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The motivation for using hybrid technology generally extends far beyond merely increasing the
energy efficiency of machines, with the result that the additional costs of the machine pay for
themselves relatively quickly. Given the considerable robustness, the relatively low investment
costs and simple operation, hydraulics has a great opportunity to participate fully in this new
technology. The present article describes the basic principles of hybrid technology and explains
with the aid of a practical example the relatively simple route to success with HYDAC.
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What are hybrid drives and
where do you find them?

Hybrid drives have at least two drive sour-
ces which can supply energy independently
of each other. They are most widely used in
the automotive industry where the internal
combustion engine is supported by an elec-
tric drive train, including battery power. The
motivation behind hybrid technology
ranges from start-stop functions, the oppor-

tunity to change the operating point and to
downsize the combustion engine, right
through to regenerative braking.

Driven by the massive pressure to incre-
ase efficiency and the current legal position
to comply with the emissions directives, hy-
brid technology is also being discussed and
deployed in mobile machinery. As mobile
machines, as a rule, already have hydraulic
drive trains, to include an accumulator in
the hybrid structure seems obvious, espe-




Fig. 1: HYDAC Product portfolio
for hybrid applications

cially since electrical drives using batteries
do not meet all the requirements regarding
safety, robustness and cost. Examples here
are the mobile excavator from Caterpillar,
the cable operated excavator from Liebherr
or the hydraulic start-stop system of Atlas
Weyhausen, all of which are equipped with
a hydraulic drive train and were un-
veiled at the Bauma 2013 Exhibi-
tion in Munich. [1]

Fig. 2: Installation
example using bladder
accumulators
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What are the beneficial characte-
ristics of the accumulator?

Hydraulic accumulators have an enormous
power density. In other words, the stored
energy in the form of compressed nitrogen
can be transferred back to the oil very quic-
kly and without significant losses, via the se-
parating element (piston, bladder or
membrane). The energy is thus available in
its ,purest” form and can be converted di-
rectly by the hydraulic motor into torque re-
quired for the drive train, or by the cylinder
into force. Further energy changes and as-
sociated losses therefore no longer occur. Of
particular interest is the use of the accumu-
lator during highly dynamic braking pro-
cesses where several 100 kW have to be con-
verted (Fig. 3). Since accumulators have
been used in mobile machines for many de-
cades (suspension, braking and steering
systems), the hydraulic hybrid approach is
also welcomed by the machine builder and
operator. They have maintenance and ser-
vice personnel who are very experienced in
hydraulic accumulators and who will not
have to be specially trained.

In addition, numerous safety devices,
such as for example, pressure relief valves,
bursting discs, temperature fuses etc are
available.

Finally, there is also the cost perspective
which provides crucial momentum for a
new technology. If one takes the whole hy-
brid drive train from the accumulator to the
displacement elements, including periphe-
rals (valves, tank, clamps), according to the
machine builders, a payback period of bet-
ween one and two years is achievable. Elec-
tric hybrids on mobile machines are cur-
rently still a long way from achieving this.

From the load compensation
system to the gas cylinder

A nice example of a hybrid drive train is the
load compensation system of a material
handling machine. These machines are
used, for example, to handle scrap and bulk
goods in ports and are in operation for up to
24 hours per day. As a result of the long and
heavy booms, the base load which has to be
absorbed by the lifting cylinders in the form
of pressure is relatively high (100 - 150 bar),
even before a payload is lifted by the grab or
hook. A simple option for compensating
this load is to install an additional cylinder
which is pre-charged by an accumulator,
thus equalising this base load (Fig. 4).

With the aid of an appropriate sizing pro-
gram which takes into account both the
drive kinematics of the compensating cylin-
der and the thermodynamics of the accu-
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330bar W=]’pav =360 kJ
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360 kd=300kW +1,2s

19 km/h

120 kg

Fig. 3: Energy and efficiency of an accumulator using the example of a lifting

and braking process

mulator, HYDAC is able to carry out a very
detailed calculation of the system. At the sa-
me time, both the control-related drive
structure of the machine and the range of
applications (change of front-end attach-
ments and working environments, different
temperatures) is evaluated. Given the com-
prehensive range of bladder and piston ac-
cumulators in all sizes and pressure ranges,
with the possibility of adding back-up nitro-
gen bottles, HYDAC is also expert in packa-
ging the accumulator volume [2]. After all, it
is important to package the accumulator on
the machine so as not to compromise the
working area or the machine operator‘s visi-
bility. The last stage is to select the appropri-
ate mounting elements or clamps to gua-
rantee long life, robustness and safety in the
finished machine. (Fig. 2).

But HYDAC accumulators excel not only
in the system but also in their components
because of their specific characteristics. For
example, a few years ago, a special piston
accumulator seal was developed for the
mobile sector. Not only does it have a very

Fig. 4: Function of load
compensation
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large application temperature range from
-30°C...120 °C, but it is also capable of with-
standing the extreme vibrations and lateral
forces on the machine. Other distingu-
ishing features are the low piston friction
(just 1-2 bar) and the same high gas tight-
ness as before. Given these characteristics,
it is possible to position the piston accumu-
lator both vertically and horizontally, close
to the internal combustion engine, in the
chassis area, on moving attachments and
on parts of the equipment which have no
protection from the climate. Using the ex-
perience HYDAC has gained from desi-
gning and producing such systems for nu-
merous applications, and precisely because
of the often very confined installation space
(particularly on smaller machines), the idea
came about to compensate the load directly
using a gas cylinder rather than going the
long way round with the ,additional cylin-
der” The special challenge here was to de-
sign a seal system capable of sealing the
high gas pressures (up to 450 bar) on the
dry piston rod. To achieve this, the sealing
system has a specially created lubrication
oil chamber which in turn is linked to the
gas pressure chamber via a small separating
accumulator. In this way the primary seal is
lubricated and the pressure is compensated
(equivalent to a seal in the piston accumu-
lator). The secondary seal can be made like
a conventional piston rod seal, as in the hy-
draulic cylinder. Thus the customer gains a
gas cylinder with a tremendously high en-
ergy density coupled with the robustness of
a hydraulic cylinder.
Since machine builders and their custo-
mers market their machines all over the
world these days, it is important to
know about the country-specific certi-
fication for accumulators as well as
the technical aspects of accumulator
sizing. HYDAC is well-acquainted with
the certification and as a result all accu-
mulators are sized, manufactured and do-
cumented according to the current regula-
tions.

What does HYDAC offer hybrid
technology?

With its wide range of accumulators and
many years' experience, the HYDAC com-
pany is the ideal partner for developing and
producing specific hybrid solutions. In ad-
dition to providing support in engineering
(conception, accumulator sizing, packa-
ging, validation etc) HYDAC has advanced
successive individual accumulator solu-
tions (gas cylinders, double piston accumu-
lators [3], lightweight accumulators) to sa-
tisfy the demand for accumulators genera-
ted by hybrid technology, particularly from
the cost perspective. A wide variety of ac-
cessories such as safety equipment, clamps,
valves, sensors, right up to electronic con-
trols completes the range to meet the de-
mands of the customer (Fig. 1).
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Summary
Hydraulic hybrid

technology is robust, simple to handle
and the cost-effective alternative.




