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hydraulic machine (18) and a second drive (26) of a second hydraulic
machine (20) are mechanically connected, and where the first hy-
draulic machine (18) 1s in hydraulic communication with an actuator
(6), and where the second hydraulic machine (20) 1s in hydraulic com-
munication with an accumulator (34).
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AN APPARATUS AND METHOD FOR RECUPERATION OF HYDRAULIC ENERGY

There 1is proVided an apparatus for recuperation of hydraulic
energy. More precisely, there 1s provided an apparatus for
reéuperation of hydraulic energy, typically from an actuator,
typically a hoist, where a first drive of a first hydraulic
machine and a second drive of a second hydraulic machine are
mechanically connected, and where the first hydraulic machine
is in hydraulic communication with an actuator. The 1nvention

also includes a method for operation of the apparatus.

Hydraulic hoisting systems are included 1in an array of equip-
ment such as offshore and land based drilling rigs, winches
and equipment. The hoisting systems are regarded the backbone
of a rig in terms of handling a drill as well as controlling

a drilling process as such.

Several of these applications exhibit a cyclic load profile
where a load is repeatedly lifted and lowered. At least in
some of the prior art hoisting systems potential energy 1is

dissipated as heat during lowering of the load.

Such systems are characterized by a large variation in opera-
tional envelope in terms of hook load and lifting speed, as

well as duration of a particular operation. The hoisting sys-

tem is thus dimensioned in order to fulfill the maximum power
requirements given by a certain operation. Therefore, the hy-

draulic power unit of a typical hoisting system consists of



10

15

20

25

CA 02799104 2012-11-09
WO 2011/145947 PCT/NO2011/000154

several hydraulic machines.

It 1s known to recuperate at least some of such potential en-
ergy by utilization of a hydraulic transformer. US 3,627,451
discloses a hydraulic transfer unit for transferring hydrau-
lic power at the same pressures and 1n either direction be-

tween two separate and 1solated hydraulic control systems.

US 7,249,457 discloses a hydraulic system that has gravita-
tional load energy recuperation by opening a recuperation pi-
loted valve with a pilot pressure supplied by a hydraulic
pump so as to drive a recuperation hydraulic motor with a
source of fluid pressurized by gravity from the load. The re-
cuperation hydraulic motor drives the mechanical drive train
of a prime mover that drives the pump that supplies the load,

and other pumps that supply other loads.

The purpose of the invention i1s to overcome or reduce at

least one of the disadvantages of the prior art.

The purpose i1s achieved according to the i1nvention by the
features as disclosed 1n the description below and in the

following patent claims.

There 1s provided an apparatus for recuperation of hydraulic
energy from a actuator, typically a hoist, where a first
drive of a first hydraulic machine and a second drive of a
second hydraulic machline are mechanically connected, and
where the first hydraulic machine is in hydraulic communica-
tion with an actuator, wherein the second hydraulic machine

1s 1n hydraulic communication with an accumulator.

At least the first or second hydraulic machine 1s here typi-

cally a machine that 1s designed to operate as a variable

displacement pump and motor, for example an over-centre type
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pump/motor. The term “displacement” is taken to mean dis-

prlacement per revolution of the pump/motor.

The actuator may take the form of a hydraulic ram, a hydrau-
lic pump/motor or any other suitable hydraulic equipment ca-
pable of lifting a load directly or via machine elements such

as a gear, a rope or a pulley.

The accumulator may be a gas/liguid type of accumulator where
a gas, typically nitrogen, 1s compressed by hydraulic fluid
flowing into a closed bottle. The accumulator may also be of
another commonly known art, for example a hydraulic ram act-
ing against a spring. As the pressure of the accumulator 1is
charge dependent, the accumulator pressure is utilized for

indicating the actual charge of the accumulator.

By regulating the displacement of the second hydraulic ma-
chine it is possible to charge the accumulator at a higher
pressure than the pressure driving the first hydraulic ma-

chine during lowering of the load.

The drives of the first and second hydraulic machines may be
connected to an electric motor. Although the motor 1s termed
“electric motor” mainly in order to differentiate this motor
from machines acting as hydraulic motors, the motor may take
the form of a prime mover such as one or more of an electric
motor, a combustion engine or a hydraulic motor that 1is

driven by a separate hydraulic circuit.

The electric machine that is connected to the two hydraulic
machines serves several purposes. The connection between the
two shafts of two hydraulic displacement machines i1s 1in the
art called hydraulic transformer. Hydraulid transformer con-
trol is known to exhibit difficulties, especially due to non-
linearities in a control loop and the machines comparably low

inertia compared to the systems pressure level. Here the
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electric machine adds inertia which easens the control prob-
lem. However, the electric machine 1s even used in order to
supply additional power that is dissipated in the hydro-

mechanical conversion process, see fig. 2.

The apparatus may include a first wvalve that i1s in hydraulic
communication with the second fluid machine, the actuator and
the accumulator. The first valve is operable between a first
position where the second fluid machine 1s connected to the
accumulator, and a second position where the second fluid ma-

chine 18 connected to the actuator.

By operating the first wvalve to the second position the appa-

ratus may be operated in a conventional manner without recu-

peration.

The apparatus may further include a second valve that 1s in
hydraulic communication with the accumulator and the actua-
tor, and where the second valve 1s operable between an open

and a closed position.

By opening the second valve, pressurized hydraulic fluid from
the accumulator may flow directly between the accumulator and

the actuator, for example for boost usage during conventional

operation.

In an alternative embodiment the apparatus may 1include a
third valve that is hydrauliéally positioned between at least
the first hydraulic machine or the second hydraulic machine
and the reservoir. Normally there i1s one third wvalve for each
hydraulic machine. The function of the third valve i1s to di-

rect the flow from the hydraulic machines to the accumulator.

This function 1i1s particularly usefull for accumulator charg-
ing from lowering loads such as after system operation with

boost accumulator usage.The apparatus may 1nclude a control-
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ler that receives information of at least the relative posi-
tion of the load and the hydraulic pressure in the accumula-
tor, and based on this information and input from a conven-
tional control system, controls the displacement of the first
and second hydraulic machines as well as the power of the
electric motor. The controller may be part of the control
system that may receive information of the desired load posi-

tion from say, an operator or a heave compensation system.

The apparatus may be operated by use of a method for recu-
peration of hydraulic energy from an actuator during part
load conditions where more than one hydraulic pump 1s de-
signed to supply hydraulic fluid to the actuator, wherein the
method includes:

- joining at least two pumps mechanically for torgque trans-
mission them between, whereby one pump becomes a first hy-

draulic machine and an other pump becomes a second hydraulic

machine;

- arrange a first valve i1n an actuator pipe between the ac-

tuator and the second hydraulic machine;

- activate the first valve to divert hydraulic fluid from the
second hydraulic machine away from the actuator when the ac-

tuator is supplying hydraulic fluid to the first hydraulic

machine.

The method for recuperation of hydraulic energy 1s sultable
for use on a hydraulic apparatus that may include a first
drive of a first hydraulic machine and a second drive of a
second hydraulic machine are mechanically connected and con-
nected to an electric motor, and where the first hydraulic
machine is in hydraulic communication with an actuator,
wherein the method may include:

- connecting the second hydraulic machine hydraulically to an

accumulator;
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- connecting a controller that i1s designed to control the
displacement of the first hydraulic machine, the second hy-
draulic machine and the motor power to said machines and mo-
tor;

- supplying values of load position, actuator pressure and
accumulator pressure to the controller; and

- calculating the displacement of the first hydraulic ma-
chine, the second hydraulic machine and the motor power based
on the values of the load position, actuator pressure and ac-

cumulator pressure to the controller.

A controller for this purpose may be designed with the help
of one of several methods known to those skilled in the art
of control engineering. A principal open loop controller can

be stated as follows:

ip - Ap - Vreq (1)
Dm,mo,?ln . ?;m,mm'n * Vel
ép ’ Ap * Upeg PLoad (2)

-Dm,wec * Tmprec * Tl PAcc

Emeain —

8?‘86

where the Dun;main and Dm;rec denote the maximum displacement of
main machine and the machine intended for energy recuperation
respectively, ¢ denotes the displacement ratio of the two ma-
chines and im;main and im;rec the number of machines for the two
separate purposes. The parameter 1p denotes the number of hy-
draulic cylinders and Ap their area, the variables Piocad and
Pacc denote the load and accumulator pressures respectively.
The variable vreq denotes the require piston speed, and nel

the shaft speed of the electric machine.

The method may further include:
- define or identify type of cycle;
- enter a control loop:

- estimate recuperation potential;
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- reconfigure the first and second hydraulic machines
and electric motor power;
- monitor and control accumulator charge;

- finish cycle.

The step of a flow chart carried out by the controller during
operation may thus include a first step where the type of cy-
cle 1is defined or identified, a second step where the recu-
peration potential is estimated. In a third step the hydrau-
lic machines as well as the electric motor are reconfigured
accordingly to findings in the second step. A fourth step 1in-
cludes monitoring and control of the charge of the accumula-
tor. The state of the accumulator charge as defined in the
fourth step may regquire a new estimation of the recuperation
potential in the second step. The cycle is finished in a
fifth step that 1s entered when the load has reached a de-

sired position.

Change in operational details may be applicable depending on
local conditions. The operation will include estimation of
avallable energy for recuperation and control of the second
hydraulic machine to recover a major part of available energy
to the accumulator, as well as estimation of available energy
in the accumulator for use and control of the second hydrau-

lic machine to utilize the major part.

None of the prior art documents discloses an energy manage-
ment system for cyclic load profiles in order to estimate the
energy recuperation potential to a hoisting system where en-

ergy 1s stored 1n an accumulator.

The apparatus according to the invention 1s well suited for
emergency operation if the electric motor should fail or for

providing hydraulic power to other systems.

It 1is a major benefit of the proposed apparatus that only mi-
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nor redesign from today's design 1s necessary, and that no

major additional components are required.

It i1s assumed that the apparatus and method according to the
invention best relétes to operating conditions significantly
below the maximum specification. During these conditions, the
existing components can be utilized in a different way, so

that energy recuperation can be made possible. In that man-

ner, the recuperated energy from a lowering load can be util-
ized for a subsequent lifting, so that the 1nstalled power of

the entire system can be reduced.

Below, an example of a preferred apparatus and method 1s ex-

plained under reference to the enclosed drawings, where:

Fig. 1 shows a principle sketch of a vessel having a crane
that is operated by a hydraulic apparatus according to

prior art;

Fig. 2 shows the same as in fig. 1, but with a hydraulic ap-

paratus according to the present invention;

Fig. 3 shows a diagram of the principal hydraulic and control

circuits of the apparatus;

Fig. 4 shows the diagram in fig. 3, but 1n an alternative em-

bodiment with additional wvalves.

Fig. 5 illustrates the use of recuperated hydraulic energy

from the accumulator for lifting a load;

Fig. 6 illustrates the recuperation of potential energy 1nto

hydraulic energy for storage in an accumulator; and

Fig. 7 shows a flow chart of the steps included in the method

according to the invention.

On the drawings the reference number 1 denotes a vessel that
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includes a crane 2. A load 4 1is suspended from the crane 2

and lifted by an actuator 6.

According to prior art as shown in fig. 1, the actuator 6 1is
connected to a hydraulic apparatus 8 by a plpe 10. The appa-
ratus 8 includes at least two variable hydraulic pumps 12

that are driven by their own electric motor 14.

When lifting the load 4, all energy 1s delivered by one or
more of the electric motors 14. When lowering the load 2, the

potential energy 1s dissipated as heat.

In fig. 2 the vessel 1 1s equipped with a hydraulic apparatus

16 for recuperation of potential energy from the load 4.

The hydraulic apparatus 16, that 1s shown 1n more detailed in
fig. 3, includes a first hydraulic machine 18 and a second
hydraulic machine 20, both designed to operate as wvariable

pumps/motors.

The first hydraulic machine 18 has a first drive 22 1in the
form of a shaft that is connected to an electric motor 24.
The electric motor 24 1s connected to the Second hydraulic
machine 20 via a second drive 26 also in the form of a shaft.
The first and second drives 22, 26 are thus mechanically con-

nected through the electric motor 24.

Both hydraulic machines 18, 20 communicate with a reservoir

28 for hydraulic fluid.

The first hydraulic machine 18 is connected to the plus-side
of an actuator 6 via an actuator pipe 30. The actuator 6, 1in
the form of a hydraulic ram, carries a load 4. When the first
hydraulic machine 18 supplies hydraulic fluid wvia the actua-

tor pipe 30 to the actuator 6, the load 4 is lifted.

The second hydraulic machine 20 i1s connected to an accumula-
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tor 34 via an accumulator pipe 36. A first valve 38 1s cou-
pled to the accumulator pipe 36 and to the actuator pipe 30.
When activated, the first wvalve 38 divert the hydraulic con-
nection of the second hydraulic machine 20 from the accumula-
tor 34 and to the actuator 6 as it may be necessary to supply
the actuator 6 with hydraulic f£luid from both hydraulic ma-
chines 18, 20 when the accumulator 1s working close to its

design load and speed.

A second valve 40, see fig. 3, 1s connected between the ac-
tuator pipe 30 and the accumulator pipe 36. When activated,
the second valve 40 allows flow of hydraulic fluid between

the accumulator 34 and the actuator 6.

A controller 42 receives, via sensor cables 44, information
of the relative load position from a position sensor 46, acC-
cumulator pressure from a first pressure sensor 48 and accu-

mulator pressure from a second pressure sensor 50.

The controller 42 1is designed to control the first and second
hydraulic machines 18, 20 and the electric motor 24 via con-

trol cables 52.

Fig. 7 shows a flow chart indicting steps carried out by the

controller 42 during operation. In step 60 the type of cycle

is defined or identified. In step 62 the recuperation poten-
tial is estimated. The hydraulic machines 18, 20 as well as
the electric motor 24 are reconfigured accordingly in step
64. A step 66 includes monitoring and control of the charge
of the accumulator 34. The charge of the accumulator 34 as
defined in step 66 may require a new estimation of the recu-
peration potential 1n stép 62. The cycle 1s finished in step

68 when the load 4 has reached a desired position.

The steps 60 to 68 as shown in fig. 7 may be i1mplemented us-

ing software code stored 1n a medla readable by a computer
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system not shown but included 1n the controller 42.

Somewhat simplified, the type of cycles experienced 1in step
60 include lifting, lowering and keepling the load stationary.
The actual type of cycle may be i1dentified by an input signal

to the controller 42, or by an actual movement of the load 4.

When the actual cycle, as defined or identified in step 60,
is set to be lifting of the load 4, the displacement of the
first hydraulic machine 18 1s governed by the required lift-

ing speed. An arrow 1n fig. 5 i1ndicated the energy flow.

In step 62 the possible contribution from energy stored in
the accumulator 34 is estimated based on information of the
accumulators 34 charge. By utilizing this information and the
required power in the first hydraulic machine 18, the dis-
placement of the second hydraulic machine 20, acting as a hy-
draulic motor, 1s adjusted 1n step 64. If required, the elec-

trical motor 24 is controlled in step 64 to supply necessary

power.

In step 66 the information of the accumulator 34 charge 1is
monitored. Information 1s returned to step 62. The feed back
from step 66 to step 62 implies that a control loop including
the steps 62, 64 and 66 will run until step 68 1s entered.

The cycle finishes 1n step 68 when the load 4 has reached an

intended position.

When the actual cycle, as defined or identified in step 60,

is set to be lowering of the load 4, the displacement of the
first hydraulic machine 18, acting as an hydraulic motor, is
governed by the required lowering speed. An arrow 1n fig. 6

indicates the energy flow.

In step 62, the recuperation potential 1s estimated based on
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the available power from the first hydraulic machine 18 as
well as on the available enexrgy storage capacity of the accu-
mulator 34. In step 64 the displacement of the second hydrau-
lic machine 20, acting as a hydraulic pump, 1s set. In the
unlikely event that insufficient storage capacity 1s avail-
able in the accumulator 34, surplus energy may be dissipated

as heat in an emergency wvalve that 1s not shown.

As previously stated, the information of the accumulator 34
charge is monitored in step 66. Information is returned to
step 62. The cycle finishes i1n step 68 when the load 4 has

reached an intended position.

If the cycle as defined or identified in step 60 1s set to
hold the load 4 stationary, the displacement of first hydrau-
lic machine 18 1s regulated to compensate for any leaks,
while power for this operation is supplied from the accumula-

tor 34 via the second hydraulic machine 20 and/or the elec-

tric motor 24.

In an alternative embodiment, see fig. 4, third valves 54 are
positioned between the first hydraulic machine 18, the second
hydraulic machine 20 and the reservoir. A return pipe 56 con-

nects the third wvalves 54 with the accumulator.

When not activated, the return pipe 56 is closed at the third
valves 54, while the return flow from the hydraulic machines
18, 20 to the reservoir 28 is open. When activated, the third
valves 54 divert the return flow from the hydraulic machines

18, 20 through the return pipe 56 to the accumulator 34.

As stated in the general part of the description, this func-
tion is particularly useful for charging of the accumulator

34 from lowering loads such as after boost accumulator usage.



WE CLAIM:

1. A method for recuperation of hydraulic energy from an actuator during load
conditions wherein at least one hydraulic pump is configured to supply hydraulic
fluid to the actuator, the method comprising: mechanically coupling a first
hydraulic pump and a second hydraulic pump for torque transmission
therebetween; positioning a first valve in an actuator pipe between the actuator
and the second hydraulic pump; actuating the first valve to divert hydraulic fluid
from the second hydraulic pump away from the actuator when the actuator is
supplying hydraulic fluid to the first hydraulic pump; hydraulically connccting the
second hydraulic pump to an accumulator; hydraulically communicating a second
valve with the actuator and the accumulator; actuating a second valve to an open
position; and allowing fluid to flow both from the actuator to the accumulator and
from the accumulator to the actuator after and as a result of actuating the second

valve to the open position.

2. The method of claim 1 wherein a first drive coupled to the first hydraulic pump
and a second drive coupled to the second hydraulic pump are mechanically
connected to an electric motor, and wherein the first hydraulic pump is in
hydraulic communication with the actuator, the method further comprising:
connecting a controller to the first and second hydraulic pumps and the electric
motor, wherein the controller is configured to control the displacement of the first
hydraulic pump, the second hydraulic pump and the power of the electric motor:
supplying a value of a position of the load, a pressure of the actuator and a
pressure of the accumulator to the controller; and calculating a displacement of
the first hydraulic pump, the second hydraulic pump and the power of the electric
motor based on the values of the position of the load, the pressure in the actuator

and the pressure in the accumulator.

3. The method of claim 1, further comprising: identifying a type of cycle: executing

a control loop comprising: estimating a recuperation potential; reconfiguring the

CA 2792104 2017-09-20
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first and second hydraulic pumps and electric motor power; and monitoring and

controlling a charge of the accumulator; and finishing the cycle.

4. An apparatus for recuperation of hydraulic energy from an actuator, the apparatus
comprising: a first hydraulic machine having a first drive; a second hydraulic
machine having a second drive coupled to the first drive; wherein the first
hydraulic machine is in hydraulic communication with the actuator and the
second hydraulic machine is in hydraulic communication with an accumulator; a
first valve in hydraulic communication with the second hydraulic machine, the
actuator and the accumulator, wherein the first valve is configured to transition
between a first position with the second hydraulic machine in hydraulic
communication with the accumulator and a second position with the second
hydraulic machine in hydraulic communication with the actuator; and a second
valve 1n hydraulic communication with the actuator and the accumulator, wherein
the second valve is configured to transition between an open and a closed
position; wherein when the second valve is in the open position, fluid flow is free
to tlow both from the accumulator to the actuator and from the actuator to the
accumulator through the second valve; and wherein the second valve is in direct
communication with the actuator and in direct communication with the

accumulator.

5. The apparatus of claim 4, wherein, the first and second drives are connected to an

electric motor.

6. The apparatus of claim 5, further comprising: a controller configured to receive
information relating to a position of a load and a hydraulic pressure in the
accumulator, and configured to control the displacement of the first and second

hydraulic machines and the power of the electric motor.

/. The apparatus of claim 4, further comprising: a third valve hydraulically
positioned between the first hydraulic machine or the second hydraulic machine
and a reservoir; wherein the third valve is in hydraulic communication with the

reservolr and is configured to transition between a first position with the return

CA 2792104 2017-09-20
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flow between the first or second hydraulic machine and the reservoir open and
hydraulic communication with the accumulator is closed, and a second position

with flow from the first or second hydraulic machine diverted to the accumulator.

3. The apparatus of claim 4, wherein the first valve is disposed along an accumulator
line extending from the accumulator to the second hydraulic machine: and
wherein the second valve is disposed along an actuator line extending from the

accumulator line to the actuator.

9. The apparatus of claim 8, wherein the actuator line is connected to the

accumulator line at a point between the first valve and the accumulator.

10. The apparatus of claim 8, wherein when the first valve is in the first position, fluid
is free to flow from the second hydraulic machine to the accumulator along the
accumulator line and through the first valve; and wherein when the first valve is
in the second position, fluid is free to flow from the second hydraulic machine,
through the first valve, to the actuator line and is prevented from the flowin g from
the second hydraulic machine, through the first valve, to the accumulator along

the accumulator line.

11. The apparatus of claim 10, wherein when the first valve is in the second position,
fluid 1s free to flow from the second hydraulic machine, through the first valve, to

the actuator line at a point between the second valve and the actuator.

12. An apparatus for recuperation of hydraulic energy from an actuator, the apparatus
comprising: a first hydraulic pump having a first drive, wherein the first hydraulic
pump 1s in fluid communication with the actuator: a second hydraulic pump
having a second drive coupled to the first drive; an accumulator line extending
from the second hydraulic pump to an accumulator; a first valve disposed along
the accumulator line; an actuator line extending frOIﬂ the accumulator line, at a
point between the first valve and the accumulator, to the actuator: and a second
valve disposed along the actuator line; wherein the first valve is configured to

transition between: a first position to allow fluid to flow from the second
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hydraulic pump to the accumulator along the accumulator line and through the
first valve; and a second position to allow fluid to flow from the second hydraulic
pump through the first valve to the actuator line at a point between the second

valve and the actuator.

13. The apparatus of claim 12, wherein the second valve is configured to transition
between an open position and a closed position; wherein the second valve is in the
closed position, fluid is prevented from flowing from the accumulator along the

accumulator line to the actuator.
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