthetic rubber to the wire. Equivalent to ISO 3862
Type R12.
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APPENDIX B

HYDRAULIC HOSE - TECHNICALLY EQUIVALENT STANDARDS - continued...

)

k)

SAE 100 R13 Heavy duty, high impulse multiple spiral wire reinforced rubber
covered hydraulic hose

For use with petroleum and water-based fluids within a temperature range of -40°C
to 121°C. Operating temperatures in excess of 121°C may materially reduce the
life of the hose.

An inner tube of oil-resistant synthetic rubber, multiple spiral plies of heavy wire
wrapped in alternating directions and an oil and weather resistant synthetic rubber
cover. A ply or braid of suitable material may be used over or within the inner tube
and/or over the wire reinforcement to anchor the synthetic rubber to the wire.
Equivalent to ISO 3862 Type R13.

SAE 100 R14 PTFE lined hydraulic hose

For use with petroleum and synthetic base hydraulic fluids within a temperature
range of -54° to 204°C. For water-based hydraulic fluids can be used within agreed
temperature range. The hose shall consist of an inner tube of PTFE reinforced with
a single braid of stainless steel.

SAE 100 R15 Heavy duty, high impulse, multi-spiral wire reinforced rubber
covered hydraulic hose

For use with petroleum based hydraulic fluids within a temperature range of -40°C
to 121°C. Operating temperatures in excess of 121°C may materially reduce the
life of the hose. An inner tube of oil resistant synthetic rubber, multiple spiral plies
of heavy wire wrapped in alternating directions and an oil/weather resistant rubber
cover. Equivalent to ISO 3862 Type R15.

SAE 100 R16 Compact high pressure, steel wire reinforced rubber covered
hydraulic hose

This hose has similar performance characteristics to hose type SAE 100 R2, but is
smaller in diameter and can operate at smaller bend radii. An inner tube of oil
resistant synthetic rubber, one or two braids steel wire reinforcement, and an
oil/weather resistant rubber cover. Equivalent to ISO 11237 Type R16.

SAE 100 R17 Compact 21MPa max operating pressure, steel wire reinforced
rubber covered hydraulic hose

This hose has a constant maximum operating pressure of 21MPa throughout its
range. It has a smaller diameter than types SAE 100R1 and R2, which gives an
ability to operate at smaller bend radii. An inner tube of oil resistant rubber, one or
two braids steel wire reinforcement, and an oil/weather resistant rubber cover.

SAE 100 R18 Thermoplastic hydraulic hose

This hose has a constant working pressure of 21MPa throughout its range and has
an outside diameter slightly larger than the equivalent R7 hose. A seamless
thermoplastic inner tube resistant to hydraulic fluids with suitable synthetic fibre
reinforcement and a hydraulic fluid and weather resistant thermoplastic cover.
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APPENDIX B
HYDRAULIC HOSE - TECHNICALLY EQUIVALENT STANDARDS - continued...

p) SAE 100 R19 Compact 28MPa max operating pressure, steel wire reinforced
rubber covered hydraulic hose

This hose has a constant maximum operating pressure of 28MPa throughout its
range. It has a smaller diameter than types SAE 100R1 and R2, which gives an
ability to operate at smaller bend radii. An inner tube of oil resistant rubber, one or
two braids steel wire reinforcement, and an oil/weather resistant rubber cover.

NOTE 21: Original Equipment Manufacturers (OEMS) in certain market sectors are
now moving towards single pressure hoses within their hose assembly approval
specifications, i.e. all sizes must have a minimum working pressure in MPa for
single pressure rated hoses. For example: 21MPa, 35MPa, 42MPa

(See BS ISO 18752:2012).
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