
Foundation Course 
in Working Safely 

with Hydraulic Hose 
and Connectors

COURSE
OVERVIEW



CHAPTER ONE

!  understanding what is meant by the terms, ‘pressure’, 
   ‘force’ and ‘area’ and how these 3 factors are 
   important
!  how to determine hose size, comparing how changing
   the 3 variables; flow rate, hose bore size and fluid 
   velocity affect one another. The difference caused by a
   change of fluid temperature and fluid viscosity are 
   also considered
!  a basic hydraulic circuit diagram is used to show 
   typical components used to make up a simple circuit
!  contamination – why cleanliness is important to your 
   customer and what steps can be taken to minimize 
   contamination levels

Basic Hydraulics
CHAPTER TWO

!  health & safety legislation, duties of the employer and
   employee
!  competency – how is it defined
!  risk assessment – 5 steps to risk assessment
!  hose assembly & installation safety consideration & 
   the dangers of hose failure
!  site/workshop safety
!  good & bad practice for health & safety when working
   with hydraulic systems
!  high pressure injection injuries – detecting pinhole 
   leaks in a hydraulic system (this is supported by 3 
   short DVDs showing the dangers of injection injuries, 
   the importance of correct and prompt diagnosis and 
   subsequent treatment)
!  how to avoid injection and burn injuries and what 
   other safety matters should also be considered

CHAPTER THREE

!  the importance of understanding the application, 
   useful factors to consider
!  hose sizes
!  industry standards for hose – EN, ISO & SAE 
!  hose selection 
!  hose end terminations, material types and end 
   terminations commonly used in the fluid power industry
!  hydraulic fluid types

Health, Safety 
& Environment

Hose & Connector
Indentification
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ograph is used to select the recommended hose

 ize for any given flowrate. These recommendations

 or fluids having a maximum viscosity o
f 70 cSt at

C (100°F) operating at temperatures between 18°

d 51°C. To determine the recommended hose

sembly size
 where the flow rate is known, lay a straight

dge 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

se sizing
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. 

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 i
ndicated.
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ABOUT THE COURSE
This is a one day course and is designed to show the
correct practices needed to work safely with and around
Hydraulics. Designed as either an excellent induction
course for someone new to the industry or a superb
Safety course for people who are not primarily 
Hydraulic or Fluid Power technicians but work from time
to time on machinery containing Hydraulic components.
The day contains video presentation examples of safe
working practices involving associated dangers of fluid
injection injuries and examples of hose being
manufactured from the raw components. A high 
quality personalised course book, certification of
attendance and registration on the BFPA National data

base, give both the attendee and employer confidence
that the correct methods and culture are being adopted
and used.

WHY SHOULD YOU ATTEND THE COURSE
“The recent training by the BFPA for KPM employees was
excellent and I would recommend it to any company in the
Hydraulic field, if you would like a testimonial at any time I
am more than happy to do this for you, please pass on my
thanks to the BFPA trainer for his excellent training and
thank you for your support.”

Mr Steve Wooding 
Safety, Health & Environmental Manager,
Kawasaki Precision Machinery (UK) Ltd



CHAPTER FOUR

!  the industry standard method of measuring hose 
   assembly overall length
!  cutting the hose to length – the importance of a good,
   clean cut
!  skiving – internal and external
!  preassembly of one piece and two piece couplings
!  angular orientation and hose bias when the hose 
   assembly has two angled connectors
!  crimping/swaging – covering all aspects from 
   correct die selection, machine setting, correct 
   positioning of the hose assembly within the machine, 
   measuring the crimp diameter, reducing the crimp 
   diameter if necessary and ensuring that the operation 
   has been completed correctly
!  typical sample inspection plan for volume hose 
   assembly manufacture
!  pressure testing of hose assemblies – ratios based on 
   working pressure and application
!  cleaning and protecting of hose assemblies prior to 
   supplying to the customer

CHAPTER FIVE

!  correct installation of adaptors and hose assemblies
!  environmental conditions which can cause hose and 
   connector degradation
!  good & bad practice when tightening up connectors
!  good & bad practice for installation, considering 
   issues such as bend radius, natural hose bias and 
   reducing damaged caused by abrasion, heat, kinking 
   and twisting

CHAPTER SIX

!  reasons for hose and connector failure. How to 
   reduce/eliminate the likelihood of failure occurring
!  re-ending hydraulic hose assemblies – DON’T & don’t
   mix and match. The stance of the BFPA and other 
   bodies within the fluid power industry on these two 
   important topics

Hose Assembly

Installation

Hose and Connector Failure
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HOSE ASSEMBLY

preassemblyUsing two-piece connectors

Lightly lubricate the first two or three serrations on the

stem with compatible fluid, eg lightweight oil, soapy

water. Some coupling types require special, or indeed no

lubrication - refer to manufacturers assembly instructions.

Clamp the stem on a vice on hex portion and push the

hose onto the stem. Depending on the coupling design

the hose should be flush with the stem shoulder.

Cutaway of assembly shows the hose has bottomed

against the stem shoulder. To check for full insertion, pull

the ferrule down. The stem shoulder should be level with

the top of the ferrule.
Push the ferrule so it rests against the hex of the stem. 

The hose and coupling are now ready for crimping.

1

2

4

3
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HOSE ASSEMBLY
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crimping/swaging

Crimping

! Determine crimping criteria from hose/connectors 

provider/manufacturer 

! Correct die selection should be made

! Adjust crimp setting on machine 

! Locate the end to be crimped in the machine allowing 

for the chamfer on the dies and ferrule elongation

! Remove assembly and measure crimp diameter

! Verify insertion of hose and connector

! Check for taper and a controlled amount of collapse 

(if necessary). Depending on connector and 

type/calibration of crimping machine the maximum 

taper should be 0.25mm

How to correctly measure the crimp diameter

The measurement must be taken between the die ridges in the middle third of the ferrule.

FERRULE
PART
NUMBER

MEASURE 
THE CRIMP
DIAMETER
IN THE MIDDLE

THIRD OF THE

FERRULE

CR
IM

P 
D

IA
M

ET
ER

For crimp tolerances refer to the coupling manufacturer/hose supplier data sheets. Is the crimp to be made to a diameter,

or to an insert bore collapse?

installation
Good and bad practice

for installationMost engineering efforts focus on ways to design and

manufacture products that satisfy application

requirements as inexpensively as possible. But you can

make a satisfactory design by making it more reliable

and easier to maintain – and without spending a lot of

money. How? Simply by following simple tips and

recommendations offered by manufacturers. These

fundamentals concern bending, alignment, motion and

similar basic guidelines.
Unlike metal tubing, hose is flexible, so it is used

primarily to allow relative motion between components at

ISO/TR 17165-2 and SAE J1273 gives some

recommendations for hose assembly installation, these

can be seen in images 1, 2, 3, 4, 5, 6 and 7 on the

following 2 pages.

either end of the hose assembly and to simplify routing

and installation. It is much easier to route a hose

assembly over, under, around, or through a series of

obstacles than it is to bend and install a rigid tubing

assembly. 
Furthermore, replacing a hydraulic line by fabricating a

rigid tube assembly often is more costly and time

consuming than making a hose assembly.

Most manufacturers offer hose that can be bent to a

tighter radius than that published in Industry Standards.

Still, bending hose to a smaller radius than

recommended should be avoided to prevent shortening

service life. Therefore, route hose in a manner that

provides ample bend radius.

INSTALLATION

2
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�INCORRECT DESIGN

��CORRECT DESIGN

reasons for failure

HOSE AND CONNECTOR FAILURE
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Hose inner liner failure

The hose liner material is cracked and brittle. High

temperature caused by excessive fluid velocity and/or

exposure to excessive heat. Excessive fluid velocity can

also cause cavitation and damage to hose tube.

Coupling blown off hose

The coupling has ‘blown off’ the hose. This can be the

result of one, or indeed a number of contributing factors

including:

! Coupling not crimped to specified criteria (eg to a 

insert bore collapse mandrel).

! Incorrect crimping dies being used

! Hose cover not properly sk
ived at coupling end 

(if applicable)

! Incorrect insert/hose/ferrule combination

! Ferrule not correctly engaged into the ferrule location 

groove of the insert (if u
sing a two-piece coupling) or 

not pushed on fully if u
sing a 1 piece coupling

Undercrim
p/using wrong die sizes

Under crim
ping of the ferrule can lead to leaks or blow-offs.

Overcrim
ping

Overcrimping of the ferrule can lead to leakage,

damaged/broken hose reinforcement of premature failure.

Incorrect cri
mp length

Not crimping the ferrule full length can lead to leakage,

or the coupling blowing off.

Connector corrosion

Rust has caused failure.

Seat cra
cks

The o ring seal has cracked radially, th
is will result in

leakage and potentially contamination.



Other Courses Available:
thread awareness thread awareness

THREAD AWARENESS

THREAD AWARENESS
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Working Pressures for Light and Heavy Duty,Adjustable and Non Adjustable Ends

# AS SPECIFIED IN SAE J1926 AND ISO11926

THREAD 
SIZE

THREAD IDENTIFICATION 'O' RING DIMENSIONS 'O'
RING
SIZE

MALE O.D. FEMALE I.D. I.D. SECTIONmm mm mm mm7/16" - 20 11.1 9.9 8.92 1.83 904
1/2" - 20 12.7 11.5 10.52 1.83 905

9/16" - 18 14.3 12.9 11.89 1.98 906
3/4" - 16 19.1 17.5 16.36 2.21 908
7/8" - 14 22.2 20.6 19.18 2.46 910

1.1/16" - 12 27.0 25.0 23.47 2.95 912
1.3/16" - 12 30.2 28.2 26.62 2.95 914
1.5/16" - 12 33.3 31.3 29.74 2.95 916
1.5/8" - 12 41.3 39.3 37.47 3.00 920
1.7/8" - 12 47.6 45.6 43.69 3.00 924
2.1/2" - 12 63.5 61.5 59.36 3.00 932

THREAD 
SIZE

MAXIMUM WORKING PRESSURE IN MPa (BAR)#LIGHT DUTY (SAE J1926-3) HEAVY DUTY (SAE J1926-2)
ADJUSTABLE NON ADJUSTABLE ADJUSTABLE NON ADJUSTABLE

7/16" - 20 31,5 (315) 31,5 (315) 40 (400) 63 (630)

1/2" - 20 31,5 (315) 31,5 (315) 40 (400) 63 (630)

9/16" - 18 25 (250) 31,5 (315) 40 (400) 63 (630)

3/4" - 16 25 (250) 31,5 (315) 40 (400) 63 (630)

7/8" - 14 20 (200) 25 (250) 40 (400) 63 (630)

1.1/16" - 12 20 (200) 25 (250) 40 (400) 40 (400)

1.3/16" - 12 16 (160) 20 (200) 40 (400) 40 (400)

1.5/16" - 12 16 (160) 20 (200) 31,5 (315) 40 (400)

1.5/8" - 12 12,5 (125) 16 (160) 25 (250) 25 (250)

1.7/8" - 12 12,5 (125) 16 (160) 20 (200) 25 (250)

2.1/2" - 12 10 (100) 12 (125)

Main characteristics andgeometry
! Whitworth parallel thread form – thread flank angle 55°! J.I.S. BSP threads are NOT interchangeable with BSPP, NPTF and NPSM threads
Male – Form G
! The male has a 60° female cone
! Mates with a Form C female
Female – Form C
! The female is a swivel with a 60° male cone, (similar tothat of a BSPP)
! Mates with a Form G Japanese BSP male which has a 60° female cone

! Is NOT interchangeable with the BSPP female due to the Form C female having a longer thread length, thus making the BSPP thread bottom out before sealing is achieved on the cone contract area. Also the Form G male 60° cone diameter is smaller than the BSPP maleHow it seals
! Sealing is assured through contact of the mating male and female cones

Female – Form F
! The female is a swivel with a 60° female cone! Mates with a Japanese BSP male which has a 60° male cone

How it seals
! Sealing is assured through contact of the mating male and female cones

THREAD 
SIZE

THREAD IDENTIFICATION
MALE O.D. FEMALE I.D.

mm mmPF 1/4" B 13.0 11.8PF 3/8" B 16.5 15.3PF 1/2" B 20.8 19.0PF 3/4" B 26.3 24.6

THREAD 
SIZE

THREAD IDENTIFICATION
MALE O.D. FEMALE I.D.

mm mmPF 1" B 33.0 31.0PF 1.1/4" B 41.7 39.7PF 1.1/2" B 47.6 45.5PF 2" B 59.4 57.2

BSP – Japanese, (JIS B8363)
SAE ‘o’ ring port /stud end SAE J1926 / ISO 11926

BFPA Hose 

Assembly Skills 

Training Programme

RISK ANALYSIS
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The risk assessment score will determine the suitability ofthe hose assembly and whether any additional riskreduction methods can be applied, e.g. up-rating themaximum working pressure and/or temperature rating ofthe hose, changing to a composite assembly (hoseassembly and rigid pipe combination), changing the hoseassembly to a rigid pipe, increasing theprotection/shrouding around the hose assembly etc.

Risk assessment should be seen as a continuing process.Thus, the adequacy of control measures should be subjectto continual review and revised if necessary.
The inspection and replacement frequencies for hoseassemblies should be governed by a number of factorsincluding:

! The criticalness of the application
! The consequence of failure
! The environment which the hose assembly is operating in! The service duration/loading cycles
! The period recommended by the manufacturer/standards! The history of previous inspection and replacement frequencies

Analysing the results of the risk assessment

Risk
Measure of risk

Red
Immediate risk reduction measures should be implemented to reduce the consequences

of failure and/or probability of damage. Additional engineering and/or operational
control measures and/or procedures should be put in to place to reduce the 

potential risk. Determine if a hose assembly is the best solution in this application.
Yellow

Risk is acceptable. Additional control measures to be implemented. Current control
measures should be reviewed, objectives and targets should be set if it is deemed that

the impact can be reduced. On-going monitoring should be implemented to determine
if shorter inspection intervals are required.

Green Insignificant risk. No monitoring required unless there is a change to the use 
or operating conditions. Any changes should necessitate the risk assessment being repeated.

risk analysis
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RISK ANALYSIS

risk analysis

Probability
of Failure
Ranking

Probability 
of Failure

Description
A B C D E

2

Isolated occurrence
of hose assemblies
failing inspection
within the same

applications. Historicrecords support thisprobability of failure.

Green Green Yellow Yellow Red

1
Failure is not

expected. Historic
records support thisprobability of failure.

Green Green Green Yellow Yellow

Personnel Safety No injury
Minor injury

absence 
<2 days

Major injury
absence 
>2 days

Single fatality Multiple
fatalities

Environment No pollution
Minor local
effect can 
be easily

cleaned up

Significant
local effect,

will take more
than a one

person week
to clear up

Pollution has
significant

effect upon
the

surrounding
ecosystem

Pollution that
can cause

massive and
irreparable
damage to

the ecosystem

Economic
No downtime

or asset
damage

<£10k
damage or
downtime 
<one shift

<£100k
damage or
downtime 
<4 shifts

<£1m
damage or
downtime

<one month

>£1m
damage or
downtime 
one yearConsequence of Failure Ranking A B C D E

Example of a risk matrix (ISO 2000)

Insignificant Risk Risk is Acceptable   Immediate Risk
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Hose Integrity, 

Inspection and 

Management

BFPA Hose Assembly Skills Training Programme
The skills course will take the candidate through the many
techniques and considerations essential for the safe production of
a quality hose assembly and ultimately leading to installation. This
two day course involves both the theoretical and practical
elements in working with hose and connectors. During the 2 days
the attendees will be trained and assessed to an industry level of
ability in working with hose and connectors.

Hose Integrity, Inspection and Management
This is the third BFPA training course in the series with the key
themes covered during the one-day course include: hose life
expectancy; risk analysis; competence by way of a robust
competence assurance system; identify, inspect & record; hose
register – recording of a hose assembly prior to it going into
service; and visual hose assembly (installation) inspection check
list. The attendees will be assessed during the day with the
appropriate level of pass certification being awarded, e.g.
distinction, merit, or pass.

Small Bore Tubing Integrity Course
This course has been developed by BFPA technical experts to give
candidates a valuable understanding of the complexity
surrounding small bore tubing and compression fittings, The
training course covers generic manufacturers twin ferrule
compression fittings, thread awareness, tube and pipe differences
and the preparation process, tube manipulation (bending)
principles, common installation and routing techniques.

IN ASSOCIATION WITH

Course bookings can be made by telephone, email, fax or by using our the
on-line booking course enquiry form:

Tel 01608 647900  
Fax 01608 647919
E-mail enquiries@bfpa.co.uk
www.bfpatrainingacademy.co.uk

To ensure you obtain the course dates that meet your requirements, early
bookings are recommended as many of our courses are in high demand.

The British Fluid Power Association, 
Cheriton House, Cromwell Park, Chipping Norton OX7 5SR 


