A STACKER CRANE HAVI NG A FORK- LI FT APPARATUS The pres
to a stacker crane having a fork-1ift apparatus. Suf
suitable for use in a multi-tier automatic war ehousg.
suitable for handling roll forms of | oad.

Fork?lift"appaiatus in stacker crane and

method.of controlling the same and

controllex embodying the method
TECHNICAL FIELD

The preseﬁtilnvention relates to a stacker crane for
use in a multi-tier automatic warehouse and more part}cular—
ly, to a fork-1lift apparatus in a stacker crane for handling
roll forms of 1oad. It also relates to a method of control-
ling the fOrk—llft apparatus in a stacker crane for lifting
and lowering'various types of loads which have apertures
provided in-different regions thereof for accepting a
fork(s) of thelapparatus or provided in the center of a roll
or cylinder formifhereof made by rolling a length of wire or
a strip of sheet and also, to a control apparatus embodying
the method.
BACKGROUND ART_l
A common_mﬁlti—tier automatic warehouse includes a
stacker crane.and two blocks of multi-tier racks disposed on
both sides of:a’tfack along which the stacker crane travels.
Each tier supports a number of loads on their pallets. For
unloading a load on its pallet from the rack, the stacker
crane is- anchored on the track and its carriage is elevated
to the rack. Then, a fork-1lift apparatus on the carriage is
actuated to extend its forks under the pallet. When the
carriage is further elevated, the forks lift up the pallet
with the 1oad. The fork-1lift apparatus is then actuated to
retract the forks allow1ng the load on the pallet to be
—
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A common nul ti-tier automatic warehouse includes a stacker crane and two

bl ocks of nulti-tier racks di sposed on both sides
t he stacker crane travels. Each tier supports a nu

pallets. For unloading a load on its pallet fromt
crane is anchored on the track and its
loaded on the carriage. After the carriage is lowered by a

lifting mechanism, the stacker crane travels to unload the
load.

In case that the load is'bf a roll form having a given
outer diameter and a center aperture arranged in discrete
location and size, it may not approprlately be loaded and
unloaded with the use of such a conventional fork 11ft
apparatus in a multl—tler:automatlc warehouse. For smooth
handling of loads;.any imbroved fork-lift apparatus is
desired. In addition,'thé.éfécker crane equipped with a
conventional forkrlifﬁ apparatus is relatively large in
width at the carriage and'its ttack occupies a considerable
space in the multi%tier autométic warehouse.

If a rplled good is stfapped on a pallet for ease of
storage {or handlihg) in a“mulﬁi-pier automatic warehouse,
its overall size inc1uding a-pallet height and a fork ac-—
cepting clearance is 1ncreased and requires the tiers or
racks to be vertlcally arranged at intervals of a wider
dlstance.( This w111 impair the optimum use of a given
interior space of the_warehouse. Also, the time required
for handling is increaséd}aé‘each rolled good has to be
preliminarily strépéed on its pallet, thus contributing to
the rise of the Qorking cost:

When' the rblléd gobds aré'idéntical in the size, their
center apertures.into-ﬁhich'a-fbrk of the stacker crane is
inserted are located in the same place. Accordingly, the

goods may be 1oaded and unloaded with a conventional fork-
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carriage is elevated to the rack. Then, a fork-Ilif
carriage is actuated to extend its forks under the
carriage is further elevated, the forks lift up thig aJIEﬁPmnGEDthe lipad.
The fork- |ift apparatus is then-actuated to retracC A
| oad on the pallet to be

life apparatus by repeatlng the same fork inserting action.

In most cases, the rolled goods are different in the
location of the center aperture and stored in discrete
places in the QarehouSe.. Hence, when one of the rolled
goods is requifed for unloading, its center apg;ture is
viewed and ideﬁtified by the operator of the staqke€ crane
so that it can accept the fork successfully.

When the.loéd to be handled is of a cylindrical shape
having a cehter bore for.éccepting the fork of a fork-lift
apparatus, it is also viewed.and identified by the operator
for insertion of the fork into the center bore as it is
different in.fhe size and 16cation of the center bore from
other loads stored in the warehouse.

It is thusfnecessary.for the operator of a conventional
fork-1lift apparatus to view and identify the size and loca-
tion of a centér aperture of a desired load to be handled
and manually'coﬁtrol the fork for insertion into the center
aperture of the load. This action will not contribute to
the reduction of the working time during the handing of load
for storage buﬁ impairing_the working efficiency.

In particular, even:if'the center aperture of a load
into which the f6rk of the fo;k—1ift apparatus is inserted
has been recOgniéed-at_the loading to a storage space, it
has to be examined again'at'the unloading from the same.

Also, the:manual contfél of the fork movement by view-
ing may depehd.én'skills and conditions of the operator. It

is probable that'excessive brightness or illusion causes the
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2 |l oaded on the carriage. After the carriage is |lo
mechani sm the stacker crane travels to unload t he

operator to lose the visual éstimation of a correct distance
resulting in coliisién of the fork against and damage to the
load.

It is an objéct of the present invention, in view of
the foregoing.as?ects, to_érovide a fork—lift apparatus in a
stacker crane capable of loading and unloading 10a§s of a
rolled form smoothly on fhé racks or tiers of a multi-tier
automatic warehpuse_while-the width of a track on which the
stacker crane travels is minimized thus contributing to the
reduction of each unit storage space in the multi-tier
automatic warehouse without sacrificing the storage amount.

It is anotﬁér object of the present invention to pro-
vide a fork—lift apparatus in a stacker crane where the
stable movemqnt_éf a ram fork regardless of a fall moment is
ensured as a céuhter force on the ram fork is lessened by
dispersion. |

It is a fuither object of the present invention to
provide a fork—lift apparatus_in a stacker crane, a method
of controlling the fork-1ift apparatus, and a control appa-
ratus for implementing the method.
DISCLOSURE OF THE INVENTION

For achievement of the foregoing objects of the present

invention, novel schemes have been developed. A fork-lift

apparatus in a'staéker crane_for carrying a load to and from
a desired tier in a multi—tiér automatic warehouse, having a
running apparatus for.travélihg forward and  backward and a

carriage arranged to subpbrt_the fork-1lift apparatus and
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| oad. In case that the load is of a roll formhaving a given outer dianeter
and a center aperture arranged in discrete |ocation and size, it may not
appropriately be | oaded and unl oaded with the use - =€
fork-1ift apparatus in a nulti-tier automatic war ghUHUSESHEETEHS &
) o 'REPLACED

driven by a 1lift apparatus for upward and downward move-
ments, 1is provided:in which'the carriage supporting the
fork-lift apparatus has at its lower region a swivel means,
a swivel frame driven by the swivel means for rotating
movement, and a ram fork’provjded in the swivel frame as
driven by a drive méans for movement. .

Also, a fork-lift abba?atus in a stacker crane for
carrying a load to and from a desired tier in a multi-tier
automatic warehouse, having a running apparatus for travel-
ing forward and backward and.a'carriage arranged to support
the fork-lift apparatus andzdriVen by a 1lift apparatus for
upward and downward-mOVements; is characterized in that the
carriage has at ita.lower regién a swivel means, a swivel
frame mounted over the swive1 means, rack gears mounted to
both, upper and lower, inner walls of the swiﬁel frame, a
ram fork mounted in the swivel frame and having a plurality
of pinion gears-mééhed with-sides of the upper and lower
rack gears and synchronously driven by a drive means so that
the ram fork can traVel'througﬁout the swivel frame when the
synchronous rotatiﬁgamovement of the pinion gears meshing
with the rack gears is executed by the drive means and
simultaneously, it can be rotated together with the swivel
frame in'the carriage by th§ swivel means.

A fork—lift.apparatus-ih.afstacker crane for carrying a
load to and from'a desired fier in a multi-tier automatic
warehouse, having a runnlng apparatus for travellng forward

and backward and a carriage arranged to support the fork-
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handl i ng of |oads, any inproved fork-1ift apparatus ]rs
addi tion,
apparatus is relatively large in width at the carri
occupi es a considerable space in the nmulti-tier automatic warehouse. If

rolled good is strapped on a pal l et for ease of
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the stacker crane equi pped with a conventilpri&l ﬁB: dggBEEV
e amdqﬁg:J ack

lift apparatus-and'driveh by a lift'apparatus for upward and
downward mbvementﬁ, is characterized in that the carriage
has at its lowet region a swivel means, a swivel mounted
over thé swivel means, and a ram fork driven by a drive
means for movemehf in the swivel frame, the ram fprk being
arranged in whiéh the lowér of its fork side and th?_upger
~of its opposite:Side are jpiﬁed to each other by wirés which
extend over rotéry members £§tatably mounted to given loca-
tions of the swivel frame.

Also, a 'fork—lift_c6ntrolling method, according to the
present inventién} for use with an apparatus for handling a
variety of 1oéd$=which haﬁé-apertures provided in different
regions thereof for allqwing a fork to be inserted for
loading, unloadfng, and stcrége of the load is characterized
in that the location of the aperture of each load to be
handled is réddrded before loading or storage, retrieved
when the 1oad i; requestea to be carried by the fork, and
utilized forICOhfrolling.thg movement of the fork to unload
the load of whi;ﬁ aperture accepts the fork.

A forkfiift contrqlliﬁg apparatus, according to ‘the
present inveﬁtion, for hanaling a variety of loads which
have apertures provided iﬁ:different regions thereof for
allowing a'fork-to be'inserted for loading, unloading, and
storage of the load 1s characterlzed by a memory means for
recording the 1ocat10n of the aperture of each load, a

retr1ev1ng means for retr;ev1ng—the location of the aperture

of the load from the mémofy means, and a fork controlling
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I ncluding a pallet height and a fork ac- cepting
requires the tiers or racks to be vertically arr
wi der di stance. This will inpair the optimm us
space of the warehouse. Also, the tinme required

means for contfolling thé movement of the fork in accordance
with the location of the aperture of the load so that the
fork is correctly inserted into the aperture of the load.

Furtﬁermore, a fork-iift controlling apparatus, accord-
ing to the present inventi@n, for use with a system having
an input table for receiving a variety of roll-formed loads
‘which are difféfent in size and have axially extending
center apértureé'therein into which a fork is inserted for
handling, storage racks fdr storage of the loads, an output
table for removal of the_ioads, and a fork-1lift mechanism
for transferring the loéds between the input table, the
storage racks, and the outpqt table, is characterized by a
center detecting means for measuring the location of the
center aperture.of each iéa& placed on the input table, a
memory means for storagé“bf the location of'the center
aperture of the load, a read/write means for reading and
writing the loéétion of'tﬁé_center aperture of the load on
the memory means; and a fork_controlling means for control-
ling the movement of the fork in accordance with the loca-
tion of the cenier apertu;é;bf the load so that the fork is
correctly insérféd into'the center aéerture of the load.

The center detecting means may comprise a couple of
distance sensor; provided to:sandwich the load for measuring
a distance to thé periphery of the load, a traveling means
for moving the distance.ééﬁsors about the cross section of
the load, and a transducer means for calculating the loca-

tion of the ceriter apertdre'of the load from signal outputs
\
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for handiing is increased as each rolled good has to be prel

strapped on its pallet, thus contributing to the ri
When the rolled goods are identical in the size, th
into which a fork of the stacker crane is inserted a

Accordi ngly, the

pl ace.

of the dlstance sénsbrsﬂand movements of the same.

Also, the center detecﬁing means may comprise a photo-—
electric switch mounted on the fork for detecting the
present and absence of refieeted light from front, a travel-
ing means for moving the fork in a direction parallel to the
diameter of the-load, and e:tfansducer means for caldglating
the location ef'the center aperture of the load from a
signal output aﬁd a movement_of the photoelectric switch.

In action for operating the stacker crane along a track
placed in a multi—pier"eutematic warehouse, the running
apparatus is actuated to_fun'the stacker crane and simulta-
neously, the liff apparafﬁs;is driven to lift (or lower) the

carriage. After the carriage comes to a target rack, the

running and ;ifting movements are ceased. Then, when a
plurality of piﬁipn gearsﬂonfthe ram fork are rotated by the
drive means, the ram fork-stérts moving. More particularly,

the rotating moﬁement of the pinion gears along two, upper
and lower, rack.gears provided in the swivel frame causes
the ram fork to move (forwéfd) in the swivel frame towards
the rack on wh‘ieh a load to.be unloaded is stored. Upon a
fork of the ram fork reaching at a given location affer
moving into the center aperture of a roll form of the load

on the rack, the forward movement of the ram fork is

stopped. The 11ft apparatus is actuated again to 1lift up

" the carriage’ br;efly, thus-allowlng the fork to hold the

rolled load ‘above the rack. Then, the ram fork is moved

(backward) into;the sinel frame by the action of the drive

\“‘
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goods may be | oaded and unl oaded with a conventional fork- 3life

apparatus by repeating the sane fork inserting action. ~—-*‘”'*]
HIS SHEET HAS BEEN
REPLACED

means. Aécordingly,'the“rolled locad on the ram fork is
received in the swivel fréme;
For carrying out the rolled load held in the carriage
from the warehouse, both-the'running and l1lift apparatuses of
" the stacker crane are driveh at a time so that the stacker
crane runs to its home loﬁation while the carriage. holding
the roller load with its ram fork lowers down to the lower-
most location on the stacker crane. At the home location of
the stacker crane, the_ram_fork is moved (forward) to an
transfer cart 6r table; .Then, the carriage is lowered to
place the rolled load on the transfer cart or table. After
the placement 6f the rdiled'load, the ram fork is moved
(backward) to remain in the swivel frame. The stacker crane
stays at the home locatioﬁ-until another command is given.
For handling with the action of the ram fork a load
placed on a rack of the opposite side of the track of the
stacker crane,Tthe swivel'fiame is turned 180 degrees by the
action of the'SWivel means so that the front end of the fork
of the ram fork comes tQ:fACe the rack of the opposite side.
The ram fork is then moﬁed (forward) to the load on the
opposite rack.By the drive'means. When the fork of thé ram
fork has reached at a given location over the opposite rack,
the forward movement of the ram fork is ceased. The 1lift
apparatus is”éctuated for:causing the fork to hold up the
load of a roilgform. :Wheﬁ_the.ram fork is moved (backward),
the load on ﬁhé fork'ig.feceived in the swivel frame. As

understood, the turnihg movement of the swivel frame allows
T
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I n nost cases, the rolled goods are different in the |ocatiol ter

aperture and stored in discrete places in the warehoUge I=ZEE@ﬁ%ASWh§mi ne

of the rolled goods is required for unloading, its c apa [

viewed and identified by the operator of the stacker an _

accept the fork successfully. -
the ram fork to face in a desired direction in the carriage.

Also, the lower of the fork side and the upper of the
-counter fork side of the ram fork are connected to each
other by the wires which extend over the rotary members
rotatablf mounted to the given locations of the swivel frame
and a stress exerted on the ram fork upon holding the.yolled
load will thus be offset appiopriately. |

In the control methqd of the present invention, the
location of thefapertufe of each load to be handled is
measured, recordéd, and used for controlling the forward
movement of the fork, whereby the insertion of the fork into
the aperture of the load will be executed without error.

The control.a§paratus §c¢ording to the present inven-—
tion allows the'lOQation of the aperture of each load to be
recorded into tﬁe'memory méans, retrieved from the same by
the retrieving means when requested, and transmitted to . the
fork controlling means for.controlling the movement of the
fork so that the fork is cotfrectly accepted in the aperture
of the load.

In action Of.the fork-1ift apparatus which includes the
input table for.ﬁeceiving a'variety of cylindrical loads
which are different in thé’oVeiall size and the diameter of
the axially exténding center aperture provided therein,
storage racks fof'storage'bf_the loads, an output table for
removal of the léads storea on the racks, and a fork-lift
mechanism - for carrying the”iOads between the input table,.
the storage racké, and theibutput éable, a load placed on

\——---- e
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When the load to be handled is of a cylindrical shape p mungfa,centerNb re
for accepting the fork of a fork-lift apparatus, it iis aISgEFLBﬂEQ
identified by the operator for insertion of the fork\ er bore
as it is different in the size and |ocation of the center bore from ot her
| oads stored in the warehouse..

the input table is first'subjected to measurement of the
location of its center aperture with the center detecting
means and handled'with the fork which is driven by the fork
controlling means accordiﬁg to the location of the center
aperture. As the load is held by the fork inserting into
its aperture, it is transferred to a desired one’of the
storage racks for storage.

For transfétring the load from the storage rack to the
output table, the location of 1ts center aperture is re-—
trieved from the memory means by the action of the retriev-
ing means and-uSed for controlling the movement of the fork.
As the result, the load is readily picked up by correct
insertion of the fork into its center aperture before trans-
ferred to the output taole.

In case of the two diStance sensors are provided for
measuring their distance from the periphery of a load to be
examined through their scanning movement, the location of
the center aperture of ﬁhe 1oad-is obtained by calculation
of signal outpufs of the:two distance sensors together with
the movement of the same in the transducer means.

When the'photoelectric switch for detecting the
presence and absence of reflected light from front is pro-
vided, its movement parallel to the diameter of the load
with the fork is measured and fed to the transducer means
where it is used for oalculatlng the location of the center

aperture of the load together with a signal output of the

photoelectric switch.
Sheet Has Been Reﬁaced
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It is thus necessary for the operator of a conventio -Trf s sEEMriat us
to view and identify the size and |oca- tion of a ce téms‘getngggof a

desired |l oad to be handled and manually control the rk f nto
the center aperture of the | oad. This action wll contribute to the

reduction of the moEglngocatlgurl e Q%@@Qﬁ%éﬁcéﬂﬁgr of each load

(for example, a difference in height between the input table
and the aperture) has been_measured at the receipt step of
handling and recorded in the memory means as a compensation
data, it can readily be retrieved and used for controlling
the fork movemént at'aﬁy unloading step of the.hquling.
The aperture of the load.is~quickly perceived through com-
pensating operétion with the compensétion data without
measuring_agéih'the 1ocatioﬁrof the aperture of the load.

As the handling is'aﬁtomatically carried out according
to the.locatioﬁ data retrieved from the memory means, any
collision of thé fork with the load will be prevented with-
out using visual measurement or control. |

If the apé;ture is iocated at the center of a cylindri-
cal load, it cén simply be identified by measuring the
periphery of the.load with the distance sensors and photo-—
electric switCh. | .

BRIEF DESCRIPTIbN OF THE DRAWINGS

Fig. 1 is-a_perspective'view of a stacker crane showing
one embodiment'bf the present invention;

Fig. 2 is:a-schematic front view of the stacker crane
in a multi-pier automatic warehouse viewed from its track
side;

Fig. 3 is a crbsé séctional explanatory view of a
primary part:of'a fork?lift apparatus according to the
present invention}'

Fig. 4 is a longitudinal cross sectional explanatory

\——__. .
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for storage but inpairing the working efficiency. I"nTB
the center aperture of a load into which the fork e;ﬁmmhqﬁ
apparatus is inserted has been recognized at the
space, it has to be exam ned again at the unloading fromthe sane. Al so,
t he manual control of the fork noverment by view

view of the primary part of the fork-lift apparatus accord-

ing to the present invention;

Fig. 5 is a side view of the same shown in Fig. 4;

Fig. 6 is a side view of the same shown in Fig. 5;

Fig. 7 is § cross sectional explanatory view of a
primary part of a fork-lift apparatus showing_a.§econd
embodiment of thg present invention;

Fig. 8 is a.longitudiﬁal cross sectional explanatory
view of the primary part of the fork-lift apparatus of the
second embodimént;

Fig. 9 is a éross sectional side view of the same taken
from the arrow V of Fig. 8;

Fig. 10 is a cross Sectional side view of the same
taken from the arrow VI of Fig. 8;

Fig. 11 is a side Viéw;of a loading and unloading
system provided'with a cqntrol apparatus implementing a
control method of the presént invention;

Fig. 12 is a-cross.sectional view of the loading and
unloading system;

Fig. 13 is a block diégram showing a sequence of con-
trol steps of the loading”and'unloading system;

Fig. 14 is an explahat0ry view of a primary part of a
crane mechanism in the loading and uhloading system;

Fig. 15 is an explénétofy view of a primary part of a
center detectiﬁé.means-ﬁounted on an input table of the
loading and-unloading system}j'

Fig. 16 is a timing chért diagram explaining the action

This Sheet Has Been Replaced
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I ng may depend on skills and conditions of the o
4 REPLACED

t hat excessive brightness or illusion causes the

of another centef detecting means;

Fig. 17 is a flow chart diagram showing a sequence of
loading steps of a control method used with the loading and
unloading system; and

Fig. 18 is a flow chart diagram showing a sequence of
unloading steps-qf the control method used with the ,oading
and unloading system.

BEST MODE FOR EMBODYING THE PRESENT INVENTION
First Embodiment |

A first embodiment.of the present invention will be
described referfing to Figs. 1 to 6.

A stacker crane accofding to the first embodiment of
the present invention is denoted by 1 and comprises a lower
saddle 3 proyided with a traVeling unit 2, two posts 4a and
4b mounted vertiCally on tWo, front and rear, near ends of
the lower saddle'3, an uppér saddle S mounted to the top of
the posts 4a and 4b, a carriage 7 to which a fork-lift
apparatus 6 is mounted, a lift drive unit 8 for lifting and
lowering the c;r#iage 7, a control/power panel 9, and other
minor componenﬁs. The s;aéker crane 1 is disposed between
two groups B,B 6f multiﬁle-tiers or racks in a multi—tier
automatic warehduse A. -

Also, provided between:the two rack groups B,B is a
stacker crane traveling't;ack C which comprises an upper

rail 10a and a lower rail 10b arranged opposite to each

other vertically; Two wheéls'}la, 11b and four lower'guide

rollers 12 are rotatably mounted on the lower saddle 3 of
_ —
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operator to | ose the visual estimation of a correct distance resultin
collision of the fork against and damage to the | oad. lg
Er

the present invention to provide an inproved stacker
fork-1ift apparatus. According to one aspect of the p

the stacker crane 1 so that they travel along as engage with
the lower rail 10b. The wheel 1lb is joined to the travel-
ing unit 2 which includes a driving motor 13 and a reduction
device 1l4. As_the wheel 11lb is driven by the traveling unit
2, the wheels lia and llb fun on the lower rail 10b.

The upper.saddle S.has four upper guide rollers 15
rotatably moUnfed thereon éo as to sandwich the upper rail
10a. The fouf upper guide rollers 15 allow the stacker
crane 1 to be supported at the upper by the upper rail 1l0a.

The carriage 7 is disposed between the two posts 4a and
4b and suspended by wires 16 connected to the 1lift drive
unit 8. The.lift drive unit 8 comprises a lift drive motor
17, a 1lift drum 18, and a feduction device 19. As the wires
16.are rewound on and released from the 1lift drum 18, the
carriage 7 movés upward and downward. ‘

The fork-lift apparatus 6 is mounted on the carriage 7
as a major component according to the present invention.
More specifically, the carriage 7 has a swivel bearing 20
mounted to a-igwer insidé_thereof. The swivel bearing 20
has a toothed surface 22 threaded on a movable “inner ring 21
thereof. The_toothed surface 22 is meshed with a pinion
gear 25 mounﬁéd:on a rotarj shaft'24 of a swivel drive motor
23. Accordingly, the.inner ring 21 can rotate when the
pinion gear”ZS is driven by the swivel drive motor 23.

A swi§e1 frame 26_is:mouﬁted to the swivel bearing 20
so as to rotate'together'ﬁith the inner ring 21. The swivel.

frame 26 is'fo:méd of a shape, shown in Fig. 4, having two,
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there is provided a stacker crane having a fork-1ift apparatus for carrying
aload to and froma desired tier for storage in a nultl-tler automatic

war ehouse, a crane runni ng apparatus for travellin and_bac
- i R

and a carriage arranged to support the fork-lift a
lift apparatus for upward and downward

upper and lower, rack gears 27a and 27b arranged on the

inner surface thereof so that they are opposite to each

other about the center axis. The upper and lower rack gears

27a, 27b are engaged with a T-shaped ram fork 28 which can

thus move horizontally.

rd

More particularly, the ram fork 28 comprises,a main
body 28b, a fork 28a extending horizontally from the main
body 28b, and four small wheels 31 rotatably mounted to the

lower of the main body 28b for movement along the inner

surface of the swivel frame 26. The ram fork 28 also has a

back 28c thereof to which two rotary shafts 2%a and 29b are

vertically mounted for rotating movements. The two rotary

shafts 29a and 29b extend to a length which is slightly
greater than the aistance-between the two rack gears 27a and
27b and have pinion gears 36 mounted to both the upper and
lower ends thereof.for mesh with the rack gears 27a and 27b.

Also, side rollers 32a and 32b are rotatably mounted to
both the upper ahd.lower ends of the rotary shafts 29a and

29b. While the ram fork 28 has side rollers 33 mounted to

both the upper and lower ends thereof, it can travel with

the side rollers 32a, 32b, and 33 rotating along both sides

of the rack gears 27a and 27b. The ram fork 28 is supported

by four of the pinion gears 30, four of the small wheels 31,

and eight of the'Side guide roilers 32a, 32b, 33 so that it

travels horizontaliy throﬁghé@t the swivel frame 26.

The rotary shafts 29a and 29b have toothed wheels 34a

The toothed wheel 34a
e
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novenent s,” characterised in that the carriage has at its |ower
hori zontal sw vel device, a sw vel franme nounted or?———“?:
device and made of an assenbly of upper, |ower, fr@nTHiSa3dE Jé. nbefis
which is open to both, left and right, sides of a _,-.,,_-.
crane and has an inner space for accepting the
of the rotary shaft 29a is meshed with a toothed wheel 37

fitted on a rbtary shaft 36 of a fork drive motor 35 which
is mounted to the back 28c of the ram fork 28. When the
fork drive motor 35 drives. its toothed wheel 37, the two
toothed wheels 34a and 34b-ére driven thus rotating their
respective rotéry shafts 29a and 29b in synchronous rela-
tionship.

An action.of unloading a rolled load from a rack b by
operating the Stacker crane 2 provided with the prescribed
fork-1lift apparatus 6 in the multi-tier automatic warehouse
will now be explained. |

First, the stacker cfane 1 is moved from its home
position or any position oﬁ_the track in a desired direction
by actuating the traveling unit 2 in response to a command
signal. Simultaneously, the carriage 7 is lifted up (or
lowered down) by the action of the lift drive unit 8 and
stopped when it comes to the rack b of the rack group B.

Then, tﬁé.fork drive motor 35 on the ram fork 28 is
actuated to drive the toothed wheels 37, 34a, and 34b for
synchronous rotation of the rotary shafts 29a and 29b. As
the two rotary shafts 29%a and 29b.;0tate, their pinion"gears
30 fitted to near the'uppet and lqwer ends run directly on
both the rack gears 27a, 27b mounted to the upper and lower
inner walls Of the swivel_frame 26. Accordingly, the ram
fork 28 travels in the swivel fraﬁe 26 moving (or advancing)
its fork 28a to the target rack b. When its fork 28a has

moved into the center aperéure of the rolled load located on

’ T




| oad, a pair of rack gears nounted to the upper and | ower _nephers—gf—tHe
swivel franme respectively and extending | engthw sely o ﬁ-{@SﬂEET/HV&SfBEﬂ?b

and a ram fork nmounted between the left and right endsjjin tmE
and conprising a main body extendi ng between the uppertane=tgwetmenber s of

the swivel frame, a fork extending from
the rack b and reached at a predetermined point, the ram

fork 28 stops its {(advancing) movement.

This is followed by brief lifting of the carriage 7
with the action of the lift drive unit 8 to hold with the
fork 28a the rdlled load above the rack b. When the fork
drive motor 35 on the ram fork 28 is driven in a rgeverse
direction to rotate the two.rotary shafts 29a and 29b ba;k—
ward, the ram fdrk.ZB with its fork 28a holding the rolled
load moves backward (or.ret:acts). As the result, the
rolled load on the ram fofk 28 is received and accommodated
in the swivel frame 26.

The rolled load held in the swivel frame 26 of the
carriage 7 is fhen carfiéd_out from the warehouse. More
particularly, - the stackeﬁ crane 1 is traveled to the home
position while tﬁe carriage 7 being lowered to the lowermost
place on the stétker crane.l by the actions of the traveling
unit 2 and thé'lift'driVé.uhit 8 respectively. At the home
position, thé_ram fork 28.is moved {(or advanced) to a trans-—
fer carrieribr“table_(hot shown) and the carriage 7 is
lowered down to place the rolled load on the transfer carri-
er or table‘.'The ramlfdfk 28 without the rolled load is
then moved backward (of-tetracted) to remain in the swivel
frame 26 of'éhe carriégé 7; The stacker crane 1 stays at
the home position until_anOther command signal is given.

For transferriné ﬁf’a folled load from a rack b to
anotﬁer rack 5 lbcatedTOh the opposite side of the stacker
crane track by'operatihg the stacker crane 1, the proceéure

—_—
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a central

nmounted to the upper and | ower ends of the

regi on of the mai n body, and a plurality of 5

THIS SHEET HAS BEEN
REPLACED

starts with allowing the fam'fork 28 to load the rolled load
into the swivel frame 26 of the carriage 7.

The sinel drive motor 23 is then driven to rotate the
pinion gear 25 and thus the inner ring 21 of the swivel
bearing 20. Aé;the inner ring 21 rotates, the swivel frame
26 is turned to 180 degrees. This action causes the ram
fork 28 in the carriage 7 to turn 180 degrees so that its
fork 28a is directed with the front end facing the target
rack b. .

This action.is followed by synchronous rotation of the
two rotary shafts 29a and 29b with the driving means of the
ram fork 28. As'its pinion gears 30 rotate along the rack
gears 27a and 27b, the ram fork 28 holding the rolled load
moves {or advanées) towérds the target rack b. Upon its
fork 28a reaching a desired position on the rack b, the ram
fork 28 stops ifs'(advancing):movement. The 1lift drive unit
8 is then actuatéd to lower the carriage 7 briefly. After
the rolled load is placed on the desired position of the
rack b, the ramﬂfork 28 is moved backward (or retracted) to
remain in the swivel frame 26 of the carriage 7. The stack-
er crane 1 then'stands.by-until another command signal is
given. |

The tréveling, lifting; and lowering of the stacker

‘crane 1 and the forward, backward, and rotating actions in

the swivel frame of the ram fork 28 are not limited to the
above mentioned_CQntrolled'movements but other modifications

and changes'wiil be possible.

19 This Sheet Has Been Replaced
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mai n"body for nmeshing with both sides of the upper and | owe gears and
synchronously driven by a drive neans nounted Qnainhbgdﬁfﬁb that the
ram fork can travel throughout the swivel fra é&{gammhron us
rotating novenent of the pinion gears neshlng S
executed by the drive nmeans and

Second Embodlmeqt

A second embodiment of the present invention will be
described referring to Figs. 7 to 10.

Shown is a stacker crane 1 according to the second
embodiment of tﬁe present invention which comprises a lower
saddle 3 provided with a_tféveling unit 2, two posts: 4a and
4b mounted vertically on two, front and rear, near ends of
the lower saddle 3, an upper saddle 5 moqnted to the top of
the posts 4a agd 4b, aeCarriage 7 to which a fork-1lift
apparatus. 6.ishmounted, aliift drive unit 8 for lifting and
lowering the carriage 7,fa'control/power panel 9, and other
minor componeﬁfs. The staCker crane 1 is disposed between
two groups B,B of multiple tiers or racks in a multi-tier
automatic warehouse A. |

Alsc, provided betweeh_the two rack groups B,B is a
stacker crane traveling'tfack € which comprises an upper
rail 10a and a lower rail 10b arranged opposite to each
other vertically, Two wheels lla, 11b and four lower guide
rollers 12 aré rotatably m0unted on the lower saddle 3 of
the stacker crane 1 so that they travel along as engage with
the lower rail 10b. The wheel 11b is joined to the travel—
ing unit 2 whiéh-includes a dr1V1ng motor 13 and a reduction
device 14. As the wheel ;ib is driven by the traveling unit
2, the wheels 1lla and llB.run.on the lower rail 10b.

The'upper”éaddle'Svhaenfour upper guide rollers 15
rotatably mouﬁeed thereoﬁHeC es to sandwich the upper rail

10a. The four.upper guide rollers 15 allow the stacker

This Sheet Has B
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simul taneously, it can be turned together with the sw vel fram
carriage by the action of the horizontal smﬁveh=dEVrce ‘ &9 REENg|it 0
anot her aspect of the present invention, thereij D stqgjer crane
having a fork-lift apparatus for carrying a | oag I teenrradesired tier

crane 1 to be supported at the upper by the upper rail 1l0a.

The carriage 7 is disposed between the two posts 4a and
4b and suspended by wires 16 connected to the 1lift drive
unit 8. The lift drive unit 8 comprises a lift d;ive motor
17, a 1liftc druﬁ 18, and a reduction device 19. As the wires
16 are rewouna,on and released from the lift dfum‘18, the
carriage 7 movés upward and downward. |

The fork-1lift apparatu§ 6 is mounted on the carriage 7
as a major component according to the present _.ivention.
More specificaily, the carriage 7 has a swivel bearing 20
mounted to a.1§wer inside thereof. The swivel bearing 20
has a toothed surface 22 threaded on the circumferential
edge of a rotataﬁle disk 21 thereof. The toothed surface 22
is meshed with a pinion gear 25 mounted on a rotary shaft 24
of a swivel d;i?e motor 23. Accordingly, the rotatable disk
21 can rotate:when the ' pinion gear 25 is driven by the
swivel drive motor 23.

A swivel frame 26 is mounted to the swivel bearing 20
so as to rotaté together with the rotatable disk 21. The
swivel frame 26'is formed of a shape, as shown, having.two,
upper and lowér, guide rails 27a and 27b arranged on the
inner surfacé-thereof so that they are opposite to each
other about thé center axis. The upper and lower guide
rails 27a, 27b are engaged with a fallen T-shaped ram fork
28 which can thus move horizontally.

More particularly, the ram fork 28 comprises a main

body 28b, a -fo'rk 28a ex’Eending horizontally from the main

Sheet Has Been Re laced
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for storage in a nulti-tier automatic warehouse, a crane runni: us
for travelling forward and backward and a carriage .gr.

fork-lift
novenent s,
hori zont al

etra1sBEBNt || t h
ma?ﬁg;nNCEBmmmar
on a

apparatus and driven by a |ift device for ju
characterised in that the carriage has atlLi

sw vel device, a swvel -frane
body 28b, and four small wheels 31 rotatably mounted to the

lower of the main body 28b-for movement along the inner

surface of the syivel frame 26. The ram fork 28 also has

side rollers 33:rotatably méunted to the upper and lower end

thereof for running directly along both sides of the guide
ils 27a and 27b as the ram fork 28 travels.

The lowef §uide rail 27b has a lengthwisely extending
rack gear 34 mounted on the upper center thereof for mesh
with a pinion qeér 35 mounted on a lower center of the ram
fork 28. The pinion gear 35 is also meshed with a toothed
wheel 36 which is mounted above the pinion gear 35. The
toothed wheel 36 is connécted to a fork drive motor 37
mounted on the ram fork 28;

The ram fork 28 is supported by two sets of cable wires
or roller chains 38a and 38b for movement throughaut the
swivel frame 26. More pérticularly, as shown in Figs. 7 to
9, the swivel frame 26 has a plurality of sprockets 39a,
395, 39¢, 394, 39e, and 39f rotatably mounted thereto so as
to be located af'both front'and rear ends of the ram fork
28. For ease of the description, one set of the roller
chains 38a and 38b at one side will be explained for tight-
ening over the sprockets. Thé tightening of two sets of the
roller chains 38a and 33b is identical.

The roller chain 3Ba is fixedly joined at one end to
the upper end qf:the mainfbédy'ZBb of the ram fork 28. The

other end of the’roller_ghéin 38a extends over the sprockets

3%9a and 39b pivotéd on an upper region of the swivel frame

e
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mount ed over the horizontal sw vel device and maderef-an ‘ass upper,
lower, front, and rear nmembers which is open to bof Hfh$eFFEéM@&ﬁ%HNl si des
of a track of the stacker crane and has an inner ace fRAFPLREEEDt I nglit he

| oad, a rack gear nounted to the | ower menber of tﬁe SWivel frane an

extending | engthw sely of the sw vel
26 and the sprockets 39c pivoted on a lower region of the

same and is fixedly joined to the lower end of the main body
28b of the ram fork 28.

Similarly, one end of the roller chain 38b is fixedly
joined to the upper end of thé main body 28b of the ram fork
28. The other end of the roller chain 38b extends over the
sprockets 39e and 39f plvoted on a lower region of the
swivel frame 26 and is fixedly joined to the lower end of
the main body 28b of the ram fork 28.

An action-of:unloading a rolled load from a rack b by
operating the stécker crane 2 provided with the prescribed
fork-1lift apparatus.ﬁ in the multi-tier automatic warehouse
will now be explained.

First, the stacker créne 1 is moved from its home
position or any QOSition én.fhe track in a desired  direction
by actuating the traveling unit 2 in response to a command
signal. Simultéﬁeously, the carriage 7 is lifted up (or
lowered down) by the actién of the lift drive unit 8 and
stopped when it comes to ﬁhe”rack b of the rack group B.

Then, the fork drive ﬁétor 35 on.the ram fork 28 is
actuated to drive via the toothed wheel 36 the pinion gear
'35. As the pinion gear 35 runs directly on the rack gear 34
of the lower guide railié?b on -the swivel frame 26, the ram
fork 28 travels in the swivel frame .26 until its fork 28a is
moved {(or ad&anced) to the'fér§et rack b. When the fork 28a
has moved into. the cente::apérture r of the rolled load R

located on the rack b ana reached at a predetermined point,

\_\
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e

6 frane, and a ram fork nmounted between the Ieftl nd rtght'éﬁ§§mﬁﬁ

swivel franme and conprising a nmain body REPLACED |

the ram fork 28 stops its.(advancing) movement .

This is féllowed by brief lifting of the carriage 7
with the action of the 1lift drive unit 8 to hold with the
fork 28a the rélled load above the rack b. When the fork
drive motor 35 on the ram. fork 28 is driven in a reverse
direction to rotaée the toothed wheel 36 and the pinign gear

35 backward, the ram fork 28 with its fork 28a holding the

rolled load R moves backwafd'(or retracts). As the result,

the rolled load R on the ram fork 28 is received and accom-
modated in the swivel frame 26.

While the ram fork 28 pé:forms a series of the handling
actions, it remains supported by the roller chains 38a and-
38b. When the ram fork 29 is loaded with the rolled load R,
it is prevented'from tilting to the fork 28a side as secure-

ly held with the roller chains 38a and 39b.

The rolled load R held in the swivel frame 26 of the

carriage 7 is then carried out from the warehouse. More

particularly, the stacker crane 1 is traveled to the home
position while the carriage 7 being lowered to the lowermost

place on the stacker crane 1 by the actions of the traveling

unit 2 and the:iift drive unit 8 respectively. At the home

position, the ram fork 28 is moved (or advanced) to a trans-—
fer carrier or table (not shown) and the carriage 7 is

lowered down to place the rolled load R on the transfer

carrier or tab;e, The ram fork 28 without the rolled load

is then movéd backward (or retracted) to remain in the

The stacker crane 1

.\~
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swivel frame 26 of the carriage 7.-



extendi ng between the upper and |ower nenbers of the swivel-fi&
fork extending froma central region of the main
rotary nenbers, rotatably nounted to both, flfo
menber and a rear end of the upper nenber o

over
| ower

d a
[SpTe Sog@mms&r:‘mb nt ed

for

joining the lower of a fork side of the

stays at the home'position-until another command signal is
given. |

For transferring of a rolled load from a rack b to
another rack b 16cated on ﬁhe opposite side of the stacker
crane track.by'dbérating the stacker crane 1, the procedure
starts with allowing the ram fork 28 to load the rpll§d load
into the swivel frame 26 of the carriage 7.

The swivel drive mOfbr 23 is then driven to rotate the
pinion gear 25 -and thus the inner ring 21 of the swivel
bearing 20. As the inner ring 21 rotates, the swivel frame
26 is turned to 180 degrees. This action causes the ram
fork 28 in the carriage 7 to turn 180 degrees so that its
fork 28a is dirécted with the front end facing the target
rack b.

This actiéh.is followed by actuation of the fork drive
motor 37 on thé ram fork 28 to rotate the pinion gear 35,
As the pinion géar 35 runs directly on the rack gear 34, the
ram fork 28 hoiding the foiled load R travels (or advances)
towards the target rack b. Upon its fork 28a reaching a
desired positidﬁ_on the rack b, the ram fork 28 stops its
(advancing) movement. The 1lift drive unit 8 is then actuat-
ed to lower the_carriage'7 briefly. After the rolled load
is placed on tﬁe-desired-pdsition of the rack b, the ram
fork 28 is moved backward (or retracted) to remain in the
swivel frame'Zé of the carfiége 7. The stacker crane 1 then
stands by until.another command signal is given.

Third Embodimeng

-
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mai n body of the ramfork to the upper of a counter_ fotrk. side-sf=the
so that the ramfork can travel throughout the smﬁV@Lﬁ§ @@@rMhﬁﬁEEHé‘

rotating noevenment of pinion gears nounted to thejain oEDt he rgm fork
and nmeshed with the rack gear on the | ower nenber wver frane i s

executed by a drive neans and

A third embodimént of the present invention will now be
described in the form of a method of controlling the fork-
lift apparatus énd a fork-lift controller apparatus for
implementing the:meﬁhod.

As shown in_Figs. 11, 12, 13, 14, and 15, there are an
input table lA,'an-output table ZA, and a rail track 3A
provided on the floor. Denoted by Cl are coils made by
winding a wire matéfial into a cylindrical shape and stored
in a warehouse. 'fhe coil C1 has a center aperture C2 pro-
vided therein and its outer diameter and width are varied
depending on the.thickness and length of the wire material.

Also, shown'afe storage blocks 41 and 42 disposed on
both sides of the tai1 track 3A and comprising a multiplici-
ty of storage tiers 4A arranged vertically. The two storage
blocks 41 and 42;0n both sides of the rail track 3A form
storage arrays 43;: A center detecting means 11 is provided
for examining a difference between the reference level Ll
defined by the input table 1A and the height level of the
center apertufe_CZ'of the coil ¢l and delivering it as a
compensation daté-LZ for position.of the center aperture.

An ID tag S5A is provided at the lowermost of each
storage array 43. The ID tag S5A comprises a rewritable data
memory means 51 and'a data input/output means 52 for writing
a data supplied.from a fork-lift mechanism, which will be
explained later, to the data memory means 51 and for reading
a data from the data memory means 51 and delivering it to

the fork-1lift mechanism.

—_—
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éinultaneously, It can be turned together with the swvel frame in the
carriage by the action of the horizontal sw vel device. A stacker crane

according to the invention nay be capabl e of Ioadlng-and”un?oa sEeap of
arolled formsnmoothly on the racks or tiers of a nu tlﬂ¢4%ﬁL ggatlc

Each of the ID tags SA'is.adapted to store data for ten
racks of the storége blocké 4i.and 42.

The fork-lift mechanism denoted by 6A comprises a
couple of forks 61 provided at both, left and right, sides
movable to ahd f#om the center aperture of the coil Cl1 on
the rack, a foﬁk actuating means 62 for moving the forks 61
forward and backward, a carriage 63 movable vertically, a
vertical actuétiﬁg means 65 for moving the carriage 63
upward and downwérd throughout a crane 64, a vertical move-
ment detecting means 69 for measuring a vertical movement of
the carriage 63,'a running means 66 movable along the rail
track 32, an ID controller 67 for transmittiﬁg and receiving
data to and frdm the ID tags S5A, a fork controller 68 re-
sponsive to an array dataiffom a controller apparatus, which
will be described later, for controlling the movement of the
running means 66 and responsive to a tier data from the
controller apparatus and é Compensation data from the ID
controller 67 for controlling the movements of the fork
actuating means 62 and the vertical actuating means 65 while
monitoring the vertical movement of the carriage 63, and a
power receiving means for'receivihg an input of motive
power. |

The running means 66 is arranged to reach a predeter-
mined storage'érray as ééﬁhting'the:number of the arrays or
Ib tags. - S

The verticai movemeht détecting-means 69 comprises a

tier detecting means 693'inc1uding detection labels 691

_._\__\___ P
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war ehouse while the width of a track on which the stacker
mnimzed thus contributing to the reduction of e
the nulti-tier automati c warehouse w t hout sacrifi

' allocated to the tiers or.racks of each storage array and
reference level detector 692 for counting the detection
labels 691 and uéon the humber of the counted labels 691
being equal to the tier daﬁa, determining its position is
the referencellevel of a farget rack 4A, a vertically ex-—
tending magnetic Stripe patiern 694 provided on one side of
the crane 64, and a compéhsating movement detecting means
697 mounted on ﬁhe carriagé_GB for counting signal pulses
given by réading.the maénetic stripe.pattern 694 with a
magnetic sensor thus to calculéte a movement.

The detectioh labeISjGBi may be mounted to the crane
64. Also, the rack number'aetecting means 693 may be sub-
stituted by the compensating movement detecting means 697.

The controllér apparatﬁs is provided for controlling
the foregoing éoﬁponents iﬁla'sequence of orders és denoted
by 9A and comprisés an inpﬁtJmeans 91 for receiving loading
and unloading daﬁa, a memory means 92 for recording a combi-
nation of storage array data and tier data of each stored
coil Cl as an addfess data, read/write means 93 responsive
to the loading and unloading data for reading and writing of
data on the mémory means 92; and a data transfer means 94
for transmitting”both thé érray data and tier data to the
fork-1lift mechanism 6A.

Both a loading action. and an unloading action with the
above arrangemént will bé ékplained referring to Figs. 17

and 18. The explanation starts with initial steps of the

loading action for accepting-é load.. : .

Tthh
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Further a stacker crane according to the invention may be such that stable
nmovenent of a ramfork regardless of a fall nonent isﬂgﬂggi_”_ :
force on the ramfork is | essened by dispersion. ‘fﬁﬂSQHEr3HASBEEN

REPLACED

When the input means 91 receives a loading command, it
starts accessing the memory means 92 for searching an unoc-—
cupied rack. Bo#h array and tier data of the unoccupied
rack are then feleased from the data transfer means 94.
Upon receiving the Ewo data frém the data transfer means 94,
the fork controller 68 stores.tﬁem as a record and instfucts
the running means 66 to travel to the input table 1lA. After
the reference levél L1 of the input table 1A is measured, a
difference between the refefence level L1 and the level of
the center apertﬁre C2 of the coi1 Ccl is calculated by the
center detecting means 11 and stored as the compensation
data L2. |

The forks 61 are then lifted up from the reference
level by a distance defined by the compensation data L2 so
that one of them{Comes to the height of the center aperture
C2 of the coil Cl. The fork actuating means 62 is actuated
to move the fork 61 forward for insertion into the center
aperture C2 of the:coil Cl.

Then, the vertical actuéting means'65 is driven to
move the carriégeﬂ63 upwards'and thus lift up the coil Cl
from the input table 1A. The fork éctuating means 62 is
started again to move the fork 61 backward as is followed by
lowering the carrlage 63 to 1ts original location with the
vertical actuatlng means 62. |

Succeedlng speps of ‘the 1bading_action for storage of
the load will no& be explained;

The running means 66 is actuated in response to the

i
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8 In action for operating the stacker crane along a track placed in a
mul ti-pier autonmatic warehouse, the crane run- .

storage array data of the éoil Cl so that it travels to a
corresponding array location.

As the runniﬁg means 66 has arrived at the array loca-
tion, the compensaﬁion data is transmitted via the ID con-
troller 67 to the iD tag 5A of the array 43. The compensa-
tion data received by the ID tag 5A is then written by the
data input/output means 51 to a corresponding address in the
data memory means 52. This.ﬁriting action allows previous
data in the addréés_to be deleted automatically.

The vertical-actuating means 65 is driven by the tier
detecting means 593 of the vertical movement detecting means
69 for lifting tq.the reference level L3 of the storage rack
4A of the tier defined by the tier data. The vertical
actuating means 65 is then_driven by the compensating move-—
ment detectingrmeéns 697 for further upward movemeﬁt through
a distance of L4.(>L2) SO-thaE the bottom of the coil Cl is
higher than the top of the storage rack 4A. The fork actu-
ating means 62 is driven to move the fork 61 forward and
then, the fork 61 is lowefed by a distance of L4-L2 so that
its center comes_to a position.which is higher by L2 of the
compensation data than the reference level L3. As the
result, the cbil Cl is placed directly on the storage rack
4A as released-ffom the forkIGl.

The fork acfuating meéns 62 ié driven to move the fork
61 backward énd then, the vertical actuating means 65 is
driven for downﬁard movement to the original height posi-

tion. During the loading action, the major vertical move-

—_—
—_—
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ning apparatus is actuated to run the stacker crane_and.si-mu=
lift apparatus is driven to lift (or lower) the c ,¢i§g@{1AA$%%§Cﬁ
carriage comes to a target rack, the running and |\i ftT nggponVGER
ceased. Then, when a plurality of pinion gears o

chronously rotated by the drive neans, the ramfork starts

ment or tier accessing movement of the vertical actuating

are syn-

means 65 is controlled by a signal of the tier detecting
means 693 while the minor vertical movement or L4 and L2
associated movement at the target tier of the same is con-
trolled by.a signal of the compensating movement detecting
means 697. The”ioading action is now completed. ’

The unloadihg action will be explained starting with
steps of removal:of a load.

When the input means_Ql receives an unloading command,
it starts acceééing the mémory means 92 to identify the
storage rack 4A where é target coil Cl1 is stored. The
storage array éata and tier data of the rack 4A are trans-
mitted by the data transfer means 94 to the fork controller
68 of the fork-lift mechanlsm 6A.

Then, the running means 66 is actuated accordlng to the
array data for traveling to the storage array 43 of the coil
Cl.

When the iunning means 66 has arrived at the array
location, the cémpensation data_LZ for tpe coil Cl stored in
a corresponding address of ﬁhé data ﬁemory means 5] in the
ID tag SA of the array 43.is read out by the ID controller
67 in cooperatibn with the'data input/output means 52.

The vertical actuatihg'means 65 is driven in response
to the tier data for uéward movement to the reference level
1.3 of the storage rack 4A; The verfical actuating means 65
is further mqﬁed upward_by:LZ of the compensation data so

that the fork 61 comes to the center aperture C2 of the coil

Hm
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noving. More particularly, the rotating novenent of the
two, upper and |ower, rack gears provided in the sw vel iy,
ramfork to nmove (forward) in the swivel frane towards the ra&kLAﬁEﬂhlch

| oad to be unloaded is stored. Upon a fork of the ram floek G AT A
given location after noving into the center aperture of a

Cl. The fork actuating means 62 is then driven to move the
fork 61 forward for insertion into the center aperture C2 of
the coil Cl1.

After the upﬁard movement is briefly repeated to 1lift
up the coil Cl from the storage rack 4A, the fork actuating
means 62 is.driven to mové.the'fork 61 backward as is. fol-
lowed by the lbwéring movemeﬁt with the vertical actuating
means 65 to the original position.

Steps of the unloading action for releasing the load
will now be expléined.

The running_means 66.is driven for traveling to the
output table 2A. The verticél actuating means 65 is then
driven for upward.movement to-the reference level L5 of the
output table 2A. After a further upward movement of L4
(>L2) for 1lifting up the coil Cl so that its bottom is
higher than the t6p of thé output table 2A, the fork actuat-
ing means 62'is d£ivén to move the fork 61 forward. Then,
the fork 61 is lowered by L4-L2 so that it comes to a loca-
tion higher by L2 of the ¢ompensation data from the refer-
ence level LS._;és the result, the coil Cl is placed direct-
iy on the output tab1e 23 as released from the fork 61. The
fork actuating'meéns 62 is driven ééain to move the fork 61
backward and'the.vertical actuating means 65 is driven for
downward movehght.to the'oriéinal position.

The unloading action is now completed.

It is deéirable thatifhe input table 1A, the storage
rack 4A, and the output éable'ZA are identical to each other

\R
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roll formof the I oad on the rack,
The lift apparatus is actuated again to |ift he*udr g

st opped.
briefly,

the forward movenent of the ramfork-j

thus allowing the fork to hold the rolled | ogad vﬁég%

Then, the ramfork is noved (backward) into the sw ve fra
of the drive neans. Accordingly, the rolled | oad on the rTam

in the compensation data of L2 which extends from their
surface to the center line of the center aperture C2 of the
coil Cl. In case that the compensation data L2 is not
identicai; it can easily be corrected by adjusting the
components of the fork-lift mechanism.

The center détecting means 11 may employ di;taPce
sensors assembled in the following arrangement.

More specifically, the center detecting means 11 com-
prises an upper distance senéor'lll distanced upwardly by H1
from the reference level L1 of the input table 1A for de-
tecting a distance from the top of the coil Cl, a lower
distance sensor 112 distanced downwardly by H2 from the
reference level Ll of the input table 1A for detecting a
distance from the bottom of the coil Cl, a scanning.means
113 for scanning with both the distance sensors 111 and 112,
and a transducér 114 for caléulating and delivering the
compensation data L2. In action, the distance H3 between
the upper distanée sensor lil-and the top of the coil Cl is
measured by scanning the top of the coil Cl1 placed on the
input table 12 and the distance H4 between the lower dis-
tance sensor 112 and the bottom of the coil Cl is measured
by scanning the bottom of the same.

Using the_féur'measurements H1, H2, H3,and H4, the
compensation data L2 which represents a distance of the
center line of_fhe centér_éperturé c2 from the reference

level L1 is calculated frbm Equation 1 as expressed below.

\
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fork is received in the swivel frame. For carrying out e—-ol-b-ed-toad-hei d
in the carriage fromthe warehouse, both the crane run |ngo&pﬁaﬁamu§gaﬁm f
the |ift apparatuses of the stacker crane are driven af| a ti REPEACEDAt t
stacker crane runs to its home |ocation while the carr
roIIerIoadvvlthltsram((HIQ —H4) + (HI-H3) '
L2= — ; + (H4—H2)

_ P , .

He~H3+HI—H?2

In the above'arrangement, the distance sensors are

disposed aboﬁe-énd béneath.the coil Cl. However, the dis-
tance sensors ﬁay-be'a:xanged at both, left and right, sides
of the coil'Cifwith'équal_success for measuring horizontal
distances to the centétlline of the center aperture C2 by
scanning. | |

Also, the diStancé sénsors may be substituted by a
combination'éf the cohpensating movement detecting means
697, the verfital actuéting-means 65, and a photoelectric
switch llé_mbunted on-the}fork 6l as shown in Fig. 14.

In this case, the further upward movement of the car-
riage is exe¢¢£ed after-fhe reference level is measured by a
reference lévélfdetecting'means.

This movement is followed by exam1n1ng with the photo-
electric sw1tch 118 whether or not there is a reflective
ocbject in_the'front of the'fork 61 and counting pulses of
the magnetlc Sensor.

As shown in Flg.-l6 an N1 number of pulses are counted
until the fork_Gl reaches_the centgr aperture C2 of the coil
Cl, N2 pulsés.afe céunted'during scanning of the center
aperture Cé:befbréra.réflécted 1ight is detected, and N3
pulses are chhféd;un;ii-it reaches the top of the coil Cl
where thé-féfletteé 1igh£-is no more detected. Using the

pulse numberstl,_N2; éhd'N3, and a rate of resolution (K

34 This Sh
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| owers down to the |owernobst |ocation on the stacker cr —At—t-he: ho
| ocation of the stacker crane, the ramfork is nnved (Wﬁﬂw@;gxbmonandttN
REPLACED

transfer cart or table. Then, the_

mm/pulse) of the magnetic sensor, the compensation data L2

which represents a.distahce of the center line of the center

aperture C2 Qf'the coil Cl from the reference level L1 1is

then calculated from EquatiOn-Z as expressed below.

| S N 2
L 2=K - (TQ | +';r——0

It is undegstoed €hat:tﬁe two above examples of the
center detedtiné.@eansell_afefillustrative but not of limi-
tation. | B | |

More preferably, fwe'or more of the center detecting
means 11 may be:prdvided'fOIfa fail-safe function where one
is applicable Wheh the_Q§her-i$ defective or out of order.

It is:desiiable for 9ptimum action of the fork-lift
mechanism GA_ﬁc.verifY:attan initial stage that the carriage
remains at the original level,'that the fork 61 stays at its
retracted state;.and thaf'ﬁc.coil Cl is held in the fork-
lift mechanism 6Ai.ahdateaexamine whether or not the coil is
placed on the inpdt'er'outpu£ tab1e;

Accordlng to the embodlment of the present invention, a

distance data of the center aperture C2 of the coil Cl1l from

the upper surface-of.the-lnput table is measured and record-

ed at the loading action. It can be retrieved and used for

identifying the helght 1evel of the coil Cl1 during the

unloading- aCtlon w1thout belng measured again. Accordingly,

the unloadlng of” the c011 Cl will readlly be implemented

while any coll;slonﬁof_the.fork against the coil Cl being

35
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carriage is lowered to place the rolled load on the transfer cart or table.

After the placenent of the rolled | oad,
remain in the swivel frame. The stacker crane stays |
anot her command is glven For handling with thetagis

unti |

fork a | oad

REPLACED

avoided.

For the purpose, there_are provided only the means for
measuring and reeording the iocation of the center aperture
Cc2 of the coil ¢l at the loading action.

In the embodiment,ethe center aperture of a load is
measured at the 1n1t1a1 stage of the loading action ‘as is
not informed. If any approprlate data, e.g. a radius, which
is used as a compensatlon.data at the receiving step is
given together Witn'the}IDVnumber of the load for ease of
handling, the.center aetecting means 11 may be eliminated.
FEASIBILITY FOR --INDUSTRIAL APPLICATIONS

As set forth above, ‘the present invention allows any
load of a rolled form to be smoothly loaded to or unloaded
from a desrred_tler of a multi-tier automatic warehouse by
controlling thentraveliné moﬁement of the stacker crane, the
lifting and'loneringemovements of the carriage, and the
forward and'backWard:movements of the ram fork.

The ram fork.is-arranged for movements forward and
backward in a sinel'frane;on the carriage by means of rack
and pinion geara}_carryinéjthe_rolled load to and from the
swivel frame forﬁatoragefon afdesired rack without using an
extensive 1engtn5of.theTfork'member. Also, the carriage
contains a sw1ve11ng means for turnlng the ram fork in the
swivel frame through 180 degrees, thus allowing the rolled
1oad to be eas1ly transferred;from one to the other of the
two. tier biooks disposed”on,both sides of a track of the

stacker crane.
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6 T

QEEOHAS IREENa ]

i
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pl aced on a rack of the opposite side of the track of the stacker crane;
the swvel frane is turned 180 degrees by the action g
swi vel nmeans so that the front end of the fork of th

face the rack of the opposite side. The ramfork is tlhen ”““§“ﬁ§f§i_;_iJ'

the |l oad on the opposite_rack by the drive neans. e
Aén%o pallet 1g requlred, its thickness and'a margin

for the fork are dlsregarded. This allows the amount of
storage to be'increased and the available space in a ware-—
house to be utiiized at optimum. During the handling, there
is no time fer.loading a load to a pallet and the overall
procedure will be shortened thus decreasing the cost.
Accord;ng_to the present invention, the- .center of

swivel movement is at the center of the carriage, i.e. the

swivel frame retates about'its gravity center. This allows

the effect ofdinertia.ferce'to be minimized. Hence, the
speed of sinél*hoveﬁent will be increased and the cycle
time for loading and unloading of loads will be decreased.
As described, the present invention allows any load of
a rolled form tovbe smoothly loaded to or unloaded from a
desired tier of a ﬁulti—tier automatic warehouse by control-

ling the trawveling movement of the stacker crane, the lift—

ing and lowering:movements of the carriage, and the forward
and backward meﬁementsuof the ram fork.
B The ram fork is arranged for movements forward and
) backward in a sw1vel frame on the carriage by means of rack
and pinion gears, carrylng the rolled load to and from the
swivel frame for storage on a desired rack without using an
extensive iengtﬁ of'tﬁe fork member. Also, the carriage
contains a_sWiveling_means for turning the ram fork in the

swivel frame through 180 degrees, thus allowing the rolled

load to be-easilygﬁransferred from one to the other of the
two rier'bioeks'dispesed on both sides of a track of the
\‘\\\
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of the ramfork has reached at a given |ocation over the opposite rack, the
forward novenent of the ramfork is ceased. The |ift _appe : ted
for causing the fork to hold up the load of a roll . Orms o fork
i's moved (backward), the load on the fork is receivegd in hEﬁLA@EBeI ne.

As understood, the turning anenent of the

fr

stacker crane.

The ram fork provided in the swivel frame is movably
supported at the:lower end of its fork side and the upper
end of its opposite side.by wires which extend over rotary
members rotatabiy‘moddted at given locations to the swivel
frame. This ceﬁtributeé to the dispersion or reduction of a
stress exertéd;dh_the,ram fork when a load is carried, thus
ensuring constaﬁtdetable movements of the ram fork.

According tq the cenrrol method of the present inven-
tion, the movement of the fork is controlled by a location
data of the center eperture of a load which is to be car-
ried. Hence,_thefioad will readily be carried to and from a
warehouse witheut{being menitored by the operator nor having
any possibility of'eblliding'with the fork. The handling of
the loads'will_thde ihcreaSed in the operational reliability
and effieieney. o .

For implemed;ing-the abeve method, the control appara-
tus of the'present'inrention includes a memory means for
recording theliecatidn date of the center aperture of each
load, a retrieviﬁg means for reading the recorded location
data, and a fqu:contrelling meahs for controlling the
movement of the'fdrk with the location data.

In case of a load to be loaded 15 formed of a cylindri-
cal shape hav1ng a center aperture thereln into wh1ch the
fork is 1nserted for carrylng, the location of its center
aperture is measured and recorded at the beginning of load-
ing. For unloadlng-of the 1oad, the location of its center

—_—
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swivel frame allows the ramfork to face in a desired direc-tie

carri age.
fork side

extend over the rotary nenbers rotatably nounted to

t he sw vel

NEF. Eolfs ft\'h-esSZBEIEN s
br By bey xEERS whi

Al so, the lower of the fork side and the
of the ramfork are connected to each oth

frane
aperture is retrleved and used for controlling the movement

of the fork. Acccrdlngly, the control apparatus like the
control method will be enhanced in the operational reliabil-
ity and efficiéﬁcy{

As the loéation of the center aperture of a load is
simply measﬁred:by scénning.with a distance sensof over ﬁhe
periphery of the'load, the foregoing function of éhe.;ontrol
apparatus will be performed with ease and certainty.

The control apparatus may be implemented in which the
center aperture'location is measured by moving a photoelec-

tric switch for detecting the presence or absence of re-

flected light. -

With the'ﬁée'of a combination of the above devices, the
control apparatus will be further increased in the opera-
tional reliability,

As describéd, the confrOl method and apparatus accord-
ing to the preéenf invention allow the fork to be inserted
into the cent'e_r I_ aperture of a load readily and accurately

for loading to andlunloading from a warehouse.

\\
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10 and a stress exerted of the ram fork upon hol ding the r, I w_g_ad,mU,

.l*
o I | s

WHAT IS CLAIMED IS:

1. A fork-lift apparatus in a stacker crane for carry-
ing a load to and from a desired tier in a multi-tier auto-
matic warehouse, having a ruﬁning apparatus for traveling
forward and backwa:d-and a carriage arranged to support the
fork-lift apparatus and driven by a lift apparatus for
upward and downward movements, characterized in that the
carriage supporting.the fork-1lift apparatus has at its lower
region.a swivel means, a swivel frame driven by the swivel
means for rotating-movement, and a ram fork provided in the
swivel frame as d;iveﬁ by a drive means for movement.

2. A fork—-lift épparatus in a stacker crane for carry-
ing a load to and from a desired tier in a multi-tier auto-
matic warehouse, having a running apparatus for traveling
forward and backward and a carriage arranged to sﬁpport the
fork-1lift apparatus and driven by a lift apparatus for
upward and downward movements, characterized in that the
carriage has at its lower region a swivel means, a swivel
frame mounted over the swivel means, rack gears mounted to
both, upper and lower, inner walls of the swivel frame, a
ram fork mounted.ih the swivel frame and having a plurality
of pinion gears meshed with sides of the upper and lower
rack gears and éynthOnously driven by a drive means so that
the ram fork can"tiaVél'throughout the swivel frame when the
synchronous rotating mévement_of the pinion gears meshing
with the rack.gearé ﬁs executed by the drive means and

simultaneously, “it can be rotated together with the swivel

[
——
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Enbodi ment s of'fhe—fnvenrfUH*VﬁTl”nom1be described with reference to the

acconpanyi ng dra Fig. 1 is a perspective view of a stacker
crane show ng onmmm Hl he present inventi onf FigZ=F5~=&
i i KEFuamr:@MAS:BEEN

schematic front Vhemno sta er crane in a nulti-
war ehouse viewed fromits track : REPLAGED |

frame in the carriage by the swivel means.

3. A fork-lift apparatus in a stacker crane for carry-
ing a load to and from a desired tier in a multi-tier auto-
matic warehouse, having a running apparatus for traveling
forward and backward and a carriage arranged to support the
fork-1ift apparatus and driven by a 1lift apparatus‘ for
upward and downward movements, characte;ized in that the
carriage has at its lower region a swivel means, a swivel
mounted over the swivel means, and a ram fork driven by a
drive means for movement in the swivel frame, the ram fork
being arranged in which the lower of its fork side and the
upper of its opposite side are joined to each other by wires
which extend over rotary members rotatably mounted to given
locations of the swivel frame.

4. A fork-1lift controlling method for use &ith an
apparatus for handling a variety of loads which have aper-
tures provided in different regions thereof for allowing a
fork to be inserted for loading, unloading, and storage of
the load,'characterized in that the locétion of the aperture
of each load to be handled is recorded before loading or
storage, retrieved when thé loéd_is.fequested to be carried
by the fork, and utilized-for'controlling the movement of
the fork to unload the loéd of which aperture accepts the
fork. _ | |

S. A fork-lift controlling apparatué for handling a
variety of loads which have apéftufes provided in différent

regions thereof for allowing a fork to be inserted for

Sheet-Has Been Reﬁaced
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side; Fig. 3 is a cross-sectional explanatory view of a prinmary part of a

View of the primary pg ﬂ\llﬂl\llﬂmf\llﬂﬂilll 't apparat s B 1o seeiide ceca]
of the same shown in Fig. &4t ' REPLACED '

loading, unloading, and storage of the load, characterized
by a memory means for recording the location of the aperture
of each load, a retrieving means for retrieving the location
of the aperture of the load from the memory means, and a
fork controlling means for controlling the movement of the
fork in accordance with the location of the aperture of the
load so that the fork is correctly inserted into the aper-—
ture of the load.

6. A fork-lift controlling apparatus for use with a
system having an input table for receiving a variety of
roll-formed loads which are different in size and have
axially extending center apertures therein into which a fork
is inserted for handling, storage racks for storage of the
loads, an output table for removal of the loads, and a
fork~lift mechanism for transferring the loads 5etween the
input table, the storage racks, and the output table, char-
acterized by a center detecting means for measuring the
location of the center aperture of each load placed on the
input table, a memory means for storage of the location of
the center aperture of the load, a read/write means.for
reading and writing the location of the center aperture of
the load on the memory means, and a:fork controlling means
for controlling the movement of thelfork in accordance with
the location of the center aperture of the load so that the
fork is correctly inserted into the center aperture of the
load. '

7. A fork—=lift controlling apparatus according to claim
-
eet Has Been Reraced
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Fig. 6 is a side view of the s ' 9. S5.Fig. 7 isS a
cross-sectional expl anatory \ﬂmnHmmI’mNmear | Phis S5O K5, 7
apparatus showi ng a second enbbdi‘ment ®f !he'pres,nf'lnﬁg %@t'BﬁE@@ 8is a
| ongi tudi nal cross-sectional explanatory view of : ~1a Brt offf t he

fork-1ift apparatus of

6, wherein the center detecting means comprises a couple of

distance sensors provided to sandwich the load for measuring

a distance to the periphery of the load, a traveling means

for moving the distance sensors about the cross section of
the load, and a transducer means for calculating the loca-
tion of the‘center aperture of the load from signal outputs
of the distance sensors and movements of the same.

8. A fork-lift controlling apparatus according to claim
6, wherein the center detecting means comprises a photoelec—
tric switch mounted on the fork for detecting the present
and absence of reflected light from front, a traveling means
for moving the fork in a direction parallel to the diameter
of the load, and a transducer means for calculating the
location of the center aperture of the load from a signal

output and a movement of the photoelectric switch.
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the second enbodiment; Fig. 9 is a cross-sectional side view of the same
taken fromthe arrow V of Fig. 8;

ABSTRACT

A fork—lift.apparatus for use in a stacker crane has a
running apparatﬁs for traveling fq;ward and backward and a
carriage provided with a fork device and arranged for upward
and downward ﬁ§ngents-by a lift apparatus for the purpose
of carrying'a-ldad With the fork device to and.frém a de-
sired rack in a;mhlti?tier aﬁtomatic warehouse. 1In particu-
lar, the car?ia§e has at;itsllower region a swivel means, a
swivel fraﬁé d:iven by the swivel means for rotating move-
ment, and a ram férk provided in the swivel frame as driven

by a drive means for movement.
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Fi 9-wd%4ahfzed Cross-sectional view of the |oading and un| RCIIIRIY/08378t em  Fi g.
13 is a ock di agram showi ng a sequence of control steps of the | oading

and unl oadi ng system Fig. 14 is an explanatory view of a primary part of a
crane nechanismin the loading and unl oadi ng system
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Fig. 15¥P842f3%xpl anatory view of a primary part of a cent erCTiB9a®0iMg
means nounted on an input table of the | oading and unl oadi ng system Fig.
16 is a timng chart diagram explaining the action of another center
detecting neans; Fig. 17 is a flow chart di agram show ng_a-sequence-of ———
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| oadi n stegs of a control nethod used with the | oadi Ng ans1iiese64709
syster’f?oaﬂa 3?1”9. 18 is a flow chart diagram showi ng a sequence of
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i IJP93/00 70

12 unigpeip@est eps of the control nethod used with the Io&ﬁ ng-an
unl oadi ng. system A first enbodi nent of the present invention will be

described referring to Figs. 1 to 6. A stacker crane according to the first

enbodi nent of

5%
Fig.5
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t he w493 nvention is denoted by 1 and conprises a | oREF/JIEEHEI2Z0 3
provided with a crane traveling unit 2, two posts 4a and 4b nounted
vertically on two, front and rear, near ends of the |ower saddle 3, an
upper saddle 5 nmounted to the top of the posts 4a and 4b, a carriage 7 to
which a fork- |lift apparatus 6 is nmounted, a l.ift drive unit 8 for lift-
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i Ng @iesled ey i Ng the carriage 7, a control/power panel 9pcaneenédzes ni nor
conponents. The stacker crane 1 is disposed between two groups B, B of
multiple tiers or racks in a nulti-tier automatic warehouse A. Al so, _
provi ded between the two rack groups B, B is a stacker crane traveling track
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rail 10a and a lower rail 10b arranged opposite to each other vertically.
Two woest/z393la, 11b and four |lower guide rollers 12 are POTAPAINGETHDUNE ed
on the I ower saddle 3 of the stacker crane 1 so that they travel along as
engage with the lower rail 10b. The wheel 11b is joined to the crane
traveling unit 2 which includes a driving notor 13 and a

8 l THIS SHEET HAS BEEN
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redugy, ice 14. As the wheel 11b is driven by the t unit 2,
the &%22?’%65%(3 and 11b run on the | ower 13 PCtifisblizn
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rail e upper saddle 5 has four upper guide roIIerEC} ny :
nDuHWéﬁgpﬁégeon so as to sandwi ch the upper rail 10a. EP%r upper gui de
rollers 15 allow the stacker crane 1 to be supported at the upper by the
upper rail 10a. The carriage 7 is disposed between the two posts 4a and
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4b and suspended by wires 16 connected to the lift drive unit 8. The lift
dri veveaRY 3 conprises a lift drive motor 17, a lift drurPGBIPE92
reduction device 19. As the wires 16 are rewound on and rel eased fromthe
lift drum 18, the carriage 7 noves upward and downward. The fork-1lift
apparatus 6 of the first enbodi nent of
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t he wah 9&e@b3 i nvention is nmounted on the carriage 7 as having the follow ng
arrangenent and function. Mre specifically, the carriage 7 has a sw vel
bearing 20 nounted to a | ower inside thereo as a part of the horizontal
swi vel neans. The swi vel bearing 20 has a toothed surface 22 threaded on
novabl e i nner ring 21 thereof. The toothed surface ZZW AS BEEN |
% . REPLACED
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meshed gaizb393a pi ni on gear 25 rmounted on a rotary shaft ZECHIF9RU0HOvel drive
not or 23. Accordingly, the inner ring 21 can rotate when the pinion gear 25
is driven by the swivel drive notor 23. A swivel frame 26 is nounted to the

swi vel bearing 20 so as to rotate together with the inner ring 21. Iie
. N _

swi vel . i
B [umes™
Fig.13
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framyaGabiss @ shape formed of assenbling upper, |ower, fuainipeszbsior ear
menbers and opened to both, left and right, sides of the track of the

stacker crane as having an inner

r——
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100270
14 space therein. Two, upper and |ower, rack gears 27a éﬁﬁ“&?% are nount ed

on We4HB wall of the swivel frame 26 so that they are opposite to each
ot her at the center. The upper and | ower rack gears 27a, 27b are engaged
with a fallen T- shaped ram fork 28 which can thus nove horiz .

....——-——‘_""‘"——_——_-—_-— —
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Mor e é? bgrly, the ramfork 28 conprises a main body pgi/yras/be2sk 28a
extending horizontally fromthe main body 28b, and four small wheels 31

rotatably nmounted to the |lower of the main body 28b for novenent al ong the
i nner surface of the swivel frane 26. The ramfork 28 al so has a back 28c
thereof to which two rotary shafts 29a and 29b are

1ﬁb/fk)
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dapesBUNted for rotating novenents.
to a length which is slightly greater than the distance between

The two rot arpcEpesBie2d9a and

the two rack gears 27a and 27b and have pinion gears 30 nounted to both the

upper
Al so,

and | ower

ends thereof for
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bothyégw%ﬁ%ggﬁgsand | oner ends of the rotary shafts 29a apgrgPeod¥y | € the

ram side rollers 33 nounted to both the upper and | ower ends
thereof, it can travel with the side rollers 32a, 32b, and 33 rotating
al ong both sides of the rack gears 27a and 27b. The ramfork 28 is
supported by four of the pinion gears 30, four of the small wheels 31, . ’
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‘and eight of the side guide rollers 32a, B'gt;,m@ﬁggp -gb,atppiam't\g.av&bs%lei
hori zontal | y throughout the sw vel frane 26. The overall length of the
ramfork 28 is adjusted so that it can be acconmpdated between the left and

right ends in the
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1.Signal of reference level detecting means, 2.Signa1_of
photoelectric switch, 3.(Pulse) signal of compensation

movement detecting means.

Fig. 17

1start, 2.Receipt of array and tier data of loading command,
3.Move to input table, 4.Detection of reference level LI,
5.Detection of center aperture, 5.Lifting of fork according
to compensation data, 7.Forward movement of fork, 8.Upward
movement of fork, 9.Backward movement of fork, 1l0.Move to
target array, ll.Writing compensation data to ID tag,
12.Lift to target tier, 13.Detection of reference level,
14.Upward movement of fork, 15.Forward movement of fork,
16 .Downward movement of fork with compensation data,
17.Backward movement of fork, 18.End, 19.Backward movement,
20.Forward movement, 21.Forward movement, 22.Backward move-

Fig. 18

l1Start, 2.Receipt of load number of unloading command,
3.Identifying storage location from array and tier data,
4.Move to target array, 5.Reading compensation data from ID
tag, 6.Lifting to target tier, 7.Detection of reference
level L3, 8.Lifting of fork according to compensation data,
9.Forward movement of fork, 10.Upward movement of fork,
11.Backward movement of fork, 1l2.Move to output table,
13.Detection of reference level L5, 1l4.Upward movement of
fork, l5.Forward movement of fork, l6.Downward movement of
fork with compensation. data, 17.Backward movement of fork,
18.End, 1l9.Backward movement, 20.Forward movement, 2l.For-
ward movement, 22.Backward movement.

Description of numerals

l.Stacker crane, 2.Traveling apparatus, 3.Fork-lift appara-
tus, 7.Carriage, 8.Lift apparatus. 20.Swivel bearing,
26.Swivel frame, 27a.Rack gear, 27b, rack gear, 28.Ram fork,
30.Pinion gear, 38a,38b.Cable wires (or roller chains),
39a,39b,39c,39d,39e,39f.Rotary members (sprockets), Cl.Coil
(load), C2,Center aperture, 1lA.Input table, ll.Center de-
tecting means, 111,112.Distance sensors, l1l18.Photoelectric
switch, 113.Traveling means, 114.Transducer means, Z2A.Output
table, A4A.Storage rack, 41,42.Storage blocks, 3Aa.Track,
43.Storage array, 5A.ID tag (memory means), 6A.Fork-lift
mechanism, 61l.Fork, 62.Fork -actuating means, 63.Carriage,
64.Crane, 65.Fork vertical actuating means, 66.Running
means, 67.ID controller, 68.Fork controller, 69.Vertical
movement detecting means, 691.Detection label, 692.Reference
level detecting circuit, 693,Tier detection means,
694 .Magnetic stripe pattern, 695.Magnetic sensor, 697.Trans-—
ducer circuit, 697.Compensation movement detecting means,
9A.Control apparatus, 91l.Input means, 92.Memory means,

93.Read/write means, 94.Data trandflr means:. I T
e e 3 el b g + % P
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15 swivel frame 26. The rotary shafts: ngﬁdﬁd'2©ﬁﬁ ave
.and 34b fitted thereon respectively. é"l‘he,,t%f:héa"
“shaft 29a is neshed with a toothed wheésr 37
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Fork-1lift apparait-us in stacker crane

and method of .'controlling the same and

control'lér embodying the method
TECHNICAL FIELD

The presei;ﬁ invention relates to a stacker crane for use in
a multi-tier automatic' warehouse and more particularly, to 'a
fork-1lift apparatus'._in' a stacker crane for handling roll forms of
load. It also réiates to a method of controlling the fork-lift
apparatus in a étacker crane for 1lifting and lowering various
types of loads which. have é.pertures provided in different regions
thereof or acceptiﬁg a fork(s) of ﬁhe apparatus or provided in
the .center of a _rdll or cylinder form thereof made by rolling a
1ength_0'f wife' or a .strip of sheet and also, to a control
apparétus embodSIing. the method.
BACKGROUND ART
A common multi-':'—tier automatic warehouse includes a stacker

crane and two block's .o'f mﬁlti—tier racks disposed on both sides
of a track.along v?hich the stacker crane travels. Each. tier
supports a nu@er of loads on their pallets. For unloading a
load on its pé.ile’_c from the rack, the stacker crane is anchored
on the track and its carriage is elevated to the rack. Then, a
fork-1lift appafatus .on the carriage is actuated to extend its
forks under the pall..e't'.. "When the carriage is further elevated,
the forks 1lift up. the"- pallet with the 1load. The fork-1lift
apparatus is then ac.tuate.d..-to retract the forks allowing the load

on the pallet to be loaded on the carriage. After the carriage

i
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fitted on a rotary shaft 36 of a fork
the back 28c of the ram fork 28. Wen th%

1 T wimsull s e

E‘ﬁ’f-% ENEINTL SHERT
fork drive

t or ves its
Toot hed wheel 37, the two toothed wheel s “34a and 34b a&#fgegbb ------- |
rotating their respective rotary shafts 29a and 29b i n-synchronous rera

tionship.

is lowered by a lifting mechanism, the stacker crane travels to
unload the load.

In case that the load is of a roll form having a given outer
diameter and a centre apérture arranged in discrete locé.tion and
size, it may not appropriately be loaded and unloaded with the
use of such é converitioﬁa:.l. fork-lift apparatus in a multi-tier
automatic warehoﬁsef For &mooth handliﬁg of loads, any improved
fork-1lift apparatus- is desired. In addition, the stacker crane
equipped with a- conventional fork-lift apparatus is relatively
large in widﬁh ~at the :carriage and its track occupies a
considerable space in'thé multi-tier automatic warehouse.

If a rolled good is s£rapped on a pallet for ease of storage
(or handling) in a nmltifpier automatic warehouse, its overall
size inclﬁding:a:éallét'height and a fork accepting .clearance is
increased and requires .the tiers or racks to be vertically
arranged at-intgfvals_of_a.wider distapce. This will impair the
optimum use of a.givéh intefior space of the warehouse. Also,
the time réquiréd forlhandling is increased as each rolled good
has to be preliminary'strapped'on its pallet, thus contributing
to the rise.of ;he workiﬁQICOst.

When the folled goods are identical in the size, their
centre apertﬁres "into which a fork of the stacker crane is
inserted are 1§cated.in the samé place. Accordingly, the goods
may be ioadéd and ﬁﬁiqaded with a conventional fork-1lift

apparatus by repeating the ‘same fork insertion action.

“ﬁﬁ‘iiﬁ N xin
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An action of unloading a rolled | oad rb‘m*%
- crane 2 provided with the prescribed for ke
Trul ti-tier

crane 1 is noved fromits home position or any positi ol

éﬁka'bf) Bi’m "

aut omati ¢ warehouse will now be expl ai ned. Fi

desired directiofh most cases, the rolled goods are different in the

location of the centre apefturg_ and stored in discrete places in
the warehouse. Hence, when one of the rolled goods is required
for unloading, its center ‘aperture is viewed and identified by
the operator of the stacker crane so that it can accept the fork
successfuily.

When the load t’é_ be handled is gf a cylindrical_'sh;itpe having
a centre bore or .accep_ti'ng ‘the fork of a fork-1lift apparatus, it
is also viewed and idgntifi_ed by the operator for insertion of
the fork into the ceﬁt_er bore as it is different in the size and
location of the centre bore from other loads stored in the
warehouse.

it 'is thus hecessary for the operator of a conventional
fork-1ift app_ar’atﬁs to view.a.nd identify the size and location of
a centre ape_r'turé of a 'des_:i.red lcad to be handled and manually
control the fork for .inséql:‘tion into the centre aperture of the
load. This actidn' will not contribute to the reduction of the
working time ciuring the handling of load for storage but
impairing the wbrkin§ efficiency.

In par't_:icula.r, even 1f the centre aperture of a load into
which the fork of the fork-lift apparatus is inserted has been
recognized at the_ loading to a storage space, it has to be
examined again é.t the unloading froﬁ the same.

Also, thé_ manual controi of the fork movement by viewing may
depend on skills énd conditions of the operator. It is probable

that excessive brightness or illusion causes the operator to lose
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by actuating the traveling unit 2 ifFespor r T
Si nul taneously, the carriage 7 is |||ftéd vu’E';F g Hetlli on
of the lift drive unit 8 and stoppef #‘EFL"H(S | per m the’
rack group B. Then, the fork drive -mtor 35 on the r dmtork 7875 dctuagied

to drive tQ%etOQEBﬁglmhééﬂfhéiion34af add SMrdcer distance resultlng in
collision of the fork agéinst.and damage to the load.

It is an object bf the present invention, in view of the
foregoing aspects, to provide a fork-lift apparatus in é stacker
crane capable_of-lbading and unloading loads of a rolled form
smoothly on the racks or tiers of a multi-tier automatic
warehouse while the width of a track on which the stacker crane
travels is miniﬁiéed thus contributing to the reduction of each
unit storage amounﬁ.

It is_anothér'object of the present invention to provide a
fork-lift apparaﬁus iﬁ é stacker crane where the stable movement
of a ram fork régardless of a fall moment is ensured as a counter
force on ‘the ram fork is leséened by dispersion.

It is a fuxther object of the present invention to provide a
fork-1lift apparatus in a stacker crane, a method of controlling
the fork-1lift apparatus{ and a control apparatus for implementing
the method.

DISCLOSURE OF THE INVENTION

For achievement -of the foregoing objects of the present
invention, novel 'schemes have been developed. A fork-1lift
apparatus in a étacker crane for carrjing a load to and from a
desired tier in a multi?tier automatic warehouse, having a
running appératus fér--t;a&elling forward and backward and a
carriage arranged1£o support the fork-lift apparatus and driven
by a 1lift apparatusi fbr upward and downward movements, is

piovided in which the carriage supporting the fork-lift apparatus!
—_—
- This Sheet Has Been R
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éynchronous rotation of the rotal
shafts 29a and 29b rotate, their
and |ower ends run directly on b

upper

and

o LT T -1

a;fruﬁ 2%2 ‘afnti\l
|0ﬁbgpﬂﬁﬁ

A

gearsIZ%E+&§ neardhag ?gp Le

| ower inner walls of the swivel franme 26. Accordingly, the ram

has at its lower region a swivel means, a swivel frame driven by
the swivel means for rotating movement, and a ram fork provided
in the swivel frame as driven by a drive means for movement.

Also, a fork-lift apparatus in a stacker crane for carrying
a load to and from a desired tier in ..a multi-tier automatic
warehouse, having a iunniﬁg apparatus for travelling forward and
backward and a carriage arranged to support the fork-lift
apparatus and driven by a 1lift apparatus for upward and downward
movements, is characterised in that the carriage has'at its lower
region alswivel means, a swivel frame mounted over the swivel
means, rack gears mounted to both, upper and lower, inner walls
of the swivel frame, a ram fork mounted in the swivel frame and
having a ‘plurality of pinion gears meshed with sides of the upper
and lower rack gears and synchronously driven by a drive means so
that the ram fork can travel throughout the swivel frame when the
synchronous rotating movement of the pinion gears meshing with
the rack gears is executed by the drive means and simultaneously,
it can be rotated together with the swivel frame in the carriage
by the swivel means.

A fork-lift apparatus in a stackei.crane for carrying a load
to and from a desired tier in a multi-tier automatic warehouse,
having a running apparatus for travelling forward and backward
and a carriage arranged to support the fork-lift apparatus and
driven by_a 1ift apparatus for upward and downward movements, is
characterised: in that the carriage has at its ldwer region a

swivel means, a swivel mounted over the swivel means, and a ram

T |
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16 fork 28 travels in the swvel f& _(W&%E\%%r

 28a to the target rack b. Wen i{{sTRIBIK JBACHRS
aperture of the rolled | oad | ocat on ~

fork driven by a drive means for movement in the swivel frame,

the ram fork being arranged in which the lower of its fork side
and the upper of its opposite side are joined to each other by
wires which extend over rotary members rotatably mounted to given
locations of thé swivel frame.

Also, a fork-1lift controlling method, according to the
present invention, for use with an apparatus for handling a
variety of loads. which have apertures provided in different
regions thereof for allowihg a fork to be inserted for loading,
unloading, and storage of the load is characterised in that the
locé.tion of the aperture of éach load to be handled is recorded
before loading or storage, retrieved when the load is requested
. to be carried .by_ the fork, ana ﬁtilised for controlling the
- movement of the Ifbrk to unload the load of which aperture accepts
the fork. |

A fork-lift ._ controlling apparatus, according to the present
invention, for hé.ndling a variety of loads which have apertures
provided in di.ff._ejrent regions thereof for allo'wing a fork to be
inserted for -lo.ad.ing, unloading, and storage of the load is
characterised by a memory means for recording the location of the
aperture of the load from the memory means, and a fork
controlling .mfe_'ané for controlling the movement of the fork in
accordance with Eﬂe location of the aperture of the load so that
the fork is éorrectly inserted into the aperture of the load.

Furthermore, a fork-lift controlling apparatus, according to

the present invention, for use with a system having an input
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the rack b and reached at a pred
(advanci ng) novenent. This is fo
with the action of the lift driv
rolled | oad above the rack b. Wen the fork dffive notor 35 on the ramfork

28 is drivenyil 8rdVPEELiving a variety of roll-formed loads which are

different in size and have axially extending centre apertures
therein into which a fork is inserted for handling, storage racks
for storage of the loads, an output table for removal of the
loads, and a fork-lift mechanism for transferring the loads
between the input table, the storage racks, and the output table,
is characterised by a centre detecting means for measuring the
location of the centre aperture of each load placed on the input
table, a memory means for sﬁorage of the location of the centre
aperture of the load, a read/write means for reading and writing
the location of the centre aperture of the load on the nemdry
means, and a fork in accordance with the location of the centre
" aperture ‘of the load so that the fork is correctly inserted into‘
the centre aperture of the load.

The centre detecting means may comprise a couple of distance
sensors provided to sandwich the load for measuring a distance to
the periphery of the load, a travelling means for moving the
distance sensors about the cross section of the load, and a
transducer means for calculating the location of the centre
aperture of the load from signal outputs of the distance sensors
and movements of the same.

Also, the centre detecting means may comprise a
photoelectric switch mounted on the fork for detecting the
present and absence of reflected light from front, a travelling

means for moving the fork in a direction parallel to the diameter

of the load and a transducer means for calculating the location

- This Sheet
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direction to rotate the two ro‘a’rkﬂy‘osjﬁ" a and 2
fork 28 with its fork 28a hol di rolgl ed | oad
fetracts). As the result, the rolled load on the r
and accommodated in the swivel frane 26. The rolled In the sw vel
frame 26 ofoff Nehe centre aperture of the load from a signal output and a
movement of the photoelectric switch.
In action for operating the stacker crane 'along a track
placed in a multi-pier automé.tic warehouse, the running apparatus
is actuated to run:the stacker crane and simultaneously, the 1lift
apparatus is driven to lift (or lower)the carriage. After the
carriage comes to a target rack, the running and 1lifting
movements are ceased.. Then, when a plurality of pinion gears on
the ram fork are rotated by the drive means, the ram fork starts
moving. More particularly, the rotating movement of the pinion
gears along two,' upper and lower, rack gears provided in the
swivel frame causes the ram fork to move (forward) in the swivel
frame towards the rack on which a load to be unloaded is stored.
Upon a fork of the ram fork reaching at a given location after
moving into the centre aperture of a roll form of the load on the
rack, the forward movement of the ‘ram fork is stopped.' The 1lift
apparatus is actuated again to lift up the carriage briefly, thus
allowing the fork ‘to hold the rolled load above the rack. 'fhen,
the ram fork is moved (backward) into the swivel frame by the
action .of the d;:_ive means. Accordingly, the rolled loa.d on the
ram fork is received in the swivel fratﬁe.
For carrying -out the rolled load held in the carriage from
the warehouse, l_both the running and 1lift apparatuses of the
stacker crane aré driven at a time so that the stacker crane runs

to its home location while the carriage holding the roller load

with its ram fork lowers down to the lower-most location on the
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st acker

posi tion,

crane 1 is traveled to t
towered to the | owernost place on
traveling unit 2 and the Iift drive unit 8 respectiv

thedidP fRhke28 a3 PRMEhomar 13dY8IGEdds t fhed Lt angr crane, the

ram fork is moved (forward) to a transfer cart or table. Then,
the cafriage is _lowered to place the rolled load, on the transfer
cart or table. After the placement of the rolled load, the.ram
fork is moved (backward) to remain in the swivel frame. The
stacker crane statYs at the home location until another command is
given. |

For handliné' with the action of the ram fork a load placed
on a rack of the_bpposite. side of the track of the stacker crane,
the swivel frame is turned 180 degrees by the action of the

swivel means so .that the front end of the fork of the ram fork

..

- comes to face the rack of the opposite side. The ram fork is

then wmoved (forv&_ard) to the load on the opposite rack by the
drive means. When the fork of the ram fork has reached by a
given location over the opposite rack, the forward movement of
the ram fork is. ceased. The 1lift apparatus is actuated for
causing the fork. t;_o hold up the load of a roll form. ﬁhen the
ram fork is moved_(,backward) , the load on the fork is received in
the swivel Aframe. As underxstood, the turning movement of thé
swivel -frame allows the ram fork to fac.e in a desired direction
in the carriage.

Also, the 1ov}er of the fork side and the upper of the
counter fork side of the ram fork are connected to each other by
the wires which extén_d over the rotary members rotatably mounted

to the given locations of the swivel frame and a stress exerted
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fer carrier or table (not shijwn
pl ace the rolled | oad on the“Tansfer
W thout the rolled load is then noved bacimard (or B
the swivel frame 26 of the carriage 7. The stacker cr's stays at the
home positiqn dHY idamEetRetpsoMBINIngl §A8| réBlefl M®Ad will thus be offset

" appropriately.

In the control method of the present inve1;1tion, the location
of the aperture of each load to be handled is measured, recorded,
and used for controlling the forward movement of the _fork,
whereby the insertion of the fork into the aperture of the 1oad
will be executed without error.

The control apparatus according to the present invention
allows the location of thé aperture of each load to be recorded
into the memory means, retrieved from the same by the retrieving
means when requested, and transmitted to the fork controlling
means for controlling the movement of the fork so that the fork
is correc¢tly accepted in the aperture of the load.

In ‘action of the fork-lift apparatus which included the
input table for receiving a variety of cylindrical loads which
are dif:ferent in the overall size and the diamet';er of the axially
extending centre aperture provided therein, storage racks for
storage of the loads, an output table for removal of the loads
stored on the racks, and a fork-lift mechanism for carrying the
loads between the input table, the storage racks, and the output
table,. a load placed on the input table is first subjected with
the centre detecting means and handled with the fork which is
driven by tisle fork controlling means according to the location of
the centre ’aperture. As the load is held by the fork inserting
into its .aperture, it is transferred to a desired one of the

storage racks for storage.
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For transferring the load from the storage rack to the
output t?able, the location of its centre aperture is retrieved
from the memory means by the action of the retrieving means and

 used for controlling the movement of the fork. As the result,
the load is readily picked up by correct insertion of the fork
into its centre aperture before transferred to the output table.

In case of the two distance sensors are provided for
measuring their distaﬁce from the periphery of a load to be
examined through their scanning movement, the location of the
centre aperture of the load is obtained by calculation of signal
outputsf. of the two distance sensors together with the movement of
the same in the transducer means.

Wheh the photoeléctric switch for detecting the presence and
absence of reflected light from front is ‘provided, its movement
pafallel to the diameter of the load with the fork is measured
and fed to the transducer means where it is used for calculating
the location of the centre aperture of the load together with a
signal outp;u.t of the photoelectric‘switch.

As the location of the aperture centre of each load (for
example, a difference in height between the input table and the
aperture) has been measured at the receipt step of handling and
recorded in the memory means as a compensation data, it can
readily be retrieved and used for controlling the fork movement
at any unloading step of the handling. The aperture of the load

is quickly perceived through compensating operation with the
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allowing the ramfork 28 to Toad the 10 t | oad | 26
of the carriage 7. The swi'vel drive m)tojrl 23 is th I’D;ﬁléj t he
pi nion gear 25 and thus. the inner ring 21 of the As the

inner ring &hpefkat®sn WHEaSWi¥Rbut I A8Bsuring again the location of. the
| aperture of the load.

As the handling is. automatically carried out according to
the location data retrieved from the memory means, any collision
of the fork with the load will be prevented without using wvisual
measurement or control.

If the aperture is located at the centre of a cylindrical
load, it can simply be identified by measuring the periphery of
the load with the distance sensors and phot“oelectric switch.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of the stacker crane showing.
one embodiment of the present invention

Fig. 2 is a schematic front view of the stacker crane in a
muI_Lti-pier automatic warehouse-viewed from its track side;

Fig. 3 is a cross sectional explanatory view of a primary
part of a fork-lift apparatus according to the present invention;

Fig. 4 is a longitudinal cross sectional explanatory view of
the primary part of the fork—lift apparatus according to the
present invention; |

Fig. 5 is a side view of the same shown in Fig. 4;

Fig. 6 is a side view of the same shown in Fig. 5;

Fig. 7 is a cross sectional explanatory view of a primary
part of a fork-lift ap?aratus showing a second embodiment of the

present invention;
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Fig. 8 is a longitudinal cross sectional explanatory view of

the primary part of the fork-lift apparatus of the second
embodiment;

Fig. 9 is é cross sectional view of the same taken from the
arrow V of Fig. é;

Fig. 10 is a cross sectional side view of the same taken
from the arrow VI of Fig; 8;

Fig. 11 is a side view of a loading and unloading system
provided with a control apparatus implementing a control method
of the present invention{

Fig.' 12 is a cfoss sectional view of the 1loading and
unloading system;

Fig. 13 is a block diagram showing a sequence of control
steps of the loading and unloading system;

Fig. 14 is an explanatory view of a primary part of a crane
mechanism in the loading and unloading system;

Fig. 15 is an explanatory view of a primary part of a centre
detecting means mounted §n an input table of the loading and
unloading system;

Fig. 16 is a timing chart diagram explaining the action of
another centre detecting means;

Fig. 17 is a flow chart diagram showing a sequence of
loading steps of a control method used with the 1loading and

unloading system; and
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BEST MODE FOR EMBODYING THE PRESENT INVENTION
Fi Embodi

A first embodiment of the present invention will be
describéd_referring to Figs. 1 to 6.

A stacker crane according to the first embodiment of the

present invention is denoted by 1 and comprises a lower saddle 3

provided with a travelling unit 2, two post 4a and 4b mounted

vertically on'two, front and rear, near ends of the posts 4a and
4b, a carriage 7 to'which a fork-lift apparatus 6 is mounted, a
1ift drive unit 8 for 1lifting and lowering the carriage 7, a
control /power bénel 9, and other minor components. The stacker
crane 1 is disposed between two groups B,B of multiple tiers or
racks in a multi-tier automatic warehouse A.

Also, provided between the two rack groups B,B is a stacker
crane travelling track C which comprises an upper rail 10a and a
lower rail 10b arranged opposite to each other vertically. Two
wheels 1la, 11b and four lower guide rollers 12 are rotatably
mounted on the lower saddle 3 of the stacker crane 1 so that they
travel along as engage with the lower rail 10b. The wheel 11b is
joined to the travelling unit 2 which includes a driving motor 13
and a reduction device 14. As the wheel 11b is driven by the
travelling unit 2, the wheels 11la and 11b run on the lower rail

10b.
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fork 28 is noved backwar ST E
©of the carriage 7. The stack- er

command signal is given. The traveling,

stacker The upper saddle 5 has four upper guide rollers 15 rotatably

mounted thereon so as to sandwich the upper rail 10a. The four
upper guide roller 15 allow the stacker crane 1 to be supported
at the upper by the upper_rail 10a.

The carriage 7 is disposed between the two posts 4a and 4b
and suspended by wires 16 comnected to the 1lift drive unit 8.
The 1lift drive unit 8 comprises a lift drive motor 17, a lift
drum 18, and a reduction device 19. As the wires 16 are rewound
on and released from the 1lift drum 18, the carriage 7 moves
upwa::rd and downward.

The fork-1lift apparatus 6 is mounted on the carriage 7 as a
major component accordiné to the present invention. More
specifica"lly, the carriage 7 has a swivel bearing 20 mounted to a
lower inside thereof. The swivel bearing 20 has a toothed
surface 22 threaded on a movable inner ring 21 thereof. The
toothed surface 22 is meshed with a p:/'Lnion gear 25 mounted on a
rotary shaft 24 of a swivel drive motor 23. Accordingly, the
inner ri-ng 21 can rotate when.the pinion gear 25 is driven by the
swivel drive motor 23.

A swivel frame 26 is mounted to the swivel bearing 20 so as
to rotate together with the inner ring 21. The swivel frame 26
-is formed of a shape, shown in Fig. .4, having two, upper and
lower, rack gears 27a and 27b arranged on the inner surface
thereof so that they are opposite to each other about the centre
axis. The upper and lower rack gears 27a, 27b are engaged with a

i

T-shaped ram fork 28 which can thus move horizontally.
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crane 1 and the forward,"-.—'{\l')ré,c'k\/'\lat._—g;."
frame of the ramfork 28%are ngt =

More particularly, the ram fork 28 com €S a main body
28b, a fork 28a extending horizontally from the main body 28b,
and four small wheels 31 rotatably mounted to the lower of the
main body 28b for movement along the inner surface of the swivel
frame 26. The ram fork 28 also has a back 28c thereof to which
two rotary shafts 29a and 29b are vertically mounted for rotating
movements. The two rotary shafts 29a and 29b extend to a length
which is slightly greater than the distance between the two rack
gears 27a and 27b and have pinion gears 30 mounted to both the
upper and lower ends thereof for mesh with the rack gears 27a and
27b.

Also, side rollers 32a and 32b are rotatably mounted to both
the upper and lower ends of the rotary shafts 29a and 29b. While
the ram fork 28 has side rollers 33 mounted to both the upper and
lower ends thereof, it can travel with the side rollers 32a, 32b,
and 33 rotating along both sides of the rack gears 27a and 27b.
The ram fork 28 is supported by four of the pinion gears 30, four
of the small wheels.31, and eight of the side guide roller 32a,
32b, 33 so that it travels horizontally throughout the swivel
frame 26.

The rotary shafts 29a and 29b have toothed wheels 34a and
34b fitted thereon respectively. The toothed wheel 34a of the
rotary shaft 29a is meshed with a toothed wheel 37 fitted on a
rotary shaft 36 of a fork drive motor 35 which is mounted to the
back 28c of the ram fork 28. Wheﬁ the fork drive motor 35 drives

its toothed wheel 37, the two toothed wheels 34a and 34b are
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will be denoted by like nunerals as those in the fi
‘driven thus rotating their respective rotary shafts 2%a and 29b

in synchronous relationship.

An action of unloading a rolled load from a rack b by
operating the stacker crane 2 proyided with the prescribed fork-
lift apparatus 6 in the multi-tie;}: automatic warehouse will now
be explained.

First, the stacker crane 1 is moved from its home position
or any other position on the track in a desired direction by
actuating the travelling unit 2 in response to a command signal.
Simultaneously, the carriage 7 is lifted up (or lowered down) by
the action of the lift drive unit 8 and stopped whén it comes to
the rack b of the rack group B.

Theﬁ, the fork drive motor 35 on the ram fork 28 is actuated
to drive the toothed wheels 37, 34a and 34b for synchronous
rotation of the rotary shafts 29a and 29b. As the two rotary
shafts 29a and 29b rotate, their pinion gears 30.fitted to near
the upper and lower ends run directly on both the rack gears 27a,
27b mo;nted to the upper and lower inner walls of the swivel
frame 26. Accordingly, the ram fork 28 travels in the swivel
frame 26 mo‘ving (or advancing) its fork 28a to the target rack b.
When its fork 28a has moved into the center aperture of the
rolled load located on the rack b and reached at a predetermined
point, the ram fork 28 stops its (advancing) movement.

This is followed by brief lifting of the carriage 7 with the
action of. the 1lift drive unit 8 to hold with the fork 28a thé

rolled load above the rack b. When the fork drive motor 35 on
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The carriage 7 has a sw veI bearing 20 nou

thereof as tne ram fork 28 is driven in a reverse direction to rotate the

two rotary shafts 29a and 29b backward, the ram fork 28 with its
fork 28a holding the rolled load moves backward (or retracts).
As a result, thé rolled load on the ram fork 28 is received and
accommodated in the swivel frame 26.

The rolled load held in the swivel frame 26 of the carriage
7 is then carried out from the warehouse. More particularly, the
stacker crane 1 is travelled to the home position while the
carriage 7 being lowered to the loﬁermost place on the stacker
crane 1 by the actions of the'travelling unit 2 and the 1lift
drive unit 8 respectively. At the home position, the ram fork 28
is moved (or advanced) to a transfer carrier or table (not shown)
and the carriage 7 is lowered down to place the rolled load on
the transfer carrier or table.: The ram fork 28 without the
rolled load is then moved backward (or retracted) to remain in
the swivel frame 26 of the carriage 7. The stacker crane 1 stays
at the home posiﬁion until another command signal is given.

For transférring of a rolled lcad from a rack b to another
rack b located on the opposite side of the stacker crane track by
operating the stacker crane 1, the procédure starts with allowing
the ram fork 28 to load the rolled load into the swivel frame 26
of the.;arriage 7.

The swivel drive motor 23 is then driven to rotate the
pinion gear 25 and thus the inner ring 21 of the swivel bearing
20. As the inner ring 21 rotates, the swivel frame 26 is turmed

to 180 degrees. This action causes the ram fork 28 in the
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wmthlgpe front end facing the target rack b.

Thls section is followed by synchronous rotation of the two
rot§r§ shafts 29a and 29b with the driving means of the ram fork

2@1 As its pinion gears 30 rotate along the rack gears 27a and

27b tﬁf ram fork 28 holding the rolled load moves (or advances)

LA I §

towards the target rack b. Upon its fork 28a reaching a desired
positiqn on the rack b, the ram fork 28 stops its (advancing)
movement.. The 1lift drive unit 8 is then actuated to lower thé
carriage 7 briefly. After the rolled load.lis placed on the
desired position of the rack b, the ram fork 28 is moved backward
(or retracted) to remain in the swivel frame 26 of the carriage

-

7. The ‘stacker crane 1 then stands by until another command

signal is given.

The travelling, lifting, and lowering of the stacker crane 1
and the forward, backward, and rotating actions in the swivel
frame of the ram fork 28 are not limited to the above mentioned
controlled movements but other modifications and changes will be
possible.

Second Embodiment

A second embodiment of the present invention will be
described referring to Figs. 7 to 10.

Shown 1is a stacker crane 1 according to the second
embodiment of the present invention which comprises a lower
saddle 3 provided with a travelling unit 2 , two posts 4a and 4b

mounted vertically on two, front and rear, near ends of the lower
_—
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“top of the poéts 4a
and 4b, a carriage‘7 to which a fork-lift apparatus 6 is wmounted,
a lift drive unit 8 for 1lifting and lowering the carriage 7, a
control /power panel 9, and other minor components. The stacker
crane 1 is disposed between two groups B,B of multiple tiers or
racks in a multi-tier automatic warehouse A.

Also, provided between the two rack groups B,B is a stacker
crane travelling track C which comprises an upper rail 10a and a
lower rail 10b arranged. opposite to each other.vertically. Two
wheels 1l1la, 11b and four lower guide rbllers 12 are rotatably
mounted on the lower saddle 3 of the stacker crane 1 so that they

travel along as engage with the lower rail 10b. The wheel 11b is

" joined to the travelling unit 2, which includes a driving motor

13 and a reduction device 14. As the wheel 11b is driven by the
travelling unit 2, the wheels 1la and 11b run on theslower rail
10?. |

The upper saddle 5 has four uppef guide rollexrs 15 rotatably
mounted thereon so as to sandwich the upper rail 10a. The four
upper gﬁide rollers 15 allow the stacker crane 1 to be supported
at the upper by the upper rail 10a.

The carriage 7 is disposed between the two posts 4a and 4b
and suspended by wires 16 connected to the 1ift Arive unit 8.
The 1lift drive unit 8 comprises a 1lift drive motor 17, a 1lift
drum 18, and a reduction device 19. As the wires 16 are rewound
on and released from the 1lift drum 18, thé carriage 7 moves

upward and downward.
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The .fork-1lift apparatus 6 is mounted ok thée carriage 7 as a
major component according to the present invention. More
specifically, the carriage 7 has a swivel bearing. 20 mounted to a
lower inside thereof. The swivel bearing 20 has a toothed
surface 22 threaded on the circumferential edge of a rotatable
disk 21 thereof. The toothed surface 22 is meshed with a pinion
gear 25 mounted on.a_rotary shaft 24 of a swivel drive motor 23.
Accordingly, the rotatable disk 21 can rotate when the pinion
gear 25 is driven by the swivel drive motor 23.

A swivel frame is mounted to the swivel bearing 20 so as to
rotate together with the rotatable disk 21. The swivel frame 26
is formed of a shape, as shown, having two, upper and lower,
guide rails 27a and 27b arranged on the inner surface thereof so
that they are opposite to each other about the centre axis, The
upper and lower guide rails 27a, 27b are engaged with a fallen T-.
shaped ram fork 28 which can thus move horizontally.

More particularlf, the ram fork 28 comprises a main body
28b, a fork 28a exfending horizontally from the main body 28b,
and four small wheels 31 rotatably mpunted to the lower of the
main body 28b for movement along the inner surface of the swivel
frame 26. The ram fork 28 also has side rollers 33 rotatably
mounted to the upper and lower end thereof for running directly
along both sides of the guide rails 27a and 27b as the ram fork
28 travels.

The lower guide rail 27b has a lengthwisely extending rack

gear 34 mounted on the upper centre thereof for mesh with a
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rollers 33, a pinion gear 373
I s disposed in the swvel fra
«27b and a rack gear 34 al ong \Waict
27a and 27b are nounted on both, upper and |ower,
frame 26 t @ievbAngear 35 mounted on a lower centre of The

pinion gear 35 is also meshed with a toothed wheel 36 which is
mounted above the pinion gear 35. The toothed wheel 36 is
connected to a fork drive motor 37 mounted on the ram fork 28.

The ram fork 28 is supported by two sets of cable wires or
roller chains 38a and 38b for movement throughout the swivel
frame 26. More particuiarly, as shown in Figs. 7 to 9, the
swi.vel frame 26 has a plurality of sprockets 39a, 39b, 39¢c, 394,
39e, and 39f rotatably mounted thereto so as to be located at
both front and rear ends of the ram fork 28. For ease of the
description, one set of the roller chains 38a and 38b at one side
will be explained for tightening over the sprockets. The
tightening ‘of two sets of the roller chains 38a and 38b is
identical.

The roller chain 38a is fixed joined at one end to the upper
end of the main body 28b of the ram férk 28. The other end of
the roller chain 38a extends over the sprockets 39a and 39b
pivoted oﬁ an upper region of the swivel frame 26 and the
sproékets 39c pivoted on a lower region of the same and is
fixedly joined to the lower end of the main body 28b of the ram
fork 28.

Similarly, one end of the roller chain 38b is fixedly joined
to the upper end of the main body 28b of the ram fork 28. The
other end of the roller chain 38b extends over the sprockets 39%e

and 39f pivoted on a lower region of the swivel frame 26 and is
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An action of unloading a. rolled load from a rack b by
operating the stacker crane 2 provided with the prescribed fork-
lift apparatus 6 in the multi-tier automatic warehouse will now
be explained.

First, the stacker crane 1 is moved from its home position
or any position on the track in a desired direction by actuating
the travelling wunit 2 in response to a command signal.
Simultaneocusly, the carriage 7 is lifted up (or lowered down) by
the action of the 1lift drive unit 8 and sto?ped when it comes to
the rack b of the rack group B.

Then, the fork drive motor 35 on the ram fork 28 is actuated
to drive via the toothed wheel 36 the pinion gear of the lower
guide rail 27b on the swivel frame 26, the ram fork 28 travels in
the swivel frame 26 until its fork 28a is moved (or advanced) to
the target rack b. When the fork 28a has moved into the centre
aperture r of the rolled 1oad.R located on the rack b and reached
at a predetermined point, the ram fork 28 stops its (advancing)
movement.

This is followed by brief lifting of the carriage 7 with the
action of the 1lift drive unit 8 to hold with the fork 28a the
rolled load above the rack b. When the fork drive moter 35 on
the ram fork 28 is driven.in a.reverse direction to rotate the

toothed wheel 36 and the pinion gear 35 backward, the ram fork 28

with its fork 28a holding the rolled load R moves backward (or
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is received and accommodated in the swivel frame 26.

wWhile thé ram fork 28 performs a series of the handling
actions, it remains supported by the roller chains 38a and 38b.
When the ram fork 29 is loaded with the rolled load R, it is
prevented from tilting to the fork 28a side as securely held with
the roller chains 38a and 39b.

The rolled load R held in the swivel frame 26 of the
carriage 7 is thgn carried out from the warehouse. More
particularly, the stacker crane 1 1is travelled to the home
position while the carriage 7 being lowered to the lowermost
place ;n the stacker crane 1 by the actions of the travelling
unit 2 and the 1lift drive unit 8 reSpectiveiy. At the home
position, the ram fork 28 is moved (or advanced) to a transfer
carrier or table (not shown) and the carriage 7 is lowéred down
to place the rolled load R on ﬁhe transfer carrier or table. The
ram fork 28 without the rolled load is then moved backward {or
retracted) to remain in fhe swivel frame 26 of the carriage 7.
The stacker crane 1 stays at the home position until another
command: signal is given.

For traﬁsferring of a rolled load from a rack b to another
rack b located on the oppdsite side of the stacker crane track by
operating the stacker crane 1, the procedure starts with allowing
the ram fork 28 to load the rolled load into the swivel frame 28

of the carriage 7.
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Th%ﬁuvel drive motor 23 1is then driven to rotate the
pinion gear 25 and thus the inner ring 21 of the swivel bearing
20. As the inner ring 21 rotates, .the swivel frame 26 is turned
to 180 degrees. This action causes the ram fork 28 in the
carriage 7 to turn 180 degrees so that its fork 28a is directed
with the front end facing the target rack b.

This action is followed by actuation of the fork drive motor
37 on the ram fork 28 to rotate the pinion gear 35. As the
pinion gear 35 rumns directly on the rack gear 34, the ram fork 28
holding the rolled load R travels (or advances) towards the
target rack b. Upon its fork 28a reaching a desired position on
the rack b, the ram fork 28 stops its (advancing) movement. The
lift drive unit 8 is then. actuated to lower the carriage 7
brief.ly. After the rolled load is placed on the desired position
of_ the rack b, the ram fork 28 is moved backward (or retracted)
to remain in the swivel -frame 26 of the carriage 7. The stacker
crane 1 then stands by until another command signal is given.
Third Embodiment

A third embodiment of the present invention wilj. now be
described in the form of a method of controlling the fork-lift
apparatus and a fork-1lift controller apparatus for implementing
the method.

As shown in Figs. 11, 12, 13, 14, and 15, there is an input
table 1A, an output table 2A, and a rail track 3A provided on the
flow. Denoted by Cl are coils made by winding a wire material

into a cylindrical shape and stored in a warehouse. The coil Cl1
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and width are varied depending on the thickness and length of the
wire material.

Also, shown are storage blocks 41 and 42 and disposed on
both sides of the rail track 3A and cbmprising a multiplicity of
storage tiers 4A arranged vertically. The two storage blocks 41
and 42 on both sides of the rail track 3A form storage arrays 43.
A centre detecting means 11 is provided for examining a
difference between the reference level L1 defined by the input
table 1A and the height level of the centre aperture C2 of the
coil C1 and delivering it as a compensation data L2 for position
of the centre aperture.

An ID tag SA is provided at the lower most of each storage
array 43. The ID tag 5A comprises a rewritable data memory means
51 and a data input/output means 52 for writing a data supplied
from a fork-1lift mechanism, which will be explained later, to the
data memory means 51 and for reading a data from the data wmemory
means 51 and delivering it to the fork;lift mechanism.

Each of the ID tags 5A is adapted to store data for ten
racks of the storage blocks 41 and 42.

The fork-lift mechanism denotéd by 6A comprises a couple of
forks 61 provided at both, left and right, sides movable to and
from the centxe aperture of the coil Cl1 on the rack, a fork
actuating mééns 62 for moving the forks 61 forward_and backward,
a carriage 63 movable vertically, a vertical actuating means 65

for moving the carriage 63 upward and downward throughout a crane
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vertical movement of the carriage 63, a running means 66 movable
along the rail track 3A, an ID controller 67 for transmitting and
receiving data to and from the ID tags 5A, a fork controller 68
responsive to an array data from a controller apparatus, which
will be described later, for controlling the movement of the
running means 66 and responsive to a tier data from the
controller 67 for controlling the movements of the fork actuating
means 62 and the vertical actuating means 65 while monitoring the
vertical movement of the carriage 63, and a power receiving means
for receiving an input of motive power.

The running means 66 is arranged to reach a predetermined
storage array as counting the number of the arrays or ID tags.

The vertical movement detecting means 69 comprises a tier
detecting means 693 including detection labels 691 allocated to
the tiers or racks of each storage array and reference level
detector 692 for counting the detection labels 691 and upon the
number of the counted labels 691 being equal to the tier data,
determining its positions is the reference level of a target rack
427, a vertically extending magnetic stripe pattern 694 provided
on one side of the crane 64, and a compensating movement
detecting means 697 mounted on the carriage 63 for counting
signal ‘pulses given by reading the magnetic stripe pattern 694

with a magnetic sensor thus to calculate a movement.
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Also, the rack number detecting means 693 may be substituted by
the compensating movement means 697.

The controller apparatus is provided for controlling the
foregoing components ih a sequence of orders as denoted by 9A and
comprises an input means 91 for receiving loading and unloading
data, a memory means 92 for recording a combination of storage
array data and tier data of each stored coil ClL as an address
daté, read/write means 93 respongive to the 1oading and unloading
data for reading and writing of data on the memory means 92, and
a data transfer means 94 for transmitting both the array data and
tier data to the fork-lift mechanism 6A. |

Both ‘a loading action and an unloading action with the above
arrangement will be explained referring to Figs. 17 and 18. The
explanation starts with initial steps of the loading action for
accepting a load.

When the input means 91 receives a loading command, it
starts accessing the memory means 92 for searching aﬁ unoccupied
rack. Both array and tier data of the unoccupied rack are then
released from the data transfer mean;c', 94. Upon receiving the two
data from the data transfer means 94, the fork controller 68
stores them as a record and instructs the running means 66 to
travel to the input table 1A. After the reference level L1l of
the linput table 1A is measured, a difference between the

reference level Ll and the level of the centre aperture C2 of the

This Sheet Has Been Reﬂ

R




The roller chain 38a |§/mm
mai n body 28b of t¢E"T am-fo
extends over the s r%cﬁetﬁsﬁ’

of an upper

ot end offjthe ro

. tS]
d 39b p?@ot ed on %té:[.ord.sg,ﬁgﬁm eﬁds

regi on \pf Swi vel

the rear enébiaf ca ligWealéexited 8l the &BrealdtéSting means 11 and stored

as the compensation data L2.

The forks 61 are then-lifted up from the reference level by
a distance defined by the compensation data L2 so that one of
them comes to the height of the centre aperture C2 of the coil
Ci. The fork actuating means 62 is aétuated to move the fork 61
forward for insertion into the centre aperture C2 of the coil C1.

Then, the vertical actuating means 65 is driven to move the
carriage 63 upwards and thus lift up the coil C1 from the input
table 1A. The fork actuating means 62 is started again to move
the fork 61 backward as is followed by lowering the carriage 63
to its original location with the vertical actuating means 62.

SucCeediné steps of the loading action for storage of the
load wiil now be explained.

The running means 66 is actuated in response to the storage
array data of the coil C1 so that it travels to a corresponding
array location.

As the runnihg means 66 has arrived at the array 1ocation,
the compensation data is transmitted via the ID controller 67 to
the ID tag SA of the array 43. The compensation data received by
the ID tag S5A is then writpen by the data input/output means 51
to a corresponding address in the data memory means 52, This
writing action allows previous data in the address to be deleted
automatically.

The wvertical 'actuating means 65 is drivem by the tier

detecting means 693 of the vertical movement detecting means 69

"—“““~———__~___N
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for lifting to the reférence level L3 of the storage rack 4A of
the tier defined by the tier data. The vertical actuating means
65 is then driven by the compensating movement detecting means
697 for further upward movement through a distance of L4 (>12) so
that the bottom of the coil €1 is higher than the top of the
storage rack 4A. The fork actuating means 62 is driven to move
the fork 61 forward and then, the fork 61 is lowered by a
distance of L4-L2 so that its centre comes to a position which is
higher .by L2 of the compensation data than the reference level
L3. As the result, the coil C1 is placed directly on the storage
rack 4A as released from the fork 61.

The fork actuating means 62 is driven to mové the fork 61
backward ‘and then, the. vertical actuating means 65 is driven for
downward movement to the original height position. During the
loading action, the major vertical movement or tier accessing
movement of the vertical actuating means 65 is controlled by a
signal of the tier detecting means 693 while the minor vertical
movemenf or L4 and L2 associated movement at the target tier of
the same is coﬁtrolled by a signal of the compensating movement
detecting means 697. The loading action is now completed.

The unloading action will be explained starting with steps
of removal of a load.

When the input means 91 receives an unloading command, it
starts accessing the memory means 92 to identify the storage rack
4A where a target coil Ci ié étored. The storage arfay data and
//._

' ced
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tier data of the rack 4A are transmitted by the data transfer
means 94 to the fork controller 68 of the fork-lift mechanism 6A.

Then, the running means 66 is actuated according to the
array data for travelling to the storage array 43 of the coil C1.

When phe ninni’ng means 66 has arrived at the array location,
__the compensation data L2 for the coil Ci stored. in a
corresponding address of the data memory means 51 in the ID tag
S5A of the array 43 is read out by the ID controller 67 in
cooperation with the data input/output means 52.

The vertical actuating means 65 is driven in response to the
tier data for upward movement to the reference level L3 of the
storage rack 4A. The vertical actuating means 65 is. further
moved upward by L2 of the compensation data so that the fork 61
comes to the centre aperture C2 of the coil Cl. The fork
actuating means 62 is then driven t§ move the fork 61 forward for
insertion into the centre aperture C2 of the coil C1l.

After the upWard movement is briefly repeated to lift up the
cdil Cc1 .from the storage rack 4A, the fork actuating means 62 is
driven to .move the fork 61 backward as if followed by the
1owering movement with the vertical act_:uating means 65 to the
original position.

St':eps of the unloading action for releasing the load will
now be explained.

The running means 66 is driven for travelling to the output
table 2A. The vertical actuating means 65 is then driven for

upward movement to the reference level L5 of the output table 2A.
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coil C1 so that its bottom is higher than the top of the output
table 2A, the fork actuating means 62 is driven to move the fork
61 forward. Then, the fork 61 is lowered by L4-L2 so that it
comes to a location higher by L2 of the compensation data from
the reference level LS. As the result, the coil Cl1 is placed
directly on the output table 2A as released from the fork 61.
The fork actuating means 62 is driven again to move the fork 61
backward and  the vertical actuating means 65 is driven for
downward mo.v.ement to the original position.

The unloading action is now completed.

it 1is desirabie that the input table 1A, the storage rack
47, and the output table 2A are identical to each other in the
compensation data of L2 which extends from their surface to the
centre line of the centre aperture C2 of the coil C1. In case
that the compensation data L2 is not identical, it can easily be
corr'ect.:ed by adjusting the compqnents of the fork-lift mechanism.

The centre detecting means 11 may employ distance sensors
assembled in the following arrangement;

More specifically, the centre detecting means 11 comprises
an upper distance sensor 111 distanced upwardly by H1 from the
reference level L1 of the ir_1put table 1A for detecting a distance
from the top of the coil Ci, a 1lower distance sensor 112
distanced downwardly by H2 from the. reference level Ll of the
input table 1A for detecting a distance from the bottom of the

coil C1, a scanning means 113 for scanning with both the distance

[N
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up (or lowered down) by the action of the lift drive unrt 8 and stopped
when it cogefsbost heir and hiof Bhé madkragsdupeB. 114 for calculating and

delivering the compensatidn data L2. In action, the distance H3
between the upper distance sensor 111 and the top of the coil Ci1
is measured by scanning the top of the coil C1 plaéed ‘'on the
input table 1A and the distance H4 between the lower distance
sensor 112 and the bottom of the coil C1 is measured by scanning
the bottom of the same.

Using the four measurements Hl, H2, H3 and H4, the
compensation data L2 which represents a distance of the centre
line of the centre aperture C2 from the reference level L1 is

calculated from Equation 1 as expressed below.

(H2 - H4) / (H1 - H3)
: (H4 - H2)

]
N

In the above arrangement, the distance sensors are' disposed
above and beneath the coil Cl1. However, the distance sensors may
be arranged at both, left and right, sides of the coil C1 with
equal success for measuring horizontal distances to the centre
line of the centre aperture C2 by scanning.

Also, the distance sensors may; be substituted by a
combination of the compensating movement detecting means 697, the
vertical actuating means 65, and a photoelectric switch 118

mounted on the fork 61 as shown in Fig. 14.
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L_Tafggiherambwbrd hemenheof the carriage is
executed after the reference level is measured by a reference
level detecting means.

This  movement is followed by examining with the
photoelectric switch 118 whether or not there is a reflective
object in the fronﬁ of the fork 61 and counting pulses of the
magnefic sensor.

As shown in Fig. 16, an N1 number of pulses are counted
until the fork 61 reaches the centre aperture C2 of the coil C1,
N2 pulses are counted during scanning of the centre aperture C2
before a reflected light is detected, and N3 pulses are counted
until it reachee the top of the coil C1 where the reflected light
is no more detected. Using the pulse number N1, N2, and N3, and
a rate of resolution (Kmm/pulse) of the magnetic sensor, the
compensation data L2 which represents a distance of the centre
line of the centre aperture C2 of the coil C1 from the reference
level L1 is then calculated from. Equation 2 e.s expressed below.

L2 K (N1 +

2 )

It is understood that the two above examples of the centre
detecting means 11 are illustrative but not limitationm.

More preferably, two or more of the centre detecting means
11 may be provided for a fail-safe function where one is

applicable when the other is defective or out of order.
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mechanism 6A to verify at an initial stage that the carriage

remains at the original 1level, that the fork 61 stays at its

retracted state, and that no coil Cl1 is held in the fork-1lift

mechanism 6A, and to'examine whether or not the coil is placed on
- the input or output table.

According to the embodimént of the present invention, a
distance data of the centre aperture C2 of the coil C1 from the
upper surface of the input table is measured and recorded at the
loading éction. It can be retrieved and used for identifying the
height level of the coil Cl during the unloading action without
being ﬁeasured again. Acdordingly, the unloading of the coil C1
will readily be implemented whilé any collision of the fork
against the coil C1 being avoided.

For the purpose, there are provided only the means for
measuring and recording the location of the centre aperture C2 of
the coil C; at the loading action.

In the embodiment, the céntre aperture of a load is measured
at the initial stage of the loading section as is not informed.
It any appropriate data, e.g. a radius, which is used as a
compensation data at the receiving step is given together with
the ID number of the load fér ease of handling, the centre
detecting means 11 may be eliminated.

FEASIBILITY FOR INDUSTRIAL APPLICATION
As set forth above, the pfesent-invgntion allows any locad of

a rolled form to be smoothly loaded to or unloaded from a desired
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tier of a multi-tier automatic warehouse by controlling the
travelling movement of the stacker crane, the 1lifting and
lowering movements of the carriage, and the forward and backward
movements of the ram fork.

The ram fork is arranged for movements forward and backward
in a swivel frame on the carriage by means of rack and pinion
gears, carrying the rolled load to and from the swivel frame for
storage on a desired rack without using an extensive length of
the fork member. Also, the carriage contains a swiveling means
for turning the ram fork in the swivel frame through 180 degrees,
thus allowing the rolled load to be easily transferred from one
to the other of the -two tier blocks disposed on both sides of a
track of ‘the stack crane.

As no pallet is required, its thickness and a margin for the
fork are disregarded. This allows the amount | of storage to be
increased and the avail'able space in a warehouse to be utilised
at optimum. During the handling, there is no time for loading a
load to a pallet and the overall procedure will be shortened thus
decreasing the cost.

According to the present invention, the centre of swivel
movement is at the centre of the carriage, i.e. the swivel frame
rotates about 1its gravity centre. This allqws the effect of
inertia force to be minimised. Hence, the speed of swivel
.movemen;: will be increased and the cycle time for loading and

unloading of loads will be decreased.
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As described, the present invention allows any load of a
rolled form to be smoothly loaded to or unloaded from a desired
tier of a multi-tier automatic warehouse by controlling the
travelling wmovement of the stacker crane, the 1lifting and
lowering movements of thé carriage, and the forward and backward
movements of the ram fork.

The ram fork is arranged for movements forward and backward
in a swivel frame on the carriage by means of rack and pinion
gears, carrying the rolled load to and from the swivel frame for
storage on a desired rack without using an extensive length of
the fork member. Also, the carriage contains a swiveling means
for turning the ram fork in the swivel frame through 180 degrees,
thus allowing the rolled load to be easily transferred from one
to the other of the two tier blocks disposed on both sides of a
track of the stacker crane.

The ram fork provided in the swivel frame is movably
supported at the lower end of its fork side and the upper end of
its opposite side by wires which extend .over rotary members
rotatably mounted at given locations to the swivel frame. This
contributes to the dispersion or reduction of a stress exerted on
the ram fork when a load is carried, thus ensuring constant
stable movements of the ram fork.

According to thé control method of the present invention,
the movement of the fork is controlled by a location data of the
centre aperture of a lééd which is to be carried. Hence, the

load will readily be carried to and from a warehouse without

\'
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colliding with the fork. The handling of the loads will thus
increase in the operational reliability and efficiency.

For impleménting the above method, the control apparatus of
the present invention includes a memory means for recording the
location data of the centre aperture of each load, a retrieving-
means for reading the recorded location data, and a fork
controlling means for controlling the wmovement of the fork with
the location data.

In case of a load to be loaded is formed of a cylindrical
shape having a centre aperture therein into which the fork is
inserted for carrying,' the location of its centre aperture is
measured and recérded at the beginning of loading. For unloading
of the load, the location of its centre aperture is retrieved and
used for controlling the movement of .the fork. Accordingly, the

control apparatus like the control method will be enhanced in the

- operational reliability and efficiency.

As the location of the centre aperture of a load is simply
measured by scanning with a distance sensor over the periphery of
the load, the foregoing function of the control apparatus will be
performed with ease and certainty.

The control apparatus may be implemented in which the céntre
aperture location is wmeasured by moving a photoelectric switéh

for detecting the presence or absence of reflected light.
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position while the carri 1 shet
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(or advanced) to a transfer carrier or table (not showAjF—and the carriage 7
i's lowered down gl ece Lbe bl |LUbAhaRiON bRE theaNIRe devices, the
control apparatus will be further increased in the operational
reliability.
As described, the control method and apparatus according to
the present invention allow the fork to be inserted into the

. centre aperture of a load readily and accurately for loading to

and unloading from a warehouse.
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For transfe
WHAT IS CLAIMED

1. A fork-lift apparatus in a stacker crane for carrying
a load to and:  from é desired tier in a multi-tier automatic
warehouse, having a running apparatus for travelling forward and
backward and a carriage arranged to support the fork-lift
apparatus and driven by a lift apparatus for upward and downward
movements, characterised in that the carriage supporting the
fork-~lift apparatus has at its lower regional swivel means, a
swivel frame driven by the swivel means for rotating movement,
and a ram fork provided in the swivel frame as driven by a drive
means for movement.

2. A fork-1lift apparatus in a stacker crane for carrying
a load to and from a desired tier in a multi-tier automatic
wa;ehouse, having a running apparatus for travelling forward and

backward and a carriage arranged to support the fork-lift

apparatus and driven by a 1lift apparatus for upward and downward

movements, characterised in that the carriage has at its lower
region a éwivel means, a swivel frame mounted over the swivel
means, Yrack gears mounted to both, upper and lower, inner walls
of the swivel frame, a ram fork mounted in the swivel frame and
having a plurality of pinion gears meshed with sides of the upper
and lower rack gears and synchronously driven by a drive means so
that the ram fork can travel throughout the swivel frame when the
synchronous rotating movement of the pinion gears meshing with

the rack gears is executed by the drive means and simultaneously,
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by the swivel means.

3. A fork-lift apparatus in a stacker crane for carrying
a load to and from a desired tier im a multi-tier automatic
warehouse, having a running apparatus for travelling forward and
backward and a carriage arranged to support the fork-1ift
apparatus and driven by a 1lift apparatus for upward and downward
movements, characterised in that the carriage has at its lower
region._a swivel wmeans, a swivel mouﬁted over the swivel means,
and a ram fork driven by a drive meané for movement in the swivel
frame, the ram fork being arranged in which the lower of its fork
side and the upper of its opposite side are joined to each other
by wires' which extend over rotary members rotatably mounted to
given locations of the swivel frames.

4. A fork-1lift controlling method for wuse with an
apparatus for handling a variety of loads which have apertures
provided in different regions thereof for allowing a fork to be
inserted for loading, | unloading, and storage of the load,
characterised in that thg location of the aperture of each load
to be handled is recorded before léading or storage, retrieved
when the load is requested to be carried by the fork, and
utilised for controlling the movement of the fork to unload the
load of which aperture accepts the fork.

5. A fork-lift contr'olling" .apparatus for handling a
variety of loads which have apertures provided in different

regions thereof for allowing a fork to be inserted for loading,
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unloading, and storage of the 1load, characteriéed by a memory
means for recording the location of the aperture of each load, a
retrieving means for retrieving the location of the aperture of
the load from the memory means, and a fork controlling means for
controlling the movefnent of the fork in accérdance with the
location of the aperture of the load so that the fork is
corre'ctly inserted into the aperture of the load.

6. A fork-1lift controlling apparatus for use with a
system having an input table for receiving a variety of roll-
férmed loads which are different in size and have axially
extending centre apertures therein into which a fork is inserted
for handling, storage racks for storage of the loads, an output
table _for removal of the loads between the input table, the
storage racks, and the output table, characterised by a centre
detecting means for measuring the location of the centre aperture
of each load placed on the input table, a memory wmeans for
storage of the 1oéation of the centre aperture of the load placed
on the centre apert’ure' of the load, a read/write means for
reading and writing the location of ;he_ centre aperture of the
load on the memory means, and a fork controlling wmeans for
control.ling the movement of the fork in accordance v&ith the
location of the centre aperture of the load so that the fork is
correctly inserted into the centre aperture of the load.

7. A fork-lift controlling apparatus according to claim
6, wherein the centre detecting means comprises a couple of

distance sensors provided to sandwich the load for measuring a
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moving the distance sensors about the cross section of the load,
and a transducer means for calculating the location of the centre
aperture of the load from signal outputs of the distance sensors
and movements of the same.

8. A fork-1lift controlling apparatus according to claim
6, wherein the centre detecting means comprises a photoelectric
switch mqunted on thé fork for detecting the present and absence
of reflected 1ight ffom front, a travelling means for moving the
fork in a direction éarallel to the diameter of the load, and a
transducer wmeans for calculating the 1location of the centre
aperture of the load from a signal output and a movement of the

photoelectric switch.
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Fork-1ift apparatus in stacker crane and method of controlling

the same and the controller embodying the method

A fork-lift apparatus for use in a stacker crane has a
running apparatus for travelling forward and backward and a
carraige’providedtwith a fork device and arranged for upward and
"downward movements by a 1lift apparatﬁs for the purpose ;f
carrying a load with the fork device to and from a desired rack
in a multi-tier automatic warehouse. In particular, the carraige
has at its lower region a swivel means, a swivel frame drivep by
" the swivel means for rotating movement, and a ram fork provided

in the swivel frame as driven by a drive means for movement.

Fig. 1
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fork-1ift controller apparatus i npl ementing the nethod will .now be
descri bed. -As shown in Figs 12, 13, 14, and 15, there are an input
tabl e 1A, an out put tabFe, nd\a rail track 3A provided on the floor.
Denoted by C1 -—» RED s ndi Do P wire material into a cylindrical

shape and el pyﬁ"’
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vided therein and its outer dianeter and width are varied depending on the
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starts accessing the address nenory B &Bgﬁﬂuﬁ'\sBatU ] roccHp-ed
rack. Both array and tier data of th¢ unocgg;:uaﬁéﬂ r acl
fromthe data transfer means 94. Upo AT dat aeiromthe datfd
transfer neans 94, the fork controller % stores t hem §sDater 3rﬁC
instructs the crane traveling apparatus 66 to travel to

is lowered by a lifting mechanism, the stacker crane travels to
unlocad the load.

In case that the load is of a roll form having a given outer
diameter and a centre aperture arranged in discrete location and
size, it may not appropriately be loaded and unloaded with the
use of such a conventional fork-lift apparatus in a multi-tier
automatic warehouse. For smooth handling of loads, . any improved
fork-1lift apparatus is desired. In addition, the stacker crane
equipped with a conventional fork-1lift apparatus is relatively
large in width at the carriage and its track occupies a
considerable space in.the multi-tier automatic warehouse.

If a rolled good is strapped on a pallet for ease of storage
{or handling) in a multi-pier automatic warehouse, its overall
size including a pallet height and a fork accepting.clearance ig
increased and requires the tiers or racks to be vertically
arranged at intervals of a wider distance. This will impair the
optimum use of a given interior space of the warehouse. Also,
the time required for handling is increased as each rolled good
has to be preliminary strapped on its pallet, thus contributing
to the rise of the working cost.

When the rolled goods are 1dent1ca1 in the size, their

§ o _
centre apertures into which a foriw of tﬁeéﬁstgcker lCrageH}is
inserted are located in the same place. Accordingly, the g?OdS
may be loaded and uﬁloaded with a conventional for£~iif£

apparatus by repeating the same fork inserting action.
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In most cases, the rolled goods are different in the
location of the Eentre aperture and stored in discrete places in
the warehouse. Hence, when one of the rolled goods is required
for unloading, its center aperture is viewed and identified by
the operator of the stacker crane so that it can accept the fork
successfully.

When the load to be handled is cf a cylindrical shape having
a centre bore for accepting the fork of-a fork-lift apparatus, it
is also viewed and identified by the operator for inseftion of
the fork into the center bore as it is different in the size and
1ocation' of the centre bore from other loads stored in the
warehouse.

It is thus necessary for the operator of a conventional
fork-1ift apparatus to view and identify the size and location of
a centre aperture of a desired load to be handled and manually
control the fork for insertion into the centre aperture of the
load. This action will not contribute to the reduction of the
workiﬁg time during the handling of 1load for storage but
impairing the working efficiency.

In particular, even if the centre aperture of a load into

which the fork of the-fork—lift apparatus is inserted has been
S : L ¢

-~
AR

recognized at thelliéading to a storage space, iéi ﬁéé to "be
examined again at tﬁémﬁnloading f;om the same.

Also, the manual control of the fork movement by viewing may
depend on skills and conditions of the operator. It is probable

that excessivwe brightness or illusion causes the operator to lose
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the visual estimation of a correct distance resulting in

collision of the fork against and damage to the load.

It is an object of the present invention, in view of the.
foregoing aspects, to provide a fork-lift apparatus in a stacker
crane capable of loading and unloading loads of a rolled form
smoothly on the racks or tiers of a multi-tier automatic
warehouse while the width of a track on which the stacker crane
travels is minimised thus contributing to the reduction of each

unit storage space in the multi-tier automatic warehouse without

sacrificing the storage amount.

It is another object of the present invention to provide a
fork-lift apparatus in a stacker crane where the stable movement
of ram fork regardless of a fall moment is ensured as a counter
force on tl}e ram fork is lessened by dispersion.

It is a further object of the present invention to provide
a fork-lift apparatus in a stacker crane, a method of controlling

the fork-lift apparatus, and a control apparatus for implementing

the method.
DISCLOSURE OF THE INVENTION

For achievement of the foregoing objects of the present
invention, novel schemes have been developed. A fork-lift
apparatus in a stacker crane for carrying a load to and from a
desired tier in a multi-tier automatic warehouse, having a
running apparatus for travelling forward and backward and a
' carriage arranged to support the fork-lift apparatus and driven
by a 1lift apparatus for upward and downward movements, is

provided in which the carriage supporting the fork-~lift apparatus
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fork driven by a drive means for movement in the swivel~frame,

the ram fork being arranged in which the lower of its fork side
and the upper of its opposite side are joined to each other by
wires which extend over rotary members rotatably mounted to given

locations of the swivel framwe.

Also, a fork-lift controlling method, according to the
present invention, for use with an apparatus for handling a
_var;'iety of loads which have apertures provided in different
regions thereof for allowing a fork to be inserted for loading,
unloading, and storage of the load is characterised in that the
location of the aperture of each load to be handled is recorded
before loading or storage, retrieved when the load is requested
to be carried by the fork, and utilised for controlling the

movement of the fork to unload the load of which aperture accepts

the fork.

A fork-1lift controlling apparatus, according to the present
invention, for handling a variety of loads which have apertures
provided in different regions thereof for allowing a fork to be
inserted for loading, unloading, and storage of- the load is
characterised by a memory means for recording the location of the
aperture of each load, a retrieving means for retrieving the
location of the aperture of the load from the memory means, and
a fork controlling means for controlling the movement of the fork
in accordance with the location of the aperture of the load so
that the fork is correctly inserted into the aperture of the-

load.

Furthermore, a fork-lift controlling apparatus, according

to the present invention, for use with a system having an input



t he .:I o
actuate

mﬁ \l\if oo .28““5.-_5{5.{'&%*:: ﬂ;&a&;&%@m 6 is
%:

7 i Date e

table for receiving a vérieﬁy of roll-formed loads which are
different in size and have axially extending centre apertufes
therein into which a fork is inserted for handling, storage racks
for storage of the loads, an output table for removal of the
loads, and a fork-liff mechanism for transferring the loads
between the input table, the storage racks, and the output table,
is characterised by a centre detecting means for measuring the
location of the centre aperture of each load placed on the input
table, a memory means for storage of the location of the centre
aperture of the load, a read/write means for reading and writing
the location of the centre aperture of the load on the memory
means, and a fork controlling means for controlling the movement
of the fork in accordance with the location of the centre

aperture of the load so that the fork is correctly inserted into

the centre aperture of the load.

The centre detecting means may comprise a couple of distance
sensors provided to sandwich the load for measuring a distance
to the periphery of the load, a travelling means for moving the
distance sensors about the cross section of the load, and a

transducer means for calculating the location of the centre

aperture of the load from signal outputs of the distance sensors

and movenments of the same.

Also, the centre detecting means | may comprise a
photoelectric switch mounted on the fork for detecting the
present and absence of reflected light from front, a travelling
means for moving the fork in a direction parallel to the diameter

of the load and a transducer means for calculating the location
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stacker crane. At the home location of the stacker crane, the
ram fork is moved (forward) to a transfer cart or table. Then,

the carriage is lowered to place the rolled load, on the transfer
cart or table. After the placement of the rolled load, the ram
fork is moved (backward) to remain in the swivel frame. The
stacker crane stays at the home location until anéther command is
given.

For handling with the action of the ram fork a load placed
on a rack of the opposite side of the track of the stacker crane,
the swivel frame is turmed 180 degrees by. tge action of the
swivel means so that the front end of the fork of the ram fork
comes éo face the rack of the opposite side. The ram fork is
then moved (forward) toc the load oﬁ the opposite rack by the
drive means. When the fork of the ram fork.has reached at a
given location over the opposite rack, the forward movement of
the ram fork is ceased. The 1lift apparatus 1is actuated for
causing the fork to hold up the load of a roll form. When the
ram fork is moved (backward}, the locad on the fork is received in
the swivel frame. As understood, the turning movement of the
swivel frame allows the ram fork to face in a desired direction
in the carriage.

Also, the lower of the fork side and the upper of the
counter fork side of the ram fork are éonnected,to each other by
the wires which extend ;ver the rotary members rotatably mounted

to the given locations of the swivel frame and a stress exerted
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on the ram fork upon holding the rolled
appropriately.

In the control method of the present invention, the location
of the aperture of each load to be handled is measured, recorded,
and used for controlling the forward movement of the fork,

whereby the insertion of the fork into the aperture of the load

will be executed without error.

The control apparatus according to the present invention
allows the location of the aperture of each load to be recorded
into the memory means, retrieved from the same by the retrieving
means when requested, and transmitted to the fork controlling
means for controlling the movement of the fork so that the fork
is correctly accepted in the aperture of the load.

In action of the fork-lift apparatus which includes the
input table for receiving a variety of cylindrical loads which
are different in the overall size and the diameter of the axially
extending centre aperture provided therein, storage racks for
storage of the loads, an output table for removal of the loads
stored on the racks, and a fork-lift mechanism for carrying the
loads between the input table, the storage racks, and the output
table, a load placed on the input table is first subjected to
measurement of the location of its centre aperture with the
centre detecting means and handled with the fork which is driven
by the fork controlling means according to the location of the
centre aperture. As the load is held by the fork inserting into

its aperture, it is transferred to a desired one of the storage

racks for storage.
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Fig. 18 is a flow chart diagram showing a sequence of

unloading steps of the control method used with the loading and

unloading systen.

BEST MODE FOR EMBODYING THE PRESENT INVENTION

First Embodiment

A first embodiment of the present invention will be

described referring to Figs. 1 to 6.

A stacker crane according to the first embodiment of the
present invention is denoted by 1 and comprises a lower saddle
3 provided with a travelling unit 2, two posts 4a and 4b mounted
vertically on two, front and rear, near ends of the lower saddle
3, an upper saddle 5 mounted to the top of the posts 4a and 4b,
a carriage 7 to which a fork-lift apparatus 6 is mounted, a lift
drive unit 8 for 1lifting and lowering the carriage 7, a
control/power panel 9, and other minor components. The stacker
crane 1 is disposed between two groups B, B of multiple tiers or

racks in a multi-tier automatic warehouse A.

Also, provided between the two rack groups B, B is a stacker
crane travelling track C which comprises an upper rail 10a and
a lower rail 10b arranged opposite to each other vertically. Two
wheels 1lla, 11b and four lower guide rollers 12 are rotatably
mounted on the lower saddle 3 of the stacker crane 1 so that they
travel along as engage with the lower rail 10b. The wheel 11b
is joined to the travelling unit 2 which includes a driving motor
13 and a reduction device 14. As the wheel 11b is driven by the

travelling unit 2, the wheels 1la and 11b run on the lower rail

10b.
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The upper saddle 5 has four upper guide rollers 15 rotatably

mounted thereon so as to sandwich the upper rail 10a. The four
upper guide rollersi5 allow the stacker crane 1 to be supported
at the upper by the upper rail 1da.

The carriage 7 is disposed between the two posts 4a and 4b
and suspended by wires 16 connected to the 1lift drive unit 8.
The 1lift drive unit 8 comprises a lift drive motor 17, a lift
drum 18, and a reduction device 19. As the wires 16 are rewound
on and released from the lift drum 18, the carriage 7 moves
upward and downward.

The fork-1lift apparatus 6 is mounted on the carriage 7 as a
major component according to the present invention. More
specifically, the carriage 7 has a swivel bearing 20 mounted to a -
lower inside thereof. The swivel bearing " 20 has a toothed
surface 22 threaded on a movable inner ring 21 thereof. The
toothed surface 22 is meshed with a pinioq:gear 25 mounted on a
rotary shaft 24 of a swivel drive.motor éS. Accordingly, the
inner ring 21 can rotate when the pinion gear 25 is driven by the
swivel drive motor 23.

A swivel frame 26 is mounted to the swivel bearing 20 so as
to rotate together with the inner ring 21. The swivel frame 26
is formed of a shape, shown in Fig. 4, having two, upper and
lower, rack gears é?a and 27b arranged on the inner surface
thereof so that they are opposite to each other about the centre
axis. The upper and lower rack gears 27a, 27b are engaged with a

T-shaped ram'fork 28 which can thus move horizontally.
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More particularly, the ram fork 28 comprises a wmain body
28b, a fork 28a extending horizontally from the main body 28b,
and four small wheels 21 rotatably mounted to the lower of the
main body 28b for movement along the inner surface of the swivel
frame 26. The ram fork 28 also has a back 28c thereof to which
two rotary shafts 29a and 29b are vertically mounted for rotating
movements. The two rotary shafts 2%9a and 29b extend to a length
which is slightly greater than the distance between the two rack
gears 27a and 27b and have pinion gears 30 mounted to both the
upper and lower ends thereof for mesh with the'féck gears 27a and
27b.

Also, side rollers 32a and 32b are rotatably mounted to both
the upper and lower ends of the rotary shafts 29a and 29b. While
the ram fork 28 has side rollers 33 mounted to both the upper and
lower ends thereof, it can travel with the side rollers 32a, 32b,
and 33 rotating along both sides of the rack gears 27a and 27b.
The rﬁm fork 28 is supported by four of the pinion gears 30, four
of the small wheels 31, and eight of the side guide rollers32a,
32b, 33 so that it travels horizontally throughout the .swivel
frame 26.

The rotary shaéts 29a and 29b have toothed wheels 34a and
34b fitted thereon respectively. The toothed wheel 34a of the
rotary shaft 29a is &eshed with a toothed wheel 37 fitted on a
rotary shaft 36 of a fork drive motor 35 which is mounted to the
back 28c 6f the ram fork 28. When the fork drive motoxr 35 drives

its toothed ,wheel 37, the two toothed wheels 34a and 34b are
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carriage 7 to turn 180 degrees so that its fork 28a is directed

with the front end facing the target rack b.'

This action is followed by synchronous rotation of the two
rotary shafts 29a and 29b with the driving means of the ram fork
28. As its pinion gears 30 rotate along the rack gears 27a and
27b, the ram fork 28 holding the rolled load moves (or advances)
towards the target rack b. Upon its fork 28a reaching a desired
position on the rack b, the ram-ééfk 28 stops its (advancing)
movement . The 1ift drive unit 8 is then actuated to lower the
carriage 7 briefly.. After the roll=d léad is placed on the
‘desired position of.the rack b, the ram fork 28 is moved backward
(or retracted) to remain in the swivel frame 26 of the carriage
7. The stacker crane 1 then stands by until another command
signal is given.

The travelling, 1lifting, and lowering of the stacker crane 1
and the forward, backward, and rotating actions in the swivel
frame pf the ram fork 28 are not limited to the above mentioned
controlled movements but other modifications and changes will be
possible.

Second Embodiment

A second embodiment of the present invention will be
described referring to Figs. 7 to 10.

Shown is a sﬁécker crane 1 according to the second
embodiment of the preéént invention which comprises a lower
saddle 3 provided with a travelling unit 2 , two posts 4a and 4b

mounted vertigally on two, front and rear, near ends of the lower



rrea’r;s ThB Bhee

i

be expl
91 rece
neans 9
The

Qs B YENOr y
to identify the storage ﬂ @@ _______ Ls st or ed.
. Date e
The fork-lift apparatus 6 in mountsd

j——s

€ carriage 7 as
a major component according to the present invention. More
specifically, the carriage 7 has a swivel bearing 20 mounted to
a lower inside thereof. The swivel bearing 20 has a toothed
surface 22 threaded on the circumferential edge of a rotatable
disk 21 thereof. The toothed surface 22 is meshed with a pinion
gear 25 mounted on a rotary shaft 24 of a swivel drive motor 23.
Accordingly, the rotatable disk 21 can rotate when the pinion

gear 25 is driven by the swivel drive motor 23.

A swivel frame 26 is mounted to the swivel beariﬁg 20 so as
to rotate together with the rotatable disk 21. The swivel frame
26 is formed of a shape, as shown, having two, upper and lower,
guide rails 27a and 27b arranged on the inner surface thereof so
that they are opposite to each other about the centre axis. The
upper and lower guide rails 27a, 27b are engaged with a fallen

T-shaped ram fork 28 which can thus move horizontally.

More particularly, the ram fork 28 comprises a main body
28b, a fork 28a extending horizontally from the main body 28b,
and four small wheels 31 rotatably mounted to the lower of the
main body 28b for movement along the inner surface of the swivel
frame 26. The ram fork 28 also has side rollers 33 rotatably
mounted to the upper and lower end thereof for running directly
aloﬁg both sides of the guide rails 27a and 27b as the ram fork
28 travels.

The lower guide rail 27b has a lengthwisély extending rack

gear 34 mounted on the upper centre thereof for mesh with a
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fixedly joined to the lower end of the main body b of the ram
fork 28.

An action of unloading a rolled load from a rack b by
operating the stacker crane 2 provided with the prescribed fork-

lift apparatus 6 in the multi-tier automatic warehouse will now
be explained.

First, the stacker crane 1 is moved from its home position
or any position on the track in a desired direction by actuating
the travelling unit 2 in response to a command signal.
Simultaneously, the carriage 7 is lifted up (or lowered down) by
the action of the lift drive unit 8 and stopped when it comes to
the rack b of the rack group B.

Then, the fork drive motor 35 on the ram fork 28 is actuated
to drive via the toothed wheel 36 and the pinion gear 35. As the
pinion gear 35 runs directly on the rack gear 34 of the lower
guide rail 27b on the swivel frame 26, the ram fork 28 travels
in the swivel frame 26 until its fork 28a-is moved (or advanced)
to the target rack b. When the fork 28a has moved into the
centre aperture r of the rolled load R located on the rack b and

reached at a predetermined point, the ram fork 28 stops its
(advancing) movement.

This is followed by brief lifting of the carriage 7 with the
action of the lift drive unit 8 to hold with the fork 28a the
rolled load above the rack b. When the fork drive motor 35 on
the ram fork 28 is driven in a reverse direction to rotate the
toothed wheel 36 and the pinion gear 35 backward, the ram fork
28 with its fork 28a holding the rolled load R moves backward (or

-
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The swivel drive motzor 22 is then driven to rotate the

pinion gear 25 and thus the inner ring 21 of the swivel bearing
20. As the inner ring 21 rotatgs, the swivel frame 26 is turned
to 180 degrees. This a&action causes the ram fork Zé' in the
carriage 7 to turn 180 degrees.so that its fork 28a is directed
with the front end facing the tarcet rack b

This action is followed by actuation of the fork drive motor
37 on the ram fork 28 tc rotate the pinion gear 35. As the
pinion gear 35 runs directly on the rack gear 34, the ram fork 28
holding the rolled load R travels (or advances) towards the
target rack b. Upon its fork 28z feaching a desired position on
the rack b, the ram fork 28 stops its (advancing) movement. The
1ift drive unit 8 is then actuated to lower the carriage 7
briefly. After the rolled load is placed on the desired position
of the rack b, the ram fork 28 is moved backward (or retracted)
to remain in the swivel frame 26 of the carriage 7. The stacker
crane 1 then stands by until another command signal is given.

A third embodiment of the present invention will now be
described in the form of a method of controllipg the fork-1lift
apparatus and a fork—lift controller apparatus for implementing
the method.

As shown in Figs. 11, 12, 13, 14, and 15, there is an input
table 1A, an output tabie 2A, and a rail track 3A provided on the
floor. Denoted by Cl1 are coils made by winding a wire material

into a cylindrical shape and stored in a warehouse. The coil C1
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64, a vertical mo:;}ement - detecting means 69 for measuring a
vertical movement of the carriage 63, a running means 66 movable
along the rail track 3A, an ID controller 67 for transmitting and
receiving data to and from the ID tags 5A, a fork controller 68
responsive to an array data from a controller apparatus, which
will be described later, for éontrolling the movement of the
running- means 66 and responsive to a tier data from the
controller apparatus and a compensation data from the 1ID
controller 67 for controlling the movements of the fork actuating
means 62 and the vertical actuafing‘means 65 while monitoring the
vertical movement of the carriage 63, and a power receiving means

for receiving an input of motive power.

The running means 66 is arranged to reach a predetermined

storage array as counting the number of the arrays or ID tags.

The vertical movement detecting means 69 comprises a tier
detecting means 693 including detection labels 691 allocated to
the tiers or racks of each storagé array and reference level
detector 692 for counting the detection labels 691 and upon the
number of the counted labels 691 being equal to the tier data,
determining its position is the reference level of a target rack
4A, a vertically extending magnetic stripe pattern 694 provided
on one side of the crane 64, and a compensating movement
detecting means 697 mounted on the carriage 63 for counting
signal pulses given by reading the magnetic stripe pattern 694

with a magnetic sensor thus to calculate a movement.
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tier data of the frdck 4A are transmitted . by the data transfer
means 94 to the fork controller 68 of the fork-lift mechanism 6A.

Then, the running means 66 is actuated according to the
array data for travelling to the storage array 43 of the coil C1.

_When the running means 66 has arrived at the array location,
the compensation data L2 for the <coil C1 stored in a
corresponding address of the data memory means 51 in the ID tag
SA of the array 43 is read out by the ID controller 67 in
cooperation with the data input/output means 52.

The vertical actuating means 65 is driven in response to the
tier data for upward movement to the reference ievel L3 of the
storage rack 4A. The wvertical actuating means 65 is further
moved upward by L2 of the compensation data so that the fork 61
comes to the centre aperture C2 of the coil C1. The fork
actuating means 62 is then driven to move the fork 61 forward for
insertion into the centre aperture C2 of the coil Ci.

After the upward movement is briefly repeated to 1ift up the
coil C1 from the étorage rack 4A, the fork actuating means 62 is
driven to move the fork 61 backward as 1is followed by the
lowering movement with the vertical actuating means 65 to the
original position.

Séeps of the un}oading action for releasing the load will
now be explained.

The running means 66 is driven for travelling to the output
table 2A. The vertical actuating means 65 is then driven for

upward movement to the reference level L5 of the output table 2A.
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sensors 111 and 112; and a transducer 114 for calculating and
delivering the compensation data L2. In action, the distance H3
between the upper distance sensor 111 and the top of the coil C1
is measured by scanning the top of the coil Cl1 placed on the
input table 1A and the distance H4 between the lower distance
sensor 112 and the bottom of the coil Cl is measured by scarning
the bottom of the same.

Using the four measurements Hl, H2, H3 and H4, the
compensation data L2 which represents a distance of the centre
line of the centre aperture C2 from the reference level L1 is

calculated from Equation 1 as expressed below.

(H2 - H4) - (H1 - H3)
2

i

(Ha - H2)

H4 - H3 7 H1 - H2

In the above arrangement, the distance sensors are disposed
above and beneath the coil Cl.- However, the distance sensors may
be arranged at both, left and right, sides of the coil Cl1 with
gqual success for measuring horizontal distances to the centré
line of the centre aperture C2 5y scanning.

Also, the distance sensors may be substituted by a
combination of the compensating wmovement detecting means 697, the
vertical actuating means .65, and a photoelectric switch 118

-

mounted on the fork 61 as shown.'in Fig. 14.
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In this case, the further upward movement of the carriage is
executed after the reference level is measured by a reference
level detecting means.

This movement is follpwed by examining with the
photoelectric switch 118 whether or not there is a reflective
cbject in the front of the fork 61 and counting pulses of the
magnetic sensor.

As shown in Fig. 16, an N1 number of pulses are.counted
until the fork 61 reaches the centre aperture C2 of the coil C1,
N2 pulses are counted during scanning of the centre aperture C2
before a reflected light is detected, and N3 pulses are counted
until it reaches the top of the coil Cl1 where the reflected light
is no more detected. Using the pulse number N1, N2, and N3, and
a rate of resolution (Kmm/pulse) of the magnetic sensor, the
compensation data L2 which represents a distance of the centre
line of the centre aperture C2 of the coil C1 from the reference

level L1 is then calculated from Equation 2 as expressed below.

L2 = K- (N
(1+2)
It is understood that the two above examples of the centre
detecting means 11 are illustrative but not of limitation.
More preferably, two or more of the centre detecting means
11 may be provided for a fail-safe function where one is

applicable when the other is defective or out of order.
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It is desirable for optimum action of the fork-lift

mechanism 6A to verify at an initial stage that the carriage
remains at the original levelp that the fork 61 stays at its
retracted state, and that no coil Cl is held in the fork-lift
mechanism 6A, and to examine whether or not the coil is placed on
the input or output table.

According to the embodiment of the present invention, a
distance data of the centre aperture C2 of the coil C1 from the
upper surface of the input table is measured and recorded at the
loading action. It can be retrieved and used for identifying the
height level of the coil C1 during the unlocading action without
being measured again. Accordingly, the unloading-of the coil C1
will readily be implemented while any collision of the fork
against the coil Cl being avoided.

"For the purpose, there are provided only the means for
measuring and recording the location of the centre aperture C2 of
the coil Cl1 at the loading action.

In the embodiment, the centre aperture of a load is measured
at the initial stage of the loading section as is not informed.
If any appropriate data, e.g. a radius, which is used as a
compensation data at‘the receiving step is given together with
the ID number of the load for ease of handling, the centre
detecting means 11 méy be eliminated.

FEASIBILITY FOR INDUSTRIAL APPLICATION
As sét forth above, the present invention allows any load of

a rolled form to be smoothly loaded to or unlcaded from a desired
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tier of a multi-tier automatic warehouse by controlling the
travelling movement of the stacker crane, the 1lifting and
lowering movements of the carriage, and the forward and backward
movements of the ram fork.

The ram fork is arranged for movements forward and backward
in a swivel frame on the carriage by means of rack and pinion
gears, carrying the rolled load to and from the swivel frame for
storage on a desired rack without using an extensive length of
the fork member. Also, the carriage containé:€ swiveling means
for turning the ram fork in the swivel frame throuéh 180 degrees,
thus allowing the rolled load to be easily transferred from one
to the other of the two tier blocks disposed on both sides of a
track of the stacker crane.

As no pallet is required, its thickness and a margin for the
fork are disregarded. This allows the amount of storage to be
increased and the available space in a waréhouse to be utilised
at optimum. During the handling, there is no time for loading a
load to a pallet and the overall procedure will be shortened thus
decreasing the cost.

According to the present invention, the centre of swivel
movement is at the céntre of the carriage, i.e. the swivel frame
rotates about its gravity centre. This allows the effect of
inertia force to beﬂ'minimised. Hence, the speed of swivel
movement will be increased and the cycle time for loading and

unloading of loads will be decreased.
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WHAT IS8 CLAIMED :

1. A fork-lift apparatus in a sﬁacker crane for carrying a
load to and from a desired tier in a multi-tier automatic. -
warehouse, having a running apparatus for travelling forward and
backward and a carriage arranged to support the fork-lift
apparatus and driven by a 1lift apparatus for upward and downward
movements, characterised in that the carriage suﬁporting the
fork-1lift apparatus has at ifs lower regional a swivel means, a
swivel frame driven by the swivel means for rotating movement,

and a ram fork provided in the swivel frame as driven by a drive

means for movenent.

2. A fork-lift apparatus in a stacker crane for carrying a
load to and from a desired tier in a multi-tier automatic
warehouse, having a running apparatus for travelling forward and
backward and a carriage arranged to support the fork-lift
apparatus and driven by a lift apparatus for upward and downward
movements, characterised in that the carriage has at its.lowér
region a swivel means, a swivel frame mounted over the swivel
means, rack gears mounted to both, upper and lower, inner walls
of the swivel frame, a ram fork mounted in the swivel frame and
having a plurality of pinion gears meshed with sides of the ﬁpper
and lower rack gears and synchronously driven by a drive means
so that the ram fork can travel throughout the swivel frame when
the synchronous rotating movement of the pinion gears meshing

with the rack gears is executed by the drive means and

simultaneously,

-
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unloading, and storage of the load, characterised by a memor&

means for recording the location of the aperture of each load,
a retrieQing means for retrieving the location of the apefture
of the load from the memory means, and a fork controlling means
for controlling the movement of the fork in accordance with the
location of the éperturé of the load so that the fork is
correctly inserted into the aperture of the load.

6. A fork-lift controlling apparatus for use with a system
having an input table for receiving a variety of roll-formed
loads which are different in size and have axially extending
centre apertures therein into which a fork is insérted for
handling, storage racks for storage of the loads, an output table
for removal of the 1loads, and a fork-lift mechanism for
transferring the loads between the input table, the storage
racks, and the out;put table, characterised by a centre detecting
means for measuring the location of the centre aperture of each
load placed on the input table, a memory means for storage of the
location of the centre aperture of the load; a‘ read/write means
for reading and writing the location of the centre aperture of
the load on the memory means, and a fork controlling means for
controlling the movement of the fork in accordance with the
location of the centre aperture of the load so that the fork is
correctly inserted into the centre aperture of the load.

7. A fork-lift controlling apparatus according to claim
6, wherein the centre detecting _means comprises a couple of

distance sensors provided to sandwich the load for measuring a
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Fork-1ift apparatus in stacker crane and method of controlling

the same and the controller embodying the method

A fork-1ift apparatus for use in a stacker crane has a
running apparatus for travelling forward and backward and a
carriage provided with a fork device and arranged for upward and
downward movements by a 1lift apparatus for the purpose of
carrying a load with the fork device to and from a desired rack
in a multi-tier automatic warehouse. 1In particular, the carriage
has at its lower region -'a swivel means, a swivel frame driven by
the swivel means for rotating movement, and a ram fork provided

in the swivel frame as driven by a drive means for movement.

Fig. 1
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and a transducer circuit 114 for calculating and delivering the
cenpensation dat.a L2. In action, the distance H3 be- tween the upper

di stance sensor 111 and the top of the coil Cl is neasured by scanning the
top of the coil Cl placed on the input table 1A and the di stance H4 bet ween
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A STACKER CRANE HAVING A FORK-LIFT APPARATUS

The present invention relates to a stacker crane
having a fork-1lift appargtus. Such a stacker crane is
#uitable for use in a multi-tier automatic warehouse.

The stacker crane is suitable for handling roll forms of.
load.

A common multi-tier automatic warehouse includes a
stacker crane énd two blocks of multi-tier r;cks disposed
on both sides of a track along which the stacker crane
travels. Each tier supports a number of loads on their.
pallets. For unloading a load on its pallet ffoﬁ the
rack, the stacker crane is anchored on thé track aﬁd its
carriage is elevﬁped to the rack. Then, a fork-1lift
apparatus on the'carriage is actuated to extend its forks
under the pallet. When the carriage is further elevated,
tﬁe forké lift up the pallet with the load. The fork-

lift apparatus is then actuated to retract the forks

allowing the load on the pallet to be
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loaded on the carriage. After the car;iage is lowered by a
lifting mechanism, the stacker crane travels to unload the
load.

In case that the load is_of a roll form having a given
outer diameter and a center aperturé arranged in discrete
location and size, it may not appropriately be loaded and
unloaded with the use of such a conventional fork-lift

- _apparatus in a multi-tier automatic warehouse. For smooth
handling of loads, anf improved férk—lift apparatus is
desired. In addition, the stacker crane equipped with *a
conventional fork-lift apparafus is relatively large in
width at the carriage and its track occupies a considerable
‘'space in the multi-tier automatic warehouse.

If a rolled good is strapped on a pallet for ease of
storage (or handling) in a multi-pier automatic warehouse,
its overall size includihg a pallet height and a fork ac-
cepting clearance is increased and reguires the tiers or
racks to be vertically arranged at intervals of a wider
distance. This will impair the optimum use of a given
interior space of the warehouse. Alsb, the time required
for handling is increased as each rblled good has to be
preliminarily strapped on its pallet, thus contributing to
the rise of the working cost.

When the rolled goods are identical in the size, their
center apertures into which a fork of the stacker crane is

inserted are located in the same place. Accordingly, the
W%

goods may'bé loaded and unloaded with a conventional fork-
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life apparatus by repeating the same fork inserting action.

| In most cases, the rolled goods are different in the
location of the center aperture and stored in discrete
places in the warehouse. _Hence; when one of the rolled
goods is required for unloading, its center aperture is
viewed and identified by the operator of the stacker crane
so that it can accept the fork successfully.

When the load to be handled is of a cylindrical shape
having a center bore for-accepfing the fork of a fork-lift
apparatus, it is also viewed and identified by the operator
for insertion of the fork into the center bore as it is
different in the size and location of the center bore from
other loads stored;in-the warehouse.

It is thus necessary for the operator of a conventional
fork-lift apparatus to view and identify the size and loca-
tion of a center aperture of a desired load to be handled
and manually control the fork for insertion into the center
aperture of the 1load. This action will not contribute to
the reduction of the working time during the handing of load
for storage but impairing the working efficiency.

In particular, even if the center aperture of a load
into which the fork of the fork-lift apparatus is inserted
has been recognized at the loading to a storage space, it
has to be examined again at the unloading from the same.

~ Also, the manual control of the fork movement by view-
ing may depepd on skills and conditions of the operator. It

is probable‘%hat excessive brightness or illusion causes the
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operator to iose the visual estimation of a correct
distance resulting in collision of the fork against and
damage to ;hg_}qad.
It is an object of the present invention to provide
an imprgved stacker crane having a fork-1ift apparatus.
Accofding to one aspect of the present invention,

there is providedha stacker crane having a fork-1lift
apparatus'fqr carrying a load to and from a desired tier
for storage in a multi-tier automatic warehouse, a crane
running apparatus for travelling forward and backward ana’
é carriage arranged to support the fork-1lift apparatus

'énd driven by a lift apparatus for upward and downward
movements, charactéfised in that the carriage has at its

. lower region a horizontal swivgl device, a swivel frame
mounted over the horizontal swivel device and made of an
assembly of upper, lower, front, and rear members which
is open to both, left and right, sides of .a track of the
stacker crane and has an inner space for accépting the
load, a pair of rack gears mounted to the upper and.lower
members of the swivel frame respectively and extending
lengthwisely of the swivel frame, and a ram fork mounted
Setween the left and right ends in the swivel frame and
COmprisipg a main body extending between the upper and
lower members of the swivel frame, a fork extending from

a central region of the main body, and a plurality of

¥




until the fork 61 reaches the center aperture C2 of the coil Cl, N2 pul ses
are counted during scanning of the center aperture C2 before . :
light i$ detected, and N3 pul ses are counted until it r I
the coil CL where the reflected light is no nore detectjpd™"

pul se nunbers N1, N2, and N3, and a rateéb of gesolutiog

’

pinion gears mounted to the upper And lower ends of the
main body for meshing with both sides of the upper and
lower rack gears and synchronously driven by a drive
means mounted on the main body so that the ram fork can
travel throughout the swivel frame when the synchronous
rotating movement of the pinion gears meshing with the
rack gears is executed by the drive means and
simultaneously, it can be turned together with the swivel
frame in the carriage by the action of the horizontal
swivel device.

According to another aspect of the present invention,_
there is provided a stacker crane having a fork-1lift
apparatus for-cari§ing a load to and from # desired tier
for storage in a multi-tier automatic warehouse, a crane
running appratus for trévelling forward and backward and
a carriage arranged to support the fork-lift apparatus
and driven by a lift device for upward and downward
movements, characterised in that the carriage has at its
lower region a horizontal swivel device, a swivel frame

" mounted over the horizontal swivel device and made of an
assembly of upper, lower, front, and rear members which
is open to both, left and right, sides of a track of the
stacker crane and has an inner space for acceptirg the
load, a rack gear mounted to the lower membgr of the

swivel frame and extending lengthwisely of the swivel



mm pul se) of the magnetic sensor, the conpensati on data |2rutHiféh-:
a distance of the center line of the center aperture C2 of the co
tHe reference level L1 is then calculated from Equation?a LM
below. [err] It is understood that the two above exanpl es=6F
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framé, and a ram fork mounted between the left and right
ends in the swivel frame and comprising a main body
extending between the_upper_and lower members of the
swivel frame and a fork extending from a central region
of the main body, and wires mounted over rotary members,
rotatably mounted to both, front and rear, ends of the
lower member and a rear end of the upper member of the
swivel frame, for joining the lower of a fork side of the

main body of the ram fork to the upper of a counter fork

side of the same so that the ram fork can travel
throughout the swivel frame when the rotating moevement
of pinion gears mounted to the main body of the ram fork
and meshed with tﬁé rack gear on the lower member of the
swivel frame .is executed by a d;ivé means and
simultaneously, it can be turhed together with the swivel
frame in the carriage by the action of the horizontal
swivel device.

A stacker crane according to the inventiqn may be
capable of loading and unloading .loads of a rolled form
smoothly on the racks or tiers §f a multi-tier aﬁtomatic
warehouse while the width of a traék on which the stacker
crane travéls is minimized thus contributing to the
reduction of each unit storage space 'in the multi-tier
automatic warehouse without sapgificiﬁg the storage

amount.



center detecting neans 11 are illustrative but not of |inf—taten—Nre—
preferably, two or nmore of the center detecting neans 11 Tm;:tff’ﬁm| ET
for a fail-safe function where one is applicable when thegjothet %is
defective or out of order. It is desirable for optinmum acfipare af..t.he..c.oooeene !

fork-lift : Replacement Sheet —15 May 1997

, Further a stacker crane according to the iavention
may be such that stable movement of a ram fork regardless
of a fall moment is ensured as a counter force on the ram

fork is lessened by dispersion.: -



- o}

mechani sm 6A to verify at an initial stage that the thrr%gfiggx RS
original level, that the fork 61 stays at its retract gdi&ht %?”* dy

coil Clis heldin the fork- lift nmechanism6A, and t{ exani Mel WHEY her
not the coil is placed on the input or output table. DAt eoeeeere
| I
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In action for operating the stacker crane along a track
placed in a multi-pier automatic warehouse, the crane run-
~ning apparatus is actuated to run the stacker crane and
simultaneously, the 1lift apparatué is driven to 1lift (or
lower) the carriage. After the carriage comes to a target
rack, the running and lifting movements are ceased. Then,
when a plurality of pinion gears on the ram fork are syn-
chronously rotated by the drive means, tune ram fork starts
moving. More particularly, the rotating movement of thg
pinion gears along two, upper and lower, rack gears provided
in the swivel frame causes the ram fork to move (forward) in
the swivel fréme towards the rack on which a load to be
unloaded is stored. Upon a fork of the raﬁ fork reaching at
a .given location after moving into the center aperture of a
roll form of the load on the rack, the forward movement of
the ram fork is stopped. The 1lift apparatus is actuated
agaih to 1ift up the carriage briefly, thus allowing the
fork to hold the rolled load above the rack. Then, the ram
fork is moved (backward) into the swivel frame by the action
of the'érive means. Accordingly, the rolled load on the ram r
fork is received in the swivel frame.
For carrying out the rolled 1oad.held in the carriage
from the warehouse, both the crane running apparatus and the
lift apparétuses of the stacker crane are driven at a time
so that the stacker crane runs to its home location while

the carriaéé holding the roller load with its ram fork



34 In this arrangenent a distance data of the center apertHire 6240g %”%ﬁ
coil Cl fromthe upper surface of the input table is ne SuFdd an 2idrded

at "t he [ oadi ng

tte
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lowers down to the lowermost location on the stacker crane.
At the home location of the stacker crane, the ram fork is
moved (forward) to an transfer cart or table. Then, the
carr;age is lowered tc place the rolled load nn the transfer
cart or table. After the placement of the rolled load, the
ram fork is moved (backward) to remain in the swivel frame.
The stacker crane stays at the home location until another
command is given.

For handling with the action of the ram fork a load
placed on a rack of the opposite side of the track of the
stacker crane, the swivel frame is turned 180 degrees by tge
action of the horizontal swivel means so that the front end
of the fork of the ram fork.comeé to face the rack of the
opposite side. The }am fork is then moved (forward) to the
load on the opposite rack by the drive means. When the fork
of the ram fork.has reached at a given location over the
opposite rack, the forward movement of the ram fork is
ceased. The lift apparatus is actuated for causing the fork
to hold up the load of a roll form. When the ram fork is
moved (baékward), the load on the fork is received in the
swivel frame. As understood, the turning rovement of the
swivel frame allows the ram fork to face in a desired direc-—
tion in the carriage.

': Also, the lower of the fork side and the upper of the
counter fork side of the ram fork are connected to each

other by the wires which extend over the rotary members

rotatably ggunted to the given locations of the swivel frame



action. It can be retrieved and used for identifyin he;igm--'f_:_" -of
the coil O during the unloading action wthout bei %'measug @k agaiet. .
Accordi'ngly, the unloading of the coil Cl1 will rea ﬁJ W& ediwhil e
any collision of the fork against the coil Cl being)]aypl 8¢ d: " Fo r-t-he |

pur pose, there are provided only the NS Replaceme

and a stress exerted on the ram fork upon holding the
rolled load will thus be offset appropriately.
Embodiments of ‘the invention will now be descrlbed
with reference te the accompanying drawings ef which: -
Fig. 1 is a perspective view of a stacker crane
showing one embodiment of the p;esent invention;

Fig. 2 is a schematic front view of the stacker crane

in a multi-pier automatic warehouse viewed from its track

side;
Fig. 3 is a cross-sectional explanatory view of a *°
primary part of a fork-1lift apparatus;
Fig. 4 ie a longitudinal cross-sectional explanatory
view of the primary part of the fork-1lift apparatus;
Fig. 5 is a side view of the same shown in Fig. 4;
.Fig. 6 is a side view of the same shown in Fig. 5;
Fig. 7 is a cross-sec¢tional explanatory view of a
primary part of a fork-lift apéaretus showing a second
embodiment of the present invention;
Fig. 8 is a longitudinal croés-sectional explanatory
view of the primary part of the fork-1lift apparatus of
the second embodiment; |

Fig. 9 is a cross-sectional side view of the same

taken from the arrow V of Fig. 8;



for measuring and recording the location of the center aperture €2 of '
coil Cl at the loading action. In the embodi nent, the cent aperture
load is measured at the initial stage of the | oadi ng actr%E 8¢ . :

informed. I f any appropriate data, e.g. a radius, which is use S a
corrpensatron data at the receiving 11 Replacement Sheet — 15 May 1997

Fig. 10 is a cross-sectional 51de v1ew of the same
taken from the arrow VI of Fig. 8;

Fig. 11 is a side view of a loading and unloading
system provided with a control apparatus suitable for a
étacker crane according te_the present invention;

Fig. 12 is a cross-sectional view of the loading and
unloading system;

Fig. 13 is a block diagram showing a sequence of
control steps of the loading an? unlocading system;

Fig. 14 is an explanatory view of a primary part of a

crane mecﬁanism in the loading and unloading system;

Fig. 15 is an explanatory view of a primary part of a
center detecting means mounted on an input table of the
loading and unloeding system;

Fig. 16 is a timing chart diagram explaining the
action of another center detecting means;

Fig. 17 is a flow chart diagram showing a sequence of
loading steps of a control methed used with the loading

and unloading system; and

Fig. 18 is a flow chart diagram showing a sequence of



the center detecting neans 11 may be elimnated. As set

descri bed embodi nents of the present invention allow any! d% M@Rrﬂ‘ied
formto be smoothly |oaded to or unloadgg fr 'wﬁéﬁé"' -

step is giVén together with the I D nunber of the | oad fo“—eaﬁ got h@pg;ng
t
I

bove t he

laceint St

unloading steps of the control method used wiéh the loading

and unloading system.

A first embodiﬁent of the present invention will be
described referring to Figs. 1 to 6.

A stacker crane according to the first embodiment of
the present invention is denoted by'l and‘comprises a lower
saddle 3 provided with"a crane traveling unit 2, two posts
4a and 4b mounted veftically on two, front and rear, near
ends of the lower saddle 3, an upper saddle 5 mounted to «he
top of the posts 4a and 4b, a carriage 7 ﬁo which a fork-
lift apparatus 6 is mounted, a lift drive unit 8 for lift-
ing and ;oweriﬁg the carriage 7, a control/power panel 9,
and other miﬁor components. ' The stacker crane 1l is disposed
between two groups B,B of multiple tiers or racks in a
multi-tier automatic warehouse A. . |

Also, provided.between the two rack groups B,B is a
stacker crane traveling track C which comprises an upper
rail 10a and a lower rail 10b arranged opposite to each
other vertically. Two wheels 1lla, 1llb and four lower guide

rollers 12 are rotatably mounted on the lower saddle 3 of

the stacker crane 1 so that they travel along as engage with

the lower rail 10b. The wheel 1llb is joined to the crane
traveling unit 2 which includes a driving motor 13 and a
reduction device 14. As the wheel 1llb is driven by the

traveling unit 2, the wheels lla and 1llb run on the lower

_\-r,‘.




mul ti-tier
t he stacker

the forward and backward novenents of the ramfork

rail 10b. ) Replacement Sheet — 15 May 1997

aut omati ¢ war ehouse by controlling the travell
crane, the lifting and | owering novenents of ft

13 {—

I3

The upper saddle 5 has four upper guide rollers 15
rotatably mounted therecn so as to sandwich the upper rail
10a. The four upper guide rollers 15 allow the stacker
crane 1 to be supported at the upper by the upper rail 10a.

The carriage 7 is disposed between the two posts 4a and
4b and suspended by wires 16 connected to the lift drive
unit 8. The lift drive unit 8 comprises a lift drive motor
17, a 1lift drum 18, and a reduction device 15._ As tﬁg wires
16 are rewound on and réleased from the 1ift drum 18, the
carriage 7 moves upward and do&nward. o

The fork-lift apparatus 6 of the first embodiment of
the present inventidn is mounted on the carriage 7 as having
the following arrangement and function. More specifically,
the carriage 7 has a swivel bearing 20 mounted to a lower
inside thereo as a part of the horizontal swivel means; The
swivel bearing 20 has a toothed‘surface 22 threaded on a
movable inner ring 21 thereof. The toothed surface 22 is
meshed with a pinion gear 25 mounted on a rotary shaft 24 of
a swivel drive motor 23. Accordingly, the inner ring 21 can
rotate when the pinion geaf 25 is driven by the swivel drive
motor 23.

A swivel frame 26 is mounted to the swivel bearing 20
so as to rotate together with the inner ring 21. The swivel
frame 26 has a shape formed of assembling'upper, lower,
front, and rear members and opened to both, left and right,

sides of .the track of the stacker crane as having an inner
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35 The ramfork is arranged for novenents forward and b \E

frame on the carriage by means of rack and pinion gears, }carr t he

roIIed load to and fromthe swivl frame for storage on a‘ ‘iéﬂﬂ! ...........
14 Replacement Sheet — 15 May: 1997 - =

space therein. Two, upper and lower, rack gears 27a and 27b’

are mounted on the inner wall of the swivel frame 26 so that
they are opposite to each other at the center. The upper
and 1ower rack gears 27a, 27b are engaged with a fallen T-
shaped ram fork 28 which can thus move horizontally.

More particularly, the ram fork 28 comprises a main
body 28b, a fork 28a extending horizontally from the main
body 28b, and four small wheels 31 rotatably mounted to the
-loweg bf the main body 28b for movement along the inner
sufface.of the swivel frame 26. The ram fork 28 also has a
back 28c thereof to which two rotary shafts 29a and 29b are
vertically mounted for- rotating moveﬁents. The two rotary
shafts 29a and 29b extend to a length which is slightly
greater than the distance beiween the two rack gears 27a and
27b and have pinion gears 30 mounted to both the upper and
lower énds thereof for mesh with the rack gears 27a and 27b.

Also, side rollers 32a and 32b are rotatably mounted to
both the upper and lower ends of the rotary shafts 29a and
29b. While the ram fork 28 has side rollers 33 ﬁounted to
both the upper and lower ends thereof, it can travel with
the side rollers 32a, 32b, and 33 rotating along both sides
of the rack gears 27a énd 27b. The ram fork 28 is supported

- by four of the pinion gears 30, four of the small wheels 31,
and eight of the side guide rollers 32a, 32b, 33 so that it
travels horizontally throughout the swivel frame 26. The
overall length of the ram fork 28 is adjusted so that it can

be accommodated between the left and right ends in the

3
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‘Wi t hout usi ng an extensive length of the fork nenber. Al so, the carriage

contains a swivelling nmeans for turning the ramfork |n Tl %MAV%}Nf

!

t hrough 180 degrees, thus allowing the rolled load to b Stay erre
fromone to the other of the two tier blﬂgks di sposed of pqt M "§mqim§"
‘track of the_stackel craneg.. ReglacementSheet =15 May 1907~

im e —

The rotary shafts 29a and 29b have toothed wheels 34a
and 34b fitted thereon respectively. The toothed wheel 34a
of the rotary shaft 29%a is.meshed with a toothed wheel 37
fitted on a fotéry shaft 36 of a fork driQe motor 35 which
is mounted to the back 28c of the ram fork 28. When the
fork drive motor 35 drives its toothed wheel 37, the two
toothed wheels 34a and 34b are driven thus rotating their
respective-rotafy shafts 2%a and 29b iIn synéhronous relz-
tionship..‘ |

An action of unloading a rolled locad from a rack b by
operating the stacker crane 2 provided with the prescribed
fork-lift abparatus 6 in the multi-tier automatic warehouse
will now be explained.

First, the stacker crane 1 is moved from its home
position or any position on thg track in a desifed direction
bf actuating the traveling unit 2 in response to a command
signal. Simultaneously, the carriage 7 is lifted up (or
lowered down) by the action of the lift drive unit 8 and
stopped when it comes to the rack b of the rack group B.

Then, the fork drive motor 35 on the ram fork 28 is

actuated to\drive the toothed wheels 37, 34a, and 34b for

synchronous rotation of the rotary shafts 29a and 29b. As:

the two rotary shafts 29a and 29b rotate, their pinion gears
30 fitted to near the upper and lower ends run directly on

both the rack gears 27a, 27b mounted to the upper and lower

inner walls of the swivel frame 26. Accordingly, the ram .

_»-:._v .
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'Also' the load on the stacker crane can be | oaded to ang ‘Unlbaded T %ﬁyl
rack of _either of the left and right blocks. As no paIIeL Ls‘rldﬁhﬂ |ts
thi ckness and a margin for the fork are disregarded. This. allows: the: anvunt

of storage to be-increased and the avai ljgbl e RepacgndniSieet — 15 May 1997

fork 28 travels in the swivel frame 26 moving (or advancing)

its fork 28a to the target rack b. When its fork 28a has
moved into the center aperture of the rolled load located.on
the rack b and reached at a predetermined point, the ram
fork 28 stops its (advaﬁéihg) movement. |

This is followea by brief lifting of the carriage 7
with the action of the lift drive unit 8 to hold with the
fork 28a the rolled load above the rack b. When the fork
drive motor 35 on the_ram fork 28 is driven in a reverse
direction to rotate thé—two rétary shafts 29a and 29b back-
ward, the ram fork 28 with its fork 28a holding the rolled
load moves béékward (or retracts). As the result, the
rolled load on the ram fork 28 is received and acéommodated
in the swivel frame -26.

The rolled load held in the swivel frame 26 of the
carriage 7 is then carried out from the warehouse. More
particularly, the stacker crane 1 is traveled to the home
position whiie the carriage 7 being lowered to the lowermost
Place on the stacker crane 1 by the actions of the traveling
unit 2 and the 1lift drive unit 8 respectively. At the home
position, the ram fork 28 is moved (or advanced) to a trans-
fer carrier or table {not shown) and the carriage 7 1is
lowered dowﬁ to place the rolled load on the transfer carri-
er or table. The ram fork 28 without the rolled load is
then moved backward (or reﬁracted) to remain in the swivel
frame 26 of the carriage 7. The stacker crane 1 stays at

the home pgsition until another command signal is given.

S



war ehouse to be utilized at optinum During the handling, w‘xheréﬁ’ifs Eg"_tm
h

for loading a load to a pallet and the overall procedure
t hus decrea5|ng the cost. The center of sw vel novenent f°ttre--cent-er--of-

SR S ————

the, carriage, i.e. the swivel frame rotgt eSRggmtnemt&egg-awmawg

For transferring of a rolled load from a rack b to
another rack b located on the opposite side of the stacker
crane track by operating the stacker crane 1, the procedure
starts with allowing the ram fork 28 to load the rolled load
into the swivel frame 26 of the carriage 7. o

The,swivél drive motor 23'is then driven to rotate the
pinion gear 25 and thus the inner ring 21 of the swivel
bearing 20. As the inner ring 21 rotates, the swivel frame
26 is turned to 180 degrees. This action causes the ram
fork 28 in the carriage 7 to furn 180 degrees so that its
fork 28a is directed with the front end facing the target
rack b.

This action is followed by synchronous rotation of the
two rotary shafts 29a and 29b with the driving means of thg
ram fork 28. As its pinion gears 30 rotate along the rack
gears 27a and 27b, the ram fork 28 holding the rolledlload
moves (or advances) towards the’target rack b. Upon its
fork 28a reaéhing a desired positiéﬁ on the rack b, the ram
fork 28 stops its (advancing) movement. The lift drive unit
8 is then actuated to lower the carriage 7 briefly. After
the rolled load is placed on the desired position of the .
rack b, the ram fork 28 is moved backward (or retracted) to
remain in the swivel frame 26 of the carriage 7. The stack-
er crane 1 then stands by until another command signal is
given.

The traveling, lifting, aﬁd lowering of the stacker

crane 1 and the forward, backward, and rotating actions in

-\'}:.: :



center.

Thi s ér!oms the effect of inertia force to be m ni _ _
the speed of sw vel movement will be increased and the ccheDgtlelTe?fm 1980
| oadi ng and unl oadi ng of

I
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the swivel frame of the ram fork 28 are not limited to the
above mentioned controlled movements but other modifications
and changes will be possible.
Second Embodiment - |

A second embodiment of the present invention will be
deséribed referring to Figé. 7 to 10. Like componenis will

be denoted by like numerals as those in the first embodiment

- for simplicity.

As shown, a fork-lift apparatus 6 according ﬁo_the
second embodiment of the présent invention ‘is mounted on a
carriage 7. ' More specifiéally, the fork-1lift apparatus 6
has the following arrangement and function. The carriage 7
has a swivel bearing 20 mounted to a lower inside thereof as
a part of a horizontal swivel device. The swivel bearing 20
has a toothed surface 22 threaded on the circumferential
edge of a rotatable inner ring 21 thereof and a pinion gear

25 mounted on a rotary shaft 24 of a swivel drive motor 23.

Accordingly, the inner ring. 21 can rotate when the pinion

gear 25 is driven by the swivel drive motor 23.
A swivel frame 26 is mounted to the swivel bearing 20
so as to rotate together with the inner ring 21. The swivel

frame 26 is formed of an assembly of upper, lower, front,

and rear members having two openings opened to both, 1eft‘

and right, sides of the track of the stacker crane and
having an inner space. For moving the ram fork 28 in-
horizontal directions lengthwisely of the swivel frame 26, a

traveling device which comprises small wheels 31, side

¥



36 loads will be decreased. The ramfork in the swi vel fr%rﬁia.s ﬁﬁmah1shLET
supported by the cable wires which extend fromthe Iomer; nd of the fo E
Sede. P MAR.

side of the ramfork to the upper end of the counter forh

via the rotary nenber pivoted on 19 BeglaoementSheet 15 May 1997

rollers 33, a pinion gear 37a, a drive gear 37b, and a fork

drive motor 35 ig disposed in the swivel frame 26 together
with two guide rails 27a and 27b and a rack gear 34 along
which the ram fork 28 travels.

The guide rails 27a and 27b afe mounted on bétﬁ, upper
and lower, inner walls of the swivel frame <46 to e§tend
between the left and right sides lengthwisely of the swivel
frame 26. The ram fork 28 having a fallen T shape is ar-
ranged to run horizontally along the two, upper and lbwer,
guide rails 27a, 27b. |

The ram fork 28 comprises a main body 28b and a fork
28a extending horizontally from the main body 28b. Four of
the small wheels 31 are rotatably mounted to the lower end
of the main body 28b for movement along the inner surface of
the swivel frame 26. 'Also, the side rollers 33 are rotata-
bly mounted to the upper and lower end of the ram fork 28
for running directly along both sides of the guide rails 27a
and 27b as the ram fork 28 travels. As understood, the'ram
fork 28 is supported 5y the small wheels 31 and the side
rollers 33 for horizontal movement throughout the swivel
frame 26.

The rack gear 34 is lengthwisely mounted on the center
of the lower gquide rail 27b for mesh with the pinion gear
375 mounted on a lower center of the ram fork 28. The
pinion gear 37a is also meshed with the drive gear 37b which
is mounted above the pinion gear 37a. The drive gear 37b is

connected .to the fork drive motor 35 mounted on the ram fork
'\.J,L:' -
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specified regions of the swivel frane. This allows any

£ A
the ramfork when a load is carried to be offset, thus Fé ’ég_h
stabl e ’movenents of the ramfork. According to t he descrit hed §oht'F®Y ™
net hod, the novenent of the fork is cogbrolled by a | ocaion data-of ———-
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The ram fork 28 is supported by two sets of cable wires
or roller chains 38a and 38b for movement throughout the
swivel frame 26. More particularly, as shown in Figs. 7 to
9, the swivel frame 26 has a plurality of sprockets 39a,
39b, 39c¢, 394, 39e, and 39f rotatably mounted thereto so as
to be located at both front and rear ends of the ram fork
28. For ease of the description; one set of the roller
chains 38a and 38b at one side will be explained for tight-
ening.over the sprockets. The tightening of two sets of the
roller chains 38a and 38b is identical. oo

The roller chain 38a is fixedly joined at one end to
the upper front of the main body 28b of the ram fork 28.
The ofher end of the roller chain 38a extends over the
sprockets 39a and 39b pivoted on the front and rear ends of
an upper region of the swivel frame 26 and the sprockets 39c
pivoted on the rear end of a lower region of the same and is
fixedly joined to the lower rear of the main body 28b of the
ram fork 28.

Similarly, one end of the roller chain 38b is fixedly
joined to the upper rear of the main body 28b of the ram
fork 28. The other end of the rolier chain 38b extends over
the sprocket 394 pivoted on the upper rear of the swivel
frame 26 and the sprockets 39e and 39f pivoted on the front
and rear ends of é lower region of the swivel frame 26 and
is fixedly joined to the lower front of the main body 28b of

the ram fork 28.

VX ’



the center aperture of a |oad which is to be carried. Heffcg,
readrly be carried to and from a warehouse w t hout bei ng noni
operator nor having any possibility of colliding with the for : R
handl i ng of the loads will thus i ncreasgli N RBSadeREhE3HeE L el T AR Ty —ane

efficiency.
An action of unloading a rolled load from a rack b by

operéting the/stacker crane 2 provided with the prescribed
fork-lift apparatus 6 in the multi-tier automatic warehouse
will now be explained.

First, the stacker crane 1 is moved from its home
position or any position 6n the track in a desired direction
by actuating the crane traveling unit 2 in response to a
command signal. Simultaneously, the carriage 7 is lifted up
(or lowered down) by the aciion of-the lift drive unit 8 and
stopped when it comes to the rack b of the rack group B.

Then, the fork drive motor 35 on the ram fork 28 is
actuated to drive via the drive gear 37b the pinion gear
37a. As the pinion gear 37a runs directly on the rack gear
34 of the lower gquide rail 27b on the swivel frame 26, the
ram fork 28 travels in the swivel frame 26 until its fork
28a is moved (or advanced) to the target rack b. When the
fork 28a has moved into the centet apefture r of the rolled
load R located on the rack b.and reached at a predetermined
point, the ram fork 28 stops its (advancing) movement.

This is followed by brief lifting of the carriage 7
with the action of the lift drive unit 8 to hold with the
fork 28a the rolled load above the rack b. When the fork
drive motor 35 on the ram fork 28 is driven +in a reverse .
direction to rotate the drive gear 37b and the pinion gear
37a backward, the ram fork 28 with its fork 28a holding the
rolled load R moves backward (or retracts). As the result,

the rolled load R on the ram fork 28 is. received and accom—
V¥ ) -



For inplenenting the above nefhod, the control apparatus ﬂngiude5“ah%§§§§§T
means; for recording-the location data of the center apertire

a fetrieving neans for
controlling nmeans for controlling the ngyeneng

Iocatlon data
modated in the swivel frame 26.

While the ram fork 28 performs a series of the handling
actions, it remains supported by the roller chains 38a and
38b. When the ram fork 29 is loaded with the rolled load R,
it is prevented from tilting to the fork 28a side as secure-

'ly held with the roller chains 38a and 39b.

The rolled load R held in the swivel frame 26 of the
carriage 7 is then carried out from the warehouse. More
particularly, éhe stacker crane 1 is traveled to the home
position while the carriage 7 being lowered to the lowermost
place on the stacker crane 1 by the actions of the crane
traveling unit 2 and the lift drive unit 8 respectively. At
the home position, the ram fork 28 is moved (or advanced) to
a transfer carrier or table (not shown) and the carriage 7
is lowered down to place the rolled load R on the transfer
carrier or table. The ram fork 28 without the rolled load
is then moved backward (or retracted) to remain in the
swivel frame 26 of the carriage 7. The stacker crane 1
stays at the home position until another command signal is
given.

For transferring of a rolled load from a rack b to
another rack b located on the opposite side of the stacker
crane track by operating the stacker crane 1, the procedure
starts with allowing the ram fork 28 to load the rolled load
into the swivel frame 26 of the carriage 7.

The swivel drive motor 23 is then driven to rotate the

pinion gear 25 and thus the inner ring 21 of the swivel



In case of a load to be loaded is formed of a cylindrical [fhape, favin i
¢ H H 2T A ST -," b T
cent et aperture therein into 37 F_ru_t LACT .49 e l
23 e e
Replacement Sheet — 15 May 1997
bearing 20. As the inmner ring 21 rotates, the swivel
frame 26 is turned to 180 aegrees. This action causes

the ram fork 28 in the carriage 7 to turn 180 degrees so
that-it~. fork 28a is directed with the front end facing
the target rack b.

This action is followed by actuation of the fork
drive motor 35 on the ram fork 28 to rotate the drive
gear 37b and the pinion gear 37a._ As the pinion gear 37a
runﬁ-directlé on-tﬁe rack gear 34, the ram fork 28

holding the rolled load R travels (or advances) towards

**

the target rack S. Upon its fork 28a reacﬁing a desired
position on the rack b, the ram fork 28 stops its
{advancing) movement. The 1ift drive unit 8 is then
actuated to lowé; the carriage 7'briefly. Aftex the
rolled load is placed on the desired position of the rack
b, the ram fork 28 is moved backward (or retracted) to
remain in the swivel frame 26 of_the carriage 7. The
stacker crane 1 then standé by until another command
signal is given.

A method of controlling the fork-lift apparatus and a
fork-lift controcller apparatus for implementing the
method will now be described.

As shown in Figs. 11, 12, 13, 14, and 15, there are
an input table 1A, an output table 2A, and a rail track
3A prévided on the floor. -Denbted by Cl1 are coils made

by winding a wire materjial into a cylindrical shape and

stored,..
¥



which the fork is inserted for carrying, the location of its ééggéf
apertﬁre I's nmeasured and recorded at the begi nning of Ioadlng|

unl.oading of the load, the |location of its center aperture is rmmm:
used for controlling the movenent of the24 or kre £l isREdt ) 15! e or
appargtus LiXQatQSrERBLEQL'n¥ﬁE) Xﬁil Pehas a center aperture C2 pro-

vided therein and its outer diameter and width are varied

depending on the thickness and length of the wire material.

Also, shown are storage blocks 41 and 42 disposed on
boégwsides of the rail track 32 and comprising a mﬁltiplici—
ty of storagémtiers 4A arranged vertically. The two storage
blocks 41 and 42 on both sides of the rail track 3A form
storagé arrays 43. A center detecting means 1l is provided
-for exémining a difference.between the reference level L1
defined by the iﬁput table 1A'and the height level of the
-center aperture C2 of the coil Cl and delivering it ag a
compensation data L2 for position of the center aperture.

An ID tag SA is provided at the lowermost of each
storage array 43. The ID tag 5A comprises a rewritable data
memory means 51 and a data input/output means 52 for writing
a data supplied from é fork-lift mechanism, which will be
explained later, to the data memory means 51 and for reading
a data from the data memory means 51 and delivering it to
the fork-lift mechanism.

Each of the ID tags 5A is adapted to store data for ten

racks of the storage blocks 41 and 42.

The fOrk-lift mechanism denoted by 6A comprises a

couple of forks 61 (equlvalent to the ram fork 28 of the

second embodiment) provided at both, left and rlght, s1des
movable to and from the center aperture C2 of the coil Cl on
the rack, a fork actuating means 62 for moving the forks 61

forward and backward, a carriage 63 (equivalent to the
* 2



enhanced in the operational reliability and efficiency. A% thelF o Cat ﬁ
t he. cEnt.er aperture of a load is sinply neasured by scannijhg wti Iﬁ?M
di stance sensor over the periphery of the |oad, the foregadi Rgief-uncti.on

Sy

t he control apparatus will be perforned 4 th Berfdit skt LFE Wi 1997

~carriage 7 of the previous embodxment) movable vertically, a

’

vertical actuating means 65 (equivalent to the 11ft appara-

tus 8 of the previous embodiment) for moving the carriage

.63 upward and downward throughout a crane 64, a vertical

movement detecting means 69 for measuring a vertical move-
ment of the carriage 63, a cane traveling apparatus 66
{equivalent to the crane traveling apapratus 2 of the previ-
ous embodiment) movable along the rail track 3A, an 1ID
controller 37 for-transmitting and receiviﬁg data to and
frém the ID téés 5aA, a fork controller 68 responsive to an
array data from a controller apparatus, which will be de-
scribed later, for controlling the movement of the crane
traveling apparaus 66 and responsive to a tier data from the
controller apparatﬁs and a compensation data from the ID
controller 67 for controlling the movements of the fork
actuating means 62 and the vertical actuating means 65 while
monitoring the vertical movement ‘of the carriage 63, and a
power receiving means for receiving an input of motive
power.

The crane traveling appartaus 66 is arranged to réach a
predetermined storage array as counting the number of the
arrays or ID tags. -

The vertical movement detecting means 69 comprises a

tier detecting.means 693 including detection labels 691

allocated to the tiers or racks of each storage array and
reference level detector 692 for counting the detection

labels 6921 and upon the number of the counted labels 691
¥
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The control apparatus may be inplenmented in V\:hl ch the centerjj apert

| ocation is nmeasured by noving a photoelectric switch for d gbflng ...............
presence or absence of reflected Iight. Wth the use of a co

the above devices, the control apparatug W |RepRBerhéht BRGH - |1gwra§ qg¢d in t he
——.._ ..being _equal to the tier data, determining its position is
the reference level of a target rack 4A, a vertically ex-
tending magnetic stripe pattern_694 provided on one side of
the crane 64, and a compensaping movement detecting means
697 mounted on the carr;age 63 for counting signal pulses
given by read1ng the magnetlc stripe pattern 694 with a
magnetic sensor 695 thuS'to calculate a movement.
The detection labels 691 may be mounted to the crane
64. Also, the rack numbcr detécting means 693 may be sub—-
stituted by the compensating movement detecting means 697.
The controller apparatus is provided for controlliﬁé
the foregoing components in a sequence of orders as denoted
by 9A and comprises an input means 91 for receiving loading
and unloading data,’ an address memoiy means 92 for recording
a combination of storage array data and tier data of each
stored coil Cl as an address data, data input/output means
93 fesponsive to the loading and ‘unloading data for reading
and writing of daté on the address memory means 92, and a

data transfer means 94 for transmitting both the array data

and tier data to the fork-lift mechanism 6A.

Both a loading action and an unioading action with the
above arrangement will be explained referring to Figs. 17

and 18. The explanation starts with initial steps of the
,!
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operational reliability. As described, the described control deFHbHAQMQEQ;EQEE;

apparsatus allow the fork to be inserted into the center apert ure of
readily and accurately for |oading to and unloading froma useq VOHER mﬁ

[ vt bmi

Attention is directed to Application No 961 ment Sheet — 15Ma 1907 e

.. loading action for accepting a load.

When the input means 91 receives a loading command, it
starts accessing the address memory means 92 for searching
an unoccupiod rack. Both array and tier data of the unoccu-
pied rack are then released from the éaﬁé transfer means 94.
Upon.receiving the two data from the data transfer means 94,
the fork controller 68 stores them as a record and instructs
the crane trgveling apparatus 66 to travel to tﬁe input
table iA. After the reference level L1 of the input table
1A is measured, a difference between'rhe reference level L1
and the level of the center aperture C2 of the coil C} is
calculated by the center detecting means 11 and stored as
the compensation data L2.

The forks_Gl"are'then lifted up from the reference
level by a distance defined by the compensation data L2 so
that one of them comes to the height of the center aperture
C2 of the coil Cl. The fork actuating means 62 is actuated
to move the fork 61 forward for insertion into the center
aperture C2 of the coil Cl.

Then, the vertical actuating means 65 is driven to
move the carriage 63 upwards and thus lift up the coil C1
from the input table lA. The fork actuating means 62 is
started again to move the fork 61 backward as is followed by N
lowering the carriage 63 to its original_location.with the
vertical actuating means 62.

Succeeding steps of the loading action for storage of

the load will now be explained.
_')-_K'E :
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_ The crane traveling apparatus 66 is actuated in re-
sponse to the stofage array éata of the coil Cl so that it
travels to a corresponding array location.

As the crane traveling apparatus 66 has arrived at the
array location, the compensation data is transmitéed ;ia the
ID controller 67 t§ the ID tag 5A Sf the array 43. The
compensation data received by the ID tag 5A is then written
by the data input/output means 51 to a corresp?nding address
in the data memory means 52. This writing aéfion allows
previous data in the address to be deleted automafically.

The vertical actuating means 65 is driven by the tfer
detecting means 693 of the vertical movement detecting means
69 for lifting to the reference level L3 of the storage rack
4A of the tier defined by the tier data. The vertical
actuating means 65 is then driven by the compeqsating move-
ment detecting means 697 for further upward movement through
a distance of L4.(>L2) so that.the bottom of the coil Cl is
higher than the top of the storage raék 4A. The fork actu-
ating means 62 is driven to move the fork 61 forward aﬁd
then, the fork 61 is lowered by a distance of L4-L2 so that
its center comes to a position which is higher by L2 of the
compensation data than the reference level L3. As the
result, the coil Cl is placed directly on the storage rack .
4A as released from the fork 61.

The fork actuating méans 62 is driven to move the fork
61 backward and then, the veftical actuating means 65 is

driven for downward movement to the original height posi-

v
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1. A stacker crane having a fork-lift apparatus for carrying ﬁ%ﬂﬁgaﬂfﬁﬁ

froamwa desired tier for storage in a nmulti-tier automatic ehousgaﬁfNTSHEET
crane running apparatus for travelling forward and backward japg;.a c&r Mﬁgqan?
arranged to support the fork-l1ift appar aj4is mﬂlagérﬁe\‘n?ghel&’-?é"'ﬁﬁ é@;‘g@-_@-u& ...... 4

for r n I . . . )
° “pfa d gign9owgﬁ}f%g the loading action, the major vertical move-

ment or tier accessing movement of the vertical actuating
means 65 is controlled by a signal of the tier detecting
means 693 while the_m?nor vertical movement or L4 and L2
associated movement at the target tier of the same is con-
trolled by a signél of the compensating movement detecting-
means 697. The loading action is ndw completed.

The unloading action will be explained starting with
steps of removal'of q‘load: 

When the input meéns 91 recéives an unloadiné command,
it starts accessing the address memory means 92 to identify
the storage rack 4A where a target coil Cl is stored. The
storage ariay data and tier data of the rack 4A are trans-
mitted by the data transfer means 94 to the fork controller
68 of the fork—lift mechanism 6A. |

Then, the crane traveiing apparatus 66 is actuated
according to the array data for traveling to the storage
array 43 of the coil Cl. .

When the crane traveling apparatus 66 has arrived at
the array location, the compensation data L2 for the coil C1
stored in a corresponding address of the data memory means
51 in the ID tag 5A of the array 43 is read out by the ID
controller 67 in cooperatidn with the data input/output
means 52. ‘

The vertical actuating means 65 is driven in response
to the tier data for upward movement to the reference level

L3 of the.storage rack 4A. The vertical actﬁating means 65

."’



novement s,

horigontal

svi vel “devi ce and made of an assenbly of upper, |ower, f

menbers which is open to both left anggri glfe 1a§gnféa§sﬁa‘eta1sma kggyf the
stacker cragesapendas vEa"8pwikACHY Of2 an?R‘We”Q:&EEnsatlon data so

characterised in that the carriage has at itg
swi vel device, a swivel. frame nounted over th

that the fork 61 comes to the center aperture C2’' of the coil
Cl. The fork actuating means 62 is then driven to move the

fork 61 forward for insertion into the center aperture C2 of

the coil Cl.

After the upward movement is briefly repeated to lift

up the coil Cl from the storage rack 4A, the fork actuating

means 62 is driven to move the fork 61 backward as is fol-

lowed by the lowering movement with the vertical actuating
means 65 to the 6rigina1 position.

Steps of the unloading-action for releasing the load
will now be explained.

The crane traveling apparatus 66 is driven for travel-
ing to the output table 2A. The vertical actuating means 65
is then driven for upward movement to the reference level L5
of the output table 2A. After a further upward movement of
L4 (>L2) for lifting up the coil Cl so that its bottom is
higher than the top of the output table 2A, the fork actuat-
ing means 62 is driven to move the fork 61 forward. Then,
the fork 61 is lowered by LQ—LZ so that it comes to a loca-
tion higher by L2 of the compensation data from the refer-
ence level LS. As the result, the coil Cl is placed direct-
ly on the output tablé 2A as released from the fork 61. The
fork actuating means 62 is driven again to move the fork 61
backward and the vertical actuating means 65 is driven for
downward movement to the original position.

The unloading action is now completed.
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| oad, a pair of rack gears nounted to the upper and | ower ré?ﬁ)é"‘&;dfc\Ph%HEET

i v f tivel d t endi I t hw sel f thg
swi,vel franme respectively and extending | engthwi sely o sw% mm—‘

"and a ram fork nounted between the left and right ends in

and conprising a . main body extending be iAeenRQ@H@&es’hegtnq§M99§renbgrs of

the swivel frame, a fork extending fro
e It is- des1rab1e that the input. .table 1A, the storage

rack 4A, and the output tabie 2A are identical to each other
in the compensation daté of L2 which extends from their
surface to the center line of the center aperture C2 of the
coil Cl. In case that the compensation data L2 is not
identical, it can easiiy bé corrected by adjusting the
components of the fork-lift mechanism.

The center détecting means 11 may employ distance
sensors assembled in the following arrangement.

More specifically, the center detecting means 1l com-
prises an upper distance sensor 1lll distanced upwardly b§ H1
from the reference level L1 of the input table 1A for de-
tecting a distance from the top of the coil Cl, a lower
distance sensor 112 distanced downwardly by H2 from the
reference level L1 of the input table 1A for detecting a
distance from the bottom of the coil Cl, a scanning means
113 for scanning with both the di'stance sensors 111 and 112,
and a transducer circuit 114 for calculating and delivering
the compensation data L2. In action, the distance H3 be-
tween the upper distance sensor 111 and the top of the coil
Cl is measured by scanning the top of the coil Cl placed on
the input table 1A and the distance H4 between the lower

distance sensor 112 and the bottom of the coil Cl1 is meas-— .

ured by scanning the bottom of the same.



a central fébion of the nmain body, and a pturality of p|n|o E%Eﬁu§??ﬂﬂUﬂt§dEET
to the upper and |ower ends of the main body for nmeshing wifih bét
Rhts ve. nea

t he upper and | ower rack gears and synchronously driven by'

nmounted on the main body so that the rang{cn

smnvel frame when the synchronous
- Using the four measurements H1, H2, H3,and H4,

the

COmpensat{on data L2 which represents a distance of the
center line of the center aperture C2 from the reference
level L1 is calculated from Equation 1 as expéessed below.
(H2-H4) + (H1—~H3)
2
H4-H3+H1—-H2
2

In the above arrangement, the distance sensors are

+ (H4—H2)

L2

disposed above and beneath the coil Cl. However, the dis-

tance sensors may be arranged at both, left and right, sides

of the coil Cl1 with equal success for measuring horizontal
distances to the center line of the center aperture C2 by
scanning.

Also, the distance sensors may be substituted by a
combination of the compensating movement detecting means

697, the vertical actuating means 65, and a photoelectric

switch 118 mounted on the fork 61 as shown in Fig. 14.
In this case, the further upward movement of the car-
riage is executed after the reference level is measured by a

reference level detecting means.

This movement is followed by examining with the photo-
electric switch 118 whether or not there is a reflective

object in.the front of the fork 61 and counting pulses of
W



rotati ng novenent of the pinion.gears meshing with the
39, % .
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the magnetic sensor. Replacement Sheet — 15 May 1997

As shown in Fig. 16, an Nl numbzr of pulses are counted
until the fork 61 reaches the center aperture C2 of the coil
Cl, N2 p&lses are c§unted during scanning of the center
aperture C2 before a reflected light is_deﬁecféd, and N3
pulses are counted untii it reaches the top of the coil Cl
where the reflected light is no more. detected. Using the
pulse numbers Nl, N2, and N3, and a rate of resolution (K
mm/pulse) of the magnetic sensor, the compensation data L2
which represents a distance of the center liné‘of'tﬁe center
aperture C2 of the coil Cl from the reference level L] is
then calculated from Equatién 2 as expressed below.

| N 2

L2=K"*+ (N1+ —— )

2

It is understood that the tﬁo above examples of the
center detecting means 11 are illustrative but not of limi-
tation.

More preferably, two or more of the center detecting
means 11 may be provided for a fail-safe function where one
is applicable when the other is defective or out of order.

It is desirable for optimum action of the fork-lift
mechanism 6A to verify at an initial stage‘that the carriage
remains at the original level, thét the fork 61 stays at its“
retracted state, and that no coil Cl is held in the fork-

1ift mechanism 6A, and to examine whether or not the coil is

placed on the input or output table.

W,




rack gears is executed by the drive means and si nul taneouzggﬁ: ;@Lgﬂgﬁ

turned fogether with the swivel frame in the carriage by,l he a?%
hori zontal swivel device. 2. A stacker crane havi ng a fofkbkiet. mg
for carrying a load to and froma desired tier for st or al
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. Iin this arrangement, a distance data of the center

aperture C2 of the coil Cl1 from the upper surface of the
input table is measured and recorded at the loading
action. It can be retrieved and used for i1decuiifying the
height level of the coil Ci during the‘unloading action

without being measured again. Accordingly, the unloading

of the coil C1 will readily be implemented while any
collision of the fork against the coil C1l being avoided.

For the purpose, there ére provided oni the means
for measuring and recording the location of the center‘
aperture C2 of the coil Cl1 at the loading action.

In the embodiment, the center aperture of a load is
measured at the ;nitial stage of the loading action as is
not informed. If any appropriate data, e.g. a radius,
which is used as a compensation'dat# at the receiving
step is given together with the ID number of the load for
ease of handling, the center detecting means 11 may be
eliminated.

As set forth above, the described embodiments of the
present invention allow any load of a rolled form to be
smoothly loaded to or unloaded from a desired tier of a s
multi-tier automatic warehouse by controlling tge
travelling movement of the stacker érane, the lifting and

lowering movements of the carxiage, and the forward and

backward movements of the ram fork.

'\'-"'.;" .




anmilti-tier automatic warehouse, a crane runni ng appr at us [fot
forward and backward and a carriage arranged to support the F'éPkAﬂ?EPffENTsHEET
apparafus and driven by a lift device for upward and down grd novenents,
characterljsed in that the carriage has at its |ower regi on’ a Hﬁ?z[qm

swivel device, a swvel frame *  Replacement Sheet— 15 May 1997

T The ram fork is arranged for movements forward and

backward in a swivel frame on the carriage by means of
rack and pinion gears, carrying the rolled load to and
from the swiva2l. frame £-or storage on a desired rack
without using an'extensive length of the fork membé:.
Also, the carriage contains a swivelling means for
turning tﬁe ram fork in the swivel frame through 180
degrees, thus allow;ng the.- rolled load to be easily
transferrednﬁfom ore to the other of the two tier blocks

disposed on both sides of a track of the stacker crane.

Also, the load on the stacker crane can be loaded to and
unloaded from any rack of either of the left and right
blocks. |

As no pallet is regquired, its thickness aﬁd a margin
for the fork are disregarded. This allows the amount of
storage to be -increased and the available space in a
warehouse to be utilized at optiﬁum.. During the
handling, there is no time for loading a load to a pallet
and the overall procedure will be shortened thus
decreasing the cost.

The center of swivel movement is at the center of the |
carriage, i.e. the swivel frame rotates about its gravity
center. This allowé the effect of inertia force to be
‘minimized. Hence, the speed of swivel movement will be

increased and the cycle time for loading and unlocading of

W




nount ed over the horizontal sw vel device and nade of an assenbly of upper
loweg, front, and rear members which is open to both, le ; '
of a track of the stacker crane and has an i nner space f
| oad, a rack gear nounted to the | ower nmenber of the sw
extend| ng Iengt hwi sely of the swivel 36

loads will be decreased.

The ram fork in the swivel frame is movably supported
by the cable wires which extend from the lower end of the
fori: side of the fam forl: tno the upper end of the counter
fork side of the same via the rotary member pivoted on
specified regions of the swivel frame. This allows any
stress exerted on the ram fork when a load is carried to

be offset, thus ensuring constant stable movements of the
ram fork.

-«

According to the described control method, the
movement of.the'fork is controlled by a.location data of
the center aperture of a load which is to be carried.

Hence, the load will readily be carried to and from a
warehouse withbgt being monitored by the operator nor
having any possibility of colliding with the fork. The
hand;ing of the loads will thus increase in the
operational reiiability and efficiency.

For implementing the above method, the control
apparatus includes a memory means for recording the
location data of the qenter aperture of each load, a
retrieving means for reading the recorded location data, .
and a fork controlling means for controlling the movement
of the fork with the location data.

In case of a load to be loaded is formed of a

cylindrical shape having a center aperture therein into



frame, and a ram fork mounted between the left and rig
frame and conprising a mai n body extendi ng between th
menbers of the swivel frame and a fork extending from’f cRAL ‘
“the main body, and wires nounted over rotar REhES, yt-alalil Yentyt.ed o
~both, front and rear, ends of the 37 B ot sh —=

which the fork is inserted for carrying, the lgcation of
its center aperture is meaéured and récorded 4l the
beginning of loading. ° For unloadiné of the 14ad, the
location of its center aperture is re-rieved ang used for
_controlling the movement of the fqu. Accordingly, the
control apparatus like the control method will pe
enhanced in the operational reliability and ¢tficiency.
As the location of the center aperture_of a.load is
simply measured by scanning wtih a distance saonsor over
the periphery of the load, the foregoing function of the
.

control apparatus will be performed with ease ang
certainty.

The contro; apparatus may be implemented in which the
center aperture location is measured by moving a
photoelectric switch for detecting the presence.or
absence of reflected light.

. With the use of a cowbination of the above gdevices,
the control apparatus will be further increased in the
operational reliability.

As described, the described control method and
apparatus allow the fork to be inserted into the center '
aperture of a load readily and accurately for loading to
and unloading from a warehouse.

Attentioﬁ is directed to Application No. 9615564

which was divided out of this application.
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1. A stacker crane having a fotk-lift apparatus for
carrying a.load to and.from a desired tier for storage in
a ﬁﬁiti-tier automatic warehouse, a crane running
apparatus fpr travelling forward and backward and a
carriage arranged to support the fork-lift apparatus and
driven by a lift apparatus for upward and downward
movemehts, characterised in that the carriage has at its
iower'fegion a horizéntal swivel device, a swivél frame
mounted over the hofizontal swivel device and made of;an
Iassémbly of upper, lower, front, and rear members which
is open to both, left and right, sides of a track of the
stacker crane apd has an inner space for accepting the
load, a pair of rack gears mounted to thé upper and lower
memberé.of the swivel frame respectively and extending
lengthwisely of the swivel frame, and a ram fork mounted
between the left and right ends in the swivel frame and
comprising a main body extending between the uppér and
lower members of the swivel frame, a fork extending from
a central region of the main body, and a.plurality of
pinion gears mounted to the upper and lower ends of the
main body for meshing with both sides of the upper and
1owe£ rack gears and synchronously driven by a drive
means mounted on_the main body's§ that the ram fork camn

travel throughout the swivel frame when the synchronous

rotating movement of the pinion gears meshing with the

LY
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mai n body of the ramfork-te-the-upper of a counter fork :
so that the ra t hr oughout the swivel fr{nBEVHEEMENT SHEET
rotating m)evemm miwﬂﬂ’m&rs nmounted to the main b S% §? orki
and neshed with the rac t he Iovver menber of the 1GHR ) AN,
executed by a drive neans and Bﬁﬂla_mfmeet-_____ﬂ_

-

d ' : rack gears is exe€cuted by the drive means and

simultaneously, it can belturned together with the swivel
frame in the carriage b& the action of the horizontal
swivel device.

2. A stacker crane having a fork-lift apparatus for
carrying a locad to and from a desired tier for storage in
a multi-tier automatic warehouse, a crane running
appratus for travelling forward and backward and a

carriage arranged to support the fork-1lift apparatus and

driven by a lift device for upward and downward
movements, characterised in that the.carriage has af its
lower region a horizontal swivel device, a swivel frame
mounted over the_horizontallswivel device and made of an
assembly of upper, léwer, front, and rear members which
is open to both, ;eft and right, sides of a track of the
stacker crane and has aﬁ inner space for accepting the
load, a rack gear mounted to the lower member of the
swivel frame and extending lengthwisely of the swivel
frame, and a ram fork mounted between the left and right
ends in the swivel frame and comprising a main body
extending between the upper and lower members of the
swivel frame and a fork extending from a central region
of the main body, and wires mounted over rotary memwmbers,
rotatably mounted to both, front and rear, ends of the
lower member and a rear end of the upper member of the

swivel frame, for joining the lower of a fork.side of the
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si mul t aneousl y, toget her with the swivel fra FFEPU!—‘ME?\‘?ENTSHEE-;

carriage by the Hﬂ‘ﬂm Bm B‘I zontal swi vel device. 3. Agystacker, crane

having a fork-1i substantially as hereinbefore deg HPtmedﬁA?tmR

refer ence to the acconpanyi ng draw ngs. “‘N\ﬂ
40 &PJM_SHMM

main body of the ram fork to the upper of a counter fork

’

side of the same so that the ram fork can travel

chroughogt the swivel frame wheﬁ the rotating moevement
of pinion gears xcﬁnted to the main body of the ram fork
and meshed.with the raFk gear on the lower member of the
swivel frame is executed by a drive means and

gsimultaneously, it can be turned tbgether with the swivel

frame in the carriage by the action of the horizontal
swivel device:

3. A stacker crane having a fork-1ift apparatus

substantially'as hereinbefore described with referencde to

the accompanying drawings.
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ABSTRACT
AST ACKER CRANE HAVING A FORK-LIFT APPARATUS

A stacker crane (1) is movable by a drive system (2) along arrays of shelves in a_
muitistoried aufomatic warehouse to transfer a coil to and from a desired shelf by
operating a lift (8) to move a carriage (7) with a ram unit (6). A horizontal swing
means {(20) is provided at the lower portion of the carriage (7), and a swing frame (26)
placed on the swing means. (20), a ram (28) which is capable of being moved into a
shelf by a travel means beihg provided in this swing frame (26) whereby a coil is taken
- out from a shelf in one array by the rarﬁ (2_). and held in the swing frame (26), tumed
. hofizon_taﬂy at 180° by the"swing ineans (20) and stored easily on a desired shelf in
_ the opposite array. The information on the position of a central bore of a coil obtained
when the coil is placed on a shelf is stored, and this information is read out when the
coil is taken out from the shelf, and the poéition of the ram is controlled on the basis of
. this position infonnétion, whereby the free end portion of the ram is inserted into the
central bore of the coil speedily and accurately.

.(Please note that Figure 1 is to aécompany the abstract when published)
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RECEIPT OF'ARRAY AND TIER
DATA OF LOADING COMMAND

1 -
MOVE TO INPUT TABLE.
i .

DETECTION OF REFERENCE LEVEL L1

DETECTION OF CENTER APERTURE
BACKWARD MOVEMENT

LIFTING OF FORK ACCORDING TO —
COMPENSATION DATA - +2

FORWARD MOVEMENT- OF 'FORK_ FORWARD MOVEMENT !
UPHARD MOVEMENT OF FORK o
BACKWARD MOVEMENT OF FORK

MOVE TO TARGET ARRAY

WRITING COMPENSATION DATA TO ID TAG

I

LIFT T0 TARGET TIER
DETECTION OF REFERENCE LEVEL L3 FORWARD MOVEMENT
UPWARD MOVEMENT o.~ FORK  +H4 ) ‘ s
FORNARD MOVEMENT OF FORK BACKNARD MOVEMENT .le

DOWNWARD MOVEMENT OF FORK WITH | L3
COMPENSATION DATA -(L4—LZ) ‘

BACKWARD MGVEMENT OF FGRK
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RECEIPT OF LOAD NUMBER OF
UNLOADING COMMAND

i

IDENTIFYING STORAGE LOCATION FROM
ARRAY AND TIER DATA

MOVE TO TARGET ARRAY .

1

READING COMPENSATION DATA FROM 1D TAG

[ _
LIFTING TO TARGET TIRE BACKWARD MOVEMENT

DETECTION OF REFERENCE LEVEL L3

LIFTING OF FORK ACCORDING TO FORWARD MOVEMENT |
COMPENSATION DATA 2 s {12

FORWARD MOVEMENT OF FORK
UPWARD MOVEMENT OF FORK

* BACKKARD MOVEMENT OF FORK
i .

MOVE TO OUTPUT TABLE

[ 5
DETECTION OF REFERENCE LEVEL L5
UPHARD MOVEMENT OF FORK  ~ +L4 .
FORWARD MOVEMENT OF FORK — |14

BACKWARD MOVEMENT

'DOWNWARD MOVEMENT OF FORK WITH L2
COMPENSATION DATA ~ ~ —(L4-12) LS

BACKWARD MOVEMENT OF FORK .

FORWARD MGVEMENT
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{DESCRIPTION OF NUMERALS] <

- STACKER CRANE

oub
a
[ ]

2 » « < TRAVELING APPARATUS

6 - - - FORK-LIFT APPARATUS

T - - - CARRIAGE -
8 «-+ « LIFT APPARATUS

20« « « SWIVEL BEARING

26 - = - HORIZONTAL SWIVEL FRAME

27 a - RACK GEAR .
'2Tb < RACK GEAR

28« + - RAM FORK

30« « = leou GEAR

38a . 38b - - CABLE WIRES(OR-ROLLER CHAINS)

3% . 3% . 3% . 39d 3% . 39f
« « ROTARY MEMBERS (SPROCKETS)

Cl+ - = COIL(LOAD)
* €2+ « - CENTER APERTURE
1A= « = INPUT TABLE
"{1+ « = CENTER DETECTING MEANS

111 . 112 - - DISTANCE SENSORS
118 - - PHOTOELECTRIC SWITCH
113 - - SCANNING MEANS
114 - - TRANSDUCER CIRCUIT
2A - - OUTPUT TABLE
4A - - STORAGE RACK -

41, 42 - STORAGE BLOCKS




D20 .

3A- - TRACK

43+ - STORAGE ARRAY

SA <« « ID TAG (MEMORY MEANS)

6A - « FORK-LIFT MECHANISM

61+ - FORK __

62« « FORK ACTUATING MEANS

63 - CARRIAGE

64+ - CRANE-

65« « FORK VERTICAL ACTUATING MEANS

66 - = CRANE TRAVELLING APPARATUS

67« - ID CONTROLLER

68« - FORK CONTROLLER |

69 - ~ VERTICAL MOVEMENT DETECTING MEANS
691 - DETECTION LABEL |

692 - REFERENCE LEVEL DETECTING CIRCUIT
" 693 « TIER DETECTION MEANS

694 - NAGNETIC STRIPE PATTERN

695 « MAGNETIC SENSOR

696 = TRANS DUCER CIRCUIT

697 « COMPENSATION MOVEMENT DETECTING MEANS
9A« - CONTROL APPARATUS

91+ - INPUT MEANS

92 - - ADDRESS MEMORY MEANS

93« - DATA INPUTIOUTPUT MEANS

94 « - DATA TRANSFER MEANS
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