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PORTATUYN voltam SYSTEM Backgratutd oft FiSd of the Inver [pool]  The present invention relates to
a transportation vehicle system. in particular, the present invention Sakes to a system eltransportatir)n
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Publication | (JP1405- 207611 A) proposed to provide a bﬁ'ttery replacement machine for replacing
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5 Background of the Invention
Field of the Invention
[0001)
The present invention relates to a transportation vehicle system. In particular, the
present invention relates to a system of transportation vehicles that travel using secondary
10 batteries.
Description of the Related Art
[0002]
Rechargeable secondary batteries are mounted on overhead traveling vehicles, rail
vehicles, automated transportation vehicles or the like to use the rechargeable secondary
15 batteries as power supplies on the vehicles. In this regard, Patent Publication 1 (JPHOS-
207611A) proposed to provide a battery replacement machine for replacing batteries of
the overhead traveling vehicles. For the transportation vehicle system using the second
batteries, a system that can reliably control the state of charge (remaining capacity) of the
battery, and minimize the loss time due to charging of the transportation vehicles is

20 required.

Summary of the Invention
[0003]
An object of the present invention is to provide a system in which charging of
25 transportation vehicles can be performed efficiently.
[0004]

The present invention relates to a system for allowing a plurality of transportation



20required. Summary of the bin:mien 00031  An object of the present rwention isso prnvde.charging of
transportation vehicles can be perfb rOD041 The presettt inventionrelatescm for allowing a plurality of
transportation vehicles to trn& along a prtdetamitted travel route under control. of a ground controller.
Each of the traveling a travel using an energy storage member as a power supply. A charlag area having
charging equipment for chariiing t member of the transportation vehicle is provided in the trawl route. The
tratisixirtirtion vehicle has enfliSiurticatiwt means for repotting a position and g capacity of the energy
storage -member to the around controller. The ground controller has a charge control unit for
controlling a transportation vebicle having remaining capacity of a thtesitold value or less to travel to the
ehargitui armfor chaiing the energy storage mentinu; and. @vehicle placement control unit for controlling

transportation vehiclegeiicibets hargingaiadiaiaveliRPesiiDRse utsidaetheshaiging @ canfel(s] Further,
the present invefates to a charging method..a.dort 1 s?éstem for Ilqwingh%lgarlurality of transportation

vehicles to moot alonG2thPEBEHPRTING RAGSE 18 67 RSB P O AEY SRR T EACA bf the

transportation vehiok jewerdigpsed to travel using an energy storage men:diet as a power supply. A

charging area having charging equiptnent for charging the energy terage member of the transportation
vehicle is provided iti the traltF g area having B cauipment o CAATEIN the oncrgy Stbrage

5 member of the transportation vehicle is provided in the travel route.
The transportation vehicle has communication means for reporting a position and
remaining capacity of the energy storage member to the ground controller.
The ground controller has a charge control unit for controlling a transportation
vehicle having remaining capacity of a threshold value or less to travel to the charging
10 area for charging the energy storage member, and a vehicle placement control unit for
controlling transportation vehicles in the charging area to travel to positions outside the
charging area.
[0005]
Further, the present invention relates to a charging method for a transportation
15 system for allowing a plurality of transportation vehicles to travel along a predetermined
travel route under control of a ground controller. Each of the transportation vehicles is
configured to travel using an energy storage member as a power supply.
A charging area having charging equipment for charging the energy storage
member of the transportation vehicle is provided in the travel route.
20 The method includes the steps of:
reporting a position and remaining capacity of the energy storage member to the
ground controller by the transportation vehicle;
controlling a transportation vehicle having remaining capacity of a threshold
value or less to travel to the charging area for charging the energy storage member by the
25 ground controller; and
controlling transportation vehicles in the charging area to travel to positions

outside the charging area by the ground controller.



The method includes the steps of reporting a position and remaining capaci.tt of the energy storage
member to the ground controller by the tmaispottation vehicle; controlling a tramporeation vehicle
having remaining capacity of a thcSleal vuhic or less to travel to the charging area for charging the energy

storage member by the ground controller; and controllin traaspouatLon vthklesMg area to travel to
positiotla outsidecharging area by the ground nom roller (M.)06] eterably, the charging area is a
Circulation route for allowing the transportation t-: the circulation route, and the charging equipment

is provided in the charging area for allowing charging of tlae energy storag.e member of the transportation
vehicle at a. plutalit a;ng?sitions in the charging area. The vehicle placement control unit controls the
transportation vehicles in the Charging area from a transportation vehicle having an energy storage
member charged to a greaRestrabkiehetchiraival disaipositioiom sicts theadivaigingressrTingitmnsportation

'vehicle having an epgray storage, member charged to a greater ( eatest) extent herein means a 10
transportation vehicI‘é‘(‘?lﬂua\'l/l'igng'ir %l%ﬁl re?ﬁ%?rﬁfnﬁrg%pa%?t%fha\%ng remainin uf:%uﬁ%ncti@%?g prelaetermined
value or raore. Morelgrefengidyarthdochbvging doquepmefittincladasitaagemmeohtacf dlectricity feeding line

and a power supply for the charging .equipment.. Charging of the energy stor member is performed
-while the trar%slporta{%'ﬁp\[fretﬁtl%g@h?%v%l%I]%%%D cﬁ%%‘lé’ﬁon mu g%(35357 n'fﬁ%énégresentwhen the

remaining capacity gldhegetneintienhesanesieshnigovatite ofHees, it iar ghagziszpesinimead in the
charging area, and the vehiclted to_travel to the outside of the charging area in ittef4a.110e with a

transixirtation instruSBP G AR e8I ey 1 8y, el ARG AR S LRI 85O A &L IS THE  Barging area,
The thriving area is 4sad @S peRROIGISPate R a: \WaHI NOhs PRSPk tealispanatiinnvehicles. in this

manner, the remaining capacity and waitin of the trammonation vehicle can he controlled in an integrated
manner. Jit the inveRf58Y fRgase member charged to a greater (greatest) extent herein means a
10 transportation vehicle having high remaining capacity or having remaining capacity of a
predetermined value or more. More preferably, the charging equipment includes a non-
contact electricity feeding line and a power supply for the charging equipment. Charging
of the energy storage member is performed while the transportation vehicle is traveling
along the circulation route.
15 [0007]

In the present invention, when the remaining capacity of the energy storage
member becomes a threshold value or less, charging is performed in the charging area,
and the vehicle is allocated to travel to the outside of the charging area in accordance
with a transportation instruction or the like. The charging equipment is locally provided

20 in the charging area. The charging area is used as a charging space and a waiting space
for the transportation vehicles. In this manner, the remaining capacity and waiting of the
transportation vehicle can be controlled in an integrated manner. In the invention, the
state of the transportation vehicle changes cyclically from (i) to (iii) as follows,

(i) Charging is performed sufficiently, and the remaining capacity is high. Therefore, the

25 transportation vehicle can transport articles.

(ii) The remaining capacity becomes low, and charging is performed in the charging area.

(iii) After charging, the transportation vehicle travels to, e.g., a start position of



state of the transportation vehicle changes cyclically from (O to (iii) as follows, (I) Charging is performed
sufficiently, and the remaining capacity is high. Therefore, the 25transportation vehicle can transport
ankles. (ii) The remaining capacity becomes lot and. charging is performed in the, charging Mier charging,
the transportation vehicle travels to, e.g., a start position of at- iranaportatwn. n s speciticatlon.
description regarding the transportation vehicie system IS directly a i.cable to the charging method.
1.00081 Preferably, the charge control unit provides a smallthreshold value for a transportation
vehicle at a position remote from the charging area and provigdes a large value as the threshold value for

a transportation vehig&%g&gﬁﬁtiqq lRSE LEiHG RHARING; AEER RIS AP ISR PSRN AR L electricity

occurs in the battery, and no izallic us occur since there are no mutt* vehicles that navel at low weal due

to shortage of electrieityteftOfOOOSY P mfelialiie thaehembaggirgamegbathiember is a secondary battery form
connecting unit cells G | anits in series, the transportation vehicle is an overhead traveling vehicle, and
configured. to repot dearomotive force and internal resistance; an. amount of charged electricity and an

amount of discharged electreityrarigh, e eining capatiiyio paosies adarylbailerwofe abh dibiticaller each
cell unit to the._gtnund controller. The ground controller is confi%ured. to detect an overhead traveling

vehicle having secEHdRMFRREATRAEPLEGIPEE PRaToRTaReE 190 She RIRIBIRB SFETANb BIZYHE 8 the unit
cell or the cell unit injagdditendQsitesinmpaivadeies Apthipisinabiesisianee. phadpinasanaeiior herein

means the remaining capacity of the entire secondary cell, or 20the rtrnsaining capacity of each unit cell
or each cell unit. Whebrta®geshbicthiaeimgryepidiertessorf-d eTekis petve ifoteebaterh @mhaPresistance

for tack of the unit cellgHL{ing, aang g LLAIRChATINGALIRE PANGRRRNANPALYBY §RUS §LdgH units am

be detected, if
shortage of electricity.

10 [0009]

Preferably, the energy storage member is a secondary battery formed by
connecting unit cells or cell units in series, the transportation vehicle is an overhead
traveling vehicle, and configured to report electromotive force and internal resistance, an
amount of charged electricity and an amount of discharged electricity and remaining

15 capacity of a secondary battery of each unit cell or each cell unit to the ground controller.
The ground controller is configured to detect an overhead traveling vehicle having a
secondary battery that requires maintenance. It is preferable to report temperature of the
unit cell or the cell unit in addition to electromotive force and imternal resistance. The
remaining capacitor herein means the remaining capacity of the entire secondary cell, or

20 the remaining capacity of each unit cell or each cell unit. When the overhead traveling
vehicle reports electromaoiive force and internal resistance for each of the unit cells during
charging or discharging of the battery, abnormal unit cells or cell units can be detected, if
any. Further, by reporting the amount of changes in the remaining capacity of the
secondary battery, unit cell, or cell unit relative to the amount of charged electricity or the

25 amount of discharged electricity, it becomes possible to detect whether the secondary
battery has been degraded or not and detect the degree of degradation. Therefore, the

overhead traveling vehicle having the secondary battery that requires maintenance can be



any. Farther, by reporting the amount of changes in the remaining, capacity of the secondary battery, unit
cell, or cell unit relative to the amount of charged electricity or the 25 amount of discharged electricity; it
becomes possible to detect whether the secondary battery has been degraded or not and detect the
degree of degradation therefore the overhead traveling ,i,thicle having the secondary battery that requires
maintenance can be detected reliably. [00101 bly, the charging gtitpnnt melU&S a noLeon ad
&ectricity feeding line anda power supply for the non-contact electricity feeding lii partiettlat, a non-contact
city Theding line having large elm/I:city feeding eapat” r allowing rapid charging and a pctwer supply for
the non.contact electricity feeding lineprovided, in the cha_'rﬁTng area and some of straight segments in
the travel route Orgi adetaded Thabderhead traveling vehicle is configured to charge the secondary banes
elnoging area when ﬁiﬂﬁ%?itting capacity of the secondary battery is the threshold value 10or less, and
charge the secondary battery in the straight segment outside the charging area when the remaining

capacity of the secondaty b@tiefeyais thehéhiaskioldedalpmat tneligieda non-contatrépitrichafgbdgnisipimforrned
through the two-contact electricity fe? i '[\l%ing of the battery can be performed without requiring

ding line, cha
the overhead trawling™0® ARRYS S1BRY ﬂ%‘i‘%f'?ﬁ'e“% Fh e IADEITG Ve S e dirdms P PSPt any
position in the gharging-araafaechasdingihafatey caathe ichaiging canPaparditmed.giso in

segments outi.ade the charging area, where non-contact electricity feeding lines, are provided,: for

supplementing chargiff i taahmrging srealyEehsmprematistyesisatinfesduwntios risHsahaNihdonv7 the
trawling vehicle cu tr%ﬂﬂmm@ga&@mﬁgﬂmmm HER AR IREHS RGN 43 RRYNrmed

taking a long period of time to the eictent until the, time when ailocancin of the vehicle becomes
neeezary" e.g., until thberewarbtindisrod pacishistcomadigucohtrodtingh drgirngRtheyhattery iistberformed to

the extent that traffic jams.outside the charging area can be Ef;a(oided. hen, the.r inin ni

becomes. km up to a!: Sfold va U?,%ﬁ&l’gl?l%%% ﬁ%gaﬁgﬁery IS ?ber%aﬁ%é%ﬁﬁefﬁé%e}:{ﬁg%ﬁ%“\grgg%wm in
the case whertithe remiin|ngdcapagityhd easnbirhbevmeiloheup i R3épe dhr oshnld thaliareohasging of
the battery is performed outside the_chargigﬂ% area. tt should be noted that when the remaining capacity of

the overhead travelind VEHRIS TERRIREHRERG To O o PETEBALY, BHARS '8 R HEEH NN 4R G VERTE e thay not

be performed the case where rapid charging is performed through the non-contact electricity feeding

line, charging of the battery can be periormed without requiring the overhead traveling
vehicle to stop. That is, the overhead traveling vehicle can stop arbitrarily at any position

15 in the charging area for charging the battery. Further, charging can be performed also in
segments outside the charging area, where non-contact electricity feeding lines are
provided, for supplementing charging in the charging area. Even if the battery capacity
becomes abnormally low, the traveling vehicle can travel to the charging area. In the
charging area, charging of the battery is performed taking a long period of time to the

20 extent until the time when allocation of the vehicle becomes necessary, e.g., until the
remzaining capacity becomes 100%. In comirast, charging of the battery is performed to
the extent that traffic jams outside the charging area can be avoided. When the remaining
capacity becomes low up to a threshold value, charging of the battery is performed in the
charging area. Even in the case where the remaining capacity does not become low up to

25 the threshold value, charging of the battery is performed outside the charging area. It
should be noted that when the remaining capacity of the overhead traveling vehicle is
high, charging of the battery of the overhead traveling vehicle may not be performed



outside the charging area 1:1 Preferably; the overhead traveling vehicle, has. charging means fin
charging Sery battery using regeneranw electricity from the travel motor secondary attery using
regenerative electricity from the motor of the overhead traveling vehide, the remaining capacity of the
secondary battery does. not become low soon, and thus, theher of Charging operations can be reduced.
(00121 Ptefembly, thexnxflgured to reduce the threshold value when 10occurrence frequency of
ransporuetione is high, and increase the threshold value When occurrence frequency of tram anon

instructions is low. Bywetilsging:taesthgestiold value for starting charging in the elndg,ing area when
occortence frequcnc ﬂ(glt};fnsportation instructions is high. and increasing the threshold value for starting
("hinging in the charding area when occurrence frequency oftransportation Ma:ructions is low,

15chargingurn be preparedméifatythaeRaidaddn vaigh slarge RhakRkiRRspastatieniastnjctions are
pre:sera thiefDescription of the Drassings [00131 20[FIG. _ is a plan view showing a layaitofasi
overind trav&ing vehRfEEGEEH the senoni it duise whetiTRzaptrative electricity from the travel motor.

5 By charging the secondary battery using regenerative electricity from the motor of the
overhead traveling wvehicle, the remaining capacity of the secondary battery does not
become low soon, and thus, the number of charging operations can be reduced.

[0012]
Preferably, the ground controller is configured to reduce the threshold value when
10 occurrence frequency of transportation instructions is high, and increase the threshold
value when occurrence frequency of transportation instructions is low. By reducing the
threshold value for starting charging in the charging area when occurrence frequency of
transportation instructions is high, and increasing the threshold value for starting charging
in the charging area when occurrence frequency of transportation instructions is low,
15 charging can be prepared prior to the period in which a large number of transportation

instructions are present.

Brief Description of the Drawings
[0013]
20 [FIG. 1]
FIG. 1 is a plan view showing a layout of an overhead traveling vehicle system
according to an embodiment.
[FIG. 2]
FIG. 2 is a block diagram showing an overhead traveling vehicle in the
25 embodiment.
[FIG. 3]
FIG. 3 is a block diagram showing a ground controller in the embodiment.



[1G. 2]

2 is a b}ock dagnun thawing an werhead traveling velm4e its h 25embodiment. (Fla 3.1

FIG. 3 is a block diagram showing a grounder in the embodiment. -7- [Fla 4] 4 is a block diagramal of a
ecoxidarv battery the [FIG. 5) Fie 5 is a gracharging ib FIG. 6 is a dkgrarn showing art slgodtht
embodiment, [FIG 7] battery life in the
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[FIG. 4]
FIG. 4 is a block diagram showing control of a secondary battery in the
embodiment.
[FIG. 5]

FIG. 5 is a graph showing a charging rule in the embodiment.
[FIG. 6]

FIG. 6 is a diagram showing an algorithm for controlling battery life in the
embodiment.
[FIG. 7]

FIG. 7 is a plan view showing a layout of an overhead traveling wehicle system in
a modified embodiment.
[o014]

Hereinafter, an embodiment in the most preferred form for carrying out the
present invention will be described. The scope of the invention shall be determined
according to understanding of 2 person skilled in the art based on the description of the

claims in consideration of the description of the specification and techniques known in

this technical field.

Most preferred embodiment
[0015]

FIGS. 1 to & show an overhead traveling vehicle system 2 according to the
embodiment. Additionally, the present invention is applicable to a system of rail vehicles
that travel on the ground, or a system of non-rail automated transportation vehicles. In
the drawings, reference numerals 4 denote intra-bay routes, reference numerals 8 denote
charging bay routes, and a reference numeral 10 denotes a maintenance bay route.
Reference numerals 12 denote shortcuts provided in the rouies 4, 6. The intra-bay routes

& are connected by inter-bay routes 4. The overhead traveling vehicles 16 can travel



10lite. 7 is. a plan view showinglayout of an overhead fravehn vehicle system in a modified embodiment.
1001411 flereint, an embodiment in the most :erred form for carrying cat the present invention will be
described. The scope of the invention shall be determined accoolltig to understandinu of a person skilled
in the art based on the description of die claims in consideration of the description of the specification and
tectmiques known in this technical field preferred embodiment 20 FIGS. | to 6 show an overhead
ruwoling vehicle-tem 2 according to the etrihodiment. Additionally, the present invention is applicable to a
system of nil vehidles that travel on the ground, or a system 0¥hon-raii automated transportation vehicles.
In the drawings, referesteeaugieréibedraaroteintfa-Fay coutgsgrieie renoe i ieaydralss8idenbee 25diarging
hay routes, and a reference numeral 10 deno merals 12

tes ainten rOUte Reference n
e e e TR SFAHE PRt 18, Pt R AR AR ArY SO et SO Tetar B0 8. 78 .
The overhead travelingeMghicas #R1cae iraxak satealthed R esdinsihdree s bkl Utecklsdntitner, each

of the 'lay route 4, the intra-hay route 6, or the like maye a route 9 dedicated for charging and. retraction

and a non-contact eletereisitfetgiinaiies 14t feyadnoningdarigishersingin Fade afibsrigierotiie 810vlpidtided
in SParh. the raute 4 oL ORI QU Re g QiR INRIRES AT AEL SRALINESINANES Alflmerges
es or ¢

with the route 4 6 at the exit. Importantly, the routes San 9 mc]%de rg icate arging and
retraction, and transpertasos mﬂtrmetgmmttmtmhﬁmcﬁedtheennf theprotiasyS1ie: asetecBupibd by the
overhead raveiing ValIGes 16,101 & GGt SISl K MTSIoT 1o RI9Hle 0 06 91 e haraing
not obstructed even if the routes 8, 9 are occupied by the overhead traveling vehinles 16
for a long period of time. It is sufficient to provide only one of the charging bay route 8
10 and the dedicated route 9. In the following description, it is assumed that the charging
bay route 8 is provided.
[0016]
The charging bay route 8 is a circulation route used for charging secondary
batteries of the overhead traveling vehicles 16 and used as a space for waiting before
15 allocation of vehicles. Except curve segments, diverging points, and merging points
where reception of electricity is difficult, the non-contact electricity feeding line 14 that
can be used for rapid charging is provided in the travel route for allowing a plurality of
overhead traveling vehicles 16 to receive electricity at the same time. Ii should be noted
that the non-contact electricity feeding line 14 may be provided also in the curve segment
20 or the like. The maintenance bay route 10 is a route for performing maintenance
operation of the overhead traveling vehicles 16. The non-contact electricity feeding line
14 that can be used for rapid charging is provided in part of the maintenance bay route 10
for allowing charging during a period in which the overhead traveling vehicle 16 waits
for maintenance or during test traveling after the maintenance. Mo non-contact electricity
25 feeding lines 14 are provided at lifters for elevating and lowering the overhead traveling

vehicles 16, in areas for workers to perform maintenance operation for the overhead

traveling vehicles 16, in curve segments, and at diverging points and merging points.



10and the dedicated route 9, In the following description, it s assumed that the charging bay route g is
provided, 10016] The charging bay route S is a circulationused for charging secondary batteries of the
overhead traveling vehicles 16 and used as a space for waiting before 15allocation of vehicles Except
curve segments, diverging points, and merging points here reception of electricity is difficult, the
non-contact electricity feeding line 14 that can be used for rapid charging is provided in the travel route for
allowing a plurality of overhead traveling vehicles 16 to receiye electricity at the same time. It should be

rioted the non-contact electricity feeding line 14 may be provided also in the curve segmeﬁ_ﬁn} 200r the like.
&fﬁ&?ﬁ e

The maintenance bay HiTRPTERIAH I & PAmSi g th A s RReh B SRl U ras V& MR8 traveling

vehicles 16 The non-goateleetiicivaigssinading kdsthai can hpiuseshissiranic chaseing; is-peenided in part
tithe maintenance bay route 10 for allowing cluogiv during a period in which the overhead traveling

vehicle 16 waits for nigriesthrrbtoveliniectades dbe frigasttersmabainten drceadof Hemsesmdasy electricity
25feeding lines 14 af&&%‘ék‘?%&%%%ﬁf&ﬁ&#ﬂﬁl%ﬁwﬁf&ﬂ&mﬁ'&,@&ﬁ& Giveliagaghicles 16, in

areas for workers to perthrm maintenance operation for the overhead fraveling vehicles 16, in curve
segments, andsat divesgigegoints and merging points straight segments of the in addition to the mutes 8,
10 for rapidly charging thesecondary batteries of eM veling vehicles 16. Capacitors may be used instead
of the secondary bat ég! .Preferablv" lithium ion accond.ary batteries may he used as the secondary

A reference numeral 20 denotes a ground controller. The ground controller 20
communicates with the overhead traveling vehicles 16, and allocates transportation
instructions to the overhead traveling vehicles 16. Additionally, for example, the ground

10 controller 20 provides instructions regarding traveling to the maintenance bay route 10,
charging in the straight segments other than the charging bay route 8, and allocation of
vehicles to the routes 4, 6. Further, while the overhead traveling vehicle 16 travels along
the routes 4, 6, charging from the non-contact electricity feeding line 14 is performed.
Further, at the time of deceleration, the secondary battery is charged using regenerative

15 electricity from motors such as travel motors or elevation motors for transfer of articles.
‘When the remaining capacity of the secondary battery is decreased to a predetermined
threshold value or less. in accordance with an instruction from the controller 20, the
overhead traveling vehicle 16 travels to the charging bay route 8, and charging of the
secondary battery is performed. Then, if a failure occurs in the secondary battery, or any

20 other trouble occurs, and at the time of performing a periodical diagnosis, in accordance
with an instruction from the controller 20, the overhead traveling vehicle 16 travels to the
maintenance bay route 10, and maintenance operation for the overhead traveling vehicle
15 is performed.

[0018]

25 FIG. 2 shows structure of the overhead traveling wehicle 16. An on board

comniroller 22 communicates with the ground controller 20 using a communication device

{not shown), and implements overall control of the overhead traveling vehicle 16. The



Sbatteries. P0171 A reference numeral 20 denotes a. ground controller, The ground controller 20
eentratmiestes with the overhead traveling vehicles 1.6, and anocates transpintation instructions to the
overhead traveling vehicle% 16. Additionally, for example, the ground 10controller 20 provides
instructions regarding traveling to the maintenance hay route lot clarging in the straight segments other
than the charging bay route 8, and allocation of vehicles to the routes 4, 6. Further, Mille the overhead.
trawling vehicle 16 travels along the routes 4, , charging from the non-contact electricity feeding line 14 is
perthrined. Further, at the time of deceleration, the secondaggbattery is charged usthg regtmerative

electricity from motors such %g'%\fvl m%gg glr etel: %98 m%otrrs folrof_larticle hen the rorgaining

capacity tithe secondg‘r'“'-)';d'r battery Is crease ?ougvﬁrg Stetmined treshor Vaue or ?gggtj' KaBe8rdance

with an instruction fromiriihe eontroler22Mhsthesavesheaatoa\elihg NMehiclarkfsteavels 10 shehebasgiagibay
route 8, and charging of the secondary battery isacct. Then, if a failure occurs in. the secondarybattery, or

any 20other trouble ot BHFUTANEMEIEHE Hans B Erfhin g RE inah Barts Rylw s Storks o with an
Stu:talon from the consaligbaf, B Opriead Haveing VERiR MG firnels IRdheomAINaNaBEehaYroUte

1.0, and maintenance operation for the overhead traveling vehicle perLbrrne& 25FIG. 2 shows structure

of the overhea@t_ravylma Sletrern grinm e BharticmRti ex 22ciryatn afiafcele vwinn therr bute: controller 20
using a communicatiof daiac et ROMY. AL ITIE IS sf/@ﬂaéks%grv%gpz;ggl%?éb@%% kqueling

vehicle 16 The -10- overhead trawlinj vehicle lta nvel& alnng the travel ra eread space using a
travel unit 24 having &texvetatiotefeoritielotidmsfensimitnds 2 theseverltbage the secondary battery 28.

For example, the secondary battery 28 is a lithium ion secondary battery. Alternatively,
the secondary battery 28 is a nickel hydrogen battery or the like. Charging is performed
10 from the non-contact electricity feeding line 14 through a charger 32 and an inverter 36.
Likewise, the travel unit 24 and the transfer unit 26 are driven by the inverter 36, and
charging is performed using regenerative electricity. A position sensor 34 detects a
position of the overhead traveling vehicle 16 along the routes 4 to 10. The travel unit 24
and the transfer unit 26 implement travel control and transfer control basad on position
15 data.
[0019]

A battery control unit 30 controls a state of the secondary battery 28. The
secondary battery 28 is a unit cell (single cell) or the secondary battery 28 is formed by
connecting cell units in series. Each of the cell units is formed by connecting a plurality

20 of unit cells in series. For example, electromotive force, internal resistance, and
temperature are measured for each of the unit cells or each of the cell units. The internal
resistance can be measured based on the change in each voltage when the load is turned
on or turned off, or charging is turmed on or turned off. Further, the total voltage of the
unit cells or the cell units connected in series is regarded as the ouiput voltage of the

25 secondary battery 28, The battery control unit 30 monitors the output voltage of the
entire secondary baitery 28 or the output voltage of each cell unit, in addition to the states

(electromotive force, internal resistance, temperature). Further, at the time of charging



traveling vehicle 16 transfers articles to or from load ports, buffers, stockers or the like (not shown), e.g.
by iateral movement of an elevation drive unit (not shown), toLaton of 5the elevation drive unit about a
vertical axis, elevation of an elevation frame by the elevation drive unit; and opening and dosing of chucks
provided on the elevation frame. Regenerative electricity of the transfer unit 26 is used to charge the
.seconclary battery: 28. For example, the secondary battery 28 is a lithium ion secondary battery.
Alternatively, the secondary battery 2.8 is a nickel hydrogenbhttery or the like. Cliaiging is performed
10from the nork-conitgucgiealifithsaecingain@atines i Ghns RcB L R i ehteic3badakemisery he

travel unit 24 and tilts trans(. unit 26 are driven by the inverter 36, and charging is performed using

regenerative eIectrlc@’ﬁpmﬁﬁiéﬁé’(ﬁﬁﬂ&iék@@%ﬁﬁb‘ﬁ’ﬂttﬁ@G%WFQEHWQVQWWQF‘E@P@'E@%IWQ
the routes 4 to 10 M r EIQIE]% me ki wk canttalia-ng &;agﬁgmontrol
I[%%ﬁ%ﬁybattery% cottnk a sta

brwal on pathion data condar ttcry 28. The secondary battery 28 is aunit
cell (single cell), ondanysbamwmm&)mmwwhmmﬂg@eﬂ uifilts enrtpetiedidgact betreaelionits :is
formed by connecting a plurality of unit cells in strlct F r exam electromgtive force internal resistance,
-and temperatL%e areq’m?e{%lﬂé‘d' b masaR falsfféot}ﬂﬁacoe SOF é'é%r'?atﬁﬁé cewoﬂt*’hlts ﬁta%ggernal reélr"{[ance

can be measured basgd efithexhangerihfactyolaamssinandhe lradds (Hinam on QAR affyor

charging Is turned on or tinned off,. Further, the total voltage of the unit cells or the cell units connected in

series is regarded as‘mé‘@mm Mﬁgéﬁmmqﬁm’y 28. The banety control unit 30

monitors the output v, of entire secondary battery 28 or the output voltage of each cell unit, in
.addirion to the state (e ectromotive force, iraterail resistance, terttpersture), Further, at the time of
chanting -11- In most cases, when a trouble occurs in the secondary battery 28, the trouble is

10 not caused by a problem in the entire battery, but caused by a problem in any of unit cells
or cell units. The unit cell or the cell unit hnvi_ng such a trouble is inspected in the
maintenance bay route 10, and replacement or the like is performed. For this purpose, it
is identified which unit cell or the cell unit requires maintenance. In the unit cell having a
problem, some signs can be found. For example, electromotive force becomes low,

15 internal resistance is increased, temperature is increased, or capacity is reduced. The
remaining capacity of the secondary battery 28 (ratio between the actual capacity and the
capacity when the secondary battery is charged to the maximum level) can be presumed
from the output voltage or electromotive force, internal resistance, temperature, and the
integrated value of the charged current and the integrated value of the discharged current

20 in the past. The capacity (maximum capacity) when the secondary battery is charged to
the maximum level can be presumed from information as to how the remaining capacity
has been changed relative to the integrated value of the charging electrical current or the
integrated value of the discharging electrical current. That is, when the maximum
capacity becomes low, the change in the remaining capacity relative to the charged

25 electricity or the discharged electricity becomes large, and thus, the remaining capacity
can be determined from the change in the electromotive force, the change in the internal

resistance or the like. Instead of integrating the charging electrical current or the



eLectucity iii thettebarging electricity from the secondary battery, the integrated value of charging
eleurrent and the integrated value of discharging electrical current are stored. Then,nges in the states of
each unit cell or cell unit ssoe,tated with the integrated values are stored. The output voltage of the
secondary battery may be ma:weed as voltage of the entire battery, or added. as Stae it the unit of cell
unit. The temperature may be managed as data of each unit cell or cell unit or mey he managed as data
of the entire secondary battery. Eot 201 In most case when-g#vable ocur in the secondary battery 28, the

trouble is 10eat cause in the entir aﬁ%% e it cells or
cell units. The unit ceII&llo%n?eg%{g?!%ﬁ- lI'%llltnng sé’cﬁ% tro b%%%%%%%%ggﬁ%tﬁégﬂaiﬁ%ﬁ%e ha% ﬁPgute 10,
and replacement or thenlidisishipglitried pEdortinisi peitpodetitrisaidentifie dt whichtamitasell or the cell unit

requires maintenance In. the unit cull having a problem, some signs can he fou.nd. For example,
elemremotive force bdCofas low, 15internal resistance is increased, temperature is increased, or

capacity is reduced. The remading6apacivokibeResRRdaRLRAAR-28 (atiapRwasHitheAsAl

capacity and the capacity when the secondary battery is charged to the maximum level) can be presumed

voltage, or elecfomotimsirelranit it atleshressarisp ot andate medeabuarsling selirdeelrged
current and the integrated value of the discharged current 20jn the nast. Tl;e capaci yrl(lwaxim rn
capacity) when the selcnoﬁégt?%é?tg??s 136 aré]g‘é?"t’é‘ %?gﬁ%ve can be ﬂ?ésurﬁagg" rommfﬁ%ﬁ%[gtion as
to how the remaining efipacitynkhastbeenichangedsrclativede dherisitegiale dovalble ehtiieich asguiedectrical
current or the egmed value of the discharging eleettsical currant. That is,. When the maximum capacity

becomes low, the chaf§&SFPIETerRURRT Shs Préhsretriidaraiyeretides by YrtAdhsischarged
electricity becomes lafgga it tigacifie reReaiRiaasnaalycandedeaitenaiiddmhizamidhacbangs in the

electromotive force, the change in the internal resistance or the like. Instead of integrating the charging
electrical currefft or thiess, the charge control unit 42 provides an instruction to the overhead traveling vehicle
16 to travel to the charging bay route 8 for charging the secondary battery 28. When the
remaining capacity of the secondary battery 28 is a predetermine threshold value P2 or
less, the charge control unit 42 instructs charging of the secondary battery 28 from the
non-contact electricity feeding lines 14 provided in straight segments of the routes 4, 6.
15 It should be noted that the threshold value P1 is, e.g., about 20 to 40%, and the threshold
value P2 is, e.g., about 30 to 60%. The threshold value P2 is larger than the threshold
value P1. Preferably, the threshold value P1 gets larger in a direction away from the
charging bay route 8, and the threshold value P2 gets smaller in & direction toward the
charging bay route 8. Charging may be performed all the time if the threshold value P2 is
20 100%, and there is any non-contact electricity feeding line 14 facing the routes 4 and 6.
[0022]

A vehicle placement control unit 44 allocates the overhead traveling vehicles 16
from the charging bay route 8 to travel to the routes 4, 6, for assigning instructions fo the
overhead traveling vehicles 16. For example, by adopting a first-in first-out method for

23 the overhead traveling vehicles 16 that enter the charging bay route 8, allocation of the
overhead traveling vehicles 16 can be performed preferentially from the overhead

traveling vehicle 16 charged to the greatest extent among the overhead traveling vehicles



-12- discharging electrical cuneitt, the chargitgan be used on and discharging are performed using
electrical current at a constant level, pon FIG, 3 shows structure of the groun.d controller 20. A
transportation instruction 5control unit 40 allocates transportation instructions to the overhead traveling
vehicles 16 sponti to transportation requests from a host controller (not shown), and executions spoliation
instructions. A charge control unit 42 i"entrols remaining capacity of the secondary battery 28 Ibr each
oldie overhead traveling vehicles 16. When the remaining capacity of the secondary battery 2 is a
predetennined thirchold value P! or less, the ehar-ge controftdtth 42 provides an instruction to the
overhead traveling vehicie thé dbattanme bi@ theteBaBint:digyingdie Gafgihghat :Gung the secaralasy battey 28.
When the remaining capacity of the secondary battery 28 is a predetermine threshold value P2 or  the
charge control unit 42"FREEHERRPRAPSAG: I tHE TELHHE 19  BERSRP oS H LT i 815 EoMiS ectricity
'Reding lines 14 providgddtstinight &eamsptsvafilbermidiessdeRekatoshapldiig artoshibattheathreshold
value Ptis, e.g., aboutto 40%, and the threshold value P2 is, e.g., about 30 to 60%. The threshold value
P2 is larger than the tHtasiseiengiereositioorefdensl tha STRFESITANIPE CRPITIY dis he efier sine kiYdeHth
awaythe chargigg bayRiff, AEbIAESAAALG I g AR it e UapiRy addhasharging
bay route 8, Charging may be performed all the time if the threshold. value PZ’is 10034, and there is any
non-contact electricitylfs&d meylrrealldcteirgg tisecroine s dintiBDOVA satiicl eqolademiertt contrak
unitlocates the ov heagd traveling vehicles 16 from the chargin route avel to the routes 4, 6, for
assigning instruction:lr G the’ %R/sgﬂ{’ a(%rﬁ}\?&?ﬁl@neg IC|§§%§.:I éz)ir%a?:a %‘f&%&?ﬁﬂ&%%%rﬁtrs -in lirst-out
method for the overheadriiaygling:veahighe sobérdhaiie atariflencimigingrbby ¢ b wie: 8lcatlogationugblhe
overhead traveling vehicles E 6 can tﬁ&grformed preferentially fitim the overhead traveling vehicle 16

charged to the greateSP &I YO HE SRR iHE " SERFHARS the non-contact electricity
10 feeding lines 14 provided in the routes 4, 6.

[0023]

A battery life control unit 48 controls the life of the secondary battery. The
battery control unit 30 of the overhead traveling vehicle 16 determines electromotive
force, internal resistance, and temperature of each of the unit cells or each of the cell

15 units, and determines the relationship between the remaining capacity and the amount of
charged electricity and the amount of discharged electricity. These items of data are
mputted into the battery life control unit 48 through the on board controller 22 or the like
to identify which unit cell or cell unit requires maintenance. Further, for example, based
on the change in the maximum capacity of the entire secondary battery, the remaining

20 battery life is detected, Only one of the amount of charged electricity and the amount of
discharged electricity may be controlled instead of controlling both of the amount of
charged electricity and the amount of discharged electricity. In this manner, necessity of
maintenance is determined for each of the unit cells or for each of the cell units of the
secondary battery, or for the entire secondary battery. Based on these items of data, the

25 battery life control unit 48 instructs the overhead traveling vehicle having the secondary
battery that requires maintenance to travel to the maintenance bay route 10. The ground

controller 20 is a computer. The transportation instruction control unit 40, the charge



16 in the that!, rtg: hay route S. By designing the thuiing bay rotate 8 as a c,nilatio route as shown in. FIG,
1, the overhead traveling vehicles 16 having the rennal.:c capacity eta pnedeterrained value or more is
selected for allocatirig the vehicle to it to a designated position. Though the target remaining capacity in
the charging hay rotate 100%, the overhead traveling vehicle 16 having the remaining capacity of lets
than 100% may be allocated as necessary. A charLdng power supply control unit 46 controls the power
supply fer the non-contact electricity feeding lines 14. In partigylar, the charging power supply control unit
46 implements control such that electricity is supplied only to the overhead traveling vehicles 16 traveling

along the non-contacteRA 1 4bisdiryqirelesapyGardahuHe Yo hschag e FoT e wRRtE AP Y5
controls theot'thie seqaRdady HatRt%atiBs, PRLEOHCANIHR 4030w he erherd: Laveinsushicls 6

detennines electromotive three internal resistance, and temperature of each of the unit cells or each of
the cell units, and detesmires:theadistionsiphetwbe FTREGEthn ammme aapdcitftand: thretbmiidunt of
charged electricity a:&‘%g amount of discharged elect/icily. These iterns of data are inputted into the
‘battery life control uni Jhrough the on board controller 22 or he like  Miry which unit cell or eSi unit

requires maint@nance Furthetaf@pexaionlmshavion ihd tifangaiththgmaxinuestaanpaciief the entire
secondary battery, the remaining battery life is detected Only one of the amount of charged electricity and

the amount of dischatHfEaRSEEIGE) HTASHABSAMRBHT Mste s BrEstns Mg watendi el fhwrReretarged
electricity and the amoyipt pf-fise e ged eISEHGHY -JAJPIS D AN 2 ARG P I MRINENARCE Ssigned

determined for each or the unit cells or for each of the ca. units of the secondary battery, or for the entire
secondary batEagy Bassdwrrtivesesternigoos datd other 28hattemyftifgdntrbiruhit A8ihstducss¢hezoverhead

traveling vehicle having the secondary hattery that requir intenance to fravel to the maintenance bay
cng:)l Feg MCXEH n a%&.%ﬁe gtus%?ie. Egecogs Olfl% c%,aél&%frbt' Qﬁﬁt%l,.'?ﬂge

25 .
route JO, The ground controller 2t is a computer.the transpoilMion instruc charge

-14- control umi 42, tiasrae higlenalacsisaisltirdetharehaig REPINST RPN BIHQ lauitil Ao BNEARR!
battery life Nino! unit 48 may be realized by dedicated hardware; or may be realized by a memory and a

CPU of the computere}itr S8 Faf 5 ame e ieuy e slssiststai 8o At eieiRm S2aRe i B Hist iR are
regarding executionssgjrgﬁntgﬁgﬁﬂg;t_pé&pd@ﬁgr_gg;im&rﬁéﬁgrgpd'lQ a IE?‘]HEPQF@&E& !ﬂﬁﬁHS&iﬁﬁ;ﬁ'&f@
controller 20. Current positions, velocities, destinations, presence or absence transportation insinietions,
and other vehicle infohmatichdead tiredverheaidltsaielmgl may be stored in the vehicle status file 52.
[0025]
15 FIG. 4 shows the secondary battery 28 and a manner of controlling the secondary
battery 28. Charging from the non-contact electricity feeding line 14 to the secondary
battery 28 is performed by an inverter 36 using a charger 32. A reference numeral 63
denotes a high frequency power supply for supplying electricity to the non-contact
electricity feeding line 14. By the ocutput from the secondary battery 28, or in each
20 segment where the non-contact electricity feeding line 14 is present, by electricity from
the electricity feeding line 14, the inverter 36 drives the travel motor 60 and the motor 61
in the transfer system such as an elevation motor. Further, in any segment, regenerative
electricity from the motors 60, 61 or the like can be used for charging the secondary
battery 28. The battery control unit 30 controls the remaining capacity, and the amount
25 of charged electricity and the amount of discharged electricity or the like in the entire

secondary battery 28, and reports these items of information to the charge control unit 42

and the battery life control unit 48. Based on the remaining capacity of the secondary



vehicles 16 are stored in a vehicle status file 52. Records of changes in electromotive 10force,. internal
resistance, temperature, and records of changes in the amount of charged electricity and the amount of
discharged electricity, and rerathrung capacity or the like are stored in a battery record file 54. These
items of data are part of vehicie. inibrination of the overhead traveling vehicles 16, and may he stored in
the vehicle status file 52, [0025] s the secondary hattory 28 and a manner ofcontrouing the
secondary batteryP tlom theet electricity feeding line 14 to thendary battery 23 is performed by an using a
charger 32, A ref:senee numeral 63 denotes a high freque‘q power supply for supplying electricity to the

110n-CDtltaCt electricity feeding line 14, %e output from the secondary battery2, or in. each segment
where the non-contalf %‘Eﬂ%@l‘l@’f@@%‘?@? oty E@Eﬂﬂ%mﬁafﬁlﬁm@@@mﬁéﬁﬂing line

14, the inverter 36 drivas:the dravel matanSoraRdiiemejalimihadransiessstan auehias an

elevation minor, Further; in any segment, regenerative electricity from the motors 60, 61 or the like can be
used for charging th3éeiidarymeaten)!Z8 Tt patrpy &SRB UMPST COPRBISTHRheRainirReEDacity,
and the amount 25ofigharged sleeticiboanthrananptolidissBatgars iaathiciior tha e Rihe entire

secondary battery 28" and reports these items of information to the charge control unit 42 Kg unit 48.
Based on the remainMgneatrreirgeofrtretvachndye betferpe@Sahdickrargdac huttirmoif th2 instheets

charging of the secondary ba"tr.t:g{é/] éﬁg@gg&g&ﬂa@ or %ﬂé@%ﬁﬂthe s?%gr%ré?%%er}gau{%pnﬂ traveling.

norther, the battery lite corrllﬁol unit 48 instrucis to Ser?larrn rnuntoﬁgfg e main enance"gay route,

and which overhead iravsiiagnehietfodb thequiiesminecoaadtivhattkiharghaintanapgs oparatmitshould

be performed for the secondary battery of the overhead traveling vehicle 16 are displayed an a monitor of
the mound controlIer%@ﬁﬂ#aﬂo%ﬂﬁé“gfﬁﬁﬁé E?%W’f‘&%@%ﬁﬂ%‘@%%ﬁgﬁ%@' BRSO &harging power

supply CO11tfd: unit dfstRdsonsign seppimeleipeiaits g ghe non-contact electricit-y feeding linos 14
provided in st%ight s[%%gnﬁ_?nts of the routes 4, 6.
FIG. 5 shows a rule of charge control. Magnitude of a transportation load is one
parameter indicating a state of the entire overhead transportation vehicle system 2. For
example, this parameter is an occurrence frequency of transportation instructions, or a
prediction value of the occurrence frequency. If the transportation load is heavy, priority
15 is given to transportation rather than charging in the charging bay route 8. If the
transportation load is small, charging of overhead traveling vehicles 16 as many as
possible is performed in advance in the charging bay route 8. In this manner, charging is
performed when the transportation load is light to prepare for the period in which the
transportation load is heavy. For this purpose, when the transportation load is heavy, the
20 threshold value P1 fior starting charging in the charging bay route {charging area) is
reduced to, e.g., the lower limit of about 20%. When the transportation load is light, the
threshold value P1 for starting charging is increased to, e.g., the upper limit of about
40%, Charging in the charging area is finished when, e.g., the remaining capacity is
100%. The vehicle placement control unit 44 can allocate the overhead traveling vehicles
25 16 with the remaining capacity having a predetermined value or more, e.g., 60% or more,
80% or more or the like. Therefore, when the transportation load is heavy, even if the

charging level is relatively low, allocation of the overhead traveling vehicle 16 is



[0026] ws a rule of charge control. Magri  predictiGn value of the occurrence frequency. lithe
tratisportation load i. heat.y, priority 15Is given to transportation rather than charging in the chsrg"iri,g bay
route S. nnsportation load is small, charging of overhead ttavelthg vehicles 16 as nmnyas possible is
performed in advance in the charging hay route 8, in this manner, charging is perfoitne.4 when the
transportation load is light to prepare for the period in which the transportation load j heavy. For this
purpose, when the transportaliori load is heavy, the thresholtPvalue P1 for starting charging in the
charging bay route (pledigingiamed wlic8 tacitreathtatatian |thé lolight lichirgingsdth@ 0% hadidaratioing
transportation load is Ii_ghi, the.thrjeﬁghold value Ii’éj; r staiting charging is increased to, e.g., the upper limit
olabout 40%. Chargihg SIPthe &R, fﬂ%}‘é’a“?s inished when, e.g.:capacity is 100%. The vehicle
placement control unifs4can allocate the overhead traveling vehicles 2516 with the remahiing capacity
having a predetermined value or more, e.g.., 60% or mote, the like. Therefore, when the transportation

load is heavy, even lithe chBtduf Tevdisgraveiipne anséegomsimeovelivadwsrlig vEnise 15 is and
when the trangportatipn |oach 5 I9Bke Ading QLG QY EG RSB IR IR AU Ol are

monitored, and it is detected whether there is any unit cell or cell unit having a failure. In

step 2, change in the maximum capacity of the battery is detected based on the records of

charged electricity and discharged electricity, electromotive force, internal resistance,

temperature or the like of the battery. If a failure occurs in a unit cell or & cell unit, or if
10 the maximum capacity of the battery becomes low as a whole, the overhead traveling

vehicle 16 is instructed to travel to the maintenance bay route 10 to receive maintenance

operation.

[0028]

In the embodiment, the following advantages are obtained.

15 (1) Problems in connection with charging of the secondary battery, and waiting
and allocation of the overhead traveling vehicle are solved together.

{2) Since charging is performed in the charging bay route 8, unlike the case where
wvehicles stop in the routes 4, 6 for charging, no traffic jam occurs. Further, once charging
is started, it continues until sufficient amount of electricity is charged, and the battery

20 capacity becomes high efficiently.

(3) Since non-contact electricity feeding lines 14 are also provided in straight
segments of the normal routes 4, 6, charging can be performed while the overhead
traveling vehicle 16 is traveling. Further, even if shortage of electricity in the battery
occurs, traveling of the overhead traveling vehicle 16 is assisted for allowing the

25 overhead traveling vehicle 16 to travel to the charging bay route. It is sufficient to
provide the non-contact electricity feeding lines 14 only in the straight segments, and

only in the segments where a large number of overhead traveling vehicles 16 are present.



HG. 6:isa diagram. showing an algorithm for controlling battery electromotive force, internal resistance,
and temperature or the like of each unit cell monitored, and it is detected whether there is any unit cell or
cell unit havxu a fkilure. In step 2, change in the maximum capacity of the batten is detectini based on the
recatth of arged elecU'itity and clisetharged electricity, electromotive force, internal mks:aria temperature
or the Eke a the batteiy. If a failure owns in a unit cell or a cell unit, or if trithe maximum capacity of the
battsy hmonitiet low as a whole, the overhead traveling vehice 16 is Instructed in travel to the

maintenance bay rout: to receiye maintenance iperatian. {nan] Jr. the emb iment,ctei!lﬁ &Rowin
@ﬁhﬁﬁtﬂ'ﬁ’ %‘?he secungar{ﬁe &ttp 9. d m’i? n?ﬂ]g é'"mha 597 ¢ ng'

advantages are obtai oblems’in'c 6 With ¢ a’r'fglng of the secon ry -y, and waitin
location of the overhead bavehing mehitlecasasaly et geRam L HNGe fgingdaderfosmed i the
charging bay route 8, u r vehicles stop in the routes 4, 6 for charging, no traffic jam occurs. Further, once

charging is started, it BRRHIREAE A s i eHRARNST Y PERAFR R T EPRFGR & AstfRaditaP Doeadacity
becomes high efficiently, (3),3INGRNON;eAUACLAECIGINIGEININes 4 4208 95%5%‘@3?%&%%‘3% "

segments of the normal routes 4, 6, charging can he petfonned while the overhead traveling ve

traveling, Furth&ér, eveuhisingrtagef eleelectirycitytine thedoattery occurs, traveling of the overhead traveling
vehicle 16 is assisted forgllowing the 250verhead raveling vehicle 16 to travel to the charging bay route.
It is sufficient to Bcdmact eloetricity feeding lines 14 only in the straight segments, and My in

theeats where a brae numbef, gfeQuRFbg Rtk HABROGNABI EREAEHI R RIBSAMe 14 is used for charging the
secondary battery. Alternatively, a plurality of contact type chargers may be provided on
the ground for each charging bay route 8, and a charging coupler may be provided on the
10 overhead traveling vehicle. In this case, the overhead traveling vehicle is stopped, and
the charging coupler is connected to the charger for charging the secondary battery. The
contact type charger is advantageous in that large electrical current can be used for
charging in comparison with non-contact electricity feeding. Howewer, if the charger is
provided, since the overhead traveling vehicles 16 are moved forward to reduce the inter-
15 vehicle distance for space saving, charging needs to be interrupted frequently. Further, if
the charging coupler is provided in the routes 4, 6, the overhead traveling vehicles 16
stop for charging in the routes 4, 6, and traffic jams may occur.
[0030]
FIG. T shows an overhead traveling vehicle system 70 in a modified embodiment.
20 The overhead traveling vehicle system 70 is the same as the overhead traveling system
shown in FIGS. 1 to 6, excepts the points particularly specified, and description of the
overhead traveling vehicle 16, the ground controller 20 or the like is omitted. Instead of
providing the dedicated charging bay route 8, a large number of charging routes 77 are
provided. Each of the charging routes 77 has both ends connected to the inter-bay route
25 45 or the intra-bay routes 6, 78 to form a loop. A large mumber of chargers 80 are
provided, and the overhead traveling vehicles 16 can circulate along the loop. The
charging route 77 may be provided inside the routes 4 and 6, and may be provided



(4) The state of the secondary battery the cell uSia. and the change in the nlaxjrnwfl monitored as well In
This manner, mains it is ensured that all of the overhead traveling vehicles can trier running one of
electsicity :in the, battery, [00291 In the embodiment, notecomect electrinty tbeding line 14 is used for
charging the secondary battery" Alternatively, a" plurality of contact type chargers may be provided. on
the ,rcund for each charging bay route, 8. and a charging coupler may be provided on the overhead
traveling vehicle. Its this case, the overhead trawling vehicle{g stopped, and the charging coupler is

connected to the: charger for.charging the secondary hattery" The, contact type rger is adyantageous
in. that large electrica cﬁs}f{gn c%‘gh%%g‘é%%’o&ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁgggHﬁﬁﬁ?ﬁfﬁﬁif e ew(':r'tar'?%:tl=tﬂ)?E feeding.
however, lithe chargetris-ginyideskisinee The ranstbeatkiiadiviptig Mehieks 26 tax@itraduseddorvard to

reduce the inter-vehicle distance fin space savir;gé:charging needs to be interrupted frequently. Further, if

the charging coupler R BFEVHBANH B AE S cBargiReFAuRR AT I RE SfRsE DUl band 6. rAwbtie intRing it
the mutes 4, 6. and traffic %My LEN HOGI ke Gry TR ¥ S NS KB HN AR IS DA B DT LLF

overhead traveling vehicle system 70 is the me as the overhead traveling system shown in FIGS. 1 to 6,
excepts the poidts pattiouler ipspéeificuitait ideboripid nohthetobrl ead ¢rbartip gwehiclead @otinecground

controller 20 or the like is.omitted. Instead of praviding the dedicated charging bay route 8, a large
Pomber of charging relRALE A8 S ERIER TERICH A1 &E R G 79 SRRl BB mected to
the inter-bey route 25pSuRfeteninthe-DBYy MRS KB 4aHORBAIARR el arat:HamheL 9hehaigets 80 are

revided, and the overhead traveling vehicles 16 can circulate along the loop The charging route 77 may
be provided inside théd®¥kks 4 and 6, and may be provided - mashie the routes 4 and 6. Acontacttype

charging coupler is. provideﬂ-%g@g&yﬁqﬁe@aqt r \/%Egg&qgi%@égd tylﬁe%&%rl o EIE']% gp%rsging rouses 77

in the intrt-hay route 78 is larger than the'numbeér of the charging routs the other mutes 4 and 6, and
the intrar bay fute 7alstgsedsaadbeloharginhdiajnnbetieBabah ecetaisdibhentflsae uthivremdted that the
intra-bay tante. 78 is also used as the intra-bay route havingqapnormal load E)orts or the like. in this manner,

even in the case wheFARE RS ol ARa PORTEP B ST QG 45 130 RabTheRd Servalingy roires et ABVe the

function of the chargipgsfQMie & &% routes 7 return to work normally, from the overhead traveling vehicle

charged to the greatest extent. Then, in any of the routes 7 having an empty space,
charging of a new overhead traveling vehicle is started. Further, when the new overhead

15 traveling vehicle enters the route 77, the stop position is changed for using the charger 80
on the front side for space saving. The intra-bay route 78 is also used as waiting space
for the overhead traveling vehicle,
[0032]

The charging routes 77 in the routes 4, 6 are used as the waiting space for the

20 overhead traveling vehicle regardless of the amount of charging capacity of the overhead
traveling vehicle. Further, when an overhead traveling vehicle 16 that requires charging
comes to the charging route 77, the ground controller 20 issues an instruction to move the
overhead traveling vehicle which is currently being charged out of the charging route 77
to make an empty space, i.e., an empty charger for the new overhead traveling vehicle

25 that requires charging.

Description of the numerals



[.0031.1 If the remaining betty capacity is towered to the thresho{4 vahe or less charging is basically
carried out in the intra-bay route 78. Since a large number of charging routes 77 are present in the route
78, the overhead gaveling vehicles at front positions of the routes 7 return to work normally, from (he
overhead traveling vehicle charged to the greatest extent. Then, in any of the routes 7 having an etnpty
space. charging of a new overhead traveling vehicle is started. Further, when the new overhead traveling
vehicle enters the route 77, the stop position is changed for using the charger 80 on the front side for
space saving. The intra-bay route 78 is also used as Waiting'éghce Ibr the overhead traveling vehicle.
1:0032.1 The charging@@fds 77 in the mutes 4, 6 arefbrt 20averhead. traveling vehicle egardless of the
amount of charging cqaaggyngggggg\/@lypqﬁd L@YﬁgQ%ehicle. Further, wfrn an ov_erhead trgveling \_/ehicle
16 that requires charging comes to the cha ging me ,"t.'he ground controller 20 issues an instruction to
move the overhead tradeimgidguroently being charged out of the charging route to make an empty
space,an empty charger I’%_e_the_laew overhead traveling vehicle 25that requires charging. flescrbticn of
the numerals 100331 2;, O%”g\?er??éléoénﬁveling ::elnol yt 4: inter-hay route 6. It intra-hay routa z chargina

bay route 9; routg 10: reraiRdeREER Bak - diidte
S route
10; maintenance bay route
12: short cut
14: non-contact electricity feeding line
10 16: overhead traveling vehicle
20: ground controller
22: on board controller
24: travel unit
26: transfer unit
15 28: secondary battery
30 battery control unit
32: charger
34: position sensor
36: inverter
20 40: transportation instruction control unit
42: charge control unit
44: yehicle placement control unit
46: charging power supply control unit
48: battery life control unit
25 50: transportation instruction file
52: vehicle status file

54: battery record file



12: short cut non-contact 1016: overhead traveling veh 20: ground controller 22; on board controrter 24:
-travel unit 26:: transfer unit 2S: secondary battery. $0: battery contml unit 32: charger 34E. pciaition
sensor 36: ifiveiter 2040, transportation itagruction eontrei unit 42: tharge control unit 44: .vehide
placement control .urti 46: charging power *Apply control unit 48: battery litb control unit 2550:
transportation inatmetion file 52: vehicle status fiie battery record file

-20-
60: travel motor
61: transfer system motor
63: power supply
77: charging route
5 80: charger



60: travel motor : transfer system motor *3; pow ex supply 77.: charging route 5tO: charger -21-T l.
Atrair irtation vehicle system for transporting articles between load comprising a plurality of transportation
vehicles for tansporting articles having an energy storage member as a power supply; a predetermined
travel route; a ground controller; and -barging area provided in the her equipment ibr the energy storage
member; wherein the, transportation vehicles travel along the travel route andel’ ernmol of the ground
controller with energy stored in the energy storage member;.-wherein the transportation vehicles have
conurtunication =ails f%ﬁﬂ?%'&%ﬂlﬁﬁﬁ%ynd controller positions and remaining capacities ofthe erieriti
storage member;

1. A transportation vehicle system for transporting articles between load ports,
comprising a plurality of transportation vehicles for transporting articles having an
5 energy storage member as a power supply;
a predetermined travel route;
a ground controller; and
at least a charging area provided in the travel route and having charging
equipment for the energy storage member;
10 wherein the transportation vehicles travel along the travel route under control of
the ground controller with energy stored in the energy storage member;
wherein the transportation vehicles have communication means for reporting 1o
the ground controller positions and remaining capacities of the energy storage member;
wherein the ground controller has a charge control unit for controlling
15 transportation vehicles having the remaining capacities of the energy storage member not
more than a threshold value to travel to the charge area for charging the energy storage
members and a vehicle placement control unit for controlling transportation vehicles in

the charging area to travel to positions outside the charging area,

20 2. The transportation vehicle system according to claim 1. the charge control unit
having generation means for generating the threshold value dependent upon distances
between positions of the transportation vehicles and the charging area in such a way that
when the distance is relatively large, a relatively large threshold is generated, and when
the distance is relatively small, a relatively small threshold is generated.

25

3. The transportation vel:_lic]e system according to claim 1, the energy storage

member being unit cells of a secondary battery in series or cell units of a secondary



wherein the ground controller has a charge control unit Mr controlling 15ation vehicles having the
retnainhig capacities of the energy St . threshold satlot to travel to the charge area. for charging the,
einem: storage members and a vehicle pJcement control unit for controilin.g tranatxutarion vehicles in the
charging area to travel to positions outside the charging area. 202. The nansp non vaccording to claim 1,
the cliarge control unit having generation means for generating; the threthold valLe dependent upon
distances between positions of the transportation vehicles and the tharging area in such a way that when
the distance is relatively large, a relatively large threshold is generated, and istien the distance is
relatively matt a relatively small threithold is generated, 3.. “Bde truaspoflatvehicle system acQording to
otairn 1, the being uS eeftsrpimseecy Askviyptieitatt shilssafcngaaandanRad-2evelibi onyiBs SatiBse the
transportation vehicles beinix an overhead t: -sling vehicles,. and the -communication tneans repotting

electromotive forces & MITIE? TS FRULERATIE SFsemelie furesad dreen ristairasat sasiotmt of
charged electricity andeanasaemsen ahAlckhill 85 dmelasicias MRS CARAGID: Ofithg.sgaeondary

battery to the ground controller; and the wound controlle having a.as :for detecting an overhead traveling
vehicle ary battery thelFeF6ireanh hin fsmainies capacity id the rrgasRamFRen o &y sterndeattnlisn claim 3,
the charging eqgipmegicomprising a non-contact e4ectricity feeding lines and power supplies for the
non-contact electricity feeding lines, the charging equipment being provided it the charging area and in
straight segments in the travbt gsetedotsmidlahkaviigre imepayrder, detecing Ghtangeheahtroreling eentielling the

overhead traveling veﬂglg ég&ggﬁ maﬁl o0 (?g Q@t}g I'lp the charng are43 when the remaining
capacity of the secondary %attery itgfﬁ,e t r%%hoﬁ] vi}flue or%}eaﬂsl%ﬂgﬁ% the traveling s,ehiclea beingcindery

battery in the straight segrtamts outside the charging area when the retnaixthig capacity of the secondary

battery is the threshold valu more 5 The tra rtation vehiagccording, to_claim 3, the overhead
traveling vehicle having cha%h%rl?f rtﬁeaﬁs: '%'rughvé%%%gs ﬁtemelcagﬁrc%c% t‘z:;itrlegrif/“ v?/it - %?I%Eﬁﬁ'f%eemtravel

motor. 10 comprising & non-contact electricity feeding lines and power supplies for the non-contact

electricity feeding lines, the charging equipment being provided in the charging area and
in straight segments in the travel route outside the charging area,

the charge control unit controlling the overhead traveling vehicles to charge the
secondary battery in the charging area when the remaining capacity of the secondary

15 battery is the threshold value or less,

and the traveling vehicles being configured to charge the secondary battery in the
straight segments outside the charging area when the remaining capacity of the secondary
battery is the threshold value or more.

20 5. The transportation vehicle system according to claim 3, the overhead traveling
vehicle having charging means for charging the secondary battery with regenerative
electricity from the travel motor,

6. The transportation vehicle system according to claim 3, wherein the generation
25 means reduces the threshold value when occurrence frequency of transportation
instructions is relatively high, and increases the threshold value when occurrence

frequency of transportation instructions is relatively low.



t. 1the trartsvehicle system according to daim 3, wherein the nen 25 means reduces -h value when
occurrence frequency of transportation insttuctious :is relatively high, and increases the threshold value
When occurrence frequency of transportation :instructions is relatively low. -23- comprising circulation x
on vehicle syflemnaccording to claim 1. the charging asea ation route for allowing the transportation
vehicles to travel along the the charging equipment provided at a pktrality of positions in the in the vehicle
placement control unit cenfl a transportation vehicle hi he charging area having an energy storage
member relatively highly charged to travel outside the charg%?'g area 108. The transportation vellide
system accordkcharging equipment earlfeeding lines aM power supplies rthe charging 9. A charghg
method fbr a transportation ve Ele system for tn*nspottimg e 15between load e[)orta. the traispoffittion

vehicle fistem compn&ng a piutAfit/28FRPEREBBMERISIS SEHas 1ariRsS g A TRY RS hember as a
power supply; a predeighiiaRg U aival kit 4l GOME e fraBsbrtation vehicles to travel along the

circulation route, and the charging equipment provided at a plurality of positions in the
5 circulation rout,
wherein the vehicle placement control unit controls a transportation vehicle in the
charging area having an energy storage member relatively highly charged to travel
outside the charging area.

10 8. The transportation vehicle system according to claim 7, the charging equipment
comprising non-contact electricity feeding lines and power supplies for the charging

lines.

9. A charging method for a transportation vehicle system for transporting articles
15 between load ports, the transportation vehicle system comprising a plurality of
transportation vehicles for transporting articles having an energy storage member as a
power supply;
a predetermined travel route;
a ground controller; and
20 at least a charging area provided in the travel route and having charging
equipment for the energy storage member;
the charging method comprising the steps of:
reporting positions and remaining capacities of the energy storage member to the
ground controller by the transportation vehicles;
25 controlling transportation vehicles having the remaining capacities of the energy
storage member not more than a threshold value to travel to the charge area for charging

the energy storage members by the ground controller; and



20at least a charging area provided in the travel mate and having ¢ energy tcwage member; the charging
method comprising the tteps of repoxling poSions and remaining capacities of thegy craEe member to the
ground controller by the transportation vehicles; controlling transportation vehicles having the
reuithd.ng apaciti.es of the energy storage member:not more than a threshold value to travel to t the
energy storage members by the around controller; and -24 controlling trapflhierk vehtelea in the
&are%Wfl to trav to pcl outside the chareng area by the around controller. 10. The charging method
for the transportation vehicleint 9, the charging area compr'lgﬁfg a circulation route for allowing yell; cies to

travel along the circulation ro@ﬂ@f‘ﬂﬁﬁﬂﬂ#@mmg‘mﬁﬂméﬁﬂmdﬁrﬂmaﬁw oftposlttiorsitiptive circulation
owt, and. the engﬁglgér&gt% ¢ %[I;}glllggt% h%ﬁn vehicle in the charging area haying an

energy storage member relatively hlgh y charged 0 trave outS|de the charging 10area.

10. The charging method for the transportation vehicle system according to claim
5 9, the charging area comprising a circulation route for allowing the transportation
vehicles to travel along the circulation route, and the charging equipment provided at a
plurality of positions in the circulation rout; and
the ground controller controlling a transportation vehicle in the charging area
having an energy storage member relatively highly charged to travel outside the charging

10 area.



