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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-dlfferent 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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loaded on the caﬁriage.d After the carriage is lowered by a
lifting mechanism, ﬁhe 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 51ze, 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.stécker 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 rolled good is stfapped on a pallet for ease of
storage {(or handlihg) in a“mulﬁi-pier automatic warehouse,
its overall sizedincluding 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 isdincreaséd: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 1nto Wthh a fork 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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life apparatﬁs by repeatihg the same fork inserting action.

LJ

In most cases, the rélled 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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operator to lose the visual astimation 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.aapacts, to_provide a fork—lift apparatus in a
stacker crane capable of loading and unloading 10a§s of a
rolled form smoothly on fha 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 anothér object of the present invention to pro-
vide a fork—lift apparatus in a stacker crane where the
stable movemqnt_?f a ram fork regardless of a fall moment is
ensured as a cpuhter force on the 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-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'stapker crane for carrying a load to and from
a desired t1er in a multi- tler automatic warehouse, having a
'runnlng apparatus for travellng forward and  backward and a

carriage arranged to support the fork-lift apparatus and
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driven by a 1lift éppératus 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 é ram fork’provjded in the swivel fréme 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 ité.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 rotatiﬁg 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 th§ swivel means.

A fork—lift.épparatus-ih.afstacker crane for carrying a
load to and frqm a desired ﬁier in a multi-tier automatic
warehouse, having'a-rﬁnniné.ép?aratus for traveling forward

and backward and—é'Carriage arranged to support the fork-
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lift apparatus and'driveh by'é iift'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 fh?_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;h 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 memory means, and a fork controlling
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means for contfolling thé mOQement 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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same.
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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 to:fACe the rack of the opposite side.
The ram fork 1s then moved (forward) to the load on the
opposite rack by the drlve'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 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
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the ram fork'tb face in a désired 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 ;olled
load will thus be offset appiopriately. o

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 table, a load placed on
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the input table is first'subjected to measurement of the
location of its center aperture with the center detecting
means and handléd'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, thé location of its center aperture is re-—
trieved from thé memory.méans by the action of the retriev-
ing means and-uSed for ébnttolling the movement of the fork.
As the result, the load is readily picked up by correct
insertion of thé fork into its center aperture before trans-
ferred to the dutput taﬁle.

In case of the two diStance sensors are pfovided 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 calculatlng the location of the center

aperture of the load tbgéther with a signal output of the

photoelectric switch.
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As the;lbcation of the aperture center of each load
(for example, é 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 location 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 can simply be identified by measuring the
periphery of the.load with the distance sensors and photo-
electric sw1tch. |
BRIEF DESCRIPTION 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 forkélift apparatus according to the
present invention}'

Fig. 4 is a longitudinal cross sectional explanatory

\——-—_. -

This Sheet Has Bee

i

i



view of the primaty:parf 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}_

Fig. 16 is a timing chért diagram explaining the action
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of another center 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 staéker 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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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 5 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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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_aﬁd:29b have toothed wheels 34a

and 34b fitted thereon respectively. The toothed wheel 34a

muﬁi\’iii\‘fﬁfi’\‘iﬁ‘i\““
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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
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the rack b and reached at a predetermined point, the ram
fork 28 stops its (advanéing) 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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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, 1ifting; and lowering of the stacker
"crane 1 and éhe forward; backward, and rotating actions in
the swivel fra@e of the ram fork 28 are not limited to the
above mentionea_CQntrolled:movements but other modifications

and changes'wiil be possible.
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Second Embodiment

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, a ¢arriage 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 whééls 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'Svhaénfour upper guide rollers 15
rotatably mouﬁged thereoﬁH§C as to sandwich thé upper rail

10a. The fourlupper éuidé rollers 15 allow the stacker
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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
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body 28b, and four Sméll 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 haé 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. The tightening of two sets of the

roller chains 38a and 38b is identical.
The roller chain 3Ba is fixedly joined at one end to

the upper end of_the main body 28b 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
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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 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 ramefOrk 28.

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

First, the stacker crene 1 is moved from its home
position or any QOSition en.rhe 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 actien of the 1lift drive unit 8 and
stopped when it comes to ﬁhe”rack b of the rack group B.

Then, the fork drive ﬁetor 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'rer§et rack b. When the fork 28a
has moved into. the center aperture r of the rolled load R

located on the rack b and reached at a predetermlned point,

\_\
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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 travel%ng
unit 2 and the:iift drive unit 8 respectively. At the home
position, the ram fork 28 is moved (ér advanced) to a trans-—
fer carrier 5: table (not shown) and the carriage 7 is
lowered down to place ﬁhéﬁrolled ioad R on the transfer
carrier or table. The ram fork 28 without the rolled load
is then movéd backward.xér.retracted) to fémain in the

swivel frame 26- of the carriage 7. The stacker crane 1

.\‘\‘"--- -
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stays at the hom§ position-unti1 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 fhen 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 26 of the carrlage 7. The stacker crane 1 then
stands by unt11 another command signal is given.

Third Embodimeng
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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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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

_._\__\___ e
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' 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 compehsating movement detecting means
697 mounted on ﬁhe carriage_63 for counting signal pulses
given by reading.the maénetic stripe.pattern 694 with a
magnetic sensor thus to calculate 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 controller apparatus is provided for controlllng
the foregoing components in a sequence of orders as denoted
by 9A and comprlses an 1nput means 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 the array data and tier data to the
fork-1lift mechanism 6A.

Both a loading action. and an unloading action with the
above arrangement will be exPIained referring to Figs. 17

and 18. The explanationeStarts with initial steps of the

loading action for accepting-a load.. : .
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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 énd 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 upwafds'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
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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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ment or tier accessihg'mo#ement of the vertical actuating
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 S5A 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 moved 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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Cl. The fork actuaﬁing means.GZ 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
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in the compensation data of L2 which extends from their
surface to the center line of the center aperture C2Z 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 scannlng w1th both the dlstance sensors 111 and 112,
and a transducer 114 for calculatxng 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
levél Ll is caltulated frbm Equ§tioh 1 as expressed below.

\
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. (H2-H4) + (H1-H3) °
L 2= — + (H4—H2)
_ 2 : :
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 of the compensatlng movement detecting means
697, the vertlcal actuatlng ‘means 65, and a photoelectric
switch lla_mounted on.the fork 61 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

Wi



rh‘«u Sl nAS dt‘:N
REPLACED

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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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 §inel'frane;on the carriage by means of rack
and pinion gearé}_carryihéjthe_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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As no paliet'is'ieqﬁired, 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 ware-—
house to be utiiized at optimum. During the handling, there
is no time fef.loading a load to a pallet and the overall
procedure will be shortened thus decreasing the cost.

Accordiné_ﬁo 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 tfaveiing movement of the stacker crane, the lift-
ing and lowering:movements of the carriage, and the forward
and backward meﬁementsuof the ram fork.
~ 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
- in the

contains a swiveling means for turning the ram fork

swivel frame through 180 degrees, thus allowing the rolled

load to be-eaSilygErahsferred from one to the other of the
two fier'bioeks'dispdsed on both sides of a track of the
\‘\\\
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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‘moﬁoted at given locations to the swivel
frame. This coﬁtributee to the dispersion or reduction of a
stress exerted'oh the ram fork when a load is carried, thus
ensuring constant stable movements of the ram fork.

According to the control 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,_thejioad will readily be carried to and from a
warehouse without{being monitored by the operator nor having
any possibility of'eblliding'with the fork. The handling of
the loads'will_thoe ihcreaSed in the operational reliability
and effieieney. _ o

For implemeo;ing-the above method, the control appara-
tus of the'present'inrention includes a memory means for
recording the iocation date of the center aperture of each
load, a retrieviog means for reading the recorded location
data, and a fork:controlling meeos for controlling the
movement of the'fork with the location data.

In case of a load to be loaded is 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 ar the beginning of load-

ing. For unloading of thelload, the location of its center

—_—
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aperture is fefrieved and qsed for contreclling the movement
of the fork. Acéérdingly,'the control apparatus 1like 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 scanning with a distance sensof over ﬁhe

. .2
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
center aperture'location is measured by moving a photoelec-
tric switch forlaetecting 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 ‘aperture of a load readily and accurately

for loading to andlunloading from a warehouse.

\\
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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

—————————
e
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frame in the carriage by the swivel means.

3. A fork-lift apparatus in a stacker crane for carry-
ing a load to aﬁd from a desired tier in a multi-tier auto-
matic warehouse, having a running appéfétus for traveling
forward and backward and a carriage arfanged to support the
fork-1ift apparatus and driven by a 1lift apparatus‘ for
upward and downward movements, characterized 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. _ | o

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

regions thereof for allowing a fork to be inserted for
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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 aperturé 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-1li i
rk=1ift controlling apparatus according to claim
-
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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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