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Technical Field of the Invention
This invention relates to an extendible crane boom,
e.g. an outer boom, of the type comprising, in addition

to a tubular base boom section, at least three or four
boom sections telescopically arranged within the base
boom section and each composed of a tube and a holder
mounted at an outer end of the tube for connecting it to
a double-acting hydraulic cylinder which has a cylinderx
part and a piston rod, is located outside the associated
tubular boom section and serves to displace each boom
section out of and into an immediately preceding boom
section so as to lengthen and shorten, respectively, the
crane boom in its entirety.
Background Art

In prior-art crane booms of the above type, the
hydraulic cylinders required for extending and shorten-
ing the boom are positioned so that the extension units,
consisting of a boom section and an associated exterior
hydraulic cylinder, will have an increasing overall

height in the direction of the free end or tip of the

crane boom. For example, in a crane having four extension
units, the two cylinders of the first and the second boom
section are disposed in a common plane which is parallel
to the longitudinal extent of the boom and located com-
paratively close to the upper side of the base boom sec-
tion, while the cylinders of the third and fourth boom
sections are located in a common plane above or outside
the two first-mentioned cylinders, In this manner, the
overall height, counted as the centre distance between
the individual boom section and the associated hydraulic
cylinder, becomes greater at the outer two extension
units than at the inner ones. This difference in overall
height is further pronounced if, for lack of space, the

first and second cylinders and the third and fouxrth
-
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cylinders, respectively, cannot be arranged side by side
in common planes but must be arranged in the same verti-~
cal plane through the crane boom. In those cases, the
difference in overall height becomes excessive. The fact
that the differen? extension units will have an increas-
ing overall height towards the boom tip entails a number
of inconveniences in actual practice. Besides the crane
boom having a structurally/aesthetically less attractive
appearance when in the extended or maximally lengthened
state, the fact that the outermost extension unit has the
largest overall height causes difficulties in operating
the crane in certain situations. One example of such a

'situation is the case when a load suspended from the tip

of the crane boom is to be passed through an opening of
limited size, such as a window opening in a building. The
large overall height of the outermost extension unit
makes this unit difficult to manoeuvre through the open-
ing. In addition, the crane boom will never be exactly
straight when in the extended, loaded state, but will
instead have a more or less pronocunced bow shape (banana
shape). When, therefore, a load at the tip of a crane
boom introduced through such an opening is released from
the tip, the bow-shaped crane boom will spring back

- towards a more rectilinear shape. There is then a mani-

fest risk that the piston rod of the outermost, third or
fourth cylinder bumps against the frame of the opening
and is damaged. Another drawback resulting from the over-
all height of the different extension units increasing
towards the crane tip is that the cylinder holders {or
"noses”) of the outer unit or units become large-sized,
unwieldy and expensive.
Objects and Features of the Invention

The present invention aims to overcome the above-

mentioned drawbacks and provide an extendible crane boom

which is easy to operate also in cramped spaces and

which, additionally, has an aesthetically attractive
appearance. According to the invention, this object is
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achieved by means of the features recited in the charac-
terising clause of appended claim 1.

Other preferred features of the inventive crane boom
will appear from the dependent claims.
Brief Description of the Accompanying Drawings

In the drawings,
Fig. 1 is a partially cut and partially simplified per-

spective view of a crane boom according to the

invention shown in an intermediate position
between maximum and minimum crane boom length,
and

Fig. 2 schematically illustrates a duct system for feed-
ing hydraulic oil between different hydraulic
cylinders included in the crane boom.

Detailed Description of a Preferred Embodiment of the

Invention

The crane boom shown in Fig. 1 comprises a base boom
section, generally designated 1, and four boom sections
2, 3, 4 and 5 arranged telescopically therein. In prac-
tice, the illustrated crane boom may - -advantageously con-
stitute the outer boom of a knuckle boom crane, the base
boom section 1 being articulated at its rear end (not
shown) to the first boom section of the crane. However,
it should be emphasised that the concept of the invention

is in no way restricted to outer booms. Thus, the inven-

tive concept described below is applicable to any type of
crane that requires an extendible crane boom, such as
pin-boom-type cranes or the like. In Fig. 1, numeral 6
designates an upper side and 7 an underside of the crane
boom. It should however be pointed out that the terms
"upper side" and "underside" as used herein basically
express a temporary state, e.g. when an outer boom is
extending approximately horizontally from an associated
first boom section. In other working positions, in which
the crane boom is pivoted 90° or more from such a hori-
zontal position, the upper side 6 is however turned down-

wards and the underside 7 upwards. With a view to facili-
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tating the following description of the crane boom, it
should also be pointed out that the base boom section 1
is in an inner or rear position relative to the free
outer end or tip of the boom.

Not only the base boom section 1 but also each of
the boom sections 2, 3, 4, 5 are in practice made of
tubes or tube sections which in the illustrated example
have a hexagonal cross-sectional .shape, the boom seqtibns
having gradually decreasing cross-sectional dimensions,
so that the tube 2 can be inserted in the tube 1, the
tube 3 in the tube 2 and so forth. Each telescopic boom
section or tube 2-5 is provided at its outer or free end
with a holder 8, 8', 8", 8" serving to connect the
individual telescopic tube to an associated hydraulic
cylinder, generally designated 9, 9', 9" and 9'’, respec-
tively. Each such hydraulic cylinder is double-acting in
known manner and incorporates a cylinder part 10 and a
piston rod 11, which is movable out of and into the asso-
ciated cylinder part. It should be noted in particular
that the hydraulic cylinders 9', 9" and 9" of the three
outermost telescopic tubes 3, 4, 5 are so oriented thet
the piston rods 11 point towards the tip of the crane
boom, while the hydraulic c¢cylinder 9 of the telescopic
tube 2 is turned in the opposite direction, i.e. has its
cylinder part 10 connected to the holder 8, while the
piston rod is directed towards the inner end of the crane
boom and is connected {(in a manner not shown) to the base
boom section 1.

According the inventive principle, the hydraulic
cylinders 9" and 9" of the outer two telescopic tubes 4
and 5 are arranged in a first plane which is located
inwardly of or below a second plane, in which the two
hydraulic cylinders 9, 9' of the telescopic tubes 2 and 3
are located, as clearly seen in Fig. 1. In this way, the
overall height of the two outermost boom sections, count-
ed as the centre distance between the individual telesco-
pic tube 4, 5 and the associated hydraulic cylinder 9"
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and 9'', respectively, is minimised. To enable this loca-
tion of the outer two hydfaulic cylinders under the two
inner ones, the holder 8 of the first telescopic tube 2
is in this case provided with two passages 12, 12',
through which the cylinder parts 10 of the two hydraulic
cylinders 9", 9" can pass freely forwards or rearwards.
Moreover, the holder 8 includes an articulation or hinge
connection 13 which connects the first hydraulic cylinder
9 to the holder 8 in such a manner that the cylinder can
be pivoted at least slightly in relation to the holder.
This pivotal movability is necessary to permit taking up
irregularities which in practical use occur in the trans-
latory displacement of the telescopic tube 2 relative to
the base boom section 1. The holder 8 further includes an
attachment, generally designated 14, for the cylinder
part 10 of the hydraulic cylinder 9'. In practice, this
attachment advantageously is in the form of a plate
rigidly connected to the holder and formed with a plura-
lity (e.g. four) of holes for receiving screws 15, by
means of which the cylinder part 10 is connected to the
plate 14 via a coupling 16 which enables adjustment of
the axial position of the cylinder part 10. By means of
this coupling, which is described in more detail in
Applicant's Swedish Patent Application 9301338-1, the
cylinder can be quickly and easily set in an axial posi-
tion which is exactly parallel to the longitudinal axis
of the base boom section 1, without necessitating any
excessive tolerance requirements to be placed on the
fixing plate 14 or the holder. It should also be noted
that the fixing plate 14 has a central hole 17, through
which the piston rod 11 of the hydraulic cylinder 9' can
pass freely.

Similarly, the second holder 8' has a passage 12"
for the cylinder part 10 of the hydraulic cylinder 9",
an attachment 14' for the cylinder part of the hydraulic
cylinder 9", as well as an articulation 13' connecting
the free end of the piston rod of the hydraulic cylinder
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9" to the holder 8'. The articulation 13' is located in a
plane outside the plane in which the passage 12" and the
attachment 14' are both located.

The third holder 8" has no cylinder passages of the
above-mentioned type, but includes an attachment 14" and
an érticulation 13" connecting the piston rod of the
hydraulic cylinder 9" to the holder 8*".

Finally, the fourth holder 8"’ includes but one arti-
culation 13’" which connects the piston rod of the hydrau-
lic cylinder 9" to the free end of the outer telescopic
tube 5. Moreover, the outer holder 8" may either itself
form a tool carrier or be connected to a tool carrier of
any suitable type.

In the construction shown in Fig. 1, the outer two
hydraulic cylinders 9", 9’ are movable back and forth in
a plane located between the upper side of the crane boom
or the base boom section 1 and the inner two hydraulic
cylinders 9, 9'. Moreover, like the pair of inner cylin-
ders 9, 9', the pair of outer cylinders 9", 9’ are advan-
tageously located in a common plane which, as -also seen
in the lateral direction, is substantially parallel to
the transverse plane of the crane boom, i.e. the longi-
tudinal or centre axes of the cylinders 8”, 9 (and of
the cylinders 9, 9') are located at the same distance
from the centre axis or the transverse plane of the crane
boom. Moreover, the two cylinders of both the outer pair
9", 9" and of the inner pair 9, 9' are located substan-
tially within the crane boom width which is determined by
the distance between the two opposite long side surfaces
of the base boom section 1. In other words, parts of the
cylinders will not project laterally from the long side
surfaces of the base boom section 1 when the crane boom
is shortened to minimum length.

Reference is now made to Fig. 2 illustrating how the
cylinder part 10 of each of the hydraulic cylinders 9,
9', 9" and 9" contains a piston 18 connected to the asso-

ciated piston rod 11 and dividing the interior of the
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cylinder part into a positive chamber 19 and a negative
chamber 20. It should be observed that the piston rod 11
of the first, inner hydraulic cylinder 9, as intimated
above, is facing in the opposite direction from the asso-
ciated piston as compared with the piston rods of the
other hydraulic cylinders 9', 9" and 9. According to a
special feature of the invention, the piston rods 11 of
all the hydraulic cyiinders, save the outermost, here the
fourth cylinder 9, are provided with two hydraulic oil
ducts 21, 22, of which a first 21 communicates with the
positive chamber 19 of the associated cylinder part 10
while the other 22 communicates with the negative chamber
20 of the same cylinder. Further, the cylinders are con-
nected to each other via external, first and second
intermediate ducts 23 and 24, respectively. More speci-
fically, the intermediate duct 23 connects the positive
chamber 19 of the cylinder 9 to the positive chamber .of
the cylinder 9'. The intermediate duct 23' connects the
positive chamber of the cylinder 9" to the first duct 21
provided in the piston rod of the cylinder 9' and commu-
nicating with the positive chamber of the cylinder 9'.
Similarly, the intermediate duct 23" connects the posi-
tive chamber of the hydraulic cylinder 9" to the first
piston-red duct 21 in the cylinder 9" which communicates
with the positive chamber of this cylinder. Thus, the
intermediate ducts 23, 23’ and 23" thus form, together
with the first piston-rod ducts 21, a first duct system
which connects the positive chambers of all the cylinders
to each other. Analcogously, the intermediate ducts 24,
24' and 24" form, together with the piston-rod duct 22,

a second duct system which connects the negative chambers
of all the cylinders to each other. It will be appreciat-
ed that when hydraulic oil is fed into the positive cham-
bers of the cylinders (by feeding oil to the duct 21 in
the piston rod of the inner hydraulic cylinder 9) while
simultaneously evacuating a corresponding amount of oil

from the negative chambers of the cylinders, the cylin-
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ders will be extended concurrently with an extension of
the entire crane boom shown in Fig. 1. Conversely, the
crane boom will be shortened if hydraulic oil is fed to
the negative chambers of the cylinders by feeding hydrau-
lic oil to the second duct 22 in the piston rod of the
first hydraulic cylinder 9 while simultaneously evacuat-
ing oil from the positive chambers through the first duct
system.

An essential advantage gained by arranging the first
hydraulic cylinder 9 with the piston rod facing inwards
is that it becomes easier to mount the conduits, in that
the cylinder parts 10 of the two cylinders 9 and 9' will
not be displaced relative to each other when the crane
boom is extended and shortened. A highly contributory
factor in this respect also is the provision of the ducts
21, 22 inside the piston rods of the cylinders 9' and 9",
whereby the intermediate ducts used can be designed as
short, fixed conduits, which need not be flexible hoses.

The advantages of the invention are obvious. By
arranging the hydraulic cylinders of the outermost tele-
scopic tube or tubes in one plane below or inwardly of
the cylinders of the inner two telescopic tubes, the
outer extension units will in all have a minimum overall
height, i.e. the distance between each pair of cooperat-
ing telescopic tube and hydraulic cylinder in the two
outermost extension units is minimised. This gives not
only an attractive appearance to the crane, especially
when maximally extended, but also a significantly improv-
ed manoeuvring performance when introducing the crane tip
into cramped spaces. Another essential advantage is the
reduction of the size and, hence, of the weight of the
required holders 8 ("noses").

Conceivable Modifications of the Invention

It is understood that the invention is not restrict-
ed only to the embodiment described above and illustrated
in the drawings. Although the invention has been exempli-
fied with respect to a crane boom comprising, in addition
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to precisely four telescopic tubes or extension units,
the base boom. section proper, the invention is applicable
also to such crane booms as incorporate a larger number
or only three telescopic tubes. In the latter case, the
two outermost hydraulic cylinders are suitably arranged
in a common plane inwardly of 6r below the inner hydrau-
lic cylinder (by comparison with Fig. 1, the inner tele-
scopic tube 2 may then be regarded as replacing the base
boom section 1, and one of the inner two hydraulic cylin-
ders is dispensed with). In particularly narrow crane
booms, it is also conceivable within the scope of the
invention to arrange 2ll the hydraulic cylinders in a
common vertical plane instead of arranging them pairwise

beside each other, as exemplified in Fig. 1.
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‘CLAIMS

1. An extendible crane boom, e.g. an outer boom, of
the type comprising, in addition to a tubular base boom
section (1), at least three or four boom sections (2, 3,
4, 5) telescopically arranged within the base boom sec-
tion and each composed of a tube and a holder (8) mount-
ed at an outer end of the tube for connecting it to a
double-acting hydraulic cylinder (9, 9', 9%, 9"”) which
has a cylinder part (10) and a piston rod (11), is locat-
ed outside the associated tubular boom section and serves
to displace each boom section (2, 3, 4, 5) out of and
into an immediately preceding boom section so as to
lengthen and shorten, respectively, the crane boom in its
entirety, characterised in that the third
and/or the fourth hydraulic cylinder (9", 9'') are located
in a first plane which is substantially parallel to the
longitudinal extent of the boom and located inwardly of
or below a second plane in whiéh at least one of the two
first and second hydraulic cylinders (9, 9') is located,
so as to minimise the overall height of the outermost
boom sec?ion or sections, counted as the centre distance
between the telescopic tube concerned and the associated
hydraulic cylinder.

2. A crane boom as claimed in claim 1, charzxr -
acterised in that the holder (8) of the first
telescopic boom section (2) closest to the base boom sec-
tion (1) comprises an articulation (13) which connects
the holder to the associated first hydraulic cylinder (9)
in such a manner that the cylinder is pivotable relative
to the holder, an attachment (14) for the cylinder part
{10) of a second hydraulic cylinder (9') for operating
the second telescopic boom section (3) movable within the
first telescopic boom section (2), the piston rod (11) of
the second hydraulic cylinder (9') being movable back and
forth through said attachment (14), and at least one pas-
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sage (12, 12'), through which the cylinder part (10) of
at least a third hydraulic cylinder (9") for operating
the third telescopic boom section (4) is freely movable
back and forth, at least said articulation (13) being
located in said second plane outside said first plane, in
which at least said passage (12, 12') is located.

3. A crané boom as claimed in claim 2, comprising,
in.addition to the base boom section (1), four telescopic
boom sections (2, 3, 4, 5), characterised in
that the holder (8) of the first telescopic boom section
(2) closest to the base boom section (1) comprises two
passages (12, 12'), through which the cylinder ﬁarts (10)
of a third as well as a fourth hydraulic cylinder (9",
9"") are freely movable back and forth and which are both
located in said first plane closest the base boom section
while said articulation (13) and said attachment (14) are
located in a common second plane outside the first.

4. A crane boom as claimed in any one of the preced-
ing claims, characterised in that the first
hydraulic cylinder (9) has its cylinder part (10) con-
nected to the holder (8) of the first telescopic boom
section (2) and its piston rod (11l) connected to the base
boom section (1), i.e. the piston rod (11) extending
rearwards from the cylinder part (10), and that each of
the other hydraulic cylinders (9', 9", 9') has its
cylinder part (10) connected to the associated holder
(8', 8", 8") in the area of a front or outer end thereof,
each piston rod (11) extending forwards from the cylinder
part. -

5. A crane boom as claimed in any one of the preced-
ing claims, characterised in that the piston
rods (11) of all the hydraulic cylinders, with the excep-
tion of the outermost third or fourth cylinder (9''), have
formed therein two hydraulic oil ducts (21, 22), of which
a first (21) communicates with a positive chamber (19) in
the associated cylinder part (10) and a second (22) with
the negative chamber (20), and that first and second
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intermediate ducts (23, 24) for hydraulic oil connect the
different hydraulic cylinders (9, 9', 9", 9') to each
other, more specifically in such a way that the positive
chambers (19) of all the cylinders communicate with each
5 other in a first duct system (21-23) and the negative
chambers (20) in a second duct system (22-24) which is

separate from the first.



