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feeder cable and a trolley, and the energy storage unit stores regenerative
el ectrical energy fromthe traveling vehicle. Further, by leveling of the

el ectrical power required fér the non-contact power feeder cable, sizes of a
power supply on the ground and a power receiving unit are reduced. 20[ 0003]
In this regard, the inventor focused on,the fact that, in the Patent
Publication 1, electrical current is suﬂplied fromthe power supply on the
ground to the non-contact power fegger ogall the time, and that

el ectrical energy is consuned due to the Joule heat generated by el ectrical

fl i e
current %g?g?@gg%% gﬁmt}\%ﬁ MIPROD BF KONIEONG AL2EPH time

The i nventor Irnvention in an attenpt to reduce the
waste of electrical energ ST tion [0004] An
obj ect of the present invéﬁ%?gﬁu%?Hfgﬁégggyghgg%ggégﬁion of electrical
energy due to the Joul e heat generated by electrical current flow ng through
a non-contact power 5feeder cable. Anot her object of the present
invention_js. to. increase the anount of electrical energy that can be

col | ctedFFiBWﬂQﬁ%BWE?@% storage unit Still another object of the

pr esent inveniion is to nake it possible to estimate the product life of the
ener gy st unit. 10[ 0005] The present invention relates to a
system for supglying el ectrical energy tgQ a traveling vehicle by non-contact
pover feedi ng. Tl presen daventipr raetessto airayslipg vehiplp systeiid lmpaésulapiittact power
feeder cable on a ground; a traveling vehicle having a power receiving unit
conf i gur epresent invsatiorereddtectoriopalontact power feeding to a traveling vehicle.,

10 Background Art
[0002]

In a known technique, non-contact power feeding to a traveling vehicle such as a
stacker crane is performed, and an energy storage unit such as a capacitor is provided to
back up non-contact power feeding (Patent Publication 1: JP2008-081219A). Non-

15 contact power feeding eliminates dust emission due to contact, e.g., between a power
feeder cable and a trolley, and the energy storage unit stores regenerative electrical
energy from the traveling vehicle. Further, by leveling of the electrical power required
for the non-contact power feeder cable, sizes of a power supply on the ground and a
power receiving unit are reduced.

20  [0003]

In this regard, the inventor focused on the fact that, in the Patent Publication 1,
electrical current is supplied from the power supply on the ground to the non-contact
power feeder cable all the time, and that electrical energy 1s consumed due to the Joule
heat generated by electrical current flowing through the non-contact power feeder cable

25 all the time. The inventor arrived at the present invention in an attempt to reduce the

waste of electrical energy.



15 energy fromthe non-contact power feeder cable, a | oad consum ng

el ectrical energy, and an energy storage unit configured to store el ectrical
energy fromthe power receiving unit and regenerative el ectrical energy from
the |l oad, and supply electrical energy to the |load; and control neans for
keepi ng track of an anmount of electrical energy stored in the 20energy

- storage unit and an anmount of electrica?'energy required for the | oad, and

st oppi ng :Jcal energy to the non-contact power feeder cable
when t he g#@@{aﬁ@faﬁhggﬁﬁe\e?%?&r equired for the | oad can be supplied by the

el ectri caLoo%er gy stored in the energy storage unit. [0006] 25Further, the
present ihvention relates to a nethod of supplying electrical energy to a

traveling vehi gl e, by, nop- G K I T t i t he

st eps of? pr ovi i"%’be\éé"g@e ?%éﬁﬁpYegl%\éﬁég %)%g nc?' %Srﬁstua tgg@&%gc#rggidée{rg?@abl e on a
round; 3- ovi din travelin ehhcle wth Qwer receivin nit
Jont 1 gur et s el bheY pErdfelny B Gl ERISw Bl lef BR EopBE RN e ger
cable, a %Foa\d C%B@sum' ng el ectrical energy, and an energy storage unit

conf Sgure g re electrical energy fromthe power receiving unit and

regenerative electrical energy fromthe | oad, and supply electrical 5energy
to the | oad; afdother objegégg)lpqﬁeqqnhgwe@ﬁona}ﬁ tyeTRsse %P agioupt ¢fi elegirieal e gy
stored in the energy storage unit and an amount of el ectrical energy
required PRArSY Hat pasche qollectsdfien angngrey sterage Wtibppi ng supply of el ectri cal
energy to the non-contact power feeder cable by the control neans when the
el ectrical eneStl anether otaert pbthetpresenioavention iHt Balgpit pessitde ta ¢simatectber i cal
energy 10stored in the energy storage unit. In the specification, the
descri pt i produetdife of thg energytstaasgsiunity vehicle systemis directly applicable to
t he non-contact power feeding nethod, and conversely, the description
r egdfdi ng[@0®&] non- cont act power feeding nethod is directly applicable to the
description regarding the traveling vehicle system 15[ 0007] In the
present i nvent Thépres¢m piventibn edlated toi aCHbteanfor gypplying blectrienenergyaota power
feeder cable is stopped when the electrical energy required for the load is
avai | abl etraveling vehicle by non-contact power feeding. The system includes:
a power supply and a non-contact power feeder cable on a ground,;
a traveling vehicle having a power receiving unit configured to receive electrical
15 energy from the non-contact power feeder cable, a load consuming electrical energy, and
an energy storage unit configured to store electrical energy from the power receiving unit
and regenerative electrical energy from the load, and supply electrical energy to the load;
and
control means for keeping track of an amount of electrical energy stored in the
20 energy storage unit and an amount of electrical energy required for the load, and stopping
supply of electrical energy to the non-contact power feeder cable when the electrical
energy required for the load can be supplied by the electrical energy stored in the energy
storage unit,
[0006]
25 Further, the present invention relates to a method of supplying electrical energy to

a traveling vehicle by non-contact power feeding. The method includes the steps of:

providing a power supply and a non-contact power feeder cable on a ground,



Wi t hout non-contact power feeding. Therefore, consunption of electrical
energy corresponding to the Joule heat resulting fromreactive current can
be elimnated. 20Determ nation as to whether the required el ectrical energy
is avail able or not can be nade, e.g., by determ ning whether the required
el ectrical energy is available or not féontthe start to end of the next
operation of the traveling vehicle. Noncontact power feeding should be

perforned in thevidg@EmivethgkehitlRevifleslpbwate&iAak bk AbnRAREDI fkbdivé he next
operation is not available, "and non-contact power feeding should be stopped

in the 253e47@iMkn f'ﬁ%n{th% nbﬁstuhraeobo%e@@éerdbf:@dbleera%arycctngtrmtn@eelet%atoperatI on
is avail able. [000 Mor e preferably, the energy storage unit Is a

CaPACT t Ot enee akd A Eher iAol She conflur B ASPe LHEI S o) KR InepoRle 20¢

sensor con red to n|to tag the energy storage unit, electrical

current Sr%E'e?%g%ngahgP%g%ﬂg%ﬁv@&@%thf?&l e‘ﬁl: Stﬁfdn?ﬁle 1644, %ﬁ&‘%uﬁbf%gt'e&%&' cal energy

charged in I'sC € energy storage’uni pro uct life

esti t|o n t.erm ni ng capacitance of the energy storage unit
base Qﬁgﬁg i@%@&%qg‘ the energy storage unit and electrlcal current of

electrlcal charged in schar ged frontth ener storage, for
estimat i ng prﬁltr%@grrarg o et ne s BRL ity (i o the SR e o

pr ef er abl the pro l.ife estimti is confi uredto determne
Pternal Fndgs ﬁ@ettﬁ&aléﬂegwet%ﬁz@rgﬁaRrﬂfl DR AR (e

vol tage 10of &g ener gy storage unit, for es B% thﬁ prodyct |ife based
on the capRBASlETIANCIeREY obe palroRtadiPoMER Frcebfebsd PR t“%ﬁa%e unit.

In this manner, when the end of the product |ife approaches, a capacitor for

r epl acenevwhen the glesiicalpnergyagquiFad f@ﬁthedvact ¢ bsrsypliad by the elestrisal enery

capacitor can be replaced i mediately. Therefore, it is not necessary to
st op0 oper#ered in B energy 51aE8¢ Unifg

In the specification, the description regarding the traveling vehicle system is
directly applicable to the non-contact power feeding method, and conversely, the
description regarding the non-contact power feeding method is directly applicable to the
description regarding the traveling vehicle system.

15 [0007]

In the present invention, supply of electrical energy to the non-contact power
feeder cable is stopped when the electrical energy required for the load is available
without non-contact power feeding. Therefore, consumption of electrical energy
corresponding to the Joule heat resulting from reactive current can be eliminated.

20 Determination as to whether the required electrical energy is available or not can be
made, e.g., by determining whether the required electrical energy is available or not from
the start to end of the next operation of the traveling vehicle. Non-contact power feeding
should be performed in the segment where the required electrical energy for the next
operation is not available, and non-contact power feeding should be stopped in the

25 segment where the required electrical energy for the next operation is available.

[0008]

More preferably, the energy storage unit is a capacitor. The traveling vehicle



15vehicle for waiting for the arrival of a new capacitor for replacenent.

[ 0009] Preferably, the power receiving unit and the |oad are connected
in parallel to the traveling vehicle. Further, the energy storage unit is
connected to the traveling vehicle through a circuit for controlling
charging of electrical energy into, and discharging of 20electrical energy
fromthe energy storage unit. For exanple, in an exanple of the circuit for

controlli eﬁet&m&aie%cmdeﬁh%hagecs%hso?r&eﬁﬂgfurw{&mﬁ@_mﬁg@@m& BkrY

el ectrical” energy fromthe energy storage unit, a first transistor

confi gur egtfopa%ﬁ%‘ﬁﬂt §0LriEN RS eor &b urréd:ﬁ)' m&ﬂﬁfr%ﬁcir&g?ﬁﬂ%@ Bﬁgeétﬁcﬁ pl us
0 an

term nal e ehergy storage unit tHtough a coil, a second transistor
25not woen PAEY EBR Ly MG BTt 4B BBl e PR M PRAONTEC L 5 cccona
i nput - and eBRER Bevbre CRaPuThE e et SRR M PR PR 0 the
Cror 290 uNPREES S ieL e PG SRR LRI EN caefiy Sachel vRaReiepsd ng no

el ectrical rrent (electrical energy) charged in the energy storage unit
can be coftd disPhaiEs BT s snegey %t%%ef%r, SHjrefipg PEEAL e g PIRNCERTORED! ¢ he
second trangsistor, the electrical current (electrical energy) discharged
fromthe 8Argy storage 5unit can be controlled arbitrarily. By using the
chargi ng and di scharging control circuit operated in this manner, the
avai | abl e vol t agpartignai pesferebly, deorefnctlilsrestimaiion mepns igcorfpmaed t9nd a | ar ger
el ectrical energy can be collected froma smaller energy storage unit.
[ 0010] determine mtetnhkresistahes ofrthe endrigyy stoeige chis basedtamm &angm@ the zeléage
invention is a systemfor 10supplying electrical energy to a traveling
vehil€@ e byf therenergmtstoragepoie Forfestidating the ipeodspsliferbaseticdnuttie sapagitpmesand sheppl v
and a non-contact power feeder cable on a ground;

internal resistance of the energy storage unit,

In this manner, when the end of the product life approaches, a capacitor for
replacement is stocked. When the end of the product life comes, the capacitor can be
replaced immediately. Therefore, it is not necessary to stop operation of the traveling

16 vehicle for waiting for the arrival of a new capacitor for replacement.
[0009]

Preferably, the power receiving unit and the load are connected in parallel to the
traveling vehicle. Further, the energy storage unit is connected to the traveling vehicle
through a circuit for controlling charging of electrical energy into, and discharging of

20 electrical energy from the energy storage unit. For example, in an example of the circuit
for controlling charging of electrical energy into, and discharging of electrical energy
from the energy storage unit, a first transistor configured to control charging of electrical
energy is connected to a plus terminal of the energy storage unit through a coil, and a
second transistor configured to control discharging of electrical energy is connected

25 between the coil and the first transistor, and the emitter of the second transistor is
connected to a minus terminal of the energy storage unit. The input and output of the

charging and discharging control circuit are the cathode of the first transistor and the



a traveling vehicle having a power receiving unit configured to receive

el ectrical energy fromthe non-contact power feeder cable, a | oad consun ng
el ectrical energy, and 15'an energy storage unit configured to store

el ectrical energy fromthe power receiving unit and regenerative el ectrical
energy fromthe | oad, and supply electg%gal energy to the | oad; and

control neans for keeping track of an aftount of electrical energy stored in

the ener gyin3! REABEI Hthe 5[1&@9 s@;%e%ng Bé’rlg@'léfné?ftin@PWMédh%l SNGEGYstt 0 the

non- cont act power 20f eeder~ca when trical "energy stored in the energy

storage lﬂ%&ist%ﬁfﬂ;@%l?&tglgﬁtcﬁ%tr@fécffﬁhl%e{%’) {Eﬁa{rﬁed i08d tl,llera stora\t%?ﬁn?g:%gt ing the

structure, supp ectrical energy e~non- cont act " po eder cable

s st opp%g c\@ﬁ?&letdm?bifﬂag@;mgu@g‘égpElél_gyeﬂ]e%ﬂﬂ. f’%/[fc%hr&rﬁttl@?e%oh avai | abl e

25w t hout” "'non-cont ac erefore, consunption of electrical

oner 0, C R SRBPI ARt RER BB MLk PR AEBRR SoFkeC 57
\[, g Ihi | é] ﬁg{cgﬂpéeiqqs}rcﬂ]eﬁér QHYargl%ng{B%mg:,}gﬁEﬁzitrgiln%%nng?l?s%ﬂe}rgin%fco%trglr061%%{‘&i ng
operated in this manner, the available voltage range of the energy storage unit is widened,
and a larger electrical energy can be collected from a smaller energy storage unit.
[0010]
Further, the traveling vehicle system of the present invention is a system for
10 supplying electrical energy to a traveling vehicle by non-contact power feeding. The
system includes:
a power supply and a non-contact power feeder cable on a ground;
a traveling vehicle having a power receiving unit configured to receive electrical
energy from the non-contact power feeder cable, a load consuming electrical energy, and
15 an energy storage unit configured to store electrical energy from the power receiving unit
and regenerative electrical energy from the load, and supply electrical energy to the load,
and
control means for keeping track of an amount of electrical energy stored in the
energy storage unit, and stopping supply of electrical energy to the non-contact power
20 feeder cable when electrical energy stored in the energy storage unit has a predetermined
value or more.
[0011]
By adopting the structure, supply of electrical energy to the non-contact power
feeder cable is stopped when the electrical energy required for the load is available
25 without non-contact power feeding. Therefore, consumption of electrical energy
corresponding to the Joule heat resulting from reactive electrical current can be

eliminated.



FIG 2 is a block diagramshow ng nmain conponents of traveling vehicle
system according to the enhodi nent. 10[FI G 3] FIG 3 is a block

di agram showi ng nai n conponents of a traveling vehicle according to the
enbodinent. [FIG 4] FIG 4 is a flow chart show ng an OV OFF al gorit hm of
non-cont act power 15feeding according t@ the enbodinent. [FIG 5] FI G
5 includes characteristic graphs showi ng power managenent of the traveling
vehicle in the enbodi nent where a graph 1) shows a pattern of required

el ectrical energy, a graph 2) shows an amount of stored electrical energy,
and a graphefhe&ipnen bf 8RIdhivdps200f di scharged el ectrical current. [FIG 6]
FIG 6 is a graph showi ng a nethod of neasuring capacitance C and internal
resi stanCﬁ)(ﬂzﬁf a capacitor in the enbodinent. [FIG 7] 25FIG 7 is a graph
showi ng a nethod of measuring capacitance C and internal resistance R of a
capaci tor [qu@_ 3] nodi fied enbodi ment. -7- ENMBODI MENT

5 FIG. 1 is a plan view showing main components of a traveling vehicle system
according to an embodiment.
[FIG. 2]
FIG. 2 is a block diagram showing main components of traveling vehicle system
according to the embodiment.
10 [FIG. 3]
FIG. 3 1s a block diagram showing main components of a traveling vehicle
according to the embodiment.
[FIG. 4]
FIG. 4 is a flow chart showing an ON/OFF algorithm of non-contact power
15 feeding according to the embodiment.
[FIG. 5]
FIG. 5 includes characteristic graphs showing power management of the traveling
vehicle in the embodiment where a graph 1) shows a pattern of required electrical energy,
a graph 2) shows an amount of stored electrical energy, and a graph 3) shows transition
20 of discharged electrical current.
[FIG. 6]
FIG. 6 is a graph showing a method of measuring capacitance C and internal
resistance R of a capacitor in the embodiment.
[FIG. 7]
25 FIG. 7 is a graph showing a method of measuring capacitance C and internal

resistance R of a capacitor in a modified embodiment.



[ 0013] Hereinafter, an enbodi nent for carrying out the present invention in
the nost preferred formw ||l be described. The scope of the invention shal
be determ ned 5according to understanding of a person skilled in the art
based on the description of the clains in consideration of the description
of the specification and techniques kngMp inthis technical field. [0014]
FIGS. 1 to 7 show a traveling vehicle system 2 according to the enbodi nent
and 1 Oi tvBOWIMENTI on. A reference nuneral 4 denotes a traveling vehicle.
In the enbodi nent, the traveling vehicle 4 is a stacker crane in an

aut omat edoypyjehouse. Alternatively, for exanple, an overhead traveling
vehicle, or a rail vehicle that travels along a rail nay be used as the

travel i ng vehiigdindfierPad 8HhBSBRER: R Bﬁhﬁh%@utdcﬁ@ PPe@&t%\%ﬁéﬁ #0@e Host he

traveling vehicle 4. An elevation frane is elevated and | owered al ong the

mast 10, rpzé}ggéd;ﬁo t5&§irllt leCdeSeritd rﬁ@%&ﬁ{g&ih% i‘ﬁ?r@ntfo%(‘shalgﬁe Bétefxﬁ“%ﬁéi ke by a

slide fo e elevation frane ef erence nuner a denotes a

travel m%tc%rflfﬁ‘rgit ﬁHdJr&B?cg{lg?‘}éﬂp Fo l&ﬁ%rtb@?tﬁggsefl%nrt?% feseHifsiror b Fhe 2' 15

denotes an el évation no or-elevation o el eva

capacitor,;16 stores electri.Ci | ecter cal .enek Li froma

mon- cont £AM3SLErRsER o dtalloR R M FeaPOR B g MR ka0 o gary
battery such as. i,t hi umion 20battery may be used for storing electrical
ener gy. [s[g'éiﬁnﬁglr%é‘f]é‘r ence nuneral 18 denotes a power panel for supplying

el ectric h 1quergy to | oads such as the travel notor 14, the el evation notor
15, and t Q4| ide fork 12. A reference numeral 20 denotes a chopper unit. A

SR R R R e S I R i e

10 its modification. A reference numeral 4 denotes a traveling vehicle. In the embodiment,
the traveling vehicle 4 is a stacker crane in an automated warehouse. Alternatively, for
example, an overhead traveling vehicle, or a rail vehicle that travels along a rail may be
used as the traveling vehicle 4. A reference numeral 6 denotes a carriage of the traveling
vehicle 4. An elevation frame 8 is elevated and lowered along the mast 10, and the

15 article is transferred to a rack 25 or the like by a slide fork 12 on the elevation frame 8. A
reference numeral 14 denotes a travel motor driven for travel of the carriage 6. A
reference numeral 15 denotes an elevation motor for elevation of the elevation frame 8.
A capacitor 16 stores electricity (electrical energy) supplied from a non-contact power
feeder cable 26. Instead of the capacitor 16, a secondary battery such as a lithium ion

20 battery may be used for storing electrical energy.
[0015]

A reference numeral 18 denotes a power panel for supplying electrical energy to

loads such as the travel motor 14, the elevation motor 15, and the slide fork 12. A
reference numeral 20 denotes a chopper unit. A power receiving unit 22 receives

25 electrical energy from the non-contact power feeding cable 26, and high frequency
electrical current is applied to the non-contact power feeder cable 26 from the a power

supply 28 on the ground. The power receiving unit 22, the power panel 18, and the



electrical current is applied to the non-contact power feeder cable 26 from
the a power supply 28 on the ground. The power receiving unit 22, the power
panel 18, and the -8- capacitor 16 are connected by the chopper unit 20.
The power panel 18 supplies electrical energy to the |oads, and di scharges
regenerative electrical energy fromthe_l oads. [0016] S5FIG 2 is a block

di agram showi ng a power supply system oF the traveling vehicle 4. The power
recel vi ngcdhatitordid dr@EJ)eré@t%d%le?éﬁlolﬁﬂérturﬁpz@nﬁeapdv@eﬁghﬁéﬁB sppiles31. The core
unit 30 includes a core nmade”of magnhetizable material, and a pickup coil.
The recti {ilL.gt; J LAd : | i ent from
the core %lhlathc%(r)gn Eﬁéoﬁ%gh?&sé glgdp‘fh?gls eggeéeglgﬁﬂggg%cﬁcglﬁénf% i qu%lﬁhglgler el ectrical
current tRmee chopper unit 20. A 10controller 32 of the power panel 18
outputs a prédiction value regarding electrical energy required for the

| oads in Eﬂﬁ Lirture. For exanple, the controller 32 outputs electrical
energy re |P d for the next operation of the traveling vehicle and

regeperative elLectyical energy. The.direct current electricity is supplied
fromgt he power 'B:g\'ré’ls aﬁo&o‘ﬁ?&émo%ﬂ‘é’}“gl TRRYLer SUPY, ¥stera ‘ﬁ%’éﬁ tfarvgglég V%agr 14,
the el evati notor 15,. and.the slide fork,. d 15regeneratjve el ectrical
ener gy i543355139@8%36611’%“%&35%‘311 iatc%‘.lmk%'é?%‘i‘ éet‘fg € ‘Eﬂ’r’e#lal Thefdienot es a
breaker provided, between the chopper. it 20 and the power panel  18. [0017]
The choppBRit dhirclusiss @ gets ade of magheliza erfaﬂﬂeflﬁﬂea@daﬁa@mPOlieﬁf‘e@aﬁl ng the
anount of stored electrical energy such as the output voltage of the
capaci t or unig31 setifigethehighsequeoaineestacal onerentdsem thejcase veit 29.caad thdfer gy havi ng
the prediction value can_be supplied only by the el ectrical energy fromthe
capaci t or supplieptheeerctidied thigh ltlequeney ¢leetiieal coerenfito theschopperamit 20 Aurn on or
turn off the power supply 28 on the ground is made. It should be noted that
t he 1Pr edi centoilew 32 ofthe pgwedparg! 1 heutpnspredicticamerlgprepandingredettiical ehergy i gur e
and the amount of electrical energy stored in the capacitor nay be obtained
by the cordgnobtd for tRSB2dwin théatywewEor exanply, tRBcanrollbe3 Zyouwtpatd elessicebhd of t he
chopper unit 20, to determ ne

energy required for the next operation of the traveling vehicle and regenerative electrical

energy. The direct current electricity is supplied from the power panel 18 to the other
loads 34 such as the travel motor 14, the elevation motor 15, and the slide fork, and
15 regenerative electrical energy is supplied to the chopper unit 20. A reference numeral 19
denotes a breaker provided between the chopper unit 20 and the power panel 18,
[0017]
The chopper unit 20 receives a report from the capacitor 16 regarding the amount
of stored electrical energy such as the output voltage of the capacitor 16, and determines
20 whether the required electrical energy having the prediction value can be supplied only
by the electrical energy from the capacitor 16. Based on the determination result, a
request to turn on or turn off the power supply 28 on the ground is made. It should be
noted that the prediction value regarding the amount of energy required in the future and
the amount of electrical energy stored in the capacitor may be obtained by the controller
25 32 or the power supply 28 on the ground instead of the chopper unit 20, to determine
whether the power supply should be turned on or turned off.

[0018]



whet her the power supply should be turned on or turned off [0018] -9-

FIG 3 shows structure of the chopper unit 20. reference nunerals D, D2
denot e di odes, and reference nunerals Trl, Tr2 denote |arge power

transi stors. The reference nuneral Trl denotes a first transistor, and the
reference nuneral Tr2 denotes a second transistor. A reference nuneral C
denotes a smoot hing capacitor, and a réference Li 5denotes a coil. A

reference nunggal 3 g deOLES. Br HRIChAHE: SERSEY diBlnIIAALL B8 DiscRHPUL

vol tage of the cap rererence nuner enotes a current
sensor for nitoring electri rrent .f1owng through i tor, 16.

add t1 ondiodiS ot eeReE e Lol FiA deRe A Bad bR FRE TR e

el ectrical current flow t hrough each onent the voltage ,applied to
each conpUmem 5?@61}?6% Eitgrr%’etﬂ@ns ﬂg'oilﬂd?tgP r%%ggﬁ%@”ﬁ?fglcngﬁt BP@S?%&P ansi stors
Trl, Tr2, and deéer 1 nes whet Eﬁﬁm non- cont acL. power . feedin 1{95 regii red or
not based@BHSIEF ediTeieTesRe pugsiali-h Jengtes 3 smahing2pariton A5d aelsrense Lt r i cal
energy stored in the capacitor 16, The information indicating whether non-
contact FEMEES ¥ 6| Agelerence AumMeralS bAenbes 3 WitagrAMPTIN SPHtPBRAg the

conmmuni cation interface 41 to the power supply 28 on the ground. Further,

t he cont outpubseliage o0 theswpecionil fcandtarefesensa ahmarat 82 lgdotent sument senssr st ance of
the capacitor 16, and stores these itens of data. Based on these val ues and
t he vol t defemonitaring edestrical cwrent owingtheonghreapasitos 1 6r Additioaally; ictie energy is
determ ned. Further, based on the capacitance and internal resistance, the

r emai ni ngopenrtaeivingiung 23f anthbe paperqianelrl8] thei edectrsdal owmted floRimg theoughwhen t he
end of the product life of the capacitor 16 approaches, information to this
ef fect i zadDeptipdnertcaniiahd heltageappliesitp phsh éfnpomenhthare gromitorkdorA tdmerol | ke. The
internal resistance may not be neasured. [0019] In the case of charging
t helcapaehdas 40 Gonifol ithe ttia@siSloBCT | TED, asd éétgimihesonhdthe foavedhtacep®@ieti ng uni t

22, or the regenerative electrical energy fromthe power panel 18, PWJ
feeding is required or not based on prediction regarding the loads and the amount of
electrical energy stored in the capacitor 16. The information indicating whether non-
contact power feeding is required or not is communicated from a communication
interface 41 to the power supply 28 on the ground. Further, the control means 40

15 determines the capacitance and internal resistance of the capacitor 16, and stores these
items of data. Based on these values and the voltage of the capacitor 16, the amount of
stored electrical energy is determined. Further, based on the capacitance and internal
resistance, the remaining product life of the capacitor 16 is estimated. Further, when the
end of the product life of the capacitor 16 approaches, information to this effect is

20 notified to the power supply 28 on the ground or the like. The internal resistance may not
be measured.

[0019]
In the case of charging the capacitor 16 using the electrical energy from the power
receiving unit 22, or the regenerative electrical energy from the power panel 18, PWM

25 control of the transistor Trl is implemented, and the transistor Tr2 is turned off. In the
case of discharging electrical energy from the capacitor 16, the transistor Tr1 is turned

off, and PWM control of the transistor Tr2 is implemented. When the transistor Tr2 is



25 control of the transistor Trl is inplenented, and the transistor Tr2 is
turned off In the case of discharging electrical energy fromthe capacitor
16, the transistor Trl is turned off, and PWM control of the transistor Tr2
is inplenmented. Wen the transistor Tr2 is -1 0- turned on, electrical
current flow ng through the coil Li is increased, and electrical energy is
stored in the coil Li. In this state, blOturning off the transistor Tr2, the

coil Li i | aced, i n. i e ' t .15t 0 j t el ectrical
cner gy st OPB ik erieaEreR Mhihe R B e T P MR e Blme AP, e Gl bae
D . 5[0020 : FIG 4 s an.al gori t hm.of ermnin t her,

non- cont aﬁ‘{er%WéForF%@dtihﬁ 60'? g\ivrs é'bﬂ]]sr %g‘teot?y gung ?ﬁih%mﬁsttoﬁr\ygﬁg SPldal
energy (electricit stored in the capacitor,is determ ned, and then

ot t 1 off Raset G sees ith 6 hotey SPieR P e isne FlgpFELATErS 1 198 SRl
operation_of the traveling vehicle 4 an e regenerative electrical energy
or the lik 151@5?@%95@%%8513%&%%%3a’ﬁ’geiﬂored el ectrical energy and the
enerqgy prediction values, it is determ ned whether non-contact power feeding
i s réquirk®28} not, and the resulting information is notified fromthe
communi cation interface to the ground. For exanple, before operating the
travel i ng vehi F1@, 4 gwssdnalgaritem o detegnintngewhetharaionragniaehpeve feading ids t he
wei ght, accel eration, velocity, deceleration, novenent distance, mechani cal

| osses 15raqoiredipnuptf Tihe aimonat ofrebesiriabensegy eldciriditn stpresf inttheecapacitdras at or  or
the |like, power |osses, e.g., efficiency of conponents such as the servo

nmot or, sedsternaimpd,iahd éfenppretiteéioh viklees tepardanpthe tlectokcalednergyriequiteddoethgi es
related to operation of the traveling vehicle are cal cul ated. For exanple,

t he anounhéxt@bemrtied bf theatavelimgr @htcde 4aad theeegometanie efecicalcdnergyadr tRBkgy
required at the tine of acceleration, the instantaneous maxi numrequired

el edOr i cahreZfbedimddd)Bastden e¥estbd electiicglamergdtand @hetRedy predictiemelgys, ittine
i nst ant aneous maxi num regenerative el ectrical energy, power consunption at

the tine géteqmAnsd AREth¥EARCEINYach PEWa fe@ding ﬁh@g@rédadrtiﬁﬁ add eheCRbih@t ed in
respect of all of the axes of novenent including the travel axis, the

el evat i onirggg@ﬁom@mﬁmtﬂ@m 'o&ml%ﬁ@latfomm%ffa&smﬁe goslid. Abr éﬁaﬁlglé, me of

acceleration, 1t is determ ned whether the anmount of el ectrical energy

di schar ge . O, &y A L Cl f.,cthe
anount gf gee %céée?dgfél%qgen@?&geglgg gélﬁllglte’ gﬁ? ?l?iéittheén(?a,téﬁ%% ?gﬁ{lglgy e%%%esr“" gsedi ng i s

request edidulbliCloceletadoh LS THISH NG BB ALY @faldlont ARSI ALK

el ectrical "energ ece I'on "can be char -1 1 -
t i 1. . |If all of t | ectrical
candar berehdiediclin® sl nsr oy TeienRlol M AFERTRRL O g B e 4% £B0r P

orer 9y CLANgOn LomconL ol ROl LSTUlng. s, Leghced spdyt g amun of
accel erat .ial?lgimtls ]:)f élggtrigzil%\zllgrlgileg%el\a/lggitg lo;e)eriat?ono fet%g Ecrzei\crieli%glvehicle are calculated.
For example, the amounts of electrical energies are the amount of electrical energy
required at the time of acceleration, the instantaneous maximum required electrical
20 energy, the amount of regenerative electrical energy, the instantaneous maximum
regenerative electrical energy, power consumption at the time of constant velocity
operation. These values are calculated in respect of all of the axes of movement
including the travel axis, the elevation axis, the rotation axis, and the transfer axis. At the
time of acceleration, it is determined whether the amount of electrical energy discharged
25 from the energy storage unit is sufficient or not. If the amount of electrical energy is not

sufficient, non-contact power feeding is requested. Further, it is determined whether all

of the regenerative electrical energy at the time of deceleration can be charged in the



5to lower the elevation frane without any traveling, energy consunption is
smal |, and only the regenerative electrical energy becones |arge. Such
operation occurs only in the node of transportati on between the racks.
Therefore, in such a node, for exanple, in consideration of the energy
consunption and the regenerative electrical energy until operation after the
next operation, it is determ ned mhethg{ non-contact power feeding is 1
Orequired or not for making it possiblre'to charge the regenerative

el ectri C@h?rg{t?gfogé'cgaeldnﬂ%%t. Ifayi Otf Tk rajd)vegfecﬁc% e&r@{%‘glﬁoﬁﬁe‘aﬂﬁf jon of the

required e tri energy an e regenerative el ect energy I n one

oper ati on, Qf (e J s Lr it f the
arount  of" B Py S A0 e Rbicon G HEARCH Che YU ing BT Cht) | 0
15transi tion pf ..di scharged electrical ent | e I y). At the
time of &CC&l %P%lgg g%rf‘l'aﬁl%ﬁgaéﬁé % rﬁérnl?nggf glé%@?@yen%ggyragéqc&%fggg ﬁ% %\f {h[ghe time of
steady operation.in the next. perd od, ener consunptiqgn s snmall, Then, at
Che 1 o CBIACHRE B sRTOA T T AGSHIerBRTT ol theyaiins 4eties TePiReted el ner gy
i s generat ed. %f? at. the ti rr.qa(’)lf rotati.on of the turntahle, @perdation of
the %l i d&° E’B‘fe& eleygaop iiame t amLayelige, SIREEY PLVENPHY B WA WY s st opped,
20ener gy consunption occurs. During the period, the apmount of electrical
energy s8lYEHe regepsrativegladne energy Pasqmes laie. wHEhPPREraiion Qsgusamhi Wehe r ange.
The el ectrical power is |eveled using non-contact power feeding for

prevent i mpdeied transpertatiombetwaen baragks o rhengtorgdp sech pmoe.dpy iifg t he

maxi mum di scharge current. Further, deceleration or the likeis |imted to
prevent ebrsidaratioal ofghe enemgy eanspipbion angl th segenprative electficdrenesgyawtii ng t he
25maxi mum charge current. In a segnent where non-contact power feeding is
per f or mnecperstippafyerdhe péxt operatia, ittin detgymined whetheonen-cérded powenfekding ss st opped.
[0022] -12- FIGS. 6 and 7 show nonitoring of the product |ife of the
capidki t otrequfired lonnétl for makinignt pdseibkntb elanye tite) regérteeato@phetial edebgy. s char ged,
e.g., by the steady current i when the traveling vehicle 4 is stopped or the
| i ke, an@oa1¢ change in the voltage V in the charging

A graph 1) of FIG. 5 shows transition of the required electrical energy and the
regenerative electrical energy in one operation of the traveling vehicle. A graph 2) shows
transition of the amount of electrical energy stored in the capacitor. A graph 3) shows

15 transition of discharged electrical current (electrical energy). At the time of acceleration,
large electrical energy is required. At the time of steady operation in the next period,
energy consumption is small. Then, at the time of deceleration in the next period,
regenerative electrical energy is generated. Also at the time of rotation of the turntable,
operation of the slide fork or the like after travel of the traveling vehicle is stopped,

20 energy consumption occurs, During the period, the amount of electrical energy stored in
the capacitor is maintained within a predetermined range. The electrical power is leveled
using non-contact power feeding for preventing the electrical current from the capacitor
from exceeding the maximum discharge current. Further, deceleration or the like is
limited to prevent electrical current supplied to the capacitor from exceeding the

25 maximum charge current. In a segment where non-contact power feeding is performed,
supply of electrical energy to the power feeder cable is stopped.

[0022]



process is nmeasured. In this manner, the capacitance C of the capacitor 16
can be 5neasured. Wen charging is finished, the absence of the voltage drop
for Rx i based on the internal resistance corresponds to the voltage drop
AV. Therefore, the internal resistance can be neasured by neasuring the

vol tage drop AV. Further, the capaC|tan C can be neasured by conparing an

accunmul ated val ue of the electrical cuf¥ént i with the change in the
vol t age, Wthomfe Bl 20Kh8% th8fitotin baGRbif itof ¢ In'Hier gal
10r esi st ance can e measur e ?ﬁom ghe regﬁsel?#nl? alg% AV when char gi ng

o oduct | @?“{eoe?‘%"%hlem%% R R S f"’?“"i’ee %ﬁ’g"?ﬂ?ét TR el from
the capacifofiod Genigl 4%%5}4&?{?%&3 1L g e 1B RDR0 08 ST RO aliy

conpar ed e an e ESUres 5capaci

Furth based t AV in.th t L t h d
et Gt *igWaaaPa{'mgﬁa@%afpﬁ@e@ﬁﬁwgfa% ot

tely bef d of .dis | ect I
curr8nt . B QYT egAnS Ay t%e%%m%g R Algoas e Ba RS aait gy, ¢ he
I nternal resistance Ris neasured. [0024 OModi fi cat | on of, the_ enbodi nent

wi |l be sthewrermphresigi@nes ¢raraspaKis to W?é’ﬁ’hﬁ nop4YY i Sheseigre, thsoniemd ¢ he

el ectrical energy fromthe capacitor 16 and t he el ectrical enerqy fromthe
power r ecefivianes ¢anibe ragasured by messenmteivokige dropd Ve dpuicr. dhe aapagtancoe used
as a main _power supp to drive the load only using the electrical energy
fromthe Capabé masum}/ by mmwhlg@agepumldntedcynﬁla@tf theorleqiri¢ad eutirery iveith the
performed only for charging of the 25capacitor 16. [0025] In the enbodi nent,
when el ecthangain theeokpgef withouteelymgds thastebdy curspt.i Rorepnvey theinterdad-
10 resistance can be measured from the raise in the voltage AV when charging is started.
[0023]
FIG. 7 shows a modified example of monitoring the product life of the capacitor
16. When electrical energy is discharged from the capacitor 16, an accumulated value of
the discharge current 1 is compared with the change in the voltage to measure the
15 capacitance. Further, based on the change AV in the voltage at the time of the end or start
of discharging of electrical energy and the electrical current immediately before the end
of discharging of electrical energy or electrical current immediately after the start of
discharging of electrical energy, the internal resistance R is measured.
[0024]
20 Modification of the embodiment will be shown. In the embodiment, when the
load is high, both of the electrical energy from the capacitor 16 and the electrical energy
from the power receiving unit are used. Alternatively, the capacitor 16 may be used as a
main power supply to drive the load only using the electrical energy from the capacitor
16. In this case, non-contact power feeding may be performed only for charging of the
25 capacitor 16.
[0025]

In the embodiment, when electrical energy for the loads can be supplied only by



the capacitor 16, and charging of the capacitor 16 is not required, the
power supply on the ground is turned off. In this manner, the reactive power
consunption for the Joule heat due to the electrical current flow ng through
t he non-contact power feeder cable is reduced. Further, electrical energy
that can be collected fromthe capacitor 16 is 5increased. Further, the
product life of the capacitor 16 can bé3esti mat ed. By stocking an additi onal

capact | okphQfor1BPAREATTI, BERELANRRG: 16 RGPRELML Lk W GbG ohigy oL 1 N

vehi cl e IsTnot operate e shortene ription uner al s

3. of ovaf U AR ORI Far e AU R RRS o6 e A PE

8: el evation frane S el evation
gg;[,\g: E‘ 2513% ?}? ﬁéleiﬁ%fr{c% (:;I'u%fenp ﬁ%ng%ﬁ{]o%[gh tﬁlégriont-)éo%?al% E)owgrofee(ferr] BEs UM t 22
reduced. Further, electrical energy that can be collected from the capacitor 16 is
5 increased. Further, the product life of the capacitor 16 can be estimated. By stocking an

additional capacitor 16 for replacement beforehand, the period in which the traveling

vehicle 4 is not operated can be shortened.

Description of the numerals
10 [0026]
2: traveling vehicle system
4: traveling vehicle
6: carriage
8. elevation frame
16 10: mast
12: slide fork
14: travel motor
15: elevation motor
16: capacitor
20 18: power panel
19: breaker
20: chopper unit
22: power receiving unit
24 travel rail
25 25: rack
26: non-contact power feeder cable

28: power supply on the ground



24: travel rail 2525: rack 26: non-contact power feeder cable 28: power
supply on the ground 30: core unit 31: rectifier unit 32 controller 34:
other load 5 C: capacitor D1, D2: diode Trl, Tr2: transistor Li: coil Si:
vol tage sensor 10S2: current sensor 40: control neans 41: communication
interface -15- WHAT IS CLAIMED | S 1. A systemfor supplying

el ectrical energy to a traveling vehicﬂé'by non- cont act power feeding, the

system CoOyprhi g
31: rectifier unit
32: controller
34: other load
5 C1: capacitor

D1, D2: diode
Trl, Tr2: transistor
L1: coil
S1: voltage sensor

10 S2: current sensor
40: control means

41: communication interface



5a power supply; a non-contact power feeder cable on a ground, a
traveling vehicle having a power receiving unit configured to receive

el ectrical energy fromthe non-contact power feeder cable, a |oad consun ng
el ectrical energy, and an energy storage unit configured to store electrical
energy fromthe power receiving unit 10and regenerative el ectrical energy
fromthe load, and supply electrical eflérgy to the |oad; and control
means for. i i rount of electrical energy stored in the energy

st orage Jﬁﬁﬁaghgéggﬂgﬁgh - of electrical energy required for the | oad, and
stoppi ng supply of electrical energy to the non-contact power feeder cable
when the electrical energy 15required for the |load can be supplied by the
el ectrical enerqy stored in the ﬁyerg storage unj.t. ) 2. The traveling
Vehi cl e syst erk ALwated 7§ SRPIKnG lRcricdl nereridradyaveling yehiclahy MopsPngeh
capacitor, the traveling vehicle system further conprising: 20a voltage
sensor cdmesinedme; hefyHPMEOMpEsiigge of the energy storage unit;

el ectrical current sensor configured to nonitor electrical current of

el ed®rical enerrpvesiaPEd i n, and di scharged fromthe energy storage unit;
and product life estimation nmeans for determ ning capacitance of the
ener gy st or age nom-¢oniess powernrfeedee catde bageraind he energy storage unit and

el ectrical current of electrical 25energy charged in, and di scharged from

t he energy st artageling ochielsthaviag ianpgwer osteiving urfiteconfigtifed te neeeryy ebtcticabe uni t .
- 16- 3. The traveling vehicle systemaccording to claim2, the product
life estigmetgydromgansnbe@intugt powér fgetee datile adeidcdistmingdledtiied] en@glysdndnce of
the energy storage unit based on a change in the voltage of the energy

st orage Uit dnerglyGfor@sd uriibédnfiguitedeo Bloasleledtribdl feBerg@ FiRsin the dober epRiig @ice and
the internal resistance of the energy storage unit.

10 and regenerative electrical energy from the load, and supply electrical energy to the load,;

and
control means for monitoring an amount of electrical energy stored in the energy
storage unit and an amount of electrical energy required for the load, and stopping supply
of electrical energy to the non-contact power feeder cable when the electrical energy
15 required for the load can be supplied by the electrical energy stored in the energy storage

unit.

2. The traveling vehicle system according to claim 1, the energy storage unit
being a capacitor, the traveling vehicle system further comprising:
20 a voltage sensor configured to monitor voltage of the energy storage unit;
electrical current sensor configured to monitor electrical current of electrical
energy charged in, and discharged from the energy storage unit; and
product life estimation means for determining capacitance of the energy storage
unit based on the voltage of the energy storage unit and electrical current of electrical
25 energy charged in, and discharged from the energy storage, for estimating product life of

the energy storage unit.



5 4. The traveling vehicle systemaccording to any one of clains 1 to
3, the power receiving unit_and the | oad being connected in parallel to the
traveling vehicle, a first transistor, a diode, and a second transistor
bei ng provided between the power receiving unit and the |oad arranged in
parallel, the first transistor being cq&iigured to control 10chargi ng of
el ectrical energy fromthe power receiVifig unit to the energy storage unit,
the diode being "ﬂ{e_oc}’dv‘éﬁﬁ%{z&ﬁ&@"sfétérﬁ lac g k& Blafh 0 Sthe pF Ui e Qtith@ion
di scharging electrical energy fromthe en%rgy storage unit, the second
transisto i I . : ] ) er gy
St or age. une barl(difglhed u/ Sels L AApm AN i bt EREFLY Bordtl it ®aRITC O or s
and the epe e _unj . y. i.1g: rical
cner gyt cob EHardth S otk prhe snergy stobiee B B S8 Rng e Broth HEIELERYT
conprising: .a power supply:.a ngn-cqgntact. power feeder cable on a ground,;
20a tr ave&? H’é CORIfIRNeE W%E%?%Jﬁﬂga?c&o&t %rgynﬁ?rag%}w ‘gured to receive
el ectrical energy fromthe non-contact power feeder cable, a |load consuni ng
el ectrical energy, and an energy storage unit configured to store electrical
energy fromthe power feceiving uni t ang regeneratiyve electrical energy from
the load, and $ubiitiavelingyemelg pysters agsprdige thany enget claims 3de dnthedoWsbans f or
nonitoring an anount of electrical energy stored in the energy storage unit,
and st opplesgivinggpityangdftheload being gspnnastaddy parsllelie thiotaveling yehiclsonlrst f eeder
cabl e when el ectrical energy stored in the ener storage unit has a
pr edet er mrasistorah divde, and-a sgeontbiransistor being@rowd gﬂw@eroﬁle@gpfpr 1eceiyingl ectri cal
energy to a traveling vehicle by non-contact power feeding, the nethod
conpri si ngnit fred the dorel anfang&ingaralieh gheafipbtensisoreing cnfigared oo comdrilact power
feeder cable on a ground;

10 charging of electrical energy from the power receiving unit to the energy storage unit, the

diode being provided in parallel with the first transistor for discharging electrical energy
from the energy storage unit, the second transistor connecting a plus terminal and a minus
terminal of the energy storage unit, a coil being provided between the first and second

transistors and the energy storage unit.

15
5. A system for supplying electrical energy to a traveling vehicle by non-contact
power feeding, the system comprising:
a power supply;
a non-contact power feeder cable on a ground,;

20 a traveling vehicle having a power receiving unit configured to receive electrical
energy from the non-contact power feeder cable, a load consuming electrical energy, and
an energy storage unit configured to store electrical energy from the power receiving unit
and regenerative electrical energy from the load, and supply electrical energy to the load;
and

25 control means for monitoring an amount of electrical energy stored in the energy

storage unit, and stopping supply of electrical energy to the non-contact power feeder

cable when electrical energy stored in the energy storage unit has a predetermined value



providing a traveling vehicle with a power receiving unit configured to
receive electrical energy fromthe non-contact power feeder cable, a |oad
consunm ng el ectrical energy, and an energy storage unit configured to store
el ectrical energy fromthe power receiving unit and regenerative el ectrical
energy fromthe | oad, and supply electrical 10energy to the |oad; and

noni toring an anount of electrical enef@& stored in the energy storage unit
and an a IeOf el ectrical energy required for the |load by control neans,
and stopping supply of electrical energy to the non-contact power feeder
cable by the control neans when the electrical energy required for the | oad
can be supplied by the electrical energy stored in 15the energy storage

unit. 6. A method of supplying electrical energy to a traveling vehicle by non-contact

power feeding, the method comprising the steps of:
5 providing a power supply and a non-contact power feeder cable on a ground;
providing a traveling vehicle with a power receiving unit configured to receive
electrical energy from the non-contact power feeder cable, a load consuming electrical
energy, and an energy storage unit configured to store electrical energy from the power
receiving unit and regenerative electrical energy from the load, and supply electrical
10 energy to the load; and
monitoring an amount of electrical energy stored in the energy storage unit and an
amount of electrical energy required for the load by control means, and stopping supply
of electrical energy to the non-contact power feeder cable by the control means when the
electrical energy required for the load can be supplied by the electrical energy stored in

15 the energy storage unit,





