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Crane with I nproved Reevi ng Arrangenent Technical Field of the

| nyenti on This invention relates to a crane which is arranged
through its reeving systemto nanoeuvre a | oad. 5 The

I nvention has Regwyibgase! oped in the context of a gantry cranepcr/aves/dedds USe
in handling shipping containers and the invgntion will hereinafter be
descri bed below in such context. However, it will be understood that

the invention does have @%Mﬁ?ﬁohhﬁ‘b%ﬂﬂbﬁvm&ﬁrﬁ s whi ch

are required to exercise s e contr over positton and orientation of 10

suspended | oads. Technical dnoén | nventi on Speci al

pur pose contai ner hangdl.ing cranes are used in nod cargo hand] i n
facilities to | oad agﬂ"ﬁf' veruop §ﬁ€aﬁ§$, 813 ‘E’ﬁBes‘b'gg‘]&“ ¥ ?‘ﬁ’WE’hmwugé‘ i ps
may be serviced pgevirifsystemnSmiaRodu@a iRder m ning factor in the 15
overall efficiency of_a port. Current gantry cranes use a head block to

grappl e a coftai ner bihansyepton hashaan-devejpped,in the,context of fgpRIY cHRane
froma-rail munggdugin hindiny élﬁﬁpfrl]ﬁr &H&Fm‘%ﬁb ghd Qﬁgqmﬁ&{_rhﬁiﬁ%?ﬁafter

cables used to raise and |ower the head bl ock. L e cycle tines
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Background o invent
Special purpose container handling cranes are used in modern cargo
handiing facilities to load and off-load ships, and the speed with which
ships may be serviced by such cranes is a key determining factor in the
15 overall efiiciency of a port. Current gantry cranes use a head block to

grapple a container by way of a spreader. The head block is suspended
from a rail mounted gantry trolley through an arrangement of reeving

cables used to raise and lower the head block.
The cycle times of gantry cranes are limited by two main factors.

20 Firstly, containers may not always be aligned in such a way as to allow

easy positioning of the spreader on top of a container that is to be lifted.

Thus, the speed with which the spreader may accurately be positioned by

the crane is of considerable importance. Typically, this positioning may

take up to 50% of the duty cycle of the crane, the remainder being taken

25  up by travel between ship and shore. Secondly, the head block and load

suspended from the resving, at heights sometimes up to 50m, have the

tendency to sway or swing during motion of the crane and during

hoisting operations. These factors can reduce so-called box rates and,

hence, port efficiency by about 50%. Considering that a typical

30  container ship may require up to 1,000 container movements, potential
benefits of improving crane efficiency are substantial.

Reducing the sway of the crane hoist and making the reeving more

controllable will result in reduced positioning times and improved ship
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systens for hoist notor tive sway suppression
systens are di scédystedsiusublly employ campleax teeving dréangemients qrat activelcGithol254.
The former :IS. Stemsgcemss'h:r hoist motors.

Two such active sway suppression systems are disclosed in US
patent 2,916,162 and US patent 4',350,254. The former system tends
to suppress the pendulum motion in the horizontal direction but fails to

. suppress any pitch, rolt or yaw of the load. The latter system employs
15  additional wires and winches.
A number of studies have been conducted toward achieving more
effective reeving arrangements.
One such study has been published by N.G. Dagalakis et al in an
articie entitied "Stiffness Study of a Parallel Link Robot Crane for Ship
20 Building Applications”, Journal of Offshore Mechanics and Arctic
Engineering, August 1989, Volume lli, pages 183-193. A further study
has been published by James Albus et al under the title "The NIST robot
crane", Journal of Robotic Systems, 10(5), 1993, pages 709-724.
Both of these studies disclose cranes having improved hoist and
25 reeving arrangements incorparating the concept of an inverted Stewart
-Platform of the type commonly used in aircraft simulators. In the cranes
by Albus and Dagalakis, the parallel links between the base and the
supported load of a Stewart platform are replaced by the reeving cables
of the crane, and winches are used as the actuators.
30 The hoist and reeving designs proposed by Dagalakis and Albus
involve the provision of connection points for the reeving on a lower load
platform at the vertices of an equilateral triangle. In a similar fashion,

connaction points for the reeving on the crane trolley are arranged at the
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WO 97/ 19888 maintaining tension in all cables, so as to provide stable pasitionah gpptreho

-3 - 10 of the load, only when the centre of mass of the load is contained within
the geometric triangle whose apexes are fixed by the location of the
sheaves on the lower load platform. It can also be shown that in order to
provide stable positional control, the radius of the circle circumscribing
the triangular sheave arrangement on the lower load platform will be

15 approximately 1.2m for a load platform or head block which is arranged
to support a 2.4m wide x 3.0m high x 12.0m long standard container.
Similarly, it can be further shown that the radius of the circle
circumscribing the triangular sheave arrangement on the trolley will then
be approximately 2.4m.

20 These geometrical constraints in turn establish an allowable
sccentricity of the centre of mass of a load contained in a standard
container suspended by such reeving arrangement of +0.6m in the lateral

_direction {along the gantry on which the trolley is moveable) and +0.7m
in the longitudinal direction (direction perpendicular to the gantry). These

25  figures translate to an allowable centre of mass eccentricity of '24% and
6% in the lateral direction and longitudinal direction, respectively. While
the aliowable lateral eccentricity of 24% is greater than the typical
industrial standard specification of 10%, the 6% eccentricity in
iongitudinal direction does not meet the industry standards.

30 The present invention seeks to minimise the above mentioned
difficulties.

Summary of the Invention

Broadly defined, the invention provides a crane which comprises an



vertices of an equilateral triangle. Six reeving cables run fromthe
trolley to the lower load platform two being connected at each
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Sunmary of the | SyBRPftoTfructures. Also the Jairys aes itacde unﬁerstmﬁm RAVing abe des
a crane which Comidv%ﬁlﬁ rﬁQanings:

Trapezium: A quadrilateral plane figure which is not a
parailelogram and in which two sides may or may not be parallel.
20 Trapezoid: A trapezium having one pair of paralle! sides.
Regular trapezoid: A trapezoid that is symmetrical about an axis
that intersects the two parallel sides.
A crane with the reeving arrangement as defined above allows for
controllable adjustment of the position and attitude of the lower support
25 structure with respect to the upper support structure by manipulating the
length in individual reeving cables in a predetermined manner. The
reeving cable arrangement results in "stiffness” being present in the
connection between the upper and lower support structures when all
cables are in tension, so that the lower support structure and a load
30 attached thereto will follow the motion of the upper support structure.
Sway is constrained during hoisting operations.
By locating the connection of the reeving cables at the apexes of a
trapezium on the lower and upper support structures, it is possible to
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- 4 - upper support structure, a |lower support structure arranged to
carry a' - | oad, six reeving cabl es suspending the | ower support
striucture fromthe upper support structure, and neans for changi ng
the effective ey ivsss bet ween the upper and | ower struct pCEAUE/00749

sel ective ones of the reeving 5 cabl es._ ‘ghg reeving cabl es are connected
geonetrically to the upper and | ower Support structures at apexes of
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converge in an u on and the cables of the 10 third pair of
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pair of reeving cabl de ailprﬁfsaedmmbotamtnkmﬁmesnvmqmébe resving cables althe
terns trapelu ‘'trapezoi d gua Ja ojd" a S I n the
precedi ng an F?BW%ﬁgpga%@ercaﬂK S %'8 Ea%%nu’g?eé' §8§| ﬁ‘g‘A’Bf es‘t'rt'Pon
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an axts structure preferably is larger than the area bounded by the connection
points at the lower support structure.

in a particularly preferred form of the invention the trapezoids are
dimensioned such that the distance between the apexes at the shorter

15 parallel side of the upper trapezoid is equal to that of the shorter paralle!
side of the lower trapezoid. Further, the distance between the apexes at
the longer parallel side of the lower trapezoid is chosen to be equal to the -
distance between the apexes at the shorter paralief sides plus 3R, where
R is the radius of a circle circumscribing ah equilateral triangle with a side

20 length equal to the distance between the apexes of the non-parallel sides
of the lower trapezoid. The distance between the apexes at the longer
parallel side of the upper trapezoid is then chosen to be equal to the
distance between the apexes at the shorter paralle! sides plus 24/3R, the
shorter parallel side of the lower trapezoid being located overhead the

25 parallel side of the lower trapezoid..

With these dimensional constraints it is feasible to control the
movement of the lower support structure relative to the upper support
structure in a manner such that movement about any one axis may be
effected without inducing movements about either of the other

30 orthogonal axes.

In a quay-side application of the crane for hoisting containers, the
uppser support structure may comprise a trolley arranged for recipraocating
linear movement along a gantry or boom structure of the crane. The



that intersects the two parallel sides. A crane with the
reeving arrangenent as defined above allows for control | abl e

adj ust ment of the position and attitude of the | ower support 25 structure
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connection of the reeyi cabl gs at the ex f a t rapezi ym on _t he
| ower and upper supp gﬁaﬂﬁtﬁ’fe%,'aqgf"q gﬁ?)oe‘jiqc&vg legath betwdan' the Weper
97/ 19888 and lower support structures of each of the reeving dablés/rag/dtiphise
maxi m se the area i t he centre of

ithin ich mass, of a .suspended .
Cont a1 ner - 5 e P RAROISh dEnTs, phP 97§35 ET 7 SREYNG CABIRS. o The hoist
nmass eccentri Ci tagfums may be drivér by RidiiBuSICfhoRoH808H By 8bminith InidtR 0N,
the reeving cables are 5 connect ed geonetrlcally at points_in the upper

and | ower suppor@ffect fine attitude goBtrohrf dhe LIVAL FURPAIF SEUCRIeWithJgspect to
respective trapegpgi Gsperdffucture. [0 Rit6dreEadY, Ya W‘éﬁ!‘.rﬁigﬁoﬁpﬁg@é&g?\zm

respective regul ar trapezol ds. respective t rage;m | nebg by
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structures pgef f Al¥is8bfi may bitAbr b8 nidtfiical or hydraulic.
Alternatively, the means for changing the effective length between
' the upper and lower structures of each of the reeving cables may
comprise a single motor-driven hoist drum for all of the reeving cabies.
Then, adjusting means will be interposed in the path of each reeving
15 cable to provide for additional individual adjustment of the length of each
of the reeving cables. Preferably, the adjusting means will comprise
electric, hydraulic or pneumatically activated rams.
The hoist drum{s) may be mounted on the upper support structure
of the crane or, preferably, be mounted in a drive compartment of the
20 crane so as to reduce the mass carried by the upper support structure.
The crane may further comprise an electronic controller arranged to
provide control commands operative on the means for changing the
effective length of the reeving cables to adjust and maintain a
predetermined iength and tension of each of the reeving cables
25 associated with a predetermined spatial attitude or orientation of the
lower support structure. |
Thé crane may further be provided with sensor means for
determining the spatial position and three-dimensional orientation of the
jower support structure within a cartesian coordinate system and about
30 the x-y-z-axis, wherein the z-axis is the vertical, with respect to the upper
support structure. Preferably, feed back means are arranged to transmit
to the electronic controfler the position and orientation in space of the
lower support structure with respect to the upper support structure
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The electronic controller may also be arranged to automatically
adjust the length of the reeving cables through the means for changing
the length of the reeving cables when receiving feedback data indicative

15  of an abnormal position or orientation of the load.

The crane as above defined in its different embodiments provides
for an increased stiffness of the reeving cable arrangement to minimise
load sway. The proposed reeving arrangement enables full constrainment
of the load in space. Load displacements will cause selastic deformation

20 in the reeving cables resulting in large restoring forces which move back
and maintain the load in its stable position and orientation determined by
the length of each of the tensioned reeving cables. The above described'
reeving cable arrangement further enables to provide fine positional and
attitudinal contro! of the load in space without movement of the upper

"25  support structure.

The invention will be more fully understood from the following
description of preferred, exemplary embodiments of the invention. The
description is provided with reference to the accompanying drawings.
Brief Description of the Drawings

30 in the drawings:

Figure 1 shows a schematic illustration of a gantry-type crane;

Figure 2 shows in perspective, a simplified illustration of the gantry
and hoist of the crane of Figure 1, and in which a first form of hoist cable
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- 6- | ower support structure may be provided by a head bl ock to which
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provi de con#éol ‘€°6§ﬁg&é§‘%§8§?8@ﬁ/e on the means for changing the
effective length of tRigurece®vishgowsald qreontetridaluséprasentationt of nthe crane as
predet er m ned Ie.ggth agtd tensi orbsof %@ch of the reeving cables 25
associated with' ﬁrﬂ? B, 9YTE ﬂ%‘?l al attitude or orientation of the

| ower support struct Wigure 7 shows a didipaminidiie MRtrhtioh N tHE rédvang dQibled t h
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cartesi an cpgrdi;ngg@aﬁushq:i%&gg 12808'2; 3dld  the X-y-z-axis, wherein the
. A

z-axis is the vertical, w respect to the upper
Figure 8 is a simplified perspective view of sheaves and pulleys on
the left hand side of the gantry trolley as illustrated in Figure 4, and
shows the path of individual reeving cables on the left hand of the gantry
trolley, the right hand sheave arrangement being mirror symmetrical to

20  the left hand.

Preferred Modes for Carryi Invention

in the drawings the same reference numerais have been used in the
various ones of the Figures to denote and refer to functionally equivalent
componsnts.

25 Figure 1 illustrates schematically a quay-side gantry type crane 10
for transporting containers to and from a ship moored at a pier. The
crane 10 comprises a tower structure 13 which is movable on a track 11
in a direction perpendicular to the plane of drawing along the quay in
direction of the y-axis. The tower structure 13 supports a gantry 12

30 which carries a rail mounted troliey 14 which can reciprocate in a
direction of the x-axis perpendicular to the axis of movement of the tower
structure 13. A reeving arrangement 18 comprising six cables and a
supported head block 15 ("the hoist"} is suspended from the trolley 14



sutpport structure. Preferably, feed back neans are arranged to transmt
to the electronic controller the position and orientation in space of the
| ower support structure with respect to the upper support structure

WD:97/ 19888 PCT/ AU96/ 00749
- 7 - deisoiige@d by the sensor nmeans. The el ectroni c cpginadbésaramay
be arranged to fine adjust the positi %n_and orientation of the | ower
support structure in response to feedback data provided by the feed

back means. for upwangﬁ ﬁhﬁ@eem@ﬁw BRhg e ﬁ-'ai% BSrp%rnﬂfﬁlﬂﬁdtJ 0

automatically 5 respon means in that the neans for
changi ng the the »fff ptaneveTher@W 45 hase threewanplational degreesc ofifragdpay t o

automatical l'y provided By §he eei,g@gﬂﬁ{,@m tbmrfn%\r&ﬁamsmggzaajgéﬁbdews

to which the |loa oer support struct
subj ect ed. length of the cablusoof tl'cearsawmwraéém abe z-axis.| Udnderneatietha al

Cower " Supprad bl 15 55T RASwhBEnTarh NFhSer f APl By "
al so be arrangedefgag @Kaidaﬁc’leW? to be uﬁldausd ahHi dohden)) frone fantinentoes shipg

cabl es through the neans for chan he | engt h qf thereeln
cabl es when recemﬁtr'ﬂ!}‘sﬁ@é%ac'ﬁhﬂiﬁgﬂcl‘ﬁ?&FE%? gucfta crape. dts duiyg, %ﬂstlon

or orientation ojnd RRnkdRslas well as the spdtitic 'cdRpaHentdOBat éeiltnedreemdgts
di fferent enbodi nents provi des for an increased stiffness of

reeving cabl e ar arzPRgamMent Q@cﬁbﬁﬂ elpw, are knqwpy i Bt andewl G%BQGUHBG\H ng
arrangenent ; gnabhas. fudll constrai nnent

Figure 2 shows in a perspective schematic iliustration the gantry 12
and the reeving configuration 18 of the crane 1. The head block 15 and
the gantry trolley 14 are illustrated in principle only and other crane
components have been omitted from Figure 2 for clarity of illustration

15 purposes. On the other hand, Figures 3, 4 and 5 show in more detail
specific embodiments of a gantry trolley 14 and a head block 15 which
can be used in the crane illustrated in Figure 1.

Turning back to Figure 2, a first type of hoist cable drive

arrangement is shown which includes a total of six hoist drums and their
20  respective drives.

A total of six reeving cables, designated by numeral 22 are
provided to form the reeving 18. One end of each of the cables 22 is
fixed at the end of the boom in a known manner (not illustrated), whereas
the other ends are received on a respective hoist drum 19. Three hoist

25 drums 19 are arranged on either side of the gantry 12 in the hoist cable
drive arrangement illustrated in Figure 2. The hoist drums 19 are driven
by conventional motors 20 through a known drive train configuration
including gear boxes. The hoist drums 19 can either be driven
individually or synchronously so as to lengthen or shorten the individual

30 cables 22 conjunctively or differentially.

In contrast to the hoist cable drive arrangement illustrated in Figure
2, in the hoist cable drive arrangement of Figure 3 there is provided a
common hoist drum 19 on which all ends of the six cables 22 (not



of the load in space. Load displacenents will cause el astic deformation 20
in the reeving cables resulting in large restoring forces which nove back
and mai'ntain the load in its stable position and orientation determ ned by
the length of each of the tensioned reeving cables. The above described

reevi ng cabl e & E)Wnt further enables to provide fine po
~attitudinal contro the load in space w thout novenent of
support structure. The i nvent ToR®wi Il be nore full y understood

fromthe foll owm Scri e \V | rent s of
t he i nvention. ‘fﬁ'g"ated '"g:e ‘trﬁ@[ c'mgrow eedg\t/\?ﬁ(\gﬁ% %?etrtu‘ggg%gef‘ I?éé
a(r:]cogpanyi ng dr fixed @s. above desoribed a?&he ropplosita entl ofitheCboom ng'ﬁhﬁ@:ommon I n
t he draw ngs:

i,gure 1 sho a , schematic Ius ration
gantry-type cr ahgist drum 15'93’@[‘@ 8"%&\%‘ ﬁ“&?é?’ﬁije g ganty, I’anfed

i['lustration of id'fred3Hitalend theraof! irabﬁo.ﬁfdrhhﬂsr'@aﬁveﬁ waubﬁvénu&m in
which a first formof hoist cable

PCT/ AU96/ 00$49 motor 20 threugh aknan@ewéﬁpﬂpg gepr GLE!Y? mconﬂswaﬂon Singg gur e
3 shows in persgﬁ d@d@b%é#ﬁaav'ﬁédnv&ﬁ Bgen a¥l t%"‘leﬁgthen or sh&iRed s 1Y

of Figure 2, an second type of hoist cable drive
arrangenent is inmadualamahlqs cgnjunctively, mQjar'% provideds mechapismagenerally

perspective vi e}i‘(dﬁéat@d X2'Yd, Yartd) n&bkﬁ*ﬁ sti or \ﬁlé’? RRerdin [ AHER b Pebving

il lustrates one eave arrange
cahles to provude for full posmonal and attitudinal control of the head

10 block 15 with respect to the gantry trofley 14 as willi be described below.
The adjustment mechanism 25 for changing the effective length of the
cables incorporates six individual rams 26, one from each cabie, which
may be electrically, hydraulically or pneumatically driven. A cable guiding
sheave 27 is mounted on the reciprocating drive rod of each ram 32 to

15 ioop each cable.

Having regard in particular to Figures 2 and 7, the cables of the
reeving 18 run in sheave and pulley arrangements at the upper troliey 14,
generally indicated by numeral 30 in Figure 2 and at the head block
generally indicated by numeral 40. The sheave and pulley arrangement is

20 indicated by numerals 320-325 and 521-525 and 621-625 in the trolley
illustrated in Figures 3, 4, 7 and 8, and by numerals 420-425 in the head
block of Figures 3, 5 and 7. This however, will be described in more
detail below.

In order to facilitate the understanding of the basic geometric

25  configuration of the reeving 18, reference will be made first to Figure 6
‘which shows a geometrical representation of the crane as illustrated in
Figures 2 and 3.

As can be seen in Figure 6, the head block 15 is connected
geometrically to the support plate or structure of the trollay 14 by way of

30 apexes 24 and 25 of regular, trapezoids 24a and 2b5a, respectively. The
shorter sides of the trapezoids 24a and 25a are orientated in opposite
directions. The lower trapezoid 25a is smaller than the upper trapezoid
24a. Having regard to the actual reeving configuration illustrated for



-

reeving cables on the trolley; ' Figure 5 shows an overhead pl an
view of a head bl ock of the crane which is illustrated in Figure 3,
and whi ch nounts a set of return sheaves 10 for the reeving cabl es;
Figure 6 shows a geonetrical representation of the crane as

il lustrated in wbowiskes 2 and 3; Figure 7 shows a @cadudéneks C
illustration of the reeving cables e ndi ng between the gantry
trolley and the head bl ock of the crane 15 illustrated in Figures 1 and
2; and exar pRUIE Figuré 72 ahld"BbmdtrARtsD MhSael bYetHé' a¥tudl spaeavaedg and
puIIeys on the left hand side of the gantry troll as illustrated in

Figure 4, and mountngvkeaquiremeat Hopphysigal iowids sr‘e%\mqgawmgey\%mvﬁ@al ef t
hand of the gantféévmg %bléé‘ilﬁl Qre sh@ﬁvés‘; ik bg%guﬁié‘aab'ﬁ rsﬁgﬂsffeﬁ}u&ﬁl'é‘g

mrror symmetrical Preferre
Carrying out theof thenppen trolley 14 and the) head bleck\il$; srespectivaly, incsuchmce

o B DoAnHEE tnbf thl Gable runs il 8Hfhcil®ds Hodd'Ge Philietily HbslBil’) ©

and refer to functiond
illustrates schewethlthaldppxamutsyefsnhéetrmamrqs Z%)andrzmesllaﬁu'ated in Fftgnnre 6.

transporting contain to and . froma shi re a pier. Th

crane 10 conprises a’t 8Vh PR PEJ?ﬂY'Bgf?EH% ﬁaiag%ngé&tﬁ’ge?é]f@'?&%lgqﬂe'
in a direction wuﬁwmscukahetﬂwdr’m paraiél sidedoR the Jonlep gapd?0id]| 284 M a
direction of the axis. The tower structure 13 ﬁugg&rts a ?antr 12 30
whi ch carries a JUPIOIHEARMYOWRRS| 59 oo PaiRts 2 lopgat parafe,side of
direction oiot hetne- Epper tPASdBIARE4] ah the PHBichE réevihg r&hﬁngHudhf S ateaner

structure 13. A reeving arrangenent 18 conp HSlg si X cabl'es and
supported head HPoEiguig 7. taashhsable" includes, swenfrlls Pepnsable smidedeyromd

respective sheaves 320 to 325 and 420 to 425 on the upper and lower
support structure, respectively, as will be described below. A second pair
of the reeving cables 222 and 223 extend from the corner points 25 of

15 the longer parallel side of the lower trapezoid 25a in a converging path
towards the corner points 24 of the shorter parallel side of the upper
trapezoid 24a. The third pair of reeving cables 224 and 225 extend
between respective opposite lower and upper ends of the first and
second pair of reeving cables 220, 221 and 222, 223 at the corner

20 points 24 and 25 of the lower and upper trapezoid 24a and 25a. In other
words, the third pair of reeving cables 224 and 225 extend between the
cormer points 25 and 24 of the longer paralle! sides of the lower and
upper trapezoids 25a and 24a, respectively. As can be seen further in
Figure 6, none of the reeving cables 220 to 225 intersect each other

25 between the upper and lower trapezoids 24a and 25a and no two of the
reeving cables 220 to 225 extend parallel to one another.

As will be appreciated, it is possible to entirely define the geometry
of a regular trapezoid by providing the value of the radius of a circle
circumscribing an equilateral triangle having the same side length as the

30 non-parallel sides of the trapezoid, and the value of the length of the
shorter parallel side; the value of the length of the longer parallel side
being equal to the length of the non-paraliel side plus the shorter parallel
side. If, like in the illustrated preferred geometrical configuration, the
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- 9 - for upward and downward novenent al ong the z-axis

perpendicul ar to the x-y plane. The hoist 15 has three transl ati onal
degrees of freedom provi ded by the trolley novenent, tower novenent
and by adj usti Enﬁﬁ | ength of the cables of the reevi ngm’l7 t he
Z- axi s. Underngg? %8 5 head bl ock 15 is_di sposed in known ngﬁgéé@;'%
spreader 16 adapted for engagi ng conti®® ners 17 to be unl oaded and

| oaded from and ' Of r | ¢..cpncept . of
such a crane, itgmlri veéggé)%ratﬁ?%er%g G& bre Jeéﬁ%‘,cg\tﬁﬁ?a&eé }:}?e\%gﬁ Saa%B? ﬁi}%aﬂv

speci fi c conponedefined by & shotter paeallal sifie havingahessamedengtiicas: thé stiokel ow,
are known in the nd will not be further 10 dgscribed. . .
 qure 2 shovs | REEIREABR A el lowel drandaol pnd & U RY BRcsapilaergl wianole
and the reeving amidH Giasaan Gired Swhicht it biggenethan theeldweerd tharfll. 1Thasdin
the gantry trolley 14 are illustrated in principle only and other crane

conmponent s h&ve bEGuFe oﬁdT’Peé{‘qi?WFF'murréé qtiye adji ia ANk by jof ythe Asfising 5
purposes. On t hecipdliRscrAising cirEId&%ieﬂwlglovéarad?ﬁ 5p§Mhb&dﬂ’§ﬁe§§éﬁ]\%eé¥{ as

speci fic enbodiments of a gantry trolley 14 and a head block 1
can be used in twell@assthe shortes pagaliell side disignee between apexes, 28mr ni ng back

to Figure 2, a first e hoys e | e I S cShown
whi ch includes a tot a\{v &gf ttgélsxe %@é?ﬁgﬁélnscgénggp hseitPeZ?fé@t?%sgg@é?‘vz)fdpﬁes.
A total of six resevinggcabiés 220 we225betwdeb \the inead dlodi 18rand trolley 14owdited

the end of  Ehe- oRbeHcar ftshin st hmed Blordk P IACRLFRISY 4 arauinhonzaiia) e
other ends are rplanes pdratiel o ons paothiere hoi st drum 19. Three hoist 25
AR R BN AR -
by conventional ¢aHs¥int26f tHe RetthbRck MTBvitH raspett & the adlibPU @i Ny and
z directions and about the x, y and z axes, that is with respect to rolling,
a5 pitching and yawning, respectively. _
What is more, the reeving arrangement 18 of Figure 6 as physically
embodied in the actual configuration illustrated in Figure 7, is a symmetric
reeving which in the present context means thét when all the cables are
shortened by the same amount, the lower head block 15 and a container
20 17 attached thereto will rise and fall along the z-axis with respect to the
trolley 14 without changing the position of the container 17 along the x-
and y-axis nor changing the otientation or attitude of the container 17
about the x-, y- and z-axis {roll, pitch and yawn), On the other hand, by
shortening or lengthening one or more of the reeving cables 220 to 225
25  and maintaining or adjusting the tension in the other cables, it is possible
to induce a controlled and prescribed change in position and/or attitude of
the head block 15 with respect to the trolley 14 and maintain such
position and attitude while moving the crane 10 as a whole or the trolley
14 along the gantry 12 as has been described above. This latter type of
30 adjustment is used for overall positioning while the former can be used to
fine position the container without the trolley 14 having to be moved.
It is possible to provide basic equations that reflect the geometrical
relations between the eight apexes of the two trapezoids in space and the



i ncl udi ng gear boxes. The hoist drunms 19 can either be driven
I ndi vidually or synchronously so as to | engthen or shorten the individual

30 cables 22 conjunctively or differentially. In contrast to
the hoist cable drive arrangenent illustrated in Figure 2, in the

hoi st cabl e dr ey &gngerrent of Figure 3 there is provided apcr/augeRFAHON
hoi st drum 19 on Ich all ends of the S|x1§abl es 22 (not WO
97/ 19888 PCT/ AU96/ 00749

- 10 - ! lrb%ﬁ%aﬁxﬁ%hﬁnf | 8UktRe 31}>w"érretr§6€ﬂ:d’ eflith Thespekcbelo A€ SugPert he
cables are I xed as above described at the opposite end of the boom
The conmon tralmzetd hatnis rolative anevarpent @f\/ biegk with sesrartdn thae

gAY 12 10 oty lgEereh " FbRE 0K pW B o BBt

driven by a conven ot or novvn reduction gear
train confi gur atdoondin@ensystem x, tyi < Hsi ktcamdmnlgheanelmeycbetf& wppersuch

S provi dad & meRRREHpRgonEa wi robkus”br ihict Srohel W i definds phe®" ©

adj ust or vary tippel arddond, arﬁuilthedspﬂtmemﬂmaﬂon of ﬂwhbmrtﬁaﬁéﬂw de for

full positional and attitudin troI f t.he k 15
respe(F:)t to the @Gefpegd by the ?BI@'?SE l?@dd@s %bdeﬂéqc&wey P'OV'WWB

adj ust ment nec h&ata'imuaﬁa&ﬁﬁds ABBat Bk |, f]e kedierCofl the loditdarftisidrhBoordinate
cabl es incorporates six individual rams 26, one fromeach cable, which

may be el ectri cavsiem whichaystam iy fixedowithriespeat| 10, the loveer trapezaid dn ghe di ng
fgggvgagg 'fqom)%hﬁ‘é H e BirGRERINAG it Wilh' PadiBs! a°bt $AE oM tiapd:zBid! ®
then it is possible to provide equations for the effective length i of each
of the reeving cables 220 to 225 as a function of the Euler angles,
trapezoid geometry parameters a, b and Sp and displacement of the
centre of the lower cartesian coordinate system |, j, and k with respect to
15 the upper cartesian coordinate system x, y and z.

These equations are provided as follows:

Bamto,+ 22222 t5,+ B3 -2 205,- B3 zsinig1o0si0)

+2(5,+ 83 (B sinyIcos(d)-sin(@)sin(e)oos(y))

, 8(a+4zsin(6) +2cos(y)cos(6) (6-2x) +2sin(y)cos(6) (bv3+25,-2)))
4

2(s, Jf )(s,» Jf J)(cos(d)cos(y)+sin()sin(y)sin(6))



Fﬁ&ing regard in particular to Figures 2 and 7, the cables of the

reeving 18 run in sheave and pulley arrangenents at the upper trolley 14,
general I'y indicated by nuneral 30 in Figure 2 and at the head bl ock
genéral ly indicated by nuneral 40. The sheave and pull ey arrangenent is 20
i ndi cated by n 320- 325 and 521-525 and 621-625 in the

illustrated in |ga?§g 3, 4, 7 and 8, and by nunerals 420-4256(?'21({'%7%%

bl ock of Figures 3, 5 and 7. This however? will be described in nore

detail bel ow In order to facilitate the understandi ng of the
basi c geonetric 25 configyrajigngf the reeving 18, erence wll be
made first to Figure 6 ’:g=3g*%TFgﬂ§ﬁﬁmgspﬁﬁgmgq)T%T%zesent ation of
the crane as illustrated in igures 2 and 3. As can be
seen in Figure 6, the head block 15 is connected geonetrically to the
support plate or stpuct of the tralle apexgs .24 and

r 14 by way of 30
25 of regular, t ?ﬁvégf&(éﬁfﬁﬁ%’(@ﬁam@%{?m %l:’fal‘d‘é!"zﬁ)‘%s@)m@)&yoﬁt er
sides of the trapezoids 24a and 25a are orientated in opposite
directions. The | ower trapezoid 25a is smaller than the upper trapezoid
24a. Having regard to the act reevi ng nfiguration illustrated for

WD 97/ 19888 - 2asin{¥)cos(0) (s, +—L= - ) -28 (s, +—L=-y) (cos(d)cos(¥) +sin(p)sHifl)singdy/ 00749
- 11 - exanple in ngu?e 7 aﬁépcoﬁstraints i nposed by the actua

space and nmounting requirenment for physical guide sheaves carrying
t he physi cal . reeving cables 22, the sheaves will be nounted on the

support structure

o=a%s? +z“’+(—§ -x)2+(s,+525 P +2asin(¢)oos(e)(sp+-’52@ +))-2azsin(e)
-23,78in($)008(6) -2a008(4J008(O) 2 )28, 2 A(sin(y)cos(s) -sin(e)sin{o)oos(y)

-28,(8,+ 23 11 (os(@)cos(y) +sin(e)sin(y)sin(e)

’2252 = (sp-r%)z-fzzq-(—g -}qz +(sp+-? -r-y)z

,.8(a+4zsin(6)+2c0s(¥)cos(B)(b-24) -2sin(y)cos(O}(bV3+2s,+2)))
4

—2(s,+32@)zsin<¢)eos(e)-z(s,+if-)tg ~%)(sin{¥)cos($)-sin(¢)sin(8)cos(¥))

-2(s,+ 2835, B3 .y)(cos(4)oos(y) sin@)sin()sin(e)



of "the upper trolley 14 and the head bl ock 15, respectively, in sucha 5
manner, that the cable runs will coincide as close as physically possible

w th the apex points of ‘the trapezoids 24a and 25a illustrated in Figure 6.
A first pair of reeving cables 220 and 221 extend fromthe corner

points 25 of thgodnedsgr parallel side of the | ower trapezoi d pzg@ag 49

di verging path towards the corner points %4 of the longer parallel side of
10 the upper trapezoid 24a. In the physic%l reeving configuration
illustrated in Figure 7, each cable includes two falls per cable

gui ded around respective gheav Qat £3.ang 420 to 425 on the
upper and | ower support sé?'(@fur;_e, +Fe§‘%§§t‘f§\’/'€ , as wll be described
bel ow. A second pair of the reeving cables 222 and 223 extend from
the corner points 25 of 15 the |onger parallel side of the | ower trapezoid
25a in a converging path wards the corner paints 24 of the shorter
paral l el side of the upper*z(sp*i@WM?W):éﬁm(? @f*sWpai r of reeving
cabl es 224 and 225 extend bet ween respective opposite | ower and upper
ends of the first and second pair of reeving cables 220, 221 and 222,

223 at the corne i i + and er trapezoid
223 at the corne 5(82@zsm(9}m%§n36b(6)wg ﬂ%(ﬁgbﬁ(d)ggg 56 p

4 sodddens(6224 and
225 extend between the corner points 25 and 24 of t | onger parall el
sides of the |ower and upper trapezoids 25a and 24a, respectively. As
can be seen further in Figure 6, none of the reeving cables 220 to
225 intersect each other Z2gs;+( {59 cos(¢)cop(py+sinip)bin(e)sin(@)) r apezoi ds 24a
and 25a and no two of the reeving cables 220 to 225 extend parall el
to one anot her. As will be appreciated, it is possible to
entirely define the geonetry of a regular trapezoid by providing the
val ue of the radius of a circle circunscri bing an equil ateral

triangl e having the sanme side |ength as the 30 non-ﬂaral | el sides of the
trapezoid, and the val ue jf. hﬂ%&gl o2 ihen.os o Ilel side;
t(r%’é |Drige R g%a)'lt(%’e ??‘d’g 2 V2 rﬁ%)o@ﬁ@a

the value of the length o rp el ng equal to
the length of the non-parallel side plus the shorter parallel si de.
If, like in the illustrated preferred geonetrical configuration, the

-2(s,+52@)(b+x)(sin(w)oos(dz)—sin(q;)sin(a)cos(qn))

-2(s,+8L3)(s, W oos(#)oos(w) sin(g)sin(y)sinie)

a(4cos(y)cos(0)(b+x) -a-4zsin(6) -4sin(y)cos(8)(s,~)))
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it should be noted that the Euler angles are not the same as the
roll, pitch and yawn angles about the x, y and z axis, but can be easily
related to them by known homogenous transformations. It should be
further noted that the above geometric equations can be used to
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- 12 - _ | ower and upper trapezoids are regular, the upper trapezoid
can be equally defined by a shorter parallel side having the sane
| ength as the shorter parall el side of the |ower trapezoid and a
radius of an equhbafogdsd! triangle which has an area whj, ?ﬂ' ' Lgaer
than the lower triangle. Thus, in Fi gurse 6 are indicated Ab&m}%gg

respective radii a and b of t he deflnlng circunscribing circles of

e Per s e P AGlerid SEBle Tandif>BR7' e ali®Six cables"§eb, &, 388 &R°M ©

paral |l el side distance ween exes, hese
di mrensi onal constension, sast Iod\&rhﬁm:tthadwdadngblhcbﬂﬁ tveill not berfullyi constedihed

220 to 225 bet vvegegﬁ\}%gmhﬁ‘g ‘E#equ%feé ﬁpd trolley 14 will 10 be identical
tr

when the head bl ey "14 are in horizontal pl anes

parallel to one anot haso, m order to impldmeritethe h@sicogéometric iequatibhs! Sh rar ed

enabl es stable and control ﬁP 8 ?nstral nt, of the head bl ock 15 with
respect to the t??ﬁ‘F‘eB"'ﬂ cphle, driye gaptroller, cofregtion parajpeters yih ke Hata v

and z axes, thatcd;ﬁsmmﬂaﬁspeﬁé tQih@hsion® bY thét Chheavedd a@aﬂ'ﬂ%cr
respectlvely VWhat is nore, the reeving arrangenent 18 of

Figure 6 as physiPQ%t'Q’f}/dlSP'ace"&moﬂP@dm% ideal arpangemendnat éPBBﬁS of the
| lustrated t
illustrated in f%\,ﬁl i gFF thm SEonsaderat:B%ng hi0ECHy ?Qtﬁ%tﬂfzgﬁen

cont ext neans that e rtened b
amount, the | oweFhischawbver lis 8Foutite mattsrtrequisinga® inventive skilhed t heret o

[ 1 fall | K . ; | |
Wi thout chabdi e t ha AlfeRCats, BlipRe ddianbRa 6! givlo iHCgeneral, t'shoukd p)
ybaX| S Eor changlotgdtthat arcdhoidecl =@a will giveid gelsmefrict donfiguratiom evheld there
about the x-,

shortening or | e'ﬁd'[%%‘f'ﬁ %ﬁp%ﬁér"g?t%%gt&g]h?aapfgb%gw%@%?t&goég%@gﬁgggs
was indicated above.

For example in operation of the crane, lengthening of only each of

15 the cables of the first reeving cable pair 220 and 221 by equal amounts

will result in a pitch movement of the container only about the longer

parallel side of the lower trapezoid 25a. If, at the same time, the second

and third cable pairs 222, 223 and 224, 225 are simultaneously

shortened by an amount smaller than that of the first pair of reeving

20 cables 220 and 221, then this will result in a raising of the head block 15

and hereto attached container along the z-axis and simultaneous pitching

of the head block 15 as dascribed.
Thus, the position and attitude of the head block 15 with respect
to the trolley 14 can be fully controlled in that proper manipulation of the

25 length of the individual reeving cables 220 to 225 between troliey 14 and
head block 15 is effected, while the force and moment applied to the
head block 15 via the reeving cables 220 to 225 can be fully controlled
by carresponding manipulation of the actual tension applied on individual
cables.

30 As is evident from the above, the symmetry of the reeving
arrangement 18 as illustrated in Figure 6 allows implementation of the
single hoisting drum concept illustrated in Figure 3 and described above.
All of the free ends of the six reeving cables 220 to 225 are hereby



25 and mai ntaining or adjusting the tension in the other cables, it is
possi bl e to induce a controlled and prescribed change in position
and/ or ~rattitude of the head block 15 with respect to the trolley 14
and mai ntain such position and attitude while noving the crane 10 as

a whol e or the g &4loSis 14 along the gantry 12 as has beggdesgdordcd
above. This latter type of 30 adj ustment {$ used for overall positioning
while the forner can be used to fine position the container wthout

the trolley 14 hpteR@d! 6n ke "Biffhon hoisting drum 19 Wheithysh einmenPsOYbAE
basi ¢ equations that reflect the geonetrical rel ati ons between the

ei ght apexes of ¢ditterentialhaisting rpation, along: the #eXis ds ensured. The ingividual
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[err], which respessiblyabyusy mdividudlitoist drum§ %nahamabe\ahgldam& whmnt aiehe
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e

fixed with respdfpependantly dfjven raB'BEoFB’qqq"F% f heist drivene

circumscri bhpg cliastration LR 'AGUMES 2 Qed h@ bémﬁfnahbﬁp%?oh% consth%‘iiGnhF s
possi bl e to provide equations for the effective length i each

the reevi ng cabl ¥sangamenisoips that it ugestindlyidyal th%sEH'é'F‘saﬂ@l for md-wdual
reeving cables 22, three arranged on each side of the gantry 12, and uses

two motors 10, one for each three drum group.
The actual control mechanism for operating the drives and

15 mechanisms to vary the effective length of individual receiving cables
utilising the above given equations such as to obtain the desired
movement of the head block 15 with respect to the trolley 14 can be
impiemented using controlier technigues known in the art and will not be
described further.

20 Locating the connecting points of the reeving cables 220 to 225 on
the trolley 14 and the head block 15 to coincide as close as possible with
the apexes of regular trapezoids 24a and 25a also increases the stiffness
of the hoist as a whole to enable stable transfer of containers 17 having a
centre of mass which does not coincide with the geometrical centre of

25  the container. In other words, the allowable area in which the centre of
mass of the container may be contained is increased to be located within
the lower trapezoid 25a, thus allowing for greater centre of mass
eccentricity while enabling stable, positional control of the head biock 15
with respect to the trolley 14.

30 The actual spacing distance between the connecting points for the
reeving cables at the apexes of the shorter parallel side of the regular
trapezoids 24a and 25a on the troliey support plate 14 and head block 15
{this spacing distance on the trolley support plate and head block being



trlépezoi d geonetry paraneters a, b and Sp and di spl acenent of the

centre of the |ower cartesian coordinate systemi,j, and k with respect to
15. the upper cartesian coordinate systemx, y and z. These
equations are provided as foll ows: [err] WO

97/ 19888 P 49
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identical and illustrated in Figure 6 to be 2Sp) can be selected based on
the maximum allowable dimension of the trolley 14 in direction of the y-
axis (see Figures 2 and 3). For example, for a trolley width of 5.0m, if
the spacing distance is chosen to be 12.0m, then this will result in an

5 allowable eccentricity of centre of mass of approximately 10% for a 12m
container. This value is within the specifications mentioned in the
introductory part of the description. This allowable sccentricity increases
to 15% for a trolley width of 6m since it is then possible to increase the
spacing distance to 2.2m.

10 One of the main advantages of the above described reeving
arrangement is that it enables to embody a crane with the ability to
change the location {both position and orientation in three dimensions} of
the head block (and therefore the load) without moving the troliey, that
is, it enables fine positional and attitudinal control. This can be achieved

15 by independently operating the hoist motors or ram mechanisms (see
above} to vary the reeving cable lengths to change the lengths of the
individual cables suspending the head block. The feasible rang of x-
(along the gantry) and y- (along the quay) motion of the load at a fixed
location of the trolley and head block height {along the z-axis) is governed

20 by the geometry of the reeving arrangement. Assuming a hoist height of
30m from trolley 14 to head block 15, the range for y- and x-motion of
the head block is O to about 1.2m and O to about 1m, réspectively. Ata
fixed trolley location it is also possible to rotate the load about the
vertical z-axis by about x35° without changing the attitude or position

25  of the head block.

A reeving arrangement for the gantry type crane of Figure 1
incorporating the geometric connections illustrated in Figure 6 is
illustrated in Figure 7 in a diagrammatic manner. The head block and the
trolley have been omitted from the illustration for clarity purposes;

30 however, the sheave and pullesy arrangement on the head block and
trolley support platform are illustrated in part coinciding with the apexes
of respective trapezoids so as to facilitate understanding of the actuaf

reeving configuration. The same reference numerals as in Figure 6 are
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used in Figure 7 to refer to physical reeving cable falls between head
block and trolley. As has been described above with reference to Figure
2, the six reeving cables 220 to 225 are fixed at the boom end of the
gantry. The other three ends of the reeving cables 220 to 225 are either
received on individual hoist or winch drums or a common hoist drum in a
manner previously outlined with reference to Figure 2 and 3. The cables
of the first pair of reeving cables 220 and 221 run along the gantry, one
each on opposite sides of the gantry. The cables 220 and 221 enter the
sheave and pulley arrangement and engage respective guiding sheaves
320 and 321 on the trolley and are directed toward the head block 15
where they engage with respective return sheaves 420 and 421 located
at the ends of the smaller parallel side of the trapezoid {see aiso Figure 5)
so as to return to the trolley and be directed by secondary guiding
sheaves {not illustrated) respectively associated with the guiding sheaves
320 and 321 to exit the hoist. The entry and exit of the respective
cables of the first pair 220 and 221 are on the same side of the ga'ntrv.

The reeving cables of the second pair 222 and 223 run along either
side of the gantry enter the sheave and puliey arrangement. The cables
222 and 223 pass through respective deflection pulleys 522 and 523, via
guiding sheaves 322 and 323 {located at the ends of the shorter parallel
side of the upper trapezoid) toward return sheaves 422 and 423,_
raspectively, on the head block. The sheaves 422 and 423 are arranged
at the ends of the longer parallel side of the lower trapezoid (see also
Figure 5). The cables 222 and 223 return on the same path to engage
respective secondary guiding sheaves {not illustrated) associated with the
guiding sheaves 322 and 323 from where they pass to be deflected by
respective deflection pulieys 522’ and 523’ to the opposite gantry side.
Thus, entry and exit of the cables 222 and 223 of the second pair is on
opposite sides of the gantry.

The reeving cables 224 and 225 of the third pair run on either side
of the gantry and enter the sheave and pulley arrangement to engage
respective guiding sheaves 324 and 325 located at the ends of the longer
parallel side of the upper trapezoid. From there, cables 224 and 225 run
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Here again, entry and exit of the respective cables 224 and 225 is on the
same side of the gantry.

The hoist arrangement (reeving 18 and head block 15) further
comprises a sensor system 26 which enables accurate determination of

10 the location of the head block 15, and therefore a container 17 carried by
the head block 15, with respect 10 the trolley 14. To this end, a set of
inertial sensors as indicated at reference numeral 29 in Figure 7 is
mounted on the head block 15. The sensors include three gyroscopes
and a 3-axial acceleromster (or three individual axial accelerometers

15  arranged perpendicular to one another) for measuring the angular velocity
and linear accelerations of the head block 15 in three orthogonal
directions x, y and z, and two tilt sensors for measuring the orientation of
the load with respect to the horizontal x-y plane. The data compiled by
the sensors can be uséd to calculate the position and attitude of the head

20 block 15 with respect to the trolley 14. This data can be incorporated
into the controi algorithms used to drive the trolley 14 and hoist drives so
as to minimise load sway and accurately position a container carried by
the haisting arrangement. This data can aiso be used to assist the crane
operator to manoeuvre the head block in a controlled and stable manner

25  to engage a container to be loaded or unloaded.

In Figure 7, in order to provide clarity of illustration of the run of
the respective reeving cable pairs, it was necessary to omit illustration of
the so-called secondary guiding sheaves; the expression secondary
guiding sheaves as used above denotes the "splitting” of the guiding

30 sheaves into two sheave disks which are necessary to deflect the
incoming cable to run in a downward direction towards the head block
return sheaves and subsequently receive and further guide the upcoming
cable to exit the sheave and pulley arrangement of the trolley and run



consi deration the di mensions of the sheaves and their
posi tion/displacenent fromthe ideal arrangenent at the apexes of the

trapezoi‘ds due to nounting considerations, will have to be introduced.

Thi s, however, is a routine matter requiring no inventive skill. 10

Al t hough the abgyfyAeesgti ons are given in general, it should herraussmorast ed
that a choice b = 2a wll give a geonetric gn_figuration where there

is no out of plane notion of the head bl ock during hoisting operations, as

was indi cated abgygards the boom éiid o ik, a8 GddeOmayfhd.he crane,
| engt heni ng of only each of 15 the cables of ‘the first reeving cable pair
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in that proper nanbigéraénto8 abvaybonibe sah@nﬁub o@fthé gantmydi Thatus) tHeerossg
cables 220 to 225 between trolley 14 and d block 15 is effected,
while the force YRl dofihie rups mentiongdiapove with g‘ﬁﬁ"ﬁ? &8 Ehe Fecppd nair of

reeving cabhgs 2gfving é8bles adodie nbtilthke G18¢d.0! IOl be furmbrcﬁé{easmdtﬂw
mani pul ati on of the actual tension applied on_individual cabl es.

As is evident frWhGaﬁHU\ﬁéO"&Vné”rs'yHﬁ*é@M r Fighes feBas fymirror svmmamgehent
noi oting drum coasegt 2EPpE Sf KgiflmL e BRlgndlriedh 2 uietfion, and thefdiofy
Al of the free thedsinodf relewingi oahlmm nige sheavesarb pulley arangemmentillubtrated
on the left hand side will be mirror symmetrical to the one illustrated on
15 the right hand side.

As can be seen in Figure 4, the gantry trolley 14 incorporates two
main support beams or boxes 142 which are arranged paralle! to one
another and respectively support at opposite distal ends one carriage 144
by means of which the trolley is supported on guiding beams of the

20 gantry 12 such as to allow translatory movement in direction of axis x
along the gantry extension. A total of four downward extending support
arms 146 join two support platform halves 140 to respective one of the
support beams 142. Two bracing beams 148 disposed on the underside
of the support forms 140 braise and interconnect the trolley structure to

25 provide the required structural rigidity. _

The arrangement of guiding sheaves and deflection and guide
pulleys is generally indicated at 30. Some of the pulley/sheave disks are
supported for rotation about horizontally extending axes and some about
vertical axes on respective mounting arms, two exemplarily being

30 indicated at 31, which are fixedly mounted on the support platforms 140
in an arrangement dictated by the above mentioned geometrical reeving
_configuration and the necessity to avoid collision of cable runs.

in contrast to the trolley structure, the head block 15 illustrated in
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- 17 - recei ved on the conmmon hoisting drum 19 whereby a common or
non- . differential hoisting notion along the z-axis is ensured. The
i ndi vi dual ranms 26 with di spl aceabl e sheaves 27 arranged within the

pat h of each %Pt he reeving cable 220 to 225 provide t L, smto
shorten or 5w°178§ hen the actual cabl eégth and thereforgﬁ.'\-/llz;i(‘?'%mﬁ|J4§
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for each thr®e drum &eyaging to F;gure 4, W'ﬂ?e"%?c‘!‘\i%?”@@npf‘sleaﬁﬂcﬂfaﬂ?ﬁs’ﬁﬁ?'@ﬂ
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and the arrangement of pulleys and sheaves on the upper part of the

15 supporting platform on which they are rotatably mounted. It can aiso be
noted that all guide pulleys arranged on the lower part of the support
platform 140 are preceded by the number 6; deflsction pulleys arranged
on the upper part of the support platform are preceded by the number 5;
and the guiding sheaves which serve to direcf the reeving cables in a

20 downward direction and receive the returning cable run from the not
ilustrated block head are preceded by the number 3. The last two
numerals used to distinguish the individual sheaves and pulleys'
corresponds to the last two digits of the reference numeral used to
identify an individual reeving cables 221, 223 and 225.

25 The three reeving cables 221, 223 and 225 enter the sheave and
pulley arrangement from the lower right hand side of the drawing piane
and leave the arrangement towards the upper left hand corner. Thus,
reeving cable 221 enters from the lower side of the trolley and engages
guide pulley 621 from where it passes towards the upper part of support

30 plate to directly be received by guiding sheave 321 and be directed
downwards towards the head block. Due to the perspective illustration
of Figure 8, it is not clearly apparent but it is to be understood that
guiding sheave 321 is arranged near an apex of the longer parailel side of



ectentricity while enabling stable, positional control of the head bl ock 15

wWth respect to the trolley 14. 30 The actual spacing distance

bet ween.t he connecting points for the reeving cables at the apexes of
the. shorter parallel side of the regular trapezoi ds 24a and 25a on the
troll ey supporty Rl 4 and head bl ock 15 (this spaci ngpgh n
the trolley sup"g@rg?ﬁ%f‘%te and head bl ock beé' ng V\EDEJ&?}’?%@&
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descri bed reevi ng_ ] arrangenent is that it enables to enbody a crane
with the abil it ydifestion to acapiniljustrated| fysther @viding priley Sriangad pthe lower
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and attitudi nal cont rRsevinghicable Z23entecs the attangement to beajefiedtad by lower
operating tEG hoéﬁhinrﬁ%?nhéy %23 4% gscgﬁ'gétﬁgs in( AR upward direction to guiding
sheave 323 from where the reeving cable 223 runs downward towards
the head block. Cable 223 is returned at guide sheave 423 to run in an
upward direction and then to be received at guiding sheave 323’ from
where it is directed again downwards to lower a guiding pulley 623’ and
15 subsequently redirected to exit the pulley arrangement towards the left
hand corner of the illustration. Guiding sheaves 323 are located near the
apex of the shorter side of the upper trapezium.
Finally, reeving cable 225 enters the pulley arrangement to engage
lower guiding pulley 625 to be passed to the upper side of the trolley and
20 engage guiding pulley 525. Reeving cable 225 then passes to a guiding
pulley 525’ having a rotation axis substantially extending in a vertical
direction. Reeving cable 225 is subsequently deflected toward guiding
sheave 325 to be directed in a downward direction towards the return
sheave 425 at the head block from where it returns in an upward
25 direction to engage guiding sheave 325’. Subsequently, reeving cable
225 is deflected by means of a horizontally rotating guiding pulley 525"
towards deflection pulley 525" which directs the cable in an not
ilustrated manner towards the lower part of the trolley where it engages
a not illustrated lower guiding pulley to exit the sheave arrangement.
30 The above described reeving configuration for a crane embodiment
allows stable and controlled manipulation of the head block 15 with
respect to the trolley 14. Thus, fine pasitioning of the head block 15 can

be achieved to pick-up a container once gross-positional adjustment of



above) to vary the reeving cable I engths to change the | engths of the

i ndi vi dual cabl es suspendi ng the head bl ock. The feasible rang of x-
(al-ong .t'he gantry) and y- (along the quay) notion of the |load at a fixed
| ocation of the trolley and head bl ock height (along the z-axis) is
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present between upper support structure and head block.



gantry. The other three ends—of—the Teeving cables 220 to 225 are either 5
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3. A crane according to claim 1 or 2, wherein the reeving
cables are connected geometrically at points in the upper and lower
support structures which coincide with the apexes of regular trapezoids.

20 4. A crane according to any one 'of the preceding claims,
wherein the area of the trapezium defined by the geometric connection
points at the upper support structure is larger than the area of the
trapezium defined by the geometric connection points at the lower
support structure.

25 5. A crane according to any one of the preceding claims,
wherein the reeving cables are connected geometrically at points in the
upper and lower support structures which substantially coincide with the
apexes of regular trapezoids, the distances between the apexes at the
shorter parailel sides of the upper and lower trapezoids being equal, the

30 distance between the apexes at the longer parallel side of the lower
trapezoid being equal to the distance between the apexes at the shorter
parallel sides plus +/3R, where R is the radius of a circle circumscribing an

equilateral triangle with a side length equal to the distance between the
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- 20 - downwardly to the r sheaves 424 and 425
arr-anged at t he ends of theﬂmmmlwmﬂmnu“'m de of the | ower
trapezoid (see also Fi gure 5F. Thefredftdr, *cabl es 224 and 225 return

al ong the sane yg t he secondary gui di ng sheave qﬁg!
with the guiding tsé'ﬁeaves 324 5 and 325, %gspectlvel y, where tf‘? @é
deflected to exit toward the boom He again, entry and exit of the

respective cabl eg ﬁ{gftfs ?f“éhg?\gn f‘elt ides of the & 5?535;4}{%%98 8 ilthnce

The hoi st arrange reevin
conprises a sensbetwqm elm aﬁem ahthmpbdaﬂel gide wfahe uhneertra'mbido?s atjual o

the location of he/h | gck 15, and thereforg a con ca d by
the head bl ock 1&’ ‘%9 qruasn; the gpexes Ht |t ?/sﬁﬂ“e‘rBaﬁﬂFQS'ﬂﬁﬂP'% é‘é{’ﬁ
inertial sensors as lmdl cat ed Aakrdnef 8écurdihgntoTah@l od of nthiel gticBdihgl Slaims
nmount ed on the head bl ock 15. The sensors include, three gyroscopes

and a 3-axi aP acBRY &rgnged as 3 gahtyyPeRiaDe Jan noisting comtainess. owhersin the;

arranged per pendijsgerakubpor? nﬁr@a@we&o}nériyesnsa&anémrﬁah@eanw' Péc.ai%lzeﬁﬁé y
and |linear accel erations of the head block 15 in three orthogonal

directions x, y HnRarzmoyamentcalonga Gantor or ienomestsuaturgy afhtheo crane. aandn

of the | oagnghdifl the I8eH sﬁgp%#%mueé.s rifhristis¥a Rbl Biock fh Wlich te

conpi |l ed by e sensors cah be use e position a
attitude of t he mmair@@ma\bbedoumbd/whspmi to the trolley 14. This

coie, con Beabeornor et | b8 ddiEnaRg' by AR of WP pHESlS o
accurat el y posi t wherein cthet seans €@ chaagihy the effettive Hength rd esdtnrFeint .
This data can al so be u 0 assist the c tor to nmanoeuvre
[he"head bl ock | FoXTB,iAHIEY Panvasr: the 4gpe’ AR iewer supBbit sthutures comprie
a plurality of hoist drums, one for each of the reeving cables.
8. A crane according to claim 7, wherein the hoist drums
15 are driven by individual motors or by a common motor to effect fine
attitudinal control of the lower support structure with respect to the
upper support structure, a transmission system being provided to effect
differential movement of individual hoist drums.
9. A crane according to any one of claims 1 to 7, wherein
20 the means for changing the effective length of each of the reeving cables
between the upper and lower support structures comprises a single motor
driven hoist drum for ali of the reeving cables, and adjusting means
arranged within the path of each reeving cable to provide for additional
individual adjustment of the lengths of each of the reeving cables.
25 10. A crane according to claim 9, wherein the adjusting
means include electric, hydraulic or pneumatically activated rams with a
cable guiding element.
11. A crane according to any one of claims 8, 9 or 10,
further comprising an electronic controller arranged to provide control
30 commands operative on the means for changing the effective length of
the reeving cables in accordance with geometric equations linking the
spatial attitude or three-dimensional orientation of the lower support
structure to the effective distances between the apexes of the trapezoids



25 to engage a container to betoaded or unl oaded. In Figure

7, in order to provide clarity qfgdl t M‘m the run of t he
respecti ve reeving cable pairs, O“L“ mmmu to omt illustration of
the so-call ed secondary gui di ng sheaves; thheSexpressi on secondary

gui di ng sheavesy@gisgsyd above denotes the "splitting" of the ptivdusgooris
sheaves into two sheave disks which are necgssary to deflect the
incomng cable to run in a dowward directi'on towards the head bl ock

return sheaves aggtq?lig,\?gé}m %ﬁﬁr‘%ﬁﬁb&ﬁ Strsbtlils! réfﬂizh ﬁ!éitéeadjbﬁ ARS Riindin

cable to exit the she ey arrangenent of the trolley and run
WD 97/ 19888 a predetermined length and tension in each of the prepving arabigsio

- 21 - tog\@gocl}‘;aégg%@g%)g/ i atliigat | Ng drum as the case may be.

This can be better er st aving retf erence to Figures 4 and 8
in which an actual arf2ingenend crang accensingtaiclaim| Kl furtherdcaropdsing sensor

"1 ust r at ed. SThemepit s o Aatetmifte e, Bty Msldor od, “¥d diendioa
di fferent from tébdernatiopr ek ithe Sloyed esuppdre Gtiictiiver efith aespedtotd-ither Gpger N

that entry and exit of reeving cables into the sheave and pull ey
arrangement is atWRRA8EUPHECSane side of the gantry. That is, the cross-

over of cable runs neyg.i oned AbQ¥gngV héedraing’ QBClbim t B2, SAFeWst NAdIudlg 10
reeving cabl es does not take place. It will be further noted that the
actual gantry trigedbgck meang aranged 1o, tangoit 12 e eleciyonie cofyrmiier rihea

Cra! 0, b S0 nbl 4 rfilch, B 0B84 10y ot SERROR. USRS
respect to the upper support structure as determined by the senor means,
the electronic controller being arranged to fine adjust the position and
orientation of the lower support structure in response to feedback data
provided by the feedback means.

15 14, A crane according to claim 13, wherein the electronic
controller is arranged to automatically respond io the feedback means in
that the means for changing the effective length of the reeving cables are
operated to automatically counter externally applied forces to which the

* load carried by the iower support structure mayibe subjected.

20 15. A crane according to claim 12, 13 or 14, wherein the
sensor means include an inertial platform consisting of gyroscopes and
acceleratometers disposed on the lower support structure.

16. A crane according to any one of claims 14 to 17,
wherein the electronic controller is further arranged to automatically

25  adjust the length of the reeving cables through the means for changing
the effective length of the reeving cables when receiving feedback data
indicative of an abnormal position or orientation of the load.

17. A crane substantially as hereinbefore described with

reference to the accompanying drawings.



on the left hand side will be mirror symmetrical to the one illustrated on
15 the right hand side. As can be seen in Figure 4, the
gantry trolley 14 incorporates two mai n support beans or boxes 142
~which are arranged parallel to one anot her and respectively support
‘at opposite di styhoeggs one carriage 144 by neans of whiedxAbssnor4e
trolley is supported on guiding beans of the 20 gantry 12 such as to
allow transl atory novenent in direction of axis X al ong the gantry
extension. A total of four downward extendi nty@upport arms 146 join
two support platform halves 140 to respective one of the support

. beans 142. Two braci ng beans 148 di sposed on the underside of the
support forms 140 braise and interconnect the trolley structure to 25
provide the required structural rigidity. The arrangenent of
gui di ng sheaves and defl ection and gui de pull eys is generally

i ndicated at 30. Sone of the pulley/sheave disks are supported for
rotation about horizontally extendi ng axes and sonme about verti cal
axes on respective nounting arnms, two exenplarily being 30 i ndi cated at
31, which are fixedly nmounted on the support forms 140 in an
“arrangenent dictated by the above nentioned ge trical reeving
configuration and the necessity to avoid coflision of cable runs.

In contrast to the trolley_structure, the Wead block 15 jillusirated in

WD 97/ 19888 PET/ AU96/ 00749]
- 22 - Figure 5 car f\ st ' T

of a nunber

4 L 18
5

//3

17

10 _ T IL/”

FIG. {



_of‘struts and beans 150 which support plate nenbers 152 which

t hensel ves support bearings for the return sheaves 420-425 provided in

the trapezoid arrangenent previously described. 5 Reverting to

Figure 4, while not illustrated, one each of the reeving cabl es of

~the three pai rsr@wﬁ?ahes will run on the left hand side and tpgaussmnorae
other three cables of the three pairs run on the right hand side through

the pulley and sheave arrangenent of the trolley 14. This can be better

understood by having reference to Figure2§8'There is illustrated al nost in

10 its entirety, the run of the cables received on the |eft hand side of

. the trolley. To aid in the visualisation of the arrangenent, the

- act ual supporting platform 140 has been omtted to clearly show the

. arrangenent of guide pulleys on the |ower part of the supporting platform

and t he arrangenent of pul | eys and sheaves on the upper part of the 15

supporting platf Aich they are rotatably nounted. It can al so be

noted that all puI\-ys arranged on the | ower part of the support

pl at f orm 140 ar p deo“-y e nunber 6; deflection pulleys arranged

. on the upper part\o e squ§$ pl atform are preceded by the nunber 5;

. and the guiding s ea -mhiw\ serve to direct the reeving cables in a.Q§R

- downward direction E éggf\( the returning cable run fromthe not

\

“illustrated bl ock he d\ pr&ckded by the nunber 3. The last two .
- nunmeral s used to disthng h px i ndi vi dual she

es and pul |l eys ([)
nce nunmeral used to

. corresponds to the |as t:{ |g%§s of the refer 7
~identify an individual xeelyng capl es nd 225. 25 Th

. three reeving cables 221\ 2% nd\\25 e sheave and pul | ey
~arrangenent fromthe Iomer r\v t hh\d si de t he draw ng pl ane and

| eave the arrangenent towa ds\ upper |eft nd corner. Thus,

reeving cable 221 enters fr \E Io‘:r si de Qfythe troll ey and engages
gui de pulley 621 from where tg es \jyowar ds 't e upper part of support 30
plate to directly be recei ved by ¥gui di v sheave 321 and be directed
downwar ds towards the head bl o k.\! e t N\t he perspective illustration

of Figure 8, it is not clearly spp&ent E\t it is to be understood that

gui di ng sheave 321 is arran&QQ\P ar\-n .apey of the longer parallel side of




~
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- 23 - t he upper trapezoid in simlar manner as illustrated in
Figure v7. Reeving cable 221 is received on return sheave 421 of the
. head block illustrated in Figure 5 and returned in an upward
direction to bews@Abegd at gui di ng sheave 321', which ipgTidAt®ee®aye
gi ven description with reference to 5 Figure 7 is called a secondary
gui di ng sheave. Reeving cable 221 then passes through guiding pulley
521 where it is deflected in a downward /8 rection to a not
Il lustrated further guiding pulley arranged on the | ower side of the

. trolley to exit the arrangenent in the manner outlined above.

Reevi ng cabl e 223 enters the arrangenent to be deflected at |ower 10
guiding pulley 623 to be directed in an upward direction to guiding

. sheave 323 from where the reeving cable 223 runs downward towards t he
head bl ock. Cable 223 is returned at gui de sheave 423 to run in an

. upward direction and then to be received at guiding shegug
o\
apex of the shorter side of the u r trapezium “//?

- where it is directed again downwards to | ower anguggru;fh
!

i bl e 225 ent the pul | tt N
reeving cable enters the pull ey arrangenment to A

3 AN =
; \ [ ¢ ".":::::;;?
subsequently redirected to exit the pulley arrgNge 3 /_.::::"*.
hand corner of the illustration. Guiding sheavey 32 . !hr OE Bt
E
1%:.;:'-:‘.’
guiding pulley 625 to be pass to Yhe upper side of

- engage qguiding pulley 525. Ree¥in

FIG. 3



shtave 325 to be directed in a downward direction towards the return
sheave 425 at the head block fromwhere it returns in an upward 25

di rection to engage gui ding sheave 325'. Subsequently, reeving cable

225 is deflected by neans of a horizontally rotating guiding pulley 525"
t owar ds def | ectyygdrieshs €y 525[err] which directs the cabl e i npewaAUDs00749
I1lustrated manner towards the |lower part of the trolley where it engages
a not illustrated |ower guiding pulley to ?é} t he sheave arrangenent. 30
The above described reeving configuration a crane enbodi nent

al l ows stable and controlled mani pul ati on of the head bl ock 15 with

- respect to the trolley 14. Thus, fine positioning of the head bl ock 15 can
' be achieved to pick-up a container onc§=gross-positional adj ust nent of

- WD 97/ 19888 B S PCT/ AU96/ 00749
- 24 - the trolley 14 and here Suspended head bl ock 15 has been

acconpl i shed. The proposed reeving4=,~r?-?€ t 18 al so provides
potential for active anti-sway and a}}“.}% M Ok, Si nce #% reevi ng
arrangenent 18 can be manipul aggd to , VY a~dt abl £,

s

.)nfbﬁ

. predeterm ned, manneg g epunt'er any fo e I nduce | oad
h\ag cahl e

. sway. Fi nkE 4;;;'Ie t he above ©

- configuration aLk

. be appreciated that Q’
. ends of the six reeviog drS

| appropriate mounts on tIT&



bl bck, instead of the boomend of the crane. Then, the sheave and pul |l ey
arrangenent will be greatly sinplified and only one fall per cable wll
present -bet ween upper support structure and head bl ock. WO
97/ 19888 PCT/ AU96/ 00749

, - 25 - ‘9"@’%&?” 1. A crane conpri Si POT/AUIGABIEN
support structure,” a | ower support structure arranged to carry a

| oad, six reeving cabl es suspendi ng sgpg | ower support structure from

t he upper support structure, and neans for changing the effective

| engt h between the upper and | ower support structures of selective

be

ones of the reeving cables,

wherein the reeving

cabl es are connect ed

geonetrically to the upper and | oweyp—support Lures at apexes of
respective trapeziuns, respectively, the reevi d4bl es bei ng
arranged such that the cables of A fir ir the reqgying 10 cables
converge in a downward digZg@8dion/ t | e a second|pair of t he
reevi ng cabl es converge in an and the dabl es of the
third pair of reeving cables e opposite encI of the first and
second pair of reeving cables a er and | ower strjfictures.
2. A-crane according to "I, wherein the reqying 15 cabl es
are connected geonetrically a in the upper and I|quwer support
structures which coi nci d¢Z2f 1 es of trapezai : 3.
A crane according to claim1 or|{3, int ng dpbl es are
connected geonetrically at poinld”in t up pr
152 N : -
1 ) -
Y N e
-l \\\
/50—/ \\\
(
421
5~
420
/d
- 4
7l =——=—=
1 / Is ) S
4 ; | -
v ——
! / \
/4
4 . ~
A2 4
422

FIG. 5



support structures which coincide with the apexes of regular trapezoids. 20
4, A crane according to any one of the preceding clains,

wherein.the area of the trapezi um defined by the geonetric connection

poi nts at the upper support structure is larger than the area of the

- trapezium defingd B gkge geonetric connection points at the | Qu§faussmorss

i upper and | ower trapezoids being equal, the

| to the distance between the apexes<g-The

support structure. 5. A crane according to any one of the
precedi ng cl ai ns, wherein the reeving cables are connected
geonetrically at points in the upper 4 | oner support structures
whi ch substantially coincide with the apexes of peqgul ar trapezoids,

t he di stances between the apexes at the : alé@#céides of the

apexes at the |onger parallel side_of the | oy

WO 97/ 19888 (0367 00

[err] 3R, where Ris the radi ugggf - &,» 1
equilateral triangle with a w“o n%

- 26 - apexes of the poh- p#
t he distance bet wees E?ﬁ Apg
trapezoid is equal tag e di
paral | el sides plys?2[err] 3R

any one of the prwyceding clains §
for hoisting contaiRers, wherein tthe\

conprises a trolley axsranged Eég recﬂprg’,
N

»

o
T

14

221




| i near movenent along a gantry or boom structure of the crane, and
wherein the | ower support structure conprises a head block to which the

compt ai ner may be coupl ed by a spreader. 10 7. A crane
according to any one of the preceding clains, wherei n the means for

"~ changi ng the ef {RFdhygs! €Ngth of each of the reeving calpeqsaig
t he upper and | ower Support structures conprise a plurality of 0|st
druns, one for each of the reeving cabl es. 8. A crane
accordlng to claim7, wherein the hoist druf®&5 are driven by individual
notors or by a common notor to effect fine attitudinal control of the
| ower support structure with respect to the HAH pport structure,
a transm ssi on system bei ng provided t effect drtferenti al novenent
of individual hoist druns. S22 Agdane gexprding to any
one of clains 1 to 7, wherein 20 neans for //o ng the effective
| ength of each of the reeV|ng cables ttv upper and Iomer
support structures conprises a single tor ‘(’/ 0 e@g al
of the reeving cables, and adjd&# g rrearrang %t I n xHe path
of each reeving cable to provide fcr‘z,w ronal L2 d|v dual Lagl us baant
of the |l engths of eachmﬁ%%%he reev S { r ///’ A“crane
according to claim9 ’/7/fu <‘$:;,—oe et telés,
hydraul i ¢ or pneunatlcally asa’fate %25 ui di ng

,gi one&2lains 8, 9

el ement . A cr al

or 10, further conprl f A2l ¢ P 1] ar;ﬁﬁged to provide
control 30 conmands opera e ont . naapi effective

| engt h of the reeving cables in g 7 ti) \pgqo é&élc equati ons

l'i nking the spatial attitude or }\firegs [~ #ation of the

| ower support structure b3 bet ween the apexes

of the trapezoids

Zzf

_ /2’25

AN

221

| | — A2

/7
o

FIG. 7
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- 27 - at the | ower and upper support structures, such as to adjust
and mai Atain a predetermned I ength and tension in each of the
reevi ng cabl es associated with the spatial attitude. 12.

" A crane accor di Rgp bfegdgdi M 11 further conprising sensor 5 NPEIAUSG0749
determ ning the spatial position and three-di nensional orientation of
the | ower support structure with respect to the upper support
structure. 13. A crane accB8/8 ng to claim 12, further

I ncl udi ng f eedback nmeans arranged to transmt to the electronic
controller the 10 position and orientation in space of the |ower support
structure with respect to the upper support structure as determ ned
by the senor neans, the electronic cgptroller being arranged to fine
adj ust the position and orientation of\ the | ower support structure in
response to feedback data provi ded by e feedback neans. 15

14. A crane according to claim 13, wher&in the electronic \n g}
controller is arranged to automatically respond to the feedback nﬁ%nﬁ\in
that the means for changing the effective lengtN of _fhe reeving calbles are

operated to automatically counter externally appfied forces to whi t Ne
| oad carried by the | ower support structure nay be subj ed. 2§
15. A crane according to claim12, 13 or 14, whe @che ENSY

means include an inertial platformconsisting of gyro
accel eratoneters di sposed on the | ower support struc
A crane according to any one Of jél-giei—tdumi-G—-irt=

electronic controller is furthé

effective length of the reeving cg
i ndi cative of an abnornmal positio




17. - A crane substantially as herei nbefore descri bed ARR200 3 -6
reference to the acconpanyi ng draw ngs. _
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(54} Title: CRANE WITH IMPROVED REEVING ARRANGEMENT

(S Abstract

The invention relates to a crane which is arranged
through its reeving system to manoeuvre a load. The crane
comprises an upper support structure, a lower support structure
armmanged to camry a load and six reeving cables suspending
the lower support structure from the upper support structure.
There are incorporated means for changing the effective length
between the upper and lower support structure of selective
ones of the reeving cables. The reeving cables are arranged
such that they are connected geometrically to the upper and
lower support structures at apexes of an upper and a lower
trapezium, respectively, the reeving cables being arranged such
that the cables of a first pair of the reeving cables converge in a
downward direction, the cables of a second pair of the reeving
cables converge in an upward direction and the cables of the
third pair of reeving cables extend between opposite ends of
the first and second pair reeving cables at the upper and lower
support structures. A crane with such reeving arrangement
enables adjustment of the position and attitude of the lower
support structure with respect to the upper support structure
by manipulating the length in individual reeving cables. The
reeving cable arrangement results in “stiffness” being present in
the connection between the upper and lower support structures
when all cables are in tension.
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