1 TITLE OF THE I NVENTION A Wre Rope Reeving Support
System for Cargo Contai ner Handling Gantry Cranes.
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The
present invention relates to cargo container handling
gantry cranes. Mdire particularly, it relates to an
i mprovenent in the wire ropé reeving systemfor the
cargo container transport trolley of such cranes.
Specifically, it relates to a wire rope reeving
support systemfor gantry cranes in which the rope
systens which performload hoist and trolley
TTPEEVEF?EH@IRR@H@THQNS are supported at |east md-span
of the maxi mum rope suspension |length of the crane.
DESCRI PTI ON OF THE PRI OR ART The cargo contai ner
handl i ng gantry cranes which benefit fromthe
I nprovenent _provided by the present invention are
t hds &iggRepe Reaving BunpgeByste Ht%é CorgorGantaiger Handling Gantry Cranes.
configuration to extend over a |longitudinal expanse of
ground, dock, or water to transfer 2 cargo containers
horizontally from one deposition area to another. The
BAl Rﬁgﬁﬂy ONpnes are usual ly | ocat ed
ockside 1Tn shipping porgs around the world in the
formof Dbridge cranes or gantry cranes. Dockside
gantry cranes generally have either a horizontal
sliding boomor a cantilever boom the latter of which
c arFIHAIOE THE INVENTIONTr ot ating it

The present invention relates to cargo container handling gantry cranes. More
particularly, it relates to an improvement in the wire rope reeving systerﬁ for the cargo
container transport troﬁey of such cranes. Specifically, it relates to a wire rope reeving
support system for gantry cranes in which the rope systems which performa 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 handting 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
Patent No. 5, 765,981 and was devel oped by the assignee

of the present invention. Qher types of large gantry

yard cranes are |located in |arge cargo contai ner :
storage or transfer areas. Phese are |long span bridge
cranes and are typically supported by vertical

structures | ocated inboard fromboth ends of the crane

cargpaguntaingrs hotizbatatly fitoat onevieprisitionReéx tee amghérs Theelkeaviest of such

FIG 1 of the drawings for a representation of the

ganir 8lanky € uShallyd8tdtsd dsdkaide ihshippitig ?oﬁ@ﬁh‘ohh& MRI'W6kId in the form of
rotatable booml11l projecting fromihe crane

: cture 13 |4 I.S. t n.cr ruc .
bricB 858 GLBINFerkies, TadkRiBUBBRY 5ieS BefdrBY thfeitber p horizonta
..parallel to the edge of the quay. The superstructure o
slidinghoem er & cantilevashoam, ghsletter ofWwhigh can ysunllydearaised Py rotating it
m d- hei ght thereon at an el evated | ocation above the
arowrsl igoinbeart @nde An ﬁm?ﬂ@ ofihis deaagpé bDerané Shichlid mokb revalent is
gantry is supported from bel ow by the nain | egs of the

discioiegir U.§ Cﬁd{E&'NJ).rSét?g'Sﬁgﬁ"éﬁd %vg%/ ﬁ%ﬁg pltlﬁ; ﬁglagsigfi&g%f the present

desi gn, 'Sheaves ar posed nacle

. the s rstructyre of the crane to i de wi.re rope )
invendign; e bR o Intge gabEy vard fignes e Ineated i Jaries careo container
cantil evered end of the boomto the upright raised
storageomarhnsfes iatéasn Thesehare dontgispan Hridgeicranes dndd are tigpieallzisdpported by
the end of the boomare al so supported fromthe 3
v il-
Rl PGSO MG {0 BITE R o e
Wh%f? Is slack. The wire rope hoist reeving which raises
¢ boomtakes the load off the |inks which collapse

when the cantilevered boomis rotated to its stowed
po&efarenpe is made to FIG. 1 of the drawings for a representation of the '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 gnide 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

applications, the gantry of a cargo contai ner handling

crane is a horizontally slidable or a raisable

cantil ever boom sone gantries are single beam while

nost others are dual girder ®beam The present

i nvention can be utilized on any of these basic types

of gantry crane designs. Al of these cranes are
pinmgicleiblyamechenichlHink825 vaizemn the boem elowecsttoilevel hud thetwive rope boom

enpl oy a novabl e cargo container lift trolley 29

holmﬂﬁ@@sqa shadk.| ThOWirelrbfe Boifti8eHAL Whichyaikks ﬂﬁsoobﬁ. Iﬁkes the load
usually wth a suspended operator's cab 3

ot 5 i Ay MRS DT 0 i s

suspends a cargo container |ifting spreader 33 bel ow
abome hinga pajnt 3Thatiitsdnbeard cad proxdmatgthe superdictseam

gantry, the load is suspended through the center of

t hvigkeninmostetpiext dotiside pplitations,ithegHaittydda sarpoi cohtainer handling

extend for the length of the gantry. For a single beam

crarR3s ﬁ&rézc %1 Hﬁl!)lle oF a'rﬁisﬁlﬂé Bty 800 H‘;i’t%s a¥e smgle beam

nmount e beam € cargo con al ner

readers are,r endedfromthetrolle
whifiin6e it Ascdiial ap:?ﬁe%piié PESERnyFtton Rem hesutilized on any of
the fleet-through wire rope | oad hoi st reeving, by
thesmbasic typles of gantrodrant designsadidl of thecrandisfake sienitar tethgt'9R1 gantry
spreaders can be secured to the headbl ock to

typeATaR TPk iifey aﬁﬁrbfambre%g&d&ﬁﬂ&mm ﬁél 29 mounted on rails on

cont ai ners. he headblock 35 and spread 33 can

the {eBhe EhelsepfotiI T a1 70 C@%@\'ﬁﬁ#&mﬁﬁﬁaﬁﬁl jf'ﬁe trolleys

whi ch are | ocated on the dock or shipboard. The
shutglgratengorailp aswallysmouated ot tap wé; igside ofeon belowdhe granpgantry. 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

ship, or under the crane, or under its backreach. The
trolley is reciprocated along the gantry by a

continuous wire rope drive systen1 and the headbl ock

is raised and | owered by a 4 oad hoi sting wire rope

system both which are usually driven by wire rope

druns |ocated in a machi nery house 37. However, there

ar &he eheadblock \iSe andispreader 33pean bewaisgd amdlomentd ésom the crane
drives utilized in the prior art relating to

an@fr i £.C17 BYOthe dpeatdr R iR dAB 3 11th RgdgR carg U&ﬁﬁlﬂd@ﬁvﬁi& etrs focated on
ttolley rope drives and Ioad Ol st Wi re ropes.

Latter

the QG oFhbetrd i eisBipai Herts s dffanely G AE oy, #ﬂgmlev 29 for
trolley drive ropes can al so. These wire rope syst

trangpast alahe the gaatry betiveen the pickup and) mﬂswnmrls‘dﬂta cargo ) container
drawi ngs which illustrate typical apparatus for both

tranpeet slip,corrvnder the evanegorfumidenity byvkredch.v The trolleyeis réciprovated along
shoresi de cargo container handling crane and a wire

the g At ﬂf?@mﬂﬁhﬁﬁé Wite £ iy g&bt‘éﬁgaﬁc{ ﬁib@h@a(ﬂﬁ s r%lsed and lowered

on a crane. [emw t

I Granes, which rel ates, t r S
by # e halfting Wise AP SistRes bqlh @aﬁfl tlly Eifen Bapine fope drums
rope system Wen the hoi st trolley traverses to the
locatedkinrammachinery bohsepdai t i on, the unsupported rope span
between the nmain hoist rope sheave on the troll ey,

anﬁ&vmeh Hepé a{e@@@eraq?p@rotfw&%ayﬁeﬁm bfd @eB&Edrives Btifized in the

o the dantry, reaches a maxinum Unger this

pric i o SRGHHR coRapePRaiPeh s tiE | hede RN pleyrope drives

ropes This catenary effect will beconme excessive
and\lpad hoist wird ropes Thedatierdel thesgetwo systemas ppmasidie peoefiie from the

cont ai ner | oad generates a
implementation of the 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 tr?lley for a shoreside cargo
container handling crane and a wire rope load hoisting system driven from a remote location
onacrane. There is 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

ganiry, 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
rope sag. For cranes with higher rated lifting
capacities, the main wire rope dianeters are |arger
to handl e the increased | oads. Consequently, the nmain
hoi st ropes are heavier and t he suspended ropes have
greater sag. The nost unfavorable condition for rope
sag is when the main trolley is positioned at the
becauge ofthe unsupportad degbysighionf thewite vapes. This catenaryreffest will become
drum has payed out the nost rope in order to | owner

excdshife WhieQahge i Ro Riadafderthe Wiffigd §iRtadep. ThE chMbihePload generates a
ship. Wen the spreader is |anded on the container,

dowffieH e NAbeioph T AR BrdyRfes R fors e BGHANR popes

required to mnimze rope sag. The sag under these, K
restaHISKOPE SAE- JeT wraness Wik dighes Tatsdslifting oapasities, dhe main wire rope
operator commences to |ift an engaged container, the
diarfierers arclaeger dol himdle e intfehseddoadsaConisedquently,ctha nyain héist ropes are
up the slack ropes generating a "rope whi pping

{ihe ' to bounce and to slap
heo i B PRSP A ARty

ent &truc he crane frame, which
inturn cayses struct.ural. danage.as, we) |l as enpt ur
¢ aThe most iR by copdiboR for 0P eas Whgh the v tDIE) Fpgsbioned at
will actually engage and detach a berthed ship

the Buthessioutraacheposition, andrwhenithempin heist dromas payed ¢utthe most rope in

onto the top of the ship deck to cause further

orde@t® RWdrithél Spresker 36 en e 2 dohiairee s @ikHold Bf & EbipOrWERAhB spreader
to workers = or crew. e bounci ng rope al so generates

s o R, 3Rl R e HORRA e B BB ol Bfhpulfhene i no

bounci ng ropes. K Conversely, the sane 6 conditjion

loadpndhe sonorio majetaindhe (ansion sequized to Minimizernpg sag JEhe sagander these
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
dqtach 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

i nboard backreach retracted position of the trolley

al so causes an unfavorable rope sag condition and can

create a whi pping effect. For those cranes built

before 1985, the catenary efff ect on the wire rope was

not severe enough to raise the operator's concern.

However, as the container ships have been getting
conditipgeoccis i reversehe whemeslohd\is relsesess podeti the! prddembed most

| arger with boom outreaches extending further. As a

unfd@eablé cordifor, 3hé sHAL i ﬁlﬁié% iTct GEaUS filns WS fbfeaké af tension. The

have expanded from 50 feet to 100 feet to provide

mﬂ’%‘i}t t er P;):?ra;}mc er,at ét%%%lﬁl ﬁ%l #ﬁg@%ﬂeﬁﬁw‘aﬁﬁ%ﬁaﬁ unfavorable

lifting, The unsupported W re rope span is therefore
1opg sagfondition ang chp cregte a whipping f@ﬂﬁg this means that the
mai n hoi st ropes unsupported span becones nmuch nore

t h@or thige eldirs batlabefore TO85 atiel catehary dffeet onahe witd tdpegwas not
capacities are becom ng higher requi ri ng t he use of

sevef'ctﬁ 'eh&uéfﬁ%%ﬁé ﬂ{@b&rﬁﬂ{‘% éoﬂsﬁtkﬁe HOW OWER t x. 49'hs ORI s have been

'em and “cr ea rope sag.

ult, the rope sag catenar t has, now
gettingdarget ipsizen herrsancs bavs @areangndg%ﬂy Beoqdi lezaes wﬁleboom outreaches
probl em Reference is nmade to FIG 2 for an
extanidingsfurther. oks atesaltf thesail gyyge fof theacrane docksidedyraeks have expanded
reeving support systemutilized to alleviate the rope
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crane, the previously descri bed two |ndependent rope
longsyhamprionart iseanes, and. thds means et the meinkoishropesipsupported span
becomes much more than the older cranes. Consequently, the crane lifting capacities are
* becoming higher requiring the use of still heayier 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
clarity because sone cranes do not utilize a wire rope
drive systemfor the main trolley drive as will be
expl ai ned. Reference is made to FIG 3 which shows tthe
typical reeving for a main tr ol | ey traversing drive
system for gantry cranes which has been omtted from
FIG 2. In the normal configuration of wire rope

and Rclohd boisDsystdie. Ouly ehesluittreon load hoist systent dsshiowminsFIG. 2 of the
traversing or wre drive ropes 43 are secured to

dravgﬁgéjﬁ% ?lﬁg%ﬁe sbhfe créled 8o h&ﬂﬁﬂ@ Ehifg; r@féé ﬂﬂv@%s%ﬁgfor the main

y one or a palir of tro rive druns

45, The t "cqnti puous” generally neans the wire
mll%ﬁ"é"‘?és‘gﬁ[:ﬁ?ﬁpﬂﬁ% | oop. Portions of the rope are

either towi ng or slack depending on the direction of
noRefexsrce dé made torFIG. Sywhichdshoms the pypiral rgeviag Sorgtmaia trolley
and continuously in notion when the trolley noves.

trav&iSingldfi®e sYRAA for fantry Yranky Whichthas bésontitted from FIG. 2hEn the normal
drive druns 45 for the two pairs of main trolley

rive S S S :
confifiri o 86 fe JondleRybiy 15tk driYe ey £ R DT pfnifhiy5 Blersing o
. The pairs of drive ropes are oppositely wound and
wireedriverxopes 43 e &?@uwﬂdﬁ@pp@smewg of Hap eanie frausport trolley 29 and are
di sposed at opposite ends of the gantry through
driveiy By aut bra papef treilsy drige drutfs 43 hTheterms'contimmums's generally means
reverse direction in the reversing sheaves and extend

e P RIP B! DO PSP APBRS ik epending
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reverse rotation of the drive druns reverses the
in ntotios iwhenaheltrodéyamkvésor ces in the drive ropes and the
novenent of the trolley.

" For the "rope trolley” type of crane of FIG. 3, the drive drams 45 for the two pairs of

main trolley drive ropes 43 are usually located somewhere mid-span on the gantry 17ina
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 ganiry 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 nade again to FIG 2. In addition to
the trolley drive ropes (of FIG 3) in a "rope
trolley" cargo container handling crane, a separate
systemof |load hoist or lift ropes 51 for the lifting
spreader 33 are integrated into the wire rope reeving
system They are very sim Bar in orientation,
operation, and location to the trolley drive ropes in
the sense that they are also driven froma renote
| oRafdrenceliy nuikde ugaidto FEG 53 Incddition to thestroliayrdrivsirppes (of FIG. 3)
house and run through reversing sheaves 47 at one end
in a0 \RAY ceirfe! 8separii@\¥9¥ien of 1bad Maist or lift
- atftﬁ%ﬁethﬁv\% airb‘raggjg?é%t%iinglt?hafnopeg are nofpsec\lgs?ed to the
I.n. troll 29 byt e .reeved.thr f - 0
ropdioy oo itifis SBesa 7 &g RGBS, t18Y Sty oREbeevlzllftem. They
downward from the hoi st sheaves to the headbl ock 35,
are wery aivailarin prisntation,opeeatien, and loention e therralley driygsqpegin the sense
to the trolley, around fleet through additional hoist

thatshaeare alsordrives frérh @lremipte locationybdriveddrumardflocated in a machinery
the. end of the gantry where they are dead-ended 57 at

houé{ﬁld ﬁﬁ%ﬁgﬁﬁm& %ﬁéri}gf,% :%}}F tEili&’ ﬁl@%l‘é[lﬁ?%h@‘g 19. They differ,

eaves ero pl'y-reeve tween
t he headbl.ock and t troll ey sheaves btain . a
ho“@veraeréﬁl.at thecdmapains) o KODE§ are DRSNS 8 816&5%‘9 trolley 29 but are

operate independent of the trolley drive ropes and can
reeved threngic fleet-thvoughy hoist shéaves 551 reyntedvthsrepnowhenehy they travel
gantry dependi ng on whether the lifting spreader

dovfh?ﬁ%? 'é?ﬁﬁr'f thef Wist! éi‘l‘é?w?éé% i‘l:.ler‘ﬁéaﬂbio‘ék B8i A@uhd §h§ensibn sheaves on the

concurrently while the trolley noves. A secon

d
neaf S sk e i 0088 B80HE, il s on e
machi nery and the trolley traversing nmachinery are
trollsys 4nd avbbirard thepefram to theehil of the paptry wherathexaredeathendad 57 ot the

druns of the hoist machi nery nounted on
opposite end of the gantry from the reversing sheaves 47. The ropes may be multiply-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



the trolley go down to reversing sheaves on the
lifting spreader headbl ock and then go back 9 - up to
the trolley and are dead-ended to it. The trolley
traversing machinery drives the trolley wheels to
nove the trolley along the rails on the girder or boom .
of the gantry crane. A third type of wire rope reeving
can be called a "sem -rope trolley" container crane.
It is a conbination of the first two types. The | oad
up tonthierolleyp atud arerdgad-endedtatitc Thietrollaptraversing machinegudrives the trolley
the gantry and the wire ropes are reeved the sane as

whebR'to e thOR6ley 518&%%%&\% 8 theirdet 6 bdom 0F WRV@intrychéhe.

gantry traversi'ng chinery for the trolley is

no e her.ean the same t he " maghl R [ "
cof i P EE e 178 £5ev e a0 OB ed e Fodd RO bR crane.
.of prior art cranes have the fol]ow ng disadvantages.
It i3 @ cpmbination nfsthe tfirat twotyney. +Fhe, kaad; haistmachingry s jlecated in the
nmounted on the trolley, and in the second type the
machériesy hogsenac thengmyryagdike lwird Fepek afd reeyed duogase as for the "rope
extrenely heavy and the crane gantry girder structure
Y 0 > : .
tmlllri‘q Wi bt BICE UP g-itﬁwéxne‘f' e #é‘ R ﬂnf %:ﬁiﬁ{ég}n ?fmggne trolley is

de stronger an hereby avi er.

the trolleys are driyen hy the wheels interconnecte

ot Hereon 3hq s 45 Ui maciige Fﬁﬁﬂfvwﬁiéi’%/?‘“{tﬂ@ew&%? sSeribed above.
sonmetines slip in foul conditions such as the
bedha hattey toh types off pridr apt crahesrhavh ¢he followvihg disadvantages. In both
nmorning frost. For the "rope trolley" type of crane,

caségbﬁlewoﬂby B¥vé&Sing nfachtiery ishéfited 6 QUWDIRPIRIGA i ¥cond type the

oes not” have erther hoisting machinery or trolley
.traversing driv hi nery. mounted_on. ,i{. Ther r
hoisth TRAsTuReey 59 MATL o1 SOURY, bPMRsConTeghehL bemd B R eFane gantey
wei ght in conparison, and the trolley supporting

girder rusture raguired to suppots ghetalley mustnesegsarily hegngdegironger and thereby
m ni nrum wei ght. Because

heavier. In addition, as the trolleys are driven by the wheels interconﬂected 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 carﬁcs 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



the rope trolley is towed by the drive ropes, there is
no wheel slip. However, as the long |ength of the
wire ropes for the hoist machinery and the trolley
traversing machinery are 10 reeved fromthe machinery
house to both of the girder ends and to the trolley,
the wire ropes experience bnsi der abl e sag and wear
and i ncur higher maintenance costs. In order to
mtigate the rope sag problem various solutions have

reeved Gomuthi machihery IiRaise tebash of thegipdiencnds dad tathe trgllep, the wire ropes
wherein a first solution has been shown enpl oying a

expiftinbe cOlsi@RAINE Ay ariPREarendiAGr Higek helitenshcsabas.si de
catenary trolley 41 is installed between the main

trolle he b ' I P 1
| afhugfiee ¥ ofall B 285F of BustiE, pfous it beon utilized
between the main_trolley and the trolley girder en ) .
Referraocsh again mup9n e FIG. v hercora fimbsolyfian has baft Shpvn employisg a pair
wat ersi de catenary trolley. As the rope trolley is
of catensrs rbze §uppottarelleys. Mowsierside datenavtralieyi dleisinstallexbbetween the
outreach position, the |andside catenary trolley is

i 9k PSRy S B RS OK i G sl
ot eoge i Bt Ho el et 1 56 B Bhppsie side of e
hoi st wire ropes and the trolley tow ng ropes which

main tolenfem thowatengide eatenarntrolieh As thezapateollsyis moved hythe towing
original sag. As the main trolley noves back to the

ropés%ttﬁ@ﬁhtefﬁd@giggﬁst AARAEIepoditiew The 1aadsidé baem’qugﬁes pulled by

catenary trol is pulled by the main trolley an

travels to . th 1.d S di st WP

the it o s e AR o ARRAR o3 g e B & te and
the rope support for the waterside trollei/ drive_ and

the mainstrolleypisame.s Byidoing,this, shejlandside eatenany frplley pravides argypport for
catenary trolleys are actuated by an unpowered

the SRGH hdlstovite Wpes afiddBR trolley towing ropes which decreases the 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 &olley 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.



system engaged with the main trolley. As the main
trolley noves, the catenary trolleys nove in unison.
A rope tensioning systemis also provided to elimnate
rope slack and to help keep rope tension in the
catenary rope reeving system 11 There are severa

di sadvantages to the catenaly trolley rope support
system 1. The added catenary trolleys (at |east two)
add substanti al expense to the construction of the

Cr 'Hhdie Aes scdta) disadvdnigies tehetcatenbryitrulleyirops suppensgstem:
size of the gantry girders required to support the

added ' h ' j t
e oA el Eeg ey st B ke tpo] Hal Skl Rffense to the
This ingreases the power requirenents. of, the .main
construghiors pE dhe Gane ot ehly40n tRIE Fast BBt on fhedneieaed ks of the gantry
the crane. 2. The waterside catenary trolley is
girdps seduinded soppdrh thegaided yeight wW&be malire trofleyndrive systeny naastitow the
the boomtip equalizer sheaves. This neans that

catehdt§ HRBSRAN R alf tPivefsihg MoHOR.Thib Ritgédled the Pweﬂreﬁuﬁ'@m&ts of the
feet) is required to permt insertion of the waterside

.catenary trolley. s ,Because the . crane nust
mm%goﬁgr YF yg{%én%fl%%%g%@gieﬁ%g%?%ﬁ% h‘gﬁ%r ane i s not

in operation, the boom hoist mechanismis required to ]

|i 8¢ uplhehwatersidecasonnty toHgy is pesitipmed op)the gaHE between the main

addi ti onal weight of the waterside catenary trolley.

trollég afd fiRYdon ti%: Bgualizéestehvdsh eTHioans thitincreasdioetss for extra boom
required for the boomlifting system nust al so be

o AP 530 R ML o8Pt 2R iy ol

and _all the necessary couplings and assogj at ed .
Becapeihmbonm o tie;stang suhaTalfsd §o the sfovss Rastisn s the crane is not

between the main trolley and the girder end i
in operation, the boom 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.



sheaves. This al so neans that extra inboard end girder

and rail length (between 8 to 10 feet) 1is required to
contain the |andside trolley. This extension will also

add weight as well as substantial cost to the crane

for the additional trolley and gantry | ength and

strength. 12 3. A catenary!trolley rope support
systemrequires the installation of additional pairs

of tow ng ropes, the catenary troll ey sheaves and

cl 3ps Acateharyrteolleytropé supportasystem requithsabe installation of additional

tensioning system Because it is a hydraulic system

i i v in trolley, and
pi b1 BRI B Wty s g oy Wi pan ol and o
' wat.er. Jhis adds tq the ,servic ad nmai nt.enance. .

hydshglie ensiodia: st Bscaise B biftal syt 8 ACH6 cayiropmentally

) freguent | ubrication. To service the tow ng ropes, and
friendiy dueto, the possible leakiage of ail tethsgreund andtothe watermlbis a¢ds to the
installed. The two catenary trolleys also require

serviceCarSmeintdritd Fequirenenfsdofitiose iteigi MIboftieeropecteqaire frequent
to change bearings, axles, and wheels. 4. The

o1 G Bk b o555 25l 80 oes o
equal i zer, platform Wen fhe introlley i t the

musp he st lego shhe; 1810 CalenmpnHaneys; alicusemRiEe 266y n@t@m {3 perform the
bet ween t he boom hi nge point and the rear girder tie,

maihfepanceatel as wechangebenrings,raxidseand wheels at ed on t he boom
sonewhere m d-span fromthe boom hinge point to the

bogm t i PhehRididEeatenady &9{16# is MB &R sdr1§ 1A RM BebwéeH the Boom hinge

to the stowed position, e wat erside catenary

.trolley is lifted. u A h t boom an ng in.the,air. ..
point R e hepmn i i izeEp oty WiheR A inah telled I b Rt position
safety concern about should the ropes fail. Rope , .
somiewhkrerintermediatethe gantrytietwesaitheboom hinge peipt ang the sgar giyder tie, the

the ground or on top of the ship deck to cause
waterside catenary trolley is located on the boom somewhere 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



severe property damage and possi bl e personal injury.

No safety |locks or stops can arrest three tons of

descending troll ey weight which can exceed 100 nph

i mpact speed. 5. In some cases, crane operators

request the capability for the main trolley to

traverse between the | egs of3the crane while the boom

is raised to the stowed position. This 13 conplicates

t he operation of the waterside catenary trolley since
complicatesshe bperpiivreofibe watersidecaterpriinollejsincedt ongf bepowered to move

trolley rails with the boon1pr01ect|ng upmard at an 84

| h th
up agga%gﬁ g ttﬁ%gogé;# ils Q\H&Qﬁé%oﬁl?o pREE bt ABNE oo angle.

ety concerns r th|s system 6.

nuf act urin n
ThisGirgraed §0% b praganithsaetns fpel £ BP SRaRE et ol s prsiem.
required extra boom and gi rder | engt hs, two -€atenar ¥ro
t &l | eyBye total szansfactuving-and masatengnce easts oy thsy catepary trotley rope
tow ng ropes, hydraulic cylinders, the rope tensioning

suppﬁm?‘fs?@t&ins Aifeludingike reéqoied éxttfd bodtn i girjeplsngths aoue catelatyarolleys,

t he heavier boomwith a catenary trolley, is

h
sheal Bl oy o B8 L KR h ol By ol Ulidlrs: 2¥5pe tensioning
mul tiple fixed p03|t|on rope support._ rollers 59
systera.ARddighsn boore likng harsepomge reguirgdh fodift L deaipr bagm with a catenary
installing nultiple reversing sheaves 61 on the nmain
trolley,d$ very Higlane 29 and requires enploying severa
reverse rope bends in a short distance on the main

s. gme];?lf:bgﬁssﬁnam_?ﬁicﬁh%ﬁﬁpﬁxoﬂﬁ%m&?gpé BPR)ﬂe'sﬁﬁport system which

S rope reeving arrangement coul

S A R R b G 50, T

support system The rope fatl ue life is deternined by
systbmrequirss mtaﬁmgtmdtlﬂb rgversiag|shoaygs 61 on the main 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 indusfry.



to break before mandatory rope repl acenent for
operational safety concerns. This is costly due to
the operation | osses and mai ntenance costs. As a
result, this systemhas not proved practical in the
contai ner crane industry. 14 The present invention
provi des an inprovenent in wre rope support systens
for a crane's wire rope reeving which reduces the
effects of the disadvantages in the prior types of
Si The Rf'\e/:seﬁtaﬁeemoneprboides anl pyproverngttio mere Sipksugporosystems for a
THE | NVENTI ON The present invention is a wire rope
cranes %@ﬁ)gé YRS whichireitided theeffiO0K the disatiPaitagdidn td pitbr types
crane havi ng cargo transport trolley nmounted for
reci procatjon al on horizontal gantry thereof and
of s ugmm;@egupﬁggsx under. The crane has a
fleet through wire rope 1oad hoisting systemfor the
transport trolley driven froma renote |ocation on the
crane. The rope support system of the present
SUMMARY OF THECINVENEON! at |east two pairs of
bel | cranks and push rods secured in opposed rel ation
to the opposite |ongitudinal edges of the gantry
intermedi ate the ends thereof. The bellcranks are
pivoted at their respegtive fasf ends to the antrgn .
wi tThe preseBhisyenten 187 WIeTaPQ ERCVIG PR | ‘Htf(’? & £&fgo contaner
one wire rope support roller rotatably engaged .
hantilig &rahé havaingla éarpoadnsporiiroliey afounteddor reniprecation etongadorizontal
adj acent portion of the wire ropes of the wire rope

gan'trﬂ ﬁ%r%&ragi{i k‘cﬁl‘%g%%(eﬁﬁﬁ@ é’l’ﬁﬁd‘ﬂl@fbﬁu@&lh ITHE 8F38 had £fledt Eﬁr@ﬁglgdrire rope

Ing- position. The rollers are forne

o retract fromupder the wres nd proj .ear
toad Reis St viem farche FHeonoE el RS en PO, F A RE JodhiB oo Be crane.
second "act uat ed” .
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 belicranks 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.



position. 15 The push rods are contained in vertica

tracks which are secured to the opposite | ongitudina

edges of the gantry adjacent to the bellcranks, and

the rods are fornmed for reciprocation in the tracks.

Connecting rods are provided for each of the bellcrank

and push rod pairs. The cofthecting rods have a first

end journalled to the push rods, and the opposite

ends thereof are journalled to the bellcranks .

i NThe past fdds drbecontuised inevertiéal Hecke swhicthare ssicunstldd the opposite

ends of the bellcranks and the roll er engagenents

i ' 1 ' f crafiks areformed for
long 8Bl hets b ZARly AdpRel @ 1S LElobAls, A6 e RO &

.ends, of, the sh_rods whereb as. trodl
recipioER AR e mAkS. GoREseL A srdertge pisYidef or afh b Rk and push

trolley along the gantry, the push rod actuators .
rod paits. dthe conrectingeodsdhays a fisst end gournalledito theqmsh redse and the opposite

reci procate vertically upward fromthe first position

end® fHepetifadre hlled &5 feNbelckaks dngimediateahe wndse teeneofdfetween the
the actuators. The upper ends of the push rods are

. 1.ndl vj i VA T g rods to

pw*ﬁ‘&%@ﬁ%%%ﬁk%%@ﬁ@% g?lgr ?’Z’ n'élelgtg S ﬂ‘ﬁdgg eof , and
nmovenent of the push rods noves the connecting,rods . .
Andideret 8 ByiraiPusi Fod pefitars o serureitiodhe Bolley, 3¢ aligred with the
position orientation when the push rods are at their ]

lowegirsisbfiths pustonsls wirereby, as dhd teollayt passes the gushipeb kacations during
rollers are retracted clear of the trolley to let the

recibiéo%éﬁ&i’ ofthe %'o‘l‘l‘g? lQéBrﬁg tﬂg\%gﬁﬂ}, & puisRr6d hesdELactiidté the 10rer ends

support r the ‘push rods | ower the

bel | .cranks by means of the .connecti rods : .
of the 50g$ 1 caype IPPEsEe EiFaly apsetd o 2€ tisEpbifon prientation
contact with the
in response to longitudinal movement of the actuators.

The upper ends of the push rods are individually interconnected by the connecting
rods to the belleranks intermediate to the ends thereof, and movement of tﬁe 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.



push rods, the support rollers project under and

support the adjacent wire ropes. 16 The present

i nvention al so provides a nethod for supporting the

wire rope reeving for a cargo contai ner handling crane
having a cargo transport trolley nounted for

reci procation along a hor i ¥bnt al gantry thereof and

for suspending a | oad thereunder. The crane has at

|l east a fleet through wire rope |oad hoisting system

f orhepregemoitivegtion aisu provides a miethod fohsupgttiogithe wisarapegeeving for
transport trolley. A pair of wire support rollers are

'Qﬁ%:' | 4 dRB5 trAspBRAHeY trounted for reciprocation

ac%%}gﬂﬁtu |lr%§?(ﬁe ges of t eécrgakrie ggntry g%d Op])l:loej ect P
under . those portions, of. the wre rope ] €

along iy ipriZoath REREY HrEeadBe i i 0GR BhrouhO; fiSoapae has ot
to the gantry edges. The rollers each are mounted on )

least adlesh dhioiigh wige repen lnadphaisfingdsystem fer syspendipgp cargo container

thereof to the structure engaged with the gantry. The

headbddkciari e ispagitttdlepd by push rods through
connecting rods secured between the bellcranks and

th r . ; 3
tr oy PAIS b5 RIS b s 6L (bASA A pSsinkJAsRRIs on opposic
vertically whereby, as the push rqds.are raise the

longiscinal s of e CraRe g2y A0 9F0 it AL OR TR ORRA LY WA Fopes of
wi res. When the push rods are | owered by being out of

the wira eyt lowd hbistihg systém sthictsaretdisposel prexinate to thatganiyy edges. The
under the wires. The apparatus is actuated when the

rolidr g&égle&e iﬁonﬁ?éfcf&% ﬁg&&@aﬂa AN drhniehiBRd!aR thedsthbr dnddiRteof to the

osition o support roll'ers on the gantry to

actuate the,push rods to insert and renove the support
strugtyrg %gc$waﬁ1tﬁ$ the wire ropes.

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 mdé 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
an inmproved w re rope reeving support system for
cargo container handling gantry cranes for the purpose
of reducing rope sag; It is_another object of the
present invention to provi d&’ a si nmplified wire rope
support system for cargo contai ner handling gantry
cranes which is less costly to manufacture and
OBHL.GPSOF THE ANVENTION i s a further object of the
present invention to provide an inproved wire rope
support system which can be installed on existing
cranes or retrofitted as an inprovenment item

requi i ng. fewer struct 1L f] J .t o t
¢ e SRt 8 iyt bieB} o TBE phdsb ipRpichficl i il dpuproved
. of the present invention to provide an inproved wre
wirg rgperecyingsypport gystamionertae container hpndling gsatry craney oy the purpose
ot her rope support systens; It is yet a further object
of rafucingaopes gent i nvention to provide a rope support
system which can be retrofitted to existing cranes
W « . . . !
i (IS HACh AR GPhelghéSoR R i oRth Btidt o fUIBADAR rope support
resent invenfiop to provjide an inpproved wr rope
systém Jp e ertaimen hndling etk ceymes nighos Jess Sopty toanbfacture and
service and nmaintain. is Oher objects and advant ages
simplér toHistplliesent i nvention will become 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 prcseﬁt 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
drawi ngs. DESCRI PTION OF THE DRAWNGS FIG 1 is a side
el evation of a typical prior art shoreside cargo
contai ner handling gantry crane having a cantilevered
rai sabl e boom which can utili®e the | mpr ovenent
apparatus of the present invention; FIG 2 is a

erspective view of the basic wire rope reeving

ennbjsicts dnd advantagesed theipresgntiovetionywilldecdoe apparent when the

cargo container handling trolley crane of the prior

appafatusedid Sithvd 6f tiRApresét 1ﬁv¢:ﬂfonadré coRfidaret Yint oMlR¥ien with the
to alleviate rope sag; FIG IS a perspective view of

ry trolley vv|re rope drive system of the
acc&n#%r&@{ka@fﬁé 4 is a perspective view of an
alternat|ve 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
DESERIPTIONOFTHE DRAWENGS e rope support nechani sm of
the present invention with the rope support roller
oriented horizontally for supporting the wire ropes;
19 FIG 6 is a perspective view of the wire rope
n.the retracted 03|

su r chani.sm.of FEl 5
o B! ha8'R S SRIGR oF ecieel Bierit BiProli Peia puieler bandiing
allowing the hoist trolley to bypass the rope support
ganhpodrans Baving tsh cantileared maisable ibeonr wicnoan utilies tire improvement
an end el evation view in section of the wire rope
appatRRVTthdBrebe isvantbni he
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.4isa 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

wire ropes; and FIG 8 is an alternative view of FIG

7 in the condition of FIG 6. DESCRIPTION OF THE
PREFERRED EMBODI MENT Reference is nmade to the draw ngs

for a description of the pré?erred enbodi nent of the
present invention wherein |Iike reference nunbers

represent |ike elenments on corresponding views. The .

pr BK&n6 is sperspedive dew ofjthe wirgepe sipporignsechspism of FIG. 5 in the
system for cargo container handling cranes, an

retr bsttic withi R fofe SVt idller|oBented veitidully for aitlowdng the hoist

transport trolley 29 'nounted for reciprocation al ong
hoyi zongal . _gantr 7 . ' and
tolfRy S0 bRt 18 5ol P e R A £ R BUSRRR ohec:
ei ther_single beam or dual airde bean1constructiﬁn“ £th
ThEIGy L isamend cleyatior ey ineehionodthe WyE E0RE YPPRL) megnpanism of the
or a "bal anced rope trolley" drive which are

preseaninventich pirtiatly lbeclen @utfwice thet suppar rollén ia thewentiting of FIG. 5
hoi st systemthat can be driven froma renote

[ . crane and can be electronically and
sl Rt g

odtrolled. It can also include an

integrated wire rope tr y., drive. fer i S made
t o 56, 8 g aliseipheRaen PRI it ExndifBRREFAE 450
hoi sting wire rope system nost conmmonly nodified by

the present invention. The purpose of the present
invention is to avoid the need for a pair of catenary

DErsmcgdgbg%lgg: grggﬂmiﬁmwmummpmm a lighter and
ppar at us.

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 forbuse 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 origina
equi pnent installation on cargo container handling
gantry cranes having a cargo transport trolley 29
nounted on the gantry thereof 17 enploying a renotely
driven |l oad hoist systemw!h the hoist druns 53 in a
machi nery house. The trolley is fornmed for horizontal
reci procation along the gantry and for suspending a

FIG| D2 the @rawliies whith! shyws tiesrload delsting swing fape dystem most commonly
through the gantry between the side girders thereof,

a¢oid the need

modfféhfthe bEAERRUGyh. THE puSSRETAS Bresdiny cilth S5 80K

and eposition areas. The present inventi [ .
for § B BLGHENREY HOBSTLOROYEH e oF migos AL bisk faf hore effective

portions of the two wire rope reeving systens of a
appdratianced rope trolley at some position internediate

of the variable positions of the trolley on the crane

gamhe yvireWEpﬁe FRPRoSHPPGE bystehy 6t thopreaent thiention fs.designed for retrofit

just the l'oad hoi'st " ropes, if the crane has a machi ne
driv

trolle if the trol i [ :
o g i o] e o o Y A Boing o v
ropes and the trolley drive ragpes. Theroeswaﬂort .
tranggart ollayi 29 mowssedion thegantrythseeof %Fmplpw&,éu%m ven load hoist
mechani sms which are nounted on the opposite

syste@NGith thé Htadt dedvae S3 o a binehinenrisougantThy traliey mformedsfoy horizontal
' inthe 21 mddle thereof. This neans that they are

DOSIi Li r i .
e PG 0 A0 SR S g B fundecsingle
single beamgantry, the pairs, of, .nechani sns e
beam, 95 hwygh fhe gaatE betvigen; the $idg Birders ﬁgﬂsmf 304 19T transport of the
| ongi tudi nal edges of the . .
suspended load 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 cranc gantry approximately in the



gantry. In a dual girder beam gantry, the nmechani sns

are usually di sposed on the opposing interior walls
thereof. A single pair of nechanisns could be nounted

in opposed rel ation approxi mately nid-length of the

gantry to support the ropes_approximately in_the

m ddl e of the rope sag wheft t he transport troIIey IS
positioned at either end of the gantry. A ternatively,

the support systemcan include nultiple pairs of

mid @R s eeR) Thixeemmsthaythey e pasitionsa mtreys dromledch otheroadhe gantry in

relation along the gantry to provide multiple support

mmBP'ugrﬁge to?g rlc%lﬁﬁms ThigS he! BRe L6 Nsirile ibeat® gatry, 'tﬁe pairs of

Farns to signify that multi ple pairs of

mechgIR a1 U SSF Fh AEPORER FOISHOn A1 i g opty Rngitoy b Sges of the

preferred enbodi ment. Reference is rrade to FIGS. 5-8

gantdy. Inceduial gixdentmamegantrybthe naechanisms areisually disposed ondlie opposing

are secured to the opposite |ongitudi nal edges of the

integg{}@ﬁﬂsmgre@,gposed relation internmediate the ends
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hoi st ropes and the trolley
least" is used in the claims 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 suppott 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

brackets 75 which are secured to the opposite

| ongi tudi nal edges of the crane gantry such that the

brackets are di sposed one ﬁg h on each edge of the- -

gantry in opposed mrror i %e relation | ocations.

The tracks are formed to permt the push rods to

reciprocate vertically therein. In a dual girder beam
bellganks are oribatet dm giseemidiisitmidFIGH6 &n&). Jehernolletsraan either support

conprised of the gantry girder beans, and the
just *i?ﬁea@a& hoisk bépes @ U RE nhutip1e Rolléts St thev¥ehd Boif rdpee and the trolley

girders. Fo a single beamgantry, the brackets are

.. suspended fromthe edges of the beam Each of the

d“”ﬁ&ﬁ&@ranks 63 is pivoted at their respective first
ends thereof 67 in the sane brackets 75 which, hold .
t h@he ghsh tads 65rare leontained dp verticap trapksy Guwhish arg i firn mounted in
bracket structure establishes the relation between

bradkb® TBushich @86 sevntkd toehd oppasite Mrgitmdihabédgostaf théierane gantry such
i nterconnection of the first ends of the bellcranks to
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W*re rope support l'ers
hel | cranks 63 are actyated by th ush. rods, 65 t hrough, ..
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the push rods. The connecting rods extend between the |
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79 on the bellcranks which are |located internediate
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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 whichrarejoumalled 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
pulls on the connecting rod to rotate the bellcrank to
the second position. In the first resting position of
t he bellcrank 63, when the push rod 65 is | owered,. the .
bell crank is rotated about e first end thereof 67
which is pivoted to the gantry, and the roller 69 is
translated to project under and support the adjacent
in FI®$.t17 and &iflowbringhecpushped pishes ofi thebellorank tooptate #abjout its pivot
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the trolley passes the push rod |ocations during .
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actuators nove the 24

can be positioned below the shown roller to support an gdditional 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'
| ocations, the wire rope support rollers 69 are
retracted clear of the trolley to let the trolley
pass W t hout nechanical interference with the rope
support rollers. In the preftrred enbodi nent of the
i nvention, each of the rope support nechani sns has
two pairs of essentially mrror imge el ongated cam
push yodseerticlly wotuidecshd foveardhe pusindhdsavherabens the trolley passes the
respect to each other with one pair each being nounted

braéé{éts%eﬁﬁnﬁ Sthe Wi{-’esmp% supoft 18R BY arelretractéd\bBardifikiatiolley to let the

antry, the cam su S are positioned on opposite

j nside , surfaces of the.gantry,sid i
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gantry, on the outer edges thereof, so that when the
trolley is located at its nost outboard or inboard
posi tion of gantry novenent, the wire rope support _
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ends of the push rods whereby the two adjacent ends = |
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inboard position of gantry movement, the wire rope support system 13 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 loﬁw 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

rather than in an arc around the journalled end. The
slotted connection includes a pin 89 projecting from

the gantry which projects through a horizontal slot in.

t he outboard ends (fron1th%5adjaCent ends) of the cam
surfaces. The pins are capped to capture the cam

surfaces and to permt a slight sliding and parti al )
r oThé cig swpfacen8dfaré fomrmalledswith acsiettesihcarmection 83 at the opposite
thereby effecting ajournalled connection. In the
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a pimB hrojéating feom the geaty vitch projeckdhrqughadiprizantalslptigythe outboard
the rope support system|ocations on the gantry. The
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hi ghe the trolley because they are either
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. transition under the ropes nost easily when the
pins theteby pffpetingeajournplled sganectipBor t system stati ons on
the gantry. As the trolley reciprocates along the
gam the prefehed eatbodirherstofitise presenhinventidn, dye p agiators 81 are
rai se and | ower the cam surfaces. The actuators
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trolley reverses direction. The cam surfaces snooth
cant firfacen8X asithedralleymayes phst the topersuppert sysgem locations on the gantry.

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 loweting 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 made to FIG 5 which shows the cam

actuator 81 secured to the trolley just approaching

and maki ng contact with the cam surface 83 fromthe
bottomof FIG 5. The leading roller 91 on the

actuator is just entering under the pivoted end 87. .of

the cam surface. Reference®fs made to FIG 6 which

shows the cam actuator progression where it is

engaged with the cam surface with the |lead roller just
apRefeaaice hgmatle moFid. Swiick shoves the caarschytaridssegared to the trolley
both cam surfaces and the | ower end of the push rod

just gpgmaé}h'ﬁg ahd &ﬁ%ﬁcﬁ: AVith g CaRGhiffacé 83 den tebdtiym of FIG. 5.

gressrton, t crank 63 has been raised to its

econd ogL ti and has refr j L r
Tho g5 w7 AROE T R SPEMEAEF  FpRIRE'E of e cam
osition of the cam surfaces, the cam surfaces nove "
surfoesn tRefergnomisanadese FiGt § whishishawp therran apuaterprogirssion where it is
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cargo contal ner an g gantry crane

havi ng a cargo_ _transport trol ed.for . .
At that ppiny e, frolle H&’éﬁﬁkﬂﬂr %L@?%ﬂﬂ%? f}“f e spissgh fp its second
for suspending a |load thereunder. The crane has at
positiensmdaas Iretedctadihe ke suppertrrofer 6bads e eam mgtugioss elear past the
for suspending a cargo contai ner headbl ock fromthe

posh{oﬁfhffgﬁ’é Sarh SRIFACRY, thé cRAistirfafes\thée genElp dotvnwaed beritting the push
provided 1 n opposing positions on the opposite

| ongi tudi ngl edges af & C e I :
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wire rope load hoisting system which are disposed
undermeathrthe witeoropes7 hEspppastiges. The rol lers are each
mount ed on one end of a bellcrank pivoted at the other

encreliReaf inventiditalsd cottémplates agieganid novel method for 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

bel | cranks and the push rods. The steps of the nethod

conprise providing actuators on the transport trolley

arranged to reciprocate the gush rods vertically. The

push rods are engaged to t A& bel | cranks wher eby, as

the push rods are raised by the actuators, the

rollers are retracted fromunder the wires, and when
withithegatsh Tiedselleranks eweacarhtdabyomishgodathrough coafiédidp rods secured

Wth the actuators, the rollers are interposed under

. . c ! : . .

b8 SR P A S0 6 B 0BG B proviig
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support rollers fromunder the wires. The nethod al so

rodsiapeengaged tor the ballergnks wherely, as ths push rodsate wiised dyithelaataators, the
surfaces secured to opposite |ongitudi nal edges of

rollekd'are @éthictod fromaindebthe Avifed Urdovhetthe BasH0dS afe 18WeRld by being out
the push rods when the push rod actuators, now the ¢am
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f oregoi ng, description ofthe preferred enbodi nent ofthe
actugied Sy rnoyingdhe itwiley back end fadh gioag the ganirydasii the nositien of the

reeving support system can achi eve the stated objects

supparicrollanvantirgemtiyftotaetiatenthejusb rodwmil inkert ahl @emove &itdsupport
novel apparatus inprovenent overcones the

11ed rlier described in the Description of
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cargo containers and |oads by installing nore than one
secugesk toafpposieclongitudinal edges of the gantry to effect a controlled reciprocation of
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 i:referred embodiment ofthe present invention,
it can be seen that the wire roi)e reeving support system can achieve the stated objects and
advantages of the invention, and that the new and novel apparatus impmfement 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



support systens on the girder walls. Therefore, when

reference is made to "a rope support 28 systeni for

"cargo container cranes," additional pairs of support

rollers can be substituted for the single set.

Li kewi se, when the term"a roller"” is referred.to }

herein, multiple rollers cth be substituted therefor

by providing nmultiple rollers on the bellcranks. Thus,

the present invention permts a |ightweight and _
syste@SOfoR Meargb cohiainer ommes,lipdditional privs ofisugpoctrollersfcan be substituted

lighter than for the double catenary trolley cranes as
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e of t

chani sms & prior art. However, the present
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mai nt enance cost than conparable nultiple trolley
cr Thus; theiwesent invention pamitadightweight %mf qepaomisab e gpe support
description of the invention in its preferred form
systé dhicH is el lightet than for @d ddubk calinas Golisytrasbsas Welles lighter than

attributable thereto. Wiile it is illustrated and
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. forth except as pay, be necessitated_by .the appended
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systemfor a cargo container handling crane having a
mainfigee costrthgocomparableayultipleritolidy tranes.eci procati on

al ong a horizontal gantry thereof and for suspending
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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
rods secured in opposed relation to the opposite
| ongi tudi nal edges of said gantry internedi ate the
ends thereof, said bellcranks being pivoted at their
respective first ends to sart gantry with the opposite
ends thereof each having at |east one wire rope
support roller rotatably engaged therewith and forned
‘Wlhﬁﬂu&ﬂMbJect under and support said adjacent portion of
said wire ropes of said wire rope |load hoisting

sy st em Aheite $9p¢l rédidgC su.q:gb& ﬁwfd@bﬁgold%n&ﬁérrlﬁhdlmg crane

resting p05|t|on and said rol'lers being forned
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econd agtuated, position, said push rods being
and Jop,FUsPPRAING A 10ad Mhezender, sald.cmne BAViag @ Beat iheaehowim sope load
opposite | ongitudi nal edges of said gantry adjacent
hoisting sysitein fied daid tradsportrtrblleyiddiven fronbe rengott docutidn fonrsaid crane, said
reci procati on in said tracks, connecting rods for each

ropeXupp lof HR Yredinfl il sai d rods having
P 1P| rst s‘@éiho? %ﬁged PHOﬁg‘?gﬁgdus

end j our na rods and the
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ends of said bellcranks and said roller engagenents
oppediierlengitudinad tedgemef said gantry fteqmesiiate the endsuthersof, said bellcranks
secured to said trolley and aligned with the | ower

beingpivotad at%l@é@re@?@dﬁ ve Filst eeioShid gafitrf With the Sppdiite Bﬁdsstﬁéreof each

t
sald push rod 1 ocations during reciprocation of sali

havx%ét 1 least §JA‘$ gﬁ;eg%gg S%SB&'E Bfollesi'ar'ogatﬁ)l’i I%nrggéjed te#e%}: &nd 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,

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

| ongi tudi nal novenent of said actuators whereby the

upper ends of said push rods, being individually

i nterconnected by said connecting rods to said-

bel l cranks internediate to3the ends thereof, nove

said connecting rods and thereby said bel | cranks t o

said second actuated position orientation when said
inteymesiinte tixtserais dhereof batween sdid pivopeskénds efi said helloranky asdisald roller

support rollers are retracted clear of said trolley to

eng%@ﬁleﬁ |tge&@g-hl ey pass without nechanical interference
said rope support rollers, and said push rods
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actuators  are out of contact with said _push raqds

- ends\pk paidypushi pds pssety Avisaidr Bollayopasses said drushfad Jopatians during
the adjacent wire ropes. 2. The wire rope reeving .

recipropativnt ofSsaid trollef alohgisaid gantiy) sadd postatod seastors\aotyats sadd lower
of el ongated cam surfaces nounted in end to end

endPof SRITs f&nrecﬁag%ﬁé Vertic hbﬂgtldqﬂb %ﬁfat | firf'posfict orientation in

crane gantry a SpOSE In oppose n acr oss

from ach ther, the a acent, ends a air .
resppRE R PO R FIRVEREBh AL S A urS e febper eas ofsaid push
| oner ends of said push rods, sai d cam surfaces bei ng
rodsj cheing [indistiduelly hateoppmeited b)bwaido&omwtu'lg rode r twosaitdobellcranks
said gantry whereby said adjacent ends of said carp

mteﬁwd&a%e S the'eRls BlePSoE! MoVEEdill Cantadtihg rotl3i sndthaeby 5ad %noranks to
push rod actuators contact said cam surfaces as said
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wher ei n sai d crane gant ry
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
bellcranks by means of said connecting rods to said first resting position when said actuators
are out of contact with said push rods whereby seid 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
suspended t herebetween and said two pairs of push
rods, bellcranks, connecting rods, and cam surfaces
are nmounted on the opposing_interior walls of said
girders. 4. The wire rope rékving support system of
claim3 wherein said two pairs of push rods,
bel | cranks, connecting rods, and cam surfaces are
to theolomtee énds af saidpush ands)fsaisladath sypfaes ybeing jonmmalledrat the opposite
rope reeving support system of claim3 wherein said

outb@ad éntlsi thetcefles saftl phnth} {hBRbY Salf adjbsdht 'ed$ of said cam surfaces
bel | cranks, connecting rods, and cam surfaces, whic

h
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support system.,of claim 3 wherein said bellcranks have
trollgy trpeersgs thepositiers olssid ¢am s&fases.ot at abl y engaged
therewith for supporting both | oad hoist and trolley
drive wire rope reeving. 7. The wire rope reeving
support systemfor a cargo container handling crane

hayi .. .
ayl Ng thdwird Q%‘Ifer 1eEAhg E%pm%tg?n Wﬁg{e& said grane gantry is
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transport trolley driven froma renote | ocation on

transpertdtrolieynis, suspended therebetwpproand said ttwn pefrst dfepyshaods; tbellcranks,

invention conprising at |east two pairs of bellcranks
conreting® o ds, 'afd Scahf SuiTakds iafe aRRAEAMN BeAbppubing ifttfor walls of said

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
pivoted at their respective first ends to said gantry

with the opposite ends thereof each having at | east

one wire rope support roller_rotatably engaged _

therewith and formed to prdfect under and support

said adjacent portion of said wire ropes of said wire

rope load hoisting system when said bellcranks are

or 6ent ethe wirardpersevingsuppoy spsteivolf oclaim 3 dvheneid said/beHemnks have
being formed to retract fromunder said wires and

at et Bv6 WireGbf@rolRs RAdtably cAgdgRY tHEWItE firGuppisittih b@!hlﬁad  hoist and

are oriented in a second actuated position, said push
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gantry adjacent to said bellcranks and said rods being
formed for reciprocation in said tracks, 33
connecting rods for each of said bellcrank and push

rofl paiThe wireirdpe tebvirpostpport dystemSor @ vergoosunteihéretthnidling crane
sai d push rods and the opposite end thereof journalled

e 08 s, O et
and g er?fgﬁﬂ%gﬁp@%é@bﬁ%@@i iné hovitg & Soct aRhehgwire svpe load

on opposite longitudinal edges of said crane gantry
hoistingi systenp fercsaid traxsporidenliey drisen frompax remsote 1dcation eashid crane, said
ot her, the adjacent ends of each pair thereof being

rope sﬂbﬁm@f&ﬁﬁwﬁa@r&sm@ﬁfv@eﬁ&?&mﬁ@sﬁge | ower ends of

ar'd push rods, "said camsurfaces being journalled at
e. rd.en epf to a.l d
w8 Y8 s RO 368 ;bR 5 sifiredlipropiBeed detaton to the
opposite longitudinal 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
aligned with said cam surfaces whereby as said

troll ey passes said cam surface | ocations during

reci procation of said trolley along said gantry, said
actuators rai se said camsuffaces to reci procate the

| oner ends of said push rods vertically upward from

said first position orientation in response to

| osgineetitigratls foreadteot saixd bellatakand pashood paire satdrotinkaving a first
upper ends of said push rods, being individually

end joRkRNIRA N 84l PHlsPYodi 2hd m@éﬁgﬁﬁﬁé Bl fHeFEDFSurRdiél to said bellcranks

ellcranks internmediate to the ends théreof, nove

. [ n l,ng rQqds and there sagi d.bellcranks to, .
interh e B ERE0 LieF o et BB seld ol s o PR AN it said rollr
push rods are at their raised positions, whereby said
engagementstherewithy s are retracted clear of said troliey to

let said trolley pass without nechanical interference

Wi dtHeastitwlo hajrs of ¢hpgatedr i surfaces itbudtiddinpadntor @dsalignment on
| oner said 34 bellcranks by neans of said connecting

oppdsRd odgimataf eldlddsSir s’gﬁf%ﬂgﬁ? g@?@wﬁétﬁ&%@%ﬁ Citél pflosed relation across

actuators are€” out artaces

whey e i d.,.support rollers project, under and )
srom$350 St e A28 Bds dffcpilt Pl Bierdcs beig aierromnpegpd and journalled

supporting the wire rope reeving for a cargo contai ner

to thednwet aods of said puakirods, aaidasago sunfaces being jonmialled at the opposite

mounted for reciprocation along a horizontal gantry

outbbiie' &k tB&dof & siﬁgz%a?.ﬁgi Weréb,} oaifl ddpRERt BARY of S8l tam | surfaces

crane having at eet” through wre rope |oa
. hoistin stem.f or suspendi ng a cargo contai ner
reclmgg%yggﬁ&%mné%aq ‘ansport trolley, the steps
conpri si ng,
at least a pair of cam surface actuators secured to said trolley and aligned with said

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

crane gantry, said rollers projecting under those

portions of the wire ropes of said wire rope |oad

hoi sting system which are di sposed proximate to said

edges, said rollers each b ng nounted on one end of

a bellcrank pivoted at the other end thereof to

structure engaged with said gantry, said belleranks
bellranitdyanéans o€ shid yorpiesting rds td saidfighrestingpasitiorywheroasid actuators

secured between said bellcranks and said push rods,

are BB nfiy QiIkald Gard UL Wh P (il SUPAERIcEs Biofick Gider and

arranged to recl procate sai
vvhe@leby, as sajd push rods are raised by said actuators
suppost e AdjacentoVits B9PES-et r act ed from under said wires, and

when said push rods are | owered by bei ng out of
contact wth said actuators, said rollers are
i nterposed under said wres, and 35 noving said

trgl | eyabagkod st shppdringtieivirefope rgsvirg for paatgotdontainer handling
position of the support rollers on said gantry to
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nmet hod of claim8 wherein at |east two,pairs of .
thereotangelpeanspanding joaddherenpder spiolorans Hag i tdepst  loet through wire
opposite | ongitudinal edges of said gantry to provide
ropéloadHoisting eistemefor puspendinga cafgosaunthiperdieadbldek fitoamsaid transport
said push rod actuators reciprocate said cam surfaces

UOII@?{&IE%?APL%O}WBE&B@N dtrolley is passing said surfaces.

providing a pair of wire support rollers in opposing positions on opposité 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 8 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 troiley is passing said surfaces.



