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Energy Efficiency in Hydraulics
Making savings with the differential cylinder

Hydraulic cylinders are often de-
signed at the same time as the ma-
chine. The first choice is the com-
pact differential cylinder with just 
one piston rod. The cylinder is 
adapted to the required forces for 
a defined supply pressure by siz-
ing the cylinder surface areas. The 
circuit can also be used to influ-
ence the forces. In a standard cir-
cuit the cylinder sides are con-
nected alternately with the supply 
pressure or the tank. The regener-
ative circuit returns the oil in the 
ring side back to the piston side 
as the cylinder moves out, mean-
while reducing the cylinder force 
and the amount of oil taken from 
the oil supply – which is why it is 
also called an “economiser cir-
cuit“.

Before talking about economis-
ing, we need to decide where ex-
actly the savings are to be made. 
Cylinder actuators are either 
pump-controlled or valve-con-
trolled. Pump control requires a 
particular drive motor and pump 
to be allocated to each cylinder. 
With valve control, the pressure is 
usually supplied to several actua-
tors at once for reasons of cost: the 
cost of a drive motor and a pump 
are split between several cylin-
ders. In other words, there is a sav-
ing. With pump control, the sys-

A cylinder achieves its maximum 
force when it is stationary. The 
maximum force is the influence 
of the supply pressure on the ap-
plicable cylinder surface areas. As 
soon as the cylinder moves, the 
forces are reduced by the portion 
of the supply pressure that is lost 
through throttling as a pressure 
drop at the valve. In an unloaded 
cylinder travelling at maximum 
speed, virtually all the energy in-
troduced at the valve in the form 
of throttling losses is converted 
into heat. “Valve or throttling con-
trol“ works by regulating the in-
troduction of energy by throttling, 
and it is precisely this characteris-
tic that gives it great potential for 
improving energy efficiency.

The cylinder and valve should be 
adapted as closely as possible to 
the load. Energy is saved when 
throttling is minimised. With less 
throttling, the force delivered by 
the cylinder is closer to the force 
required by the machine. There is 
a difference between adapting the 
force and adapting the speed. The 
force is adapted by changing the 
cylinder and rod diameter, while 
the speed is adapted by chang-
ing the size of the valve. Oversiz-
ing the cylinder diameter results 
in excessive energy consump-
tion, as too much oil is supplied. 
On the other hand, if the system is 
arranged for excessive speed due 
to an oversized valve, the result 
is not an increase in energy con-
sumption, but an increase in the 
possible speed range. Although 
reducing the valve stroke will set 
the desired speed, the position 
resolution of the valve stroke is re-
duced, with a detrimental effect 
on controllability. With a constant 
load and a smaller cylinder, the 
pressure drop at the valve must be 
smaller in order to overcome re-
sistance. For cylinder actuators it 
is also true that operating at full 
load is more efficient that operat-
ing at partial load.

tem only generates the pressure 
and flow that are actually need-
ed by the actuator. This too creates 
energy savings in operation, disre-
garding the initial investment for 
the drive motor and pump. Valve 
control supplies the cylinder with 
exactly the right amount of ener-
gy. Any energy supplied from the 
constant pressure network and 
not needed by the cylinder is con-
verted into heat through throttling 
and removed by the flow of oil. 
Savings are also possible here, but 
the system must be carefully de-
signed and arranged.

Adapting the cylinder and valve to the load



The force and speed are control-
led by the supply of energy at 
the valve. Conventional wisdom 
states that for good controllabil-
ity, there should be a power loss 
of one third at maximum speed. A 
valve-controlled cylinder actua-
tor achieves maximum efficiency 
with a pressure drop of P load /P 
0 . Even today, nominal flows are 
still specified with 70 bar circuit 
pressure drop for a 210 bar sup-
ply pressure. This is a useful rule 
of thumb when designing a sys-
tem, even though modern control 
technology, high-performance 
valves and economiser circuits 
can significantly reduce the loss-
es.

Because each cylinder has two 
working surfaces, there is a direc-

Force control with a combination circuit

tional element when the forces 
are adapted to the loads, and the 
speeds are adapted to the valve 
pistons via the diameters. The de-
signer must have the freedom to 
choose the dimensions of the cyl-
inder liner and rod, and to deter-
mine the diameters of the valve 
pistons. These are essential pre-
requisites for operating a valve-
controlled cylinder actuator in a 
way that combines energy savings 
with effective control.

After sizing the cylinder surface 
areas and the throttling diame-
ters in the valve, the third factor 
consists of the circuit for optimis-
ing adaptation to the loads. In a 
standard circuit the cylinder sides 
are connected alternately with 
the supply pressure or the tank. 
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The cylinder delivers its full force. 
A regenerative circuit returns the 
oil in the ring side back to the pis-
ton side as the cylinder moves 
out, reducing the cylinder force in 
this direction. This increases the 
ability to adapt the force to the 
loads. For example if the loads are 
equal in both directions, a cylin-
der with a surface area ratio of 2:1 
combined with a regenerative cir-
cuit would make sense. The non-
symmetrical differential cylinder 
works almost symmetrically in 
terms of force, speed and energy 
consumption. If the full force cor-
responding to the entire cylinder 
surface area is needed, for exam-
ple in the extended end position, 
this is achieved by changing to the 
standard circuit.



With different combinations of cyl-
inder surface area ratios, throttling 
diameters at the valve piston and 
circuit, there is a wide range of op-
tions for optimising the load and 
speed characteristics of a cylin-
der. It is worth repeating: the better 
the cylinder actuator is adapted to 
the load, the lower the energy con-
sumption.

The standard circuit is already well 
known. It should be mentioned that 
with larger cylinder surface area ra-
tios, the piston throttling diameters 
should be adapted to the flows in 
order to improve controllability.

The state of the art for regenerative 
circuits is a combination of a stand-
ard directional valve and two exter-
nal check valves, returning the oil 
in the ring side through the pump 
connection (P-return) to the pis-
ton side. There is no longer a flow 
through one of the piston edges, 
turning the four-edge control into 
a three-edge control with familiar 
disadvantages in terms of regula-
tion. Pulling loads can be arrested 

Regeneration below the pump 
pressure is possible with a com-
bination of a standard direction-
al valve, an external check valve in 
the tank connection, and an exter-
nal check valve returning the oil in 
the ring side directly to the piston 
side (A-return) instead of to the 
tank. This arrangement is of limit-
ed usefulness for control systems 
because the check valve has to be 
actuated for each change of direc-
tion. Oil is not returned if the tank 
connection is open.

P-return with external 
additional valves

very effectively with this regenera-
tive circuit, but the pressure is only 
influenced on one side of the cylin-
der. The regeneration is active at all 
times.

A-return with external 
additional valve



A special piston in a standard di-
rectional valve allows permanent 
regeneration without an external 
check valve. The oil in the ring side 
is returned to the piston side with-
in the valve through the pump 
connection (P-return). Because 
there is a throttling edge of the pis-
ton between the cylinder and the 
pump, the pressure of the rod side 
is always higher than the pressure 
of the pump. As a result of load-
dependent pressure intensifica-
tion, the rod side of the cylinder 
and the directional valve may be 
exposed to twice the pump pres-
sure. In practice, there a safety im-
plications that significantly limit 
the full use of the permitted pres-
sure of the components. 

This model is also available with 
four-position pistons. In the ex-
tend phase, one position consti-
tutes the standard circuit and the 
other position constitutes the re-
generative circuit. Switching be-
tween the two modes is therefore 

A new circuit in a standard direc-
tional valve returns the oil on the 
valve side directly to the A-con-
nection on the piston side, avoid-
ing the pump connection. All four 
edges of the directional valve re-
main constantly engaged, as in a 
standard circuit. This makes this 
circuit ideal for control systems. 
It reduces the pressure in ring 
side of the cylinder (maximum 
ring side pressure = pump pres-
sure) and reduces the circulation 
loses from the rod side to the pis-
ton side. This reduces the pressure 
load from the cylinder and valve, 
thereby saving energy.

New A-regenerative circuit

P-return with special 
piston

dependent on the piston stroke or 
speed, which means that savings 
are only possible in certain speed 
ranges. The transition between the 
two symbols is critical with regard 
to possible pressure intensifica-
tion at the cylinder.
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Two additional valves integrat-
ed with the standard directional 
valve mean that this new A-regen-
erative circuit can be switched to 
standard (A-hybrid circuit). Be-
cause switching is no longer de-
pendent on the piston stroke, any 
speeds can be used in both circuit 
modes. Switching can be made de-
pendent on the required force, for 
example. If the force in the regen-
erative circuit is insufficient, the 
system switches to the standard 
circuit. The low-loss return means 
that this circuit is compatible with 
cylinders with a wide range of sur-
face area ratios. Switching can take 
place at any speed with no risk of 
pressure intensification for the 
cylinder. And switching between 
the two circuit modes is also risk-
free: from standard to regenerative 
or from regenerative to standard. 
This ability to switch freely at any 
time allows for maximum energy 
savings without restricting the op-
erating range.

New A-hybrid circuit

Because the additional valves are 
installed on the upper side of the 
standard directional valve, the 
valve retains its standard connec-
tion configuration on its lower 
side, making it easy to use as a re-
placement for any other valve. 

The competition includes electro-
mechanical actuators with pump-
controlled or valve-controlled 
hydraulic actuators. Electrome-
chanical actuators and pump-
controlled hydraulic actuators 
generate forces and speeds non-
directionally. Differential cylin-
ders combined with an A-hybrid 
can now — in one direction — 
step up a gear in terms of force, by 
freely switching to the full work-
ing surface area of the cylinder. 
This will guarantee them a spe-
cial place among linear actuators 
in future.

Making savings with valve-con-
trolled linear cylinder actua-
tors has never been so easy. A 
directional valve with standard 

mounting dimensions and an in-
tegrated, deactivatable A-return 
economiser circuit reduces the oil 
requirement for partially-loaded 
differential cylinders. Switching 
between energy saving at partial 
load in the economiser circuit and 
high energy consumption at full 
load in the standard circuit can 
take place at any time independ-
ently of the piston stroke.
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