The .present invention relates to a l@ading pattern generating system'fo
automatically generating a | oading pattern to | oad products on a pallet,
and a | oadi ng device that enploys the | oading pattern generating system
Previ ously, for exanple, in physical distribution, when a plurality of
products in which goods, packed by boxes or bags, are |oaded on a pallet
for transportation by a truck or the |like, a | oading device such as a robot
pal | eti zer, has been used to |oad the products on the pallet. The

| oadi ng device has a robot hand for gripping and novi ng products. The

| oadi ng device, while repeatedly going Hack and forth between a station

suppl ying the produqlOADING PATTERNGENERATINGSYSTEMhe hand to | oad

a plurality of products on the pallet according to a previously set |oading
pattern. The | oading pattern AND'BOADING DEYICE products gripped by the
‘hand of the |oading device, the arrangenment of products for each step on
the pallet, the nunber of |oading steps and the |iKke. In such a

1 oadi ng devi ce, whg@ga | oadj ng pattern is designed, it is, selected froma
Jonding

plurality of previ dGEIRFESERGINEENLOR felates te a paiterny genepbiog SHYFMAON ect s one
of the stored ke 0S f i 7! ' | si ze of

Che pal et t AACEASEALPEBRRRAS o oAThE e Lo R Dl R % = 2 o
t he | oadi ng ddvdding desitetiat emplogs the loading patesngeneratimgesyseas| y, there has been

a problemthat, since.,the selectiagn of loadi ng pattern is left to the

j udgnent of the opdretiensly, der ex3mplgein p @pféfgsstrgw PBa %ac@bﬁﬁ:‘ﬂ Q?may
result. For eéﬁ(gm}cﬁp t r s e | ess
than the target va u%,ﬁgfwgﬁgﬁﬁg%k%rw%gig} g%f ?rg@%{a%éﬁ%a{ﬂggﬁﬁ% devi ce
may exceed it transgosdtiomby e trutck ot the liket & dvadingsdevica sself ad ¥ raboh paltstizer

has been used to load the products on the pallet.

The loading device has a robot hand for gripping and moving products.
The loading device, while repeatedly going back and forth between a station
supplying the products to be loaded and a pallet, controls the hand to load a
plurality of products on the pallet according to a previously set loading pattern.
The loading pattern controls the number of products gripped by the hand of the
loading device, the arrangement of products for each step on the pallet, the
number of loading steps and the like. '

In such a loading device, when a loading pattern is designed, it is selected
from a plurality of previously stored candidate pattens. The operator selects
one of .the stored loading patterns from his experience considering the size of the

 pallet, the size of the product, the size and the layout of the hand of the loading
device and the like.

However, previously, there has been a problem that, since the selection of
a loading pattern is left to the judgment of the operator, certain deﬁdendes in
loading capacity may result. For example, the number of products loaded per
hour may be less than the target value, or the maximum torque applied to the

loading device may exceed its rated value. In the latter case, a safety control of

_ : S 32
LQADI NG, PATTERN GENERATI NG SYSTEM AND LOADI ;%jﬁl%ﬁCE



2. the | oading device stops the |oading job. In order to solve the
above probl ens, an object of the present invention is to provide a | oading
pattern generating systemwhich automatically generates a | oading pattern
responsive to | oading pattern generating conditions. The resulting |oading
patter avoids deficiencies in |oading capacity and excessive torque when

products are actually | oaded, as well as fulfilling the target capacity. In
addition, the present invention provides a |oading device that is response
to the | oading pattern generating system The | oadi ng pattern

generating system according to the present 'invention consist of an input
means for inputting the | oading pattern2generating conditions including at
| east the si zthedbadinguievicestops the leddirgg job. products to be | oaded on the
pal let, the data relating to a | oading device to |oad the products on the
pal let, and the talyaderdagelws the abgve prablemscanmnbiagtiof the present inventionds: o
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cal cul ati on nRadiagVpiteth REPPAIRS to loaditdy Neattea! geetating! cifditions) | iThg t he
| oadi ng device corresponding to the | oading pattern generating conditions

i nputt ed by t Fesulting Jeading,paster @Noidp alefeienciesom lopding LapAcity tand pxcessivas
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the target capacity; and an output neans for outputting the [oading pattern
cal cul at ed bythefeading patiem geaeratingsystem. In response only to the input

Che basi o of the. | SH6i APl PR Gehiy sibuadohepifi o e b cat o
patterns. A caesidncibaeof al it hba ol MutingdieWBaiap paichy goeridhg | 0adi ng
pattern. The | oading pattern includes a cal culation that
conditions including at least the size of a pallet, the size of products to be loaded
on the pallet, the data relating to a loading device to load the products on the
pallet, and the target capacity to load the products on the pallet; a candidate
N pattern registration means in which a plurality of candidate patterns for loading
the products on the pallet are registered; a calculation means which prepares a
loading pattern for controlling the loading device corresponding to the loading
pattern generating conditions inputted by the input means, on the basis of the
candidate patterns registered in said candidate pattern registration means and
which performs capacity calculation to find the loading capacity of the loading
pattern and which finds such a loading pattern that the loading capacity fulfills
the target capacity; and an 6utput means for outputting the loading pattern
calculated by the calculation means.
In response only to the input of loading pattern generating conditions, a
loading pattern is prepared on the basis of the loading pattern generaﬁng
conditions and the candidate patterns. A _cépacity calculation finds the loading
capacity of the loading pattern.  The loading pattern includes a calculation that

ensures that the loading capacity is fulfilled. For this, the target capacity is



epsures that the loading capacity is fulfilled. For this, the target
capacity is 3

cal cul ated, and consequently,  a | oading pattern is automatically generated.
The | oading pattern is not affected by the experience of the operator.
Therefore, the present invention avoids operator variability that may cause
deficiency of |oading capacity when the products are actually | oaded by the
| oadi ng devi ce. The | oadi ng pattern generating system of the present
i nvention summari zed further includes cal culation nmeans for perform ng
torque calculations to find the torque necessary for the |oading device
operated by the prepared | oading pattera. The systemfind the | oading

pattern that paEbulated, Wadicofsel@indyca Wadiag Paftdif iSARGMAt@IY geretted. Of THene
| oadi ng device, while fulfilling the target |oading capacity. Tor que
cal cul ati on t lpatlingpattern is notpifectad by theaxperience ohthe|opematong dherefoee, the t he

prepared | oadin attern is.perfornmed. .The | oadin ern selected i s one
that mai nt ai ngre??{g i %av\mcﬁmpﬁr qgé(agaryélﬂyﬁaggmy ?eﬁ?le?%e&ll?f@mgng device -
while fulfill cajfdc ﬁhé%@ﬁ?odubtﬂaieWcﬁxaﬂ?lbaéede[&dﬁ@de@fc& is automatically
gener ated, whi ch does not exceed the nmaxi num-all owed torque of the |oading

devi ce but nmi nt ai Thet lvadingagatiegn c genseating systam t be the opresend  inventiont ual | y

| oaded by the | oadi.  ce. The. | oadi i ce of th t
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generating system products are | oaded On a pallet by the
| oadi ng nmachi peeparcd doadinggpatternt h&he spsttionfing the tleading prtteml thatavhaibtgins the | oadi ng

pattern generating system apd, consequently, deficienc . | gadi ng, capacity
or torque ovettorg‘lleq‘f' nlth?ﬁeqrﬁ’E‘ﬁﬂer?g%?fggg‘ﬁ% eVb%WSH&ﬁ@ﬁﬁlﬂsﬁm t he
products. loading'cafdcity. Stated, the present invention provides a |oading

pattern generating _
Torque calculation to find the torque necessary for the loading device in

the prepared loading pattern is performed. The loading pattern selected is one
that maintains the torqué within the specified torque of the loading device while
fulfilling the target. In this way a loading pattern is automatically generated,
which does not exceed the maximum allowed torque of the loading device but
maintains the loading capacity when the products are actually loaded -by the
loading device.

The loading device of the present invention also includes a loading
machine to load the products on a pallet according to the loading pattern
calculated by the loading pattern generating system.

The products are loaded on a pallet by the loading machine according to
the loading pattern calculated by the loading pattern generating system, and
consequently, deficiency of loading capacity or torque over of the loading
machine does not occur when loading the products.

Briefly stated, the present invention provides a loading pattern generating

. system that requires only the input of loading pattern generating conditions to

automatically generate a loading pattern which satisfies the target capacity within



systemthat requires only the input of |oading pattern generating
conditions to automatically generate a | oading pattern which satisfies the
target capacity within 4
t he physical constraints of a | oading system The |oading pattern _
generating conditions include the size of a pallet, the size of a product,
data relating to a | oading device, and the target capacity to | oad products
on a pallet. A candidate pattern registration device stores a plurality of
candi date patterns for |oading products on a pallet. A calculation section
prepares a | oading pattern which controls a | oadi ng device corresponding to
the | oading pattern generating conditioms that have been input. The | oading
pattern is seiheqhsicdl'@mdttdifs ofAdbsBAE sypstint.CF The Idadin@Cpdteri Béhefaliigl dat e
pattern registration neans device. The cal cul ation section cal cul ates the
resul ting | oachndigions peakideythe $ize of lacpailety dhecsipaof a praduchdptaselating o sat i sfy
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candi date pattern. An output section Outputs the resulting pattern.
Accordi ng to prodectbodi arpalletoA tdlenlationesectiom preplwes @ loading qaitelmdwhichoadi ng
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regi stration ans, and whic erfor capacity calcul ation_to find | oadin
cag acity of t Hg maximum, the canglxdgte patterrrﬁs re?e%ted, ar%l ca?cufanon is performed on d

the next candidate pattern. An output section outputs the resulting loading
pattern.

According to an embodiment of the invention, there is provided a loading
pattern generating system comprising: input means for inputting loading pattern
generating conditions, the loading pattern generating conditions including at least
size of a pallet, a size of a product to be loaded on the pallet, data relating to a
loading device for loading products on the pallet, and a target capacity to load
products on a pallet, a candidate pattern registration means in which a plurality of
candidate patterns to load products on the pallet are registered, calculation means
for preparing a loading pattern for controlling the loading device corresponding
to the loading pattern generating conditions inputted by the input means, on the
basis of the candidate patterns registered in the candidate pattern registration
means, and which performs capacity calculation to find loading capacity of the
loading pattern, and which finds such a loading pattern that the loading capacity

fulfills the target capacity, and output means for outputting the loading pattern



|.oadi,ng pattern, and which finds such a |oading pattern that the | oading
capacity fulfills the target capaC|ty and out put neans for outputting the

| oadi ng pattern 5
cal cul ated by the cal cul ati on neans. According to a feature of the
I nvention, there is provided a |oading pattern generating system the

system being of a type using a controllable hand for loading a plurality of
a product onto a pallet, conprising: a candidate pattern registration
means, the candidate pattern registration neans including a plurality of
candi date patterns for |oading the product onto the pallet, input means for
i nputting setting which include at |east sone of a target capacity, a

pall et size, alolatelibytthscaeylationtmeras.of pal | etizer and a size of a the hand,

means for conpari esult_of o es of the Iurallt f candj date patterns
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candi date patfoeicadivg b plaalityf ofs grodiet o aqiaulemgmtpndlnghl a taididate not
exceed the maxi mum permtted torque, and when the conditions in the

precedi ng cl RAEMategisiionsmeansy the candidate patiers rmmaewmglmgds to a
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the el ement s, pallet Size, aprqjuctpnzes a Ayperof palietizar and; a:gjpc.ef athe Qaﬁfbﬂﬁ% at t er n
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the present ithyemididute patterns thatfsaisfies theSse&n@S,rméan‘s lf@%aldulaﬁag witiettienaof t he
| oadi ng action of a |oading device according to an enbodi ment of the
present i nventorqy§.imposed on the palletizer by a candidate pattern exceeds a maximum

permitted torque, means for outputting a candidate pattern with satisfies both the

settings and which does not exceed the maximum permitted torque, and when the

conditions in the preceding clause are not satisfied, the means for comparing

proceeds to a next candidate pattern to repeat the comparison and calculation.-

The above, and other objects, features and advantages of the present
invention will become apparent from the following description read in
conjunction with the accompanying drawings, in which like reference numerals
designate the elements.

Fig. 1 is a structural diagram of a loading pattern generating system
according to an embodiment of the present invention.

Fig. 2 is an oblique view of a loading device according to an embodiment
of the present invention. '

Fig. 3 is a simplified illustration of the loading action of a loading device
according to an embodiment of the present invention.

Fig. 4 is a diagram of a display screen during inputting, according to an

embodiment of the present invention.



Fig.,4 is a diagramof a display screen during inputting, according to an
enbodi nent of the present invention.

6 Fig. 5is a diagramof a display screen during inputting according
to an enbodi nent of the present invention. Fig. 6 is a diagramof a
di splay screen during outputting according to an enbodi nent of the present

I nventi on. Fig. 7 i1s a flowchart according to an enbodi nent of the
present invention. Fig. 8 is a continuation flow chart of Fig. 7.
Fig. 9 is a continuation flow chart of Fig. 8 Fig. 10 is a
continuation flow chart of Fig. 9. Fig. 11 is a continuation flow
chart of Fig. 10. Referring to Fg. 2, a |loading device according to

the invention inclrgesista BagdHCof £ Qidplay Streén dririgdinp@ting @EBORIRY to2an and a
pal l etizer (robot palletizer) 3. Product 4 to be |oaded are box shaped.
Product conveyrhodimens af thy preserydamenton on its belt to feed a specified

nunber of products..4 20 | etizer,.3. Palletizer 3 qrips one or nore
broduct a, "t hent ik B Lperin 3 dshiex Sreed 45 ofipilink pedinglo 8 ©

An enpty pal | @ibodimétit eftheprsbntifivesitiet.s 4 are to be | oaded, is conveyed by
the pallet conveyer 2 to a |oading position 7 near palletizer 3. \WWen the
pal let 6 at the | dégi Agispodlow whary dceortlingl tp hw fehhodument afhthepprestntt 4, it
is renoved and replaced by a new enpty pallet 6 fromthe pallet conveyor 2.
The pal | etize‘Pv%“%ﬁﬁs a main body section 8 supported on a base 9 installed

on the floor. Mai ngbghy at8kfidvatioPfléw chatt 8(@R!/E on base 9. The |ower ends of
a plurality of arns 10, 11 are pivoted to main body section 8 to permt

themto rock back Egd isarcpntinugtien flowechartofligd® arns 10, 11 are connected to
a base end of an at.mJ12. A hand.atfachin ctjon 13 is rotatably connected
to the tip of theaégﬁi?%mﬁﬁ'&o"léowgh?g?ég%lﬁry connected to hand

attachi ng section gg.11 is a continuation flow chart of Fig. 10.

Referring to Fig. 2, a loading device according to the invention includes a
product conveyer 1, a pallet conveyer 2, and a palletizer (robot palletizer) 3.
Product 4 to be loaded are box shaped. Product conveyer 1 conveys products 4
on its belt to feed a specified number of products 4 to palletizer 3. Palletizer 3

grips one or more product 4, then transfers it to a station 5 near the palletizer 3. .

An empty pallet 6, upon which products 4 are to be loaded, is conveyed
by the pallet conveyer 2 to a loading position 7 near palletizer 3. ‘When the
pallet 6 at the loading position 7 is fully loaded with the product 4, it is
removed and replaced by a new empty pallet 6 from the pallet conveyor 2.

The palletizer 3 has a main body section 8 supported on a base 9 installed
on the floor. Main body section 8 is rotatable on base 9. The lower ends of a
plurality of arms 10, 11 are pivoted to main body section 8 to permit them to rock
back and forth. The upper ends of arms 10, 11 are connected to a base end of
an arm 12. A hand attaching section 13 is rotatably connected to the tip of the
arm 12. A hand 14 is rotatably connected to hand attaching section 13.

The hand 14 has a base section 15 rotatably connected to the hand
attaching section 13. A pair of plates 16 extend downward from the opposed



The hand 14 has a base section 15 rotatably connected to the hand attaching
section, 13. A pair of plates 16 extend downward from the opposed

7 ends of the under surface of the base section 15. Plates 16 nove toward
and away from each other to grip products 4 and to rel ease them as
necessary to load the pallet 6. One of the plates 16 includes a claw 17

whi ch touches and supports the under surface of the products. The
respective actions of the palletizer 3, which include turning of the main
body section 8, rocking of the arns 10, 11, rotation of the hand attaching
section 13, rotation of the hand 14, opening and closing of the pair of
plates 16 of the hand 14, are driven by any conveni ent neans such as, for
exanpl e, a NMh@y of the Mridérasutfate 6/thk WSS seefio 15N PR 16 Myvd foArd addvenent of
the hand 14 at the tip of the arm 12 is acconplished by conbining the
actions of t lawapéioimesach ethesto gripi productscd andtotrelease :ﬂynRasuecpessaqato lmd/errent D,

and back and fort of . t he  han 4 at. th of t he ar
Referring nofPs 8 tg"D ﬁee[ ﬂ%% Plates; °§1‘#’§ BaValt %69“&

speci fied | oggi R drfefsurfakd ofthé dﬁ&g lifts the pr oducts 4 suppl | ed to
the station 5 %‘2} he hand ulé? QI' enﬁ;%t noves the hand 14, hol ding the

product 4, to a pdﬂnetresmctatucncﬁonmef the/ gatletizer 3Thnhmh|mclhdmﬂ.trmngreé thand 14 to
deliver the prqd 4 to oadi 0Siti Fi _nal | rel eases the
products 4 fr‘%%‘gﬂéy %4‘%9“8%%8% ggs‘PFaPBﬂogﬁ'E‘ l?ﬁ“fi #n on the
pal let 6. Thepuid h@g?l ucts. The
reci procati ng not |qgh o’%?}% an éq@rhg V\ggltrl]@%lﬂéelﬁ%?f;?l gﬁl‘?gf‘gﬁﬁs ?ﬁgppal let 6
| oads a pl ur ahe handd#, gre drivert sy ahywonvdnien alehmst subh as) far expeplef a anbtary aler .

Referring now to a | oadin ftern ner ati stem 21 includes an
setting sect iiyra E&gﬂmé%'g‘?@tl?“&l“inﬁ %gilnfi%‘r n WB'rPfrzl-ge ﬁé’dc]élﬁf &R on
section 24 a r g ef erably
ortodied in N ik #OP'i8 RBHpRSHed Dy ColBhinPthe adthtns of i1 Pallfker 8vehit

include tumning R, vertical movement D, and back and forth movement O of
the hand 14 at the tip of the arm 12.
Referring now to Fig. 3, the palletizer 3 is operated according to a

specified loading pattern. It grips and lifts the products 4 supplied to the
station 5 by the hand 14. Then it moves the hand 14, holding the product 4, to a
position above the pallet 6. Then it lowers the hand 14 to deliver the product 4
to the loading position.  Finally, it releases the products 4 from the hand 14 to
the desired position and orientation on the pallet 6. Then the hand 14 is driven
back to pick up the next products. The reciprocating motion of the hand 14
between the station 5 and the pallet 6 loads a plurality of products 4 on the pallet
6 in a specified order.

Referring now to Fig. 1, a loading pattern generating system 21 includes
an setting section 22, a registration pattern section 23, a calculation section 24
and a program output section 26. These sections are preferably embodied in
computer units such as, for example, a computer unit of the control panel for
controlling the loading device, or a personal computer other than the computer

unit of the control panel. Setting section 22 is a setting device, such as a



conputer units such as, for exanple, a conputer unit of the control panel
for controlling the |oading device, or a personal conputer other than the
conputer unit of the control panel. Setting section 22 is a setting
device, such as a 8
keyboard, for inputting paranmeters of target capacity, sizes of pallet,
hand and product, and type of palletizer. Registration pattern section 23
contains stored candi date patterns from which an optimum | oading pattern
to be selected. Calculation section 24 perfornms the cal cul ations, as w ||
be expl ai ned. Program out put section 26 provides the output, either to the
operator or to machi nery. The sedting section 22 is conposed of the
parts such a [ r § ' bk ut
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dat a rel at i ngoutputiséetiop b ipedvides theutputfeither toltlee dperatorak tmpetitery.i zer 3, the

size of a product whi ch the hand 14 can, grjip, the Jayout of the position
of the palletizer B ﬁeﬁwgﬁ'étq"oﬁ !§,°°mPeSﬁs‘aﬂ%|fh? Pytofuch gpajkepoard ora ™ e

regi stration eABmesva of, . & el d.rﬂ%%ﬁﬂ. whi ch
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i s preferabl ymagdelipalisa{ ameopicyl @fsor a anemiyein whishMnput setiitigVjtemetaner
magneti c discs or, optical_ discs. Th<§ regi stration pattern secgtion 23 has
stored t her ei %§cdesh 3pdthe; likeo fﬁfrl&? B RaYEIR GENGRAUNG sondifans #g MW Rict s 4 on

the pallet 6. %ﬁ&fb t ' : ducts 4
to be grippe egd;‘l‘gt e H(?fr%d ?ﬁe%@&?%gﬁﬁﬁggﬁ%ﬁ@g% %%?&Pﬁgﬁgﬁaé%agtﬁﬁeﬁt for
each step andtatgeecapacibeof prbdadee4 to delidnan s paifes 60ffort dxamplep cheaiumnbér ofi t he

allet 6, and the |like, are incluyded. . .
P products 4 to be loac?ed perLi'nour , the size of a pallet 6, the size of products 4,

the data relating to the palletizer 3 such as the type of a palletizer 3, the size of a
product 4 which the hand 14 can grip, the layout of the position of the palletizer 3,-
the station 5, the pallet 6 or the like.

The registration pattern section 23 is composed of recording media by
which reading-out at the calculation section 24 is possible. The recording
media is preferably a type of memory (for example, a ROM or a RAM), other
magnetic discs or optical discs. The registration pattern section 23 has stored
thereih a plurality of candidate patterns for loading products 4 on the paliet 6.
In each of the candidate patterns, the number of products 4 to be gripped by the
hand 14 of the loading device, the arrangement for each step and the number of
the loading steps of the products 4 on the pallet 6, and the like, are included.

The calculation section 24 includes of a micro computer and the like.
Calculation section 24 generates a loading pattern for controlling the loading
device, according to a loading pattern generating program. The calculation

section 24 has the functions of a gripping planning means, a program generating
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The gal cul ation section 24 includes of a micro conputer and the |ike.

Cal cul ation section 24 generates a |loading pattern for controlling the

| oadi ng device, according to a | oading pattern generating program The
cal cul ation section 24 has the functions of a gripping planning neans, a

program generati ng _ 9
nmeans, a capacity cal cul ation neans, a torque cal cul ati on neans, and a
j udgi ng neans. The generation of a |oading pattern by the | oading

pattern generating program conprises: a step for planning the nunber of
products 4 gripped in the opening and closing direction of the pair of

pl ates 16 of the hand 14 and the nunber9 of rows of products 4 arranged in
the wi dt h di rfi€dnk,0dcapacityaldulation Sméas,(Dforduel daltultion Mhdads, MaaAShdgiag st ep for
readi ng out one of the candidate patterns registered in the registration
pattern sectim¢an33 to prepare a program of the |oading pattern
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remaining W th | speciTied t'orque of the~l oading device (judging nmeans).
| f the | oadi mggistetedeinnthesregistiation pastehne section 23 fvaptepame a ipeagramtafsthe es bot h

| oadi ng capacity and torque reguirenent .he | oadin attern is outputted
to the progrgﬁ?‘}l‘%tpﬂﬂfmsgﬂqsw _ .?OI etslﬁél?%aﬁ?ﬁ?@ g%leil"é’i"ﬁ EfH’{Qé“oﬂﬁt fulfill
the requirenepbgied af MIQEttihs AREidNY on(prééx‘aﬁhﬁref)ﬁi Pneafis)O W $ef efok he
specified torque of the | oading device, a next candi date “anong the

candi dat e pat pesforingscapadityecalakationr tonfinddhe dapdingr capacity phitheepreparedt i on 23,

and is | UdgedlchYiné hp%ttgrln C‘!agarcit%t gﬂgﬂaﬁ-ml ;sneans); a step for performing torque

calculation to find the torque necessary for tuming R, vertical movement D, and
back and forth movement O of the loading device in the prepared loading pattern
(torque calculation means); and a step for judging whether a particular loading
pattern one that fulfills the target capacity while remaining with the specified
torque of the loading device (judging means).

If the loading pattern is judged to be such a pattern that satisfies both
loading capacity and torque requirements, the loading pattern is outputted to the
program output section 26. If the loading pattern does not fulfill the
requirements of target capacity, or if the iorque is outside the specified torque of
the loading device, a next candidate among the candidate patterns is called out
from the registration pattern section 23, and is judged by the similar steps. This
process is repeated until, either the requirements are met, or the closest value to
the requirements is found.

. The program output section 26 is composed of a monitor for outputting

the loading pattern calculated at the calculation section 24 such as a cathode-ray



process is repeated until, either the requirenents are nmet, or the cl osest
value to the requirenents is found. The program out put section 26 is
conposed of a nonitor for outputting the |oading pattern calculated at the
cal cul ation section 24 such as a cat hode-ray

10 tube or a liquid crystal display, witing and driving units of a
magnetic disc, an optical disc, a nenory and the |ike by which recording of
the program of the |oading pattern is possible, an interface connected to
the control panel controlling the | oading device, and the |ike. When
"the |l oading pattern generating system?21 is conposed of a conputer unit of
the control panel of the palletizer 3, 16he programof the generated | oading
pattern is re 5 ddb&@ﬂ(ﬁ%mwj tdern
generati ng syg¥gﬁf23 i s conposed o?ﬁgncgﬁ%ﬂ?ﬁggHﬂ%?ﬁgt%ﬁgggggﬁ%gﬁgona
conput er ot hepticdhaiscy hammryrand tlpﬁahlset by théchprecerding) affthe peogremef ghieed | oadi ng

pattern is d to the con a of the aletl r 3.usin ecordi ng
medi a such a ai"fﬁdﬁ‘ﬁ@'t“l‘é Pefs ﬁ“t@%}cf’ gg" HB‘I‘%]/ ’BP%PRE on-1ine
processing. thelo: dm%&é&&%ﬁ@ﬁt@hk& he | oadi ng patter n generating programis
installed into t% omputer unit of the control panel of the palletizer 3,

or the conputer urWhers tieh lealing pettamr@hemmg)lsyﬂcmoﬂhas dommposadhef cont roI
netic disc,

panel or the like, thro recor a s 1 as a
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cal cul ati on .
such as a magnetic disc, an optical disc or a memory, or by on-line processing.

- Furthermore, the loading pattern generating program is installed into the
computer unit of the control panel of the palletizer 3, or the computer unit such
as a personal computer other than the control panel or the like, through recording
media such as a magnetic disc, a optical disc or a memory in which the loading
pattern generating program is recorded.

Next, by referring to the explanatory drawings of the display screen in Fig.
4 to Fig. 6 and the flow charts in Fig. 7 to Fig. 11, the generation of a loading
pattern by the calculation section 24 according to the loading pattern generating
program, will be described. The display screen is a screen shown in a monitor
of the program output section 26.

When the loading pattern generating program is started at the calculation
section 24, the dialog box of 'size data input' shown in Fig. 4 is shown in the
monitor. At the dialog box, the size of a product 4 as an object to be
transported is inputted in the column of ‘transported object size', and the size of a
pallet 6 is inputted in the column of ‘pallet size', and the data of the station 5, the
type of the hand 14, the type of the pallet 6 and the like are inputted in the



section 24, the dialog box of 'size data input' shown in Fig. 4 is showm in
the nonjtor. At the dialog box, the size of a product 4 as an object to be
transported is inputted in the col'um of transported object size, and the
size of a pallet 6 is inputted in the colum of 'pallet size', and the data
of the station 5, the type of the hand 14, the type of the pallet 6 and the
like are inputted in the

11 colum of 'station'. The inputting is performed by a keyboard, nenu

sel ection, nouse of the setting section 22 or the |iKke. When
"setting' is clicked, the dialog box of 'automatic generation setting

shown in Fig. 5is shown in the nonito#l At the dialog box, the required
data are i npublugth ofistatin Ofhel iputting ipesfotihed Byh ReFtoakd, gRAG KElkdtivn, t ype
‘target capacity', 'mninum|oading efficiency’', and 'tinme setting' . The

i nputting i s mRuse of the gething sason 23 opbalike.of the setting section 22 or the

next five types ofWhrh STES & ik S0F Bafoe SRS hbei b RlGL AT on o1
pattern i s Nghowglid Pigl5ds showrPint tHO Snoiit6F.© Al [dideg boX) tY regiirét '@t C

generation is not used, and the operator sets the loading pattern as
bef ore. are 'ipputtedreini each cofethgt columpy of r 'swfematicy ganeration &ype', Viargse

i mat I d t wh th . t .| d by th
hand 14 1< carea cuinfnm ERE0E RRGelcln S0 B5° Bt nd*RREthE T o: "Lxcoed
the maxi mum ryépBRhedty thé REHE0afd & thd ReshdBectidiE2d GiitRe k. present |y attached to

the palletizer 3. The nmaxi mum nunber of products gripped by the present
hand 14 is det er niThsa, By typecof anematicogencration anselactedaaraonghthegiexefive t he
products 4. As the_ | oadin atﬁt'ern, the first loading pattern with a
capacity excé&%ﬁsrﬁ’ga‘ftﬂ'@a{"é&é’g{a ®pacity is automatically generated. If the

target capacity iSAQf@mafid@eRdRbn & paRed i&n&ﬁigh@ﬁﬁed”ﬁ B whER| teim

capacity of the present hand 14, is cal cul ated. ut onati c
gener ati on byfunetionrfrautnmaticrgensration isumat s, iapd dla pyerator sets the loading
pattern as before.

'Automatic generation by present hand and set value (approximate value)'
is a type where the number of products gripped by the hand 14 is calculated from
the target capacity, but the value cannot exceed the maximum number of
products gripped by the hand 14 presently attached to the palletizer 3. The
maximum number of products gripped by the present hand 14 is determined by
the length of the hand 14 and the size of the products 4.  As the loading pattern,
the first loading pattern with a capacity exceeding the target capacity is
automatically generated. If the target capacity is not exceeded, a loading pattern
with the maximum capacity of the present hand 14, is calculated.

'Automatic generation by maximum number of products gripped by
present hand' is a type where regardless of the target capacity, a loading pattern
with the maximum capacity is automatically generated by the maximum number
of products gripped by the present hand 14.

'Automatic generation by set value of target capacity (approximate value)'

is a type where the number of gripped products is calculated from the target



present hand' is a type where regardless of the target capacity, a |oading
pattern with the maxi mum capacity is automatically generated by the maxi num
nunber of products gripped by the present hand 14. "Automatic
generation by set value of target capacity (approximate value)' is a type
where the nunber of gripped products is calculated fromthe target

12 capacity, and a recommended hand is proposed, and the first | oading
pattern with a capacity exceeding the target capacity is automatically

gener at ed. "Automatic generation by set value of target capacity
(maxi mum value)' is a type where the nunber of gripped products is
calculated fromthe target capacity, all a recommended hand is proposed,

and a | oadi ngagagity, ahd a Wédomnidaded Ratid iy fropaged dridithe Bifsedding phtfean wathget
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Fig. 5, other |oading pattern generating conditions such as the type of the

pal | eti zer 3jnputted.] ayout relating to the position of the palletizer 3, the

position of the station.5 and the nosition of .t he | oadi siti.on 7, the

| oadi ng type (V\,heihﬂ r‘f"t“ﬂgu'flg"a\ﬁ%dﬁ?w{“ﬁ'e Tape ‘Q??‘*es"f{lﬂ%%ggroiflﬂfeke | oadi ng
or the alterpahae !t?&hep:%ﬁﬁctsﬂlw&k%&aofpallet 6, is Rtbylger nore, in the dial og
box shown in Fig. 4, if the check box of 'automatic generation' is checked

and | oadi ng type' Into 'tith¢ sétting’, thidimeufromethe emitting of an opening signal or a
closing signal to the actual opening or closing of the pair of plates 16 of the hand

]

14, is inputted. Furthermore, the replacement time from the finish of loading of
a pallet 6 to the finish of replacement of a next empty pallet 6 at the loading
position 7 after the pallet 6 is carried out, is inputted.

Furthermore, in dialog boxes, not shown in Fig. 4 and Fig. 5, other
loading pattern generating conditioné such as the type of the palletizer 3, the
layout relating to the position of the palletizer 3, the position of the station 5 and
the position of the loading position 7, the loading type (whether the loading of
the products 4 is the bar-like loading or the alternate loading), are inputted.

Furthermore, in the dialog box shown in Fig. 4, if the check box of
'automatic generation' is checked and 'loading type' is clicked, the automatic
generation of a loading pattern is performed on the basis of the set loading
pattern generating conditions. h

Referring now to Figs. 7-11, to start the automatic generation of a loading
pattern, first, the setting of .the initial values for automatic generation is

'performed (step 1). Here, the maximum number of steps capable of being



generation of a |oading pattern is perfornmed on the basis of the set

| oadi ng pattern generating conditions. Referring nowto Figs. 7-11
to start the automatic generation of a |oading pattern, first, the setting
of the initial values for automatic generation is perforned (step 1).

Here, the maxi mum nunber of steps capable of being

13 |l oaded is calculated fromthe vertical (Z axis) working area of the
pal l etizer 3, and the nunmber of products capabl e of being | oaded per step
is calculated fromthe size of a product 4 and the size of a pallet 6, and
t he maxi num ef fecti ve nunber of products gripped by the hand 14 is
calculated fromthe length in the | ongltudi nal dinension of a pallet 6 and

the I ength ofloadedligehleilatéd froml méiveﬂicmhg heig)OWwoing @ed anthe paliériket B M ni mum
nunber of products per step is calculated fromthe m ni num | oadi ng
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products and ,t Ximum ¢C city.and the target, capacity. Next ,
et her ** aut OAErE ety S e fisnian sttt B BeuSE BREM s gtated cowni
hand and set fih HR nifRIM IdadmgRfficiéneg) . i s judged (step 3). If the
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products is calculated according to the angle o and the type of the palletizer 3.

The number of gripped products to start retrieving is calculated from the
maximum effective number of gripped products and the maximum capacity and
the target capacity.

| Next, whether 'automatic generation type' is 'automatic generation by
present hand and set value (approximate value), is judged (step 3).

If the setting is ‘automatic generation by present hand -and set value
(approximate value)', the maximum number of products gripped by the present
hand is calculated from the length of the present hand 14 (step 4), and whether
the maximum effective number of gripped piodu_cts exceeds the maximum
number of products gripped by the present hand, is judged (step 5). Only when
the maximum effective number of gripped products exceeds the maximum
number of products gripped by the present hand, the maximum effective number
of gripped products is adjusted to a value equal to the value of the maximum
number of products that can be gripped by the present hand (step 6).

Furthermore, whether the number of gripped products to start retrieving
exceeds the maximum effective mimber of gripped products, is judged (step 7).



the.maxi mum ef fecti ve nunber of -gripped products exceeds the maxi mum nunber
of . products gripped by the present hand, the maxi num effective nunber of
gripped products is adjusted to a value equal to the value of the maxi nmum
nunber of products that can be gripped by the present hand (step 6).

Furt hernore, whether the nunber of gripped products to start retrieving
exceeds the maxi mum effective nunber of gripped products, is judged (step
7). 14 1 f the nunber of
gri-pped products to start retrieving exceeds the maxi num effective nunber
of gripped products, the nunber of gripped products to start retrieving is
made equal to the value of the maxi num4effective nunber of gripped products
(step 8). |f Khie number oPErigfedPpodudiy 65l staft Srefrieving AxteddStthd @axitgurioes not
exceed the maxi num effective nunber of gripped products, the nunber of

gri pped pr odeffective aumperr of grnped oredugts; thel rumpbes of ENppedipiodugsite siadt ed at t he
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maximum number of products gripped by present hand', is judged (step 9).

If the selection is 'automatic generation by maximum number of products
gripped by present hand', the maximum number of products gripped by the .
present hand is calculated from the length of the present hand 14 (step 10), and
whether the maximum effective number of gripped products- exceeds the
maximum number of products gripped by the present hand, is judged (step 11).
If the maximum effective number of gripped products exceeds the maximum
number of products capable of being gripped by the present hand, the maximum
effective number of gripped products and the number of gripped products to start
retrieving are set equal to the value of the maximum number of products gripped
by the present hand (step 12). If the maximum effective number of gripped
products does not exceed the maximum number of products gripped by the
present hand, the number of gripped products to start retrieving is set to the value
of the maximum effective number of gripped products (step 13).

Consequently, regardless of the target capacity, the maximum number of



retrieving are set equal to the value of the maxi mum nunber of products
gri.pped by the present hand (step 12). |If the maxi mum effective nunber of
gri pped products does not exceed the maxi mum nunber of products gripped by
the present hand, the nunber of gripped products to start retrieving is set
to the value of the maxi num effective nunber of gripped products (step 13).
Consequently, regardless of the target capacity, the maxi num nunber of

15 products gripped by the present hand 14 (or the maxi num ef fective nunber
of gripped products) is set as the nunber of gripped products to start
retrieving. Next, whether 'automatic generation type' is 'automatic
generation by set value of target capad®ty (approxi mate val ue)' or

"aut omat i ¢ genaduatsi gripped by die prasentharfd 14a(ogahe maxinwim pff¢ctiveiommbevaf ue), is
judged (step 14 setfi natic@ﬁgneration by set

) df th I, '
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set value of targ L& YautdiEatic ' g% gth of the
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- (step 15).  value of Af target tchpdcity {approdimateetaluey drHasutomatid génerationdyadet t he fi nal-

capacity to be cal cul ated by the automati.c, generation (step 16).
Next, the fi rv@lueof fiIged SeRaci(masimumatuel,is (stsp e nunber of gripped

products to start ki h . QR ality of
candi date patter nslf‘r?ﬁeeglk@tﬁggsd aﬁwﬁﬁhgﬁg%?@wgy%gﬁv%g%togrn ste%tl@%{# 23.

About the regdpprotimatendaloe)t or fantoneitio, genkratibre by tsee valae difdatget pagatity n has
sone problens such as a problemthat the candi datgréflattern I S.-nof a pattern

of the first (mayionum sps),ithe recommended Jength of the hand, i eplewlateh bY 3¢, has an
efficiency n L N i ' j ciency (step 18), or a
probl em t hat Q%&f:gfr%!@g?éggg%{earn Caetrgéggigg%eé‘;lé)'br of coll apse of goods or
the |ike (step 19)Aftérsthat,cg@disr 8 e ahé \itiyl. value of the final capacity to be

calculated by the automatic generation (step 16).

Next, the first candidate pattern corresponding to the number of gripped
products to start retrieving is selected and read out among a plurality of candidate
pattemns registered in the registration pattern section 23.

About the read-out candidate pattern, whether the candidate pattern has
some problems such as a problem that the candidate pattern is not a pattern of the
first level (step 17), a problem that the candidate pattern has an efficiency not
more than the minimum loading efficiency (step 18), or a problem that the
candidate pattern causes an error of collapse of goods or the like (step 19), is
judged respectively.

In a case where the candidate pattern has no problem, a real loading
pattern is developed so as to perform actual loading, from the data of the
candidate pattern (step 20). Whether the real loading pattern is normally
prepared, is confirmed (step 21).

In a case where the candidate pattern has a problem or where the real
loading pattern is not normally prepared, the process advances to the step 50 and,.

if anextcandidate pattern exists, the process returns to the step 17, and the next



In a.case where the candidate pattern has no problem a real |oading
pattern is devel oped so as to performactual |oading, fromthe data of the
candi date pattern (step 20). Wether the real loading pattern is normally
prepared, is confirnmed (step 21). In a case where the candi date
pattern has a problemor where the real |oading pattern is not normally
prepared, the process advances to the step 50 and, if a next candi date
pattern exists, the process returns to the step 17, and the next

16 candi date pattern is simlarly processed. Next, if the real
| oadi ng pattern is normally prepared, whether the type of loading is the
alternate | oading, is judged (step 22).16 If the type of loading is

t he al ternat ecdnﬁﬁldieljﬂttemh@simﬂaﬂy?meﬁsém pattern for the first step is
prepared (step 23). If the real loading pattern for the first step has no

probl em such as coNestpif ghegealdewsting patteapis noymallynsepazesl, whethex the typatofer n f or
th d st i S, 25). t | | oadi tt f th
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direction of the real loading pattern, is judged (step 27). |f the two
di rections agthedirstistepds piepared(stap @3)r dif theangal londingypattecn fatdhe fisst Stopdi ng
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e real loading pattern for 'the first step has no problem such as

col | apse of gstepibas(notprpble®)suchwsatotiapsetolfi goddsi(siep 26) whetheti thelongitudingl t he
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t he position, and i ch can be se to prepare a program (step 32).
prepared, which include the loading order or data of the position, and which can

be the base to prepare a program (step 28).

If the type of loading is not the alternate loading, the real loading pattern
for the first step is prepared (step 29). If the real loading pattern for the first
step has no problem such as collapse of goods (step 30), whether the longitudinal .-
direction of the pallet 6 is different from the longitudinal direction of the real
loading pattern, is judged (step 31). If the two directions agree, loading data are
prepared, which include data such as data of the loading order or data of the
position, and which can be the base to prepare a program (step 32).

If there is a problem such as collapée of goods, or if the longitudinal
direction of the pallet 6 is different from the longitudinal direction of the real
loading pattern, the process advances to the step 49, and whether the processes
from the head end to the end of the real loading pattern are performed, is
confirmed.

Next, a program of the loading. pa&em is prepared according to the
pfepared loading data (step 33). About the program, whether it is normally

prepared, is confirmed (step 34). When there is a failure in the preparation of



If there is a problemsuch as collapse of goods, or if the |ongitudinal
direction of the pallet 6 is different fromthe |ongitudinal direction of
the real loading pattern, the process advances to the step 49, and whether
the processes fromthe head end to the end of the real |oading pattern are
performed, is confirned. Next, a program of the |oading pattern is
prepared according to the prepared | oading data (step 33). About the
program whether it is normally prepared, is confirned (step 34). Wen
there is a failure in the preparation of

17 the program the process advances to the step 49, and whether the
processes fromthe head end to the end1gf the real |oading pattern are
per f or ned, ISthﬁ?fﬁglridif,‘_itﬁe process advanb@to tHesstdd 45 bdwhéthétQhéprlobasséy fesmar ed, the
programis developed in the check area (step 35), and whether there is any
error out of thabeadnnditetheend of the seal tnaflingpatiern areperfogped, is confirmed. t here is

an error out of t wor.ki ng area, whether it ]S out of the, worki area in
the vertical (2 axPOfRmaEnE . bty bicaered if soammmiis develobRd i 88, " 57,
.1 f the error Eheck Ared (§tp 355;'hnd)fthi!h8r Rfekis Ay RfrBPot b Ithe woskihg 8Rh, isZ axi s)
direction of the palletizer 3, the final capacity is set to zero (reset or

clear) (step chfirmed(Stepd3d).pr ocess advances to the step 54. If the error is
a different error,_the process advances to, .the ste 9, .and er the
processes fromt hel_fkfg%fa 1348 §ETt °2ntge (wo.rlpng el eﬁ'%li“n{f ?)"\ﬁ{]?etle&‘ﬁ are
performed, i Swﬁﬂdﬁig[ 48 th the vertical (7 axjs) Qfrection e ﬂﬁ-"e&hﬁéri]sgihcli%%&ﬁr ki ng

area, considering the opening and closing tine of th d the
repl aci ng ti n37)of Xihke erabrl ietancsrrar romt ofi phec woskings area lim theavertical {Zeaxi®)9) .

Next, wheth . t [ ti L ' t ti t] b
pr)ésent ﬁangrgﬁ%%g‘ggP I %@%ﬂ%%ﬂ%&%‘ﬁ lsﬁé?tatg&gr_(’ I Ctd%gtn‘ﬁ{ar %gr a%/i on by
set val ue of 5%y SR the PRREIslalvAnRE oA S8 §4.V A Widderrok §s d GifERAL £2drSihe40) -

process advances to the step 49, and whether the processes from the head end to

the end of the real loading pattern are performed, is confirmed.

If there is no error out of the working area, considering the opening and
closing time of the hand 14 and the replacing time of the pallet 6, the capacity is
calculated (step 39).

Next, whether 'automatic generation type' is 'automatic generation by
present hand and set value (approximate value)' or ‘automatic generation by set
value of target capacity (approximate value)', is judged (step 40).

If the type is ‘'automatic generation by present hand and set value
(approximate value)' or 'automatic generation by set value of target capacity
(approximate value), first, whether the calculated capacity is at least the target
capacity, is confirmed (step 41).

If the calculated capacity does not equal or exceed target capacity,
whether the calculated capacity is larger than the final capacity, is confirmed
(step 42). If the calculated capacity is larger than the final capacity, the process
for the renewal of the final capacity is started, and the torque calculation is
performed (step 43). If the calculated torque is within the specified torque (step



If the type is "automatic generation by present hand and set val ue

(approxi mate value)' or "automatic generation by set val ue of target
capacity (approximte value)', first, whether the cal cul ated capacity is at
| east the target capacity, is confirnmed (step 41). If the

cal cul ated capacity does not equal or exceed target capacity, whether the
cal cul ated capacity is larger than the final capacity, is confirned (step
42). 1If the calculated capacity is larger than the final capacity, the
process for the renewal of the final capacity is started, and the torque
calculation is performed (step 43). If the calculated torque is within the
specified torque (step 18

18 44), the fiq)athe FmBPGhdIty i§ rdpeedVBsbd e RElchlaRA Gapdeity il DapEThé y (step
45). If the calculated torque is out of the zggmfled torque, the process

advances to t¢uacudateshtongre isaut ofithe ppecified dongne; dessprosess adyancesctottheistepnd to t he
end of the re | gadi attern are rforged, .is confi.r,ned., | f.the
cal cul at ed cobaand el R irieSeed ook Fle RAEN 12, e el ot HReal Jontibe o
advances to tﬂ%&eﬁiﬂ@p@&omﬁéﬂ, @ﬁnﬁhﬁb&he&fﬂ%cﬂaﬂmﬁ&éﬁ@l hﬁ sfn_{aﬁe? fnige head end

to the end of the real loading pattern are perforned. e final capacity
i ndi cat es t hethe dinal capiacity, dheeprocesy adiangess toothe dtept49, ke contfrm whethérethé i nal

capacity is conpared with . the capacity calculated this tinme. The one of

t hem near er tB"g%'?éest_ the l@é‘gﬁ’&‘f{%&}ﬁ? E‘Y%?@L%Efagi"a‘gﬂ% PAtSI ar&g:_erfonned(.) If the
cal cul ated cappd finhl bapabief inkiRafs tHRARst Cheulhl ¢afachPRBfelilaY the'¥ipi43he t he fi nal
capacity is not less than the target capacity, 1s confirnmed (step 46). |If
the final capfindltcgpacity dsredrhpared with théreapacityyedlcudatpdithis timet h&hprone of s
advances to the stgl%r@h? nd the process, fqr the _renewal of the final

capacity is sthemne | o F3Part ‘ﬁﬁﬁ’&dta} SRS | ess than t he target
Capaci 1), 15 conf i sl CRRRIRTGE ok o IR ABEe CapRlt WACHEE ger than
the final capfiodlicgpacitiés otdese skanatie tanget sapacity, lie contfizmed gtepad). t Bithpr ocess
brocess. advaniiel Seepethis sl 56 B ek SpHeS B gioprinadinses I BRsERC hoad
end to 43, and the process for the renewal of the final capacity is started. If the final
capacity is not less than the target capacity, whether the calculated capacity is
~ larger than the final capacity, is confirmed (step 47). If the calculated capacity
is larger than the final capacity, the process advances to the step 43, and the -
process for the renewal of the final capacity is started. If it is smaller, the .
process advances to the step 49, and whether the processes from the head end to
the end of the real loading pattern are performed, is confirmed.
Furthermore, if 'automatic generation type' is not 'automatic generation by
present hand and set value (approximate value)' or 'automatic generation by set
value of target capacity (approximate value)', that is, if it is 'automatic generation
by maximum number of products gripped by present hand' or ‘automatic
generation by set value of target capacity (maximum value), whether the
calculated capacity is larger than the final capacity, is confirmed (step 48). If
the calculated capacity is larger than the final capacity, the process advances to

the step 43, and the process for the renewal of the final capacity is started. If the



t.he end of the real loading pattern are perforned, is confirmed.
Furthernore, if '"automatic generation type' is not 'automatic generation by
present hand and set val ue (approximate value)' or 'automatic generation by
- set value of target capacity (approximate value), that is, if it is
"automatic generation by maxi num nunber of products gripped by present

hand' or 'automatic generation by set value of target capacity (nmaxi num

val ue)', whether the calculated capacity is larger than the final capacity,
is confirnmed (step 48). If the calculated capacity is larger than the final
capacity, the process advances to the step 43, and the process for the
renewal of the final capacity is startéd. If the

19 cal cul at eccalvapei dapadity is silles thdnhe fihdl&apacityy the piveedstadvaricBetothecess
advances to the step 49, and whether the processes fromthe head end to the

end of the rewep #9aandrnwhether the progesses &rom thecheadi endctorthe end of the real  Then,
whet her the pr S f ea t,0 the end of the real | oading
pattern are 518%@55%%%“‘{@5%%%"?#8%0@'?‘58 49) . In a case where the
processes to the eryni whodbr R pro&iséearffdifl thé ReadPEfICR®Sthe el WENke frénlt he step
22, and the processing is continued. In a case where the processes
from t he headloading pattarh arecpetfosmed,his copfirmedoéstepriP)pat teearcase whererther ned,
whet her the processes . from.the head.end.to the end of .the cangidate pattern
re. per f or mecbIOrSSE i e HAdE e B Berasmery e piipesiitulis o Si%n dlitc
pattern, the ﬂﬁég%@@h{%@gwﬁﬁ_ﬁu@d} the step 17, and the candi date pattern is

simlarly processed. Thus, if there are a plurality of candi date patterns,
they are sinilarl ylng ease séheee the pyoeesses from the hesdrend tothenend of hamell dat e

tt d, whet h f ' ducts t tart
ot reving | SPOGE PRRG afe REREh TRRF R PReestin BBT BF BRI LR BPoduct s
and the tar geindCGIRRC édnilidae ARG & Berfdriid, i§ @brirhdel (stéﬁ?lhs)y-ﬁgﬁﬂeksﬁ gp 51).

| f the nunber of gripped products to start retrievin ess than the
next candidate pattern, the process returns to the step 17, and the candidate

pattern is similarly processed. Thus, if there are a plurality of candidate patterns,
they are similarly processed in order.

Next, when all candidate patterns are processed, whether the number of
gripped products to start retrieving is less than the maximum effective number of
gripped products and the target capacity exceeds the final capacity, is judged
(step S1).

ﬁ the number of gripped products to start retrieving is less than the
maximum effective number of gripped products, or if the final capacity does not
reach the target capacity, whether the number of gripped products to start
retrieving is not more than four, is judged (step 52). If the number is not more
than four, one is added to the number of gripped products to start retrieving (step
53), and the process returns to the step 14, and such a candidate pattern that the
final capacity reaches the target capacity is retrieved, and the pattern is similarly
prdqessed.

Furthermore, in a case where the number 6f gripped products to start

retrieving is more than the maximum effective number of gripped products and



maxi frum ef f ecti ve nunber of gripped products, or if the final capacity does
not reach the target capacity, whether the nunber of gripped products to
start retrieving is not nore than four, is judged (step 52). |If the nunber
is not nore than four, one is added to the nunber of gripped products to
start retrieving (step 53), and the process returns to the step 14, and
such a candidate pattern that the final capacity reaches the target
capacity is retrieved, and the pattern is simlarly processed.

Furthernore, in a case where the nunber of gripped products to start
retrieving is nore than the maxi num effective nunber of gripped products

and 20 20 the final
capaci ty excethelfindllvapdcity grteedsitha tarppt, capaditygsihdecthé finall capagityds hot Zzego not zero
(step 54), the process advances to the next step 55. In a case other

than the casdStpéafk theprogssiadiancss tathe Bert§teBS8duct s to start retrieving is

nore than the maxi f ' r | final
capacity exceeds tlﬁén{:ag%é)g{%l‘gﬁéga@?%s? %ﬁ%“é%‘%‘%%ﬁ%@?’?@# Edazero,
whet her the rseasfiievng ik hforé 'thaﬂ|th63mﬁﬁﬁilﬁlyeﬂf&tii?€hﬂmbétsof%ﬁ?pa’ﬁpmdﬂtfts bei ng out

of the working area in the vertical (Z axis) direction of the palletizer 3,
i s judged (stang thesfinal capacityexcsedsihe tasges capasity sinse thedinalcapacitios ze9e wor ki ng

meecage of - aiers e oY nl R bRt 2l s kel of Ripgopt 08T

(step 57). |fw6r|kﬁltgra@wiﬁrthé Ferticd) (P Qkis) Giaestion of iR pilletler BpRBJadpRd Gtep here i s
no pattern with efficiency exceeding m nimumloading efficiency' is shown
on t he noni t o¥6){ sHdhe wason is a reason pf being-outof thesworkingrazeg in theavertical (At t er n

of e meni mARYtede, ol Tl . R et Bpeieek Vi BB SR OF | O PO

not |ess thanehdhcart igsiownapihe nyonofl (step sruParwﬂxetr@sémis dndthgeteasompaci ty, is
enpl oyed in the case of the approxi mate value. By the enployed real |oading

pattern, |oadhagmenmessage ofriiemrisco patter wadh effigiency exceeding minimum
loading efficiency' is shown on the monitor (step 58).

At the step 55, a real loading pattern with the maximum capacity among
the calculated ones is employed in the case of the maximum value, and a real
loading pattern with a capacity which is not less than the target capacity and is
nearest to the target capacity, is employed in the case of the approximate value.
By the employed real loading pattern, loading data are prepared, and from the
loading data, a program of the loading pattern is prepared, and the prepared
program is developed in the check area. Furthermore, by the prepared program,
considering the opening and closing time of the hand 14 and the replacing time
of the pallet 6, the capacity is calculated. Furthermore, the maximum number
of plural gripped products in the prepared program is calculated, and by the
maximum number of plural gripped products, a recommended length of a hand is
calculated. Torque calculation of each of the torques 6f turning R, vertical
movement D, and back and forth movement O of the palletizer 3 in a pattern
with the highest capacity, is performed.

Finally, the prepared program is developed to the display area. The



|.oadi.ng data, a program of the |oading pattern is prepared, and the
prepared programis devel oped in the check area. Furthernore, by the
prepared program considering the opening and closing tine of the hand 14
and the replacing time of the pallet 6, the capacity is cal cul ated.

Furt hernore, the maxi mum nunber of plural gripped products in the prepared
programis cal cul ated, and by the maxi mum nunber of plural gripped
products, a reconmended | ength of a hand is cal culated. Torque cal cul ation
of each of the torques of turning R vertical novenent D, and back and
forth novenent O of the palletizer 3 in a pattern with the highest

capacity, is perforned. Finall 21 the prepared programis devel oped

to the di spl ajispdyestreen b the monitor on which the preﬁared program is developed to the
21 display screen of the nonitor on which the prepared programis devel oped

to the displ adispiayeareaj és shown inFigi §. & the colwmnc of Jesding paiemy, ihe pat tern’ |
th t of th duct th Llet 64 h f t
('ateraror chngergnt o Biectfich €8 e wilel &sFon of sy Fr BleriFed) ' and
in the col umak-difBasidRdNdiSHIRY éad Ms6 BE §h5vﬁi,‘i‘fjse!é%§édb,ta'nd ih e &diavanof

capacity, the recommended l'ength of a hand, and each of the torques of
turning R vemakisaim eapasity alcilatedrugsultycthe plagnéd capacity, vibersecondnenged shown.

As nentioned aboye. in response.anly to inputti of the | oadi attern
gener ati ng colﬁ?ﬁ%Pgﬁl‘?n‘ga?%%ﬁr?gaﬁatgfq@%%}gmﬁ}ge%g{‘ WOYﬂEe'gégi%EBOf t he

| oadi ng pat t ek AR FIrdirhé@niea'Ol 4k Sswand the candi date patterns. A
capacity calculation to find the |oading capacity of the |oading pattern is

perforned, and suchs _&lehmﬂ@bomﬁn Esppmhaplym@phﬂhlaidghe:b)p@’ogmﬁﬁrm fills
e ar gt Copschlle ek Bhiihe AUES) S bE ISR s " 1
| oadi ng capachditér genbdting SohIRTOn¥ARAHR (caktiddS patfebnsaC AU@iphdity QRARRioRY t he
pal l etizer 3,  can automatically be generated. Furt hernore, torque
cal cul ati on tto findthet loading ragpasitycafethe doading patteme is performed, and such a
| loading pattern that the loading capacity fulfills the target capacity is calculated.
Accordingly, a loading pattern which is not affectéd by the experience of the
operator and by which deficiency of loading capacity is not caused when
products are actually loaded by the palletizer 3, can automatically be generated.
Furthermore, torque calculation to find the torque necessary for the
palletizer 3 in the prepared loading pattern, is performed, and a loading pattern is
calculated in which the torque remains within the specified torque of the
palletizer 3 and in which the loading capacity fulfills the target capacity.
Consequently, a loading pattern by which excessive torque of the palletizer 3 or
deficiency of loading capacity is not caused when products are actually loaded by
the palletizer 3, can automatically be generated.
In a case where the loading pattern generating system 21 is composed of
a computer unit of the control panel of the palletizer 3, the program of the
- generated loading pattern can be registered in the computef unit.
In a case where the loading pattern generating system 21 is composed of

a computer unit such as a personal computer other than the control panel, the



palletizer 3 in the prepared | oading pattern, is perforned, and a | oading
pattern is calculated in which the torque remains within the specified
torque of the palletizer 3 and in which the |oading capacity fulfills the
target capacity. Consequently, a |oading pattern by which excessive torque
of the palletizer 3 or deficiency of |oading capacity is not caused when
products are actually | oaded by the palletizer 3, can autonatically be
gener at ed. In a case where the | oading pattern generating system 21
is conposed of a conputer unit of the control panel of the palletizer 3,
the program of the generated | oading pattern can be registered in the
conputer unit. In a case where 2Re | oading pattern generating system
tZ% is c ;)rmf)s qﬁoglﬁmaatfwh ERtedUbAding petfRmifs récoRfiiAeordinfBEdRy sueh Ber t han

e control panel, e
22 progr am ofa magnetie dise,ca eptichladist, arya pemoey and is moved tathel coniral paugl 6f ng nedi a

such as a magpeti.c..di sc optical .disc, or nory and i s v to the

cont rol pane%%?ﬂ%ﬂéerg’ap{@ﬁpg@a% ,°f gFﬂeéatﬁ? gﬁaﬁﬁlpﬁﬂflﬁs’e 5’8?4@858% | oadi ng

pattern is musggolantie dRomllERler BYYRh-10E phdtBssi, bt it B¥bgigieRi, ON- | i ne

processi ng, and ?tﬁins regi steré&.w pFur?sﬁ?rrmrle, ignltg t he conputer

unit of the cont r dfurthamaedredtot the cpmputet unitof the contral panat ofithetpatletimer t such as

a personal c uter other than.the control panel, and the |jke the |oading
e fen oo

pattern generaff 5 SPRYIEL HRit SPehiAs 3 pezsonpl coiputer ptherihar the Gon fly nedi a
Such s a_ GRAHIEY, 86 IoRAPhANEH edlRing brobra TR Yo inbelld by | 0adi ng

pattern generating programis recor . ccording to the | oading
pat t er n genermcarding spslizsnchrasracmpgnetic disa) ¥ optical Hisc ionpumnemory, inf whidiadi ng

pattern generatjng. conditions,.a |loadin attern is prepared on the basis
of the I oadi ﬁgebéak“&m ed’@ﬁ%‘?"‘éﬁ‘ﬁd"%ﬂ&ilgfeg?fge‘gnd the candidate patterns,
and capacity cal cuhgodifig ¢ ,tlié%idiﬁ%f?ﬁtéxﬂ gf:ﬁé?é’cir{gfs?stkﬁaﬂ! x@&boﬁ,@eoéﬂ?ttd of the

| oadi ng pattern. The resulting loading pattern-i$ one in which the | oading
capaci ty ful fthe|igputtieg tofirlgading qatteint gene@ting expuditiphs; , a doddingd patterpast er n

ani oh i s not aLfecl o RY 08 S¥BR AES ek GerdRRhg! Qe e "

candidate patterns, and papacity calculation is performed to find the loading
capacity of the loading pattern.  The resulting loading pattern is one in which
the loading capacity fulfills the target capacity. Consequently, a loading pattern
which is not affected by the experience of the operator and by which deficiency
of loading capacity is not caused when the products are actually loaded by a
loading device, can automatically be generated.

Accofding to the loading pattern generating system, in addition to the
effect of the loading pattern generating system, a torque ;:alculaﬁon is performed
to find the torque necessary for the loading device in the prepared loading pattern.

The selected loading pattern is one in which the torque is within the specified
torque of the loading device and the loading capacity fulfills the target capacity.
- Consequently, a loading pattern by which torque over of the loading device or
deficiency of loading capacity is not caused when the products are actually
loaded by the loading device, can automatically be generated.

According to the loading device of the present invention, deficiency of



Qf | oading capacity is not caused when the products are actuall'y | oaded by
a | oadi ng device, can autonatically be generated. According to the
| oadi ng pattern generating system in addition to the effect of the | oading
pattern generating system a torque calculation is perforned to find the
torque necessary for the | oading device in the prepared | oading pattern.
The selected | oading pattern is one in which the torque is within the
specified torque of the |oading device and the | oading capacity fulfills
the target capacity. Consequently, a |oading pattern by which torque over
of the | oading device or deficiency of |oading capacity is not caused when
the products are actually.| oaded by th&3l oadi ng device, can automatically
be gener at ed.loading capaci¢ @@ téique over biehd Wadingomakhirecd Mdt dabsedowheent

i nvention, deficiency of

23 | oadi ng cdprding praducts.osingre theveredusts afeclopdnskiom gherpaliat hy the lpading aused

oadi ng. maoni TR hecbaBf ot € ARIHE ot ey 888 35 BF OREa ot . "

| oadi ng patte%eﬂe,gﬁﬁgegyafehﬂg system Havi ng descri bed preferred
enbodi ments of the 1nvention with reference to the acconpanyi ng. draw ngs,

it is to be under Hudeg deseribedipsefenedemberdimerts pbthe|invention with refersnee pr eci se
enbodi nent s, _tarlg t hat var.i OH{Sea changes a??d rrgdi fi& tit?lﬁls' ma%%be. effected
therein by on8_ ?(P?qog}?apjﬂng “a‘?ﬁs’ :IFH% t U 35599 ﬁlba e_omvf °nslé(ﬂ9 or
spirit of thajhieEnd MWosds pﬁé@fsb Nefbbdinfel, adtdepgd vﬁ}i&ksm%hanges and
modifications may be effected therein by one skilled in the art without departing

from the scope or spirit of the invention as defined in the appended claims.



24 WHAT IS CLAIMED I S: 1. A loading pattern generating system
CONPr-Sihg: +Haput means for inputting | oading pattern generating

conditi X .0 |l oadi ng pattern generating conditions including at
| east Eﬁﬁ“mlmhﬂumﬂ a size of a product to be |oaded on said pallet,
I
S

data r I ng device for |oading products on said pallet, and
a target capacity to |load products on a pallet; a candi date pattern
regi stration neans in which a plurality of candidate patterns to | oad
products on said pallet are registered; cal cul ati on neans for

preparing a | oading pattern for controlling said | oadi ng device
corresponding to said | oading pattern gdnerating conditions inputted by
sai d i nput NMeWwRBATAIS CISIMED I5: of said candi date patterns registered in
said candi date pattern registration neans, and which perforns capacity
calculation to find | oading capacity of said | oading pattern, and which
finds such a | oadi g\loa&.t ern.Lhat sq{?g #gadi ng capacity fulfills said
target capacity; atid*©2¢ing patielf Beneratips SHECH SPBITRIt t i ng sai d | oadi ng
pattern cal cul at edinBi rfiéiind fr3hputing loffing'Bafeen generating condlitios] 0adi ng pattern -
generating systemaccording to claim 1, wherein said cal culati on neans
performs torque casaidleadingnpatiernf gengrating cropditions: inchuding atf lsastssigedof aadi ng
device in said epar ed. | oadi attern, and findg sucgh.a | oading pattern
hat Csai d ¢ orEReh R ot produd o B toadet on it duf iRk o oElE e and

sai d | oadi ng §RRAGbE %aﬁiﬂkfp}dd’u&s%ﬁis‘ﬂidt}?a[lgt‘?hn&@%?tbfpacityto load produés! oadi ng

devi ce conpri sing: I nput neans for 1npuiting |oading pattern
gener ati ng coomnia pallstys; sai d | oading pattern generating conditions

including at |east siz f allet, .a size of roduct. tq be. l.oaded on
said pallet, data ?ﬁ?ﬁqal?@p%ﬁhrqg@;"m‘ means i wich a pu’ahty of candidate

patterns to load products on said pallet are registered;

calculation means for preparing a loading pattern for controlling said
loading device corresponding to said loading pattern generating conditions
inputted by said input means, on the basis of said candidate patterns registered in
said candidate pattern registration means, and which performs capacity
calculation to find loading capacity of said loading pattern, and which finds such
a loading pattern that said loading capacity fulfills said target capacity; and

output means for outputting said loading pattern calculated by said-
calculation means. |

2. A loading pattern generating system according to claim 1 , wherein said
calculation means performs torque calculation to find a torque necessary for said
ldading device in said prepared loading pattern, and finds such a loading pattern
that said torque is within a specified torque of said loading device and said
loading capacity fulfills said target capacity. |

3. A loading device comprising:

input means for inputting loading pattern generating conditions;

said loading pattern generating conditions including at least size of a

pallet, a size of a product to be loaded on said pallet, data relating to a loading



25 dGVWucts on said pallet, and a target capacity to
| oad p S on a pallet; : a candidate pattern registration neans in

whi ch a ' Wmﬂl date patterns to | oad products on said pallet are
regi ster "ml“‘“‘“ #Mati on means for preparing a |oading pattern for
control linrg sal b I®adi ng device corresponding to said |oading pattern

generating conditions inputted by said i nput neans, on the basis of said
candi date patterns registered in said candi date pattern regi stration neans,
and which perforns capacity calculation to find | oading capacity of said
| oadi ng pattern, and which finds such a |oading pattern that said | oading
capacity fulfills said target capacity2s out put nmeans for outputting

sai d | oadi ng degice g6rlosdihg plodetsl oh ¥aid palletcaidca Haddet capadieerdspadipdducts a
| oadi ng machi ne for |oading products on a pallet on the basis of said
| oadi ng pat t e pallet; 4. A | oading device conprising: i nput neans

for inputting | oad] t ' I Lals ; . s oadi ng
pattern generati ngz}l corqgilq{ei @%ml n%ﬁﬁﬁdﬁgﬁgﬁgﬂge@lﬁg??éu%%wgfgﬁl%t% a size

of a product patehi® td Padprbdadts 6Rb4ld pallet ie regiteredy el ating to a | oadi ng device
for | oading products on said pallet, and a target capacity to | oad products
on a pallet; calculation ragans tfer peepatng a leqling pattarn fonsentwolling sad ch a

egt ot er oa | atig ‘Ble MiSieilink e 88 el Sabell sdrfinl irBlicf c, 1 ¢ o
control ling siapgtddby@aiddnpift Yicafls, ol thebdaididisiig chidiad PattepdegisteRdtih er n

generating conditions inputted by said input nmeans, on the basis_of said
candi dat e pat3aid reandidefe spattesn Tegistration dnesas.dand whiche perforayi sapagity on neans,

and hi ch_Perd. 80 el AARL ohafR Sbch 0P Dt Roakind bah R IR BEPARA ch! 21 d

a loading pattern that said loading capacity fulfills said target capacity;

output means for outputting said loading pattern calculated by said
calculation means; and

a loading machine for loading products on a pallet on the basis of said
loading pattern. |

4. A loading device comprising:

input means for inputting loading pattern generating conditions;

said loading pattern generating conditions including at least size of a
pallet, a size of a product to be loaded on said pallet, data relating to a loading
device for loading products on said pallet, and a target capacity to load products
on a pallet;

a candidate pattern registration means in which a plurality of candidate
patterns to load products on said pallet are registered;

calculation means for preparing a loading pattern for controlling said
loading device corresponding to said loading pattern generating conditions
inputted by said input means, on the basis of said candidate patterns registered in
said candidate pattern registration means, and which performs capacity

calculation to find loading capacity of said loading pattern, and which finds such



26 a.loading pattern that said | oading capacity fulfills said target
capacity; Wi on means including neans for performng a

t orque cal ' 0 find a torque necessary for said | oading device in
sai d prepare ' m“am and finds such a |loading pattern that said
torque is w “w ‘\m torque of said | oading device and said | oadi ng
capacity ful filTe saidtadrgét capacity; out put nmeans for outputting

said | oading pattern cal cul ated by said cal cul ati on neans; and a
| oadi ng machi ne for |oading products on a pallet on the basis of said
out put | oadi ng pattern. 5. A loading pattern generating system said

system being of a type using a control Réble hand for loading a plurality of
a product ontgolif@pdtRn the¥aid loadif®eapacity fulfil® ssidiatpétahachyt t ern

regi stration neans; said candidate pattern registration neans

i ncl udi ng a pl ur alsaidy caliculgtionii means nsludinghsndaps fooaperfogming @ Wrg@RIct ont o
said pallet; . _inpu ans for inputti. etting which include at
east "sone. orcaleuiation if Bl sLTBRRS neBéssery ot S Tordl bl h e\ D o
pal l etizer angadn bi&n?,fan% 'ﬁﬁdsdsd&ﬁrhdloading paﬂeﬂ%ﬂﬁsﬁc?'&orﬁ&!%aﬁdtﬁﬂ # result
of ones of said plurality of candidate patterns to find a one of said

candi dat e patspesified tdrgue ofisdid fdadings dévicesand: $aid)dgading capacitynfulfiills $aid

cal cul ating et her aty"[ orque inposed on said palletizer by a candi date

pattern exce etacam mum permitted torque; _ means for outputting a
candi date pattern il MednsSfor Sutfiiidy S&ddoddihg ipaBiEmactcutlied bydgss not
exceed said maxi numpermtted torque; and when the conditions in

t he precedi neraliubatior neans; and sati sfied, said means for conparing proceeds
to a next candidate, Babt Shatnind for Roading produiR Bs palfer on e besis of said
output loading pattern.

5. A loading pattern generating system, said system being of a type
using a controllable hand for loading a plurality of a product onto a pallet,
compﬁ§ing:

a candidate pattern registration means;

said candidate pattern registration means including a plurality of
candidate patterns for loading said product onto said pallet;

input means for inputting setting which include at least some of a target
capacity, a pallet size, a product size, a type of palletizer and a size of a said
hand;

means for comparing a result of ones of said plurality of candidate
patterns to find a one of said candidate patterns that satisfies said settings;

means for calculating whether a torque imposed on said palletizer by a
candidate pattern exceeds a maximum permitted torque;

means for outputting a candidate pattern with satisfies both said settings
and which does not exceed said maximum permitted torque; and

when the conditions'in the preceding clause are not satisfied, said means

for comparing proceeds to a next candidate pattern to repeat the comparison and



27 cal cul ation. 6. A systemaccording to claimb5, further

conpri si ng: means for calculating a | oading capacity of a candidate
pattern; _ or outputting further includes neans for

out putting said candi date pattern having a | oading capacity at |east equal
to said target ‘| oadi ng capacity, and when any one of the conditions

in the preceding clause, and in the final clause of claim5 is not
satisfied, said neans for conparing proceeds to the next candidate pattern
to repeat the conparison and cal cul ati on.

27
calculation.

6. A system according to claim 5, further comprising:

means for calculating a loading capacity of a candidate pattern;

said means for outputting further includes means for outputting said
candidate pattern having a loading capacity at least equal to said target loading
capacity; and

when any one of the conditions in the preceding clause, and in the final
clause of claim 5 is not satisfied, said means for comparing proceeds to the next

candidate pattern to repeat the comparison and calculation.



