Cr ane Appar at us BACKGROUND OF THE | NVENTI ﬁl n@ F c{ ﬁf“
the I nvention The present invention relates to & 8l Ga?p r..a«us'"'-zi
which is used, for exanple, as a transfer crane of port targo handling
equi pnment. 2. Description of the Related Art A conventi onal
transfer crane has a gate- shaped body frame, which can travel by a
plurality of traveling wheel gr @ tA}9pheRtefs the body franme, a trolley
can nove transversely. On the trolley, a rotationally drivable takeup .drum
is borne. A hoisting accessory is attached to the |ower end of a
plurality of |oad suspending wire ropes wound off from the takeup drum.
Thus, as the troll ey nOBRGKGROUND WEyTHEr AMYENT Bddpended | oad hel d by the
hoi sting accessory can be traversed. Wien the takeup drumis rotationally
driven at a predeterm ned stop position of the trolley to take up or pay
out the plural wire ropes, the suspended |oad can be noved upwards or
downwar ds.1. Field wh théielnvend-iduscri bed conventional crane appar atus,
rails are provided -on transverse girders placed on.the body frame, and the
trolley is support&he present invention relates to a crane
apparétus which is used, for example, as a transfer
crane of port cargo handling equipment.
2. Description of the Related Art
A conventional transfer crane has a gate-
shaped body frame, which can travel by a'pluralj.ty of
travelihg wheéels. On the top of the body frame, a
trolley can move transversely. On the trolley, a
rotationally drivable takeup drum is borne. A
hoisting accessory is attached to .the lower end of a
plurality of load suspending wire ropes wound off from
the takeup drum. Thus, as the trolleymoves on the body
frame, a suspended load held by the hoisting accessory
can be traversed. When the takeup drum is rotationally
driven at a predetermined stop position of the trolley
to take up or pay out the plural wire ropes, the
suspended load can be moved upwards or downwards.
" With the . above-described conventional crane
'ap.paratus, rails are provided on, transverse girders
placed on the body frame, and the trolley is supported
on the rails. In consideration of the weight of the

rails, the weight of the trolley, or the weight of the



on the rails. In consideration of the weight of the rails, the weight of
the trolley, or the weight of the -1-
suspended | oad i nposed on the hoisting accessory, -not only the transverse
girders and the body franme, but also the entire crane apparatus nust have
great rigidity, inducing a large size and a heavy weight. Wen the

troll ey is susedndaidelalaldy impbsddppediad ha i P eAgtecoesedrgeshbiton, W th
t he suspended | oad being held by the hoisting accessory, sway occurs in
the hoi stiomglyuctbssdmamsvderhe gigptewedahdad henwbeyly of samei nenti al force
inthe lateral direction, This sway does not settle quickly. To prevent
sway of th@lsweithengrdebeeserangn@npreratypendsd Idewasnathe trolley
stops, the troll e¥ has to be noved at a s|low speed. Since a long tine is
requi red fdrigbdktywhd Rggings fi diagidg $izeoand a heavydeidBblution to
t he above-nentioned %roblenl .a crane apparatus as shown, fqr exanple, .in
FIG 4 is "her| tBeetred kay <igdmoead dakeraladne ansba?benpedaat &hown in

FIG 4, left and right traverser druns 101 and 102 as ir,. and left and
ri ght hoi Stqqﬁfigggggg&gﬁ posft_{on, vrvnlsth the suspended i‘ogg being

held by the hoisting accessory, sway occurs in the'
hoisting accessory and the suspended load owing to an
inertial force in the lateral direction. This sway
does nc;t settle quickly. To prevent sway of the
hoisting accessory and the susp_énded load when the
trolley stops, the trolley has to be moved at a slow
speed; Since a long time is required for work, the work
efficiency is low.

As a solution to the above-mentioned problem,
a crane ap.paratus as shown, for example, in FIG. 4 is
available. In this conventional crane apparatus, as
shown in FIG. 4, left and right traverser drums 101
and 102 as apair, and left and J;it_;jht hoisting accessory
'dr.ums 103 and 104 as a pair are rotatably supported
on the top of a gate-shaped body frame via clutches
105 and 106, respectively, and are rotationally
dri'vable by left and right drive motors 107 and 108
as a pair. First right and left traverser wire ropes
109 and 110 as.a pair have an end taken up by the
traverser drums 102 and 101, and have the other end

connected to a right connecting portion 114 on a



druns 103 and 104 as a pair are rotatably supported on the top of a
gat e- shaped body frane via clutches 105 and 106, respectively, and are
rotdationally drivable by left and right drive notors 107 and 108 as a
pair. First right and left traverser wire ropes 109 and 110 as. a pair
have an end taken up by the traverser druns 102 and 101, and have the

other end tGoAweesd: 110 A vilPhi SPNNALD | NYrPOsh b 89eb1418Na8d 112
- 2- traverser 113 via right and | eft sheaves 111 and 112,

respectivelnesSectridrelght secoheaf kighdveis@r 18fte t vaopssddSwand 116 as a
pair have an end taken up by the traverser druns 102 and 101, and have the
ot her endmupwecildd tand 1e6t asoanedimghaoet aan ehld tomkéheupt bgverser 113
via right and | eft sheaves 117 and 118, respectively. Furthernore, right
and | eft hdilse i hyavaesessodyumsr é 02o@asd 1201 andntl? haase atlpai othave an end
taken up by the hoisting accessory druns 104 and 103, and have the other
end passedenedrcoppesdsid iten ar dpdt ponncting podtian Lil&® ohghheand |eft
sheaves 122 and 123 and right and |eft sheaves 124 and 125 of the
traverser frRvangethdd kFimedtiaht ancbrrettisheapest Lddsandglifdd 129 of
the traverser 113. Fromthe '

respectively. Furthermore,.right and left hoisting

accessory wire ropes 120 and 121 as a pair have an end

taken up by the hoisting accessory drums 104 and 103,

and have the other end passed over low-position rope

pulleys 126 and 127 via right and left sheaves 122 and

123 and right and left sheaves 124 and 125 of the

traverser 113, and then connected to connecting

poftions 128 and 129 bf the traverser 113. From the

rope pulleys 126 and 127, a hoisting accessory 130

capable of holding a container C is suspended. Hence,

. there is no need to provide rails and a trolley on the

body frame. Since the weight on the body frame is

reduced, the crane apparatus can be made compact and

light-weight. Besides, the traverser 113, which

supports the hoisting accessory 130, is supported by

the wire ropes 109, 110, 115,.116 at the two_sépérated

connecting portions 114 and 119. Hence, sway of the’

hoisting accessory 130 and the suspended load C due

to their inertial force is suppressed, and the work

efficiency is increased.

In the conventional crane apparatus described



rope pulleys 126 and 127, a hoisting accessory 130 capable of holding a
contai ner Cis suspended. Hence, there is no need to provide rails and a
troliey on the body franme. Since the weight on the body frame is reduced,
the crane apparatus can be made conpact and |ight-weight. Besides, the
traverser 113, which supports the hoisting accessory 130, is supported by
the wire ropggvid?9, 1d40théleighlt 6o At thie Hois SEpQr ateed ssoayndado ng
portions 114 and 119. Hence, sway of the hoisting accessory 130 and the
suspended | gad €hdusustperidwd rloadrd iked W.or Ghers, dUppnegsedensidt he wor k
efficiency is increased. I n the conventional crane apparatus
described T of the hoisting accessory gire ropes 128pand 12kwitlhle wei ght
of the hoisting accessory 130 and the suspended | oad C be W Then, the
rope tensiohe:T of the hoisting accessory wire ropes 120 and 121 will be:
T = W4 The rope tensions T[err] and T[err] of the first traverser wire
ropes 109 and 110,aﬁuft%é4rope tensions T[err] and T[err] of the second

traverser wire ropes 115 and 116 wi || be ) )
The rope tensions T,; and T,; of the flrs_;t traverser wire

ropes 109 and 110, and the rope tensions Ty and T,, of
the second traverser wire ropes 115 and 116 will be

given by:

T.e = (W/2)cos0,/sin(0; + 6,) — W/8
T,, = (W/2)cos6,/sin(6, + 0,) - W/8
T = Tir
Ty, = Ty

where 0, is the angle of each of the wire ropes 109,

115 and 120, and 0, is the angle of each of the wire
ropes 110, 116 and 121. '

In other words, the rope tensions T, and T,
of the first traverser wire ropes 109 and 110, and the
rope tensions T,; and T,, of the seéond traverser wire
‘ropes 115 and 116 vary with the angle 8, of each of the
wire ropes 109, 115 and 120, and the angle 0, of each

" of the wire ropes 110, 116 and 121, namely, the |
traversing position of the hoisting accessory 130.
Whereas the rope tension T of each of the hoisting
accessory wire ropeé 120 and 121 is constant (W/4)
regardless of the traversing'position of the hoisting

accessory 130.
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gi ven by: T[err] = (W2)cosO[err]/sin(O[err] + O[err]) - W8
Tlerr] = (W2)cosO[err]/sin(O[err] + O[err]) - W8 T[err] =
T[erT] T[err] = T[err] where O[err] is the angle of each of the
wire ropes 109, 115 and 120, and O[err] is the angle of each of the wire
ropes 110, 116 and 121. ' In other words, the rope tensi ons Tlerr]

and T[err] of the fﬁﬁagrtr \ée_:réeg 5%loqges ‘;ana@ﬂel%glsqﬁ rope

tensions T[err] and T2L of second traverser wre ropes 11 and 116

vary with thecegkery 150 e.aghteavte&%ed\nmsstoaqs;hm&rci,l&@@d 120, and the
angle 02 of each of the wire ropes 110, 116 and 121, nanely, the

traversing pesistongofaddesHorgt 180 3ARSS0aY é390s1W1erree@t twtei chpe
tension T of each of the hoisting accessory wire ropes 120 and 121 is

constant (Wrl)ghtwgaidlhaslslef tifard havdrsomgaposonponeaft st b€ forséi ng
accessory 130. -4- Under

t hese sit uatfimms th\bdmimalhgl atrcegsoanc esgny wokids 124 aadel 8ddanest

rightward, the hoisting accessory 130 stops at a position at which
balanced, as shown in FIG. 5, because the rope tension
T of the hoisting accessory wire rope 120 and that of
the hoisting accessory wire rope 121 are the same.
Thus, the hoisting accessory ‘130 cannot be brought
fully close to a crane ieg 131 which supports the sheave -
122, etc. As a result, the traversing range of the
hoisting accessory 130 narrows. A full traversing
function of the crane cannot be exhi}.:>ited, and the work
efficiency is low. If the position of the crane leg
131 is brought outward (rightward in FIG. 5), together
with the sheave ‘122, to enlarge the traversing range

of the hoisting accessory 130, the apparatus will be

upsized.
SUMMARY OF THE INVENTION

The present invention has been accomplished to
solve the above-described problems with the earlier
technology. It is an object of this invention to
provide a crane apparatus designed to increase the work
-eff}ciency by 'enlarging the traversing range 6f a

hoisting accessory without uﬁsizing the apparatus.
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rightward and | eftward horizontal conponents of force fromthe hoisting
accessory wire ropes 120 and 121 are bal anced, as shown in FIG 5, because
the frope tension T of the hoisting accessory wire rope 120 and that of

the hoisting accessory wire rope 121 are the same. Thus, the hoisting
accessory 130 cannot be brought fully close to a crane leg 131 which
supports the sheave Alf2rsdi @aspech 9Esthe prasentalaveintjonangs & the

hoi sting accessory 130 narrows. A full traversing function of the crane
cannot be exXPFBNEedt Ad 2 hBiRG LhefrbPevenoPliactowtS| # FRBNGosition of
the crane le 131.is brought. Qqutward (rightward in FIG 5), together wth
the sheave 12RPPALGtHT HFYBPEASE IS ersing range of the hoisting accessory
130, the apparatus vvial k) b ggsi zed. SUMMVARY COF THE

| NVENTI ON T g(ﬁfe AP nvention has been acconplished to solve

Lhe above descr bed LRSI M ARubC B b F5NOLERKLEl qLagd oD o
K et LS EBEX eBOIP W A BR LAY By &L %00 RorhBLEY BRPCCeSSOTY
reversely rotatable by a drive motor;

a traverser having right and left connecting
portions as a pair, and right and left sheaves as a
pair; '

right and left rope pulleys as a pair
positioned below the traverser; |

first right and left traverser wire ropes as
a pai'r having an end taken up by the traverser drums,
and having the other end connected to the right
connecting portion of the traverser;

second right and left traverser wire ropes as
a pair having an end taken up by the traverser drums,
and having the other end connected to the left
connecting portion of the traveréer;

first right and left hoisting accessory wire
ropes as a pair having an end taken up by the hoisting
accessory drums, and having the other end palssed over
the right rope pulley via the right sheave of the
traverser and then connected to the traverser;

second right and left hoisting accessory wire

ropes as a pair having an end taken up by the hoisting
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A first aspect of the present invention, as a means of attaining the above

object, is a crane apparatus conpri sing: a body frane;
traverser druns and hoi sting accessory druns rotatably nounted on the body
frame and normally and reversely rotatable by a drive notor; a

traverser "having right and left connecting portions as a pair, and right
and | eft sheaves as. a air; . T d left e |l eys as a pair
posi ti oned*BERY The ?Fg{}‘ér’sgp‘d having qiq"?’f g‘?ﬂdé)rfgsﬁg#t ‘f%/ ver ser

W re ropes | Vi epd _t y I aver drums, and
havi ng thetgah laegﬁdgfg %n ct ed%’o%i aéi?@ rgfgoﬁhggtvltengjfnoaﬁon of the

{raverser: raversors SR Hd L8N o ARGl E8RES A dopes as  a pair
3 e traverser 56}1

havi ng an en up druns, aving the other end

connect ed tO the ! eﬁigh‘é%@&%éf‘ﬂ PPATEPR sh@%xﬁé@&%féeﬁalr and first
right and left hoisting accessory wire ropes as a pair having an end taken

up by the peigHt n@ndaqe&s;smdlgtﬂ@ adb Ryt POshBavalkhels enGPak ssed over
the right rope pulley via the rightf sheave of " the traverser and then

connected Fprt RR1idfMg Bk right-handeq®id Foplls &dbeehlariisdi ng
- accessory wire
and the left-hand wire ropes to be parallel, and
a hoisting accessory capable of attaching and
_ detaching a load thereto and therefrom, and suspended
from the right and left rope pulleys.

Thus, the rope tension of each of the hoisting
aécessory nire ropes varies with the traversing
position of the hoisting accessory as does the rope
tension of each of the traverser wire ropes. When the
hoisting accessory comes to a terminal area in a
traversing direction, the position at which the
rightward and leftwerd horizontal components of force
are balanced is more outward than in the earlier
technology. Thus, the traversing range of the
hoisting accessory widens. As noted from this, the
traversing range of the hoisting accessory can be
enlarged, and the work efficiency can be increased,
withoﬁt the need to upsize the apparatus.

| In the crane apparatus as the first aspect of
‘the invention, the hoisting accessory drums may be
drivably connected to the drive motor,'and.the

traverser drums may be drivably connected to the



ropes as a pair having an end taken up by the hoisting

-6 accessory druns, and having the other end passed over the
| eft~ rope pulley via the left sheave of the traverser and then connected
to the traverser; right and left traverser sheaves as a pair and

right and |l eft hoisting accessory sheaves as a pair for guiding the
ri ght - hand hw i s trieywe s cioe s padatues viend luteHed t - Hoows efjuentdyes to be

paral l el ; and . .. a hoisting accessory capable of attaching and
det achi ng &£heabotitfdiin9 aggesifaRy rdmingnadasusperdiedivenrrom the right and
| eft rope pull eys. Thus,, the rope tension of each of the hoisting

accessory vindePspienfly 4o memthonlwfheshad sting anghloverhBohoi sting

accessory as dogs he_roge tensi on of "each of the traverser w re ropes.
When the HOF sERfg Radskingy aCGR2S9EYa termnal area in a traversing
t

direction, the position a ich the i ghtward.and | eftward hori zont al
conpenents of force’* &8 -aﬂEBSqQ;q#N Sut BEPR et 1% 3 1IRFRBRI i er

technol ogy._Thus, .the traversi.ng range of the hoisting accessory w dens.
As noted frifAPERRtuS hcéom??:é%'r‘&‘ng range of the hoisting accessory can be

a bddy frame;

traverser drums and hoisting accessory drums
rotatably mounted on the body frame and normally and
reversely rotatable by a drive motor;

a traverser.having right and.left connecting
portions as a pair, and right and left sheaves as a
pair;

right and left rotating drums as a pair
suspended from the traverser;

first right-and left traverser wire ropes as
a pair having an end taken up by the traverser drums,
and having the other end connected to the right
connecting portion of the traverser:

second right and left traversér wire ropes as
q.pair having an end. taken up by the traverser drums,
and having tﬁe other end connected to the left
conhecting portion of the traverser;

first right and left hoisting accessory wire
ropes as a pair having an end taken up by the hoisting
"accessory drums, and having the other end.ﬁaSsed over

the right rotating drum via the right sheave of the
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enl arged, and the work efficiency can be increased, wthout the need to
upsi ze the appar at us. ~In the crane apparatus as the first aspect
of Ythe invention, the hoisting accessory druns may be drivably connected
to the drive notor, and the traverser druns nay be drivably connected to
t he ' L -T1- hoi sting accessory druns via
cl utches. CHSEHRERLEY, the hoisting accessory druns may be driven

nccessory. % P RetaBEhk i e ancot eiite RO T oA (Re P S EREL T Sppar at Us
accessor y dFGRES 3 ot 461 5 AUALEH Bh THE HRKGR PREY I R 190and
oft conmecB RS sEFY SR BB Aving the gt iRk AR PHAll A L o
[ one e | W PRAE BB LU e Yn EPSRIRS AV M AT
traverser; '
right and left traverser sheaves as a pair and
right and left hoisting accessory sheaves as a pair
for guiding the .right-hand wire ropes to be parallel
and the left-hand wire ropes to be parallel; and
a hoisting accessory capable of attaching and
detaching a load thereto and therefrom, and connected
to right and left suspending wire ropes as a pair paid
out from the right and left rotating drums.
Thus, the fope tension of each of the hoisting
accessory wire ropes vafies with the traversing
position of the hoisting accessory as does the rope-
tension of each of the traverser wire ropes. When the
hoisting-accessory:comes to a terminal area in a
traversing direction, the position at which the
.rightwarc'l and leftward horizontal components of force
are balanced is more outward.fhan in the earlier
technology. Thus, the traversing range-of the
hoisting accessory widens.' As noted from this, the
traversing range of the hoisting accessory can bei
enlarged, and the work efficiency can be increased,

without the need to upsize the apparatus.



a pair having an end taken up by the traverser drunms, and having the other
end connected to the right connecting portion of the traverser;

second right and left traverser wire ropes as a pair having an end-taken
up by the traverser druns, and having the other end connected to the |eft
connecting portion of the traverser; . first right and left hoisting
accessory wire ropef @lseaciPahé apgtas asdthakescuopdbyspbethofsti ng
accessory drunms, and having the other end passed over the right rotating
drumvi a t lthe i jhvesnltdaore, ofhehboisting atceseogwr ;druns may kecond ri ght
and left hoisting accessory wire ropes as a pair having an end taken up by
t he hoi sti Mg ivabéyssonnecbed &ndtheyidigivaenotioa, pak€ed over the

|l eft rotating drumvia the |left sheave of the traverser; ri ght
and |eft ttaavespeshslss s8ay pgi drditablygrenmerted ttoobRei ng accessory
sheaves as a pair for guiding the right-hand wire ropes to be parall el

and the | ehokahiing aecesser Y drymspuial ctptches. Consequemnel¥ing
accessory capabl e of attaching and detaching a |load thereto and therefrom
and connecttdt? heigitdiy RECeEFPryusIRHME ali P& [ Hpe®hs a pair paid

independently to permit only the hoisting and lowering
of the hoisting accessory.

In the crane apparatus as the second aspect of
the invention, moreover, the hoisting accessory wire
ropes and the suspending wire ropes may be passed dver
the rotating drum in opposite directions.
Consequently, smooth actions can be performed.

A third aspect of the invention is a crane
apparatﬁs comprisihg:

a body frame;

traverser drums and hoisting accessory drums
rotatably mounted on the body frame and normally and
'reversely rotatable by a drive motor;

a traverser having right and left connecting
portions as a pair, and right and left sheaves as a
pair; |

first right and left rope pulleys as a pair
suspended from the traverser;

second right and left rope pulleys as a pair
positionéd below the first right and left rope pulleys;

first right and left traverser wire ropes as

-10~



out fromthe right and left rotating druns. Thus, the rope tension
of each of the hoisting accessory wire ropes varies with the traversing
position of the hoisting accessory as does the rope tension of each of the
traverser wire ropes. \Wien the hoisting accessory.cones to a term nal area
in a traversing direction, the position at which the rightward and

| ef tward hoRiRBATal acbhpdramtendftakercup by barahtayersefpAsudstward t han

in the earlier, .technol ogy. Thus, the traversin an of .th hoi sti ng
accessory \A?’dgn&a‘,’b’\snﬁogg‘& fortgfﬁ’{ hFR¢ Fﬁé‘neccr%‘?fgré‘? nggFaﬂfg‘éJ t he hoi sting
accessory ca and the k effici ency can be increased,

W t hout the ﬁgg%?'gpﬁggggg,tﬁhoena aFl‘ﬁ?Lg'raverse ! -9-
|0 the crane apparaigis.gsq fEaRecond A3RECE 8l e G WNANLIN,, Lhe hoi sting

accessory drunms nay be rivabl'y conne theé drive notor, and the

e Sench PR A 6N coIPeR 6 b9 LAG - Palshias sesgaiey oo
i ndependent ¥4t d PRLAY tBY biher oAt LBAYULAOVES | Blle left
connecting portion of the traverser; |

a first hoisting accessory wire rope having an .
end taken up by the hoisting accessory drum, and having
the other end passed over the first and second right
rope pulleys via tﬁe right sheave of the traverser and
then conneéted to the traverser;

a second hoisting accessory wire rope having
an end taken up by the hoisting accessory drum, and
having the. other end passed over the first and second
left rope pulleys via the left sheave of the traverser
and then connected to the traverser;

right. and left traverser sheaves as a pair and
right and left hoistim_;[ acéessory sheaves as a pair
for guidiﬁg the right-hand wire ropes to be parallel
and the left-hand wire r.opes to be parallel; and

a hoistiné accessory capable of attaching and
detaching a load thereto and the.refrom, and suspended
from the second right and left rope pulleys.

Thus, the rope tension of each of the hoisting
accessory wire ropes decreases because of the f.jlrst

and second rope pl_.llleys, to reduce the rightward and

-11-



of the hoisting accessory. In the crane apparatus as the second

aspect of the invention, noreover, the hoisting accessory wire ropes and
t he suspending wire ropes nmay be passed over the rotating drumin opposite

directions.. Consequently, snooth actions can be perforned. A
third aspect of the.invention i s a crane apparatus conprising: a
body frame; teftward honizpataljcopponanthwiod £agcsciBBesey oR ke

rot at ably untqg.on t he boq¥ frame End nqrnallé and reversely rotatable
by a drive RBofgtz N9 accessory DY EBe Rk FHRIgRCCESF A (W idFnect i ng

PO ong T EPLL, 28 Sl U] bl BN AY detlory somen, .
Fonranal S ES R SRS A 1 B R IRRIALONE T\
{gﬁgﬁ 3; b;p?ﬁgE%%ﬁe?geyﬁﬁﬁﬂnfheaﬁagﬁgﬂaﬁft%%dogﬁggﬁéﬂﬁgghzgcﬁgde?g t he
ri ght horizontal components of force are balanced is more

outward than in the earlier technology. Thus, the

traversing range of the hoisting accesséry widens. As

noted from this, the traversing range of the hoisting

accessory can be enlarged, and the work efficiency can

be increased, without the need to upsize the apparatus.

In the crane apparatus as the third aspect of -

the invgntion, the hoisting accessory drums may be

drivably connected to the drive motor, and the

traverser drums may be drivably connected to the

hoisting accessory drums via ciﬁtches . Consequently,

the hoisting accessory dfums may be driven

independently to permit only the hoisting and lowering

of the hoisting accessory.
BRIEF DESCRIETION-OF THE DRAWINGS

The above and other objects, features and
advantages of the present invention will become more
apparent from the following description taken in
connectioﬁ with the accompanying drawings, in which:

.FIG. 1 is a schematic constitution drawing of

-12-



connecting portion of the traverser; second right and left
traverser wire ropes as a pair having an end taken up by the traverser
drums, and having the other end connected to the left connecting portion
of the traverser; a first hoisting accessory wire rope having an
end taken up by the hoisting accessory drum and having the other end
passed over at beane stpaadasasonactadighing r opea pii keys embadiment glf sheave
of the traverser and then connected to the traverser; a second
hoi sting acthes@Besent doyerdaleng an end taken up by the hoisting
accessory drum and _having the. other end passed over the first and second
left rope pulleys vifLGhe IJe‘? ta rdgma el ct gengtdfartkian dyewime® onnect ed
to the traverser; ght and . eft traverser sheaves as a pair and
right and |&f Frﬁ&estaﬂﬂf%'ﬁ‘:"c‘é§s%%°§ﬁé§\ge§°a§ gegand emboddmedithg

ri ght- hand rero to be parallel and the left-hand wire ropes to be
paral l el ; e in ent 8™4io0i sting accessory capabl e of attaching and

det achi ng a | oad th nd t her fron1 and su from.,t he second
right and left rope%§3¥ é@&s a sc emaﬁ%ﬁscoFﬁggiﬁgﬂinﬂ§ﬁ%+qﬁ‘E%ch of the
hoi sting access

re._ropes decre ecau of, the fi.rst, a second
rope pul | ey&, CFES} &H@%afﬁgBFléﬁi (gﬁb $d-° £512h ElBollihhe 3F

the 1nvent10n;_

FIG. 4 is a schematic constitution drawing of
a conventional crane apparatus; and

FIG. S5is a schematic.'view of the comientional

crane apparatus during a traversing action.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will now
be described in detail with reference to the
accompanying drawings.

FIG. 1 schematically shows the constitution of
~a crane apparatﬁs acéo;ding to a first embodiment of
the invention.

[First Embodiment]

In the crane apparatus of the present
émbodimeﬁt, as shown in FIG. 1, a body frame (not shown)
is shaped like a gate. On the top of the body frame,
right and.left traverser drums 11 and 12 as a péir,

and right and left hoisting accessory drums 13 and 14
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| eftward horizontal conponents of force inposed on the hoisting accessory
by the hoisting accessory wire ropes. As a result, when the hoisting
accessory cones to a termnal area in a traversing direction, the
position at which the rightward and | eftward horizontal conponents of

f bal d t th in th | i tech .. Thus,
Lhe. traver ST 3 FRUEE T+ ¢ i hoF Pil iy SSERAELRY Vi BenCu tABSonbE Gty om
this, the t ' 28} 1 Q. . d, d
Lhe vork of 1 e erey toin Dt sk Enddd Y FPheBPLERT LI MM aRgIC,

appar at us. ive méBotkBC1§T A0 PPRA & #%&%Eet Iﬂ‘gr%m L4 gatPerl Pdecthe

. : dr
I nvention, the holisting accessory druns rivably connected to the

drive motor; tagyéP8er! WAME SBIpEEUTD TRY R Ud ARl coestad dRat he
hoi sting accessory druns via clutches. Consequently, the hoisting

accessory dr yipkemyupe bif it tiaderaiendtymso10eaRid 19 Yaridiehdest i ng
and | owering of the hoisting accessory. BRI EF DESCRI PTI ON OF

THE DRAWNGS the other endh€oahevd eaNd PtdheligHl eeinhed el ¢ Rs 86
advant ages of the present invention will becone nore apparent fromthe

foll owi ng desor ik iDtdakensen 28onhgciightwahll 18etagheapasy2 hagidaw ngs,
in which: FIG 1 is a schematic constitution drawi ng of -
22. Second right and left traverser wire ropes 25 and
26 as a pair have an énd taken up by the traverser drums
11 and 12, and have the othe-r end connected to a left
connecting portion 29 of the t_raveréer 23 via right
| and left sheaves 27 and 28.

First right and left hoisting accessory wire
ropes 31 and 32 as a paj.r have an end taken up by the
hoisting ac.cessory drums. 13 anci 14, and have the other
.end passed over a lower—position rope pulley 37 via
right and left sheaves 33 and 34 and right sheaves 35,
36 of the traverser 23 and then connected to a |
connecting portion 38 of the traverser 23. Second
right and left-hoisting accessory wire ropes 39 and
40 as a pair have an' end taken up by the hoisting

~accessory drums 13 and 14, and have the other end passed
over a lower-position rope pulley 45 via right and left
éheaves 41 and 42 and left sheaves 43, 44 of the
traverser 23 and then connected to a connecting portion

46 of the traverser 23. A hoisting accessory 47

capable of holding a container C is suspended from the
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-12- a crane apparatus according to a first enbodi nent of the
present invention, . FIG 2 is a schematic constitution draw ng of
a crane apparatus according to a second enbodi nrent of the invention;

FIG 3 is a schematic constitution drawing of a crane apparatus according
to a third enbodi nent of the invention; FIG 4 is a schematic

constituti %%%?gﬁgfgfﬁ CPHVeNt) ONal 510 f BREnAPRAE 8Lk Spe £1D, 25, FI G

5 is a sche t he conventional crane apparatus during a

traversing #cti 98. are O5dAhLEQIDECR £dh OdinfehEiE, R ERRED1 BFBCDI VENTS
Enbodi ments of the present invention will now -be described in detail with

reference tHahdewidcorppeayi O,drxe) B, 40 are alddGpdratheimtiocal |y

shows the constitution of a crane apparatus according to a first

enbodi nent edcht Badtttventi on. [ First Enbodi nment |

The clutches 15, 16 are disengaged, and the

hoisting accessory drums 13 and 14 are rotated in
opposite directions by the drivé motors 17 and 18.
When the hoisting accessory wire ropes 31, 32, .39, 40
are taken up in this state, the container C held by
the hoisting accessory 47 can be lifted via the rope
pulleys 37, 45. By paying out the hoisting accessory
wire ropes 31, 32, 39, 40, onithe other hand, the
container C held by the hoisting accessory 47 can be
lowered via the rope pulleys 37, 45. Alternativeiy,
the clutches 15, 16 are engaged, and the respective
drums 11, 12, 13 and 14 are rotated in the same direction
by the drive motors 17 and 18. When the hoisting
accessory wire ropés 31, 39 and the traverser wire
ropes 19, 25 are taken up in this state,_and at the
same time the hoisting accessory wire ropes 32, 40 and
thé traverser wire ropes 20, 26 are paid out, the
container C held by the hoisting accessdry 47 can be
caused to traverse rightward albng'with the traverser
23. On the other hand, when_the hoisting accessory
wire ropes. 31, 39 and the traverser wire ropes 19, 25
are paid out, and at the saﬁe time the hoisting

accessory wire ropes 32, 40 and the traverser wire
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In the crane apparatus of the present enbodinent, as shown in FIG 1,
abody franme (notshown) is shaped Iike a gate. On the top of the body
frame, right and left traverser druns 11 and 12 as a pair, and right and
| eft hoi sting accessory druns 13 and 14 : - 13-

as a pair are rotat ablé supported via clutches 15 and 16, and are

rot ational | FAPEFabPe BP Arghtaked pent the reatpdinps G hedithbrgthe a pair.

First right ,and Left t ] 19 and, 20 ir h d
Laken up by TheSELRE AEFeRrERY T GaRTBe SRR O ChEABEREE ond o

connect ed tol%.ﬁ-{:{g% dcz:%fgggt hqglpg{rﬁ]' ogragéggera J4 averser 23 via right and

| eft sheaves cond rig an traverser wire ropes 25 and

26 as a pair have anlﬁnq:ﬁéég?%ﬂg Pé#ar}eaéﬁgv‘g?sghedwoen and 12, and

have the other end connecte t " connecting p 9 of the

traverser 23phadlin¥t, andt! ¢hle Wfsw§1g§§do?fg-the hoistillgf st right

and | eft hoisting accessory wire ropes 3 32 as a palr have an end
taken up by 88esBeirS} 40 AL RO AP A T HWL4 TRRG Nene £BpeOt her

end passed over a |l ower-position rope pulley 37 via right and | eft sheaves
33 and 34 antensdbnsSPGAYEB,, 3P Tore and T,y,, of the hoisting accessory
wire ropes 31, 32, 39 and 40 vary with the traversing
position of the hoisting accessory 47 (container C).
. That is, | | |
Towr + Touw = W/4 ... ..., Balance in vertical
direction_ (1)
To1rCOS0;, - T,4,,cos8, = 0 ..Balance in horizontal
direction (2)
The equation (2) can be transposed as follows:

Top = Ty1rC0s0,/cosb, cee {3)
Substituting the equation (3) in the equation (1),
-followed by transposition, gives:

Toir + T01aC080,/cosB, = W/4

Toir = (W/4)cos(3.2/(cose1 + cos6,) ... (4)
Substitution of the equation (3) into the equation (4),
followed by transposition, yields':

Toir = (W/4)cos0,/ (cosO, + cosB,) ... (5)

Also; Tosrn = Tore and Ty, = Topp

In the above equations, 0, is the angle of eéch of the
wire ropes 19, 25, 31 and 39, while 0, is the angle of
each of the wire ropes 20, 26, 32 and 40.
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36 of the traverser 23 and then connected to a connecting portion 38 of
the traverser 23. Second right and |left hoisting accessory wire ropes 39

and " 40 as a pair have an end taken up by the hoisting

accessory drunms 13

and 14, and have the other end passed over a |ower-position rope pulley 45
via right and left sheaves 41 and 42 and |l eft sheaves 43, 44 of the

traverser 23 and then, copgpet @& dd FhEornectd ng por td o T,460€f thie
traverser 23.- A hoi Gsi'?} ng a@cessory a7 cle'fpabllégof “hol di ngzl]}a container Cis

suspended fgelwldieser wire ropes 19, 20, 25 and %6 also vary widde pul | eys
37, 45. The right-hand wire ropes 19, 25, 31, 39 are parallel to each

anot her, andhiehe&daférsihgngodirteiompes e R6is8ingl@caessasy Harallel to
each anot her. The clutches 15, 16 are di sengaged, and the

hoi sting acdessrainlennt)l3 &hhtldisye rotated in opposite directions by
the drive notors 17 and 18. \Wen the hoisting accessory wire ropes 31, 32,
39, 40 are takepsim@,n+ ,gs$h6f et Tdgs inbf at By, €18} d= Y/ 2t he hoi sting
accessory 47 can be.lifted via the rope pulleys 37, 45. By Rayi ng out the
hoi sting accessory ...Balance in vertica

direction (6)

Substituting the aforementioned equations (4). and (5)

into the equation (6), foilowed by transposition,

yields:

T,xsin®, + T,;sinb,

= (W/2)[1-(1/2){sin(8, + 0,) (cosO, + cosb,)}]

eee (1)

Furthermore,

T,rc0s0; - T;;cos0, = 0 .. .Balance in horizontal

"direction (8)

Substitution of the equation (7) in the equation (8),

followed by transposition, gives:
T,e = (W/2)cosB,/sin (0, + 0,)

- (W/4)cosB,/ (cosO, + cosb,)

eee (9)

Ty = (W/2)c0591/s'in(91 + 0,)

- (W/4)cos0,/ (cosB, + cosh,)

«.. (10)

"Also, T,g = Ty and T, = Ty -

"As described above, the rope tensions Tgr, Toins

Tozn @and Ty, of the hoisting accessory wire ropes 31,

~-17-



wire ropes 31, 32, 39, 40, on the other hand, the container C held by the
hoi sting accessory 47 can be |owered via the rope pulleys 37, 45.
Alternatively, the clutches 15, 16 are engaged, and the respective druns
11, 12, 13 and 14 are rotated in the same direction by the drive notors 17

d 18. W he_hoi st i | 31, 39.and
Wre ropes Tor 38 aPd AONEAEENIth ohE ErAVEEoANg ROTHLOR Sl o 1 he.
ol sting' CGRSPELA ol T €cERER 32470 AN LR IV SIS L Rse 20, 26

are paid ou arner hel d I'sti’'ng accessory can be

caused 10 traygeaedd gl nard & ongdinlh dhe ks BY8HRE e i dd bR ot her

hand, when t oi st1ng“accbssdfy  wi Pk ropes. 31, and the traverser
wire ropes 1, 2bp, A% b J6OUlThARY & WHE ERENSiER ihCabOEEELRY

accessory wire ropes 32, 40 and the traverser wire ropes 20,
are taken um7tihe cnnsalines tedRirkdnddte ripitsid g, adee DY/ afglean be
caused to traverse leftward along with the traverser 23. In the

crane appar & usriréhgel,esel tHRIMUbEeRhg1keDd, IdEctehaksel ghusqf the

hoi sting accessory 47 and the contaliner C be 35 Then, the rope tensions
Tlerr], T[erthe Eearsionsdo¥[ehe] rdghthddind séing aspessapy 28ir 8l opes 31,
32, 39 and 40 vary with the traversing
and 39 increase, while the tensions of the left-hand
ﬁire ropes 20, 26, 32 and 40 decrease. As a result,
the leftward horizontal component of force on the
" hoisting accessory 47 (container'C) becomes smaller
than in thé earlier technology, and the position at
_which1ﬂuarightwardandleftwardhorizontalcomponents
of force are balanced comes more rightward than in the
-earlier technology. Hence, the hoisting accessory 47
(container C) can be brought fully close to the crane
leg as compared with the earlier technology. The
traversing range of the hoisting accessory 47 widens,
"and the work efficiency of the crane can be increased
without the necessity of upsizing the apparatus.
[Second Embodiment] | |
| FIG. 2 schematically shows the constitution of
a crane apparatus according to a second embodiment of
the invention. Members having the same functions as
explained ih‘the above-mentioned embodiment will be
assigned the same reference numerals, and overlapping

explanations will be omitted.
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position of the hoisting accessory 47 (container C). That is, Tlerr]

+ T[err] = W4 ......... Bal ance in vertical

direction (1) T[err]COsgerr] - T[err]COSO[err] = 0 ..Balance in
hori zont al : direction (2) The equation
(2) can be transposed as foll ows: Tl[err] = T[err]COSO err]/ Cosoferr]
... (3) Substituti t kO | hg fe i édht followed by
transposition, gi ves&:gl tife e(’?i[lgl?%] %f&%[redrgﬁlgccg&g:?ﬁ/%%merr] = W4

Tlerr] = (Wrbees@ent)/ c€gnel &iid IefosSEb@ating drufpd) 5Sulbsid tagion of
the equation (3) into the equation (4) , followed by transposition,

yi el ds: asThepalir 4 Buppsodted inh Ecejspehdedcmsdhnenr [from .a (5)

Al so, .T[err] = T[err], and T[err] = T[err] In the above equations, Of[err]

is the angleralvegsodr 023thg ropes Sdpend 52 25as3shawae 39 FAiG. € O[err] is
the angle of each of the wire ropes 20, 26, 32 and 40.
- 16- . First right el depft thaniss bhegl eccessfonhaving soeerdire ropes
19, 20, 25 and 26 also vary with the traversing position of the hoisting
accessory 4and 32 have the other end passed over the right rotating
drum 53 via right sheaves 35, 36 of the traverser 23,
and connected to the right rotating drum 53. Second
" right and left hoisting accessory wire ropes 39 and
40 have the othei: end passed over the left rotating
drum 54 via left sheaves 43, 44 of the traverser 23,
and connected to the left rotating drum 54. A hoisting
accessory 47 capable of holding a container C is
suspended from the lower end of right and left
suspending wire ropes 55 and 56 as a pair paid out from
the'rotating drums 53 and 54. The takeup directions
of the hoisting accessory wire ropes 31, 32, 39,' 40
~and the suspending wire ropes 55, 56 on the rotating
-_ drums 53; 54 are the .same. Hence, when only hoisting
accessory drums (not shown) are rotated for a takeup
action, the hoisting éccessory wire ropes 31, 32, 39,
40 are taken up to rotate the rotating drums 53, 54.
These roi:ating drums 53 and 54 take up the suspending
wire ropes 55 and 56, whereby the containér C held by
.the hoisting accessory 47 can be hoisted.

" Alternatively, the hoisting accessory wire ropes 31,

32, 39, 40 are paid out to rotate the rotating drums
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(container C). That is, [err] : ...Balance in

verti_cal direction (6) Substituting the
af orenenti oned equations (4) and (5) into the equation (6), followed by
transposition, vyields: [err] = (W2) [1-(2/2) (sin(O[err] + O[err])
(coserr] + cosO[err])}1 ' 7

Furthernores3, S54T[ermHd Zreté)tlngBalrmcc_e 53, heui peryt dut the
direction (8) Substitution of the equation (7) in the equation (8),
fol | owed bysmspmnphmgmnregrm@es 55, TH&rr phe@ar) cﬂs@[@on]:asnm(ro[err] +
O[err]) - (W4) CcosO[err]/ (COSO[err] + COSO[err]) :
... (9) - C hpdd by the2hodstiog ]a!cscpe.ﬁ@%m 147 ojan rhg lowered.
(W4)cosO[err]/(cosO[err] + cosO[err])

(10) Ake, typyeysingagkionmit 1t[le¢ rhokstiagr pccessory 44s igescri bed
above, the rope tensions T[err], T[err] [err(l and T[ errL of the hoi sti ng
accessory vihe g Papes any, in the preceding embodiment,_ §6.

explanation 1_s omitted.

In the crane apparatus of the present
‘embodiment, too, let the total weight of the hoisting
accessory 47 and the container C be W,, the weight of
the traverser 23 be W,, and the weights of the rotafihg
drums 53 and 54 be Wy, and Wy,. Then, the rope tensions
Toirr Toinsr Tozr a.nd Ty, ©f the hoisting accessory wire
ropes 31, 32, 39.and 40 véry with the trav.ersing
position of the hoisting accessory 47 (container C).
That is, |

Toir + Touw = W/2 ..., Balance in -vertical

direction (11)

TerCOS0, - Tou,'c:os()2 = 0 ..Balance in horizontal

direction (12)
Th_e eqluation (12) can be transposed as.follows:

Towrz = To1rC080,/cosb, - ee. (13)
Substituting the equation (13) in the equation (11),
followed by transposition, gives:

Toir = (W./2)cosb,/(cosB, + cosB,) ... (14)
Substifution of the equation (13) into the equation
(14), followed by transposition, yields:

Tour = (W./2)cos8,/(cosB, + cosB,) ... (15)
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32, 39 and 40 vary with the traversing position of the hoisting accessory
47 (container C) as do the rope tensions T[err], T[err] T[err] and T[err]
of the traverser wire ropes 19, 20, 25and26. That is,

whent hehoi sti ngaccessory 47 is caused to traverse nost rightward, the rope
angle Ofer 1 i ncreases, and the rope angle 02 decreases. Thus, the
tensions of BAEOr gimer hﬁn?:]oxwi'réntdoﬁgsn ,T@s, 31 and 39 increase, while

the tensions of the |Legft-hand ,wire ro 20, 26, .32 .and .40 decrease. As a
result, the |eftward Hort 2Bt anf&r%b"ﬂgi’cR’of 1 br LR c?ﬁ“the“ ﬂ‘gi §?’iehg

accessory 47 t.al ner b s,gmaller i earl.ier .t.achnol ogy,
and the posiF%%&Iééfégfm%q%etﬁégrg?g%?\fvarbg’ar?c# I%g‘ﬁ V\Z;EI’ (Lilri%(?r ?;aoﬂrfaltg})rrponents

of force aregfal i@fa%feﬂﬁgrgeg;t&i tard, & hgiéeihggag‘é@rs@ﬁﬁ LeFno' 0gy.

Hence, the hoisting access cont'ai ner can roug y close

to the crane(-hatfih &P edTHaith jthe earlier technology. The traversing
range of the hoisting accessory 47 wdens, and the work efficiency of the

crane can be incfeased W Fhauindhe nggessigy Qf wpsyzing the apparatus.
[ Second Enbodi nentf ' G 5 s@ﬁ’enatv?'}éal I y";s)’ﬁ{)ws the constitution of

a crane apparatus according t pgsecondyenagedgment rof sihhg i nvention.
Menbers having the sane functions as explIRal ned in tfie abbve- nenti oned
embodi ment will be assigned the sanme refepahaaceunnt atsrthsgdlover! appi ng
~ direction (16)
Furthermore,
T,rc0s0, - Tl,;cosez =.0 ...Balance in horizontal
| - direction (17)
T,. = T,rco0s0,/cosb, ... (18)

Based on the equations (16) and (18), the same
calculatibns as in the aforementioned embodiment are
made, giving: |

Typ = {(W, + Wy, + Wy, + W,,)/2) }cosB,/sin (0, + 6,)
- (W,/2)cosB,/ (cosb;, + cosb,)
| .. (19)
Ty = {(W, + Wy + Wy, + W,,)/2)}cosd,/sin(0, + 6,)
- (W./2)cosB,/ (cosB, + cosbh,)
... {20)
Also, T,y = Ty and T,, = T,, |

As described above, the rope tensions Ty, Toins
Tosx and Top, of the hoisting accessory wire ropes 31,
32, 39 and 40 vai‘y with the traversing position of the

hois'ting accessory 47 (container C) as do the rope
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explanations wll be omtted. In the crane apparatus of
the present enbodinent, right and |left rotating druns 53 and 54 as a pair
are ‘supported in a suspended manner froma traverser 23 by ropes 51 and
52, as shown in FIG 2. First right and left hoisting accessory wire ropes

31 and 32 haye the other gnd 'i;g:$’§‘grﬂ;§f the, Eiz%h}effé%tv{i% ﬁgE’?ﬁ@gSB via

ri ght sheave €35, of'*t et r 1d "connect € ht

rotating druymb S kght f | S 558 Awpes 39
and- 40 havel Phe O oy Saru”Sass SHaG, L Lo I o R B s Y o ot

sheaves 43, 44 pf dd\@sbHAYE I veBse ¥l GAReEwSEd] Ot hd&ld aheial i ng drum

54. Ahoisting accessory 47 capable of holding a container Cis suspended

fromthe |ovgr jaerobskisghtardth&f fopsUaReNd 'Eg AbERchBRSS SThary] 56 as a
pair paid out from the rotating druns 53 and 54. The takeup directions of

t he hoi stingthecessmyonsrefr bhes r3ifht3had wilbe aopeisha9suBendiing wire
ropes 55, 56 on the rotating druns 53, 54 are the sane. Hence, when only
hoi sting acanesaVy idramsa$apt whidenkha e amd bors 66r thet Ak€bphaact i on, the
hoi sting accessory wire ropes 31, -32, 39, 40 are taken up to rotate the
rotating druwire3rdples Tfes@6yoBat iamgl dfinde&Beand -54A5akerapuliio
suspe-ndl " the leftward horizontal compon.ent of force on the
hoisting acceésory 47 (container C) becomes smaller
than in the earlier technology, and the position at
which i:he rightward and .leftward horizontal components
of force are balanced comes more rightward than in .t'he
earlier'technology. Hence, the hoisting accessory 47
(container C) can be brought fully close to the crane
leg as compared with the earlier technology. The
traversing range of the hoisting accessory 47 widens,
and the work efficiency of the crane can be increas-ed
without the necessity of upsizing f.he apparatus.
In the present embédiment, the right and left
suépending wire ropes 55 and 56 as a pair paid out from
. the rotating drums 53 and 54 may _be passed over the
" lower-position ri-ght and left rope pulleys as a pair
and then connected to the traverser 23, and the
hoisting accessory 47 may be suspendea from the rope
pulleys, as in the precéding embodiment. In this case,

the total weight of W, of the hoisting accessory 47 and

the container C can be shared between the hoisting
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wire ropes 55 and 56, whereby the container C held by the hoisting
accessory 47 can be hoisted. Alternatively, the hoisting accessory wre
ropes 31, 32, 39, 40 are paid out to rotate the rotating druns

-19- 53, 54. The rotating druns 53, 54 pay out the suspending
wire ropes 55, 56, whereby the container C hel d by the hoisting accessory

47 can be |l owered. The.traversing actjon of t hoj st.i ng accessory 47 is
the same as3FIIROHYetedn n§°@rﬁﬁ)gﬁ]rfer?t2 51})9,”] i%ttb?%lrﬁva?q%%r?/s

omtted. h r tus of the present enbodi ment, too,
| et the tot ‘é"llrv\?ellé(#{;e% eltgff of s?g QE{'jtccessory 47 and the contai ner C be

Werr], the[ g{% g{ngoy}e%éﬁwerser 23 be Werr], and the weights of the

rotating druns err], and Werr]. Then t he rope tensions

Tlerr] of the hoi St'macf%%i%ﬂ%ﬂéﬁll Qﬁéwglthé?con?@tfﬂgtﬂgnvéfy with

the traversing position of ol sting accessory 47 (container C). That
i's, T eql kT dilé Zapparatus B2 @HE&ihG ¥8rhi €Alira embodlment of

di rection (11) .
the invention. Members having the same functions as
explained in the aforementioned embodiment will be
assigned the same referencé numerals, and overlapping
explanations will be omitted.

Ih the crane apparatus of the present
embodiment, first right and left rope pulleys 63 and
64 as a pair are supported in.a suspended manner from
a travereer 23 by ropes 61 and 62, as shown in FIG.
3. A firet hoisting accessory wire rope 31 has the
other end passed round the first right rope pulley 63
via a right sheave 35 of the traverser 23, further
passed over a second right rope pulley 37, and then
connected .-to a right connecting portion 38 of the
traverser 23. A second hoisting accessory wire rope
40 has the other end passed round the flrst left rope -
‘pulley 64 via a left sheave 44 of the traverser 23,
further passed over a second left rope pulley 45, and
then connected to a left connecting portion 46 of the
traverser 23, A hoisting accessory 47 capable of
holding a confainer C is suspended from the second rope
pulleys:?7and45. Hence, when only hoisting accessory

drums (not shown) are rotated for a takeup action, the
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T[err] - T[err] = 0 ..Balance in horizontal

direction (12) The equation (12) can be transposed as foll ows: T[err]
= T[err]/[err] . ... (13) Substituting the equation (13) in the
equation (11), followed by transposition, gives: Tlerr]=
(W./2)[err]/(cosderr]+ COS[err] (14) Substitution of the equation (13)
into the eqiti®vingléccéosbpyedie tranepositi an, adel tisken upllerr]
(W./2) cos[err]/ (cos(err] + COSO[err] (15)

- 20- wheyeby, thercdntainer CThelddpe tthendicdrst {egrdafesderytraver ser
wire ropes 19, 20, 25 and 26 also vary with the traversing position of the
hoi sting acdédssea)} bp habatedneiacCtheTHatrst rope[ pudjleys 63, 64 +
(W./2 - [err] .. Bal ance in verti cal

direction (&®d the sr&cnRs Eope PRELEYs=38, 45. BALRENARINEAV20RbEI
direction (H))isting accessory wire ropes 31, 40 are paid out,
whereby the container C held by the hoisting accessory
47 can be lowered via the first rope pulleys 63, 64
and the second rope pulleys 37, 45. The traversing
action of the hoisting accessory 47 is the same as in
the aforementioned embodiment, so that its e){planation
is omitted.

In the crane apparatus of the present
embodiment, the ;{oisting accéssory wire ropes 31l, 40
are connected to the traverser 23 via the first rope
pulleys 63, 64 and the 'second rope pulleys 37, 45. Th'us,
rightward and .le'ftward horizontal components of force,
which the hoisting accessory wire ropes 31, 40 impose
on the hoisting accéssbry 47, can be decreased. That
is,

T = W/8
Tig = (W/2)cos0,/sin(6, + 0,) - W/1l6
Ty = (W/2)cosb,/sin(6, + 0,) - W/16
Also, Ty, = Ty, and T, = Tio
| As described above, since the rope tensions T
of the hoisting accessory wire ropes 31, 40 are
decreased, the rightward and leftward horizontal

components of force on the hoisting accessory 47
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A

[err] = [err] . . . (18) Based on the equations (16)
and (.18), the sane calculations as in the aforenentioned enbodi nent are
made, giving: | err ] Al so, T[err] = T[err], and T[err]
= T[err] As descri bed above, the rope tensions T[err], Tl[err],
T[err] and T[err] of the hoisting accessory wire ropes 31, 32, 39 and 40

vary wth the. s eyensl nePosthl 8l edditn . NGy Rg 2GRS Sae 47 (contal ner

C) as do the Top rons T[err],

Tlerr] Tler @efﬁﬂoﬁ&?“ﬂ&, Ofp thep LT QUQr §8 YT £rhoReSerl%ird répednd 26.

That is, when the hoistithg dtceSory 4% is caused to traverse nost

rightward, tike rope 208 ed 4 Qr'd incReRA5ES wiRdHebet hepei ghever82
decreases. Thus, the tensions of the right-hand wire ropes 19, 25, 31 and

39 increaseandi Lefthat@nsbensodtalnedmbdbnband of réorepesn2@he?6, 32 and
40 decrease. As a result,
hoisting accessory 47 (container C) are increased.
Thﬁs, the position at which the rightward and leftward
horizontal components of force are balanced comes more
outward than in the.earlier technology. Hence, the
hoisting accessory 47 (container C) can be brought
fully close to the crane leg as compared with the
earlier technology. The traversing range of the
hoisting accessory 47 wide_ns, and the work efficiency
of the crane can be increased without the necessity
of upsizing the apparatus.
In the foregoing respective embodiments, the
connecting portions 24, 29 and the sheaves 35, 36, 43,
44 of the traverser 23, the rope pulleys 37, 45, 63,
64, the first and second traverser wire ropes 19, 20,
25, 26, the first and secbnd hoisting accessory wire
ropes 31, 32, 39, 40, the traverser sheaves 21, 22,
27, 28, the hoisting accessory sheaves 33, 34, 41, 42,
the rotating drums 53, 54, and the suspending wire
ropes 55, 56 have been constituted as a pair composed
of right and left members. However, they ma§ be
provided as a plurality of pairs.

| The invention being thus described, it will be

obvious that the same may be varied in many ways. Such
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the I eftward horizontal conponent of force on the hoisting accessory 47
(container C) becones smaller than in the earlier technology, and the
position at which the rightward and | eftward hori zontal conponents of
force -are bal anced cones nore rightward than in the earlier technol ogy.
Hence, the hoisting accessory 47 (container C) can be brought fully cl ose

to the crang, hgg amsuPaest 4 hd N #aEHEY abeahaspagyurBeroid aversing

range of the hoisting accessory 47 wi dens, and the work efficiency of the

crane can bgpingiAased anht Bewpd e NEsesshiventfiomsi andgalhe sagpar at us.

In the present enbodinment, the right and |eft suspending wire ropes 55 and
56 as a paifofaifd cultidhemast houla dsé ngbgrions 3 ame Sekih)ede izassed over
the lower-position right and |eft rope pulleys as a pair and then

connect ed tphkharty aves sent@3dedntiot be imbided withivokPedCRRE be
suspended fromthe rope pulleys, as in the preceding enbodinment. In this
case, the b6t zhevcfighlowiing erkdims.t he hoi sting accessory 47 and the
cont ai ner C can be shared between the hoisting

-22- accessory wire ropes 31, 32, 39, 40 and the traverser wre
ropes 19, 20, 25, 26. :
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(Third Enbodi nment] FIG 3 schematically shows the constitution of
a crane apparatus according to a third enbodi ment of the invention.
Menbers having the sane functions as explained in the aforenentioned
enbodi nent will be assigned the same reference nunerals, and overl appin

g
expl anations will be omtted. In the crane a
present e dipment, first right and |eft rope pull eyQWMM|m4mumul pair
are support @@ 3h 5sTfie %ﬁhner from a traverser 23 Hy fopls %1 ‘and
62, as shown in FIG 3. Afirst hoisting accessory wire rope 31 has the

ot her end passed round the first right rope pulley 63 via a right sheave
35 of the tnaverser R3-rhk d ond right rope pulley 37,
and t hen colnnect ed-tﬁocga?hieg%%%ﬁﬁggtsi ﬁg’\ﬁg"‘fﬁf?gﬁess of the traverser 23.
A second hoisting acgepsdiy fdmef Ope 40 has the other end passed round
the first left rope pulley 64 via a |left sheave 44 of the traverser 23,
further passed over fraeedikr eftun®PenlUhbEY tAng aitteddeny caranmsted to a
| eft connecting portion 46 of the traverser 23. A hoisting accessory 47
capabl e of rutataply canimtedrof thesbsagndétnie and omeabhy ande

pul |l eys 37 and 45. Hence, when only hoisting accessory drunms (not shown)
are rotat ed fewernsedheuptaatabhe blyea drive motor; - 23-

~a traverser having right and left connecting
.-portions as a pair, and right and left sheaves as a
pair; _
right and left rope pulleys as a pair
positioned below the traversef;
first right and left traverser wire ropes as
a pair having an end taken up by the traverser drums,
and having the other end connected to the right
connecting portion'of the traverser;
sécond right and left traverser wire ropes as
a pair having an end taken up by the traverser drums,
and having the other end connected'to the left
connecting portion of the traverser;
first right and left hoisting accessory wire
ropes as a pair having an end taken up by the hoisting
accessory drums, and.having the other end passed over -
" the right rope pulley vié the right sheave of the
traverser and then connected to the traverser;
second right and left hoisting accessory wire

ropes as a pair having an end taken up by the hoisting

—-27—-



hoi sti ng accessory‘;;FE‘FBﬁE§“BIT~ﬁG~are taken up, whereby the container C
hel d by the hoistinPMﬁ 47 can be hoisted via the first rope
pulteys 63, 64 and mmﬂﬁw)ﬁ) pul l eys 37, 45. Alternatively, the

hoi sting accessory w'retrape "8 are paid out, whereby the container C
hel d by the hoisting accessory 47 can be lowered via the first rope

pul leys 63, GhcaBdokRedsded SPh NSNS btHdr dHE pdsyeaséigr action
of the hoisting accessory 47 is the sane as in the aforenentioned :

enbodi ment, <thé hdefitt sopedlpudlegnviias e tledt sheave of nthée crane
apparatus of the present enbodinent, the hoisting accessory wire ropes 31,
40 are conndatavetrsetrhand avlkeenecobdhadteed htof thet tmpeergrntt eys 63, 64
and the second rope pulleys 37, 45. Thus, rightward and |eftward
hori zont al conponent stbghtoand, leffii thavee sest shieayes @ssesdpgini ardr opes
31, 40 inpose  on the hoisting accessory 47, can be decreased. That s,
T=wW8][ eright]and lgkh halstipg-afeessoringhepsies as @ pair
As descri bed above, since the rope tensions T
. for guiding the right~hand wire ropes to be parallel
and the left-hand wire ropes to be parallel; and
a hoisting accessory capable of attaching and
detaching a load thereto and therefrom, and suspended

from the right and left rope pulleys.

2. The crane apparatus of claim 1, wherein the
~hoisting accessory drums are drivably connected to the
drive motﬁr, and the traverser drums are drivably'

conneéted'to the hoisting accessory drums via

clutches.

3. A crane appératus comprising:

a body frame;

traverser drums and hoisfing accessory drums
rotatably mounted on the body frame and normally and
reversely rotatable by a drive motor;

a traverser having right and left connecting
portions as a pair, and right and left sheaves as a
pair:;

right and left .rotating drums as a pair

suspended from the traverser;
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of the hoisting accessory wire ropes 31, 40 ar-e decreased, the rightward

and | eftward horizontal conpo the hoisting accessory 47
-24- (contai ner C ammwﬂm%mgmz&ﬂﬂr eas the rope tensions
T[err] of traverser wire ropes =1Y¢ ) s 26 are increased, whereby
the rightward and |eftward horizontal conponents of force on the hoisting
accessory 47 (cont aldiers O, pfic! BRECIREL ¢ dWSrsbhewRasl opealaghich he
rightward and | eftwar or1zontal conponents of force are bal anced cones
more out %é'ﬁ'”h!a'\ri[rh%ﬁ?réﬂ&rt“ll@éﬂﬂﬁ’%oﬁ%’-thl@n@ﬁav%h%erhﬂlrﬁimsng
accessory 47 (container C) can be brough ully close to the crane leg as
conpar ed Wi jhqgt by vEers! ke RAEw! 684 cOmd ddtty@r sbngheandgeghdf t he

hoi sting accessory 47 w dens, and the work efficiency of the crane can be
i ncreased whdhawc t tegnpeetdidy o bf thpsitziavet der appar at us. In the
f oregoi ng respective enbodi nents, the connecting portions 24, 29 and the
sheaves 35, 36, 43, sddondl thghtrandrierf t28ravies saxpay g IxoRe|AS 45, 63,
64, the first and second traverser wire ropes 19, 20, 25, 26, the first
and second Aopatiipaacimgsan yendiribaken up by the traverser drums,

and having the other end connected to the left
connecting portion of the traverser;

first right and left hoisting accessory wire
ropes as a pair héving an end taken up by the hoisting
accessory drums, and having the other end passed over
the right rotating drum via the right sheave of the
traverser;

second right and left hoistiﬁg accessory wire
ropes as a pair having an end taken up by the hoisting _
accessory drums, and having the other end passed over
the left rotating drum via the left sheave of the
traverser;

'righf: and left traverser sheaves as a pair and
right and left hoisting accessory sheaves as a pair
for guiding the right-hand wire ropes to be parallel
and the left-hand wire ropes to be parallel; and

a héisting accessory capable of attaching and
detaching a load thereto and therefrom, and connected
to right and left suSpending wire ropes as a pair paid

out from the right and left rotating drums.

-29~—



ropes 31, 32, 39, 40, the traverser sheaves 21, 22, 27,728 the horsting

accessory sheaves 33, 34, 41, 42, the rotating druns 1
suspending wire ropes 55, 56 have been constituted as l !lj
right and | eft nenbers. However, they nay be provided as a

pairs.

-25-
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The invention being thus described, it will be obvious

that the sajre may benVardethinafBBAY4AYS o SUtain 3, wherein th

variations are n to be regar

as a departure ?rom t he

spirit and &999%1@‘% bR d SWERY I un R RF-Ahk 1SN y i d Ged d @sthag woul d be

obvi ous to one ski

scope

connected to the hoisting accessory drums via

clutches.

5. The crane apparatus of claim 3, wherein the
hoisting accessory wire ropes and the suspending wire

rope are passed over the rotating drum in opposite

directions.

6. A crane apparatus comprising:

a body frame;

traverser drums anq hoisting accessory drums
rotatably mounted on the body frame and normally and
reversely rotatable by a drive motor;

a traveréer having right and left coﬁnecting
pqrtions as a pair, énd right and left sheaves as a
pair; -

first right and left rope pulleys as a pair
suspended from the traverser;

second right and left rope pulleys as a pair
positioned below the first right and left rope pulleys;

. first right and left traverser wire ropes as
a pair having an end taken up by the traverser drums,
and having the other end connected to the right

connecting portion of the traverser;

~-30~
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- 26- 1. A Crane apparatus conpri sing:- a body
frame; traverser ﬂ NI i g accessory druns rotatably
nmount ed on the body frane mmmnpmn‘mk' reversely rotatable by a drive
not or ; " a traverser*having Mgt and |left connecting portions as a

pair, and right and | eft sheaves as a
second right and left traverser wire ropes as

a pair having an end taken up by the traverser drums,
and having the other end connected to the left
connecting portion of the.traverser: |

a first hoisting accessbry wire rope having an
end taken up by the hoisting accessory drum, and having
the other end passed over the first and second right
rope pulleys via the right sheave of the traverser and
then.conneéted to thé traverser;

a second hoisting accessory wire rope having
an end taken up by the hoisting accessory drum, and
hawving the other end.passed over the first and second
left rope pulleys via the ieft sheave of the traverser
and then connected to the traverser;

right and left traverser sheaves as a pair and
right ;nd left hoisting accessory sheaves as a pair
for guiding the right-hand wire ropes to be parallel
and the left-hand wire ropes to be parallel} and

a hoisting accessory capable of attaching-énd
detaching a load thereto and therefrom, and suspended

from the second right and left rope pulleys.

7. The crane apparatus of claim 6, wherein the
hoisting accessory drums are drivably connected to the-
drive motor, and the traverser drums are drivably
connected.to the hoisting accessory drums via

clutches.
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pair; right and left rope pulleys as a pair positioned bel ow the
traverser, first right and left traverser wire ropes as a pair
having an end taken up by the traverser druns, and having the other end
connected to the right connecting portion of the traverser;

second right and left traverser W kBg¥RRE$ as a pair having an end taken
up by the traverser druns, and having the other end connected to the |eft
connecting portion of the travBRARE; APPARATUS first right and | eft hoisting
accessory wire ropes as a pair having an end taken up by the hoisting
accessory druns, and having the other end passed over the right rope

pul l ey via tpe.rhalt appeducpd idaiddryseger pidstheravenrsest adrleo the

traverser; second right and left hoisting accessory wire ropes as
a pair havingop£nd-d akfiindetly theaheligitGonnecting portion of
-27- accessory druns, and having the other end passed over the

left rope pujl erakiers8e, | ahiildheEord thavdrsvergereandpeleareonnect ed
to the traverser: _
connected to a left connecting portionof the traverser.
First hoisting accessory wire ropes are passed over
a right rope pulley via the traverser, and then
connected to fhe traverser, while second hoisting
- accessory wire ropes are passed over a left rope pulley
via the traverser, and then connected to the traverser.
A hoisting accessory is suspended ftom the right and
left rope pulleys. The crane apparatus enlarges the

traversing range of the hoisting accessory, and

increases work efficiency, without becoming upsized.

Figure 1
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right and left traverser sheaves as a pair and right and |left hoisting
accessory sheaves as a pair for guiding the right-hand wire ropes to be

parallel and. the left-hand wire ropes to be parallel; and a
hoi sting accessory capable of attaching and detachlng a | oad thereto and
t herefrom and suspended fromthe right and |left rope pulleys. 2.

The crane apparatus of claim1, whereinsghe hoisting accessory druns are
drivably connected to the drive notor, and the traverser druns are

drivably connected to the hoisting accessory druns via clutches. 3.

A crane apparatus conpri sing: a body frane; traverser
~drunms and hoi sting accessory druns rotatably nounted on the body franme and
normal ly and reversely-rotatable by a drive notor; a traverser
having right and | eft connecting portions as a pair, and right and |eft
sheaves as a pair; right a rotating druns as a pair
suspended fromthe traverser; Fi' G 1 28-
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first right and left traverser wire ropes as a pair having an end taken up
by the traverser druns, and having the other end connected to the right
connecting portion of the traverser; second right and |eft
traverser wire ropes as a pair having an end taken up by the traverser
drums, and having the other end connected to the left connecting portion
of the traverser; first rightz?gd | eft hoisting accessory wire
ropes as a pair having end taken up by the hoisting accessory druns, and
havi ng the other end passed over the right rotating drumvia the right
sheave of the traverser; second right and left hoisting accessory
Wre ropes as a pair having an end taken up by the hoisting accessory
drums, and having the other end passed over the left rotating drumvia the
| eft sheave of the traverser; rlsel (ELght nd | eft traverser sheaves as
a pair and right and left hoisti C r heaves as a pair for
guiding the right-hand wire ropes to be parallel and the |eft-hand wre
ropes to be parallel; and a hoi sting accessory capabl e of
attaching and detaching a | oad thereto and therefrom and connected to
right and left suspending wire ropes as a pair paid out fromthe right and
| eft rotating druns.
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- 29- 4. '~ The crane apparatus of claim3, wherein the

hoi st.i ng accessory druns are drivably connected to the drive notor, and
the traverser druns are drivably connected to the hoisting accessory druns
via clutches. 5. The crane apparatus of claim3, wherein the

hoi sting accessory wire ropes and the suspending wire rope are passed over
the rotating drumin opposite directi @ys 6. A crane apparatus
conpri si ng: a body frane; traverser druns and hoisting
accessory druns rotatably nmounted on the body franme and normally and
reversely rotatable by a drive notor; a traverser having right and
| eft connecting portions as a pair, and right and | eft sheaves as a pair;

first right and | eft rope pulleys ai:a pié:
1G. 3
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suspended fromthe traverser;

as a pair
first

positioned bel ow the first
right and left traverser wire ropes as
by the traverser druns,

connecting portion of the traverser;

second right and left traverser wire rqpgs as
up by the traverser druns,

and havi

connecting portion of the traverser;

W re rope having an

havi ng

a second hoisting accessory wire ro

hoi sting accessory drum and

and second

t hen connected to the traverser;

| eft rope pulleys via th

avy
having:
f

PRIOR

second right and left

ri'ght and |eft
a pair

a pair

ng
a first

her
e

rope pulleys
rope pulleys;
havi ng an end taken up

and .having the other end connected to the right

- 30-.
havi ng an end taken

he ot her end connected to the left

hoi sting accessory

end taken up by the hoisting accessory drum and
the ot her end passed over the first and second ri ght
via the right sheave of the traverser and

rope pulleys

then connected to the traverser;
end taken up by the

nd passed over the.first

T Sheave of the traverser
|ékRTénd | eft traverser sheaves

and

as a pair and
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righi and left hoisting accessory sheaves as a pair for guiding the
right-hand wire ropes to be parallel and the left-hand wire ropes to be

paral lel; and a hoi sting accessory capable of attaching and
detaching a | oad thereto and therefrom and suspended fromthe second
right and | eft rope pulleys. 7. The crane apparatus of claim 6,

wherein the hoisting accessory druns Byg drivably connected to the drive
notor, and the traverser druns are drivably connected to the hoisting

accessory drunms via clutches. .-31-
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