-1- DESCRI PTI ON CONVEYI NG SYSTEM HAVI NG ENDLESS DRI VE MEDI UM AND
CONVEYI NG METHOD 5Fi el d of the Invention [0001] The present
invention relates to a transport systemfor transporting
sem conductor substrates or the like by a carrier attached to an
endl ess driving medium |In particular, the present invention relates
to a technique of detecting a positionef a carrier configured 10to
carry articles such as seniconduc C§§p§&?§tes or the lIike, and
driving a hand of a station. Backgroun [ 0002] 15Accord|ng to the
di scl osure @gﬁz ﬂ%YE%ﬂﬁg ANDY CONERIINES
are attached'to an en?ﬁess NAE §%§§ endl ess rotates In é§
circul ati ng manner. Each of the car y{efifopas a support surface for
supporting a flange or the like of a senlconductor cassette, and the
cassette is | oaded or unloaded using a hand of a station. Further, a
sensor for detecting the carriers and an encoder for neasuring noving
di st agce 2fof JriR thptiogr € provided to control the hand. In Patent
Ref erence 1, the hand is driven inmediately after detection of the
carrier byrb sensor. Therefore, the hand is driven at the sane
timng in both of |oading and unloading. However, if the hand is
driven i medi atEleyprabitGfiveiabeldtanio @ftraﬁ%‘b@rt@?ﬂém i trah yorichl saMicoRddchs
si gnal processing appears as a control delay. 25

substrates or the like by a carrier attached to an endless driving medium. In particular,

the present invention relates to a technique of detecting a position of a carrier configured

10 to carry articles such as semiconductor substrates or the like, and driving a hand of a
station.
Background Art
[0002]

15 According to the disclosure of Patent Reference 1 (UUS7234584), a plurality of

carries are attached to an endless belt, and the endless belt rotates in a circulating manner.
Each of the carriers has a support surface for supporting a flange or the like of 2
semiconductor cassette, and the cassette is loaded or unloaded using a hand of a station.
Further, a sensor for detecting the carriers and an encoder for measuring moving distance
20 of the belt are provided to control the hand. In Patent Reference 1, the hand is driven
immediately after detection of the carrier by the sensor. Therefore, the hand is driven at
the same timing in both of loading and unloading. However, if the hand is driven
immediately after detection of the carrier, the delay in the signal processing appears as a
control delay.
25
Related Art Reference
[0003]



Rel ated Art Reference -2- Patent Reference 1: US7234584 Sunmary of
the Invention Problens to be solved by the Invention 5[ 0004] An
obj ect of the present invention is to check whether a carrier is
operated nornmally or not before l|loading articles froma hand to a
carrier or unloading articles froma carrier to a hand.

Anot her object of the present inventior-is to check operation of a

carrier 104 I adi ng or unl oading of articles.
Oﬁie{gﬁo efdr&icY 1 PL530

Still anot | ect of the present invention is to check whether a
hand is operated normally or not imedi ately before | oading or
unl oadi ng of articles. Means for solving the Problens 15[ 0005] A

transport sysheRRihdmeenBbgsent invention includes: an endless
driving nedium configured to rotate in a circulating manner; a

plurality phbbrakhsé B olatitaeheRvémiohhe endl ess driving nedi um and
configured to hold articles for transportation; 20a plurality of

stati gns ppowyded al ong the endl ess driving nmedium and a
novi ng di stance sensor configured to neasure noving distance of the
endl ess dri vi ngAmeblect®I the present invention is to check whether a carrier is operated

normally or not before loading articles from a hand to a carrier or unloading articles from
a carrier to a hand.
Another object of the present invention is to check operation of a carrier
10 immediately before loading or unloading of articles.
Still another object of the present invention is to check whether a hand is operated

normally or not immediately before loading or unloading of articles.

Means for solving the Problems
15 [0005]
A transport system of the present invention includes:
an endless driving medium configured to rotate in a circulating manner;
a plurality of carriers attached to the endless driving medium and configured to
hold articles for transportation;
20 a plurality of stations provided along the endless driving medium; and
a moving distance sensor configured to measure moving distance of the endless
driving medium.
Each of the stations includes:
a hand configured to load articles to or unloading articles from the carrier;
25 a driver configured to move the hand in a rotation direction of the endless driving
medium, and move the hand in a vertical direction;

a first carrier sensor configured to detect the carrier at a predetermined position



Each of the stations includes: a hand configured to load articles to
or unloading articles fromthe carrier; 25a driver configured to nove
the hand in a rotation direction of the endless driving nedium and
nove the hand in a vertical direction; a first carrier sensor
configured to detect the carrier at a6£redeternined position -3-
upstream of the hand along the rotati direction of the endless

driving el U of the nandISRARE A ARLELI AR B ealiRls HRAAGEdMIN he

: s
carrier a'l’p positi1on ream of the first carrier sensor; and

a signal proce, &%ncf;o%ﬂﬁé.rgéﬂsgxdti%ﬁ%tﬁ&iing%éé@ﬁieﬁ‘@%@ﬁoﬁﬂ@wﬂé&eﬁﬁ%f@f& ed

on novi ng 5di stance neasure e noving di stance sensor, froma

time poi nfirs?&ang@rts‘éﬁsto}'%do‘c the carrier by the first carrier sensor.
When the sSecond carri’er sensor detects the carrier, the signal

processor conpages, PR¢ERS: @hifase dRAW iRdd by tHehPivembasstortinstiance
sensor, froma trnme point of detection of the carrier by the first

carriser SgReffe Mbdshred bl kiRirANGE: HRENREBnsOY Eoh 4 e paint dftetestimrsalithand
10t he second carrier sensor, and if a difference between the noving

di stance ahflettianéiist aaer sesopeyond an al | owabl e val ue, the signal
processor stops novenent of the hand by the driver. For exanple, the

movi ng di st ancwheg feQecdnd catiev setad derecie dehraniertthesigiahpicoersor compares
Al ternatively, the noving distance sensor nmay be provided in any of a
pl ural i tynebingisinet memsrqddsithé moeidg distmee eoswnfeom ndittearoing of détetion he
nmovi ng di stance sensor can be shared by the stations positioned close
to one anefthekarridl byethadtst vatiye sehdve witha digange betaweereths &ing errrippseniss and
provided at an internediate position between adjacent stations so
t hat1@ he bRwecmdahsicasneorsansde difrenbebeesnetie ppving distaaee andribie r i ght
stations. [0006] )
distance is beyond an allowable value, the signal processor stops movement of the hand
by the driver,
For example, the moving distance sensor is provided in each of the stations.
Alternatively, the moving distance sensor may be provided in any of a plurality of
15 stations positioned close to one another so that the moving distance sensor can be shared
by the stations positioned close to one another. Alternatively, the moving distance sensor
may be provided at an intermediate position between adjacent stations so that the moving
distance sensor can be shared by the left and right stations.
[0006]
20 A transport method of the present invention includes the steps of:
attaching a plurality of carriers to an endless driving medium configured to rotate
in a circulating manner to hold articles by the carriers for transportation;
measuring moving distance of the endless driving medium;
providing a hand for the plurality of stations provided along the endless driving
25 medium for allowing the hand to load articles to or unload articles from the carrier;

detecting the carrier by a first carrier sensor at a predetermined position upstream

of the hand along a rotation direction of the endless driving medium,



20A transport nethod of the present invention includes the steps of:
attaching a plurality of carriers to an endl ess driving nedi um
configured to rotate in a circulating manner to hold articles by the
carriers for transportation; measuring noving distance of the endl ess
driving nmedium providing a hand for the plurality of stations

provi ded al ong the endl ess driving 251fEdi um f or allowing the hand to
| oad articles &e?ec?ﬁ #0lgad: & § Leh&Beati@ Rdsheat@a0kitieh dowiatesh bhget he
carrier by a fiIrs Rarrier Sensor at a predet erm ned position
upstrean1ﬁgtééﬁ%wga%gralong a rotation direction of the endl ess
driving ﬁEélun] -4- detecting the carrier by a second carrier

sensor at a pogifiidme NNt he &R P badel On vy didrct of the emless dridingvi ng
t he hand by the‘ml v%r based on noving di sfntgnce of the endl ess

driving npdium bmGMNide fdifEorRleBionQf ibaiaaitr by thedirsttdamiee sansorpandby t he
first carrier sensor; and 5when the second carrier sensor detects the

carriger, conmpaghdghsMcbalcitigtsanoedaéctd the cariel, esspaling mavipgrdedingerof r om
the tine point of detection of the carrier by the first carrier

sensor W i3 cadidissh@peandiimeem thhembipbit ofdetactien oftbe swrierdrydhe fiest
second carrier sensor, and if a difference between the noving

di st ance ggflet agsod nsthaniigarics blyepanthe finst abidenmbios avdithe egcond eppemg
novenent of the hand by the driver. 10[0007] Preferably, the
first cargdmeér, 5NSadiffkedree betwebethe arovingrdisince agt thel distaper in8eyp8 4Rt i on
downstream of a position of starting novenent of the hand (hone

posi ti on) allewebld edueh stnpping mawénem offhe benddstthe di1eM. of the carrier by
the first carrier sensor and before detection of the carrier by the
secot@ caf®dodt sensor. 15More preferably, additionally, a second
novi ng di stance sensor for neasuring

Preferably, the first carrier sensor detects the carrier at a predetermined position
downstream of a position of starting movement of the hand (home position), and the hand
is driven after detection of the carrier by the first carrier sensor and before detection of
the carrier by the second carrier sensor.

15 More preferably, additionally, a second moving distance sensor for measuring
moving distance from a position of starting movement of the hand is provided.

When the second carrier sensor detects the carrier, the signal processor compares
the moving distance measured by the second moving distance sensor with predetermined
moving distance, and if a difference between the measured moving distance and the

20 predetermined moving distance is beyond an allowable value, the signal processor stops
movement of the hand by the driver.

Particularly preferably, the hand is driven by the driver for allowing the carrier
and the hand to pass through the second carrier sensor at a same velocity.

In this specification, description regarding the transport system is directly

25 applicable to the transport method.
Advantages of the Invention

[0008]



nmovi ng di stance froma position of starting novenent of the hand is
provi ded. When the second carrier sensor detects the carrier,

t he signal processor conpares the noving di stance neasured by the
second novi ng di stance sensor with predeterm ned noving di stance, and
if a difference between the neasured noving di stance and the

20pr edet er ni ned nmovi ng distance i s bey¥nd an al | owabl e val ue, the

si gnal processgr, Péé;%ge?{t ﬂ@%&ﬁgﬁ Nhe gfstahgéeom Y I:S{I@Uq]é’r ls4Rbr and the

fi
Particularly prefe € hand I's driven by driver for

al | owi ng [N, L] ns@f‘"ﬁ (:Bﬂﬁar@@%’thtd% rH@a§§reB lPxfoQH@Ehs‘td?l%e SeGeBshIGAr i er

sensor at a sane ve hi s "'speci fication,

descripti gR.h %&ﬂquhﬁgmaﬁ&?%p%@msa@mmﬁ BhdigsHsliy re5eanlbnah! e
to the transport method. Advantages of the Invention [0008] -5-

In the preseitiol AYARAORovIhD Sisthhed RSty Angt Medifinl Siangarif tier
sensor and the second carrier sensor is conpared with the neasured

novi g di sdianmeRtity Bethe BaHies arzdiﬁa%meﬂ@immdmml donditibhssin meefivet carrdenr
exanpl e, abnornal conditions in the neasurement sensor for neasuring

movi ng di s¢aeCadFhe debideiat et sGseh dak badetsietl. Urarthef) singespetatioh b&the hand
S5rotation velocity of the endless driving nmedium abnormal conditions
in the fiisdan€Med irethe pRBG0E o of Hiessamonohl candifi@s, lsedispandoatvaliing
detected. Further, since operation of the hand is cancelled in the
presence of arditlys bftwedrahe catierandule lnod dider dresipndrontisongitmndanbd oadi ng
of articles between the carrier and the hand under the abnor mal
condi ti onpeaentee prevented. 10[ 0009] After activation of the
hand, by detecting the carrier using the second carrier sensor, the
abovH) abn@®d98] conditi ons can be checked i medi ately before | oading
or unloading. Further, if the carrier is detected by the second
carrier sensor Afsyactivatisardfithy hand, bysigtestingibe C#“fléfrﬁst%éh?)%i’rtq G

starting novenent of the hand with the nmeasured noving
sensor, the above abnormal conditions can be checked 1mmed1&te1y before loading or

unloading.
Further, if the carrier is detected by the second carrier sensor, by comparing the
15 distance from the position of starting movement of the hand with the measured moving
distance of the hand, whether the hand is operated normally or not can be checked
immediately before starting the motion of loading or unloading the articles.
Further, by allowing the carrier and the hand to pass through the second carrier
sensor at the same velocity and at the same time, the subsequent motion of loading or

20 unloading the articles can be started immediately.

Brief Description of the Drawings
{0010}
[FIG. 1]

25 FIG. 1 is a plan view showing a layout of a transport system in an embodiment.

[FIG. 2]

FIG. 2 is a block diagram showing a control system in the embodiment.



di stance of the hand, whether the hand is operated normally or not
can be checked imediately before starting the notion of |oading or
unl oadi ng the articles. Further, by allowing the carrier and
the hand to pass through the second carrier sensor at the sane
velocity and at the sane tinme, the subsequent notion of |oading or
20unl oading the articles can be startéed imediately. Brief
Desc_rlptlf;q(}pﬁ] the Drawings [0010] [FIG 1] 25FIG 1 is a plan view
showi ng a layout of a transport systemin an enbodinent. [FIG 2]
FIG 2 is a blprk3:di agbaniisfem sngwigaaohitellsysss beastatiortiheheenbodi nent .

-6- [FIG 3] FIG 3 is a block diagram showi ng a control system of a
station i gnbdEmenbodi ment. [FIG 4] 5FIG 4 is a side view show ng
mai n conponents of a carrier and a hand of the station in the
enmbodi menjrIG K] G 5]
5 FIG. 4 is a side view showing main components of a carrier and a hand of the
station in the embodiment.
[FIG. 5]
FIG. 5 is a plan view showing main components of the carrier and the hand of the
station in the embodiment.
10 [F1G. 6]
FIG. 6 is a rear view showing main components of the station in the embodiment.
[FIG. 7]
FIG. 7 is a view showing identification of a carrier in the embodiment.
[FIG. 8]
15 FIG. 8 is a timing chart at the time of loading in the embodiment.
{FIG. 9]
FIG. 9 is a timing chart at the time of unloading in the embodiment.
[FIG. 10]
FIG. 10 is a flow chart showing the former half of an algorithm of loading and
20 unloading in the embodiment.
[FIG. 11]
FIG. 11 s a flow chart showing the latter half of the algorithm of loading and
unloading in the embodiment.
[Embodiment for carrying out the Invention]
25 [0011]

Hereinafter, an embodiment in the most preferred form for carrying out the

present invention will be described.



FIG 5 is a plan view showi ng nmain conponents of the carrier and the
hand of the station in the enbodinent. 10[FIG 6] FIG 6 is a rear
vi ew show ng mai n conponents of the station in the enbodinent. [FIG
7] FIG 7 is a view showing identification of a carrier in the
enbodiment. [FIG 8] 15FIG 8 is a timng chart at the time of

| oading in the embodinent. [FIG 9] FI& 9 is a tinming chart at the

time of u | Ln the enbodinent. [FIG 10] FIG 10 is a flow
chart sho%l%%érﬁ%t%]orner hal f of an al gorithm of | oading and

20unl oadi Eﬁlﬂ; the enbodinent. [FIG 11] FIG 11 is a flow chart
showi ng the Tatter half of the algorithmof |oading and unloading in

the enmbodi ment prdEXROS] WRAE arf QMiboBRAY hitGitQHbditifigioh NIEME BARIngd S 0011]

reference numeral 2 denotes a transport system for rotating an endless belt 4 in a
5 circulating manner. Reference numerals 6 denote pulleys for driving the endless belt 4.
Reference numerals 6a, 6b denote individual pulley parts. Instead of the belt 4, a chain, a
wire, a rope or the like may be used. The belt 4 is rotated in a fixed direction, and a
plurality of stations 8 are provided along the belt 4. Buffers (not shown) and processing
tools 10 or the like are connected to each station 8. For example, carriers 12 are attached
10 to the belt 4 at constant intervals for transportation of cassettes 14 containing
semiconductor substrates or the like. Any type of articles can be transported.
[0013]
FIG. 2 shows a control systemn of the transport system. A reference numeral 20
denotes a manufacturing execution controller. The manufacturing execution controller
15 20 controls processing tools or the like, and requests a material handling controller 22 to
transport the cassettes. The material handling controiler 22 controls an endless belt driver
24 and station controllers 26. The station controller 26 is provided for each station. The
endless belt driver 24 drives the endless belt 4 at a constant velocity. Inputs to the station
controller 26 are transportation instructions from the material handling controller 22. The
20 transportation instructions are issued to load cassettes from, or unload cassettes to a
carrier at a predetermined address. A unique address is assigned to each of the carriers
along a rotation direction in which the endless belt is rotated. In the embodiment, the
address is data having a bit length in a range of 10 to 16 bits, and the address is expressed
using a binary value. Loading is a motion to allow the carrier to support the articles, and
25 unloading is a motion to take out the articles from the carrier using a hand.
[0014]

Detection signals indicating detection of carriers are inputted from two



Hereinafter, an enbodinment in the nost preferred formfor carrying
out the present invention will be described. -7- [Enbodinents]

[ 0012] FIGS. 1 to 11 show an enbodi nent and its nodification.
In the drawi ngs, a reference nuneral 2 denotes a transport systemfor
rotating an endless belt 4 in a 5circulating manner. Reference
nunerals 6 denote pulleys for driving™the endl ess belt 4. Reference

numer al s Bibtodi2iriteRAics $NER, Y6 the @latibd Bl iBalst Amdmsheptbtediectiteeold
4, a chain, a wire, a rope or the |like my be used. The belt 4 is

rotated ig, @2,fthé<§ﬁ>tdﬂercﬁ&t§e@§@:r s Baditiongil i ghts identficasibAbipgiiSinSicatig

provi ded along the belt 4. Buffers (not shown) and processing tools
10 or t heidehfifcatitolihe bt b the sedehcakaliér@s. The kravel exoamgldéstancanf i er s
12 are attached 10 to the belt 4 at constant intervals for

t ransport dgicieadlesfbel dsiapittedSrotdarcanbdir ehow thestitnrnduicsler 26 ubld statioas or
the like. Any type of articles can be transported. [0013] FI G
2 shdwns acammiledis syphiees gipetrhrcetaf amsipier 4t agysteenmindd peditimarpsgeanuoter al
20 denotes a manufacturing execution controller. The nmanufacturing
execut i onthesttipoby te sigral2idon dretphotosleprio sessi sigandoetagnies 1 type bfthe, and
requests a material handling controller 22 to transport the

casset t escarfitre e gabaseil ah dheatio piibe sigral fiom the phtoddesiic shorah endl ess
belt driver 24 and station controllers 26. The station controller 26
i s provi déE®1lfbr each station. The endl ess belt driver 24 drives the
endl ess belt 4 at a constant velocity. Inputs to the station

control | er 26 &pedats afifbpencoderivaisn ithictarmiss is dstrsted by the Hetaslpeisicisagsor sl
handling controller 22. The 20transportation instructions are issued
to 1'Gad cidaiehede b difarense figh Baltdasiens ewsidered aad fhe Rositign of

pr edet er m ne addrﬁ_{%s A uni que address is assigned. to each, of the

carriers BPEAEEAG RROREIGHICHRINEST BAearTicd AT & RPNt BSetsai7 thes
L RER M IR LN R NI
D 1Y i et R S SR L e
0 2 S BB T 30l B 00 | L0 Pt
15 cassettes from, and unloading cassettes to the carmier. At the time of loading a cassette,
the hand 28 holding the cassette is driven, and at the time of unloading a cassette, the
hand 28 that does not hold any cassettes 1s driven. For this purpose, acceleration for
accelerating the hand 28 at the time of unloading may be higher than acceleration for
accelerating the hand 28 at the time of loading. In this case, the position of driving the
20 hand 28 at the time of unloading is downstream of the position of driving the hand 28 at
the time of loading.
[0016]
A dedicated hand for loading and a dedicated hand for unloading may be used.
Alternatively, one hand may be used for both of loading and unloading. The hand 28 isa
25 front part of transfer means, and any shape and structure can be adopted for the hand 28.
For example, occupation sensors 29R, 29L are provided on both of left and right sides of

the hand 28. In the case of loading a casseite on a carrier, it is checked whether the



-8- photoelectric sensors sl1, s2, to the station controller 26. Anong
t he photoel ectric sensors sl1, s2, the photoelectric sensor sl
additionally inputs identification signals indicating identification
of the carriers to the station controller 26. The travel noving

di stance of the endless belt is inputtgd froman encoder enc to the
station controller 26. The station 5controller 26 recognizes

appear anceardér sappatsranetheratassattp pehét brie pasd opedvadingrn epsstie éam affaridie
station by the signal fromthe photoel ectric sensor sl, an

r ecogni zed imchteyled vdfetheh enyceassettey are inaged oriihe eaienPraigt: a’fhedﬁn‘bis prilethe
signal fromthe photoelectric sensor, s1. [0015] The data of the
encoder wemshess helt oare ptehe samedistasty.-e dinps/the fan B dewyardl ghegcamish o
10is latched. The difference fromthe |atch value is considere and
the posit RAsiEEn owihe Roniside e thers|or BPRiaPosiing R ﬂsefap%ma L%i“eaaﬂ%{s a
reference point to recogni ze the positian_of thg arrie rthe

val i dity epakRElefiaperight qopepatian sensdrs £k Ehagwesed s E%Wélé’lé@?]e“gwgtoﬁéhe
phot oel ectric, sensor_ s2 as _described |later. Based on the data of the
encoder, A&Upriea whigh fhedand 28 giouestoward e 8rHieThand 28 provi ded at the
station |? gfrated for | oading 15cassettes from and unl oadi ng
cassettes 88 /lhe carrier. At the tinme of |oadi ng a cassette, the hand

hol di h dri d h i f
igss& te i Leeﬁﬁﬁfﬁ%&? ﬁamg%'siﬁﬁa?l Atoctealid 36, ReBr e HHORT 0SS 1o
of unt oanirmtedu5Ee Sty eShﬂﬁéﬁ] ST B SN i %I.n%%%?%%”?
hand, 28 at t eraag'cgﬁlgg{he “qu s\ ng GRS A fe?ﬁen%gih@ﬁﬂe@(ieng{ew' ng

t he 20hand ng s ream o e position

f drivi he h
gedi (r::i;/;gg}?];ng"u’rt %%%Itﬁg i néetrgﬁdgasq%]egﬂ%lgtg ggﬂn{%gm&;] %%Q%Jnrﬁi CSBeé.a’r‘]gﬂdr‘%%si Oge
used. Alt %ﬁé}'ﬁ%"ﬁﬁ\fle![r%reggﬁ?esﬂa%@% oS hh?t%ﬁaﬂﬁg HQEaloﬁfof IRadhRPren%he

unl oadi ng ron part of transfer neans, and any

shape and ggi GGt H{e%sﬁf%f‘c&iﬁte?@@ Pric?éi'nén%rthé BfrifiaRethbéShy Fahd @R%%Ia@dh@,

occupation Sensors are provided on both of 'eft and ri ght

sides of thesRandheBine dF tidRntd$6uér 34026HdNE sch6@SHEal Whieh appeaRifat i €r ,
it is checked whether the -9- carrier supports another cassette or

not. 14N t RRQAR QL MerpBhRAdhddss. Af GRRSShiyeerfdr AMha dEAME thelcarref cduditer 34
checked whet her any cassettes are | oaded on the carrier or not. The

hand 28 angr dohife redaeh< R dBedidsidialdveahotthctsheeutpel foah the.calien cauntdnd4,
hand 28 noves toward the carrier froma position on the front side of
the carrigoo® froma position on the back side of the carrier,
A comparator 35 compares the address of the carrier designated to perform
loading or unloading of articles and the output from the carrier counter 34. If the address
20 of the carrier matches the output from the carrier counter 34, the output from the counter
33 at this time point is stored in a latch 36. The output from the latch 36 is denoted by
L0. The output from the counter 33 at the moment when the signal of the sensor sl is
turned on is stored. In the case where processing in the carrier counter 34 and the
comparator 35 is slow, processing is modified to allow the latching operation to be
25 performed at the rising edge of the output from the shaping circuit 31. A reference

numeral 37 denotes an adder for adding calibrated transfer parameters K0 to K2, P1 to P7

stored in a parameter memory 41, When the comparator 38 founds that the signal from



5a pair of left and right occupation sensors 29R, 29L are used

sel ectively depending on the direction in which the hand 28 noves
toward the carrier. [0017] FIG 3 shows structure of the station
controller 26. Reference nunerals 31, 32 denote shaping circuits.
Shapi ng of signals fromthe sensors sk s2 is perforned, and a
10counter 33 counts the output pul ses Pron1the encoder. A reference
nurer al  etheddd@t3gsndidhes theisipud! Fomothetchenterddnthe hadBis oferaiedbpkheflandn a
carrier counter 34 indicates an address of the carrier. In response
to the detigedriUncairdingl. i ndi cating detection of the carrier fromthe
sensor sl, the carrier counter 34 increnents the carrier nunber by 1,
and check§uaibe validity of the value of the carrier counter 34 based
on a check signal which appears at 15 intervals of every eight
sensors. |f thbrthe embaiimensy the haridns bheratddbrthofe metersddl. Marnddint er 34
for some reasons, the check signal does not match the output fromthe
carrifer cdummngrtheddmofedOVid] MR, arsiidarthe mwtoBEMd o areused fs elgdefingss of
the carrier designated to performloading or unloading of articles
and the olawaning thedwnd inethe heightadireetinmn t1de n@or N3 istused foaaouing thehgnd ithe
carrier matches the output fromthe carrier counter 34, the output
from t he &wyuntetion digecten tivkjch hawnglesselt issotptedrag indigated by #p @086 - Hhe
output fromthe latch 36 is _denoted by LO _The output fraom.the

count er 3thedpliewiae Aesrepondneseyreecsthgfisiehbdiractien sarligrtiony ingicated fpang

and T he. CBTPHTZANBIeRS oA TaTO e P CUGLFRGPE LB €d 1t o PO The
Fromt ne. SHols ML APaans FRtheedn? BRErERE BURera st B et “Fdor
i o par aRGrR AT S nGh DAL DUHBP AL O " oT BT P gt THERS
33 "the. hantrereovrpbiedA By oniSRAR T ol Bes PR ERUBAGT
the hand is implemented by the signals from encoders 43 to 45. The hand driver 27 uses
the output from the encoder enc on the belt side as a trigger for starting respective phases
15 of hand operations, and does not use it for feedback control. Thus, the hand can be
controlled easily. The outputs from the encoders 43 to 45 are reset each time the hand
returns to a position of starting movement (home position) after loading or unloading of
articles is finished.
[0020]
20 The signals from the latch 36 and the counter 33 are inputted to an encoder
checker 40 to examine validity or the like of the encoder enc. That is, the interval
between the detection positions of the photoelectric sensor s1 and the photoelectric sensor
s2 is known, and the number of cutput pulses of the encoder corresponding to this
interval is stored in the parameter memory 41. The validity of the encoder enc can be
25 checked based on whether the difference between the signal from the counter 33 at the
time point when the sensor s2 is operated and the output from the latch 36 corresponds to

the interval between the sensors s1, s2. Further, as described later, when the sensor s2 is



In the enbodi nent, the hand is operated by three notors M, M2, and
MB. 5Anong these notors M, M2, and M3, the nmotors M, M2 are used
for elevating or lowering the hand in the height direction. The notor
M8 is used for noving the hand in the rotation direction in which the
endl ess belt is rotated as indicated Ry_an arrow Y. In the follow ng
description, it is assuned that height direction is a direction

i ndi cat edofwyated) cpemdon &f thd Imnt hestarteado df the hand it bperiiechabcpelingrtp adargetl ong

two axes, i.e., inthe Y direction 10 and in the Z direction.
Further, bpeatingpditeraythbeutgnts from thelelicodernd? toy43 2 this tine goint wnst be ina |
i ndicated by an arrow X, i.e., to nove along three axes. Moreover,

nunbers opredetaminairengs Thaesforotoperationt of the Maidds ehegknadi hasadaan the sighpds
encoders 43 to 45, and feedback control of the hand is inplenented by
t he si gnafremfthoencedersdetostughanghaignsorise istammgd ani Iféhereis ang esorn he
output fromthe encoder enc on the belt side as a trigger for,

startd ng f(dferencs) bevopd ar aliowablst valhigng mopeinghese ifsms ghdpta ddmuplesignge it
for feedback control. Thus, the hand can be controlled easily. The

out put s f Femblerisowauirddrosn the chepkenstOy ard enseation ehthe hpndys stopeedhand

returns to a fosition of starting novenent (home position) after
| oadi ng of043A} oadi ng of articles is finished. [0020] 20The signals

chacker 401 o BUERARGNORFEERE gorspe S SFRREomo o eEsah LR aak ab e bgthy

ensor  s! IR CHEeLL AP eR e aehe e BBt S oot P PR PRaMBer  of
'n Db pariie MR 1o oTRE b SRERE grer Uit SR Rk 5 he
countor 3T B HEENE o ! | AREE RA UBERhERap bP BB T

out put fr?@zbge | at ch 36 corresponds to the interval between the
sensors s-1, s2. Further, as described |later, when the sensor s2 is

-11 - operat edg.l QRELAd0 ﬁ%erfa@@gg? R chRamBhRitk€Fith e hdi&Gial Hﬁﬁli?@

operated according to a target o ating pattern, the outputs from

the encod %51&{041% 50 AP abddbddh 8¢ 4 EdFRerROHiOH reqhisds I&%iﬂgr@)r AnBLAAE Bﬁcﬁlﬁgeﬂé‘sﬁj

range. Theretore, operation of the hand 1s checked based on the

signad s T LM be irm&aﬂgroiaﬂg of BnldRNE irplifed ENRATtradpdriBtibiienad 28
If there is any error 5(difference) beyond an allowabl e val ue or nore

in these iledmsiued F6alH cotriPesBbeindérgiak? 1 e blatribishaadlinpdoheéidr nom
t he checker 40, and operation of the hand is stopped. [0021]
Further, the trouble signal Trouble is outputted from the checker 40. When the transfer
operation is interrupted, information to this effect is reported to the material handling
controller 22.
20  [0023]

FIGS. 4 to 6 show the relationship between the hand 28 and the endless belt 4 at
the station 8. As shown in FIG. 4, it is assumed that the rotation direction of the belt 4 is
the Y direction, the direction perpendicular to the Y direction in a horizontal plane is the
X direction, and the height direction is the Z direction. Furiher, the hand 28 is operated

25 in the Y direction and the Z direction. The pulley 6 is operated by a driving motor 46 or

the like. The carrier 12 has a pair of front and back attachments 48. Among the

attachments 48, an attachment on the front side is denoted by a reference numeral 48f,



When the photoel ectric sensor s2 is turned on, velocities of the belt
and the hand in the Y direction are determ ned based on the change in
the encoder's output per unit 10time. Matching of these velocities is
checked, and if there is an error beyond the all owabl e val ue,
operation of the hand is stopped. Thi: 2processing may be omtted.

[ 0022] A communi cation interface”(1/F) 42 conmmunicates with the
mat eri al  fanal dttachneansn tiebedk 2@ is dashtairbyaddfessise odmeralctRr.r Thy candrdl
requires | oadi ng or unloadi ng of cassettes, 15and a type indicating

| oadi ng omchdtsmchmig badeS | apitht ethchMiten4?.t Agas pawbet 4 lower esluiftle are
transmtted fromthe comunication interface 42 to the materi al

handl i ng emsiidss bélt 4 rndh upBer ¢nder thetchwiet balytilds s wgtthing Time 6B At fhés
outputted fromthe checker 40. Wien the transfer operation is

i nt er r upt beight] the photetléadinc seosarhils s vhish thejattachanentst48d 480 Theclange &9 pal
handl i ng control l er 22. 20[0023] FIGS. 4 to 6 show the

rel atSi onsthiegatsettankdin plahed drehtipp@tian shrfage 4@ pbithe syripidiody 41 oA pafef
station 8. As shown in FIG 4, it is assunmed that the rotation

di r ect i onca@tmph aeproviflef gnbpd of lofl and gighbuidesoRghediation Bi o elevating and
perpendicular. to_the Y direction in a horLéontaI | ane is the X

di r ect i onlovgras railc6re Plgratediinddevsreh aloss ¢ gudysoyeed PomotoMindE (ndthe

hand 28 is operated 25in the Y direction and._the direction. The

pul ey 6 PovBpepapier My isprayided #gnmepgponisnof agﬂgizhaﬁ%é%, aﬁ‘éfgifé%{ﬁ er

12 has a pair of. front and back atta nts .48. Anong the attachnents

48, an atr€€%ﬁ@£ﬁ¢@%QFﬁ@nﬁ?Hﬂ@“@?ﬂ%mﬁ d%H@ﬁ@g”%VO% ref erence numera

48f, . -12- 2&@ an attachment on the back side is denoted by a
PencelH

refé ral 48r. The carrier 12 includes a carrier body 51 and

h h . b | f ;th dl |
;RS Ztﬂt 3‘;p2‘?”2h ‘-‘%shé‘m%ﬁ%gﬁ%%ff%@ﬁen%? Tes 7060 1B PRl g B e
t hi i 1 1 i ' t 1
ot ner kg A IRHE5SFOL e E1800RBhy 1180781 SR RBIHIREIENS
surface 4 %g#ﬁ‘?ﬁ%&% ohe Qa@a & -hegoaabg; oftfie GRLHIMS D4 R Ry ded

e a right sirde . An d

on both of "] o) he station el'evating an

| oweri ng ' i s ; ' by
A i st Rk e R S e S Bk

f d | oadi bR deo carn t
of agran 1&&?@@ ggﬁte aﬁ&ﬁees\@gb%aﬁd B M@g/ﬁﬂ&}[l%%&z Q]wt fihe a‘?ﬂ&(?‘é@t TG eiids

| owering ra Int irection. 5 shows the

posi ti onabejf £katdOoRshiiR BE LW &Ntht Hﬁhﬂh&ti@@t@.q. M ¢heSRBSEoRling, Whén hand
28 at the home position, and the photoel ectric sensor s2. The encoder

enc shoul ¢hehgrResiokéoeshrdd) REPRbm i fHateRbRicisomtoBs] bebel qihé huflber Of
t he encoder enc can be determned freely. The hone position of the
hand 28 i $f gutp@PulstORomhies ectdes, thalmd 28 isdrards Ibthe bk of unloading, when
the carrier moves forward from the photoelectric sensor s1 by K2 (K2> K0) based on the
20 number of output pulses, the hand 28 is driven. The interval between the photoelectric
sensors s1, s2 is equivalent to K1, in terms of output pulses, where K1 > K2 > KO0.
[0025]
FIG. 7 shows detection and identification of the carrier 12. It is assumed that the
endless belt 4 travels from the left side to the right side in FIG. 7 at a constant velocity.
25 The carrier 12 has the attachment 48f on the front side, and the attachment 48r on the

back side. The attachments 48f 48r have different widths along the travel direction of

the belt 4. Further, for example, attachments 48f having a different width along the



15 | oading of the articles from and unloading of the articles to the
carrier 12. The endless belt 4 travels fromthe left side to the
right side in FIG 5. In the case of |oading, when the carrier noves
forward by KO fromthe photoel ectric sensor sl based on the nunber of
out put pulses fromthe encoder, the hgad 28 is driven. In the case of
unl oadi ng, when the carrier noves forward fromthe photoelectric
sensor sl trimel BiRectit@ of thSpelbd seedrovidedras ip@malsrpéevens eighicpiuierspdit 8éss, t he
hand 28 is driven. The interval between the photoel ectric sensors sl,
s2 is equembddimentt wheatthe ptfachwents 48 4@urpdategnd tydbe phofeslastricisensogsl, 8

KO. [0025] FIG 7 shows detection and identification of the
carrier 18gnalshven erstbalarer sidain Flie Tdnefiteised. pbrafergnaeryparad 79 depetes e
left side to the right side in FIG 7 at a constant velocity. 25The
carrier 1basabire afidetegtionaignatsnandagieresse pyeerpls dhio &3 draotedhridgteraon
attachnment. 48r on the back side, The attachnents, 48f, 48r hav

di f f & ent signads hEnes thagitachwents 4%and 4Pt have deerent widihs, the signals TRl e ,
for exanple, attachnents 48f havi a different. width along the -13-
travel ar RtermbHIGh L sErt 1 SO ARGEE B e RS iRy dry
eight carrjers, In. this.enbodinent, wh t he achnents 48f., 48r are
det ect ed Sﬁ“ﬁlﬁzl=ﬂﬁ3’f"6ee$g8’ief’ﬁ ‘@dggn%”&rthesaﬁ%dgn%t 3%\@@‘@%%‘%&1“6%‘ EFI% | ower
side in FIG is obtai ned ref erence. puner 70 denot es basel i ne
o et et PR iraee et #usfub BirclRR AR FfS BT i o RS
det ection_>5signal.s.. Since e attagh t f 4 dj fferent
i dt s, HES A e sgRESo iSRG AR AEREL el PEHE SRR | P

att ment s, 48f and 482 hayv ' k i i.f ' 2
v el 11 enaiee vt & omudh s Pl 1 B 43scbis B8 TP Boens
exanpl e, ReRbE ket gikdy; Othe RVRE ¥ndebaht
carriers, h?ﬁé%%\?\%@‘@ﬁ% E%S%%nfggnoq‘gdt’pﬁgﬁ% i e{sgﬁ%ﬁl&'g %ﬂ:jw%%r r?er 12n can

be checke A6 B an 10 enlarged view at a | ower right
position ?hnet@fté%gﬂ%te%e V\g?c){]?fr?g line 60 for the attachnents 48f, 48r
or the Iilf@b%? positioned in a gap in the height direction between
the | ower "end” of the belt 4 and the carrier body 51. [0026] FIGS. 8

to 11 show | oagidx s¥BY i SRovk Iohfing &otiBRRIGNE PAEILRBadRE hfiof BIG. 9P the
t he 15enbodi nent, and an al gorl%hmfor t he | oading notion and the

unl oggli Ng ABLHRRNt, YA algorithm for the loading motion and the unloading motion. When

the carrier is detected by the photoelectric sensor sl, the count value of the encoder
output at this time point is latched. The latched output is denoted by a reference numeral
LO. After latching, a preparation period is provided before starting operation of the hand.
In the case of loading, a stand by period of KO in terms of the number of pulses of the

20 encoder’s output is provided, and in the case of unloading, a stand by period of K2 in
terms of the number of pulses is provided. Since acceleration at the time of loading is
smaller than acceleration at the time of unloading, the number of pulses KO is smaller
than the number of pulses K2. As a result, loading motion and unloading motion as
described later can be started at the same position relative to the station. Then, before

25 turning on the photoelectric sensor s2, travel of the hand in the Y direction is started in
both of loading and unloading.

[0027]



the carrier is detected by the photoelectric sensor sl, the count

val ue of the encoder output at this time point is |atched. The

| at ched output is denoted by a reference nuneral LO After | atching,
a preparation period is provided before starting operation of the
hand. In the case of |oading, a stand by period of KOin terns of the
nunmber of pul ses of the 20encoder's oG#put is provided, and in the

il ses. i 5 pr ovkBiiaepAEb R LP BhdBresiie iz S Bl ettt o

Ul ses KRS Rttt Peraneed i dtiflestf s DAY A ol RRAUTARL o8l

| oadi ng tion . and unl oadi r i kb | I di ﬁ;@hﬁl’ted
at the saf¥s PIOEE SEHVPEF ﬁﬁgg%?%deﬁﬁgﬁg% gfﬁlﬁ%féll %%elén;@&(ﬁe(?lgr&reénZ turni ng

on the phqtoel ectr. n . t: : RE of thelliR€ odtuh ih €t | on
is star Ito e eipﬁecﬁgaflﬂmgq %ﬁ%e; h\s;lgr ﬁ’of{ ﬁ\réﬁgsé%ﬁ%%@&[sg%gg]o 1. AL the

tinme point en_t 5 RSRE 112 pbisit WhEMBE pltoeldchic setizber
of the entSYEF" %ndggatnpuffsgﬁ::pgéé% F&?P@? thelphgtloel ectrig sensor sl is

turned on J % ﬁgaﬁrgkaﬁgs ?f]‘:’lﬂf?]rﬁzg&e?s BIResr thé dSARPALRE ofthe hamdl are

pr edet er mn e error (difference) fromthe

predet er mped. val &ﬁﬁ:‘ﬁ%hﬁhéﬁﬁ@ﬁaﬂd id oeSateilin ababedance ik psidewimigedr t he
| i ke occurs 1 n the 5encoder, and transfer is stopped. Further, at the

time poing &%gg SREmPRALOE! i blefmis@Nwhéthe 2hd Moting disdnarfiom teeseof
the encodefs 4 .- 44 tor the driving notor of the hand are checked to

conf i r m WagR&T mbidReshRSbsitPn@p eeghotbelettriasanoxdnr eowatdit & determined
predetermned operating pattern. That is, it is determ ned whether

the {?vi NG 1diret ABGag Hisaitdshe thawe epasietsidBnadus tivesme hBurfissat thiviireg

t he photoelectric sensor s2 or not, and it is determ ned 10 whet her
movi ng di SR aRS ook Relotinoofeheiodics detdBninaiitfiem dheteneodsapmthebel ierand at
this time point, the rotation velocity of the belt is determ ned from
the encodepedcallfahbefiangspetenit sing is freciufiut wihieof thheousteanyis dstermigad-t
time in the output value of the counter 33 is determned. Lij kgw'hse

t he vel ocillievise, theeredscily imetbe Yotireofiort ¢fdhanizand 28 & 4%“&’@’@@?%@?@1]8‘” Bk ek
whether it is the sane as the velocity of the belt. |f tpe di fference
bet ween t Hetle swab aethe velositt of HEtleajio Aftha diffreneaapvee RPGY2UERE "Rhnd and
the carrier pass through the photoelectric sensor s2 at th ane tinme
and 45 t hebeyameanvallovebleyalugtibe kandead thercagiehPiss Heg itPWt‘iefF&fmtsﬁlésor

hand is ready to be elevated. [0028] After the. photoelectr] nsQr
S2 i's tur neddtthe,same tim@nd pithe WVE&GH&%E?G%& Hlﬁlb%ﬁ C"é’gb‘ﬁ?ds@%‘stg% haadn

to both of |oading and unl oading is obtained, operation of elevating
or Iomerin@rﬁﬁﬁﬂhﬁﬂﬂaWEﬁstarted. Loadi ng noti on or unloadi ng notion
herei n neans operation fromthe start to the end of elevating or

| owering t82%and. The count value of the encoder's output pul ses at

than the | at chebhearcaiorsyiopeisep fhngg AER B RBriRap ninbd i Supus,

un! O%%i ng- pulses common to both of loading and unloading is obtained, operation of elevating or
lowering the hand is started. Loading motion or unloading motion herein means
operation from the start to the end of elevating or lowering the hand. The count value of
the encoder’s output pulses at the time of starting loading motion or unloading motion is
larger than the latched value LO by P1. P1 is common to both of loading and unloading.

25 When the carrier comes to a position which is the same as the position of the station,

loading motion or unloading motion is started. For this purpose, the area where

unloading movement is performed and the area where loading movement is performed



25\When the carrier comes to a position which is the same as the
position of the station, |oading notion or unloading notion is
started. For this purpose, the area where unl oadi ng novenent is
performed and the area where |oading novenent is perfornmed -15- are
substantially the sane with respect to the station. [0029] In
the case of loading, the hand is el evdbPed, and when the output val ue

fromthe counter .is in :and is accelerated in the Y
directi on’.’refﬁ%ﬁ%‘i‘gﬁ@v %ﬁ%’?ﬁ%ﬁgfggﬁcﬁ)&thg?gﬂ%@erI apped with each ot her
vertlcallﬁxﬁ%ﬁng the Y direction. Wen the counter value of the

0

S@p?der's ut-put becpnes LO + P3, the hand is started to be | owered.
1 e the handy g DL BSIhAHE EeharAllelal, 1l Wit dpt RetuE fdirmet | on

becones 0, the cassette Is Toaded fromthe hand to the carrier. \Wen

the countgr, ¥alidlGeQhsel "Bg PENGOHS i aQuleRiddd iR EROYEBediEh + Thethand lagd tei ng
and | oweri'ng operation of the hand is stopped, and the hand 10is

decelger at g\%ﬁ@% é}ﬁ gvérﬁgﬂ% ik 86h bRr LRI aRAg e Y Bitedias kWit eheabutthe
carrier. en the couht val ue beconmes LO + L7, the carrier returns to

a predet eerf'uF 6 FkhP RSddELN R hut bBEonsds Ai-0PB, tHeARD]s stantetl ebeclaweredf While
unl oadi ng, e ?vatlon of the hand is started when the counter val ue of
15t he encoEiafang B dRUbwbes omRa thdelock in A7 dircttie teaordes & thseassgtte is

el evated, the velocity in the Z direction is once regulated to zero.
At this tig@edebRlihe iddd 16 8220k Whenithe oatteet valuewf theencraler's ewtptto t he
hand. Then, when the count val ue becones LO + P5, the hand is

decel er at egodnies@9cape devafitpeanddokerigdperfion dighe bandiiestopped.dandiieanant e
count val ue becones LO + L6, the hand is | owered. Then, when the
COUM{@r Va4 dielepeainmangliid ¥ dirdctiantie escape to the back side of the carrier. When the

count value becomes L0 + L7, the carrier returns to a predetermined position of the

station.

[0030]

In the case of unloading, elevation of the hand is started when the counter value of
15 the encoder’s output becomes L0 +L1. While the hand is being elevated, the velocity in
the Z direction is once regulated to zero. At this time point, the cassette is unloaded from
the carrier to the hand. Then, when the count value becomes LO + P35, the hand is
decelerated to escape to the back side of the carrier, and when the count value becomes
1.0 + L6, the hand is lowered. Then, when the counter value becomes L0 + L7, the
20 carrier returns to a predetermined position of the station.
[0031]
In the embodiment, the following advantages are obtained.
1) After waiting movement (moving distance) of the endless belt 4 by the first
moving distance or the second moving distance from detection of the carrier by the
25 photoelectric sensor S1, the hand 28 is driven. Therefore, the delay in signal processing
after detection of the carrier does not affect activation of the hand. The hand is driven

from the upstream side of the second photoelectric sensor, and thus, the hand and the



20carrier returns to a predeterm ned position of the station. [0031]
In the enbodi nent, the foll ow ng advant ages are obt ai ned. 1
After waiting novenent (noving distance) of the endless belt 4 by the
first noving distance or the second noving di stance from detection of
the carrier by the 25photoel ectric sensor S 1, the hand 28 is driven.
Therefore, the delay in signal processing after detection of the

carrier does.nah padfieehepGtkadhd pibtedectiesehandz afiihe simanidné sndiitheen
fromthe upst rea% side of the second photoelectric sensor, and thus,

the hand angl §dikity- 16- carrier can pass through the second
phot oel ectric senSor S2 at the same tinme and at the same velocity.

2) The first npyimds éanedstase tholaadingisistorsdrdranehe sebend rdwingecond
novi ng di stance for unloading. In the case of |oading, the hand is
driven eaglst8te fobamiohdise. CA%Ee e bf loading dheignd isrivee e isghasf the easeivhg,
acceleration of the hand is small. However, since the hand is
accel®r at ggloadin@nnahs bise bf bhdige, acsldysicardfitlel Hapd issmadla Fowereaasieserihde
used for both of |oading and unl oading of articles. Therefore, for
exanpl e, thhel fshoosiirated stakeadier thge, hbstdnitdly thesagieareacae be use ferwtiaefea
whi ch requires accurate travel control can be shortened. If Lgﬁgm

travel st ieidingssdshioadiegetisrtitlhe Therforgsionetanple tie Fayaldimrle oft

unl oadi ng is 10shortened. As a result, |oading or un]oading of
articles cambbeopenddopmibel area Wakohapquingsrivshrags travehgogirol can be shogienegy, Jh
the carrier is detected by the photoel ectric sensor sl, éhe.output LO
of the cabeirael 8®kats shhitened; thetimeuprd Psonedpadiagor ARYMGAURZSon t he
difference fromthe |atched value LOQ the hand 28 is, controlled. b
Ther #B or e, shomened.eAy aresulli laglingen wplpading of pitigles £4 eHPr% AT SR Sh e s
not change. Likew se, in every unloading notion, the trajectory of

t he hand ddé#mepot change. Therefore, the hand can be controlled

easily. 3) When the carrier is detected by the photoelectric sensor s, the output LO of the

counter 33 at this time point is latched, and based on the difference from the latched
value L0, the hand 28 is controlled. Therefore, in every loading motion, the trajectory of

15 the hand does not change. Likewise, in every unloading motion, the trajectory of the
hand does not change. Therefore, the hand can be controlled easily.

4) Before elevating or lowering the hand 28, the carrier is detected by the
photoelectric sensor S2. At this time, the error in the encoder enc is checked, and the
position of the hand is checked using the encoders 43, 44 of the motors for driving the

20 hand. Therefore, if there is an error (difference) beyond an allowable value in any of the
encoder enc and hand 28, loading or unioading can be cancelled immediately before the
operation.

5) When moving distance of the carrier from detection of the carrier by the
photoelectric sensor S2 reaches predetermined moving distance, the hand starts to be

25 clevated or lowered. This moving distance is common to both of loading and unloading.
Therefore, loading of the article and unloading of the article by elevating or lowering the

hand can be performed in substantially the same area.



4) Before elevating or lowering the hand 28, the carrier is detected
by the photoel ectric sensor S2. At this tinme, the error in the
encoder enc is checked, and the position of the hand is checked using
the encoders 43, 44 of the notors for driving the 20hand. Therefore,
if there is an error (difference) beygﬁd an al |l owabl e value in any of
t he encoder enc and hand 28, |oading or unl oading can be cancell ed

i mredi at el y befOffied M6 ARSI @ 1kefed by the photdgleddhie fensan\sl e posiitamnd eieof
the carrier frdh1 etection of the carrier by the photoelectric sensor
S2 reacheg, prada € uFbded aMmuitie shigtiageemiddieo bienl véibhet the handie 25

el evated or | owered. This noving distance is conmon to both of

| oadi Ny apgs;He® 30kh8 Ghotdélesied @nsor sb.oAdkngulfit tandeahtdked whethet the hand
unl oading of the article by elevating or |owering the hand can be

per f or med;d d(})eﬁa't@lsﬁr i@k ht, bitlewlsalne tiartead and thi carrier are pre§yit ¥ibhsarree
carrier is detected by the photoel ectric sensor s2, the position of
the hand ipBsitibiein YhelVid@edtloan at this time point is determned to check
whet her the hand is positioned at the photoel ectric sensor s2. As a
result, it can7patihbecstsh ofhid pretoddoticramdr 62 siopeit i backsd ofhetrEyther
not, and whether the hand and the carrier are present at the sane
5posi ti on chsfiet el tWe Mirdecs prosent at the samg)pogition pusl PeEng fiche spmerugloctty,

phot oel ectric sensor s2, since it is checked whether the carfri er and
the hand aumachpugesfdnth afithe prsitwansd feskiorninghel Y AFeetng cah be RRATER

vel ocity, matching of both of the position and the velocjty ip . the Y
direction can BpWodndlloweblg.ranges can begilopipdifor g %%I‘%ﬂ}eé’ﬁ&ééy ngrt}e be
adopted for the change in the velocity of the 10endless belt.4, a 9
the tBangenillesttels 4 adobe change mtth%V?,lﬁq'l%’i odthe ol &Eﬂ,t 1% HE RHIF Fé%"'t‘“’u‘;@

detected twi ce by the photoelectric sensors 5 S2. The Vi

di stance dficethy t ciyis| sensersde §?mTH%@°H92 g‘ﬁ@n‘é%‘?:fégee?n%geﬁ%ﬁ%# this
period is conpared with the distance, hetween the .photoel ect ]

sensors Sidetespined by Fgencadss ergip tHRPHINGIHEFRARG EHE 88}3%3%%69t‘§geﬁl5}rwrral
or not. The subsequent control qf the han an_be I

on the datRioBwlectis seReB Ry gég’e?f erigf ,rmev%gﬁhef Fheteﬁéoad\;/}é nggls ffég/ﬁng? @f‘ﬁ)g

Fgglgg]s > be"{‘ﬁe sfibs%&?e% Cortro Qtt tll'x%aJ ﬁg}%lecag %etcahr%eg %%Q&d%%’%hé)&u{ SAHE Efloder

15 enc. Thus, even if the velocity of the endless belt 4 changes, influence by the change can

be reduced.

[0032]

In the embodiment, though the photoelectric sensors 81, S2 of a through-beam
type are used as the carrier sensors, the type of sensors and measurement principle can be
20 adopted freely. When the carrier passes through the position of the photoelectric sensor
s2, if there is any error within an allowable value on the belt side, the control of the hand
may be modified to compensate for the error. If there is any error within the allowable

value on the hand side, for example, control of the hand is changed to eliminate the error.

25 [Description of reference numerals]
[0033]

2: transport system



In the enbodi nent, though the photoelectric sensors SI, S2 of a

t hrough- beam type are used as the carrier sensors, the type of
sensors and neasurenent principle can be 20 adopted freely. Wen the
carrier passes through the position of the photoelectric sensor s2,
if there is any error wthin an allowghl e value on the belt side, the
control of the hand may be nodified to conpensate for the error. |f
there i s amndrEsEit Wthin the all owabl e value on the hand side, for
exanpl e, control of the hand is changed to elimnate the error

25[ Descr i ptdapeb:gisllesef er ence nuneral s] [0033] 2: transport system 4:
endl ess belt 6, 6a, 6b: pulley 8: station 10: processing tool
512: carrRegtativh: cassette 20: manufacturing execution controller 22:
mat eri al handling controller 24: endl ess belt driver 1026:
stati on coditprodebgng @38t hand driver 28: hand 29R, 29L: occupation

sensor 31, 32: shaping circuit 1533: counter 34: carrier
countier  12: carrier

14: cassstte
20: manufacturing execution controller
22: material handling controller
24: endless belt driver
10 26: station controller
27: hand driver
28: hand
29R, 29L: occupation sensor
31, 32: shaping circuit
15 33: counter
34: carrier counter
35: comparator
36: latch
37: adder
20 38: comparator
40: encoder checker
41: parameter memory
42: communication UVF
43 to 45: encoder
25 46: driving motor
48, 48f 48r: attachment

49: supporting surface



35: conparator 36: latch 37: adder 2038: conparator 40: encoder
checker 41: paraneter nmenory 42: communication I/F 43 to 45:
encoder 2546: driving notor 48, 48f, 48r: attachnment 49:. supporting
surface 50: flange 51: carrier body 52: colunmm 54: guide groove 556:
el evating and lowering rail 58: hand_{ase 59: wheel
50: flange
51: carrier body
52: column
54: guide groove
5 56; elevating and lowering rail
58: hand base
59: wheel
60: watching line
70: baseline
10 71 to 73: detection signal
80, 90: carrier
91, 92: attachment
94: optical mark
S1, s2: photoelectric sensor
16 enc: encoder
M1 to M3: motor

P1 to P7: parameter

KO0 to K2: parameter



60: watching |ine 70: baseline 1071 to 73: detection signal 80, 90:
carrier 91, 92: attachnent 94: optical mark SI, s2: photoelectric
sensor 1l5enc: encoder ML to M3: notor P1 to P7: paraneter KO to K2:
parameter -20- WHAT IS CLAMED IS: 1. A transport system conpri sing:
an endl ess driving nedi um confi gured rotate in a circulating
manner; 5a plurality of carriers attaéhed to the endl ess driving
medi um angyganfis gupedsnoshol d articles for transportation; a

plurality of stations provided along the endless driving nedium and
a moving di stance sensor configured to measure noving distance of the
endl ess driving nmedium 10the stations each conpri sing:
1. A transport system comprising:
an endless driving medium configured to rotate in a circulating manner;
5 a plurality of carriers attached to the endless driving medium and configured to
hold articles for transportation;
a plurality of stations provided along the endless driving medium; and
a moving distance sensor configured to measure moving distance of the endless
driving medium,
10 the stations each comprising:
a hand configured to load articles to and unload articles from the carriers;
a driver configured to move the hand both in a rotation direction of the endless
driving medium and in a vertical direction;
a first carrier sensor configured to detect the carriers at a predetermined position
15 upstream of the hand along the rotation direction of the endless driving medium;
a second carrier sensor for detecting the carriers at a position downstream of the
first carrier sensor; and
a signal processor configured to make the driver drive the hand based on moving
distance measured by the moving distance sensor, from detection of the carriers by the
20 first carrier sensor,
the signal processor evaluating a difference between moving distance measured
by the moving distance sensor from detection of the carriers by the first carrier sensor and
a distance between the first carrier sensor and the second carrier sensor at the second

carrier sensor detecting the carriers,, and if the difference is beyond an allowable value,

25 the signal processor stopping movement of the hand by the driver.

2. The transport system according to claim 1, the first carrier sensor detecting the



a hand configured to load articles to and unload articles fromthe

carriers; a driver configured to nove the hand both in a
rotation direction of the endless driving nediumand in a vertical
di rection; a first carrier sensor configured to detect

the carriers at a predeterm ned posi ti_é;r_l 15upstream of the hand al ong
the rotation direction of the endless “driving nedium a second
carrier semsiefs of predete@thédgpsitioe doansticemsofatpositiprost startimg wovemsnt efthe of
the first carrier sensor; and a signal processor configured
to make t hendland/de hand being drivehafie detestiah ofithereaviierg bylthstfiasicerrivesesented
by the noving di stance sensor, fromdetection of the carriers by the
20f i rst cand betbresietesiasn of the carrid¢rh by Hiegecond pamieessssnr. eval uating a

di fference between novi ng di stance nmeasured by the noving di stance
sensor from detection of the carriers by the first carrier sensor and
a distance between the first carrier sensor and the second carrier
sensdb at the Sethmicansport systemasperdingde plaien 2.fyrthes OMBHTRE?S 80CORHOYIRS
the difference is beyond an all owabl e val ue, 25the sjgnal processor
st oppi ng risvae sensefcopfigirphiodnassure moving djggnce fropya pesgiopjofstartizg 5
predet erm ned position downstream of a position of starting novenent
of the hamepvemmet afltke 4atid bei ng driven after detection of the
carriers by the first carrier segsor,and bef ore detection of

t.he.
carriers by thatdesesead gariss sepsos gREGing thpcariqry, the signahpropessqr &yaliting
according tg claim2, further. ¢ ri sing a,segond Vi ng dj.st ance
sensor corffdieienss bebvesa S %ed}lgﬂg‘gﬁﬁgy'ﬁ?éﬁﬁog Wgﬁllgidéﬁiang?
starting novenent of the, hand; .at,.the second carriher senso etecting
the &@rri SPRSOr anfka REdfiaingd JRgnFistanss, %Pgtvl‘”ﬂbt%e dlfh:‘renge g?ylp P%ir“gnce

bet th [ di st - [ di
Tosonsor AIGVENBPAHEIET RERCB oS THg e phdted SRR 1D For ence

beyond an al |l owabl e val ue, the signal processor meking the driver
stop the hand. 4. The transport system according to claim 3,

the driver driving, {rgnggé}ggggeﬁ%og&%ﬁtgﬁgﬁﬁﬁﬁ§%gdﬁ@érrdiiigﬁlg%l?é}%% Ghasd

sane tine andéj‘t a sa e carrier.

transport tﬁ?&é&Bﬁ'd ga?x%}rslaﬂopg 4 AAfhe FRRAd 3 a same velocity with the carrier.
15
5. A transport method comprising the steps of.
attaching a plurality of carriers to hold articles to an endless driving medium
configured to rotate in a circulating manner, providing a plurality of stations along the
endless driving medium;
20 measuring moving distance of the endless driving medium;

providing a hand being configured to load articles and to unload articles from the
carriers for each of the plurality of stations;
detecting the carriers by a first carrier sensor at a predetermined position upstream
of the hand along a rotation direction of the endless driving medium;
25 detecting the carriers by a second carrier sensor at a position downstream of the

first carrier sensor;

driving the hand by the driver based on moving distance of the endless driving



attaching a plurality of carriers to hold articles to an endl ess
driving nmediumconfigured to rotate in a circulating manner,
providing a plurality of stations along the endless driving nmedium
20measuri ng novi ng di stance of the endl ess driving nedium

provi ding a hand being configured to |gad articles and to unl oad
articles fromthe carriers for each of "the plurality of stations;
det ect i ng médumdirem detsctiop od tHei castersdarthe érst srigoensat; aad pvakdehgam ned
position upstream of the hand along a rotation direction of the

endl ess drdiffemygperbetivaenmobgetissaice nfithe hedlesadriveg mddinnafrem detedtiananfitheer
sensor at a position downstreamof the first carrier sensor; driving
t he hand oprnidnebyoihe fiest clraisesgnion and widistpndé betamercthe first pastientghses gnd the
driving -22- nmedium fromdetection of the carriers by the first
carrier sewewd;caniedsanyer ajHieispepnd ceipr s detepimgibesrnyyinddt iest ance
of the endl ess driving nediumfromdetection of the carriers by the
first5car rdifereneris beyoadhan allayableaniie, Yernirgnovaent piile hand/byites disens or
and the second carrier sensor at the second carrier sensor detecting
the carrier, and if the 5difference is beyond an all owabl e val ue,

st oppi ng novenent of the hand by the driver.



