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(54) Acrane

(57)  Acrane, comprising two interconnected beams
and, for the displacement of each beam respectively, at
least two cylinder/piston units (2), each of which com-
prises a piston rod (5) that is displaceable in a cylinder
(3) and a piston (4) that is connected to the piston rod
(5) and separates the cylinder chamber in a cylinder side
chamber (6) and a piston rod side chamber (7), said cyl-
inder (3) being provided with an opening (8) in the cyl-
inder gable (9) in order to permit a displacement of the
piston rod (5) out of and into the cylinder, a first conduit
(10) for conducting a pressure fluid from a pressure fluid
source (11) to the cylinder side chambers (6), and a sec-
ond conduit (13) for conducting pressure fluid from the
piston rod side chambers (7) to a pressure fluid reservoir
(14) that has a lower pressure than the pressure fluid
source (11), and a third conduit (15) for regenerative
conduction of pressure fluid from the piston rod side
chamber (7) of a first hydraulic unit (2) to the cylinder
side chamber (6) thereof The crane comprises a fourth
conduit (24) for regenerative conduction of pressure flu-
id from the piston rod side chamber (7) of a second hy-
draulic unit (2) to the cylinder side chamber (6) thereof.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a crane, com-
prising two interconnected beams and, for the displace-
ment of each beam respectively, at least two cylinder/
piston units each of which comprises a piston rod that
is displaceable in a cylinder and a piston that is connect-
ed to the piston rod and separates the cylinder chamber
in a cylinder side chamber and a piston rod side cham-
ber, said cylinder being provided with an opening in the
cylinder gable in order to permit a displacement of the
piston rod out of and into the cylinder, a first conduit for
conducting a pressure fluid from a pressure fluid source
to the cylinder side chambers, and a second conduit for
conducting pressure fluid from the piston rod side cham-
bers to a pressure fluid reservoir that has a lower pres-
sure than the pressure fluid source, and a third conduit
for regenerative conduction of pressure fluid from the
piston rod side chamber of the first hydraulic unit to the
cylinder side chamber thereof,

[0002] The invention is applicable to all types of
cranes, but is particularly applicable to cranes for lifting
piece goods, presenting a considerable overhang when
in an extended position. The invention will therefore be
described by way of example with reference to such an
application.

[0003] Itshould be understood that the hydraulic units
according to the invention can be utilized for the purpose
of imparting swinging movements as well as longitudinal
movements of any beam that forms a part of the crane.
[0004] Even though not necessary restricted to such
an embodiment, the invention is particularly suitable for
cranes that comprise a plurality of beams that are ar-
ranged in a telescopic way. In order to elongate or ex-
tend such a crane, the beams are displaced in relation
to each other by means of a plurality of hydraulic cylin-
der/piston units, one for each arm.

[0005] The invention is particularly related to cranes
by which said units are successively arranged, or bus-
type connected, in the meaning that a first one thereof
is more adjacent the pressure source and the reservoir
in terms of fluid flow distance than the second one, and
that there is a conduit between each pair of units for the
purpose of conducting pressure fluid from the piston rod
side chamber of one of the units to the piston rod side
chamber of the other unit.

THE BACKGROUND OF THE INVENTION AND
PRIOR ART

[0006] Along with an increasing need of longer over-
hangs on piece goods cranes, the time and power need-
ed for the extension of the crane to its maximum over-
hang has become an important issue in connection to
the design of such cranes. Generally, there is a need of
reducing the time that is required for attaining maximum

10

15

20

25

30

35

40

45

50

55

crane length.

[0007] Different ways of reducing the maximum pow-
er required for attaining maximum overhang have been
proposed. Some prior art uses sequential extension of
the arms. However, in sequentially controlled cranes,
there is an important flow resistance for the pressure
fluid that is used. A sequentially controlled crane will re-
quire less power and lower maximum load on the indi-
vidual cylinder/piston unit than a non-sequentially con-
trolled crane, but will be slower.

[0008] It has also been proposed to lower the exten-
sion resistance of the beams by means of lubrication
thereof. However, lubricated beams often result in lubri-
cation oil leaking out to the environment. In some appli-
cations, such leakage cannot be accepted and is there-
fore of disadvantage.

[0009] Accordingly, there is a strive to present a crane
the extension of which is not performed sequentially and
which does not require any lubrication of vital beam
parts in order to attain maximum overhang.

[0010] In order to increase the extension speed of the
crane it has been proposed to use regenerative conduc-
tion of the pressure fluid, normally oil, from the piston
rod side chambers to the cylinder side chambers during
the extension operation of the crane. Thereby, less oil
has to be conducted from a pressurised oil source all
the way to the cylinder side chambers, while, simulta-
neously the pressure of the oil that exits from the piston
rod side chambers is taken advantage of for the purpose
offilling the cylinder side chambers instead of only being
conducted to a low pressure tank or reservoir.

[0011] In the case when the crane comprises a plu-
rality of beams and a corresponding number of cylinder/
piston units, a common conduit for the regeneration flow
of oil is used for all units. This regeneration conduit may
be arranged as a single conduit connected, in one end,
to a conduit leading from a pressure fluid source to the
cylinder side chambers of the cylinder-piston units, and,
in the other end, to a conduit leading from the piston rod
side chambers of said units to a reservoir of lower pres-
sure than the pressure source. Preferably, the regener-
ation conduit is arranged downstream a first cylinder-
piston unit, downstream being referred to as between
said unit and the pressure source and reservoir respec-
tively.

THE OBJECT OF THE INVENTION

[0012] It is an object of the present invention to
present a crane as initially defined that, during extension
of the hydraulic units of the crane, takes advantage of
regenerative operation and minimises the effect of pres-
sure loss during the regeneration and maximises the
speed with which the beams of the crane are extended
or swung.

[0013] Itis a further object of the invention to present
a crane and a method as initially defined that is readily
applicable to existingcrane constructions and that is ad-
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vantageous because of its relative constructional sim-
plicity and operation reliability.

SUMMARY OF THE INVENTION

[0014] The object of the present invention is achieved
by means of a crane as initially defined, characterised
in that it comprises a fourth conduit for regenerative con-
duction of pressure fluid from the piston rod side cham-
ber of the second hydraulic unit to the cylinder side
chamber thereof. It should be understood that, among
a plurality of such units, the first and second unit do not
necessarily need to be located adjacent to each other.
It might even be preferred that there is at least one fur-
ther unit physically located between said units.

[0015] If the cylinder-piston units are connected to
each other in a bus type connection in which the second
conduit comprises a plurality of sub conduits or interme-
diate conduits leading from one piston rod side chamber
to another in a series, the regenerative flow does not
need to go via all the (downstream) piston rod side
chambers that are arranged in series before being re-
generated via the third conduit and first conduit to the
cylinder side chambers. The invention includes such an
embodiment.

[0016] According to a preferred embodiment, the
crane is further characterised in thatit comprises at least
one valve member arranged for permitting a regenera-
tive flow through the fourth conduit under condition that
the pressure in the first conduit is above a pre-deter-
mined absolute pressure level and that there is a flow
of pressure fluid in the second conduit in a direction from
the piston rod side chamber of the second hydraulic unit
towards the reservoir. Thereby, unwanted opening of
the fourth conduit when there is no extension of the
crane ordered can be avoided.

[0017] Preferably, the crane according to the inven-
tion comprises a means for detecting whether the pres-
sure in the first conduit is above said pre-determined
level, and a means for detecting the fluid flow direction
in the second conduit, these means being connected to
the at least one valve member for the purpose of con-
trolling the operation thereof.

[0018] Further preferred embodiments of the inven-
tion are presented in dependent claims 4-10.

[0019] Further advantages and features of the inven-
tion will be presented in the following detailed descrip-
tion thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The invention will now be described by way of
example with reference to the annexed drawings, on

which.

Fig. 1 is a schematic view of a crane on which the
invention might be applied,
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Fig. 2 is a hydraulic scheme showing essential parts
of the invention according to a first embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Fig. 1 shows a crane according to the inven-
tion. The crane comprises a plurality of beams 1 that are
telescopically arranged in relation to each other in order
to permit adjustment of its length from a shortest length,
in which the beams are inserted into each other, to a
maximum length when they are fully extended. The
crane comprises a plurality of hydraulic units 2 for driv-
ing the beams 1 in way known per se. According to fig.
2 each hydraulic unit 2 comprises a cylinder 3 and a pis-
ton 4 with a piston rod 5. the piston divides the cylinder
chamber into a cylinder side chamber 6 and a piston rod
side chamber 7. The piston area is larger on the cylinder
side than on the piston rod side. The piston rod 5 is ar-
ranged to perform a reciprocating movement through an
opening 8 in a gable 9 of the cylinder 3 for its operation.
[0022] Forthe actuation of the hydraulic unit the crane
comprises a first conduit 10 that connects the cylinder
side chambers 6 of the hydraulic units 2 with a pressure
fluid source 11 via a direction valve 12 in a way known
per se. The cylinder side chambers 6 may be regarded
as connected in parallel with each other in relation to the
source 11. The fluid pressure in the pressure fluid
source may, for example, be 28 MPa.

[0023] The crane also comprises a second conduit 13
that connects the piston rod side chamber 7 of a first
one of the hydraulic units 2 with a low pressure reservoir
14 for drainage of pressure fluid from the chamber 7 to
the reservoir 14. The fluid pressure in the reservoir 14
may, as here, be equal to atmospheric pressure.
[0024] There is also provided a third conduit 15 that
in one end is connected to the first conduit 10 and in
another end is connected the second conduit 13. The
third conduit 15 is arranged for controlled regenerative
pressure fluid flow from the piston rod side chambers 7
to the cylinder side chambers 6 during extension of the
crane.

[0025] According to fig. 2 the crane according to the
invention comprises a pressure delimiting member 16
in the second conduit 13. There is also provided a pilot-
controlled valve 17 in the second conduit 13. Upon ac-
tivation of valve 17, it will permit a flow throughthe sec-
ond conduit 13 towards the reservoir. During extension
of the crane under regenerative operation, the regener-
ative flow through the third conduit 15 is stopped, or at
least substantially reduced, as valve 17 is actuated in
order to permit a flow of fluid from the piston rod side
chamber 7 to the reservoir 14. Thereby, full extension
of the hydraulic unit 2 in question can be attained with
a remaining high or even further increased pressure on
the cylinder side and a reduced, but still substantial,
pressure on the piston rod side thanks to the pressure
delimiting member 16. The pressure delimiting member
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16 should comprise a counter pressure valve and may
comprise any kind of throttle or constriction. It only
opens for passage when the pressure in the piston rod
side chamber exceeds a given value, in this example 24
MPa. Here, the pressure delimiting member 16 is ar-
ranged so as to delimit the pressure in the piston rod
side chamber 7 to approximately 24 MPa while the pres-
sure in the cylinder side chamber reaches approximate-
ly 28 MPa during the continued piston rod displacement
without aid of regenerative flow.

[0026] It should be mentioned that, as an alternative
to the above arrangement, there might be provided a
pressure delimiting member in the first conduit 10 be-
tween the direction valve 12 and the cylinder side cham-
ber 6, instead of having a pressure delimiting member
corresponding to member 16 in the second conduit 13.
Then, such a pressure delimiting member is actuated at
the moment when the pressure on the cylinder side has
reached a value by which the pilot controlled valve 17
is opened for passage and regenerative operation is
ended. Thereby the pressure in the cylinder side cham-
ber 6 is reduced to a given value while the pressure in
the piston rod side chamber is reduced to generally the
same pressure as in the reservoir 14 through activation
of valve 17.

[0027] Preferably, there is provided a means 18, 19
for measuring or sensing the pressure in the cylinder
side chamber 6 or at least a pressure directly corre-
sponding to that pressure, such as the pressure in the
first conduit 10 or third conduit 15 during regenerative
operation.

[0028] Pilot-controlled valve 17 in the second conduit
13 is controlled based on the pressure value measured
or detected by the measuring means 18, 19, by means
pressure fluid connection from the measuring means
18, 19 to the valve 17 upon the presence of a given pres-
sure in the first conduit 10. It should be emphasized that
the term measurement as used in this context also may
comprise simple indication of one specific pressure lev-
el, and not necessarily a literal measurement. Once a
specific pressure acts on the measuring means 18,19,
an hydraulic pressure may be applied to the pilot-con-
trolled valve, for example via a leak conduit from the
measuring means 18,19.

[0029] Said measuring means 18,19 comprises a
conduit 18 connected to the first conduit 10 and the res-
ervoir 14, via the second conduit, and a (spring-loaded
non-return) valve 19. When the pressure fall over the
(non-return) valve 19, that closes for flow towards the
reservoir 14, reaches or exceeds a threshold value, a
piloting impulse of pressure fluid is conducted via a fur-
ther conduit, here indicated with a broken line 21 from
the piloting valve 19 to the pilot-controlled valve 17 for
the actuation thereof. A constriction 31 is arranged
downstream valve 19 in said conduit 18 in order to, to-
gether with valve 19, determine the pressure at which
the pilot-controlled valve 17 is to open.

[0030] Inthe embodimentshowninfig. 2, there is also
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provided a spring loaded, pilot-controlled valve 23 in the
third conduit 15 for regenerative flow. The regeneration
valve 23 is actuated by the pressure of the first conduit
10, with which it is connected via a pilot flow conduit 20.
Said pilot controlled valve 23, upon actuation thereof,
opens for regenerative flow of pressure fluid from piston
rod side chamber 7 to cylinder side chamber 6. In series
with pilot-controlled valve 23 in the third conduit 15 there
is provided a non-return valve that prevents flow in the
opposite direction, that is from cylinder side chamber 6
to piston rod side chamber 7. Valve 23 defines a means
for breakingor interrupting the regenerative operation. It
should be understood that, as an alternative, the third
conduit 15 could be directly connected with, for exam-
ple, the direction valve 12, and that the latter could then
be equipped with a slide valve that would take the place
and function of the regeneration valve 23 and the non-
return valve in series therewith.

[0031] As indicated in fig. 2, the individual piston rod
side chambers 7 are connected in bus-type in a series
via a plurality of conduits 13" each of which is provided
between two consecutive piston rod side chambers in
the row of hydraulic units 2. However, they could also
be connected in a connection of a star-type. Said inter-
mediate conduits 13" can be regarded as parts of the
second conduit 13 or as sub-conduits of the second con-
duit 13. A piston rod side chamber 7 of a first hydraulic
unit is connected via the second conduit 13 to the low
pressure reservoir 14. Each cylinder-piston unit is ar-
ranged for the purpose of displacing or swinging a re-
spective beam of the crane. Except the first unit in such
a series of units, which is connected to a crane base in
one end and a first beam in the other end, each unit is
connected to two adjacent beams for interrelated move-
ment thereof.

[0032] Between two consecutive hydraulic units 2,
there is a fourth conduit 24 for regenerative conduction
of pressure fluid from the piston rod side chamber 7 of
one of the hydraulic units 2 to the cylinder side chamber
6 thereof. Here, a first end of the fourth conduit 24 is
connected to the first conduit 10 and a second end
thereof is connected to the intermediate conduit 13" that
leads form the piston rod side chamber 7 of one of the
units 2 to the piston rod side chamber 7 of the other one
of said units 2.

[0033] The crane comprises a first valve member 25
arranged for permitting a regenerative flow through the
fourth conduit under condition that the pressure in the
first conduit is above a pre-determined absolute pres-
sure level. There is also a second valve member 26 ar-
ranged for permitting a regenerative flow through the
fourth conduit under condition that there is a flow of pres-
sure fluid in the second conduit 13 in a direction from
the cylinder side chamber 6 of the second hydraulic unit
2 towards the reservoir 14.

[0034] There is also provided a means for detecting
whether the pressure in the first conduit 10 is above said
pre-determined level. This pressure sensing means is
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incorporated in the first valve member 25 since the latter
is designed as a spring loaded valve, the spring of which
is under action of the pressure in the first conduit 10, the
valve 25 being arranged for opening when the force gen-
erated by the pressure fluid in the first conduit 10 and
acting on the spring exceeds the spring force.

[0035] There is also provided a means 27 for detect-
ing the fluid flow direction in the intermediate second
conduit 13". The second valve member 26 is a pilot-con-
trolled valve member controlled by the means 27 for de-
tecting the flow direction in the intermediate second con-
duit 13".

[0036] There is a hydraulic connection 28 between
the second valve member 26 and the means 27 for de-
tecting the flow direction in the intermediate second con-
duit 13". The hydraulic connection 28 defines a means
for sensing the pressure fall over the means 27 for de-
tecting the flow direction.

[0037] The means 27 for detecting the flow direction
in the intermediate second conduit 13" comprises a
spring loaded valve, the spring of which is under action
of the pressure in the intermediate second conduit up-
stream said one way valve 27 as seen in flow direction
from the second unit 2 towards the reservoir 14. The
valve 27 is opened when the force generated by the
pressure fluid in the second conduit and acting on the
spring of the valve 27 exceeds the spring force. A fluid
pressure pulse from valve 27 will then flow via connec-
tion 28 and affect the opening of second valve member
26.

[0038] Apart from the elements that have been de-
scribed above, the crane comprises a number of ele-
ments the function of which are important for a reliable
and effective operation of the crane. Accordingly there
is a non-return valve 29 provided in parallel with the
pressure delimiting member 16 in the second conduit,
for allowing a flow of pressure fluid from the reservoir
14 towards the piston rod chambers 7 without throttling
caused by the pressure delimiting member 16. A non-
return valve 30 is arranged in a corresponding way and
for a corresponding purpose, in parallel with the flow di-
rection detecting means 27.

[0039] It should be understood that non-return valves
that normally permit the regenerative flow towards the
cylinder side chamber 6 but prevent a flow in the oppo-
site direction, are a natural part of any embodiment of
the invention, in order to further improve the operation
of the crane.

[0040] It should be realised that the above presenta-
tion of the invention has been made by way of example,
and that alternative embodiments will be obvious for a
man skilled in the art without going beyond the scope of
protection as claimed in the annexed patent claims sup-
ported by the description and the annexed drawings.
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Claims

1.

A crane, comprising

- two interconnected beams and, for the dis-
placement of each beam respectively, at least
two cylinder/piston units (2), each of which
comprises a piston rod (5) that is displaceable
in a cylinder (3) and a piston (4) that is connect-
ed to the piston rod (5) and separates the cyl-
inder chamber in a cylinder side chamber (6)
and a piston rod side chamber (7), said cylinder
(3) being provided with an opening (8) in the
cylinder gable (9) in order to permit a displace-
ment of the piston rod (5) out of and into the
cylinder,

- afirstconduit (10) for conducting a pressure flu-
id from a pressure fluid source (11) to the cyl-
inder side chambers (6), and

- asecond conduit (13) for conducting pressure
fluid from the piston rod side chambers (7) to a
pressure fluid reservoir (14) that has a lower
pressure than the pressure fluid source (11),
and

- a third conduit for regenerative conduction of
pressure fluid from the piston rod side chamber
(7) of afirst hydraulic unit (2) to the cylinder side
chamber (6) thereof,

characterized in that it comprises a fourth conduit
(24) for regenerative conduction of pressure fluid
from the piston rod side chamber (7) of a second
hydraulic unit (2) to the cylinder side chamber (6)
thereof.

A crane according to claim 1, characterised in that
it comprises at least one valve member (25, 26) ar-
ranged for permitting a regenerative flow through
the fourth conduit (24) under condition that the pres-
sure in the first conduit is above a pre-determined
absolute pressure level and that there is a flow of
pressure fluid in the second conduit (13) in a direc-
tion from the piston rod side chamber (7) of the sec-
ond hydraulic unit (2) towards the reservoir (14).

A crane according to claim 2, characterised in that
it comprises a means for detecting whether the
pressure in the first conduit (10) is above said pre-
determined level, and a means (27) for detecting
the fluid flow direction in the second conduit (13").

A crane according to claim 3, characterised in that
said at least one valve member (25, 26) is opera-
tively connected to said detecting means (27), and
controlled on basis of the detected absolute pres-
sure in first conduit (10) and the detected flow di-
rection in the second conduit (13").
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A crane according to any one of claims 1-4, char-
acterised in that the second conduit (13) compris-
es a first part (13') leading from the piston rod side
chamber (7) of the first unit to the reservoir (14) and
a second part (13") leading from the piston rod side
chamber (7) of the second unit (2) to the piston rod
side chamber (7) of the first unit (2), and that the
means (27) for detecting the flow direction in the
second conduit (13) detects the flow direction in
said second part(13") of the second conduit (13).

A crane according to any one of claims 3-5, char-
acterised in that said at least one valve member
(26) is a pilot-controlled valve member controlled by
the detecting means (27) for detecting the flow di-
rection in the second conduit.

A crane according to any one of claims 3-6, char-
acterised in that it comprises a hydraulic connec-
tion between the at least one valve member (26)
and the means(27) for detecting the flow direction
in the second conduit (13).

A crane according to any one of claims 3-7, char-
acterised in that the at least one valve member
(25) comprises a spring loaded valve, the spring of
which is under action of the pressure in the first cm-
duit (10), the valve being arranged for opening
when the force generated by the pressure fluid in
the first conduit (10) and acting on the spring ex-
ceeds the spring force.

A crane according to any one of claims 3-8, char-
acterised in that the means (27) for detecting the
flow direction in the second conduit (13") comprises
a spring loaded valve (27), the spring of which is
under action of the pressure in the second conduit
(13") upstream said one way valve as seen in flow
direction from the second unit towards the reservoir
(14), and that said valve (27) is opened when the
force generated by the pressure fluid in the second
conduit (13") on the spring exceeds the spring force.
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