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| NVENTION A Wre Rope Reeving Support System for Cargo
w@vsaymeer Handling Gantry Cranes. BACKGROUNCPQFUTIHBS/010270
| NVENTI ON FI ELD OF THE | NVENTI ON The present invention
relates to cargo contai ner handling gantry cranes.
More particularly, it relates to an inprovenent in
the wire rope reeving systemfor the cargo container
transport trolley of such cranes. Specifically, it
relates to a wire rope reeving support systemfor
TITLEOFTHE BRNFENTION ch the rope systens which perform
| oad hoist and trolley traversing operations are
supported at |east m d-span of the maxi mum rope
suspensi on |l ength of the crane. DESCRI PTI ON OF THE
PRILOR ART The cargo contai ner, handling gantry cranes
vihiVre B@ﬁéﬁqevmﬁfgnnn%t xR ferfeanzo GandeingeHandlingGantry Cranes.
present invention are those which are arranged in the
operating configuration to extend over a |ongitudina
expanse of ground, dock, or water to transfer WO
70 2 cargo containers
BAC]%%&(Q%%OEWEM? ition area to another. The
heavi est of such gantry cranes are usually | ocated
dockside in shipping ports around the world in the
formof bridge cranes or gantry cranes. Dockside
Mﬁgﬁwﬁmdwhave ei ther a hori zont al _
, ever boom the latter of which

can usually be raised by rotating it

The present invention relates to cargo container handling gantry cranes. More
particularly, it relates to an improvement in the wire rope reeving system for the cargo
container transport trolley of such cranes. Specifically, it relates to a wire rope reeving
support system for gantry cranes in which the rope systems which perform load hoist and

trolley traversing operations are supported at least mid-span of the maximum rope

suspension length of the crane.
DESCRIPTION OF THE PRIOR ART

The cargo container handling gantry cranes which benefit from the improvement
provided by the present invention are those which are arranged in the operating

configuration to extend over a longitudinal expanse of ground, dock, or water to transfer



around its inboard end. An exanple of this latter type
of crane which is nore prevalent is disclosed in U S
w@aiosn7ebid. 5, 765, 981 and was devel oped by t hePr@EERINEE10270
of the present invention. ©ther types of large gantry
yard cranes are |located in |arge cargo contai ner
storage or transfer areas. These are | ong span bridge
. i | i C .
cargo EHRAREPAGHA Rl BobTohY SHBRALh BSedto aYEHEL e henyjcat of such
gantry on rail-nounted wheels. Reference is nade to
gantry pyages aregisualy lopased degkstderinghinping peris araund the wonkd in the form of
'981 type of gantry crane having a cantil evered
bridge P4k 3! QFhrdes. ADGLIRSAE Bshify &EhESSeftdrllf have ejther a hori
s superstﬁ%g?gre 13. 1t 1s s%%%%ﬁted og crang ?Y%Sk et a horizontal
< g eel s 15 which are mpunted o Qck rails ich run L
sliding CBR qaatliﬁmsr 3&@@, dhe Iﬁﬁt@r eﬁa‘aﬁ.whrﬁén wg@bﬁ@e Gaised By rotating it
supports a horizontal gantry 17 disposed generally

aroundnitsiinbeaghénd. hAmandangile af tidh it efpd OFetahe B Yembobkeprevalent is
cargo container pickup and deposition areas 19. The

aisclo 3R 5, BaRRRRL 564 SRTRE AL Bl 1 il 8950 e presen

) desi gn, sheaves are di sposed at the pinnacle 21 of
inventiche Othpertgpesiof large gfantdyeyard amandsoarguiodatedi inelargepeargo container
reeving 23 which is used to rotate the outboard or
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. the end of the boomare also supported fromthe WO
verticap gtra¢ines B atedrinbeacd $ra 1o ends pifthacirendgantry on rail-mounted
mechani cal |inks 25 when the boomis |owered to | evel
wheelg@nd the wire rope boom hoist reeving 23 is slack. The
W re rope hoi st reeving which raises the boomtakes

th%fl oad, off the |inks which, col|apse when the
Referenes/ sruade il G sl pbtherdrawingsi fog agepipsentation of ge '981 type of

gantry crane having a cantilevered rotatable boom 11 projecting from the crane
superstructure 13. It is supported on crane truck wheels 15 which are mounted on dock rails
which run parallel to the edge of the quay. The superstructure supports a horizontal gantry
17 disposed generally mid-height thereon at an elevated location above the cargo container
pickup and deposition areas 19. The gantry is supported from below by the main legs of the
superstructure. In the cantilevered rotatable boom design, sheaves are disposed at the
pinnacle 21 of the superstructure of the crane to guide wire rope reeving 23 which is used to
rotate the outboard or cantilevered end of the boom to the upright raised stowed position.

The outboard end or the middle and the end of the boom are also supported from the



about its hinge point 27 at its inboard end proxi mate
the superstructure. Wiile, in nost typical dockside
wa@ppbigmst ons, the gantry of a cargo contai nerP¢EOSI005¢10270
crane is a horizontally sli8able or a raisable
cantil ever boom sone gantries are single beam while
nost others are dual girder beam The present
. , On AR, Cid] i
pinnaclgBYARELOMi G TARS AHERS KRBT MpRsred (13761 2T e WHRSpe boom
. simlar to the '981 gantry type crane in that they
hoist resivingods i shaskabllee winegope baishreying which raies gye boom takes the load
nounted on rails on the crane gantry sections 11 &
off thellinksUsheh! dbll‘élPE(f‘WheﬁLtﬁQ% : V%ﬁrlﬁk)?ﬁ 'issrcﬁéﬁdg&its-rﬁ@wed position
trolleys shuttle along rails usually nounted on top
.of . inside of, or belogw the crane gantry. The trolley
about ity Ripge BEIG 2t &8 1nbeard; smdrbroximata e HIsEEICtars. bel ow
the gantry. In the case of the dual girder beam
Yamite, Yn nﬁ)bﬁtgbﬁﬁﬂ dockssdsaphidatons) e ntiyss et“d%@v\%@é%rﬁﬁiner handling
e ic

the gantry tween the "gantry side girders
.extend for t l,engt h of, t he ntry. For a single beam

crane i hoRgonigify Midyf ) TnBau dantiRy Yoprhotorie Gafifief gre Shgle beam
nmount ed bel ow t he beam The cargo container |ifting

while mpsteatherssaradaal girdesbédy. dlepmesad ifivarttidnheart belkidiyed on any of
which carries the wire rope suspension sheaves for
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spreaders can be secured to the headbl ock to
type cragigrthelddcy employ a spombiaesrgo dontaires hift tsoliey 29 mounted on rails on
cont ai ners. WO 2005/ 097660 PCT/US2005/010270 4 The

the cra#i? g%ﬁt &btidns 31% 307 ﬁi\.@a?[?ﬁi%k}%%){}s g%g ioé@ijat&“ S éé'l’)"‘ﬁ] :Flhe trolleys

e crane gantr perator 1n
cab 31 to engage cargo contajiners which are | ocated on
shuttleigleng) sails @suaglm ppwated. oTiny elpieside ofper elow theecrane gantry. The
containers to be lifted by the trolley 29 for

trolley suspends a cargo container lifting spreader 33 below the gantry. In the case of the
dual girder beam gantry, the load is suspended through the center of the gantry between the
gantry side girders which extend for the length of the gantry. For a single beam gantry, the
trolley is suspended on rails usually mounted below the beam. The cargo container lifting
spreaders are releasably suspended from the trolley, which carries the wire rope suspension
sheaves for the fleet-through wire rope load hoist reeving, by means of a detachable
headblock 35. Different length spreaders can be secured to the headblock to accommodate

correspondingly different size containers.



transport along the gantry between the pickup and
deposition areas 19 in a cargo container transport

W@ ki0p/097860 under the crane, or under its backr eBChUSZ0&010270
trolley is reciprocated alohg the gantry by a
continuous wire rope drive system and the headbl ock
is raised and lowered by a |load hoisting wire rope

t 5 . I , v 0
TS AhR 2 hE DR o ol YR Gl ele P ghe crane
are several types of wire rope reeving and trolle

gantry ditj VEby tha operatdr imtheneab 3l togingage cargloaqongajners which are located on
effecting cargo container transfer. These include the

e .

the dogk @ shibbchP THE SYEAdeORFLiRHe POMB ol (e PRES by il trolley 29 for
the | rrBI enentation of the present inpvention, but the .

transpart alongtheganisy pefyeeendha piglar anfhdeposiiionareas B itk § spggescontainer
are each disclosed in the acconpanying prior art

transpd#t SHipnasundtrGhe trandsér @ider ifsbatkaciRPTRE alolivy fiofeddsrolated along
the Wwre rope reeving for a rope drive trolley for a

the garfh R santnn Eovics P ot AR RS A i i and Lowered
| ocation on a crane. There is a problemw th these

by a Idadr lusistingveise vopehystahabeth twhicki ae usmally shrgveanbly wiréirope drums
particular, with respect to sag in the [ oad hoist wire

pe { he hoist trolley traverses to the
locate%&m?@%%ﬁéﬁﬁ%sm on, the unsupported rope span
between the nmain hoi st rope sheave on the troll ey,
&oveves, theiestre seypraldypesofiwistieapeacenting hnd ooy dtizesutilized in the
of the gantry, reaches a maxi mum Under this

prior af364ihe 4 effe R s sEB i i hele IRK R R el ope drives

unsupported dead wei ght of the wire ropes.. This
and loadtheigryirefrppes. vhihe| laget efshesexiaes sysiemsypsimandy kenefits from the

no | oad under the lifting spreader. The container |oad
implen¥kiR&ict 88 i present invention, but the trolley drive ropes can also. These wire

rope systems are each disclosed in the accompanying prior art drawings which illustrate
typical apparatus for both the wire rope reeving for a rope drive trc|>lley for a shoreside cargo
container handling crane and a wire rope load hoisting system driven from a remote location
onacrane. Thereis a problem with these large cranes which relates to wire rope sag and,
in particular, with respect to sag in the load hoist wire rope system. When the hoist trolley
traverses to the maximum outreach position, the unsupported rope span between the main

hoist rope sheave on the trolley, and the hoist rope support sheave at the opposite end of the

gantry, reaches a maximum. Under this condition, the hoist ropes will have a maximum sag



downforce in the wire rope systemthat provides a
tension force in the horizontal ropes that restrains

WO oe/0smen For cranes with higher rated |ifti nBCT/US2005/010270
capacities, the main wire rdpe dianeters are |arger
to handl e the increased | oads. Consequently, the main
hoi st ropes are heavier and the suspended ropes have

becaus 5 SingtAor L RRRLieH IO LSRR SpBr S GRSy B0l ecome

furthest outreach position, and when the main hoi st
excessige whanahermisatd watl under th@shftmgm@r@ader o ercontaineniead generates a
the spreader to engage a container in the hold of a

downfér@é th th\éy’@ Qﬁe %%E&ﬁ@%{t \P dles'”‘ﬂ %1&%&5’? g '%tlﬁ‘ir%htal ropes that

he mai n ropes e greatest becaus
therels no | oad on oetg_ﬂrmlntalnthetensmn

restrainsekfpcr WL- t & Ofi Cﬁalaﬁleéntﬁﬂolag ehtpted Adting sapacitiess hes@ain wire rope
conditions can be as nuch as 30 feet. Wen the

dlamet%%@lﬁgeﬁwmm@ﬁhd @ctdabéd RAdSNTRASSLuenBR! HeBhin RISt ropes are
force created by the lifting Ioad W | suddenly t ake

sl ack eneratin “rope whi ppi ng
heaV1elé$}0{£]le Susﬁ?ﬂ@dé{éﬂg%g%%@e?@{éégg't o bounce and to slap
on the adjacent structure of the crane frane, which
iThe inoshunfaveezbls tondition dbr wpeBag isashevethe msin trolkyds positioned at
fatigue failure of the wire ropes. Sorretirres the ropes

e RS SEA YA B0 PR 3By e mostrope

onto the top of the ship deck to cause further
order tploperthy sgrange taeneggsssidntainpeinsthadiold of ashipor Wheatthe spreader
to workers or crew. The bouncing rope al so generates

is 1and&i‘bﬁ ﬂ{h‘:@orﬁgirﬁ'? t#e Qin A h;dﬁk? 2%@63%6@% ggea%égﬂ Qlatck%lﬁa@éédthere is no

can i njure personne € near
bounci ng ropes. Conversely, the sanme W 2005/097660

load orrthy remyuBAmian the tegsanvirehioBEImEZe Fopesagr Jbe segunder these
a load is rel eased under the predescri bed nost

conditions can be as much as 30 feet. When the operator commences to lift an engaged
container, the force created by the lifting load will suddenly take up the slack ropes
generating a "rope whipping effect." This causes the ropes to bounce and to slap on the
adjacent structure of the crane frame, which in turn causes structural damage as well as
premature fatigue failure of the wire ropes. Sometimes the ropes will actually engage and
detach a berthed ship structural element. The damaged structure can fall onto the top of the
ship deck to cause further property damage and possibly personal injury or death to workers
or crew. The bouncing rope also generates nuisance noise and an unsafe operating condition

and can injure personnel if they happen to be near the bouncing ropes. Conversely, the same



unfavorabl e condition, the sane whipping effect
results fromthe rel ease of tension. The maxi num
w0 nivsaydebackr each retracted position of the tPOI/US2005010270
al so causes an unfavorabl e 6rope sag condition and can
create a whi pping effect. For those cranes built
before 1985, the catenary effect on the wire rope was
P alel e gh [ 3 ' .
conditff] occhY S oreFRRNEC Hlod & T 16 PREA B8 Tk dscribed most
| arger in size, the cranes have correspondi ngly becong,
unfavorahlgepndition, Hrsosame whipping sifesk resuls dtpm dhe neleasesef tension. The
result, the rail gauge for the crane dockside tracks
maximAY fibeIRPBEGG cadt féﬁa@@ec{ B&itib® of We B‘éﬁkﬁ ta‘l’scpﬁﬁl’éeg @n unfavorable
better crane operational  stability agalinst the
possibility, of the crane .tippling over during |oad
ropeSﬂ&QQﬁdﬁﬁﬁlWH%°@h§%%Bb?V@@M%Pgéﬁkﬁge span is therefore
| onger than prior art cranes, and this neans that the

Fol Rhéke! GhnéPBEHL BB NO8S £ theSQaibnark &TEste HnMhehwirer ®pe was not
than the ol der cranes. Consequently, the crane |lifting

capacities are beconing high requiri t he .use .af
sovere GPUEh Huir o ARCHARE? SOGi e HBHEET. 411 qolfgitanadps have been
the problemand creates still greater rope sag. As a

gettingrlesyel in sivéiehe opames hgve adreespondiiglebeconxs langey with boom outreaches
excessive and has created an identified safety

et B, R0 gk P g fod B o have expanded

reeving support systemutilized to alleviate the rope o
from Sedgetpmolﬂ%%et ta pravidobetter quana oprratione] stekilityr agagnst the possibility
support trolleys 39, 41 on the gantry 17 which are

of the g%\ﬁtg g$§§}%§¥%%§ ﬁ)aailﬁﬁﬁg.s qf}ﬁead}ﬁﬁp@ﬁe@%ﬁ&lt roﬁn}%%ghﬁ(; ?’s therefore

re rop typi ca

crane, the previously described two jndependent rope
longerghan grior @ahcigaestand fis megns that) thy rapinykoist tanes, wisupported span
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becomes much more than the older cranes. Consequently, the crane lifting capacities are
~ becoming higher requiring the use of still heavier main hoist wire ropes. This compounds the
problem and creates still greater rope sag. As a result, the rope sag catenary effect has now
become excessive and has created an identified safety problem.

Reference is made to FIG. 2 for an illustration of a first type of basic wire rope
reeving support system utilized to alleviate the rope sag problem. It employs a pair of
catenary rope support trolleys 39, 41 on the gantry 17 which are disposed on opposite sides
of the main hoist trolley 29 to support the wire ropes. In this typical type of crane, the

previously described two independent rope systems can be utilized: a trolley drive system



and the | oad hoist system Only the latter or |oad

hoi st systemis shown in FIG 2 of the draw ngs for
w@ebk@siewebecause some cranes do not utilize a RET/ESI00€10270

drive systemfor the main Trolley drive as will be

expl ai ned. Reference is made to FIG 3 which shows the

typical reeving for a main trolley traversing drive

ot SR VRO PSR S COPL A MRS, o

reeving for the drive system a pair of continuous
drawings foretaitpbecausewbme cdaneselormp etilid8a swike rope drive system for the main
opposite ends of the cargo transport trolley 29 and
. ' or a pair of trolley drive druns
trolley ﬁése?gylt{:dr%rf&%é%ﬁ%nuous generally nmeans the wire
e is a continuous |oop. Portions of the rope are
arence iswinade do FHGack V\déqde showg thedypigel eevig f@na grain trolley
m)venent of the trolley, and the rope is always active
R%'Hy Iy ifted iym FeGes. normal
travers B ERT HEHPRS Wty SudRp Ml BA b Rriel R F?@'t e ™ e
drive Ig[jrurrs 45 for, the two pairs of majn trol.l X
configusption of JHEs TS rgﬂémgsfealtheydms% aYSkems & RaAL CONHPHOU RV ersing or
on the gantry 17 in a machinery house 37 (FIG 1).

wire driVerdpRs 143 4t sdtined thappdsié endPpPHid &lrgo wrmspomneblley 29 and are
extend fromthe dr ums to reversing sheaves 47

. i sposed at. end trvy, thr.ou
driven By AR AL LD ORS AEHE U A5 EHE Bl cBRLRNGEY ecnerally means
reverse direction in the reversing sheaves and extend
the wirt eopnip@asiontineouisloop. Pbetiamsrofohempeairaeithdarrtawsppot slack depending
troIIey 29 which is novably |ocated anywhere al ong

on the %ftﬁ)@(% %og%l%ﬁ@ﬁt@@ ttf(%le&h ﬁmggﬁetrﬁgg %%%?vr gﬂ;mgﬁyé Bd continuously

reverse rotation of the drive druns reverses the
in motioanshamntharitblleyimokes.orces in the drive ropes and the

novenent of the trolley. WO 2005/ 097660

F@éﬁés%ﬁ’éﬁ%@%”&pe of crane of FIG. 3, the drive drums 45 for the two pairs of
main trolley drive ropes 43 are usually located somewhere mid-span on the gantry 17 in a
machinery house 37 (FIG. 1). The pairs of drive ropes are oppositely wound and extend
from the drums to reversing sheaves 47 disposed at opposite ends of the gantry through
hydraulic rope tensioners 49. The pairs of ropes reverse direction in the reversing sheaves
and extend to opposite ends of the cargo container transport trolley 29 which is movably
located anywhere along the gantry. Operation of the drive drums moves the trolley in one

direction along the gantry while reverse rotation of the drive drums reverses the tension and

slack forces in the drive ropes and the movement of the trolley.



8 Reference is made again to FIG 2. In addition to
the trolley drive ropes (of FIG 3) in a "rope

W0 e@blogxs0 car go cont ai ner handl i ng crane, a Seper/HS®05/010270
systemof |oad hoist or |if$8 ropes 51 for the lifting
spreader 33 are integrated into the wire rope reeving
system They are very sinilar in orientation,

tion, d l oc I . '
BRECELLED maRCebRR) FI0, 0L HEANEOLh B O AEREF S Tor G, 3
| ocati on by drive druns 53 | ocated in a machi nery
in a "roputrellay’ticango ¢antainghhandlingsénage.sh separstessystem of doachboist or lift
of the crane gantry 17. They differ, however, in that

ropes §1hﬁ)rttﬂ\5’11?tﬁ’ﬁe% ﬁﬁ%ﬁ%{%}? %%rg ift ee\r;cgrg ?fge& gﬁfé‘fo?@tr%?ﬁhg %gﬁtem They
hoi st sheaves 55 nount ed the on whereby they travel

are veryigipilar i QriQMALoR: OPSTalions Mk ASELIR tq e tHel Iéegropss in the sense
around suspensi on sheaves on the headbl ock, back up

that thés}oaﬂehﬁsd ﬂﬁ%ﬁ‘fron@h%ﬂﬁ)té 1Ratioh ?'Qh*ﬁ‘% @dgist § 3 Ratdioinst machinery

heaves on the trol and outboard therefromto the
he gantr ere they, are d ended 57  at
house § ESern s §7 i 8 eHEOT HEA s g Rb Ll o They differ,

47. The ropes may be nultiply-reeved between the

howevbgafl thaiake awd paivs dffiwistaypehagves stcurelittaitihe majn atley 29 but are
nmechani cal advant age. The hoi st ropes operate

reevedsﬂgpﬁglqd % gg{s? r?il%%Y ﬁéymhﬁﬁgé g}rég%ca eefeby they travel

gantry dependi ng on whet her the lifting spreader
downvezddbbmake hioist shbavesdotthe headbloek B&j ampuhd fsuspension sheaves on the
| owered concurrently while the trolley noves. A second

headbl,%l?eh&?ék ﬁi}r §|1fngptfoﬁe§§ natr&gncf Pl e@t}frhﬁéﬁ_ ﬁaﬁmk?l% ‘h% idt &fedves on the

I ne al ner crane
machi nery and the trolley traversrng nachrnery ar

trolleypandhouthoans: tharefrom e therand afythe garirywhere thep ord deadrended 57 at the

drunms of the hoist machinery nounted on the trolley

opposilgéé%rg:gci!ﬂhﬁ Gah oZr‘rl] ﬂ%or%g actr%“sh@@vésm‘? ITHelrbPék iRy 88 Aftiltiply-reeved
between the headblock and the trolley sheaves to obtain a greater mechanical advantage.
The hoist ropes operate independent of the trolley drive ropes and can be static or moving
as the trolley moves along the gantry depending on whether the lifting spreader headblock
for the containers is being lifted or lowered concurrently while the trolley moves.

A second type of wire rope reeving for a crane can be called a "machine trolley"
container crane. The hoisting machinery and the trolley traversing machinery are both

mounted on the trolley. The wire ropes from the drums of the hoist machinery mounted on

the trolley go down to reversing sheaves on the lifting spreader headblock and then go back
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and are dead-ended to it. The trolley traversing
wore@hiosmssy drives the trolley wheels to nove PEEUS2005/010270

trolley along the rails on 2he girder or boom of the

gantry crane. Athird type of wire rope reevi ng can be

called a "sem -rope trolley"” container crane. is a

up to th%%@eﬁzgaﬁtdqa?% 8%%i gﬁ%%d foit. 'ﬁﬂ@trbﬁ%ﬁ&%%e}gi glgéchl%%&%kwes the trolley

gantry and the wire ropes are reeved the sane as for
wheelstthanovaibe trallay aleyg the m]@ opfthegidepor bpaw\vadithe ghutry crane.
gantry traversi ng machi nery for the trolley is
d Bﬁv‘ﬁ%rirog@ Fe %led@%@hﬁﬁmfgé Bloley" coﬁ‘tQﬁler crane.
cont al her crane esc ove. The latter two type

or ar es have the | owi_.ng di sadvant ages
It is anqn@mtlorba é%e oo dypesy thﬁv@ﬁérhﬂjs RARIREFY) 1§ focated in the

nmounted on the trolley, and in the second type the

machif¥®V $lous® o BB gaeitry @fd R Wire oped bed teRyel@hO¥BMe as for the "rope
extrenely heavy and the crane gantry girder structure

trolley ul reft g&é r\%/ﬁ%qr}:gipr o'ﬁllétgyvl trgaurv%%qlﬂge gﬁsﬁ‘{l I%tp(y fogsthe trolley is

the trolleys are driven by the wheels interconnected
mount¢dthichenr tholshmye astthaVarashing trodldy! typeycornthimenbrmeslescribed above.
sonmetinmes slip in foul conditions such as the

ﬁ@g:}gﬁ% b{PeS@(ﬂ; ?‘#‘}J arf Prayég ?g{ft? ?réer fdl oalggvtﬁsagﬁrghtéges. In both

the troll ey carries only fl eet through sheaves and it
cases, thedwlleyttrdvavsing mavhindry ismongtedensttha drojleyy and il thegecond type the
traversing drive machinery nmounted on it. Therefore,

hoistin%;iﬁaﬂﬁﬁ&yt SOWeRY Fhe 'ttcotl gebe{%:%rrfeg %x]tﬂeﬁ{@lf ft%a@p %ﬁtl kth@ crane gantry

conpari son, tro
crane structure can be burIt correspondrngly of

girder stuntwigrequireHo supper thetrollqyenpgmecessarilyhe made gigrgengnd thereby

the drive ropes, there is no wheel slip. However, as
heaviet.Nr h@difion, as the trolleys are driven by the wheels interconnected to the trolley

traversing machinery, the wheels sometimes slip in foul conditions such as the beginning of
rainfall or when the rails have early morning frost.

For the "rope trolley" type of crane, the trolley carries only fleet through sheaves and
it does not have either hoisting machinery or trolley traversing drive machinery mounted on
it. Therefore, the rope trolley structure is the lightest possible weight in comparison, and the
trolley supporting crane structure can be built correspondingly of minimum weight. Because
the rope trolley is towed by the drive ropes, there is no wheel slip. However, as the long

length of the wire ropes for the hoist machinery and the trolley traversing machinery are



l ength of the wire ropes for the hoist machi nery and

the trolley traversing nmachi nery are WO 2005/ 097660
WEMSEBE05/ 010270 10 reeved from t he machi nePgT/m9298%010270

to both of the girder ends 1&nd to the trolley, the

Wi re ropes experience considerable sag and wear and

i ncur hi gher maintenance costs. In order to mtigate

he 1.0 robl e ri
recved ffp B3 SRR IRERERD bR S oferdindd Hho BEE t%’ﬁ@é&éthe yire ropes
first solution has been shown enploying a pair
experienat ennsiderabjresag qusbwear ansl ineyshi ev\mamtgnmssecmsmq ary
trolley 41 is installed between the main trolley 29
b My 4=Y¢
BEPLAPRRME Ing 3Uc S48 prBbRhL Pidoud {APASAE Reye been wilized.
main trolley and the trolle er end_tie on the
Referengspls ggeia B ARACOH1G. Hewheeiha ﬁr%wp 1omrhanbepie shpie egimiying a pair
catenary trolley. As the rope trolley is noved by the
of cateh®¥irdge sh tﬂo‘Ple%‘ e AWFhRESite @aﬁh@@t t@@I‘leyOAIJI !ﬁiﬁfhlled between the
poSition, | andsi de catenary trolley is pulled by
main trggp};\gg :qlrr]lfit ei) @gg’q %?p g)tr{ll}eeggﬁgfs?chq%aq = a?roqley 39 is also
trolley frame. By doing this, the | andside catenary
installdd sdtiveyn phicomiattetoHes B thid trbbey girier emai tie bnitké opposite side of the
ropes and the trolley tow ng ropes which decreases the

main trﬂg% ﬁré)%ﬁm q.g%ﬁlﬁle épq%zag'g gr%élﬁ P{S%f: ﬁ(g)eeftg(glieﬂ}éig %o&e%gdy the towing

| andsi de backreach position, the waterside catenary
ropes to thé vagersisle puedtest duyrepble posittion; fhs langside datenayetrslleyois pulled by
the md span distance between the boomtip equalizer

the mafsﬂu@B%%{ 55;\&‘%%5 %o R Bid g@r{ Taﬁx éndtﬁeg&ﬂlﬁpﬁf‘der end tie and

the ‘wat er si |ve an
ropes as did the | andside catenary troll ey The
the maiyatreHey frameo| By doing this dhe tansgidsycatenaiy fohe y @govides a support for
continuous wire rope systemengaged with the main

the ma%n{ }gc}iFt‘:\yige @%s%mk Rrdife§tb®ingd RpRS wHillPdERE A3 Ne rope sag in both
to 25 percent of the original sag. As the main trolley moves back to the furthest landside
backreach position, the waterside catenary trolley is pulled by the main trolley and travels to
the mid span distance between the boom tip equalizer platform and the main trolley to
provide the rope support for the waterside frolley drive and hoist ropes as did the landside
catenary trolley. The catenary trolleys are actuated by an unpowered continuous wire rope
system engaged with the main trolley. As the main trolley moves, the catenary trolleys move

in unison. A rope tensioning system is also provided to eliminate rope slack and to help

keep rope tension in the catenary rope reeving system.



in unison. Arope tensioning systemis also provided

to elimnate rope slack and to help keep rope tension
WO pooshgree@mt enary rope reevi ng system WO 2005/ POT68M05/010270

PCT/ US2005/ 010270 11 Therdlare several disadvantages

to the catenary trolley rope support system 1. The

added catenary trolleys (at |east tw) add substanti al

ense to the construction af th ane nqt_only for
EHERARE stferh{ fispdPiesth 0L oty ol HopR Sy e
girders required to support the added weight. The main
irol | €hedidded cayeraryntrlidyst(@tvl¢ase twontaddagubstantial expense to the
during all traversing notion. This increases the power

cons 308 Bk D, "l B S 46 LR 304 of e e

wat er si de catenary trolley is positioned on the gan

; . ; L gantry
girdersyequitechta $itopet the addefl vesizhin dl hhmapp belley grivgsastegemust tow the
sheaves. This neans that increased cost for extra boom

catenaﬂinﬂﬂ s ﬁﬁﬁhé@ﬁ"tra@e}ﬁng nidtRn) ThSs iResHsESthelpd WG TBytirements of the
nserfion of the waterside catenary trolléey. BecCause

. the hoom of the grane nust be. raise o the stowed
main trglley S9R SyHtern SHLICHERES e phiciooy ahihe staten. he- boom
hoi st mechanismis required to lift up the extra boom

bengt fTheeiabisidedtatendrpardildyiib ipositloned ioahthe @hntriietween the main
wat ersi de catenary trolley. As a result, the size of

trolley faﬂ& Fﬁ‘??g‘%‘?gﬁ%%é‘fﬂ? CP %Fég%g]% Qfﬁﬁlcrilgzg&s;t _Elt fﬁgggagg&) Tost for extra boom
‘ addi tional increased costs include |arger electrical

~ length (bettween 5 ta 7 deet) dermquired te pemnit insetrtson afiithe vedtersideecatenary trolley.
necessary couplings and associ ated equi pnent. A

Becanf B SEH E196 5h8) By A SR NS e orane s o
that extra inboard end girder and rail |ength (between
in operatiom, the bbent hoist mechanism is required to lift up the extra boom length weight
plus the additional weight of the waterside catenary trolley. As aresult, the size of the boom
hoist mechanism required for the boom lifting system must also be increased. These
additional increased costs include larger electrical motors, larger gear reduction units, and
all the necessary couplings and associated equipment.
A landside catenary trolley is placed between the main trolley and the girder end
sheaves. This also means that extra inboard end girder and rail length (between 8 to 10 feet)

is required to contain the landside trolley. This extension will also add weight as well as

substantial cost to the crane for the additional trolley and gantry length and strength.



Is required to contain the |andside trolley. This

extension wll also add weight as well as substanti al
w@omb/096d he crane for the additional trolley BEMUS2005/010270

gantry |l ength and strength.12\WD 2005/ 097660

PCT/ US2005/ 010270 12 3. A catenary trolley rope

support systemrequires the installation of additional

ai rs,o oW ry t:r ol hey "
o S G b SO R b SARRIGT o adiciona
. tensioning system Because it is a hydraulic system
pairs of towingnwpesrthiercaterany stollgy sheavesdingd damps ont the main trolley, and a
possi bl e | eakage of oil to the ground and to the

t . “hi . Wi i t .
hydrauff¢ é@ﬁswﬂiﬁﬁf’sﬁ%&? ; chil& itSe a"ﬁyAl“(ﬁ?lﬁgh? sySeédl! RS8R environmentally

requirene ose Itens. the ropes require
) frequent lubrication. Tgo service the tow ng ropes, and
friendly #@ﬁ%ﬂ}e nossihla fcakags o eil e dhe grud andforthe Matory, Lhisgdds to the
installed. The two catenary trolleys also require

serviceAgitE afimteAdd @ fBuirenRaty frthodieciteriBi M1 of ke répeshredire frequent
to change bearings, axles, and wheels. 4. The

lubric%bm%gﬁ&aﬁgﬁ%é]ﬁgeg gﬁ@ iﬁﬁeag{ﬁé%?}sg%%%tgﬁ%%c%daccess platforms

equalizer platform Wen the main trolley is at the
must bpandtaligl. pOhe tworcatamang wodleps alsbecqeide aceess ipdatfamis to perform the
bet ween t he boom hi nge point and the rear girder tie,

it D 5 B SRRl by o o he oo

boomtip equalizer platform Wen the boomis raised )
#o t hd@hstveatensideosatenary trolleyids nencesasilyl boaatedbetmigen the boom hinge
trolley is lifted up with the boomand hung in the air

. y . i . . e

pint PRSNG| (o E ARy U 168 Ry S corking osiion

failure wll permt the catenary trolley to drop to, .
somewhee igtesmediase thagansy betweerethehopmiaiage peint and éhe reay girder tie, the

property damage and possi bl e personal injury. No
watersRR{caichalPEbBePls 16888 of e BYoneSmewhere mid-span from the boom hinge
point to the boom tip equalizer platform. When the boom is raised to the stowed position,
the waterside catenary trolley is lifted up with the boom and hung in the air supported by the
catenary tow ropes. This adds a safety concern about should the ropes fail. Rope failure
will permit the catenary trolley to drop to the ground or on top of the ship deck to cause
severe property damage and possible personal injury. No safety locks or stops can arrest
three tons of descending trolley weight which can exceed 100 mph impact speed.

5. In some cases, crane operators request the capability for the main trolley to

traverse between the legs of the crane while the boom is raised to the stowed position. This



three tons of descending trolley weight which can

exceed 100 nph inpact speed. 5. In sone cases, crane
wWop®saresE request the capability for the nmai nP€T/051085010270

to traverse between the |l dds of the crane while the

boomis raised to the stowed position. This WO

2005/ 097660 PCT/ US2005/ 010270 13 conplicates the

.operation of t wat er.si.d tEoll. ' '

complicHis i oBrfionic] T MBS Ue Epe B RUGY SRR Pt g o move
rails with the boom projecting upward at an 84 degree

up and doghelongthiesrolteyrrails adtlt the hooneprojeding upveandsat an 8dealagree angle.
as the safety concerns for this system 6. The total

. . r

his inREH 450 LB SERRRSRE S Coldhad B AR o
extra boom and girder |engths, two catenary, trolleys,
8heav&be tofpbmantiaciyring apd BARENFICE ¢Sty &mth@ calgpaty trolley rope
hydraulic cylinders, the rope tensioning system and

supporﬂr?g@i%ﬁ{s RRAmihE tid RYuited eLRBEsmaad wirdeflengtts, two b&ienary trolleys,

avief boomW th a catenary trolley, is very high.
Ref erence is made to FI G. 4 whic ho not her. type ..
sheaves,idsbe SBSPL MG Tue QPG RODES, Ny SAHE RERIgSraibe Fiionsioning
position rope support rollers 59 nounted on the gantry
system Giniddiger bbonsliftieH@sepeatiregeirédstl it therhgaviek bopiewith a catenary
reversi ng sheaves 61 on the main trolley frane 29 and
r.equi res, enpl oyi ng several reverse rope bends in a
trolley,éﬁ%p{y 1§88t ance on the main hoist ropes which shortens
the hoist rope life significantly. This rope reeving )
Refaxenenis madedoFGr. 4 dviueh showes amothehiyps 0f rapeesupgoitgystem which
life to 50 percent or less than the original life
o i1 ] - . .
itz S 38 00 rHE R FAIRTS0 TGRS L KAHS ginders. This

al lowed to break before mandatory rope_ replacenent
systemfrequispeinstalling mutiplstigversingsheavesrail onjthe gapin|trolley frame 29 and

requires employing several reverse rope bends in a short distance on the main hoist ropes
which shortens the hoist rope life significantly. This rope reeving arrangement could reduce
the main hoist rope fatigue life to 50 percent 01; less than the original life without the rope
support system. The rope fatigue life is determined by how many wire strands are allowed
to break before mandatory rope replacement for operational safety concerns. This is costly
due to the operation losses and maintenance costs. As a result, this system has not proved

practical in the container crane industry.



due to the operation | osses and mai nt enance costs. As

a result, this systemhas not proved practical in the
w@onwsadieer crane i ndustry. WD 2005/ 097660 PCT/US2005/010270

PCT/ US2005/ 010270 14 The pHesent invention provides

an inprovenent in wire rope support systens for a

crane's wire rope reeving which reduces the effects of

e di sadvantages in.the prior t S f . siml.ar
§ orespt MRt fids fn tefiindt e i M ulpefRms for a
The present invention is a wire rope reeving support
crane'ssyis¢ eopef eevimgewhiph reducesi the effebtsraf the disadaantages/ imigegprior types
cargo transport trolley nmounted for reciprocation

. .al 0 ri t hereof and for suspendi ng
of simi |°g§b“'a\“ﬂ rrgégggﬁéoq'ggﬁ%:@%ne has a fleet through wire
rope |oad hoisting systemfor the transport trolley

driven froma renote |ocation on the crane. The rope
support system of the present invention is conprised

SUMMI&deFﬁEtI‘N?VENTR)Nf bel | cranks and push rods
se

cured in opposed relation to the opposite
| ongi tudi nal edges of the gantry internediate the
ends thereof. The belicranks are pivoted at their
respective first ends to the gantry, with the

aBRGSbicht eRvkntidielsenivieacipe rasving sappbtaysteanforva cargo container
rope support roller rotatably engaged therew th and
formedsto, project, under and su

SRR ST P e—

hoi sting systemwhen the bellcranks are oriented in a
gantry theresf anidefot sugpendig) 4 load theFanden! The sramedas o flestithrough wire rope
retract fromunder the wires and project clear of the

load h})lé@{lflé g%/sé%lhmefgﬁ %lgqegrglgérﬁo?{t?&lf% iFerhrbfld fdnbid 1BeafEPH the crane.

The rope support system of the present invention is comprised of at least two pairs of
bellcranks and push rods secured in opposed relation to the opposite longitudinal edges of
the gantry intermediate the ends thereof. The bellcranks are pivoted at their respective first
ends to the gantry, with the opposite ends thereof each having at least one wire rope support
roller rotatably engaged therewith and formed to project under and support the adjacent
portion of the wire ropes of the wire rope load hoisting system when the bellcranks are
oriented in a first "resting" position. The rollers are formed to retract from under the wires
and project clear of the trolley when the bellcranks are oriented in a second "actuated"

position.



WD 2005/ 097660 PCT/ US2005/ 010270 15 The push rods are

contained in vertical tracks which are secured to the
woppesdteed | ongi t udi nal edges of the gantry adpEmEsi00%/@10270

the bellcranks, and the rod$ are formed for

reci procation in the tracks. Connecting rods are

provided for each of the bellcrank and push r od

irs. . Ny kO
5% o 500 SPE SR LEL5cBt B! VG SRS GHIRY S opposc
journalled to the bellcranks internediate the ends
longitudiral edgedef Wee gantry adjacent éal than bellaonnks eantsethiecrodslage formed for
and the roller engagenents therewith. At |least a pair

e L R SIS AL e Bl et nd s
as the troll ey passes the push rod | ocations duri
rod paire cllsr ennmeridng sadsthavetartdnst end jsusadledia t @%H‘#SiVOdﬁ*@d the opposite

push rod actuators actuate the | ower ends of the rods

ends tﬁe@e&iaai%ejohﬁedneu%rﬁfd BEIRGAhles UREin&iAteYthe ks khéFedMbetween the
first pOSItI on orientation in response to

pwote% &M@e&elp@@& 308 (R ERIl GORE PTG BIEER Ao 60 by

the connecting rods to the bellcranks internediate to

Mdegstdspdinef pash reddctomiogsrert seofirddne thasiolleydmd atipned with the
t he connectlng rods and thereby the bellcranks to the

lower ?r&%ontg achid rﬁ o Se'g%lgf S tg txft?fgg éaggeﬁ“@xﬁ{béfsﬂeroaqﬁgauons during

orlentatlon the support rollers are retracted cl ear
reciprozhtiohef tha)trbﬁg/y alonigahe ghotry rthe Ipagh ped sctwatdrs actuate the lower ends
mechani cal interference wth the rope support

ot g T G A S 55 TS5 e

position, when the actuators are out of contact vvlth
in respphse tqjoggltu@mgl movemenppbihe actiatess proj ect under and
support the adjacent wire ropes.

The upper ends of the push rods are individually interconnected by the connecting

rods to the bellcranks intermediate to the ends thereof, and movement of the push rods
moves the connecting rods and thereby the bellcranks to the second actuated position
orientation when the push rods are at their raised positions. In this orientation, the support
rollers are retracted clear of the trolley to let the trolley pass without mechanical interference
with the rope support rollers. When the push rods lower the bellcranks by means of the
connecting rods to the first resting position, when the actuators are out of contact with the

push rods, the support rollers project under and support the adjacent wire ropes.



WD 2005/ 097660 PCT/ US2005/ 010270 16 The present

i nvention also provides a nethod for supporting the
WowRWe/09BpE reeving for a cargo contai ner handP¢TysS2005/010270

crane having a cargo transpért trolley nounted for

reci procation along a horizontal gantry thereof and

for suspending a | oad thereunder. The crane has at

ast a f.leet..through Wr I 511 :
T BiesBpanfHio 8Py NG ARG SRR Bl ARG lffrecving for
transport trolley. A pair of wire support rollers are )
a cargopontdinerhandlingpearetpvings a cargoedranspog pudiey enounted for reciprocation
| ongi tudi nal edges of the crane gantry and project
U 0S£ ' f ' £ i
along 4 o e o R e rape has at
to the gantry edges. The . rollers each are nmpunted on )
least aoffestethaough airrerope doad pristingSystem Her susRendinga cargo container
thereof to the structure engaged with the gantry. The

headbl&&! oAk IratispoRetdIRyed by push rods through
connecting rods secufed between the bellcranks and

the push r.ods. Push rod actuators,on the transpaort .
tr Bpiregt wits Sppeeih dalles atecBIGdR R QRRDSPIE ROMHRYs on opposite
vertically whereby, as the push rods are raised by the

longitudfiiall ali@é¢ssof thb @rarfeotdntrysaral frofezt uadératiofe pontions of théwire ropes of
wi res. When the push rods are | owered by bei ng out of

e iSRS 50 Vs, Ao B G L ARG Ses. e

trolley is noved back and forth along the gantry past
rollers eheh pesibiuntedain ofeend of pdeilcranki pivetedrat e otjemteny thereof to the
actuate the push rods to insert and renove the support

StWCW%%I}%@Sa@ﬁS%%}%%-t he wire ropes. WD 2005/ 097660

The bellcranks are actuated by push rods through connecting rods secured between

the bellcranks and the push rods. Push rod actuators on the transport trolley are arranged to
reciprocate the push rods vertically whereby, as the push rods are raised by the actuators, the
rollers are retracted from under the wires. When the push rods are lowered by being out of
contact with the actuators, the rollers are interposed under the wires. The apparatus is
actuated when the trolley is moved back and forth along the gantry past the position of the
support rollers on the gantry to actuate the push rods to insert and remove the support rollers

from under the wire ropes.



17 OBJECTS OF THE INVENTION It is therefore an

i nportant object of the present invention to provide
w@poosipioved W re rope reeving support systenPdDUS2005/010270

cargo contai ner handling ganfitry cranes for the purpose

of reducing rope sag; It is another object of the

present invention to provide a sinplified wire rope

t rgo container handling gantry
OBJE@*@@E mﬁﬁyﬁlﬁ’gggf\@ostly to manufacture and
sinmpler to install; It is a further object of the
present invention to provide an inproved wire rope
support system which can be installed on existing
18 Wt eRire 8l infidridn bt BP th BRI BIEntibh %‘Provide an improved
requiring fewer structural nodifications to the crane
. than other forns of retrofit; Jt js yet another object
wire rog¢ reqyAn g Okt SYSHRIR AL G52 SOTHRABGT E@Cﬁwg gAMb Eanes fogthe purpose
rope support systemwhich is safer to operate than

of redueidefope®Rg; support systens; It is yet a further object
of the present invention to provide a rope support

St e ich c be retrofitted to exist.ing.cranes

ToiE ey Rhicee g Preeritinsien o h v idh & HillisiddiRER rope suppor

drive systens; And it is still another object of the
systemfoesangb donvenes andlimgpgamiyderanes whinhow dessvaastly to apmufacture and

support systemwhich is easier and |less costly to
. ryica. and mai ntain. WO 2005/ 097660 PCT/ US2005/ 010270
mmpleﬁ@%ﬁ@r obj ects and advant ages of the present

invention will becone apparent when the

It is a further object of the present invention to provide an improved wire rope

support system which can be installed on existing cranes or retrofitted as an improvement
item requiring fewer structural modifications to the crane than other forms of retrofit;

It is yet another object of the present invention to provide an improved wire rope
support system which is safer to operate than other rope support systems;

It is yet a further object of the present invention to provide a rope support system
which can be retrofitted to existing cranes without increasing the energy output of the cranes'
drive systems;

And it is still another object of the present invention to provide an improved wire

rope support system which is easier and less costly to service and maintain.



apparatus and nethod of the present invention are

considered in conjunction with the acconpanyi ng
wale@aosrgsd DESCRI PTI ON OF THE DRAW NGS FI G 1 PGI/EHSBOH€10270

el evation of a typical priori8rt shoreside cargo

contai ner handling gantry crane having a cantil evered

rai sabl e boom which can utilize the inprovenent

: e i- 0N 1A
SRR 24145 Bha B SR BRSO PR B S Py sppseenc when
di agram of the wire rope |oad hoist systemfor a
apparagus giad dasthad rdr theaprtisemiginventior yare cansidefed: e conjuaction with the
art enploying a pair of prior art catenary trolleys

accom}g@nﬁhg%l‘é\@ﬁlgs.r ope sag, FIG 3 is a perspective view of
t'yprcal gantry trolley wire rope drive system of the

prior art; FIG 4 is a perspective view of an
alternative prior art wire rope reeving and support
system for the hoist wire ropes for alleviating rope

DESCRAPTION OPTHEDRASWINGS ai ner crane; FIG 5 is a
perspective view of the wire rope support mechani sm of

the present invention with the rope support roller

oriented horizontally for supporting the wire ropes;

WD 2005/ 097660 PCT/'US2005/ 010270 19 FIG 6 is a

Ad6s deista side elevatioft dffwetypicad prioparssippesitle mardodstainet handling
FIG 5 in the retracted position with the rope

L s N AN R e——

wi t hout nechanical interference; FIG 7 is an end
apparagiseizthe preseneinvientieect i on of the wire rope support

mechani sm of the

FIG. 2 is a perspective view of the basic wire rope reeving diagram of the wire rope
load hoist system for a cargo container handling trolley crane of the prior art employing a
pair of prior art catenary trolleys to alleviate rope sag;

FIG. 3 is a perspective view of a typical gantry trolley wire rope drive system of the
prior art;

FIG. 4 is a perspective view of an alternative prior art wire rope reeving and support
system for the hoist wire ropes for alleviating rope sag in a rope trolley container crane;

FIG. 5 is a perspective view of the wire rope support mechanism of the present

invention with the rope support roller oriented horizontally for supporting the wire ropes;



present invention partially broken out with the

support roller in the condition of FIG 5 supporting
wowews/osspes; and FIG 8 is an alternative vi eww@f/US10@5/010270

7 in the condition of FIG 8. DESCRI PTION OF THE

PREFERRED EMBODI MENT Reference is nmade to the draw ngs

for a description of the preferred enbodi nent of the

sgnt i nventi.on rein . |j. :
FIGT B3t bt SR RIS B WS OB SR RURAAR ofEIG. S in the
present invention is a wire rope reeving sup?ort . .
retractedy positioh ovitk dhe sope snppom eplleraodentad veraealy, fofnallowing the hoist
exanple of which is shown in FIG 1. It has a cargo

trolley Tgcg ﬁgé| Qrtﬁ? 54ﬂe§§gfg?¥ﬁsﬂ%#i§1ﬁ Yrififut hehRAREPink & ferdhd}d

Zzon ereof and for suspending and
transporting a | oad thereunder. The gantry can be X
ElGheéis an m;? elewation vievaingectpn gethe WESWR%%@PPH@PP%WHISIH of the
The systemis for use with a "sem rope trolley" drive

presenfinvéntibR|pAREAS, bien! siit! With 'the duppert whllehiratie condition of FIG. 5
conprised of at least a fleet through wire rope | oad

hoi st, systemthat can be driven froma renote
SUpporf1gg YHGHPRSS: ¥k crane and can be el ectronical ly and
manual |y controlled. It can also include an
FiGe8iabedltetnadve aiav of PIGe ¥ intheeondiedeoERt@. bs nade
to WD 2005/ 097660 PCT/ US2005/ 010270 20 FIG 2 of the
drawi ngs whi ch shows the | oad hoisting wire rope
system nost commonly nodified by the present
i nvention. The purpose of the present invention is to
DESCRIFTHON ORGHE PREFERBRED EMBOQREMENT ol | eys to
prevent rope sag by neans of a lighter and nore
effective apparatus.

Reference is made to the drawings for a description of the preferred embodiment of
the present invention wherein like reference numbers represent like elements on
corresponding views. The present invention is a wire rope reeving support system for cargo
container handling cranes, an example of which is shown in FIG. 1. It has a cargo transport
trolley 29 mounted for reciprocation along a horizontal gantry 17 thereof and for suspending
and transporting a load thereunder. The gantry can be either single beam or dual girder
beam construction.

The system is for use with a "semi rope trolley" drive or a "balanced rope trolley"
drive which are comprised of at least a fleet through wire rope load hoist system that can be
driven from a remote location on the crane and can be electronically and manually

controlled. It can also include an integrated wire rope trolley drive. Reference is made to



The wire rope reeving support system of the present
invention is designed for retrofit or original
weeuwspymsnt i nstallation on cargo contai ner haneCT/N§2005/010270
gantry cranes having a carg® transport trolley 29
nounted on the gantry thereof 17 enploying a renotely
driven | oad hoist systemw th the hoist druns 53 in a

riG. 2SR At et iR 644 boishE e £ SR R4 commonty
load fromthe trolley fromunder a single beam or

modifiédbptighpresent dardntipnb Sheparpaseef sheipregéntdayentiones éoavoid the need
and for transport of the suspended |oad from one end

or 8 gt OGgBAE) AL P EpEFLLSE Rl cani s A hotbertcive

i nprovenent apparatus for supporting one or nore
apparapsrti ons of the two wire rope reeving systens of a
bal anced rope trolley at sone position internediate

The Wife &@feire@&iﬁggggfééﬂt efoftipres@ltlifvertiontid Besiza®for retrofit

gantry. The rop por system can either support
_Just the load hoist ropes, if the crane has a machj ne
or original pguippsint ytalitionon ¢iEee CONRIPT YANJNNG BHELY HRNRYpavIng a cargo
need to be supported, or support both the | oad hoi st

transpdrP8Hey 29fhduted 6r0the@andy iv@es PIREMplbying Sfeenstehdriven load hoist
systemincludes at | east a pair of rope support

[ i ch d it .
sy SRR BR35GS0 T SORNRY € e hoszomal
in the WD 2005/ 097660 PCT/ US2005/ 010270 21 middle

reciprdcagiogafongthe %ammmsd forauspandinga baddeim itheteollecfrossunder a single
fromeach other on the gantry in mrror inmage

veam, SEAGF R, HE° BBy IR, 598 Pl R CuRER wanspo of e

opposed rel ation along the outboard | ongitudi nal edges
suspendd tlbad from one end of the gantry to the other between the various pick-up and
deposition areas.

The present invention is an improvement apparatus for supporting one or more
portions of the two wire rope reeving systems of a balanced rope trolley at some position
intermediate of the variable positions of the trolley on the crane gantry. The rope support
system can either support just the load hoist ropes, if the crane has a machine drive trolley
or if the trolley drive ropes do not need to be supported, or support both the load hoist ropes
and the trolley drive ropes.

The rope support system includes at least a pair of rope support mechanisms which

are mounted on the opposite longitudinal edges of the crane gantry approximately in the



gantry. In a dual girder beam gantry, the nmechani sns
are usually di sposed on the opposing interior walls

wo basegfes0 A si ngl e pair of nechani snms coul d bePemus10e£010270
i n opposed relation approxi2tately md-Ilength of the
gantry to support the ropes approximately in the
m ddl e of the rope sag when the transport trolley is

) posSi t| d at eith end of ntr rnativel .
middiefifgreot pEiFeneasi hathef Y sitatbatm s aunsafth Btsy 88 dhe gantey in
opposi ng rope support mechani snms di sposed i n spaced

mirror riglagti epposimn fodatiwnganin yhe cape of ajesmgletbq;ane gampprorthe pairs of
points to the ropes. Thus, the term"at least"” is

Lk [ C
mechalfF 47 a0 PRy SL AL TSRl SRR Sl s o he
by the invention as well as the single pa|r of the
gantry.pled dvalegirdesboani gantity, tiRemeehanisns arehsgally disposss os the opposing
At | east two pairs of bellcranks 63 and push rods 65
1nter10f5‘5v%11§ﬂféil E£se to the opposite |ongitudinal edges of the
antry in opposed relation internmediate the ends
thereof The bel | cranks r pi voted .67 at t
Aesiwale pyis ofimeghagivas 9@}1 @aﬂttea 14-PPPR5E r*‘tlﬁféon approximately
opposite ends thereof each having at |east one wire

mid-leh eotStH@ RAhiryt6lshppot hé espisaippyoxiangelgdd thd eriddiet F the rope sag
e rollers are forned to prOJ ect under and support

he ad ortr W e es. 71
when the fraskao e i stosEied o Fitier S IRRbG AfERal ¥y the support
7). The roIIers are formed to retract from under the

systenVéandacladd nirltipEaaisl dfoppobingrept suppozymebleanisie disposed in spaced
2005/ 097660 PCT/ US2005/010270 22 bel | cranks are

retiof B o O BRI 0pb5t i €T e o

or, with multiple rollers, both the | oad hoi st ropes
least" #snasedhin theadlhimys to signify that multiple pairs of mechanisms or the elements

thereof are contemplated by the invention as well as the single pair of the preferred
embodiment.

Reference is made to FIGS. 5-8. At least two pairs of bellcranks 63 and push rods 65
are secured to the opposite longitudinal edges of the gantry in opposed relation intermediate
the ends thereof. The bellcranks are pivoted 67 at their respective first ends to the gantry 17
with the opposite ends thereof each having at least one wire rope support roller 69 rotatably
engaged therewith. The rollers are formed to project under and support the adjacent portion
of the wire ropes 71 when the bellcranks are oriented in a first position (FIGS. 5 & 7). The

rollers are formed to retract from under the wires and project clear of the trolley when the



drive ropes. The push rods 65 are contained in

vertical tracks 73 which are in turn nounted in
whe@sketssd 75 whi ch are secured to the opposit ePCT/US2005/010270

| ongi t udi nal edges of the c2ane gantry such that the

brackets are di sposed one each on each edge of the

gantry in opposed mrror image relation |ocations.

The track re forned to.pefpsiliat u ro .
belleranlgopisraaieptet Yer s protfiEras. % € Sl Rt Gon pithsy support
gantry, the longitudi nal edges of the gantry are
just theadricistdopés o, heitly amultiplegiolldes, bogathe, load diotstigopes and the trolley
brackets are secured to the interior walls of the
iéders. For a single beamgantry, the brackets are
gpended fromthe edges of the beam Each of the
bel |l cranks 63 is pivoted at their respective first )
The pushepdo S GFe contained inavastipalieaekss’ 37whigh ere mdum mounted in
the vertical tracks 73 for the push rods 65. This
r r &ihe gantry such
brackef3 S Rich &1 cEhisToRAL SBpp SRERubhadfl pheSfobelopRa: ganiry
i nterconnection of the first _ends af the bellcranks to .
that the brackets tar@/.ﬁispﬂ@do%o%@h@ne?ﬂ% e@se Pg the %%ﬁlrymseg IMITOor 1Mage
journal the wire rope support rollers 69. The
relatio® B0datioBsK ThEIrarks ade foricbitoyyerhtietheynishrrods t@ fediprocaghvertically
connecting rods 77 secured between the bellcranks and

tereny 1550 eSSt o BEYLI58 1ML S5 EPPURSRUES g Bprisd of
79 on the bellcranks which are |ocated internedi ate

the garithegipderdeamsemubthebradiethatelsecunnt o i intetior allswifithe girders. For
69 which are journalled on the |ower ends of the

o singlgoeaf S5, ek s 98bshiS: 0b! Bl BEER G

23 in FIGS. 7 and 8, lowering the push rod pushes on .
Haeh el the betkranks 63t iatpdvoted aib their respegtiveofirst ends thereof 67 in the

drive r

same brackets 75 which hold the vertical tracks 73 for the push rods 65. This bracket
structure establishes the relation between the push rods and the bellcranks and effects the
interconnection of the first ends of the bellcranks to the gantry. The opposite ends of the
bellcranks journal the wire rope support rollers 69.

The bellcranks 63 are actuated by the push rods 65 through connecting rods 77
secured between the bellcranks and the push rods. The connecting rods extend between the
tops of the push rods and offset journal connections 79 on the bellcranks which are located
intermediate the pivoted ends of the bellcranks 67 and the rollers 69 which{are journalled on

the lower ends of the bellcranks. As a result of the structural geometry, which is best shown



point on the gantry to lower its outboard end to

orient it at the first position. Raising the push rod
w@ios®9m0 t he connecting rod to rotate the bel PCT/ESI00%/@10270

the second position. In the3first resting position of

the bellcrank 63, when the push rod 65 is | owered, the

bellcrank is rotated about the first end thereof 67

i 1S U S hST) S S8 At B s i

portion of the wire ropes 71 of the wire rope | oad
point dmoﬁhst gangrystpstosver itshartbodrd emdsh arimit itsatabe dasiepositien.e Rpising the
is positioned at |ts rai sed position, the

s Il B TR B G e piin
position, and the roI I er is retracted fromunder th
i Hessfizsh mspmgj pesitioncofthe betlerank 63; wiheaythe push/Fdps is Towered, the
mechani cal interference therewith when the trolley

bellcraﬂﬁsﬁ ?éta’éélﬁaﬁéiﬁ%é Qﬁ'sloén& ﬁﬁré&@ SRRAPIS! Hol%ﬁédat@' HheSaAfty, and the

A second ro can be positioned bel ow
t he shovvn roI ler to an a jonal set of

roller 6%@@@3.@@@;1 tprojged up %q q Wpﬂé entporfigy of tl};, wire ropes 71

pair of push rod actuators 81 are secured to the

of thet\Kleeh%geal@ﬁindlﬁtﬂﬁgj syéteh. t Wehed evehusindsdok ddieatpd sthereby it is
rods 65 and parallel to the gantry edges whereby, as

. troll.e asses cations .
positiongd AbHBEHEILROBHOR B FJPBEW@E 1%;(3ﬁt§ {BY (gﬁﬂ}ﬂf@y OPigarees about ts
| ower ends of the rods reciprocate vertically in

pivot tb GEPEABE o stovedenictodtet pesitiohyaidthe rolleeis vepasted fivm under the
of the push rods are |nd|V|duaIIy i nt erconnect ed by
conne

. in to
wires 4E A cicat O HRHEoSH b Rl s Phafib i afdencs togrevifi when the
push rods noves the connecting rods and thereby the
trolleyhmissesrtha Recatmnvesithe rbpe supput mesharisms dnpibsigantys A seeond roller

actuators nove the WO 2005/ 097660 PCT/ US2005/ 010270
can be%)%sitioned below the shown roller to support an additional set of wire ropes such as
the trolley drive ropes.

At least a pair of push rod actuators 81 are secured to the trolley and aligned with the
lower ends of the push rods 65 and parallel to the gantry edges whereby, as the trolley passes
the push rod locations during reciprocation of the trolley along the gantry, the lower ends of
the rods reciprocate vertically in response to movement of the actuators. The upper ends of
the push rods are individually interconnected by the connecting rods 77 to the bellcranks 63

intermediate to the ends thereof. Reciprocation of the push rods moves the connecting rods

and thereby the bellcranks between the first and second positions. The actuators move the



push rods vertically to raise and | ower the push rods
whereby as the trolley passes the brackets'

WO omanymeE, the wire rope support rollers 69 aP@r/us2005/010270
retracted clear of the trol#ey to let the trolley
pass w thout mechanical interference with the rope
support rollers. In the preferred enbodi nent of the

i avent. each of 0 p [
posh soff iRl o5 GeeCind Ly R, PUHAG JTRGREP g ey passes the
surfaces 83 mounted in end-to-end alignment wth
bracketstkysetions, theewire ropésuppairt 1ollercdharereisacind pleangl thsdralley to let the
on opposite sides of the gantry. In a twn girder
S AN hd | ite
tolley 35} ithobl LA EAY RERT R BRI LA RO aBHER!
approximately md span thereof, and in a single beam
gantry, on the outer edges thereof, so that when the
trolley is located at its nost outboard or inboard

RR%hS pRferpéd SAbbHbmem\cNthe invehtionedch dfthe repipaupport mechanisms
systemis generally disposed md-length of the

maxj mum w re rope suspension |length which ten .
has twh eUR GhesRBORIE B! RS pibenEl Gem s §F rififcd ip gnd-to-end
gantry. The adjacent ends 85 of the cam surfaces 83 _
alignninewithirespeet toleakdr otheewithwee pairdschbetrgemopnted anoefiposie sides of
and are internmeshed and pin journalled to the | ower

epnds of the s e i e e
the gaffo % poM i BHTEr edfify, YRECEREEAESY Y8 BRI ofosite inside
vertically together in unison. The push rod actuators,
surfaced of thet ganttryt sidelgitdessrapproximateliamid span shesgohandra a single beam
trolley traverses the positions of the cam surfaces

sy GRS IS RS 5B B PR BT LRl ot o

are journalled with a slotted connection 87 at, the .
inboargppesitiore of gantry movement, the wire rope support system 1s generally disposed

mid-length of the maximum wire rope suspension length which extends between the trolley
and the opposite end of the crane gantry.

The adjacent ends 85 of the cam surfaces 83 are centered under the lower ends of the
push rods 65 and are intermeshed and pin journalled to the lower ends of the push rods
whereby the two adjacent ends 85 of the cam surfaces and the push rods reciprocate
vertically together in unison. The push rod actuators 81 contact the bottoms of the cam
surfaces as the trolley traverses the positions of the cam surfaces secured to the gantry and

causes them to rise.



out board ends thereof so that the inboard adjacent
ends 85 of the cam surfaces can nove vertically

w0 200889766than i n an arc around the journalled e,Pdr/u31ves/010270
slotted connection include2s a pin 89 projecting from
the gantry which projects through a horizontal slot in
the outboard ends (fromthe adjacent ends) of the cam

rfaces. .The pins ar t .
A e RngFS. 8 B BRSPS 8 FARLE SRR gf the opposc
rotating notion of the camsurfaces on the pins
outboatcherndsithemfoff sotthatgthe inbeardsdjasgnt ends 88 jodthe cam yfaces can move
preferred enbodi nent of the present invention, the

verticagg ?%gétoﬁlaﬁcif? URL 0L Sr&in il Jg@ﬁﬁ%ﬂea RRdC ‘T‘Hess‘l’étft&f@onnection includes

ors. They are exten ength essentially flat
. surfaces secured to the trolley. They have raqllers 91
a pin 89 prajeetingfrom thergeatryvwhichpro)gets taioye S0 sl dge outboard
with the camsurfaces 83 as the trolley noves past

ends (f+diR tﬁ@Rﬁ aSSRRAUIS) 8 Heiihl QffideONThepind @edappéd to caprare the cam

Wre ropes 71, both | oad hoist and trolley drive, are

hi ghest at,the troll.ey becayse th are either
surfacegaddiaentBitic gt FUPE At RAGLY Fo'Shba PR BE oy surfaces on the
The wire rope support rollers 69 on the bellcranks 63
pins thélfe%?%ffdcﬁﬁglafjdﬁfndllad dogpegiomst easily when the
troll ey passes the rope support system stations on

ARt Bt PSS REOBRIFE 450 Bl P agyeror 81 ane

raise and | ower the cam surfaces. The actuators
also thé oamisatfaye actua®rs.nEhéy arstexteaded lerfgtle essehtiglly fat swiacgadecured to
then start | owering the second cam surface when they

- | L) .
et SRR G AR AR AR, SRR Soptcrwiththe
trolley reverses direction. The cam surfaces snpoth
cam surfases 83 akithe tralley arovss pastethsape suprest systemdosatyggrpthe gantry.
PCT/ US2005/ 010270 26

The wire ropes 71, both load hoist and trolley drive, are highest at the trolley because they
are either secured to it or reeved through sheaves carried by it. The wire rope support
rollers 69 on the bellcranks 63 transition under the ropes most easily when the trolley passes
the rope support system stations on the gantry. As the trolley reciprocates along the gantry,
the cam actuators on the trolley engage and raise and lower the cam surfaces. The actuators
initially raise the first cam surface they contact and then start lowering the second cam
surface when they pass mid-point under the push rods and contact the second cam surface.
The process is reversed when the trolley reverses direction. The cam surfaces smooth the

rocking action of the bellcranks.



Reference is nmade to FIG 5 which shows the cam

actuator 81 secured to the trolley just approaching
wa@pasogiebing contact with the cam surface 83 frpem/Ukm®05/010270

bottomof FIG 5. The |eadiéng roller 91 on the

actuator is just entering under the pivoted end 87 of

the cam surface. Reference is made to FIG 6 which

hows the ca t ogr i it i
B Eate RonRT QOMRE - LREAERhR SRR By 81 Bpoured fo fhe trolley
approachi ng mdpoint where the floati ng ends_ 85 of

just appratabhingramslmbkingscantatttwich Howeam sutfaes 83 Heorpdbe bogigm of FIG. 5.
are rotatably pinned. At that point in the trolley

The leagc{eifg% %@ﬁf@tjp%’f; on Ittf?ée a@t‘ﬁg{o& g?ﬁ\ﬁt @ﬁte‘ﬂéﬁg HRRP thépirfled ndl B of the cam

on an s“retracted the wire support
roller 69. As the cam actuators cl ear gast t he

surfacey d3¢feranceds made te BRGs6vhislshowsibe cam aGipater Brogrgtrion where it is

gently downward permtting the push rods to.|ower,

engagdd RitBbheaGint'atiface With R lcadaoler just appatashing nAdsdiat evhere the
the rope support rollers wunderneath the wire ropes 71

. for suppqrt. The esent .j,nvention, al.s0_cont enpl at .
floating GAS§HOR ORI CaOTREFEF B IEBiet Pyt B PO hal Big3bRatty pinned.
for a cargo container handling gantry crane having a
At that pbbn ihrthespelldy pragression,ntherietidrdnkr 63 dws frapnataised to its second
along a horizontal gantry thereof and for suspending a

o | h .. T
psiic S AS5De RESSHRREL IS O ASTR! s 8Bl s i

a cargo contai ner headbl ock fromthe transport L.
positionraflthe yam/suptices,dhe wamesus faspo movergsntlz downsvard peradiding the push
i n opposing positions on the opposite |ongitudinal

rods toteiﬁgzgg, tgérrew %cﬁfaﬁﬁg tt%@ﬁ‘éﬁ(fté(nks@%%rﬂ&#l‘xl?rtﬁar@fa@é ﬁfetroge l@gg%ort rollers

Ons o e Wwre ropes of the wre rop
hoi sting system whi ch are di sposed proximte to the
underngatit the weitgeepestHefarsupped. are each mounted on one end
of a bellcrank pivoted at the other end thereof to/the

St iSeldift iFNIRRAhING SRERHARISS He W @hd Her@PRIcBISPRR supporting the

wire ropes for a cargo container handling gantry crane having a cargo transport trolley
mounted for reciprocation along a horizontal gantry thereof and for suspending a load
thereunder. The crane has at least a fleet through wire rope load hoisting system for
suspending a cargo container headblock from the transport trolley. A pair of wire support
rollers is provided in opposing positions on the opposite longitudinal edges of the crane
gantry. The rollers project under those portions of the wire ropes of the wire rope load
hoisting system which are disposed proximate to the gantry edges. The rollers are each

mounted on one end of a bellcrank pivoted at the other end thereof to the structure engaged



27 wth the gantry. The bellcranks are actuated by
push rods through connecting rods secured between the
whedososmnks and t he push rods. The steps of thRCTESIN0£010270
conprise providing actuat®’s on the transport trolley
arranged to reciprocate the push rods vertically. The
push rods are engaged to the bellcranks whereby, as
. t he push. red re raised t he act ors, the .

with th} BipBY'S b BERe@nks AP R b} BB Fod i Sclibgcting rods secured
the push rods are |l owered by being out of contact

betweeni thh bebleraadis eandothe, pusherodsl MThesstepseof theemptismbicomgeise providing
the wires. The method is actuated by noving the

ectuatold 8 1A AR ARSIy irheB RS cliBedR e YuBERlas Rfgeally. The push
actuate the push rods and insert and renove the

rods are epgaged to ithe g@li@amk%wh@mbm astthe pubh eeds are eaipedd bytheadotuntors, the
includes providing at |least two pairs of elongated cam

rollers &erbREAEd VRS HhES the vARROaA @vﬂeﬁgﬁé Eﬂﬁ‘l Al a8 Rﬁﬁer?fi by being out
the gantry to effect a controlled reciprocation o
t he sh rods when the push rod actuatqrs, now the _cam ‘

of contget; wﬁﬁ&gg ACPuAtOTSy the-wallers, are; ierposed aader the wies: | Bhe method is
when the troll ey passes the surfaces. Fromthe

actuatedl Gyegovig des aollpy iback eindt foethpalehgrthe GaardostisteRd pekition of the
the present invention, it can be seen that the wire

—_AE R T A R AR ER U L —

new and novel apparatus inprovenent overcones the
rollers fiomeuhdenttheedresar | i er described in the Description of
the Prior Art portion of this specification. It i

A 0 8 RS Pl BB e i s

cargo containers and |oads by installing nore than one
securedstot opplosite pengitndipalradgey of thesganiryt toeeffitat deontmllled.reciprocation of

Therefore, when reference is made to "a rope support
the push rods when the push rod actuators, now the cam actuators, reciprocate the cam
surfaces vertically when the trolley passes the surfaces.

From the foregoing description of the preferred embodiment of the present invention,
it can be seen that the wire rope reeving support system can achieve the stated objects and
advantages of the invention, and that the new and novel apparatus improvement overcomes
the disadvantages earlier described in the Description of the Prior Art portion of this
specification. It is obvious that the design of the present invention can be utilized for larger

cranes for handling larger cargo containers and loads by installing more than one set of rope

support systems on the girder walls. Therefore, when reference is made to "a rope support
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"cargo container cranes," additional pairs of support
WO odosey®6ecan be substituted for the single sePCT/US2005/010270
Li kewi se, when the term"a28oller” is referred to
herein, multiple rollers can be substituted therefor
by providing nmultiple rollers on the bellcranks. Thus,

the pbresent .i.nvention.pan t dd ' .
system EBATRLroniF o Fosens dgppira! Byt R AR gan be substiuted
lighter than for the double catenary trolley cranes as
for the vizigle ses. Liikénwise, whan thé ternt Herofhet't ispfersdpiodrareing mudtiple rollers

nmechani sms of the prior art. However, the present
\ : re
can be pKEEE MerElr By R Raib ERINER oROE L ARSI
mai nt enance cost than conparable nultiple tralley,
Thus dke prasest inventipn persaitsp Hgheyright @do eqomonyedlghirg gope support
description of the invention in its preferred form

system W1th s fai‘"li?htefr whdd fdr thé Ho?ﬁgé c?t{éh@@t tSoldeyerafyoay ek as lighter than

attri butablFe thereto. Wi is illustrated and

desgrj bed in cgnsi derahl e detail .hereiny, the inventiaon .
for the Ifiple SUBPAE PR MEGhAemS AL el ae. Bavieaos hBselinvention
forth except as may be necessitated by the appended

eliminﬁbﬁd&é-wéﬁ@ aRdQhiTLs0n PETOPISRO0te) flR261y re2@iriviconsiderably less
CLAI 1. Awre rope reeving support systemfor a

., cargo cpptai ner handling er I.LIg a cargo
malntepqrgﬁscggfﬁlapr%mwgﬂggﬂﬁ@gfq @Eﬁ?}égﬁ%}éF jcation al ong a
hori zontal gantry thereof and for suspending a | oad o
Thas,eitnwidl besapparentafremnthei fogegoihpedascriptiongif thier mvention in its
rope load hoisting systemfor said transport trolley

preferrg& e 1l QP EFRE &1 HRCA;EAY 288 a3 RaSELARbHEbR thereto. While

it is illustrated and described in considerable detail herein, the invention is not to be limited

to such details as have been set forth except as may be necessitated by the appended claims.



rope support system of the present invention
conprising at |least two pairs of bellcranks and push
w0 o@s/0smweur ed i n opposed relation to the oppoRCT/ES2005/010270
| ongi t udi nal edges of said2§antry internedi ate the
ends thereof, said bellcranks being pivoted at their
respective first ends to said gantry with the opposite
thereof each having at | east one wire rope

WE C@%g%%rt roller rotatably engaged therewith and forned
to project under and support said adjacent portion of
$ai d i Vérer igpesresvingapepnart systerpefor saearghosantaingr handling crane
system when sai d bellcranks are oriented in a first

having h%@féd“lﬂa@%fﬂtf&[bﬁﬁ@uﬁ%ﬂ%f f?:lcifrbgaticﬁleélaﬁ% Bg{o?ﬁgn%l? gantry thereof

retract fromundér said wres "and projec ear
said trolle n sai bel | cranks .are qQriented in a

and o Shsprid Bt InatiEBamdeD sHid S encphaving gudesclisgueh wire rope load
contained in vertical tracks which are secured to the

hoisting pystemtfer saidrtgrrispditiedllegditdfenofromad endetBloyatidi &€ 84l crane, said
to said bellcranks and said rods being forned for

coe 5485 Q5L R e g SRS 1, o0 L7 eceh

a first end journalled to said push rods and the
aiplasti tveo pails toficredlofanks Lendapishdrads seaimkdbizl dppasedsreliion to the
2005/ 097660 PCT/ US2005/ 010270 30 intermedi ate the

opos RSP Ay AR S sigrctnc

., lLeast a pair of push rod actuators secured to said :
being pivaied aithaisaespectjve firstiends thsaid gewiry withdhe oppesitecensisshereof each
rods whereby as said troll ey passes said push rod

aving 0961 OB 8 AT BBl SHefrdt B B0BTemed 1

. |l ower . . . . . .
project un\ggr and support said adjacent portion of said wire ropes of said wire rope load

hoisting system when said bellcranks are oriented in a first resting position and said rollers
be’ing formed to retract from under said wires and project clear of said trolley when said
bellcranks are oriented in a second actuated position,

said push rods being contained in vertical tracks which are secured to the opposite
longitudinal edges of said gantry adjacent to said bellcranks and said rods being formed for
reciprocation in said tracks,

connecting rods for each of said bellcrank and push rod pairs, said rods having a first

end journalled to said push rods and the opposite end thereof journalled to said bellcranks



ends of said rods to reciprocate vertically upward
fromsaid first position orientation in response to

wo 2009097166 nal novenent of said actuators wher eRgT/U®05/010270
upper ends of said push radds, being individually
i nterconnected by said connecting rods to said
bell cranks internediate to the ends thereof, nove

. sal.d.£o ' p [ to .
interm &g GEIBRGHSRPL R BRSHENTL SR I0b DG GHIBRSES] fho said roller
push rods are at their raised positions, whereby said
engagemgppsotherawaith,ers are retracted clear of said trolley to
let said trolley pass without nechanical interference
e A SARERBBCR e Sl ed (R BBy BHELUERE with the lower
rods to said first restiﬂg positi on when said

. ends of spidapusts rody avhetebyors seift Holley Rassesapdidpisth Fashidocations during
wher eby said support rollers project under and support

reciprobitgorR 6f 8&i@ntoNdy ﬁohlg RaR %a’é;trymaid/\bm foPactigevd Aétuate said lower
support systemof claim1 including at least two pairs

f.elo ted .cam surfaces nount in en o end. . .
ends of i) 1R88 £0 GHeIDBNAS FETcR DM ROVRIT fap e Srsk asign orientation in
crane gantry and di sposed in opposed relation across

responder torioagitidinbharovetieat afljaidectuatodsyvidrebp tie pppdr ends of said push
t hereof being interconnected and journalled WO

rods, 30 AT BE SRt 877 st oo BN ofiig betloranks
the opposite outboard ends thereof to said gantry

intermediatedoyhs ends thejendcmpbve salisl ainneeting veds andrthacsby said bellcranks to
reci procate vertically in unison and said push rod

sidse QY RUGASFOBKAF o NGB RO I0c8 Ut LR AL psiions,

W re rope reeving support systemof claim2 wherein )
wherebysaitl Sippoett rgHarsrare refracted clear of said trolley to let said trolley pass without

mechanical interference with said rope support rollers, and said push rods lower said
bellcranks by means of said connecting rods to said first resting position when said actuators
are out of contact with said push rods whereby said support rollers project under and support

the adjacent wire ropes.

2. The wire rope reeving support system of claim 1 including
at least two pairs of elongated cam surfaces mounted in end to end alignment on
opposite longitudinal edges of said crane gantry and disposed in opposed relation across

from each other, the adjacent ends of each pair thereof being interconnected and journalled



conprised of two parallel elongated girders and said

| oad suspended fromsaid cargo transport trolley is
waeepesded t her ebet ween and said two pairs of PUEDS2005/010270

rods, bellcranks, connectixig rods, and cam surfaces

are nmounted on the opposing interior walls of said

girders. . 4. The wire rope reeving support system of

to the éﬁr@@ﬁ@ﬂ %Hg@ trgﬁ%%r&bcg § g{“acg%%%ﬁhé i@ggag?% at the opposite

| ocat ed near m d span of sald gantry 5. The wire rope
outboardeendsntheseqiptsy saisly gansny ofhersbyi said adjacest rendaiof spadtoamn surfaces
includes multiple pairs of push rods, bellcranks,

reciprof286fida 39 if ﬁﬂvaon%Flﬁ safdl :?u%H rb@s ato‘f‘é‘b?ﬂa@tr sai cjjs 53?# Qﬁﬁg%ﬁs as said

I'n spaced”apart atront interme |ate e en
ntry. WO 2005/097660 PCT/ US2005/ 010270 32 6. The
trolley&'p Seoihe ROsEINSPIsakhea suifaeesm of clai m 3 wherein
said bellcranks have at least two wire rope rollers
rotatably engaged therewith for supporting both | oad
hoi st and troIIey drive Wi re rope reeving. 7. The

e.reevi n port em f.0 ar.go conI i ner
Fanal TRESef<iRbe e S bl SRSH g aLaifh £ Sein ggic orane gantry i
nmounted for reciprocation along a horizontal gantry

comprisdieo€atvo padllebelmigameengirdersaandasidt adesisgended iiofin said cargo
crane having a fleet through wire rope load hoisting

vanspo Ly EREBEV L 0 SPLLIR rae,

the present invention conprising at least two pairs of
connecting Irodsnksl eam purfdces cue seunied dni theopppesnlg rietesior ovalls of said
to the

girders.

4. The wire rope reeving support system of claim 3 wherein said two pairs of

push rods, bellcranks, connecting rods, and cam surfaces are located near mid span of said

gantry.

5. The wire rope reeving support system of claim 3 wherein said gantry includes
multiple pairs of push rods, bellcranks, connecting rods, and cam surfaces, which are

mounted in spaced apart relation intermediate the ends of said gantry.



opposite |l ongitudi nal edges of said gantry

internmedi ate the ends thereof, said bellcranks being
w@ewsheemt their respective first ends to sai BCHHS00¥010270

with the opposite ends ther3of each having at |east

one wWire rope support roller rotatably engaged

therewith and forned to project under and support

521 T BARopRPHA 2 B St AR Rl Bl

oriented in a first restin osition and said rollers
at least ij&p gjrd mapeaolles nomtalalmengagﬁt{) thapayiths ir gupperingdrodh load hoist and
project clear of said trolley when said bellcranks
uoﬂeyéﬂ€e9ﬁf %qeéﬁn second actuated position, said push
rods bein conta ned in vertical tracks which are
secured to the opposite |ongitudinal edges of said
gantry adjacent to said bellcranks and said rods being
formed for reciprocation in said tracks, WO
2005/ DR 66 Rp/ ﬁé‘éﬁﬂﬁ%’iélﬁ)@?ﬂ@@téﬁ f6PARAES] BanthRts hfaﬁﬂhng crane
each of said bellcra and push rod palrs said rod s
end jour. aIIed to sai r.ods
having A itedefhsppl ol e S Btise pub i 088 p dorizphiel e thereof
internedi ate the ends thereof between said pivoted
and foresudpendingad tbddetheceandes, suidl cemiedhavihg er fleentageagie wige rope load
therewith, at |east two pairs of el ongated cam

it 5955 B s 4 3 RO 1R PR b e, s

in opposed relation across fromeach other, the
rope supppd spstemeofithe pireseat inveation chmpeisingei ng
i nterconnected and journalled to the |ower ends of
| u :
S phRdSL LAAS AP ACRRSIHIRA ABR A Alaion o the

wher eb sai d_adj acent ends of said cam surfaces
opposite longltudlnal edges of said gantry intermediate the ends thereof, said bellcranks

being pivoted at their respective first ends to said gantry with the opposite ends thereof each
having at least one wire rope support roller rotatably engaged therewith and formed to
project under and support said adjacent portion of said wire ropes of said wire rope load
hoisting system when said bellcranks are oriented in a first resting position and said rollers
being formed to retract from under said wires and project clear of said trolley when said
bellcranks are oriented in a second actuated position,

said push rods being contained in vertical tracks which are secured to the opposite
longitudinal edges of said gantry adjacent to said bellcranks and said rods being formed for

reciprocation in said tracks,



reci procate vertically in unison, and. at |east a pair

of cam surface actuators secured to said trolley and
w@biogieeomi t h said cam surfaces whereby as saPdI/UusS2005/010270

troll ey passes said cam sur¥ace | ocations during

reci procation of said trolley along said gantry, said

actuators raise said camsurfaces to reciprocate the

[ [1d .cal rd.fr .
P fdsTor B LoPTTs R i i sl RS dig 6 Raving a frs
. longitudinal noverment of said actuators whereby the
end jougpgikad tersaidl pishsunidd apdshe oppokite dnsi thgréofdowimaliatl ity said bellcranks
i nterconnected by said connecting rods to said
intermed®dtt SRABKE thePlFHRILE! gaia EJi‘%)[Ed eRds 81‘ Eﬁfi%ﬂct nd said roller
sal d connecting rods and thereby sai el'lcranks to
sai d second actuated position orientation when said
engagemgats InggViBke at their raised positions, whereby said
support rollers are retracted clear of said trolley to
dteleasiaivd d}bdiﬁi bEYlap@ated\bdm QuifacEELAlARtRIn &fd €6 £8H @leRment on

Wi th said rope support rollers, and said push rods

.l Quwer. sai 2005/ 097660 PCT/ US2005/01Q270 34 .
oppositg P FERTRE HReR Rkt 1208 by R PP diOnRD e refation across
first resting position when said actuators are out of

from eachwtleert theiddjeceat endsoof cachpairethenb€ being iaRircorgisend dnd journalled
rollers project under and support the adjacent wire

. tin he wire ro .
to the IH38F Rnd® g SalF bR 58 B AR et R e Rk fhe-opposie
cargo transport trolley nmounted for reciprocation
outboard| endy therand| tooseid | gagtnyt whereblyesadd fadjavent ends wdsaidiicam surfaces
a |l oad thereunder, said crane having at |east a fleet

: r; e ad hoi sting systemfor suspendi ng
rempro%eﬁ%g?g%a&rlﬁglngsgg, e(gdbl ock fromsaid transport

trolley, the steps conprising _
at least a’pair of cam surface actuators secured to said trolley and aligned with said

=0

cam surfaces whereby as said trolley passes said cam surface locations during reciprocation
of said trolley along said gantry, said actuators raise said cam surfaces to reciprocate the
lower ends of said push rods vertically upward from said first position orientation in
response to longitudinal movement of said actuators whereby the upper ends of said push
rods, being individually interconnected by said connecting rods to said bellcranks
intermediate to the ends thereof, move said connecting rods and thereby said bellcranks to
said second actuated position orientation when said push rods are at their raised positions,
whereby said support rollers are retracted clear of said trolley to let said trolley pass without

mechanical interference with said rope support rollers, and said push rods lower said



providing a pair of wire support rollers in opposing

positions on opposite |ongitudinal edges of said
wee@seIgent ry, said rollers projecting under tPOBES2005/010270

portions of the wire ropes d3f said wire rope | oad

hoi sting system which are di sposed proximate to said

edges, said rollers each being nmounted on one end of

el | cran ivoted at r . . .
velora e b TG b UG S B S ARGl Snemonid acuatrs
bei ng actuated by push rods through connecting rods
are outsefteongattbeithvseid san dubfakes whstebysaid suprprpueliers paeject under and
provi di ng push rod actuators on said transport trolley

r . l.pfocate said push rods vertically
supporfmxgre y%géglsn;es‘gbg%sh rods are raised by said actuators

said rollers are retracted fromunder said wires, and
when said push rods are | owered by bei ng out of
contact wth said actuators, said rollers are

'gnt er pogRehdd e E%ﬁﬁirﬁng'itlﬁ@ﬁfire&lﬁﬁe Wy QaeEPcontainer handling
CT/ US2005/ 01027 35 noving said trolley back and

forth along said gantry past .the position oL%the iontal eant
crane b cargooiaRsPEridRoLes MoyRkd Pr rerTarachtioR aloney edpontal gantry
rods to insert and renove said support rollers from

thereoftdifEfor Saspbndinga oadaBereBndd saitetdimechaving hideast fleet through wire
wherein at |east two pairs of elongated cam surfaces

ar rovided secured to. opposite | ongltudinal S

rope gty piert Tt panIindChiie ot JAPRKTET g ransport
sai d push rods when said push rod actuators

trolley/ theispepsaneprisingl cam surfaces vertically when said

trolley is passing said surfaces.

providing a pair of wire support rollers in opposing positions on opposite longitudinal
edges of said crane gantry, said rollers projecting under those portions of the wire ropes of
said wire rope load hoisting system which are disposed proximate to said edges, said rollers
each being mounted on one end of a bellcrank pivoted at the other end thereof to structure -
engaged with said gantry, said bellcranks being actuated by push rods through connecting
rods secured between said bellcranks and said push rods,

providing push rod actuators on said transport trolley arranged to reciprocate said
push rods vertically whereby as said push rods are raised by said actuators said rollers are

retracted from under said wires, and when said push rods are lowered by being out of contact

with said actuators, said rollers are interposed under said wires, and
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moving said trolley back and forth along said gantry past the position of the support
rollers on said gantry to actuate said push rods to insert and remove said support rollers from

under said wire ropes.

9. The method of claim 3 wherein at least two pairs of elongated cam surfaces
are provided secured to opposite longitudinal edges of said gantry to provide a controlled
reciprocation of said push rods when said push rod actuators reciprocate said cam surfaces

vertically when said trolley is passing said surfaces.



