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Tuff hose
for long life
Hydraulic hose does not only need to meet the demanding
internal requirements of the hydraulic system, but must also
withstand the rigours imposed by the external environment
Hans Van den Bergh, Gates Europe

M

uch time and effort is spent in
developing hose to meet the
conditions of flow, pressure
and temperature that occur
within hose assemblies. They are, however,
equally subjected to external influences
from the environment and amazingly, these
are often neglected by the hose manufacturer.
The outer layer (cover) of the hose
suffers from abrasion (wear), ozone, UV
light, chemical attack in general and flex
fatigue. If this fails, it will not take long for
the underlying reinforcement to become
damaged, causing fluid leakage or even a
hose burst.
Gates continually strives to offer products
that are robust in the field and able to cope
with all the conditions imposed by arduous
applications. To cater for the external environment, particularly abrasion, the company was the first to offer hoses protected by
an exceptionally abrasion-resistant, specially
formulated thermoplastic film. The product
is called MegaTuff ®. To cater for less severe
abrasion conditions that do not necessarily
warrant the exceptional performance of
MegaTuff, Gates also developed XtraTuff ™.
These hoses not only feature exceptional
abrasion resistance, but also reduce the
total installation cost since they eliminate
the need for traditional steel guarding or
polyurethane sleeving. Different hose types
and constructions require different test
methods to ensure the product has the desired
robustness. This article deals with new test
methods developed by Gates to quantify
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abrasion and flex fatigue characteristics.
Gates has developed a special hose cover
consisting of a rubber layer (which goes
over the hose outer wire braid) combined
with an extremely thin (2µm) thermoplastic
layer on top of that.
The rubber layer between the braid and
the thermoplastic film is essential to provide sufficient bonding of the cover so as to
give high flex fatigue life without the cover
delaminating from the wire. The materials
bond together, resulting in MegaTuff, a
composite with reportedly the best abrasion resistance in the market to date. This
hose type has at least 300 times better
abrasion resistance than standard hydraulic
hoses, when tested to international standards. Testing beyond international standards, Gates’ MegaTuff achieves exceptional
hose-to-hose abrasion resistance and can
also be used for in-oil applications.
Another solution for improved abrasion
resistance is a specially developed rubber
formula for the hose cover, with abrasion
resistance at least 25 times better than standard. Called XtraTuff, this hose is useful
where the full abrasion resistance of
MegaTuff is not required but where the
application is in an environment where
abrasion could result in hose damage leading ultimately to failure.

Test methods
Abrasion resistance
The internationally recognised test for
abrasion is ISO 6945, and this is based on

Figure 1: Abrasion resistance test according to
ISO 6945
Table 1: Overview of test results – weight loss/number of cycles
Hose type
Standard EN 853
Gates EN 853
XtraTuff
MegaTuff

Number of cycles
2,000
2,000
100,000
1,000,000

Weight loss* (g)
1.00
0.06
0.15
0.00

* All at 50N per ISO 6945

measuring the weight loss of a hose sample
(typically 15cm long) that has been subjected to a longitudinally oscillating tool
along its outer surface. This tool has
specific contact geometry and a 50N force
for EN853 type hoses (Figure 1). The international requirement for these hoses is a
maximum weight loss of 1g after 2,000
reciprocating cycles. In this ‘rubbing’ test,
Gates has also tested the hose-to-hose abrasion resistance. Standard Gates’ hydraulic
cover compounds used in EN853 type
hoses show an average weight loss of only
0.06g after 2,000 cycles.
Even when MegaTuff is tested to one

million cycles, far beyond the specification
requirements, the weight loss is so small it
is almost impossible to quantify. The only
way this hose cover material fails in the
abrasion test is by local melting of the thermoplastic – the metal tool creates frictional
heat, which is unlikely to be encountered in
an application. Due to the excellent adhesion
between all the different material layers in
the hose, this hose cover will not peel off.
XtraTuff hoses feature an abrasion
resistance level between standard and
MegaTuff. After 100,000 cycles the loss is
only about 0.15g (Table 1).
Gates goes one step further than interna-

Figure 2: Cycles to failure: hose-to-hose test results
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Machinery operating in arduous conditions
requires components resiliant to the application

tional standards that specify hose-to-metal
abrasion – Gates measures hose-to-hose
abrasion resistance, which from an application point of view is equally important.
Certain types of hose cover, particularly
some thermoplastic materials, can result in
very early failure as a result of pick-up and
material transfer between the two hoses.
Gates’ MegaTuff hose cover has been specially formulated to give excellent hose-tohose abrasion resistance (Figure 2).
MegaTuff and XtraTuff hose types offer
a perfect solution for installations where
abrasion is the issue. They are cost-effective
because they eliminate the need for protective sleeving and spring guards. Gates has
worked with major OEMs to re-design the
routing of the hoses in a more efficient way
and to capitalise on the superior characteristics of these hose products.
Ozone resistance
Ozone attack is one of the main causes of
hose cover cracking. Ozone in the environment can chemically break molecular
bonds and if the rubber formula does not
have the right anti-ozone chemical constituents, the hose will show cracks after a
certain period. As a result, the cover will
not protect the reinforcement and this
again may lead to wire corrosion and
finally to hose failure.
The EN27326 standard describes the
test method: the hose is put under minimum bend radius in an ozone cabinet with

an ozone concentration of 50pphm at a
temperature of 40°C. After three days there
should be no cracks visible under a magnification factor of x2.
All Gates’ hoses outperform this specification. As the MegaTuff cover consists of a
specially designed thermoplastic layer, the
ozone effects are insignificant. The testing
shows no cracks.
In the case of the XtraTuff formulation,
this hose lasts up to 14 days in the ozone
cabinet without any sign of cracking. It is
the perfect chemical balance between all
ingredients in the compound that make up
the success of this rubber. After extensive
trials and testing, Gates now offers a hightech product that is not available from any
of its competitors.
Flex fatigue properties
Hydraulic hoses are often mounted on
machines under very tight bend radii.
Furthermore, their function is to offer flexible movement and this obviously puts stress
into the outer cover. The larger the hose
diameter, the more the cover will be
stretched and compressed. In general, this is
not a problem for most rubber hoses and
thus there is no risk of cover cracking
through fatigue.
However, as described, Gates’
MegaTuff hoses are made up of a thermoplastic outer layer. Thermoplastic does not
have the flex fatigue properties of rubber
and the elongation at break (Eb) is smaller

Figure 3: Gates developed this test to quantify flex fatigue resistance
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compared to rubber. There are no international standards for testing hoses for flex
fatigue as these types are relatively new in
the market, yet it is important to be able to
quantify flex fatigue resistance as a means
of developing hoses in order to maximise
flex fatigue resistance and to be able to
offer guidelines for use of these hoses.
To address this need, Gates has developed a test device to quantify the flex
fatigue resistance of the MegaTuff hoses
(Figure 3). Such a test demonstrates that
when hoses are installed under a given
bend radius and forced to rotate around
their longitudinal axis, the outer cover is
alternately stretched and compressed. The
number of cycles before cover splits appear
is recorded at different bend radii. This test
simulates the stresses that happen during
hose life and the effects of reverse bending.
In the development of the MegaTuff
hose, it became clear that the formulation
of the thermoplastic cover layer and its
adhesion to the hose is essential for reaching an acceptable flex fatigue performance.
If the thermoplastic does not have the
required flex fatigue properties, the hose
cover will crack and again the reinforcement will fail. Similarly, if adhesion is
insufficient then the cover will again crack
or peel, exposing the wire reinforcement.
Competitive analysis shows that Gates’
hoses outperform similar constructions by a
factor of 17 in this fatigue test.
As an example, the Gates’ CM2T08
MegaTuff hose reaches one million cycles
(rotations) under its minimum bend radius
before a split occurs. Setting up the test
with a greater radius results in even higher
figures due to the reduced cover stresses.
These results are comparable with standard
rubber-covered hoses, which means that
the cover layer is able to withstand bending
in all directions.

Conclusions
Today Gates offers two very cost-effective
solutions for applications where abrasion is
problematic. MegaTuff hose is clearly a
huge leap in terms of design with outstanding abrasion resistance, ozone resistance,
UV and flex fatigue resistance.
XtraTuff hoses offer a level of abrasion
resistance between standard hoses and
MegaTuff that will solve this issue in many
applications. Most importantly, Gates has
developed a special test method for flex
fatigue resistance as an aid to product
development and application testing to
ensure it maintains its reputation for
robust, unique products aimed at solving
problems in the field. This gives Gates’ customers the security needed in construction
equipment and all types of hydraulic
machinery for safe, trouble-free operation
and long life. ●

FLUID POWER
MARIJKE LUYSSEN

SPIRALLING OUT OF

CONTROL?

Often the only option for hydraulic systems designers, spiral

wire hoses can be awkward to handle and pose many problems.
But there is a range that makes things easier for all concerned
ydraulic, spiral wire hose is not
the easiest material from
which to make coupled hose
assemblies. This is not only
because it requires heavy-duty
crimpers and cutting
machines, but mainly because it is usually very rigid, heavy to handle and
often requires specialist dual skiving.
Due to pressure requirements, however, spiral wire hose constructions are
often the only option for large-bore
pressure-delivery lines near the
hydraulic pump. These hoses are also
recommended for high-impulse applications such as hydrostatic transmissions,
where there can frequently be very high
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pressure peaks depending on how the
equipment is operated.
A spiral arrangement of steel wire
reinforcement over the inner tube for
pressure support will also withstand wire
fatigue (from pressure peaks) and flexing
much better than steel wire arranged in
a braided fashion. The spiral arrangement
also allows for a tighter pack of reinforcement strands and therefore provides
more complete coverage of the inner
tube to better contain high pressures.
Gates has developed a global range
of spiral hoses and couplings that
makes life that much easier for the offhighway engineers, assembler and the
people on the production floor.

FLUID POWER

The use of nitrile-based tubing on the EnviroFluid hose ensures
compatibility with even the most aggressive biodegradable oils. In
conjunction with GlobalSpiral no-skive couplings (above), they result
in a hydraulic system that can stand up to the toughest environments

TABLE 1: Gates MegaSys hose line

Working pressure
21.0MPa/3,000psi
28.0MPa/4,000psi
35.0MPa/5,000psi
42.0MPa/6,000psi

1/4in

3/8in

1/2in

5/8in

3/4in

1in

11/4in

11/2in

2in

M3K
M4K
M5K
M6K

M3K
M4K
M5K
G6K

M3K
M4K
G5K
G6K

M3K
M4K
G5K
G6K

M3K
M4K
G5K
G6K

M3K
G4K
G5K
G6K

G3K
G4K
G5K
G6K

G3K

G3K

G5K

G5K

Spiral standards
Historically, both the US-based SAE
organisation and the European DIN
Institute have developed standards for
spiral wire-reinforced hoses. The most
common SAE J517 standards – 100R12,
R13 and R15 – are specified based on
constant pressure lines: 28.0MPa or
4,000psi for the 100R12 standard
(through 1in), 35.0MPa or 5,000psi for
the 100R13 and 42.0MPa or 6,000psi for
the 100R15 standards.
The DIN 20023 standard – which has
now been replaced by the European EN
856 standard – was issued in 1978 specifying the 4SP type hose; the 4SH design
being added in 1987. Contrary to the

SAE approach, the EN/DIN 4SP and 4SH
standards specify decreasing working
pressures for increasing bore sizes that
are more aligned with hose manufacturers’ production capabilities than with
the end-user’s requirements. Figure 1
gives an overview of the requirements of
the most popular industry standards.
The Global MegaSys hose range from
Gates is based on the constant
pressure-line approach of the SAE standards and features four pressure lines:
21.0MPa, 28.0MPa, 35.0MPa and
42.0MPa. Each line comprises wire-braid
(MxK) and spiral-wire (GxK) hoses
where the ‘xK’ denominates the pressure
in ‘000psi’ (Table 1).

The idea behind the MegaSys hose
range and the definition of the pressure
lines has been developed in close cooperation with some major global OEMs.
The MegaSys pressure lines have been
identified as the most common system
pressures in the various hydraulic markets, allowing design engineers to easily
identify the most efficient hose construction based on the system pressure
of the machine.

Typical spiral hose construction problems
Bend radii: Due to their rigid construction, spiral wire-reinforced hoses are
very difficult to manipulate, and typically consist of four or six layers of
iVT INTERNATIONAL 2003
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TABLE 2: Comparison of the minimum bend radii

Construction
Min. bend radius

inch
3/4
1
11/4

DN
19
25
31

EN 856
4SP
4-spiral
mm
300
340
460

spiraled wire to contain the high pressures. Bending the hose opens small
gaps between the wires in the various
layers of reinforcement, decreasing the
pressure capability of the hose.
By studying the effects of bending on
the wire layers, and through the use of
advanced spiraling techniques, Gates
has developed spiral wire hoses with
bend radii far tighter than the SAE and
EN requirements. This allows OEMs to
reduce the amount of hose in an assembly by up to 47%. Table 2 shows an
overview of the most popular spiral constructions and the minimum bend radii.
Flexibility: Even though the reduction of
the bend radii allows manufacturers to
minimize the amount of hose that is
needed, it is equally important that this
reduction is not to the detriment of the
flexibility of the hose, i.e. the force that
is required to bend the hose. With its
design of global spiral wire hoses, Gates
has paid special attention to flexibility
and tests have shown a reduction of
bending force of up to 20% compared to
competing spiral wire hoses.
Compatibility with biodegradable oils:
Most manufacturers use neoprene (also
called chloroprene) as the standard rubber compound for the tube of spiral wire
hoses. Although the compatibility with
oils is not optimal, neoprene is often the
only option to ensure coupling sealing
at the high pressures and temperatures
encountered in these applications.
However, some of the more aggressive oils – in particular, the biodegradable oils – can permeate through the

SAE J517 Gates
100R12 EFG4K
4-spiral
4-spiral
mm
mm
240
120
300
150
420
210

tube and through the various friction
layers between the reinforcement layers.
This effect increases with low viscosity
oils, high temperatures, or when using
viscosity-improving additives. The oil
eventually collects under the cover,
causing blisters, or permeates through it,
causing visible oil traces (sweating).
Gates has therefore developed a special nitrile-based tube, capable of 120°C
constant temperature, that ensures
excellent compatibility with even the
most aggressive biodegradable oils. With
this nitrile tube, the Gates EnviroFluid
GxK or EFGxK hoses show outstanding
performance with Gates GlobalSpiral
couplings in high-pressure applications.

Coupling-related problems
Maximum working pressure: Both the hose
and the coupling construction determine the maximum working pressure of
a hose assembly. Various international
standards, whether covering hose (e.g.
SAE J517), coupling (e.g. ISO 12151) or
assembly (e.g. DIN 20066) requirements,
clearly specify that when hose and coupling indicate different maximum working pressures, then the maximum
working pressure of the assembly must
be the lower of the two.
Although the maximum working
pressure should always be printed on
the hose, this is not the case with couplings. As many coupling manufacturers
offer wire braid inserts with special ferrules to be used on spiral wire hoses,
special attention should always be paid
to their maximum working pressures, as

FIGURE 1: Working pressures as specified in international standards
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these may seriously reduce the working
pressure of the assembly.
Table 3 shows an overview example
of the maximum working pressures for
couplings as stated in the various industry standards in comparison with the EN
856 4SP working-pressure ratings.
Gates offers a complete line of
GlobalSpiral couplings, released for use
with GxK and EFGxK spiral wire hoses.
All are tested and released to 1,000,000
impulse cycles at 42.0MPa. This offers
design engineers the advantage of a single range with maximum capability.
Skiving of the hose: Many couplings for
spiral hoses require the hose cover to be
removed before crimping. Some ultrahigh pressure hoses such as the EN 856
type 4SH or the SAE 100R15 hoses even
need dual skiving, i.e. removal of both
cover and tube material. Not only does
this require special equipment, but this
also must also be skilfully executed to
ensure maximum coupling retention.
Moreover, skiving of the hose creates
extra contamination inside the hose
assembly. These contaminants have to
be removed prior to attaching the couplings to the end of the hose as they can
be trapped between the coupling and
the hose inner tube. Later, when
exposed to pressure, vibration, flexing
and the dynamics of hydraulic hose
applications, they can be released into
the hydraulic fluid or cause premature
failure at the coupling.
Gates GlobalSpiral coupling is a
no-skive coupling, avoiding time-consuming skiving operations, system

FLUIDREVIEW
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TABLE 3: Overview of the working pressures as stated by the standards

Inch DN
3/4” 19
1“
25

EN 856
BSP
4SP 4SH BS 5200
bar
bar
bar
350
380
430
280
325
345

JIC
SAE J514
bar
210
170

ORFS
ISO 8434-3
bar
413
413

SAE J518
code 61 code 62
bar
bar
210
420
210
420

DIN 3865
DKOL DKOS
bar
bar
160
400
100 250/400

TABLE 4: Impulse test requirements of the international standards

Impulse cycles
EN 856

4SP
4SH
SAE J517 100R12
100R13
100R15

fluid contamination and potential premature failure.

Hose and coupling compatibility
Even in tightly controlled production,
there can be significant internal variations of the wire and cover diameters of
hydraulic hoses. Industry standards
accommodate for these variations,
allowing for production tolerances.
There may also be differences in hardness and therefore resistance to compression by the tube and cover material.
The combined effect of all these variables can result in considerable variations of the crimp diameter, resulting in
under- or over-crimped couplings which
eventually will lead to premature failure
of the assembly. Because the hose manufacturer controls these essential coupling retention parameters, it is very
difficult for coupling manufacturers to
ensure full compatibility of their products with hoses they do not produce.
Therefore, industry standard recommended practice, such as SAE J1273,
states: “Care must be taken to determine
proper compatibility between the hose
and fitting … Hose from one manufacturer is not usually compatible with fittings from another. Do not intermix hose
and fittings from two manufacturers without approval from both manufacturers.”
To overcome this issue, both SAE and
EN specify minimum performance levels
and require extensive testing of the hose/
coupling combination. The most important performance requirement is the
cyclic endurance test that every hose/
coupling combination has to pass, during which it has to withstand the number of cycles specified in the relevant
hose specification. Table 4 describes the
impulse test requirements of the most
common standards on spiral wire hose

400,000
400,000
500,000
500,000
500,000

Test pressure verus hose
working pressure
133%
133%
133%
120%
120%

assemblies. During these tests (described
in ISO 6803) the hose/coupling combinations may show no leakage or other
malfunctions.
Being an integrated supplier, Gates
controls the important technology of
the hose/coupling interface and has
developed an integrated line of spiral
wire hoses and couplings that withstand
1,000,000 impulse cycles at 120°C oil
temperature. Gates requires there to be
no indication of hose deterioration at
the coupling after this endurance test
(although this would be allowed under
industry specifications).

European legislation
Safety is of utmost importance when
designing hydraulic circuits, especially
when considering the high-pressure
lines where spiral wire hoses are used. In
Europe this evidence has been translated
into legislation in the European
Machinery Directive 98/37/CE :
“1.5.3. Energy supply other than electricity: Where machinery is powered by
an energy other than electricity (e.g. hydraulic, pneumatic or thermal energy, etc.),
it must be so designed, constructed and
equipped as to avoid all potential hazards
associated with these types of energy.”
The European standard EN 982 –
‘Safety of machinery – safety requirements for fluid power systems and their
components – hydraulics,’ lists possible
hazards associated with the use of
hydraulic power in a machine :
• Mechanical hazards (e.g. coupling
blow-off, whipping hose, hose burst,
pinhole in hose);
• Thermal hazards (e.g. high hydraulic
fluid temperature) can heat metal parts
such as couplings and adaptors, causing
severe burns when touched by someone;
• Hazards generated by noise;

Oil temperature
100°C
100°C
120°C
120°C
120°C

• Unintended movements caused by
electromagnetic fields;
• Hazards resulting from contact with,
or inhalation of, harmful fluids, gases,
mists, fumes and dusts;
• Fire or explosion hazards;
• Hazards caused by failure of energy
supply, breaking down of machinery
parts and other functional disorders (e.g.
falling or ejecting of moving parts or
pieces held by the machinery, unexpected start, etc).
EN 982 particularly describes the
safety requirements for flexible hose
assemblies in its chapter 5.3.4.3:
“Flexible hose assemblies shall fulfil
all performance requirements specified
in the appropriate European and/or
international standard(s).”
This means that, to comply with the
European Machinery Directive 98/37/CE,
all hose assemblies on a machine must
comply with the SAE and EN requirements and must have a proven record of
all qualification and production control
tests, including impulse testing.

Overcome the problems
Although production people try to
avoid the use of spiral wire assemblies
as they are difficult to manufacture
and manipulate, design engineers can
manage to overcome many of these
issues by choosing the correct product
combination.
Gates offers a high quality range of
flexible spiral wire hoses that are
released with a complete line of no-skive
GlobalSpiral couplings. Both hoses and
couplings exceed industry standards
requirements in terms of the bend radii,
working pressures and impulse test
performance. iVT
✎ Marijke Luyssen is product manager, hydraulic
hoses and couplings, for Gates Europe nv
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FLEX MESSAGE
With OEMs increasingly seeking the benefits that can be
realised with hydrostatic transmissions, engineers can rest
assured that when it comes to hosing, flexible is best

ue to their many advantages
over normal mechanical systems – including lower weight
and size, higher transmitted
power and self-lubrication – it
is hardly surprising that hydrostatic hydraulic propulsion systems
have been in widespread use since the
end of the 1940s.
Over the passage of time, flexible
hoses have replaced rigid pipes for connecting the components in the system.
Indeed, worldwide, the flexible hose
remains the most widely used for power
transmission systems. The advantages

D
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are clear: they do not rust and offer
greater resistance to shocks and vibrations, which can generate noise and
cause pipes to break.
Above all else, though, flexible hosing offers essential flexibility for moving
parts, while also being simple to install
and easier to route.
There have been many developments
in the domain of hydraulics. So it was
logical that all of these beneficial characteristics should have been applied to
transmission and vehicle propulsion systems in the form of so-called ‘trans-hydro’
or ‘hydrostatic transmission’ circuits.

Nowadays, however, hydrostatic
transmissions are mainly used for supplying power to hydraulic motors,
though they are also commonly used
in vehicles such as harvesters, highclearance tractors, self-propelled
sprayers, heavy-duty plant and equipment, and other applications for which
variable speed is required, while also satisfying the following conditions:
• Variable and reversible speed;
• Variable control of resistant load or
driving force;
• Automatic regulation at constant
power or torque.

FLUID POWER
These transmissions are common in
all applications where it is necessary to
drive a rotating component with a variable and progressive speed, with the
biggest fields of application being heavy
plant, agricultural machinery and materials handling equipment. Specifically,
industrial vehicles would include:
• Construction equipment vehicle transmission (wheeled loaders, mechanical
shovel, compactor);
• Grape and agricultural harvesters ;
• Agricultural high-clearance tractors;
• Self-propelled sprayers.
There are also examples of special applications such as railways or advanced
applications such as off-road motorbikes.

How it works
A hydrostatic transmission is defined by
the combination of a variabledelivery pump and a hydraulic motor.
The transmission ratio can be modified
continuously without interrupting the
torque. The use of this type of transmission allows continuous accelerations
and decelerations and, in braking
phases, recovery of energy.
The variable-delivery pump feeds the
hydraulic motor. When its flow varies,
the speed of rotation of the motor
changes proportionally. It is possible to
design two types of hydraulic circuits:
open- and closed-circuit (Figure 1).
For correct operation of the system it
is necessary to add a booster pump [1],
non-return refill valve [2], two booster
pressure limiters [3 and 5], a breather
valve [4] and a high-pressure limiter [6]
(Figure 2).
The booster pump is used to provide
additional top-up power and additional
oil filtration. This pump is dimensioned
to provide a delivery of about 10% of
that of the main pump. In addition, to
facilitate cooling of the main circuit, a
cooler is installed on the booster circuit.
The breather valve connects the lowpressure branch of the circuit to the
tank through the second pressure limiter [5]. The setting of this pressure limiter is significantly lower than the first
pressure limiter [3].
Hydrostatic transmission offers many
advantages. Firstly, the power-to-weight
ratio is very high. As proof, compare an
electric motor with its hydraulic equivalent; the hydraulic motor is significantly
smaller for the same operating power.
Power is transmitted to the wheels without using moving parts (shafts, universal
joints, etc), while there is no jerk on starting. In addition, it is possible to transmit

a large amount of torque on start-up, and
it is also possible to transmit the power
directly to the wheels, which are difficult
to access. Maintenance operations and
costs are reduced and servicing is simpler.
These types of circuits must fulfil
extremely severe requirements that normal hydraulic hoses cannot cope with.
The high oil flow rate necessary for
correct operation of these applications
could cause serious pollution if the hose
assemblies fail. The use of environmentally friendly biodegradable oils requires
hose manufacturers to develop new rubber compounds compatible with these
fluids. High system pressures of 400-450
bar – necessary for the efficient operation of heavy machines on difficult terrain – represent a major potential source
of danger to both workers and machines,
requiring a high proven level of quality
for coupling/hose assemblies.
The major environmental and safety
context in which these systems operate
impose considerable technological
requirements that are inherent in the
fundamental concept of hydrostatics.
Hydraulic pressure peaks, known as
impulses, represent the most important
constraint in manufacturing a hydraulic
hose and, of course, flexible hoses capable of transmitting this essential power
to all the components in the system are
a fundamental requirement.
The profitability and versatility
demanded from modern machines also
requires them to be able to travel on roads
without any special precautions. The use
of normal roads means that designers
have to develop and design compact
hydrostatic power circuits with flexible
hydraulic transmission hoses that feature extreme bend radii. Certification of
the machine for road driving is nowadays a standard requirement.
As safety means nothing without
control, the technologies used for command and control of this hydrostatic
power are also very specialised. The
onboard electronics assist and control
the hydraulic components, which
demand an impeccable level of cleanliness in the hydraulic circuit. The implementation of an effective maintenance
programme is a vital factor in the reliability of this type of application.
Personal safety and the cost of circuit
components must never be exposed to
the risk of negligence.

FIGURE 1: Examples of open (left) and closed
(right) hydraulic circuits

FIGURE 2: Components necessary for correct
operation of the system

FIGURE 3: Truck trailer auxiliary
transmission, featuring accelerator [1],
combustion engine with speed regulator [2],
hydraulic pump with variable and adjustable
delivery according to pressure [3], auxiliary
pump [4], restrictors generating the control
pressure according to the speed of rotation
[5], a hydraulic motor [6] and, finally, a
wheel [7]

FIGURE 4: Auxiliary hydrostatic transmission,
with electronic control for road driving/
auxiliary transmission [1], constant
capacity declutchable multiple pump [2], oil
tank [3], flexible hose quick couplings [4],
hydraulic pipes [5], and wheel hub motors [6]

Meet the constraints
As part of its partnership philosophy
with reputable manufacturers worldwide,
iVT INTERNATIONAL 2004
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Gates has developed a range of special
products, which respond to these new
constraints in all respects. A research
and development effort of worldwide
scope is the only effective method of
obtaining and providing a solution to
every technological development, wherever it occurs. Globalisation is often
mentioned with reference to agricultural
products, but we should not forget that
it has been in existence and recognised
for some considerable time in the manufacture of machinery.
It is within this context that Gates is
offering a range of MegaSys Pressure
hoses with a high working pressure of
420 bar (6,000psi) – this range also possesses the special characteristics required
for hydrostatic applications. Experience
with rubber compounds that have been
tried and tested in the automobile
industry have allowed the company to
design hoses whose internal bore – in
contact with fluid at high delivery levels
– is completely resistant to the effects of
biodegradable oils. International experience has allowed Gates to develop and
test the compatibility of these rubbers
with a wide range of biodegradable
lubricants. The Gates EnviroFluid range
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offers all manufacturers the opportunity
to export their machines throughout the
world with complete peace of mind.
This is an industrial solution demonstrating Gates’ commitment to the
preservation of the environment.
In addition to high fluid flow and
compatibility of the hose with the fluid,
hydraulic hoses in hydrostatic systems
require reinforcement capable of containing very high pressures. This one
constraint, together with the requirements for flexibility and small size,
demand the use of leading edge technology. Such a high-level technique is
offered by Gates throughout the world
by means of a special manufacturing
process. Where an unwieldy, rigid steel
reinforcement could provide a solution,
Gates offers a steel wire-reinforced hose,
which is compact and flexible, and
responds perfectly to the requirements
of the application. The range of
EnviroFluid hoses allows pressure transmission of up to 420 bar with bend radii
up to 20% less than standard products.
In addition, a high-pressure hose –
which is flexible and compatible with
the transmission fluid – must be connected to the circuit reliably, while

respecting the requirement to maintain
the cleanliness of the fluid it carries. A
‘skive’ (stripping) operation to remove
the cover of the hose, commonly used
to connect a coupling directly to the
steel reinforcement of the hose, cannot
guarantee the levels of cleanliness
required by the components of a hydrostatic circuit. This is because the process
of stripping the cover results in contamination, which is dangerous for the circuit and this directly affects the
expensive components it contains: the
pump, motor and proportional valve.
The Gates ‘no-skive’ GS couplings provide an ideal solution in this area. iVT
✎ Christophe Riehl is an application engineer

at Gates Hose & Connectors Europe
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THINK SAFETY
The correct design, application, assembly and installation
of hydraulic hose assemblies is critical for a longer vehicle
service life, while also dramatically increasing safety

ydraulic hose assemblies are
safety-critical items: the high
pressures and temperatures
associated with modern vehicle hydraulics put great importance on their correct selection,
installation and maintenance. Whether
due to incorrect selection, installation
fault or damage, a premature or unexpected failure could bring a vehicle to an
unexpected stop. If a person is in the
vicinity of the hose at the time, serious
injury or even death can result.
Environmental pollution is another
worry – there is a growing awareness
regarding costs associated with the
cleaning up of hydraulic oil spills, particularly in the forestry and municipal
cleaning markets. Other costs, meanwhile, would result from the vehicle
downtime and any repairs to damage of
the vehicle or property. Additionally,
for peak operating performance, all

H

hose assemblies must be correctly
selected, installed and maintained.
The European Machinery Directive
98/37/CE provides the regulatory basis
for the harmonisation of the essential
health and safety requirements for
machinery at EU level. The easiest route
to demonstrate compliance is to comply
with Harmonised Standards.
The most important harmonised
standard on safety requirements in the
domain of hydraulic hose assemblies is
EN 982 – ‘Safety of machinery: Safety
requirements for fluid power systems and
their components – hydraulics’.

Performance requirements
Paragraph 5.3.4.3 states: ‘All hose
assemblies must fulfil all performance
requirements specified in the appropriate European and/or international standards.’ The standards referred to are the
well-known SAE J517 or EN 853, 854,

856 and 857, and even the new ISO
1436-1, 3862-1 and 4079-1 standards.
All of these specify minimum performance levels and require extensive testing of the hose/coupling combination.
The most important requirement for hose
assemblies, however, is passing impulse
testing – a cyclic endurance test that
requires every hose/coupling combination to withstand the number of cycles
specified in the relevant specification.
Manufacturers of hose assemblies must
therefore be able to prove that any hose/
coupling combination has been tested
to the impulse requirements specified in
the appropriate standards (Table 1).
As an integrated supplier, Gates Hose
& Connectors Europe controls the important technology at the hose/coupling
interface and has developed a global integrated line of hoses and couplings that –
when used together – exceed the requirements of the various international
iVT INTERNATIONAL April/May 2004
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standards. Its Spiral hoses and the GlobalSpiral coupling are designed to withstand one million impulse cycles at oil
temperatures of 120°C, while wire-braid
hoses and the MegaCrimp coupling are
designed to withstand 600,000 impulse
cycles at oil temperatures of 100°C.
Although industry specifications
would allow it, Gates requires there to
be no indication of hose deterioration at
the coupling after this endurance test.
OEMs can therefore fully rely on Gates
for all evidence of continuous testing.

LEFT: It is important to pay particular
attention to hose routing
ABOVE: Exposed hose reinforcement is
susceptible to damage and leads to failure
BELOW LEFT: Another worry is the
environmental pollution caused by the
hydraulic oil spilt as a result of hose failure

Paragraph 5.3.4.3 states: ‘Recommendations on storage time given by the
hose manufacturers shall be considered.
The majority of synthetic rubbers
suffer an ageing process caused by oxidation, which continues the initial vulcanisation process to the point where
cracking occurs and the rubber becomes
brittle. Some hose materials last longer
due to inherent resistance characteristics,
while others require additives during
compounding. These additives are
eventually consumed by varying environments, even in seemingly ideal storage conditions. Similar consideration
should be given to the O-rings on couplings if applicable.
Storage time is difficult to predict due
to the many variables – the most important of which are temperature, humidity
and direct (sun)light. Others include
ozone, oil, solvents, corrosive materials,
fumes, insects, rodents, radioactivity,
electric or strong magnetic fields, space
allowance and bends (See Tables 1 & 2).
In general, the storage temperature for
hose and assemblies should be below
15°C, while every effort should be made
to keep it below 25°C as higher temperatures cause the rubber materials to deteriorate more rapidly. Preferably, the
relative humidity should not exceed 65%
and the hose and assemblies should be
stored away from all strong light. Before
fitting, all assemblies should be visually
examined for evidence of deterioration.

Service life
Paragraph 5.3.4.3 states: ‘Consideration
should be given to recommending a service life for hose assemblies.’ These
assemblies have a limited life depending
on their service conditions. The ultimate
working life of the hose is limited by
13

iVT INTERNATIONAL April/May 2004

Picture: Manitou

Storage time
reduce service life. Hose assembly life is
finite, so in-service assemblies should be
regularly inspected to identify weaknesses.
Assemblies showing signs of wear or
damage should be replaced immediately.
As suggested by the BS 5244, Gates
recommends all hose assemblies fitted
to machines are scrapped after five years.

Installation
metal fatigue of the reinforcing wires as
they move to accommodate pressure
surges and physical movement of the
hose. When the wire fails, the break
allows the oil to escape under pressure
and a hose rupture occurs. Logically, the
more movement that the hose endures,
the sooner failure will occur. The wire in
the rest of the hose will also have suffered the same degree of stress and will
consequently be close to failure, which
is why: ‘flexible hose assemblies shall
not be constructed from hoses which
have been previously used ... only new
hose is to be used.’ (Paragraph 5.3.4.3).
Subjecting hose assemblies to conditions more severe than the recommended
limits significantly reduces service life.
Exposure to combinations of recommended limits (i.e. continuous use at
maximum rated working pressure, maximum operating temperatures and minimum bend radius) will all significantly

Paragraph 5.3.4.3.1 refers to proper hose
installation, which is essential for satisfactory performance and general appearance. Consideration of component layout
and routing within a vehicle should be
given at an early stage in the design,
particularly with regard to accessibility
of ports. If not, it often leads to unnecessary compromises having to be made.
Hose should not be bent or flexed to
a radius smaller than the minimum recommended, and should not be subjected to tension or torque. This can
place excessive stress on the reinforcement and severely reduce the ability of
the hose to withstand pressure. Twisting
a high-pressure hose by just 7° may
reduce service life by as much as 90%.
Hose should be bent in only one
plane to avoid twisting. If two components in the system rotate in relation to
each other, the hose should be clamped
at the change of plane. If this is not

Table 1: Impulse requirements of hose/coupling assemblies

European standard No. of impulse cycles
EN 853 1SN
150,000
EN 853 2SN
200,000
EN 857 1SC
150,000
EN 857 2SC
200,000
EN 856 4SP
400,000
EN 856 4SH
400,000
EN 856 R12
500,000
EN 856 R13
500,000
SAE J517 100R15
500,000

Oil temperature % of working pressure
100°C
125%
100°C
133%
100°C
125%
100°C
133%
100°C
133%
100°C
133%
120°C
133%
120°C
120%
120°C
120%
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Table 2: Test recommendations for hose assemblies (based on BS 5244)

Failure and marking

Age
Up to 3 years
3 to 5 years

If a pressurised hose assembly blows apart,
the loose hose can flail or whip with great
force. If it ruptures, fine streams of pressurised hydraulic fluid can penetrate
human skin. If the failure of a flexible
hose assembly constitutes a whiplash
hazard, then EN 982 requires it to be
restrained or shielded (Paragraph 5.3.4.3.2)
– just as the assembly should be shielded
if a fluid injection hazard exists.
Paragraph 7.3.1 states that assemblies
must be permanently marked with the
maker’s name and date of manufacture.
It should be clear that correct design,
application, assembly and installation of
hose assemblies are critical for long service life. Combining top-quality Gates
products with a regular preventive
maintenance programme will keep vehicles at maximum efficiency and most
importantly increase safety.

5 to 8 years
Over 8 years

Recommendation
Use without further testing
Use after subjecting each assembly to a pressure test of 1.5x design working
pressure and representative samples to a burst test
As per 3 to 5 years plus impulse pressure tests, cold bend and electrical tests
on representative samples
Scrap

Table 3: Test recommendations for hose assemblies fitted to stored equipment* (based on BS 5244)

Age
Up to 3 years
3 to 5 years
Over 5 years

Recommendation
Use without further testing
Use after subjecting each assembly to a pressure test of 1.5x design working
pressure and representative samples to a burst test
Scrap

* Assuming the hose assemblies are filled with operating fluid
Note: It is highly recommended that hose assemblies fitted to stored equipment in conditions of extreme temperatures, humidity or ozone concentration
should be tested after one year according to the criteria stipulated for assemblies of 3 to 5 years old

possible, then the use of live-swivel
connectors should be considered.
The hose should be restrained, protected or guided to minimise the risk of
damage from excessive flexing, whipping,
heat, weight of hose, contact with moving parts or corrosives. Determine minimum lengths and configurations that

will result in proper routing, allowing for
length changes, machine vibration and
motion. Depending on construction, hose
length can elongate up to 2% or contract
up to 4% under pressure. High- and lowpressure lines should not be crossed or
clamped together as the difference in
length changes could cause abrasion.

✎ David Conie is a product application engineer
with Gates Hoses and Connectors Europe,
responsible for the Safe Hydraulics Preventive
Maintenance and Saftey Programme
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