- 1 Lifting machine The present invention concerns a

machine for lifting and handling |oads with an

orientable articulated placing jirb, conprising a nmast

with a rotating pivot, an articulated jib conprising

a jib foot, articulated at its first end on the top

of the mast by neans of.% horizonéal rotation shaft, a

jib head nmenber artic ion by neans of

a horizontal articulation shaft on the second end of

t he jThe fmotsemnt | 1dvehol oh ngorssen®dl y waspihsi fgralifting and

| east o stanchion, a jib olding line and a_ noving,,
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on construction _sites, use s nornally made of cranes
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In certain circunstances, for exanple when sites are
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orientable placing jib are preferred to them Cranes
hod ding 39Ty PPERT hgip9 bahaleashecngvaneagbion, a jib
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oy driparsbi e hekdimei bhee:. The force of the deadwei ght

of a jib operating in luffing working node varies

consi derably between the positions of the jib close to

t he ordrndsant dio andl et hai sl hosy teoDHnlchrdseon ocvhetruct ion
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dg&g1f£§ahoré;§ntal. The docunent DE 3438937 descri bes
TE T ane i ?1%1?%*??n@eaT?b, with a platformat the

top of the mast, carrying a counterwei ght disposed at
one 339 of a rocking arm_ The osition of the armis
t

sl av CHIE A GNP RRETON T treample when sites are

crowded or when legislation prohibits travelling over land
adjacent to the site, cranes with a luffing and corientable
placing jib are preferred to them., Cranes with a luffing
placing jib have the advantage, compared with cranes with a
horizontal jib, of being able to bring locads to greater
heights, for comparable mast heights. The force of the
deadweight of a jib operating in luffing working mode varies
considerably between the positions of the jib close to the
horizontal and the raised position close to the vertical. This
is why this type of crane is sometimes provided with a moving
counterweight, the position of which varies according to the

angle formed by the jib with the horizontal.

The document DE 3438937 describes a crane with a luffing
jib, with a platform at the top of the mast, carrying a
counterweight disposed at one end of a rocking arm. The

position of the arm is slaved to the angular position of the




- 2 jib, fixed to the other end of the rocking arm
so that the counterweight is situated close to the
rotation axis of the nmst when the jib is raised, and
noves away fromit in a pendu ar novenent when the
jib inclines towards the horizontal. This device
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cument EP 379448 descrihes a_luffing
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supplying a very high torque.

Use can also be made of cranes of the port type, with an
articulated orientable horizontal placing jib, effecting a
movement of the load, moving the latter respectively away from
and closer to the pivot axis of the crane by the deployment
and respectively the retraction of the jib. The moment of the
inherent weight of a jib of this type varies considerably
between the deployed position of the jib and the position
folded back towards the mast. It is difficult to balance these

variations in force by a single moving counterweight.

The document DE 1260733 describes a crane of this type

and proposes to reduce or even omit the counterweight and use



- 3 adstribution return cable, fixed to the end of
the tip of the jib head nenber, cooperating with a
jib holding cable acting on the end of the counter
jib head nenber, via stanchiofps_and return pulleys,
these two cabl es being actuated by w nches. The use

of, .t hese Wi nches requir nmotors with ver i ‘
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of the articulations of the extending jib, this crane
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v8a"highhegkghei ght when the tip of the jib is raised
remai nS relatively small, and cannot exceed an angul ar
anplitude greater than 30 with respect to the

hor i zept ala « IHe ?§t§@b5§9?'h8§E%?BeFP 103174859b1EN€: £ring
applicant” describes a collapsible |?t|ng nachi ne
mapghnanWbitbnﬂambéneslébﬁngfﬁﬁbtceéabl@r@ﬁemmﬂkhn@nin
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oul at i “end of . . thi
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Li.b, head mber. ti.p. . Th ounter jib head,menber _and. . .
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menber .can cone into alignment in rajsed rkjng.
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t he maxi num hook hei ght of the machine. This device

uses a distribution, cable not held by guides over a

gr eat TPengehetheAPPL AESF BN §Pal RB<Y 78nPifr &Py applicant
dQSBEQM@Q;aaﬂglmﬁﬁgﬁbﬁﬁeﬂﬁﬁ@&ﬁg &%@ﬂﬁ%@sw@Ehﬁ%&bUﬂﬂéﬁtable
Dhhrne iB caBable” oF warking Th artieulared mods of luffing
mode. The jib consists of a jib foot, the first end of which
is mounted on the top of the mast, and a jib head member
mounted for articulation on the second end of the jib foot,
this jib head member being delimited by this articulation in
two parts, namely a counter jib head member and a jibk head
member tip. The counter 3ib head member and the part of the
jib foot closest to the articulation are conformed so that the
jib foot and the jib head member can come into alignment in
ralsed working mode, which increases both the horizontal reach
and the maximum hook height of the machine. This device uses a
distribution cable not held by guides over a great length when
the jib is almost entirely deployed, and hence there are

problems of stability in rotation and distribution under load

and a facing wind.



- 4 The patent application WO 02/04336 of the

applicant describes a collapsible lifting nmachi ne and

tower cranes, with |luffing articulated orientable

placing jibs, and with inclingble jib head nenbers.

The part of the jib foot close to the jib head member

and the counte I b, head, menper v conjugat e sh
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ste rans is arranged at the articul ation
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start which does not have the drawbacks nentloned
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same character of versatility |n use as that

descri bed in the docunent WO
However, the functioning of such a counterweight system

may prove to be tricky to adjust. The length of the arm of the
pendular counterweight gives rise to a large space reguirement
below the platform. In addition, the mechanism of the
articulation of the jib, consisting of jacks, is relatively
expensive, its control lacks precision and its weight helps to

make the whole of the jib heavier.

The aim of the present invention is to propose a lifting
machine of the type defined at the start which does not have

the drawbacks mentioned above.

The aim of the present invention is in particular to
propose a lifting machine having the same character of

versatility in use as that described in the document WO



- 5 02/04336 whilst |owering the manufacturing cost,
sinplifying wuse and, in addition, reducing the space
requi renent below the platform These ains are

achi eved by virtue of a countetweight nade to follow

a gU|d|ng track with a varlable sl ope (a), integra
e rota |vot ortln the. s
ot bt s Shet' SvBR{B spRoRRburaRE T EpS ket snspe1 i tying

usheandarnataddstnnnsl@péuéahgathecbpaee sequhatmehe below the
goggterm5|ght exerts a set of variable forces on the
Ps3F4°TT'b and on the structure of the said machine,
contributing to balancing the machine during
novengnt s of dep%génent/retractlon of the |

ib in .
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the structure of = the machine fixed to the guiding

CEERER, at ARS ©6r yaeibblagiarckgneni theobBatle Jdbseagcen the
sgﬁg@@ﬁgetBEeEﬂHnEEEﬁethhlﬁ@d Egﬁtrﬁﬁhﬁlﬂ E%fﬁ%&%hcing the

also t ocal "sl ope ‘at the position
meghhnerderghg.mﬁhempnbshoEddnglaygemmVyebﬁathQOMibﬁim@e jib

; LE rdi . I nvention can conprise only
lgﬁépkgﬁa%%ggﬁiQSQQlﬁg %§8ﬁ0mever, preferable to enpl oy
a set of two lines and two stanchions with their

respe Lve return S ein an

o aibac ekt BafiteRiR gkt pierR, Siengalid"98e i
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closur bel ow de cr be reason

1B PERE ahc Pb walkB s BBt hn CRy e nRERIng1obe OF the
gﬁmdhﬁQEGrabkhaQHEhEObGB@@1oh|6@ thb apRinteswall@it.S The moving

mutandis.to a Liftin nachlne %glpped W th two
cppﬂggrwe1ght also exerts bearing force on the guiding
track, which results in a torque exerted on the structure of
the machine fixed to the guiding track, this torque being a
function of the distance between the counterweight and the

axig of the mast, and alsoc the local slope at the position of

the counterweight.

The jib holding assembly of the lifting machine
according to the invention can comprise only one holding line.
It is however, preferable to employ a set of two lines and two
stanchicns with their respective return pulleys, the lines
being arranged and attached on each side of the jib, disposed
symmetrically with respect to the symmetry plane thereof. The
disclosure below describes, for reascns of didactic
simplification, a lifting machine equipped with one holding
line. It applies mutatis mutandis to a lifting machine

equipped with two lines,



- 6 The guiding track according to the invention is
arranged opposite to the jib, that is to say, seen in
vertical projection on a horizontal plane, it extends
in the direction opposite to ¢he projection of the
jib, with respect to the rotation axis of the mast.
Moreover, in side view, it has a curved profile, the
variations in slope being chosen by the nanufacturer
accorﬂhaggmbdihg toacksarequiiad by the jihbenthen is arranged

ra r.ef er has inits first porti
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to mnimse the friction forces, the noving

counterwei ght is provided with running means, such as
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one or nbre rails on runni ng neans
ctopestShehthe mamhing teackleoas, béoﬁﬁ@d@@é@ engdiwpe of a
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counterME|gﬁ Can 'consist of ‘a’crab wit
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L P e e N ol
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where the guiding track fornms an angle a with the
hori zontal, exerts on the one hand a return force F on
the jphefefabVira thechakd Bg hinemand the ketidtAon forces,

t g|%8 ?hgagguggegaglgageas provided with running means, such
ag wheels or recllers, and the guiding track can comprise one
or more rails on which the said running means roll. Such a
running track can be produced by means of a pair of curved
rails, parallel to each other, and the counterweight can
consist of a crab with rellers, able to move on these rails,

and ballast elements carried by the said crab.

The guiding track could also consigt of a plurality of
rollers on which the moving counterweight slides, or any

equivalent mechanical system.

A counterweight of weight P placed on the guiding track,
when it 1s situated at a distance x from the axis of the mast,
in an area where the guiding track forms an angle o with the

horizontal, exerts on the one hand a return force F on the jib




hand a bearing force on the guiding track which
generates a torque C exerted on the crane structures,
opposi ng the torque exerted by the inherent wei ght of
the jib and the lifting |load.- pn.the nmast. As a first
approxi mation, these forces correspond to the two
t e r tiV ar al lsel
vEATRaR ot the BErEoSh sl FEFRER BUSAY R BhiLaFhe ocher
hend P kegtrihy FHoweweon aheogdndgngotrhek|whenhlganeaates a
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egerde@gb?rahk imHerbytt heighanefmahaf adbuned. thkelifting load
o Eéance ﬁ of the counterweight with respect to the
Axr$®of*the mast being itself a decreasing function
of the angle forned by the jib foot with the
horlz}?ntalf because of .t he, conneﬁtlon via the hold ad h
i ne, 25 the thot cRPBF CFhBpILBFT | & 8Fet58r§EFdFR§rF?B8 to the
tascostbogehs bbechaveatton FﬁkeéspchQ$§ﬂ?|9aEallel and
nodul return conponent of i.b, so that all
P?ﬁ%ngfﬁP aﬁnHObEQ?lnE géP@eEraﬁ to 9lcally bal ance
the crane during the novenents of the <crane in
articul ated worki ng node, and can assist the
mechahi &n? oimechani sns operating t{Aé depl oynent and
retraction of the jib, such as jac not ors and
wi nchess Tf* the crane is operatlng Fﬁ | uf fi ng node,
this return conponent automatically assists the jib
[ uffing mechanism Equations (1) and (11) are given
only Byweagrof accbrdshgatbonhef ihkenpibnei pl gasfieshas a
i nvention. They do not take account of correction
fraet 6pP8 PEI At | ﬁaet bupRé ipsspikdnbeirg defpgmgped by the
chbevat bencpk EH?V%@”FE%E h cOBRVELY gBlPHﬁ t acg made by the
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extent of the protection sought.
function of the angle formed by the jib foot with the

horizontal, because of the connection via the holding line,
the choice of the profile of the guiding track according to
the invention makes it possible to modulate a return component
of the jib, so that all the return and bearing forces
automatically balance the crane during the movements of the
crane in articulated working mode, and can assist the
mechanism or mechanisms operating the deployment and
retraction of the jib, such as jacks, motors and winches. If
the crane is operating in luffing mode, this return component

automatically assists the Jjib luffing mechanism.

Equations (I) and (II) are given only by way of
illustration of the principle of the invention. They do not
take account of correction factors relating to the positiocns
in terms of elevation of the centre of gravity of the

counterweight, the attachment points of the holding line or



The use of this variable return conponent in |uffing

or articulated working node or with an inclinable jib

head nenber nmkes it possible to enpl oy mechanica

| uffing devices offering | owergnaxi nrumtorque and
maxi mum power. The use of this variable return
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for exanple electric winches, in order to operate the

jib in articul ated working nnde for the horizontal
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is also |l ess and easi er . The counterm5|ght system
accorghn to t nvention ap ed - to
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cbmnnaﬂhengatmalhoaaumbﬁenghplbmpmbymeh@ BECchieses powvkhful ,
an articulated and luffin or again - to machines
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jptbsheﬂdrnEﬂﬁﬁpleTBEe@@ﬁﬂbeWﬂﬁbng syst epyaecendopgrh@e the
the.inventio a artic Iar be used f or machi nes
Frdewonky

I Mok’ FFHicy PE ™PESt LQFt FREI BPEdZ8RtRRe top

dosttieutesh by the flbhgk.end, a jib head menber
articulated for rotation at the second end of the jib
foot, the said jib head nenber conprising on each side

-9 ?ﬁelféa@tibﬁutﬂ&éoﬂfaéhSeP@cEP§cJh@t&@oﬁystem is more
respecti vel jib head nenber tip and a counter jib
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diggdﬁaﬂaé§éd1b§ bgad QEHPeieH ¥hngg EHEJegﬁhﬁl%Eap%ﬁe use of
enabl in I b hea menber Tip to cone into
an electrlc mo or system therefore improves the comfort of the

crane drive. Finally, maintenance is also less and easier.

The counterweight system according to the invention can
be applied

- to lifting machineg with an articulated placing jib or

- to machines with a luffing jib, or

- to machines with an articulated and luffing jib, or
again

- to machines with an articulated and luffing jib and an

inclinable jib head member.

The counterweight system according to the invention can
in particular be used for machines whose jib comprises a jib
foot articulated at the top of the mast by its first end, a
7ib head member articulated for rotation at the second end of

the jib foot, the said jib head member comprising on each side



a position aligned wwth the jib foot in the luffing
wor king position, the end of the jib holding line
being fixed to the |jib head nenber. The counterwei ght
system according to the inventd on can be used not
only for tower cranes but also for lifting machines
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other embodiments, the second end of the jib foot can have the
form of a fork with two armg and the counter jib head member
come to be housed in the space between the two arms. According
to yet other embodiments, the jib foot consists of two
parallel beams and the counter jib head member comesg to be
hcused in the sgeparation between the two beams. When the jib
foot is produced in the form of a fork or in the form of two
beams, the jib can comprise a jib foot / jib head member
locking device such as those described in the document

WO 02/043336.

According to a preferred embodiment, the rotation of the
Jib head member about the second end of the jib foot is
effected by means of a system of opposing cables wound and

unwound by means of electric winches. According to a



t he i nherent weights of the wi nches as far as possible
towards the centre of the mast. This | ocation
i mproves nmi ntenance because the wi nches are situated
close to the rotated pivot,. {hat is to say the
platform According to another preferred enbodi nent,
the rqtatio af the jib head nber _abqut end
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are detailed views illustrating the functi oni ng of
the Other characteristics and advantages cof the invention
will be clear to a perscon skilled in the art from the
following description of particular embodiments in relation to

the drawing, in which:

- fig. 1 presents two schematic views, profile at la and
front view at 1b, of a site crane according to the invention,
mounted on a caterpillar track, with the jib folded and
raised, the jib head member being folded against the jib foot;

- fig. 2 is a schematic profile view, of a counterweight
guiding track;

- fig. 3 compares the variations of the return force of
a counterweight according to the invention with those of
counterweights of the prior art;

- fig. 4 is a profile view of a counterweight;

- fig. 5 is a front view of a counterweight;

- figs 6a and 6b are two schematic views in profile, of

a crane with luffing jib;



crane in figs 7a, 7b and 7c; - figs 9a, 9b are two
schematic profile views of a crane operating in

wor ki ng node with inclinable jib head nmenber; - figs
10a, 10b and 10c are three schgmatic views
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views showing the crane, only one rail is depicted.

According to the overall dimensions of the crane, the
guiding track 1 can have a length of around 5 to 20 metres.
The area A, closest to the mast, has a gentle slope, forming
an angle op with the horizontal of 2° to 25°. Moving away from
the crane, the slope increases. In the area indicated by B in
fig. 2, the guiding track can form an angle oz of arcund 15°
to 85° with the horizontal. Finally, in the area indicated by
C, close to the distal end of the guiding track with respect

to the axis of the mast, the slope decreases once again, the

track forming an angle o¢ of 2° to 45°.



conponent parallel to the track FAis very small. The
return force of the ballast on the holding line is

small, but suffices to keep this |ine tensioned, the

crab tending to return towargds the mast. By way of

exanple, if the ballast weight is 20 tonnes and the

sl ope of..aA i.s 5, the return f FA i.s 7
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value of Fb reached in the area B. Fig. 3 depicts the
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distal end of the guiding track, but which can be arranged on
the latter, or above, or below, this return force corresponds
approximately to the component of the weight P parallel to
this guiding track, that is to say Fy.

In the area C, slightly less sloping, this return force
decreases once again. A person skilled in the art will without
difficulty observe that, if in the area C the slope remained
constant and equal to the maximum value obtained in the area
B, the return force would in the area C keep the maximum value

of Fp reached in the area B.

Fig. 3 depicts the return force as a function of the
distance between counterweight and mast for three different

counterweight systems. In the three systems, the total weight



rocking arm 12 netres |ong, which is bul ky, the
nmovenent taking place in the space bel ow t he
platform The curve (c) represents the return force
obt ai ned by neans of a guidifyg track according to the
invention simlar to that in fig. 2, for which the
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track at the_point where the crab is situated, in
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invention. In these figures, the crab is generally designated
by 101. The chassis of the crab consgists of four longitudinal
beams, two external beams 102 and two internal beams 103,
connected by transverse beams 104. Each beam 102, 103 carries
two running devices with rollers 105 which roll on two curved
rails 2 and 3 constituting the running track. The external
longitudinal beams 102 each carry three substantially vertical
support beams, namely a top beam 104 and two bettom beams 107,
constituting three support points. Bach longitudinal beam 102
also carries two support arms 108, 109. These support arms are
preferably mounted so as to be inclined in order to eliminate
the clearances between ballast elements, which come to bear on
one another, and against the support points. The support arms
and the corresponding fixing means of the ballast elements are

arranged so that the level of the centre of gravity of the



According to a variant enbodi nent, the support arns
can be nounted on articulations making it possible to
fold them wth a viewto decreasing the space
requi rement of the crab durijng transport. Each pair
of unfol ded arns 108, 109 receives one or nore
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armtsandl®,on 09, and moreover prevents tilting of the weights
and corresponding impacts when the moving crab moves between
area A and areas B and C of the running track. Replacing of
the ballast on the crab is completed by a fitting of a set of
bars 113 and safety cables 112 between support arms and

support beams of the crab.

The ballast sheets 110 offer to the side wind a large
surface area. The action of the wind on this therefore
generates a torgue which partially compensates for the torque
that the wind exerts on the jib. This arrangement and this
conformation of the ballast sheets therefore assist the
horizontal rotation of the rotating part above the pivot, that

is to say the distribution of locads.



tierods 6. Figs la and | b show a crane wth

articulated jib, the jib foot raised to the nmaxi num
and the jib head nmenber folded against the jib foot,
on a running chassis. In the p@sition where the jib
foot is fully raised, the bal ast m5|ghts conme very

cl ose to .the st f as sho
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durin such a enent. Figs 6a and 6b show t he
f unctF%&ﬂ C{mﬂé) g?gkﬁ‘rf & ST Wig 275 ¥ RF $rhchie the
thC%U |Ité.l|§3<:f W t o | ik A viuch Wk Nehe WK | i dDA8mber folded
Fig. 6a_shows the nmachine, the jib 10 being al nost

agr?dﬂ%rﬁl%ﬂ 34 §ARE e rRr R POt bh. fmethe position

wmwttqw%ugbtf&&&lg eﬂﬂﬁlsﬁnée?fjséd‘ aﬂ% npd1fded xﬂ@{@@is come
by a_ square ball ast and set of lers, runs on

VERY FIRFS g maRk sfliﬁj'ﬁ#fa:ﬂe‘%j Cffb QEFFehJﬁ:bd%nI%'s bs;/hown in

fltcgpe hol %Iﬂ&ﬂﬂé‘epﬁltldrpestﬂé b0 4 hatyd {ignDVERNeMe i Sne hand
aved to the novenent of the jib sinply and sol el

argy 4R geighe orf IGhres) A on rthe oty hanrd exert refatlvely
lcﬁ,\p%recré’@'cg{]ttl’;@ocd + rbr&chec}?é Szﬁﬁjlnﬁﬁviac}?&fsé £ ofrgﬁg crane,

1 wth respect to t e axis
SCt H&al iy 16 irpasikled o mdnee ke mrkeeamwgtpt@@nthe site,

tM:‘ealrisb o %d}%fﬂ 'iﬁ?oagll dS At X%glﬂjiodg Sl{é rSdif %dzl'u%gessary

the count er wei pas'ses over a return
tcg dhrsrargdd afthEt heraticsttad m@n@l iof . tJFeechmi 3 noan reake and

Ve c t rran e .
AR SEVM LD DL Bhe AR RIENOES Mdlecins
Suqhua:mbvamdnmed at 12 to the jib, at the sane | evel
as the frame 13. The frame 13 serves an attachnent
poi nt for
Figs 6a and 6b show the functioning of the counterweight

on a lifting machine whose jib is functioning in luffing
working mcde. Fig. 6a shows the machine, the jib 10 being
almost horizontal, in the maximum reach position. The
counterweight 100, represented in a gimplified manner by a
square ballast and a set of rollers, runs on the guiding track
1 and is connected to the jib only by the holding line or
lines 11, so that its movement is slaved to the movement of
the jib simply and solely by this line or lines 11. In

fig. 6a, the counterweight 100 is in the distal area of the
track 1 with respect to the axis of the tower. In fig. 6b, the
jib 10 is raised in the minimum reach position. The jib
holding line 11 is fixed at its first end to the counterweight
100. It passes over a return pulley 9 arranged at the distal

end of the guiding track and over a second return pulley 8



the lifting device. The |lifting device can consi st of
several parts, nanely a lifting tie rod 14,
connecting the lifting frane to a pulley or pulley
bl ock 16, and a lifting cable1d5, which can nmake
several turns of the puIIey bl ock. The lifting cable
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against the jib foot 19. Fig. 7c shows the jib 10 in a
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obtain a return component F assisting the raising device to
the maximum extent in the positions close to that in fig. 6a,
the guiding track can have its highest slope in its distal

portion,

It should be noted that the jib 10 shown in figs 6a and
6b can be a rigid jib or an articulated jib like the one in

fig. 7c.

Figs 7a, 7b and 7c¢ illustrate the functioning of an
articulated jib functioning in horizontal articulated
distribution mode. Fig. 7a similar to fig. la, shows the jib
in the minimum reach position, with the jib head member 18

folded against the jib foet 19. Fig. 7¢ shows the jib 10 in a




that, in the position illustrated by fig. 7b, the
count erwei ght 100 is approximately halfway along its
travel and that the traction conmponent on the hol ding
line 11 of the jib is high. ffhe jib raising tie rod
14 attached to the frane 13 passes over the end 21 of
pcté'l%i%‘?yrétjfrrilja!rb @%d&e@?rflﬁf .é@,' G rtq{é”r{%ilrﬁum TJEeach
articulation 32 forned by a horizontal rotation axis
Pasdthieen tthe jiile ffomt BEndridig hell iHedteaemimbdreinkd aligned.
delimts the latter between jib head nenber tip 22 and
counter jib head nenber 20. It is at this level that
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int cahle 23 and the power, required of th
IR 48 AN ilih 2% RS e T 14 migarieq o the frame
1 30 ptadise capvenre theb ediay i uro O Heh exdum: AP poidh N Ldbh@toer 20
t.he attachnment point of . the cable 24 on t | i b head
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rdﬂ:iaS:_ti&ﬁf:%;ﬁS‘s tﬂé&vﬁaf@i e hd3 MiH lhflodﬂeglrgze]gatnd Cthrtéwej il% lhead member
artri.cul.ation . return pulle or the caples
1&g pits atﬂeaﬁ@é&%% HHeg9h jf%‘bth,ea}qﬂ R ed & ose 3

cdumt et g id) tHetld aten@ieB2 detmeers jd4ib ol anek] idhdeathe
Cgglnber,,as illustrated in figure 7b. The wi nches 25, . .

hodehrer Wittdilg Hh@ tiamiass &3 ‘ahd T i Arrhged e 310

helal#e njentbfrobRlt0shd GAtheuiti GUlati o 27 Hfethected by
first end of the jib foot at the top of the mast in

MEGEFe© it & HEhIRRPHET SFRRIRA 19Drain ok - (e aledrelygent point
ofr]ff:tl'fér i iy iddharents wel ahits; Hfed e Mald W "Bl Scounter

~of the "winches 25 and 26 as far as possible towards
J ithdiegehtiealsr e in rdamadio obfiasin dgdmg igreaiewdt lever arm

wildFP QS JrRiy W%&&%‘@@i&ﬂ%z Wi NEhei A & STLUREL the
close to the rotating pivot. The attachnment point 12
fagicashd N ithe chldiga Bt ahdrthsheower required of the electric

winch 25 that actuates it. In order to obtain an even
behaviour of the two opposing cables, the attachment point of
the cable 24 on the jib head member 22 is situated
approximately at the same distance as the cable 23 with
respect to the articulation 32. A return pulley 29 for the
cables 23, 24 is arranged in the jib foot, in an area close to
the articulation 32 between jib foot and jib head member, as
illustrated in figure 7b. The winches 25, 26 for winding the
cables 23 and 24 are arranged in the jib foot close to the
articulation 27 of the first end of the jib foot at the top of
the mast in order to obtain better equilibrium of the crane by
returning the inherent weichts of the various elements of the

winches 25 and 26 as far as possible towards the centre of the



jib head nenber 18 describes an arc of a circle around
the articulation axis 32 in order to optim se the
novenent of the counterweight so as to inprove the
equi li brium of the crane. The g unctioning of the

hori zontal distribution fromthe mninumreach (fig.

f .
artl?ﬁ15?2&%%.IB%'E?%J“HHéé??%% ﬁhte ncérbecause the

|ng node rat |n nor e
widett@id drne ditgmt@al AmsBdo MQnmmlr‘@ 18zt shows
the area of the jib surrounding the jib foot / jib
head nmenber articulation in the positionin fig. 7a.
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3 R ltithad WU R 27 el el ol e
ar_’l:ac:Lﬂm::Idm a>«au$|ng itk e:n‘cmjr Iz fagrt frines ¢ |ﬁd:1@amremmt of the

h
P Y 19 1B (S HEETH (T SHE S B s ] ofg 2o rane

betmeen jib foot and jib head nenber. The cables 23

and have o sin f ect From:t osi.tion, the
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iverte the rod 30. _In the position shown by fig. .
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oper at j on, t he taop rod 30 stil |verthg the. t
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pdEilion 2% fihe snﬁedmioeém;r&rﬁé ahd sy byhdtherlgé apEb holding
driver. At the stage shown fig. 8c, the top cable

Liye jor diings qﬂﬁﬁu%&%k%@%ﬁmt@dﬁ% ‘Hé%drh@%e?{f the jib
£ddt OF deib LR MHdaber 4:hei depd OysRni 2 MMmes Rt s thele 15

top rod 30 is no |onger diverting t he top cable 23.
arthe hsothao b el 2493 b i for delwl ipyPadre eopr cllbgecnd 21 of

the:%%uﬁﬁeﬁrﬁﬁ 13063 SHAEL PYadd Gar S Eﬁﬁ%é@pacﬁpf€lg3to the

Is stil pulling on the counter Jib head menber in
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be no otton1cab
position, the top cable 23 is controlled by the crane driver

and the bottom cable 24 unwinds. The top cable 23 is diverted
by the rod 30.

In the position shown by fig. 8b, the top cable 23 pulls
on the counter jib head member, in order to continue the
deployment operation, the top rod 30 still diverting the top
cable 23. The bottom cable 24 is then drawn by the top cable

23, the speed being controlled by the crane driver.

At the stage shown by fig. 8c, the top cable 23 is still
pulling on the counter jib head member, in order to continue
the deployment movement, but the top rod 30 is no longer
diverting the top cable 23. The bottom cable 24 is still drawn
by the top cable.



conmes into contact with the bottomrod 31 and that the
holding I|ine 11 has gone beyond the articul ation 32
between jib foot and jib head nenber. In the position
illustrated by fig. 8e, therasing tie rod 14 is no
| onger in contact with the end 21 of the counter jib
head nmenber. The bottomrod 31 increases the traction

angl e of the bottomcable 24 in order to reduce the
forcés threséegcamdiorg &nsdrig t Bel sttdis Idary ablehe3 is still
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ang tihb heeld medblbex.i b head nenber of the artlculated
jib previously described in relation to the groups in

figs 7 and 8. Between the two positions in figs 9a
and 9o, thke poish tfieot 19 wdoestrel byntide;. iaeisxhatralslng tie

ment _agai nst a Stop device uch staq vices
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aI_ar,tigulatlon 32 between the jib foot and the jib head

AEHR S 2%at t achnent poi nt 12 describes an arc of
acircle around t he artlculatlon 32 of the jib,
driving - t he count er wei inalimted novenent.
The FRE: EFoRS Tt ST o ARSI S it S1Eatea
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variations in the noment of the we of the jib due
ﬂr@ﬁgéfrhe st
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distal area of the guiding track 1 indicated as area C in

fig. 2 may have a slope less than the slope of the area B.

Figs %9a and Sb illustrate the working mode with
inclinakle jib head member of the articulated jib previously
described in relation to the groups in figs 7 and 8. Between
the two positions in figs %9a and 9b, the jib foot 19 does not
move, it is in abutment against a stop device 33. Such stop
devices are known in the prior art. The moving counterweight
100 is situated in the two positions in an area of low slope
of the running track, close to the mast. However, because of
the non-zero distance between the attachment point 12 of the
7ib holding line and the articulation 32 between the jib foot
and the jib head member, this attachment point 12 describes an

arc of a circle around the articulation 32 of the jib, driving



the jib foot is provided by the opposing cable systens
24 and 23 in the sane way as di scl osed above in
relation to the group in fig. 8 1In all the positions
of the reach defined by the czane driver, the
stability of the end of the jib is provided by an

c1Rl ecturenEchangals prake pctiated e t ke payer; dSi & in

off, install’ed on the notors of the cables 23 and 24.
MO TN Gtth dth e s trPeTiee iarhty het 81§ty te mars ard"emtdulﬁgsult

£ Hed- 8 n] BANHRN £ Hd Mt a&tl%sttéoyut 9% 18nedO e weight

10c, the set of opposing cables 23 and 24 wt elr
ofinithgi ngbavide mewitid rtgbwtrﬂches:@ahqallér rhstirfg?edﬂ&wbﬁtme The

i 0 enl quﬂéggEQf
rda'\:a%ot glrtOfl %,Hea%plﬁﬁ%natg& ang a tootq{tned segnent 32 with

ther rjarhrgé@o@t Jtsweomudmi i d:hezswpdmnmemhlhe S}Y&‘d’-émtﬂ and

232%% %rlll tgéﬁn IV\%J] cﬁ%&iﬁc&& O-Ube :Lrﬁlreeolta[e n on Cgo e group

f|xe dr ives a
1nMﬁugtl&self neshes mnth a C|rcular toothed segnent
203 fixed to the jib head nenber, in order to provide
the rotation of the jib head nenber around the
arti duwl atlilorth%?,z:osheil\mem gfi rHeoatezanid c}eifb.rimiacby the crane

nenber The Aanr.angene nd n of..the ji
arfSEET cht B AANETEY A eld e e i e P e e by an
elmma:ca&dﬂmae:aln liﬂmceermﬂﬂtarmfm Sﬂftﬁiﬁdfhd)q:ﬂbv&kmv:ﬁs cut off,
. aml e se t r. cra Fi ustrates
1%§§%§%ﬁq(ﬁﬂl%Pé; t#“%ﬁquhﬁ%g% “a tower

crane accordi ng to the inventlon The base chassis

has wheel  base x me nd carries a

bal | 43t GPHE T R B ¢ e dadh S, g e ording
e 1trﬁi\£ﬁft1f¢ﬁtll mgtlatstteragigd underidhe @abirowfadd 10c, the

metres and a - rotating pivot. The latter carrles

sef ﬁtfaﬂ@é’rqﬁl%éact&bﬁ Zhdd 1 jTiF S R@I T wndheg and

ur@wrﬂmﬂg t“rlafahém i chy tatteramg/édlgm hald astn travel 8s Feplaced
t ot al i ght of the crane enp é@{ operating order is
bvi 1 geat%rﬁyestentr?é?fgtﬁ%tefgeqct 3 %l 2 W ¢ e tienion 202 and

a Mo dPtRldhtat203, arranged at the articulation 232
between the jib foot 204 and the jib head member 205. The
electric motor 201 is fixed to the jib foot and drives a
pinion 202 which itself meshes with a circular toothed segment
203 fixed to the jib head member, in order to provide the
rotation of the jib head member around the articulation 232
between jib foot and jib head member. The arrangement and
function of the jib holding line 11 and of the raising tie rod

14 are the same as those in the embodiments described above.

Example: multipurpose tower crane

Fig. 11 illustrates schematically an example of an
embodiment of a tower crane according to the invention. The
base chassis has a wheel base of 5 x 5 metres and carries a
base ballast of 46 tonnes. The basge chasgig is surmounted by a

tower having a height under the cabin of 31 metres and a



the top of the mast extends fromthe nmast to a
di stance of 12 netres fromit. It consists of a pair
of rails connected by struts. Each rail conprises a
first rectilinear portion wthia- slope of 5,
extending fromthe rotating pivot up to a distance of
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of 29 extending froma distance of metres as far as
the IdiEghaeldf & s e i theadlasen wnidch e repving

bd18Hd 1th8Afe 1 POTA 1 QL 3 t\ﬁeﬁ%}% e Gle 4§ra§@rér§§‘tﬁ9nﬂﬁ ng

to the last two netres of tThe track. Between the
OHg 4L gh P 0 i rlelt 9 itradres portions on the one hand

and the second and third rectilinear portions on the

other hand there are silt uated two curved internediate

por t iT&es gUistiFich g ndwk riothwixk parith ofhe heivati [ptating at
. it 1 I tcg;&{]_:l,y Vil The i di

tr ag%, \/fﬁitt:r%eﬁsg{ geo}%st It utfeIgCH{l hﬂeﬁépl a% ¥t‘brtn§] 4 gcgjf%%gce of 12
metirey iflyamiidi .ng wicwigiste oif el povkerrafl 2 2odkWedthed by

i.di n@..t TS unt . e f.stanchions and .

st DEARATGL D SHIIHINES A Stedls SLAEN SIS A witn -
slepsl @f H7sesxtending ghomoft hap poteitiee il vt. Giomet es.

. i S i din rack there runs a crab with rollers
dlcg;:raltrntﬁené%gne’d en}a%h Cde resptt i Vel v TS To kP B hEkY S 2
slegeh ofweigfhierg e@dS npoimes. aTkid gitiackootf BousgyeClags&ar as a

to.its articulation with the raotatin ivot of the,..
dlr?%satn,cet I"T-’eft v r%%e]%e% oﬁ'l\%ocf‘épq}b‘:ilir?waggt/' ?‘ré‘:?régc‘ihﬂ’r@gt]ﬁ%‘jtﬂjomear
pdnt iant iwditlate ks pKidly 485de cowrile pandawey toofcthe 546l two
%ndth I&adliftin W nch vvithetajélpomer f 45 k The. .
M dr e o %gtrrae%}h*r epEWEfeéE/st}her %o SRFPPA theet1linear
pgrtion?dn 0 HOIiD dihe @d i LAd id hdM diy #dderdd®il inear

head nenber. The _ operatjng node of the articul ated
P4 s Feddts St R 1P RTDEHHFEYR BEe 1geed

irteradediciteated- tiddd NoF dlgieng tihes Cfcﬁﬁﬁié&&;i@&@ &f the rails,
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from2 to 20

The guiding track, which also constitutes the platform,
carries the jib raising winch, which has a power of 22 kW. The
guiding track is surmounted by a set of stanchions and
stanchion tie rods carrying the return pulleys. The whole

rises to a height of approximately 41.6 metres.

On this guiding track there runs a crab with rollers
carrying on each side respectively two concrete sheets each

weighing 6.5 tonnes.

The jib foot houses, close to its articulation with the
rotating pivot of the mast, the winches for deploying /
retracting the jib in articulated working mode, with a power
of 7.5 kW, and the load lifting winch with a power of 45 kW.

The corresponding return pulleys are also housed in the jib



metres fromthe foot of the mast. The distributable

| oad reduces at a greater distance fromthe foot of
the mast. The nmaxinumload is 5.6 tonnes at reduced
speed and 4.7 tonnes at nofmet speed at the maxi mum
wor ki ng reach, that is to say 47 netres. The speed of
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of 47 netres. maxi mum hook height in luffing node
is 80 netres. The speed of novenent in |uffing node
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meseipamatleguhrafs 1y tmearss cit fradidedidmrad widh 4 ehgadisof 10
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%ac,i ng jib, conprising a mast with a rotating pivot,
P "t ul ated jib (10) conprising a jib foot (19),
articulated at its first end on the top of the mast by

neans of. a horizontal rotation shaft (27), a jib head. .
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the said retaining |line, characterised
80 metres. The speed of movement in luffing mode can vary from

0 to 30 metres per minute.

When the crane is dismantled, it can be transported in
separate parts by means of five trailers with lengths of
between 6 and 12 metres, each of the trailers transporting a

set of parts of 19.5 to 25 tonnes.

If the user makes provision for using the c¢rane solely
in articulated working mode, in horizontal movement, the jib
raising winch can be omitted and the lifting and pulley block
is replaced by two metal tie rods. This reduces the cost price

of the crane and the number of parts.



in that the counterweight (100) is nmade to follow a
guiding track (1) with a variable slope (a), integra
with the rotating pivot, supporting the said
counterwei ght, arranged opposite the jib, and where
the variations in slope (a) are chosen so that the
count erwei ght exerts a set iable forces on the
said jib and on the structuggé%ﬁﬁthe said nmachi ne,
contributing to bal ancing the machi ne during
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the centre of gravity of the counterweight is close
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machine, contributing to balancing the machine during
movements of deployment/retraction of the jib in articulated

working mode.

2. A lifting machine according to claim 1, characterised
in that the guiding track (1) has, in ite portion (A} closest
to the mast, a slope (aa) lessg than the slope (o) in at least

a portion (B) further away from the mast.

3. A lifting machine according to one of c¢laims 1 or 2,
characterised in that the guiding track (1) has a curvilinear

prcfile.

4. A lifting machine according to one of claims 1 or 2,
characterised in that the guiding track (1) has a sigmoidal

profile.



7. Alifting machine according to one of clains 5 or
6, characterised in that the said support elenents
(108, 109) are pairs of arns arranged in an inclined
position, in that the said-batlast elenments (110)
consi st of sheets each having holes (111) vvith a
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in slope of the guiding track (1) are chosen so that
the variable traction on the jib assist the luffing
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the end of the jib holding line (11) is arranged
Ofbétl'\ﬁeéﬁlﬁﬂﬂfﬁ i MHeadl 08, 109) and conflgured so that the

ballast sheets suspended from a pair of associated support
arms is held in an immobile position with respect to the said
crab (101) whatever the position of the crab on the guiding

track (1) and parallel to the said guiding track (1).

8. A lifting machine according to c¢laim 7, characterised

in that the said support arms are foldable.

9. A lifting machine according to any one of the
preceding claims, characterised in that it comprises a jib
raising device (14, 15, 17) making the machine capable of
working in articulated mode and in luffing mode, in that the
jib head member comprises, on each side of its articulation

axis (32) on the jib foot, respectively a jib head member tip



menber tip (22) and the counter jib head nmenber (20).
12. Alifting machi ne according to claim 11,
characterised in that the said attachment point (12)
is arranged at a distance frmsnthe articulation (32)
between jib foot and jib head nenber so as to
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the first cable (23) is fixed to the end of the

counter jib head nmenber (20) and that the second cable
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15. Alifting machine according to claim 13 or 14,
characterised in that the said system of opposing

cabl es .(231if24nocemutises Rjeudirey Wanadlesin 25, 26)

and return pul 9 housed n the jib foot (19).
R R it SR gt et s, P2) 92 the end
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end of the Jlb foot (19). 17. A lifting machi ne

according to one of the clainms 1. to 12, characterised
in tHat fhe foaG FREHIh&G5% Hewy to claim 11,

characterised in that the said attachment point (12) is
arranged at a distance from the articulation (32) between jib
foot and jib head member so as to describe an arc of a circle
about the articulation axis {(32), and in that the said jib
holding line (11) crosses the jib foot / jib head member
articulation axis (32) during the deployment of the jib in
articulated working mode between the minimum reach position

and the maximum reach position.

13. A lifting machine according to one of the preceding
claims, characterised in that the rotation of the jib head
member {18) about the jib foot / jib head member articulation
(32) is controlled by means of a system of opposing cables
(23, 24).



menber (205) about the end of the jib foot (204) is
effected by neans of a gear system (200) conprising
an electric notor (201), a pinion (202) and a toothed
segnent (203). 18. A lifting 2mchi ne according to
claim17, characterised in that the said electric

not on 4(2@1) iifs X efhcHid %ddrk?ilfr%ottd 204)irands

drives, via the said pinion (202), ci rcul ar t'oot hed

cheggRsRr iEReB)LT ibhed ttdia He 59t GREAF ner s (Zomyd to the end

of the counter jib head member (20) and that the second cable
(24) is fixed to the tip of the jib head member, at
approximately the same distance from the articulation {(32) as
the distance from the point of attachment of the cable (23)

with respect to the articulation (32).

15. A lifting machine according to claim 13 or 14,
characterised in that the said system of opposing cables (23,
24) comprises electric winches (25, 26) and return pulleys

(29) housed in the jib feoot (19).

16. A lifting machine according to claim 15,
characterised in that the electriec winches (25, 26) are housed
close to the first end of the jib foot (19) and the return
pulleys (29) close to the second end of the jib foot (19).

17. A lifting machine according to one of the claims 1
to 12, characterised in that the rotation of the jib head
member (205) about the end of the jib foot (204} is effected
by means of a gear system (200} comprising an electric motor

(201), a pinion (202) and a toothed segment (203).

18. A lifting machine according to claim 17,
characteriged in that the said electric motor (201) is fixed
to the jib foot (204) and drives, via the said pinion (202), a
circular toothed segment (203) fixed to the jib head member
(205) .



