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ELECTRO HYDRAULIC DRIVE AND CONTROL SYSTEM

Description

Technical Field of the invention

The invention relates to the field of hydraulic systems. The primary area of use for
the invention is mobile machines as for example, excavators, wheel loaders, cranes
and other machines of the same kind. As position sensors are used, is the field of
use also favorable within industrial areas. In particular the invention relate: to a
hydraulic drive and control system that at the same time in one harmonious system
has high productivity, safety and easy machine control for the operator, combined
with very efficient use of energy and pump capacity.

The economy side of the invention compared with traditional technique year 2015
is that high productivity for the machine is combined with low costs for the new
system due to many eliminated, downsized and simplified functions, that is
balancing the higher cost for sensors and the energy recovering and storing system.
The cost, when using the machine with the invention, is lower due to less fuel
consumption, low maintenance cost, excellent filtration and long system lifetime.

Technical Background

Hydraulic system comprising hydraulic actuators such as hydraulic so called
cylinder arrangements with linear movement and hydraulic motors with rotating
movements being driven from a common source of pressurized hydraulic fluid such
as a pump driven by internal combustion engines are known in the art.
Traditionally such systems are controlled by means of variable restrictions and
energy loss due to pressure drop that can't be recovered. Very little has been done
to improve the energy efficiency and also to improve the effective use of the pump
capacity to only be delivering energy to the actuator and not for example to use
pump capacity to control movement when energy can be recovered. To increase the
energy efficiency systems incorporating energy recovery systems for recovering
and re-using energy of returning fluid from the actuators have been presented. One
such system is described in US 6378301, which comprises a primary hydraulic
pump which supplies pressured hydraulic fluid to two actuators via direction

switching valves.
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Returning fluid from the actuators is directed to a recovery system having two
mechanically coupled together variable displacement pump motors, a pressure
accumulator and valves for controlling the flows there between. Although this
system is an improvement for energy use over traditional hydraulic drive and
control systems efficiency without any energy recovery system, is that invention
very limited both, in possibility to control a machine and the total result of the
efficiency of the energy recovering system. Only one actuators returning energy
can be recovered at a time, and during that time can energy not be re-used. Energy
recovery efficiency is the result of two components for recovery and two for re-use
of energy where at least two pumps or motors is working with reduced
displacement due to control activity. As energy is wasted two times for recovery
and for re-use is the total efficiency for the total recovery system very low, and
close to 50% with pump and motors that is on the market 2015.

Summary of the invention

It is an object of the present invention to provide a hydraulic drive and control
system that at the same time in one harmonious system is improving many different
and important functions with the ambition to maximize. Typical for many of the
important functions is that they are of importance for each other. Typical for
mobile hydraulic drive and control system is also that the driven machine has very
low average consumption of energy units per time units and very high maximum
value often during short time. Typical is also that machines own moving parts that
the system is driving together with the load is heavy and often has a weight of
about 20% of the maximum load weight. Typical is also for some machine types
that they often not is strong enough to move at all or as fast as controlled to do.
Typical for all types of machines, controlled of an operator= a person is that a good
control system that is easy, safe and not tiring gives the whole machine a higher
productivity than what can be reached with a poor control system. A good control
system has also shorter learning time and small difference in productivity between
talented and less talented operators. The limited ability that the operator normally
has to control the machine is in the present invention taken, care of by giving the
operator= the man a situation where the operator can focus on what to do and the
rest of the drive and control system automatically is responsible for controlling how
that is performed so that at the same time productivity, safety, and efficient use of
energy and pump capacity is fulfilled in best possibly way.
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To be able to automize part of the control is it absolutely necessary to have
information of position. The control system has an electric control unit, ECU, that
is controlling actuators, valves, pumps, the energy recovering and storing system
and the pump drive motor based basically on information of positions and by the
computer in the ECU calculated speed and acceleration for varies parts of the
machine. Position sensors can be limited to important, hard working actuators that
are decisive for machine productivity. The computers part of the ECU gets its
important information from in first hand the operator, and calculated speed from
the ECU. Other sensors like pressure sensors, pump and motors displacement
sensors, is used to reduce the operators control desire down to outgoing control
signals from the ECU that is possibly to achieve and suitable for the machine that
at the same time is safe, productive and energy efficient. The computer in the ECU
system is responsible for out-going control signals to the hydraulic drive system
that gives the operator a confident filing that the control is safe. There are specially
3 to 4 difficult control difficulties that are necessary to atomize to support the
operator and make control safe and the operator confident. One very problematic
and important thing for a hydraulic drive system is that, if the sum of all controlled
flows to actuators is bigger than maximum pump flow capacity, will the actuators
that have the highest pressure need, be the first one to get less flow than what the
operator wants. The control is in that case not working and dangerous situations
can be the result. A safe control system must have automatized functions that
alternatively are making the total pump capacity higher or the same as the desired
total pump flow to actuators or alternatively have functions that are reducing the
total controlled flow to actuators so that the total flow is the same or smaller then
instant total pump capacity. In this innovation is as a first step when maximum
deplacement on the controlled main pump is close to happen, to control by ECU
the energy recovering and storing system to increase assisting energy recovering
re-use pump system flow and also the motor drive for the controlling main pump to
increase rotation speed. Another second important function to automize to improve
operator confidence is to control actuator speed and braking function to avoid high
speed in end positions in the actuator or other mechanical parts of the machine.
Another third important function to automotize is to control speed and force so the
risk for the hole machine to overturn can be avoided. The problem is difficult to
handle as braking gives forces that are increasing the risk for overturning unless
braking start long before the critical point. Another fourth important function when
the controlled actuator speed is lower than controlled to be is to make sure that
flow from the pump not is flowing over safety pressure valve and give an energy
loss. If the ECU can examine incoming signals and changes them in a way that
makes the operator confident is that important necessary and good but not enough.
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The control signal of what to do must go to a hydraulic drive system that can be
energy efficient, be protecting pump capacity, be safe, dependable and give the
whole machine high productivity. Control signals from the ECU that make it safer
and easier to control for the operator is used in the invention and is important
although the technice is known sins long time. The final outgoing signals from the
ECU that is controlling the so called drive control valve, pumps and recovery
motors are part of the invention in one very important way and is unique for this
invention. The object to go to the maximum with everything good at the same time
in the invention is based on a mixture of old known technical principle often not
used, and also on necessary new technical principles, to make it possibly for the
new invention to combine old and new techniques to a new system that can go all
the way to the object. To use position sensors and an ECU that can calculate speed,
acceleration and other used facts that can support the operator is not new but
position information is always necessary for automatization. The new drive system
can control and allow movements that is possible and suitably for the machine and
all its working drive parts. The ability to change control signals from the ECU to
the drive system is not part of the invention, but with position sensors and with the
new system possibly to do for the ECU. The structure of the inventions drive
system or how different parts is situated in the system and how they are working
together is not totally new but seldom used. New is the structure with actuator and
one valve; named the drive control valve, strongly bolted together to one drive
unite that not needs other valves in the drive system but has one common high
pressure pump conduit for flow from the pump system, and one common low
pressure return conduit for flow to the fluid tank, and also one individual high
pressure energy recovery conduit going from the drive control valve to the
actuators own individual hydraulic rotating energy recovering motor.

Historically was from start today’s dominating system structure, used and is still
used and is one historic survivor from the time when use of hydraulic system
started and when the operator = one man for hand was controlling the position of
the spool and where all valves was close to the operator and the valves also for the
main part of the system was concentrated to one valve unit located in the Centrum
of the machine and with two high pressure conduit each was, going all the way to
the actuators. The valve unites was also connected to the pump with one relatively
short high pressure conduit and also with one relatively short low pressure conduit
to the fluid tank. The next two development steeps with the same old system
structure was first, hydraulic remote control of the spool positions and second
today’s electrohydraulic remote control of the valve and its spools.
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With time become it clear that the traditionally system, was not in itself safe as a
brake and a leak in the conduit to the actuator were allowing the load and parts of
the machine to suddenly fall down. The result was that many actuators must by law
have extra valve functions strongly bolted to the actuators. Other extra valve
function was also located on the actuator to improve the function. With the use of
electrohydraulic is the use of central placed multivalve units not a good system
structure, and that is even clearer when it is an object to be extremely energy
efficient and use pump capacity efficient. It seems to be hard or impossible to use
the old structure as in a traditional system that has present inventions objective. The
important new thing in this invention, the system structure, the drive control valve
then, outgoing control signals from ECU controlling valves and rotating pumps and
motors is based on known techniques for used, sensors, computers and hydraulic
standard component to be a new system that at the same time is productive, safe
and effective on pump capacity and energy use and energy recovery. Besides that is
the system structure giving, low costs for the conduits, low cost for maintence,
filtration, and to add before or after first time of delivery a new customer ordered
job or specific not standard components. To the most unknown thing that the
structure can offer is a dramatic increase of filtration performance, air removal and
search for mail function and easy start up work, after maintenance.

The drive control valve consist in one unit of a number of different valves and
other functions and is more like a sub system, and is not only controlling the
direction of machine movement but also low and zero speeds and different high
and low hydraulic pressures in the drive system. The drive control valve is working
when energy is delivered from the pump system and when energy is received and
possible to recover. When the ECU is controlling position, speed, acceleration, or
pressure is that based on information from position and pressure sensors, and the
operators by the ECU allowed but sometimes reduced speed.

The drive control valve is totally independently of the ECU controlling that pump
energy and capacity as well as recovery of energy is efficient performed and based
only on information of pressures in the actuators A and B side. Flow from the
pump system to A or B is only possible if the flow is going to a pressure that is
over a limited pressure level. If the valve function is blocking flow from the pump
system is flow instead coming from the low pressure return conduit through one of
two check valves and going to the actuators side A or B.

Flow going through the return valve function on the drive control valve can only go
to the common low pressure return conduit if the pressure A or B is under a
pressure limit. If pressure in the flow is over that pressure limit is the recovery
valve closed and the flow forced to go to the actuators individual high pressure
energy recovery conduit to an individual hydraulic rotating energy recovering
motor that is delivering energy to a common energy recovering and storing system.
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The return valve function from A or B is controlled by outgoing signals from the
ECU. In series with the return valve function is one valve, the recovery valve
controlling flow to or blockings flow to the common low pressure return conduit. If
the flow from one side A or B has a pressure over a pressure limit will the recovery
valve, that is normally open, close and the only possible flow-way is through the
drive control valves individual high pressure recovery conduit to the individual
hydraulic rotating energy recovering motor. If the pressure tries to be higher than
the actuators max pressure will also the actuator high pressure limiting valve open

up.

The drive control valve is compared with traditionally technic new and control of
speed is only based on position information from position sensors to the ECU. In
the new invention are 3 different control activity working together to maximize
controllability and efficient use of pump capacity and efficient use of energy. The
drive control valve and the actuator is screwed together to a unit, and the ECU by
its outgoing control signals is trying to control direction and speed with one control
signal each for the two independent valve functions and try to control flow to or
from the actuator. The drive control valve can however independent of the ECU
block flow from common high pressure pump conduit and replace that flow with
flow coming via a check valve from the common low pressure return conduit and
the drive control valve can also independent of the ECU close the recovery valve
and direct the return flow from the actuator to the individual high pressure energy
recovery conduit of the drive control valve.

The drive control valve is controlling, or depends of:

That the drive control valve is at the same time and all time controlling, that pumps
capacity and pump energy and capacity is used in an efficient way.

That energy loss by controlling speed not is using pressure drop as a control
method if that is resulting in troublesome energy loss.

That energy that is going to the energy recovering and storing system can be
recovered and is recovered in an energy recovering and storing system that can
store energy and also re-use energy with a capacity level like the capacity of the
drive systems main pump. Both pumps in the pump system must have variable
displacement, displacement sensors and be controlled by the ECU.

That holding loads at zero speed with closed valves is possible with very low
leakage or no leakage and with no need for extra valves to be able to hold loads.
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That pressure in the actuator will be limited to a maximized pressure, by actuator
high pressure limiting valve, and minimized by check valves, down to pressures
close to the pressure in the return conduit or at least close to atmospheric pressure.

That the drive control valve must be screwed direct together to the actuators
without anything between that can leak or brake and as a result of that has the valve
very low volume of pressure medium in the drive valve-actuator unit. That will
improve filtration, cooling, gas free medium and easier to maintain and at the end
gives longer life of the hydraulic drive system.

That all actuators and drive control valves units is coupled to and have one
common conduits from the pump system and one to the return to tank side with a
total conduit cost that is low and that adding new functions and actuators is easy to
do and can be done at low cost.

That the drives, valves, pumps and motors can be electrohydraulic controlled from
the ECU and have hydraulic control energy coming primarily from the common
high pressure pump conduit and also is using the common low pressure return
conduit as the low pressure return side.

Summery; Control of direction, speed and efficient use of pump capacity and
energy

Control of the drive systems actuator movement is in this invention divided in two
responsibility parts.

The drive control valves own part is total responsibility for efficient use of pump
energy and capability by not letting pump flow go to the actuators low pressure
side and for directing flow under pressure from the actuator to a energy recovering
and storing system. Necessary flow to the low pressure side flows from the
common low pressure return conduit over a check valve.

The electronic control unit ( ECU ) cannot change efficient use of pump capacity
and energy but is responsible for control of, direction of actuator movement,
actuator speed, displacement for main pump and individual hydraulic rotating
energy recovering motor, the energy recovering and storing system including the
assisting energy recovering re-use pump and that pumps re-use of energy and the
speed of rotation for the motor that is driving the main pump.
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ECU is calculating real actuator speed with information of position and position
change with time. The operator control unit or, one outside control system is
controlling the drive control system and its actuators speed. The ECU are
comparing real speed with operator desired speed, and is controlling the drive
system actuator with control signals of type, directions and increase or decrease
speed. The control signal has no information of the speed itself but only if the
speed must increase or decrease.

The allowed desired actuator speed is in this invention named the core actuators
speed. The ECU is for all actuator speed controlling the main pump and the
individual hydraulic rotating energy recovering motors with a control signal based
on core actuator speed and with a control signal of type increase or decrease
actuator speed. The control of the drive control valves speed for flow to or from the
actuator is based on a higher and even higher actuator speed. The two valves in the
drive control valve will open up to the full, and the pressure drop will be low.

The control of speed for the actuator that needs the highest pump pressure is in this
invention easy to get by controlling the main pump displacement so that all
actuators driven by the pump has actuator speed close to the core actuator speed,
all other actuators that needs lower pump pressure has the same high inlet pressure
as the actuator that needs the highest pressure acting on the inlet side of the
actuators and is balanced on the outlet side with a opposite pressure and a outlet
flow of energy that can be recovered. Actuators that are driven from outside and
not by the pump have also a flow of pressurized fluid that is recovered the same
way with control by ECU of the displacement for the individual hydraulic rotating
energy recovering motors.

The speed of the actuator that needs the highest pump pressure is controlled by
controlling the displacement of the main pump and all other actuators speed over
the low speed limit are controlled by controlling the displacement of the recovery
motors.

At zero speed and low speed under speed limits of about 15 % to 30 % of the
maximum speed for the actuator can zero leaks not be possible with rotating pumps
and motors and there is not economical to recovery, the energy loss, that is small.

ECU is by controlling the individual hydraulic rotating energy recovering motors
displacement to go to maximum displacement stopping recovery of energy under
the low actuator speed limit and thereby controlling speed with valves only.

ECU is controlling the drive control valves two valves to and from the actuator to
control direction, speed and very low or zero leak of fluid to give the actuator
ability to hold the actuator almost at zero speed. The speed for actuator with the
highest pressure need is under the low speed limit, ECU controlled to core speed.

Actuators with lower pressure needs is by ECU under the low speed limit
controlled by the outlet valve in the drive control valve to core speed plus a small
speed adjustment, actuators driven from outside and not by main pump is by the
outlet valve in the drive control valve controlled by the ECU to core speed plus a
small but lower adjustment then used for the inlet valve.



10

15

20

25

30

35

40

45

WO 2017/200450 9 PCT/SE2017/000027

When the actuator not is strong enough to move at all or not move with allowed
desired core speed is the actuator always the actuator that need the highest
pressure, and a signal of type increase is trying to increase the main pumps
displacement and flow and the pressure in the common high pressure pump
conduit. In this invention has the common high pressure pump conduit a high
pressure limiting safety valve set to save the system from dangerous stress and also
a pressure sensor that is informing ECU if the pressure in the high pressure pump
conduit is under but close to the opening pressure for the high pressure limiting
safety pressure valve. To prevent energy losses and pump capacity losses will ECU
control the main pumps displacement to be going down until no flow will go over
the pressure safety valve and the highest pressure in the common high pressure
pump conduit to be under the high pressure sensors pressure limit. The control will
automatically give max pressure, highest possibly actuator speed, and no energy
loss. Here is a catastrophic energy loss situation for the operator, solved
automatically by the control of ECU.

The pressure in the actuators and the drives control valves own individual high
pressure energy recovery conduit to the individual hydraulic energy recovering
motor is measured and informing the ECU that the actuator in the flow of fluid
from the actuator has a pressure that is higher than in the conduit going direct to
the common low pressure conduit to tank. Below and over the low speed limit for
flow from the actuator has all actuators but the actuator needing the highest drive
pressure in the flow of fluid from the actuator a higher pressure. The ECU is by
that information always informed of what actuator using pump flow that need the
highest drive pressure. When actuator speed is over the low speed limit is pressure
in the individual high pressure energy recovery conduit much higher than in the

common low pressure return conduit and below the limit is the individual
hydraulic rotating energy recovering motor with max displacement driven at low

speed and needing a relatively low but much higher pressure drop than flow going
direct to the common low pressure return conduit.

Position sensors are used in the present invention to measure the positions of
actuators or other parts of the machine. To be able to solve problems better for the
operator and sometime compensate for hydraulics week performance is it in many
situations of value to be able, by position sensors for surroundings to measure
positions between, the machine or its parts to something in the surrounding. One
example can be to measure the distant between the forks, in a Fork Lift Truck to
something of interest in the surrounding. Another example is to measure, by a
sensor, the distance from the machine to the ground it stands on to compensate for
the hydraulic weakness of leak or on cylinder movement coming from temperature
changes in the fluid, and small movements. As the system has its position sensor
and ECU, is it relatively easy and to low costs possible to let the drive and control
system to automatic handle other things than controlling the machines own moving
part within the machine to also be able to controlling the positions for the machine.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described in more
detail, with reference to the appended drawing showing a currently preferred
simplified embodiment of the invention, wherein figure 1 is an illustration of a
hydraulic drive and control system in accordance with an embodiment of the
invention.

Fig. 1. Is showing an simplified embodiment of the invention.

Fig. 2. Is showing how the drive control valve, for safety reasons, is stronger
mounted on the actuator then what an flexible conduit normally can be.

Fig. 3. Is showing the drive control valves small outside size.

Fig. 4. Is showing: over the drive control valves pump valve and tank valve
and under: the recovery valve and the check valves with integrated
pressure limiting valve. All is shown when all flows are close to zero.

Fig. 5. Is showing how actuator pressure is stopping control pressure to open
the pump valve.

Fig. 6. Is showing how actuator pressure over a pressure limit can close the

normally open recovery valve and forced flow from the tank valve to
go to the recovery conduit and to recovery of energy.

DETAILED DESCRIPTION

In the following description. an embodiment of the present invention is
described with referents to a hydraulic drive and control system having an
energy recovery system comprising a flywheel with a variable displacement
pump. here named assisting recovering re-use the recovery pump. and two
individual hydraulic rotating energy recovering motor connected there to.

FIG.1 shows a hydraulic drive and control system according to an embodiment of
the present invention. The system comprises an operator control unit (1) arranged
with at least one shaft, steering wheel on the like to be operated by the operator,
feeding in to the electronic control unit ECU (2).
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A linear hydraulic cylinder actuator first type (3) with different size on pressurized
areas on the piston and a second type hydraulic rotating actuator (4) are shown in
the figure. A first position sensor (8) is arranged on the first actuator (3) to measure
the position of the piston rod. A second position sensor (9) is arranged on the
second actuator (4) to measure the position of the rotating axel of the second
actuator. The positions sensor (8) and (9) are coupled electrically to the ECU via an
electronic bus system (5), for example a CAN bus. A first valve arrangement (6),
here named the drive control valve, is arranged on the first actuator (3) and a
second drive control valve arranged on the second actuator (4). The actuators (3)
(4) are screwed together with its drive control valves (6) (7) to a very strong unites
with nothing between that may leak or brake. The actuators (3) (4) each comprise a
first actuating chamber and second actuating camber. For the first the drive control
valve (6) is the actuating chambers separated by the piston that has pressured areas
of different size. A variable displacement hydraulic pump. here named the main
pump, 10 is arranged to pressurize hydraulic fluid from the tank (22) to a supply
conduit, here named the common high pressure conduit (12). The hvdraulic fluid in
the tank (22) is in Fig 1 essentiallv unpressurized i.e. essentially at atmospheric
pressure. An electrical connector (10a) of the main pump (10) is coupled to the
ECU via the electronic bus system (5). Displacement signals is measuring the size
of displacement of the main pump 10 and also control signals for controlling the
displacement of the main pump may be transferred via the connector (10 a). A high
pressure limiting safety valve (21) (upstream of the main pump (10)) is coupled
between the common high pressure pump conduit (12) and the common low
pressure return conduit (13). A high pressure sensor (24) is arranged on the
common high pressure pump conduit (12) to measure the pressure therein. The
drive control valves (6) (7) are hydraulically coupled to both the common high
pressure pump conduit (12) and the common low pressure return conduit (13) and
to the drive control valve own individual high pressure energy recovering
conduit.(14a) (14b).

In FIG.1 is presented one of many possibly energy recovering and storing system.
The present invention has, as a example, in Fig.1 a. energy recovering and storing
system that is good enough for the present inventions total function. The energy
recovering and storing system shown comprises a flywheel (18) being coupled via
a gear arrangement (18a) (19) to a variable displacement pump. here named the
assisting energy recovering re-use pump (11). An electrical connector (11a) of the
assisting energy recovering re-use pump (11) is coupled to the ECU (2) via the bus
(5). Displacement signals indicating the displacement of the assisting energy
recovering re-use pump (11) and also control signals for controlling the
displacement of the assisting energy recovering re-use pump may be transferred via
connector (11a).
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The assisting energy recovering re-use pump (11) is arranged to work in
parallel with the main pump (10) to pressurize hydraulic fluid from the tank
(22) to the common high pressure pump conduit (12). The assisting energy
recovering re-use pump (11) is coupled to the common high pressure pump
conduit (12) via a check valve (20). The energy recovering and storing system
furthermore comprises a first individual hydraulic rotating energy recovering
motor (15) and a second individual hydraulic rotating energy recovering motor
(16). The individual hydraulic rotating energy recovering motor (15) (16) are
coupled to the flywheel (18) via a gear arrangement (17A) (17B) (18B). The
gear arrangement is designed to allow a higher rotation speed of the flywheel
than of the assisting energy recovering re-use pump (11) and the individual
hydraulic rotating energy recovering motor (15) (16). The gear arrangement
(17a) (17b) (18b) may comprise a free wheel function such that the individual
hydraulic rotating energy recovering motor (15) (16) may be decoupled from
the flywheel (18). Electrical connector (15a) (16a) of the individual hydraulic
rotating energy recovering motor (15) (16) are coupled to the ECU (2) via the
bus (5). Displacement signals indicating the displacement of the individual
hydraulic rotating energy recovering motor (15) (16) and pressure signals
measuring the pressure in the individual hydraulic rotating energy recovering
motor and also control signals for controlling the displacement of the individual
hydraulic rotating energy recovering motor may be transferred via the
connectors (15a) (16a).

The ECU is arranged to monitor the pressure in the common high pressure
pump conduit (12) using a pressure signal from the pressure sensor (24) and to
control the displacement in the main pump (10) such pressure in the common
high pressure conduit is below the limiting pressure of the high pressure
limiting safety valve (21). The high pressure limiting safety valve is
consequently only used as a safety valve and not working during normal
operation. But controlling the pressure on conduit (12) to be under a limit will
stop flow to go to conduit (13) and thereby avoiding energy waste. The ECU
(2) is furthermore arranged to receive control signals from the operator control
unit 1 indicating desired movements of the hydraulic driven actuators (3) (4) in
form of direction and speed. ECU (2) is programmed to avoid movements of
the machine that not is possibly to achieve and not suitable for the machine that
at the same time is safe, productive and energy efficient. ECU (2)isas a
consequence of that changing operator desired movement to allowed movement
that is safe and suitable. ECU (2) is at the same time receiving information
from position sensors (8) (9) to at least be able to calculate of positions of the
moving members, piston rod or axle, of the actuator.

Real direction, speed and acceleration numbers are calculated by the ECU (2)
based on said position signals and time. There after, outgoing allowed control
signals are going to the, drive control valve (6) or (7) and the drive and control
valve is controlling flow different if the actuator is receiving or delivering

energy.
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If the actuator is receiving energy is there no need for pump flow and the drive
control valve is blocking the inlet valve function and letting necessary flow to
the actuator to go over the check valve in the drive control valve from common
low pressure return conduit and to the low pressure side of the actuator, and at
the same time is pressure in the actuators other side having a pressure over a
pressure limit and the recovery valve is closing and that flow is forced to go to
the individual high pressure energy recovering conduit and to the recovery
system. When the operator is controlling the actuator that is receiving energy
and when energy is recovered is energy from pumps not used and the operator is
only controlling the actuator and the flow that is flowing to the energy
recovering and storing system from the drive control valve. The ECU (2) is
programmed to control the inlet valve function and the outlet valve function
with higher speed values than the signal that is controlling the energy recovering
and storing system control value for the actuator. As both inlet and outlet valve
function is controlled with speed signals that are higher, will inlet and outlet
valves be fully open.

FIG. 2

Here is shown that the actuators (3) and (4) always must have the two pressure
sides A and B going to interface between the drive control valve and the
actuators. (3) and (4) that are following the drive control valves interface exact
with two flow holes for in and outflow and with four treaded holes for four
SCrews.

FIG. 3

Here is shown, the outside on an early drive control valve (6) and (7) using
spool type valve function inside and produced with chip machining technique
totally and not at all made from casting. The drive control valve is exactly the
same for both linear and rotating actuators. Shown is also an optional control
pressure accumulator (57) that can be used when needed for safer and faster
control or to be able to follow the law. The optional accumulator is (57) only for
control pressure flow and a spring is used for storing control pressure energy.
The drive control valve has three hydraulic outside connectors. One (32) letting
flow from the common high pressure pump conduit to go to the actuator. One
(33) letting flow from the actuator to go to the common low pressure return
conduit (13) to tank (22) or to the drive control valves own individual high
pressure energy recovering conduit (14A) or (14B) from connector (34). The
drive control valve is more like a subsystem. With many valve functions that all
together is controlling the drive control valve and the actuators with control
signals type increase or decrease going to the electric controlled, control valve
(26) and (27) that is in unite with the side covers (29) and (30) and each is
controlling flows from or to the actuator. One spool is only controlling flow
from the pump to the actuator here short named the P-spool (36) and the other
only controlling flow from the actuator is short named the T-spool (37).
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There is also a third spool controlling flow to the recovery system named the
recovery spool (40). All this spools is also here short named, to pump spool
P-spool (36) and for tank spool T-spool (37), and for recovery spool R-spool
(40).

The drive control valve has also a number of check-valves and pressure limiting
valves (39A) (39B) that is controlling the actuators. A combined pressure
reducer and pressure limiting valve (35) is using the pressure in the high
pressure pump conduit to be transformed to a low pressure source to be used for
controlling the P-spool (36) and the T-spool (37). Plug (56A) and (56B) is going
in to two holes that has pressure A and B in the actuators two pressure sides (41)
(42). The plug can easily be changed to two pressure sensors sending pressure
information via the electronic bus system (5) to the ECU (2) that can take the
information and use it for control of efficient pump use, recovery of energy and
other important control activities. Under in Fig. 3 where the valve is seen from
top is the optional accumulator not shown and instead is shown two
electromechanical units (26) (27) controlled from ECU (2) to control two valve
function with flow going to or from the actuator.

FIG 4.

Here is shown that the drive and control valve (6) and (7) has two levels. High
in fig 4 is shown the bottom level where the P-spool (36) and the T-spool (37)
are placed and between them hole (41) with the pressure from pressure side A
and hole (42) with the pressure from pressure side B. In the bottom level and
inside the connector from the high pressure pump conduit is a check valve (38),
making sure and safe that the flow only can go in one direction, to the P-spool
(36). That makes use of the driven machine safer even if and when it is a brake
in the common high pressure pump conduit (12). In the bottom level is two side
covers (29) and (30) shown. Each of the two side covers has one
electromechanical controlled valve (30)+(27), and (30)+(26) for control of the
position of the two spools (36) and (37). The two side covers (29) and (30) is
different. Side cover (30) with spool control valve (31A) and electromechanical
unit (27) has the combined pressure reducing and limiting valve (35) built in,
and is controlling the position of the T-spool (37). Side cover (29) with spool
control valve (31B) and the electromechanical unit (26) is controlling the
position of the P-spool (36). Both side covers has drilled holes going to T-spool
(37) and P-spool (36) and also drilled holes for the reduced and limited spool
control pressure, and also tank pressure, going in both side covers but also in the
drive control valves valve house (55).

Both the P-spool (36) and the T-spool (37) has spool centering device based on a
prestresed spring force. Centrering in the P-spool (36) and in the T-spool (37) is
different but the spring (53) and the guide ring (54) is the same. The centrering
piston (52) in the centrering for the P-spool (36) can be modified with an extra
hole to be (51) and used as centrering piston in the T-spool (37).
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The centrering in the P-spool (36) is based on holes (50) in the P-spool that can
lock the P-spool (36) from movement in one direction, se Fig. 5.

By controlling the valves to try to give the actuator a higher speed then what
ECU (2) are controlling pumps and motors to go to and by that controlling that
P-spool (36) and T-spool (37) always is fully open. In this invention is ECU (2)
also controlling that those valves is controlling actuator speed under the actuator
speed limit simply by letting ECU (2) controlling the individual hydraulic
rotating energy recovering motors displacement to be fully open. Recovery of
energy under the low speed limit is now not possibly and not necessary and
economical to justify. The important and difficult task of controlling at the same
time valves, pumps and individual hydraulic rotating energy recovering motors
is simply performed by soft ware in the ECU (2) to very low costs.

The T-spool (37) when controlled by the ECU (2) can open a hole so flow of
fluid with pressure A or B over a limit is closing the normally open R-spool (40)
so that the flow from the actuator can't go to the low pressure return conduit and
to tank and instead is the flow forced to go to the actuators own individual high
pressure energy recovering conduit to the individual hydraulic rotating energy
recovering motor (15) (16) see fig 6. The drive control valve (6) (7) in fig 4 is
shown in its most important and sometimes most difficult situation when it is
controlling zero speed and with low or no leakage. As rotating actuators and
often even valves has poor or almost bad ability to work without leakage is it
necessary to control zero speed, and slow speed, movement and high speed
movement different and use valves with low leakage for zero speed, and low
speed and rotating pumps and motors for high speeds over the actuator low
speed limit. It’s not possible to predict the limit as it is depending of the used
rotating motors and pumps design, today and in the future.

The drive control valve in FIG. 4 is shown when all flows are close to zero. The
maximum stroke for the spools (36) (37) for flow to from the actuator is 6 mm.
The recovery valves spool (40) has a stroke about 4 mm and the two check

valves 5 mm.

FIG S.

The centrering device (44) for the P-spool (36) is shown in a big scale drawing
and also how the P-spool (36) can be controlled to be able to not allowing pump
flow to go to a low pressure side in the drive control valves holes (41) and (42).
The pressure A and B are about the same in the actuator and as in the drive
control valve. When the pressure in A or B, here shown, are over a relatively
low pressure limit is that pressure going in to the centrering device (44) through
hole (50) in the P-spool (36) and is pushing the centrering piston (52) so there
will be a contact (56) between piston (52) and guide ring (54). Piston (52) is
now not possible to move relatively to the P-spool (36) by the control pressure
(60) that tries to move the P-spool (36).
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In FIG. 4 is shown that the P-spool (36) now can open for flow from the
common high pressure pump conduit (12) to the high pressure side A but not to
the low pressure side B as that not is possible because the control pressure on
the spool is acting on the hole spool diameter with a lower force than the force
that is pushing the centering piston (52) against the guide ring (54). If the piston
(52) is moved so that there is no contact with (54) which happens as soon as the
spool is moved in the direction of opening a flow way from the pump to A or B,
can not a pressure A or B be acting on the centrering piston (52), as a leak way
is opened between the piston (52) on the guide ring (54).

That is important and necessary when the drive control valve is controlling an
actuator that is driving a load and not is needing the highest pump pressure. The
individual hydraulic rotating energy recovering motor (15) (16) is now
controlling the speed and not the main pump (10) and there will be a pressure in
booth pressure side A and B. When the P-spool (36) first start to move the P-
spool (36) can only the first drive pressure be locking one direction of the P-
spool (36) as the other centrering device (here in fig 5) the pressure side B, has
moved so the hole (50) in the P-spool (36) is closed and there is an opening
between piston (52) and guide ring (54). The pressure acting on the spool side
and the centering device is now the low pressure side of the controlling pressure
for the P-spool (36). There is another possible but more expensive possibility to
control that pump flow not can go to a low pressure side of the actuator. ECU
(2) can by the bus system get pressure information of pressure inside A and B
from pressure sensors measuring pressure instead of plugs in (56A) and (56B).
The ECU (2) can relatively easy by software only control the P-spool (36) to not
open. If pressure sensors in the future can be more safe working and cheaper can
that also be a good and possible alternative but the here preferred simple and not
costly way is hard to beat.

FIG. 6 In the Fig 6 shows, that movement of the T-spool (37) and using the
pressure in the flow from the actuators (6) (7) to the drive control valve, can
close the normally open R-spool (40), if the fluid in the flow has a pressure over
a pressure level. When the T-spool (37) start to move to open up the flow to tank
or recovery will the hole (45) going from the R-spools (40) centrering area all
the way to the seal (48) on the T-spool (37) to open, so that the pressure in the
flow of fluid in the actuator, if it is over the said pressure level, will close the R-
spools (40) and the flow with a pressure over the level can only go the actuators
and the drive control valves individuality high pressure energy recovering
conduit(14a) (14b) and to the individual hydraulic rotating energy recovering
motor (16) (17). The R-spool will be closed bouth for actuator speed below and
over the low speed limit. Under the low speed limit is the pressure in the
individual high pressure energy recovering conduit relatively low but higher
than if the flow is going direct to the low pressure return conduit, due to the
pressure needed to drive the recovery motor at low r.p.m.
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CLAIMS
CLAIM 1.

A method for electrohydraulic drive and control of one actuator, or more than one actuator
simultaneously controlled actuators, working on a machine, which are supplied with flow of
fluids under pressure from a common high pressure pump system, each with flow of fluid
through its drive control valve, said valves being connected in parallel to a common high
pressure pump conduit from said pump system and to a common low pressure return conduit
to tank and also to a individual high pressure energy recovery conduit going from said drive
control valve and to every drive control valves own individual hydraulic rotating energy
recovering motor, said method comprising the steps of:

1.

Feeding outer input control signals from an outer operator control unit (1.) to an
electronic control unite (ECU) (2.) for desired position, speed and acceleration value
for said actuators.

Supplying said ECU (2.) with information about the instantaneous position of each of
said actuators from position sensors that direct or after computing can give said
information of each actuators position.

Computing in ECU instantaneous speed, and acceleration of said actuator based on
said information about instantaneous position and of time

Computing in ECU (2.) an allowed desired value for both direction for position, speed
and acceleration that at the same time is possible and suitable for the driven machine,
and thereby allowed values based on said desired outer control signals, and on
predetermined allowed maximum values for position, speed and acceleration for each
position and direction of said actuator within its movement field. Said allowed desired
value thereby being always the same or less then the desired value.

Computing in the ECU (2.) the difference of the allowed desired value for position,
speed and acceleration value with computed instantaneous position sensor value for
position, speed and acceleration for each position for said actuator to obtain a
difference value and an output control signal for each actuator to increase or decrease
the actuator speed until the actuators instantaneous position, speed and acceleration
reaches said allowed desired value.

Examine all said differences in the ECU (2.) except the differences for actuators that
are instantaneous recovering energy and all actuators with speed below the low
actuator speed limit, and finding that the only actuator that is left is the actuator that
needs the highest actuator pressure. Information about recovery action is feeding in to
the ECU from pressure sensors in the individual high pressure energy recovering
conduit.

Control of the pump system, that by law of nature is necessary to do, to be able to
control the actuator speed for the actuator that needs the highest actuator pressure.
Allowed desired speed for said actuator is compared with said actuators computed real
speed and one outgoing control signals to the main pump is computed and will be of
type decrease or increase main pump displacement.
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8. Control by the design of the drive control valve, to be able to control by itself that
pump capacity is used efficient and not used for control of movement that not needs
pump flow of fluid, and also that high pressure drop in valves over the low actuator
speed limit is avoided and that energy that is economical to recover can and will be
recovered.

9. Control by the drive and control system are different

- If the actuator speed is below the actuators low speed limit.

- Ifthe actuator speed is over the actuators low speed limit.

- If the actuator speed can not for any reason be controlled close to allowed desired
speed.

10. Control by ECU (2.) of all actuators speed, is normally done to get allowed desired
actuator speed, also named actuator core speed. That with the exception for ECU
control for the drive control valves two valves the T-valve and the P-valve. The ECU
control of T-valve is adjusted from core speed to core speed + a small speed value,
and P-valve is adjusted from core speed to core speed + a small but higher value than
for the T-spool. The T-valve and P-valve are then controlled by ECU (2.) to be fully
open for actuator speed over the limit for low actuator speed. P-valve and T-valve will
be opening up to full opening and to low pressure drop. The R-valve is not controlled
by ECU but only by the pressure in the actuator two pressure side. If flow of pressured
fluid is coming from the actuator to the drive control valve will the R-valve always be
closed.

11. Control of actuator speed below the actuator low speed limit is done by controlling the
T-valve with low leakage and the individual hydraulic energy recovery motor to
maximum deplacement and to no energy recovery.

12. Control of actuator speed over the actuator low speed limit by controlling for high
efficiency the displacement of pumps and the individual hydraulic rotating energy
recovering motors displacement.

13. Control of actuator speed when the actuator not is strong enough to follow desired
speed is making the actuator to be the one needing the highest pressure. To avoid flow
through the high pressure limiting safety valve must the main pumps deplacement go
down until pressure in the high pressure pump conduit is below the opening pressure
for the high pressure limiting safety valve.

14. Whereby all actuators at the same time can work from, zero speed, low speed, up to
maximum speed substantially with low pressure drop over valves and efficient use of
pump capacity and with recovery of all energy that can be recovered and re-used and
with supported operator control that automatically protects the operator, the drive and
control system the machine and the environment.
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CLAIM 2.

A method according to claim 1. wherein the ECU, when the displacement of the main
pump is close to full displacement, starts to control and lower all allowed desired
actuators speeds down with the same percent until the main pumps displacement is
some percent below full main pump displacement. If said percent are increasing shall
all actuators speed increase the same percent until the allowed desired actuator speed
is back to not lowered.

CLAIM 3.

A method according to claim 1. wherein ECU starts to control the speed of rotation
for the main pump to go up until the deplacement of the main pump is around 70% of
maximum main pump deplacement.

CLAIM 4.

A method according to claim 1. wherein the ECU are controlling the assisting energy
recovering re-use pump to increase the pump systems total flow of fluid until the
main pumps deplacement is going down to around 70% of maximum main pump
deplacement.

CLAIM S.

A method according to claim 1. wherein the ECU are controlling all actuators so that
position for position in two directions there are individual maximum for speed and
acceleration that are protecting the total machine and improving productivity and
safety, resulting in that desired speed is changed to allowed desired speed.

CLAIM 6.

A method according to claim 1. and 5, and where the operator control unit via ECU
control can move the two end positions for the movement within the actuators
movement, and keep the same speed and acceleration in the two new end positions.

CLAIM 7.

A method according to claim 1. wherein the ECU gets information from position
sensors for surroundings witch can be used for automatic control of the machines
position and for controlling that the machine can work safe without hitting things in the
surroundings.
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CLAIM 8.

A method according to claim 1. wherein ECU when controlling lowering of heavy
loads and when the flow of fluid from the actuator to the individual high pressure
energy recovering conduit are resulting in a pressure over a high pressure limit are
control changing from speed control to controlling of constant pressure up to the
actuators maximum allowed pressure.

CLAIM 9.

A method according to claim 1. wherein the drive control valves P-valve, T-valve and
R-valve are spool valves.

CLAIMS 10

1. An apparatus for electrohydraulic drive and control of actuators working on a machine
supplied with pressurized flow of fluid to drive and control one actuator at a time or several
actuators simultaneously said apparatus comprising.

A pump system for pressurized flow of fluid comprising, the continual working main pump
(10.) and the discontinue working and assisting energy recovery re-use pump (11.), both
pumps have variable controllably displacement and one sensor each to measure the size of the
displacement. The energy recovery re-use pump (11.) has a flow of fluid that is going through
a check valve (20.) into the high pressure pump conduit (12.).

At least one actuators (3.)(4.) with two pressure sides (41.)(42.). The actuator is in a very
strong unit with the drive control valve (6.)(7.), and the two are strongly screwed together.
The actuator can be of two types. One is the linear motion type and named hydraulic cylinder
actuator that often has different pressure area and consequently also different size of flow of
fluid in and out of the actuator. The other type of actuator is rotating and named hydraulic
rotating drive actuator, and with the same size of flow of fluid in and out of the actuator.

A common high pressure conduit named the common high pressure pump conduit (11.) going
from said pump system in parallel to all drive control valves (6.)(7.)and to pump inlet (32.)

A common low pressure conduit, named the low pressure return conduit, going in parallel
from the outlet (33.) of all drive control valves (6.)(7.) to tank (22.)

For each actuator that can recovery energy, is one individual high pressure energy recovery
conduit, (14a)(14b) going from one outlet (34.), on the drive control valve, in unit with the
actuator, to one individual hydraulic rotating energy recovering motor (15.)(16.) with
controllable variable displacement and sensor for pressure (15a)(15b) and displacement.

A high pressure limiting safety valve (21.) is limiting the maximum pressure in the high
pressure pump conduit and when open is the flow of fluid going from the high pressure pump
conduit to the low pressure return conduit.

One pressure sensor (24.) is informing ECU of the pressure in the high pressure pump
conduit.
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Position sensors that direct or after computing in ECU can give information of every actuators
position.

Position sensors for information of the position of the machine to other outside things. The
type of sensor is named position sensors for surrounding.

An outer impulse unit named operator control unit (1.) indicating desired, direction and speed
for the actuator. If the outer impulse unit is another electronic system with ability to control,
direction, position, speed and acceleration is the electronic control unite (2.) ECU another
than the ECU that an operator or a person can use, but the drive system is the same.

Remote electric control can be done in many ways. Preferred is to use a bus system, for
example the CAN bus system (5.) to be able to do the control all over the spread drive and
control system.

A drive control valve (6.)(7.), that is more like a hydraulic sub system. Flow to or from the
actuator are mainly controlled with two of each other independent valves.

One named the P-valve is controlling flow of fluid from the pump system to one or the other
of the actuators pressure sides (41.)(42.), and the second valve named the T-valve is
controlling flow of fluid from one of the actuators pressure sides (41.)(42.) into the drive
control valve. Both the P-valve and the T-valve can be of any designs but are preferred to be
valves of type spool valves with spools named P-spool (36.) and T-spool (37.). said two
valves must when fully open have a low pressure drop around and below a few percent of
used high pressure limiting safety valves (21.) open up pressure, and said valves may also
have low leakage for acceptable use in the driven machine. Said two valves are controlled by
the ECU, but the drive control valve itself can only with information of the pressure in the
actuators two pressure sides (41.)(42.), block flow of fluid from the pump system to go to a
pressure side in the actuator that has pressure below a pressure limit and also block
pressurized flow of fluid from the actuator to go to common low pressure return conduit and
instead make the flow to go to the actuators individual high pressure energy recovery conduit
(14a)(14b). Control from the drive control valve (6.)(7.) or from ECU (2.) are by use of the
pressure in the actuator two pressure side (41.)(42.) simultaneous so controlled that only
pressure in the actuators two pressure sides (41.)(42.) are deciding when to block flow in the
drive control valve (6)(7). ECU is controlling or trying to control the P-spool (36.) by letting
control pressure (60.) be acting on the P-spool in one direction and letting pressure from one
of the actuators pressure side to be acting in the other direction. The P-spool is then blocked
from opening up as pressure in the actuators high pressure side is higher than in the side with
control pressure (60.). The T-spool (37.) is all the time controlled by the ECU (2.), but the
return flow to tank (22.) must pass one normally open valve, named the recovery valve or the
R-valve with a preferred R-spool (40.), and if the pressure in the flow of fluid is over a
pressure limit will the R-valve be closed. The R-valve is only controlled by the pressure in
one of the actuators two pressure sides and not at all from the ECU (2.). The flow of fluid that
is used for electrohydraulic control by the ECU, of the P-valve and the T-valve, is coming
from the high pressure pump conduit (12.) but after passing one combined pressure reducing
and pressure limiting valve (35.) is the control pressure around and below 25 bar. All control
by ECU (2.) for other hydraulic units are controlled the same way and with the same
relatively low pressure 25 bar or lower.
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The low control pressure is only acting locally and inside the controlled unit. Compression of
the fluid volume, and expansion volume of control conduits, are low which altogether make
the control of all controlled units very fast, and delay time short. Two check valves with
integrated actuator high pressure limiting valves, are situated between the two pressure sides
(41.)(42.) in the drive control valve (6.)(7.), in unit with the actuator, and the low pressure
return conduit (13.), but inside the drive control valve (6.)(7.). Fluid from the actuator high
pressure limiting valves is when pressure is over the high pressure limit flowing to the low
pressure return conduit (13.), and flow of fluid goes from the low pressure return conduit (13.)
through one of two cheek valves into one of the actuators two pressure sides (41.)(42.) when
the pressure is low and below a low pressure limit. The two check valves must be designed
for high flow of fluid and low pressure drop at the same time as flow over one check valve is
replacing flow of fluid from the high pressure pump conduit when the drive control valve is
blocking pump flow to go to a low pressure side of the actuator.

The P-valve and the T-valve are controlled from the ECU (2.) with two of each other
independent electrohydraulic units (27+31)(26+31). The all electric signal and the hydraulic
signal are of type direction + increase or decrease of flow and speed but no information on the
size of speed.

An electronic control unit, ECU (2.) that is able to receive information from the operator
control unit, about operator desired actuators speed for the machine. Every specific machine
application for the drive and control system can be protected, with predetermined allowed
maximum speed and acceleration, position for position in two directions that are possible and
suitable for the machine and the drive control system and also all other considerations that can
be desired. Allowed desired speed and acceleration are the same or smaller than said operator
desired speed and acceleration. The ECU (2.) is also able to receive instant information from
position sensors and to compute every actuators position, speed and acceleration. ECU are
also informed from other sensors about hydraulic pumps and motors displacement and
sometimes pressure and rotation speed. The ECU (2.) must also be receiving information
from a sensor measuring the rotating speed for the main pump and the motor driving said
main pump. Said motor can be of any type but today is electric motors and combustion
engines type diesel engines most popular. ECU (2.) must also be informed about the main
thing in used system for recovery and storing of energy. ECU (2.) must also have all
information of ingoing and outgoing signals that is necessary for ECU for control or to be
controlled by said optional recovery and storing system. Said system can be of any type.
Example are mechanical (flywheel), hydraulic, pneumatic and electric system. Important are
that used type must be driven by the individual hydraulic rotating energy recovering motor
and never be driving said motor and also important are that when re-using the stored energy
must the assisting energy recovery re-use pump be of about the same size for displacement
and pressure as the main pump. ECU (2.) must, to be able to send outgoing control signals of
type increase and decrease be able to continual compute the different between allowed desired
actuator speed and the also computed, real actuator speed, based on position information from

position sensors.
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Whereby all actuators all the same time work from, zero speed, low speed up to maximum
speed substantially with low pressure drop over valves and with efficient use of pump
capacity and with recovery of all energy that can recovered and re-use and with ECU
supported operator controlled that automatically protects the operator the drive and control
system and the hole machine and the environment.



1/6 PCT/SE2017/000027

WO 2017/200450

Fie |

basamenmang




PCT/SE2017/000027

2/6

FIG 2

WO 2017/200450

]
¢ 8

, & &

RN VoV

ey K




WO 2017/200450 3/6 PCT/SE2017/000027

5¢8




WO 2017/200450 4/6 PCT/SE2017/000027

6. 4 ™
Féit’ 27 -y ey ¥
N\ ¢
— LT
494 “"”\i 2 — ‘ 18
= ’____-‘g I 43
v M A 1 4ge
. —
488+ 37
Yyl V== > — k2
26 e Yoy,
6T+ +
36 T N A N
50T -
99 ~—44_ | P
-t Ve / "2
23- '//V%%, . ) ._:E' ‘@--—-—-—’29




PCT/SE2017/000027

WO 2017/200450

5/6

F1G, 5.




PCT/SE2017/000027

WO 2017/200450

6/6

. Flg4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2017/000027

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: EO2F, F15B

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WPI data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5428958 A (STENLUND STIG), 4 July 1995 (1995-07-04); | 1-10
figures 1-3; claims 1,10
A US 6378301 B2 (ENDO HIROSHI ET AL), 1 November 2001 1-10
(2001-11-01); abstract; figures 1-4
A US 20120067432 A1 (VIGHOLM BO ET AL), 22 March 2012 1-10
(2012-03-22); abstract; paragraph [0048]; figures 1-13
A US 20140069091 A1 (FRANZONI GERMANO ET AL), 13 1-10
March 2014 (2014-03-13); abstract; figures 1-13; claim 1

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«pA” document defining the general state of the art which is not
considered to be of particular relevance

“E”  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

S-102 42 STOCKHOLM
Facsimile No. + 46 8 666 02 86

19-09-2017 19-09-2017
Name and mailing address of the ISA/SE Authorized officer
Patent- och registreringsverket .

Box 5055 Lena Nilsson

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2017/000027

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

10 October 1996 (1996-10-10); abstract; figures 1-6; claims 1-
8

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20150107236 A1 (UDAGAWA TSUTOMU ET AL), 23 April | 1-10

2015 (2015-04-23); paragraphs [0048], [0143]-[0181]; figures

1-7
A DE 19512429 A1 (MONTAN HYDRAULIK GMBH & CO KG), 1-10

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2017/000027

Continuation of: second sheet
International Patent Classification (IPC)

F15B 15/20 (2006.01)
EO02F 9/22 (2006.01)
EO02F 9/26 (2006.01)
F15B 11/024 (2006.01)
F15B 13/02 (2006.01)
F15B 21/14 (2006.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/SE2017/000027

us 5428958 A 04/07/1995

us 20120067432 A1 22/03/2012 CN

us 20150107236 A1 23/04/2015 CN

102449323 B
2435717 A1
2012528288 A
5567663 B2
20120040684 A
9074347 B2
2010138029 A1
103717911 B
2686561 A1
20140022021 A
2012125320 A1
104334891 B
2857696 A1
2013245740 A
5701248 B2
20150015464 A
9695841 B2
2013175866 A1

13/04/2016
04/04/2012
12/11/2012
06/08/2014
27/04/2012
07/07/2015
02/12/2010

19/10/2016
22/01/2014
21/02/2014
20/09/2012

12/10/2016
08/04/2015
09/12/2013
15/04/2015
10/02/2015
04/07/2017
28/11/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

