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(57) A telescopic boom with a main section and tel-
escopic boom sections carried by the main section. A
first telescopic boom section (3a) is telescopically mount-
ed in the main section (2) and displaceable in relation to
it under the effect of a first hydraulic cylinder (4a) config-
ured to act between the first telescopic boom section and
the main section. Each further telescopic boom section
(3b, 3c) is telescopically mounted in an adjacent tele-
scopic boom section (3a, 3b) and axially displaceable in

TELESCOPIC BOOM AND HYDRAULIC CRANE COMPRISING A TELESCOPIC BOOM

relation to it under the effect of another hydraulic cylinder
(4b, 4c) which is configured to act between this further
telescopic boom section and this adjacent telescopic
boom section. The telescopic boom comprises a syn-
chronizing system with one or more elongated and flex-
ible synchronizing members (10a, 10b) and direction
changing members (12a-12d), which co-operate to syn-
chronize the axial displacements of the telescopic boom
sections effected by said hydraulic cylinders.
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Description
FIELD OF THE INVENTION AND PRIOR ART

[0001] The present invention relates to a telescopic
boom according to the preamble of claim 1. The invention
also relates to a hydraulic crane comprising a telescopic
boom.

[0002] Telescopically extendable and retractable
booms are known in various configurations and may for
instance be included in different types of hydraulic
cranes. In a telescopic boom having two or more tele-
scopically displaceable boom sections, every telescopic
boom section may be provided with its own hydraulic
cylinder in order to control the extension and retraction
thereof. The hydraulic cylinders of a telescopic boom are
normally hydraulically connected to each other and jointly
activated. Approximately the same hydraulic pressure is
built up in the chambers of the hydraulic cylinders when
they are activated, which implies that the hydraulic cyl-
inder that experiences the lowest resistance, for instance
from friction, will move first. In this case, the sequence
in which the telescopic boom sections are moved during
extension and retraction of the telescopic boom will de-
pend on the frictional forces between the individual boom
sections, which may result in a sequence that is unfa-
vourable with respect to the strength and lifting capacity
of the telescopic boom. In order to avoid a random move-
ment of the telescopic boom sections, the hydraulic sys-
tem may be so designed that the hydraulic cylinders of
the telescopic boom sections are actuated in a prede-
fined sequence. However, such a solution requires a hy-
draulic system of a rather expensive and complicated
construction and is also associated with other draw-
backs.

[0003] Itisalsoknown to use asingle hydrauliccylinder
for displacing a first telescopic boom section in relation
to a non-displaceable main section of a telescopic boom
and one or more elongated and flexible transmission
members, e.g. inthe form of belts or chains, for displacing
one or more further telescopic boom sections in relation
to the first telescopic boom section and in relation to each
other. Such a solution with a synchronized movement of
the telescopic boom sections is associated with several
advantages and is for instance disclosed in US 5 060
427 A.

[0004] In this application, a synchronized movement
of the telescopic boom sections of a telescopic boom
refers to a concurrent movement of the telescopic boom
sections such that they are all extended and retracted
the same distance and simultaneously. With such a syn-
chronized movement, there is no risk that the weakest
telescopic boom section at the outer end of the telescopic
boom will go out first before the other telescopic boom
sections and get overloaded. A synchronized movement
of the telescopic boom sections also offers lower fatigue
wear of the telescopic boom sections.
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OBJECT OF THE INVENTION

[0005] The object of the presentinvention is to provide
a telescopic boom of new and advantageous design.

SUMMARY OF THE INVENTION

[0006] According to the present invention, said object
is achieved by means of a telescopic boom having the
features defined in claim 1.

[0007] The telescopic boom of the present invention
comprises:

- a main section;

- two or more telescopic boom sections which are car-
ried by the main section and displaceable in the lon-
gitudinal direction of the main section, wherein a first
telescopic boom section is telescopically mounted
in the main section and axially displaceable in rela-
tion to it under the effect of a first hydraulic cylinder
which is configured to act between the first telescopic
boom section and the main section, and wherein
each further telescopic boom section is telescopical-
ly mounted in an adjacent telescopic boom section
and axially displaceable in relation to it under the
effect of another hydraulic cylinder which is config-
ured to act between this further telescopic boom sec-
tion and this adjacent telescopic boom section; and

- asynchronizing system with one or more elongated
and flexible synchronizing members and associated
direction changing members, preferably in the form
of pulleys or rollers, wherein the synchronizing mem-
bers and the direction changing members are con-
figured to co-operate to synchronize the mutual axial
displacements of the telescopic boom sections ef-
fected by said hydraulic cylinders.

[0008] The above-mentioned synchronizing system
ensures a synchronized actuation of the telescopic boom
sections without requiring any expensive and complicat-
ed construction of the hydraulic system to which the hy-
draulic cylinders are connected. The hydraulic cylinder
between the main section and the first telescopic boom
section and the hydraulic cylinders between the telescop-
ic boom sections will together carry the axial load on the
telescopic boom. Owing to the fact that the axial load on
the telescopic boom is taken up by the hydraulic cylinders
and not by any of the synchronizing members, the syn-
chronizing members only have to be dimensioned to be
capable of equalizing the different frictional forces be-
tween the telescopic boom sections, which implies re-
duced requirements with respect to the strength of the
synchronizing members as compared to a synchronized
telescopic boom of conventional design where the syn-
chronizing members also have to carry the axial load on
the telescopic boom. Furthermore, since the axial load
on the telescopic boom is carried by the hydraulic cylin-
ders, thereis norisk that the telescopic boom will collapse
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in case one or more of the synchronizing members would
be broken off. In fact, the telescopic boom may continue
to function properly in such a situation, albeit with no syn-
chronized movement of the telescopic boom sections.
The reduced demands on the synchronizing members
and the associated direction changing members imply
that the synchronizing system may be constructed in a
space-saving manner and at comparatively low cost.
[0009] According to an embodiment of the invention,
each synchronizing member is associated with a pre-
tensioning mechanism, wherein each pre-tensioning
mechanism is configured to act on the associated syn-
chronizing member so as to keep it stretched out and
prevent it from slacking when the telescopic boom sec-
tions are axially displaced in relation to each other. Here-
by, problems associated with slacking synchronizing
members are avoided.

[0010] Further advantageous features of the telescop-
ic boom according to the present invention will appear
from the description following below and the dependent
claims.

[0011] The invention also relates to a hydraulic crane
having the features defined in claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theinvention willinthe following be more close-
ly described by means of embodiment examples, with
reference to the appended drawings. In the drawings:
Fig 1 is a schematic longitudinal section through a
telescopic boom according to a first embodi-
ment of the present invention,

Fig 2 is a schematic longitudinal section through a
telescopic boom according to a second em-
bodiment of the invention,

Fig 3 is a schematic longitudinal section through a
telescopic boom according to a third embodi-
ment of the invention,

Fig4a is a schematic lateral view of a pre-tensioning
mechanism included in the telescopic boom of
Fig 3, as seen with a compression spring of the
pre-tensioning mechanism in a compressed
state,

Fig4b isaschematiclateral view of the pre-tensioning
mechanism of Fig 4a, as seen with the com-
pression spring in an expanded state, and
Fig 5 is alateral view of a telescopic boom according
to a fourth embodiment of the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0013] Telescopic booms 1 according to different em-
bodiments of the present invention are illustrated in Figs
1-3. Each telescopic boom 1 is telescopically extensible
and comprises a hollow main section 2 and two or more
telescopic boom sections 3a, 3b, 3c carried by the main
section 2. The telescopic boom sections 3a, 3b, 3c are
tubular. The telescopic boom sections 3a, 3b, 3c are car-
ried by the main section 2 and displaceable in the longi-
tudinal direction of the main section by means of hydraulic
cylinders 4a, 4b, 4c for adjustment of the extension length
of the telescopic boom 1.

[0014] Each hydraulic cylinder 4a, 4b, 4c comprises a
cylinder tube 5, a piston (not shown) mounted inside the
cylinder tube 5 so as to be axially displaceable in relation
to the cylinder tube, and a piston rod 6 secured to the
piston. The hydraulic cylinders 4a, 4b, 4c are hydrauli-
cally connected to each other and jointly activated. The
hydraulic connection of the hydraulic cylinders to each
other is for instance implemented by connecting the cyl-
inder chambers on the piston side of the different hydrau-
lic cylinders to each other and further connecting the cyl-
inder chambers on the piston rod side of the different
hydraulic cylinders to each other. As an alternative, tel-
escopic cylinders may be used.

[0015] In the embodiment illustrated in Fig 1 the tele-
scopic boom 1 is provided with two telescopic boom sec-
tions 3a, 3b and in the embodiments illustrated in Figs 2
and 3 the telescopic boom 1 is provided with three tele-
scopic boom sections 3a, 3b, 3c, but the telescopic boom
may also be provided with more than three telescopic
boom sections. The telescopic boom 1 is telescopically
extendable by displacement of the telescopic boom sec-
tions 3a, 3b, 3c outwards in relation to the main section
2 and telescopically retractable by displacement of the
telescopic boom sections 3a, 3b, 3c inwards in relation
to the main section 2.

[0016] A first telescopic boom section 3a is received
in the main section 2 and is in sliding contact with an
inner wall thereof. A second telescopic boom section 3b
is received in the first telescopic boom section 3a and is
in sliding contact with an inner wall thereof. In the em-
bodiments illustrated in Figs 2 and 3, a third telescopic
boom section 3c is received in the second telescopic
boom section 3b and is in sliding contact with an inner
wall thereof. The main section 2 and the telescopic boom
sections 3a, 3b, 3c are in aconventional manner provided
with sliding elements (not shown) in order to allow the
third telescopic boom section 3c to be slidingly supported
against the second telescopic boom section 3b, the sec-
ond telescopic boom section 3b to be slidingly supported
against the first telescopic boom section 3a and the first
telescopic boom section 3a to be slidingly supported
against the main section 2.

[0017] The first telescopic boom section 3a is axially
displaceable in relation to the main section 2 under the



5 EP 3 753 897 A1 6

effect of a double-acting first hydraulic cylinder 4a, which
is configured to act between the first telescopic boom
section 3a and the main section 2. In the illustrated ex-
ample, the first hydraulic cylinder 4a is arranged with its
cylinder tube 5 fixed in axial position in relation to the
main section 2 and with its piston rod 6 fixed in axial
position in relation to the first telescopic boom section
3a. As an alternative, the first hydraulic cylinder 4a could
be arranged in the opposite direction with its cylinder tube
5 fixed in axial position in relation to the first telescopic
boom section 3a and with its piston rod 6 fixed in axial
position in relation to the main section 2. As an alternative
to using a double-acting hydraulic cylinder 4a for displac-
ing the first telescopic boom section 3a in relation to the
main section 2, it would also be possible to use one sin-
gle-acting hydraulic cylinder for displacing the first tele-
scopic boom section 3a axially outwards in relation to the
main section 2 and another single-acting hydraulic cyl-
inder for displacing the first telescopic boom section 3a
axially inwards in relation to the main section 2.

[0018] The second telescopic boom section 3b is axi-
ally displaceable in relation to the first telescopic boom
section 3a under the effect of a double-acting second
hydraulic cylinder 4b, which is configured to act between
the second telescopic boom section 3b and the first tel-
escopic boom section 3a. In the illustrated example, the
second hydraulic cylinder 4b is arranged with its cylinder
tube 5 fixed in axial position in relation to the first tele-
scopic boom section 3a and with its piston rod 6 fixed in
axial position in relation to the second telescopic boom
section 3b. As an alternative, the second hydraulic cyl-
inder 4b could be arranged in the opposite direction with
its cylinder tube 5 fixed in axial position in relation to the
second telescopic boom section 3b and with its piston
rod 6 fixed in axial positionin relation to the first telescopic
boom section 3a. As an alternative to using a double-
acting hydraulic cylinder 4b for displacing the second tel-
escopic boom section 3b in relation to the first telescopic
boom section 3a, it would also be possible to use one
single-acting hydraulic cylinder for displacing the second
telescopic boom section 3b axially outwards in relation
to the firsttelescopic boom section 3aand another single-
acting hydraulic cylinder for displacing the second tele-
scopic boom section 3b axially inwards in relation to the
first telescopic boom section 3a.

[0019] The third telescopic boom section 3c included
in the embodiments illustrated in Figs 2 and 3 is axially
displaceable in relation to the second telescopic boom
section 3b under the effect of a double-acting third hy-
draulic cylinder 4c, which is configured to act between
the third telescopic boom section 3c and the second tel-
escopic boom section 3b. In the illustrated examples, the
third hydraulic cylinder 4c is arranged with its cylinder
tube 5 fixed in axial position in relation to the second
telescopic boom section 3b and with its piston rod 6 fixed
in axial position in relation to the third telescopic boom
section 3c. As an alternative, the third hydraulic cylinder
4c could be arranged in the opposite direction with its
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cylinder tube 5 fixed in axial position in relation to the
third telescopic boom section 3¢ and with its piston rod
6 fixed in axial position inrelation to the second telescopic
boom section 3b. As an alternative to using a double-
acting hydraulic cylinder 4c for displacing the third tele-
scopic boom section 3c in relation to the second tele-
scopic boom section 3b, it would also be possible to use
one single-acting hydraulic cylinder for displacing the
third telescopic boom section 3c axially outwards in re-
lation to the second telescopic boom section 3b and an-
other single-acting hydraulic cylinder for displacing the
third telescopic boom section 3¢ axially inwards in rela-
tion to the second telescopic boom section 3b.

[0020] In the embodiments illustrated in Figs 1-3, the
hydraulic cylinders 4a, 4b, 4c are mounted inside the
telescopic boom 1, but they could alternatively be mount-
ed on the outside of the telescopic boom 1, as illustrated
in Fig 5. In the embodiment illustrated in Fig 5, the tele-
scopic boom 1 comprises six telescopic boom sections
3a-3f.

[0021] According to the invention, the telescopic boom
1 comprises a synchronizing system for synchronizing
the mutual axial displacements of the telescopic boom
sections 3a, 3b, 3c effected by the hydraulic cylinders
4a, 4b, 4c, wherein the synchronization is effected by
means of one or more elongated and flexible synchro-
nizing members 10, 10a, 10b, 20a-20d, for instance in
the form of belts, bands, wires, chains or the like, and
associated direction changing members 12a-12d, pref-
erably in the form of pulleys or rollers.

[0022] In the embodiment illustrated in Fig 1, the syn-
chronizing system comprises only one elongated and
flexible synchronizing member 10. A first point P1 on the
synchronizing member 10 is fixed in relation to the main
section 2 and a second point P2 on the synchronizing
member 10 is fixed in relation to the second telescopic
boom section 3b. The synchronizing member 10 extends
over a first direction changing member 12a fixed to the
first telescopic boom section 3a at an outer end thereof
and over a second direction changing member 12b fixed
to the first telescopic boom section 3a at an inner end
thereof.

[0023] The synchronizing member 10 and the direction
changing members 12a, 12b will together force the tele-
scopic boom sections 3a, 3b to move in a synchronized
manner during the extension and retraction of the tele-
scopic boom 1 effected by the hydraulic cylinders 4a, 4b.
[0024] When the first telescopic boom section 3a is
moved axially outwards in relation to the main section 2
under the effect of the first hydraulic cylinder 4a, the first
telescopic boom section 3a will exert an outwardly direct-
ed pulling force on the second telescopic boom section
3b via the first direction changing member 12a and the
synchronizing member 10. When the second telescopic
boom section 3b is moved axially outwards in relation to
the first telescopic boom section 3a under the effect of
the second hydraulic cylinder 4b, the second telescopic
boom section 3b will exert an outwardly directed pushing



7 EP 3 753 897 A1 8

force on the first telescopic boom section 3a via the syn-
chronizing member 10 and the second direction changing
member 12b.

[0025] When the first telescopic boom section 3a is
moved axially inwards in relation to the main section 2
under the effect of the first hydraulic cylinder 4a, the first
telescopic boom section 3a will exert an inwardly directed
pulling force on the second telescopic boom section 3b
via the second direction changing member 12b and the
synchronizing member 10. When the second telescopic
boom section 3b is moved axially inwards in relation to
the first telescopic boom section 3a under the effect of
the second hydraulic cylinder 4b, the second telescopic
boom section 3b will exert an inwardly directed pushing
force on the first telescopic boom section 3a via the syn-
chronizing member 10 and the first direction changing
member 12a.

[0026] In the illustrated example, the synchronizing
member 10 extends through interspaces between the
different sections 2, 3a, 3b of the telescopic boom 1,
wherein the synchronizing member 10:

- between its first point P1 and the second direction
changing member 12b extends in a gap 14 between
the main section 2 and the first telescopic boom sec-
tion 3a;

- between its second point P2 and the first direction
changing member 12a extends in a gap 15 between
the firstand second telescopic boom sections 3a, 3b;

- betweenitsfirst pointP1 and the first direction chang-
ing member 12a extends along the outside of the
first telescopic boom section 3a; and

- between its second point P2 and the second direc-
tion changing member 12b, extends along the inside
of the first telescopic boom section 3a.

[0027] The synchronizing member 10 illustrated in Fig
1 may as an alternative be replaced by two separate syn-
chronizing members in the manner illustrated in Fig 3
and described in further detail below.

[0028] In the embodiment illustrated in Fig 2, the syn-
chronizing system comprises a first synchronizing mem-
ber 10a arranged in the same manner as the synchro-
nizing member 10 illustrated in Fig 1. Thus, this first syn-
chronizing member 10a is configured to co-operate with
first and second direction changing members 12a, 12b
at opposite ends of the first telescopic boom section 3a
in order to synchronize the movements of the first and
second telescopic boom sections 3a, 3b.

[0029] In the embodiment illustrated in Fig 2, the syn-
chronizing system further comprises an elongated and
flexible second synchronizing member 10b. A first point
P3 on the second synchronizing member 10b is fixed in
relation to the second telescopic boom section 3b and a
second point P4 on the second synchronizing member
10bis fixed in relation to the third telescopic boom section
3c. The second synchronizing member 10b extends over
athird direction changing member 12cfixed to the second
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telescopic boom section 3b at an outer end thereof and
over a fourth direction changing member 12d fixed to the
second telescopic boom section 3b atan inner end there-
of.

[0030] When the second telescopic boom section 3b
is moved axially outwards in relation to the first telescopic
boom section 3a under the effect of the second hydraulic
cylinder 4b, the second telescopic boom section 3b will
exert an outwardly directed pulling force on the third tel-
escopic boom section 3c via the second direction chang-
ing member 12b and the second synchronizing member
10b. When the third telescopic boom section 3c is moved
axially outwards in relation to the second telescopicboom
section 3b under the effect of the third hydraulic cylinder
4c, the third telescopic boom section 3c will exert an out-
wardly directed pushing force on the second telescopic
boom section 3b via the second synchronizing member
10b and the fourth direction changing member 12d.
[0031] When the second telescopic boom section 3b
is moved axially inwards in relation to the first telescopic
boom section 3a under the effect of the second hydraulic
cylinder 4b, the second telescopic boom section 3b will
exert an inwardly directed pulling force on the third tele-
scopic boom section 3c via the fourth direction changing
member 12d and the second synchronizing member 10b.
When the third telescopic boom section 3c is moved ax-
ially inwards in relation to the second telescopic boom
section 3b under the effect of the third hydraulic cylinder
4c, the third telescopic boom section 3c will exert an in-
wardly directed pushing force on the second telescopic
boom section 3b via the second synchronizing member
10b and the third direction changing member 12c.
[0032] In theillustrated example, the second synchro-
nizing member 10b extends through interspaces be-
tween the telescopic boom sections 3a, 3b, 3c, wherein
the second synchronizing member 10b:

- between its first point P3 and the fourth direction
changing member 12d extends in a gap 16 between
the first and second telescopic boom sections 3a, 3b;

- between its second point P4 and the third direction
changing member 12c extends in a gap 17 between
the second and third telescopic boom sections 3b,
3c;

- between its first point P3 and the third direction
changing member 12¢ extends along the outside of
the second telescopic boom section 3b; and

- between its second point P4 and the fourth direction
changing member 12d, extends along the inside of
the second telescopic boom section 3b.

[0033] Inthe embodimentillustrated in Fig 3, each syn-
chronizing member 10a, 10b included in the telescopic
boom shown in Fig 2 is replaced by two separate syn-
chronizing members. In this case, the synchronizing sys-
tem comprises:

- afirstelongated and flexible synchronizing member
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20a, which has a first end E 1 fixed to the main section
2 and a second end E2 fixed to the second telescopic
boom section 3b, wherein the first synchronizing
member 20a extends over a first direction changing
member 12a fixed to the first telescopic boom section
3a at an outer end thereof;

- asecond elongated and flexible synchronizing mem-
ber 20b, which has a first end E3 fixed to the main
section 2 and a second end E4 fixed to the second
telescopic boom section 3b, wherein the second syn-
chronizing member 20b extends over a second di-
rection changing member 12b fixed to the first tele-
scopic boom section 3a at an inner end thereof;

- athird elongated and flexible synchronizing member
20c, which has a first end E5 fixed to the first tele-
scopic boom section 3a and a second end E6 fixed
to the third telescopic boom section 3c, wherein the
third synchronizing member 20c¢ extends over a third
direction changing member 12c¢ fixed to the second
telescopic boom section 3b at an outer end thereof;
and

- afourth elongated and flexible synchronizing mem-
ber 20d, which has a first end E7 fixed to the first
telescopic boom section 3a and a second end E8
fixed to the third telescopic boom section 3¢, wherein
the fourth synchronizing member 20d extends over
a fourth direction changing member 12d fixed to the
second telescopic boom section 3b at an inner end
thereof.

[0034] Between its first end E1 and the first direction
changing member 12a, the first synchronizing member
20a extends on the outside of the first telescopic boom
section 3a, and between its second end E2 and the first
direction changing member 12a, the first synchronizing
member 20a extends in a gap 15 between the first and
second telescopic boom sections 3a, 3b.

[0035] Between its first end E3 and the second direc-
tion changing member 12b, the second synchronizing
member 20b extends in a gap 14 between the main sec-
tion 2 and the first telescopic boom section 3a, and be-
tween its second end E4 and the second direction chang-
ing member 12b, the second synchronizing member 20b
extends on the inside of the first telescopic boom section
3a.

[0036] Between its first end E5 and the third direction
changing member 12c, the third synchronizing member
20c extends on the outside of the second telescopic
boom section 3b, and between its second end E6 and
the third direction changing member 12c¢, the third syn-
chronizing member 20c extends in a gap 17 between the
second and third telescopic boom sections 3b, 3c.
[0037] Betweenits firstend E7 and the fourth direction
changing member 12d, the fourth synchronizing member
20d extends in a gap 16 between the first and second
telescopic boom sections 3a, 3b, and between its second
end E8 and the fourth direction changing member 12d,
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the fourth synchronizing member 20d extends on the in-
side of the second telescopic boom section 3b.

[0038] Inthe embodimentillustrated in Fig 3, each syn-
chronizing member 20a-20d is associated with a pre-ten-
sioning mechanism 30, wherein each pre-tensioning
mechanism 30 is configured to act on the associated syn-
chronizing member 20a-20d so as to keep it stretched
out and prevent it from slacking when the telescopic
boom sections 3a-3c are axially displaced in relation to
each other. Each pre-tensioning mechanism 30 prefer-
ably comprises a compression spring 31 (see Figs 4a
and 4b), which is configured to exert a pulling force on
the associated synchronizing member 20a-20d.

[0039] Inthe example illustrated in Figs 4a and 4b, the
compression spring 31 is arranged between a support
member 32, attached to the telescopic boom section, and
a stop member 33, such as a washer, wherein the com-
pression spring 31 atafirstend is fixed to or abuts against
the support member 32 and at an opposite second end
is fixed to or abuts against the stop member 33. An elon-
gated rod 34 extends through a through hole in the sup-
port member 32, through the compression spring 31 and
through a through hole in the stop member 33, wherein
the stop member 33 is fixed to the rod 34 by means of a
nut 35, which is threaded onto a threaded end part of the
rod 34. An attachment 36 is fixed to the rod 34 at the
opposite end thereof. The synchronizing member 20a
has one of its ends fixed to the attachment 36 to thereby
allow the synchronizing member 20a to exert a pushing
force on the compression spring 31 via the rod 34 and
the stop member 33 when the synchronizing member
20a is subjected to tensile stress under the effect of the
associated direction changing member 12a, The spring
force stored in the compression spring 31 will then allow
the compression spring 31 to exert a pulling force on the
synchronizing member 20a via the stop member 33 and
the rod 34 if the tensile stress on the synchronizing mem-
ber 20a ceases, to thereby pull the end of the synchro-
nizing member 20a closer to the support member 32, as
illustrated in Fig 4b, and prevent the synchronizing mem-
ber 20a from slacking.

[0040] As an alternative, the above-mentioned pre-
tensioning mechanism 30 could be replaced by a corre-
sponding resiliency integrated in a part of the synchro-
nizing member 20a-20d itself.

[0041] The direction changing members 12a-12d are
preferably rotatably mounted to the telescopic boom sec-
tions.

[0042] The telescopic boom 1 according to the present
invention may for instance constitute a crane boom, as
illustrated in Fig 5, in which case the main section 2 of
the telescopic boom could be articulately connected to a
part 7 of a hydraulic crane 8, for instance a vehicle crane,
so as to be pivotable about a horizontal axis in relation
to this crane part 7.

[0043] The invention is of course not in any way re-
stricted to the embodiments described above. On the
contrary, many possibilities to modifications thereof will
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be apparent to a person with ordinary skill in the art with-
out departing from the basic idea of the invention as de-
fined in the appended claims.

Claims

1. Atelescopic boom comprising a main section (2) and
two or more telescopic boom sections (3a, 3b, 3c)
which are carried by the main section (2) and dis-
placeable in the longitudinal direction of the main
section,
wherein a first telescopic boom section (3a) is tele-
scopically mounted in the main section (2) and axially
displaceable in relation to it under the effect of a first
hydraulic cylinder (4a) which is configured to act be-
tween the first telescopic boom section (3a) and the
main section (2), and
wherein each further telescopic boom section (3b,
3c) is telescopically mounted in an adjacent tele-
scopic boom section (3a, 3b) and axially displacea-
ble in relation to it under the effect of another hydrau-
lic cylinder (4b, 4c) which is configured to act be-
tween this further telescopic boom section (3b, 3c)
and this adjacent telescopic boom section (3a, 3b),
characterized in that the telescopic boom (1) com-
prises a synchronizing system with one or more elon-
gated and flexible synchronizing members (10; 10a,
10b; 20a-20d) and associated direction changing
members (12a-12d), preferably in the form of pulleys
or rollers, wherein the synchronizing members and
the direction changing members are configured to
co-operate to synchronize the mutual axial displace-
ments of the telescopic boom sections (3a-3c) ef-
fected by said hydraulic cylinders (4a-4c).

2. Atelescopic boom according to claim 1, character-
ized in that a second telescopic boom section (3b)
@escopically mounted in the first telescopic boom
section (3a) and axially displaceable in relation to it
under the effect of a second hydraulic cylinder (4b)
which is configured to act between the first and sec-
ond telescopic boom sections (3a, 3b).

3. Atelescopic boom according to claim 2, character-
ized in:

-that the synchronizing system comprises afirst
elongated and flexible synchronizing member
(10; 10a), wherein a first point (P1) on the first
synchronizing member (10; 10a) is fixed in re-
lation to the main section (2) and a second point
(P2) onthe first synchronizing member (10; 10a)
is fixed in relation to the second telescopic boom
section (3b); and
- that the first synchronizing member (10; 10a)
extends over a first direction changing member
(12a) fixed to the first telescopic boom section
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(3a) at an outer end thereof and over a second
direction changing member (12b) fixed to the
first telescopic boom section (3a) atan innerend
thereof.

4. A telescopic boom according to claim 3, character-

ized in:
- that the first synchronizing member (10; 10a),
between its first point (P1) and the first direction
changing member (12a), extends along the out-
side of the first telescopic boom section (3a);
- that the first synchronizing member (10; 10a),
between its first point (P1) and the second di-
rection changing member (12b), extends in a
gap (14) between the main section (2) and the
first telescopic boom section (3a);
- that the first synchronizing member (10; 10a),
between its second point (P2) and the first di-
rection changing member (12a) extends in agap
(15) between the first and second telescopic
boom sections (3a, 3b); and
- that the first synchronizing member (10; 10a),
between its second point (P2) and the second
direction changing member (12b), extends
along the inside of the first telescopic boom sec-
tion (3a).

5. A telescopic boom according to claim 3 or 4, char-

acterized in:

- that a third telescopic boom section (3c) is tel-
escopically mounted in the second telescopic
boom section (3b) and axially displaceable in
relation to it under the effect of a third hydraulic
cylinder (4c) which is configured to act between
the second and third telescopic boom sections
(3b, 3c);

- that the synchronizing system comprises a
second elongated and flexible synchronizing
member (10b), which has a first point (P3) fixed
in relation to the first telescopic boom section
(3a) and a second point (P4) fixed in relation to
the third telescopic boom section (3c); and

- that the second synchronizing member (10b)
extends over a third direction changing member
(12c) fixed to the second telescopic boom sec-
tion (3b) atan outer end thereof and over a fourth
direction changing member (12d) fixed to the
second telescopic boom section (3b) at an inner
end thereof.

6. A telescopic boom according to claim 5, character-

ized in:
- that the second synchronizing member (10b),
between its first point (P3) and the third direction
changing member (12c), extends along the out-
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side of the second telescopic boom section (3b);
- that the second synchronizing member (10b),
between its first point (P3) and the fourth direc-
tion changing member (12d), extends in a gap

(20b) extends over a second direction changing
member (12b) fixed to the first telescopic boom
section (3a) at an inner end thereof.

14

(14) between the main section (2) and the first
telescopic boom section (3a); and

- that the second synchronizing member (20b),
between its second end (E4) and the second

(16) between the first and second telescopic 5 direction changing member (12b), extends
boom sections (3a, 3b); along the inside of the first telescopic boom sec-
- that the second synchronizing member (10b), tion (3a).
between its second point (P4) and the third di-
rection changing member (12c) extends inagap 10. A telescopic boom according to any of claims 7-9,
(17) between the second and third telescopic 10 characterized in:
boom sections (3b, 3c); and
- that the second synchronizing member (10b), - that a third telescopic boom section (3c) is tel-
between its second point (P4) and the fourth di- escopically mounted in the second telescopic
rection changing member (12d), extends along boom section (3b) and axially displaceable in
the inside of the second telescopicboom section 75 relation to it under the effect of a third hydraulic
(3b). cylinder (4c) which is configured to act between
the second and third telescopic boom sections
7. Atelescopic boom according to claim 2, character- (3b, 3c);

ized in: - that the synchronizing system comprises a

o 20 third elongated and flexible synchronizing mem-
-that the synchronizing system comprises afirst ber (20c), which has a first end (E5) fixed to the
elongated and flexible synchronizing member first telescopic boom section (3a) and a second
(20a), which has afirstend (E1) fixed to the main end (E6) fixed to the third telescopic boom sec-
section (2) and a second end (E2) fixed to the tion (3c), wherein the third synchronizing mem-
second telescopic boom section (3b), wherein 25 ber (20c) extends over a third direction changing
the first synchronizing member (20a) extends member (12c) fixed to the second telescopic
over a first direction changing member (12a) boom section (3b) at an outer end thereof; and
fixed to the first telescopic boom section (3a) at - that the synchronizing system comprises a
an outer end thereof; and fourth elongated and flexible synchronizing
- that the synchronizing system comprises a 30 member (20d), which has a first end (E7) fixed
second elongated and flexible synchronizing to the first telescopic boom section (3a) and a
member (20b), which has a first end (E3) fixed second end (E8) fixed to the third telescopic
to the main section (2) and a second end (E4) boom section (3c), wherein the fourth synchro-
fixed to the second telescopic boom section nizing member (20d) extends over a fourth di-
(3b), whereinthe second synchronizingmember 35 rection changing member (12d) fixed to the sec-

ond telescopic boom section (3b) ataninnerend
thereof.

11. A telescopic boom according to claim 10, charac-
terized in:

8. Atelescopic boom according to claim 7, character- 40
ized in:

- that the first synchronizing member (20a), be-
tween its first end (E1) and the first direction
changing member (12a), extends along the out-
side ofthe first telescopic boom section (3a); and
- that the first synchronizing member (20a), be-
tween its second end (E2) and the first direction
changing member (12a), extends in a gap (15)
between the first and second telescopic boom
sections (3a, 3b).

9. A telescopic boom according to claim 7 or 8, char-
acterized in:

- that the second synchronizing member (20b),
between its first end (E3) and the second direc-
tion changing member (12b), extends in a gap
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- that the third synchronizing member (20c), be-
tween its first end (E5) and the third direction
changing member (12c), extends along the out-
side of the second telescopic boom section (3b);
and

- that the third synchronizing member (20c), be-
tween its second end (E6) and the third direction
changing member (12c), extends in a gap (17)
between the second and third telescopic boom
sections (3b, 3c).

12. Atelescopicboom according to claim 10 or 11, char-
acterized in:

- that the fourth synchronizing member (20d),
betweenits firstend (E7) and the fourth direction
changing member (12d), extends in a gap (16)
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between the first and second telescopic boom
sections (3a, 3b); and

- that the fourth synchronizing member (20d),
between its second end (E8) and the fourth di-
rection changing member (12d), extends along 5
the inside of the second telescopic boom section
(3b).

13. A telescopic boom according to any of claims 7-12,
characterized in that each synchronizing member 70
(20a-20d) is associated with a pre-tensioning mech-
anism (30), wherein each pre-tensioning mechanism
(30) is configured to act on the associated synchro-
nizing member (20a-20d) so as to keep it stretched
out and prevent it from slacking when the telescopic 15
boom sections are axially displaced in relation to
each other.

14. A telescopic boom according to claim 13, charac-
terized in that at least one of said pre-tensioning 20
mechanisms (30) comprises a compression spring
(31), which is configured to exert a pulling force on
the associated synchronizing member (20a-20d).

15. Ahydraulic crane, characterized in thatthe hydrau- 25
liccrane (8) comprises a telescopicboom (1) accord-
ing to any of claims 1-14.
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