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- 2223995 AUTOVATI G BATTERY EXCHANG NG SYSTEM FOR AN AUTOMATI C
GUIDED VEH CLE The present invention relates to an autonatic battery
exchangi ng system  and particul arly but {ot exclusiv IZ g%gﬁ; tomatic
battery exchangi ng systen1for an- autonatlc gui ded ve a battery
as the driving power source in an article carrying system Usually,
conveyance and carrying are fuIIy automatically carried out by automatic
gui ded vehicles in automated factories. These automatic guided vehicles
have a battery as-the dr|V|ng power .source and all operations are carried

out under the instruguymMmic aaztm.- - mGIﬁ®%§$mﬁ rokObl ens have
arisen in that when the batter) ' , final discharge
voltage, i.e. to an excessife-Urstitrye S tomat i ¢ gui ded vehicl e
cones to a halt and accordingly operatlon S |nterrupted In order to solve
t hese probl ens caused by the excessive discharge of a battery, although a
recharging device for a battery has been devel oped, a satisfactory effect
cannot be expected for automated factories because not only does it not

have relQMﬁgcﬁr@§éH€eﬂn§QﬁHlQHtr@h%QeEhtbeahsgﬂQoﬁHEQ%ﬁEEQtﬁﬁﬁgange

Recently, in order to solve the afaorenentioned various prob a device
has been YESRARPEAIWAYERCBneaRd PRETAFYLRALTcBUSE 8Ok @F6H Ushaedan ther ymbei ng-

dlSChargeﬁh@mdawbtChatterYZexchanglng system for an automatic guided

_vehlcle hav1ng a battery as the dr1v1ng power source in an
article carrying system. ' : -

Usually,-conveyance and”carrYing are fuliz_autohatically

cartjed-out by automatic guided vehicles in automated

factories. These automatic guided wehicles have a battery-as'
 the driving power source and all operations are carried out

under the:instructions of a host computer.

- Therefore, problems have arisen in that when the battery is
discharged to below final diScharge voltage, i.e. to an.

:.eXCessive discharge state, the automatlc gulded vehicle comes
to a hait and accordlngly operatlon is interrupted.

: Y, In order to solve these problems caused by the excessive

) dlscharge of a battery, although a recharging device for a
battery has been developed, a satisfactory effect cannot be
expected for automated factorles because not. only does it not
have relevance between them but also there is no automatic
exchange. '

'Recently, in order to solve the aforementioned various
- problems, a device has been developed which checks the
-discharged state upon the battery being discharged and which



i's capabl e of automatically exchanging the battery, and al so an autonmat.ic *
battery exchanging systemusing a robot and turning rack has been proposed.
This systemstill requires considerable research to overcone its pr obl ens
particularly the problens that not,only is its structure conplicated .
because it uses robot and turning %ack but also that it has no probable
econom cal applications In view of the installation and its cost. - The

_present Jnventhgg 3 be ng%! qgchgﬁg?HQQBathgnhgtt% a@y&aégggloned

vari ous 7 °8a5n “6b resent i nvert’i on to provide
an autonamlaubamaémy ezth&mglngcﬁyggéﬁ9f§wsﬁﬁmauﬁéﬁ§tPcr@@QGe@n@bhlcIe

capabl e of . &k g”g%bﬁahhﬁ %é%%a@gb?gsgae battery but having a sinple
ccor

structure. I'ng to one aspect of the present invention, there is
provi ded a conputer-controlled automatic battery exchangi ng system for
exchangigigi 8 §Y§€E&rgtdlua&bquﬁret aonatiiemrabile: gaséadcheMaﬂayemddmaa

char ged batt?BéB}ﬁﬁstﬁé% H%@ 3¥g%h ¥08E Egl@gﬁﬁyﬁg%n1%? r| flrst

means f o¥E%in FEry ron1 € -aut
vehicl e Qﬂﬂutbadengombé1ch&ege@ebauserytlnsﬁﬁerabpﬁnéﬂﬁctgﬁﬂyﬂﬂ\Rﬁﬂ&:

said fi f;;%%”?ilga £ATR %! O<CAGg-BGaBTANSchAbnEREA0RRY13 Ak iof the

battery an o eratln ement “nounted to cause the engagi ng nmeans to be
moved rec1@WoQ§IF98|ﬁn§ ﬁﬂéﬁél§6 489t 6tF05@SEnd unl oad the battery, and
means for raising and lowering said operating elenent so as to change t he

Pl ane O VSRRl S RI00N0 TRRSaR0: B Bno RS AR e
above-mentioned various problems, and it is- an object of the o’
present 1nvent10n to provide an automatic battery exchanglng
system for an automatlc gulded vehlcle capable of
automatically exchanging the battery but hav1ng a 51mp1e

“structure

According to one aspect of the:present inﬁentiop, there is
provided a computer-controlled automatic battery exchanging
system for exchanging a discharged battery of an automatic
guided vehicle with a charged _battery, which automatic

battery charging system comprises:

first means for unloading the discharged battery from

the automated guided vehicle and loading the charged k‘J:

battery in the automatic guided vehicle, said first
.means compfising-engaging means for engaging a portion
of the  battery and an. opefating ‘element mounted to
cause the engaging means to be moved reciprocally in a
plane so as to load and unload the. battery, and means
for raising and  lowering said operating element so as
to change'the plane of movement of the engaging means
so as to cause it to engage or disengage said portion
‘of the battery; ' ' : ' '

second means, associated with said first means for

charging the discharged battery;"



second - neans, ‘associated with said first means for charging the

di scharged battery; - 2a - third neans for transferring the charged
battery to said first nmeans for |oading. i-n the automatic -gui ded vehicl e;

and a control unit for controlling the execution of said first neans, said
second means, and said third neans: Ac@S ding to another aspect of the
present invention, there is provided a nethod: of controlling an autonatic
battery exchangi ng system conprising the steps of: detecting the presence
or absence of a battery at the inlet of a recharging station; unloading the
battery from antlallrabrmtaansgufded tnsstns:ferrmvmquchaegbdt theattdwy ato

I|ft|ng neans p n R g g at |

l[ifting plate \?\%tﬂd %%%.a:t '?‘Z%éﬂét)hir?g%n 1t 0 a rai iélgdt%tgsﬁl on %gigl [ gnateﬁie
battery with rd(%‘é%ic%ﬁar@n@g station conveyors; driving the charging
station conveyors nove horlzontally, and checking for the presence or
absence of the batter on the chargtn atlon conveyors liftin

char gi ng socket? i fiP8t ¥8|]rt it FAra 9o et &F‘?"&ﬁdﬂé‘haﬁ’g $8ifhe

battery; |owerifigrst freaher @éﬁd%méﬂdtﬁeabattsn& shtdebnira achower
position of the charging station; and renoving the battery from the

further _plate and -
According to another aspect of the present invention, there

is prov1ded a method of controlling an automatic battery'
exchanglng system compr1s1ng the steps of.

detecting the presence or absence of a battery ‘at the
_ '1nlet of a recharging statlon,_ | '
unloading the battery from an automatic guided vehicle;
conveying the battery to a lifting means at a lower
" position of the charging station;
raising a lifting plate with the battery threon to a
- raised position to ‘align the battery with raised
_charglng station conveyors;
. _

driving the _charging_ station eonveyors to move
horizontally, and'checking'for the presence or absence
of the battery on the charging station conveyors; '

1ifting a charging socket into contact with a jack of
. the battery and charging the battery; '

lewering a further platelwith the battery thereon to a
lower position of the Chargihg station; and

.remoﬁing the battery ' from the further plate and
loading the charged battery in the automatic guided
vehicle. ' : -



| oadi ng the charged battery in the automatic.gui ded vehicle. - 2b - For:

a better understanding of the invention, and to show how the same may be
carried into effect, reference will now be nmade, by way of exanple, to the
acconpanyi ng drawi ngs, in which: Figure 1 is a schematic diagram for

show ng an applying condition of_tde.present invention; Figure 2 is a
structural diagramfor showing in entirety a preferred enbodi nent of an
automati c battery exchangi ng system of the present invention; - 3 - .
Flouresdd § L AUMMALYs Peiann!d e amd %Mtéc;wwﬂaatbaghswhs%chan@J' ng .
portion of the systeny gure S an vi.ew an automatli c. gul '
vehi cl €hgsSpnpmaedre szi‘t’gr?é% W@eﬁgquwenﬁﬁﬁfefﬁ%dﬁbls newabgchemati c.

di agr amala@r, iy Usdy¥ ad# Nelcddie1 & Al & NEhA bR AP Th P PBF i RPs Pfia charging
socket in.the case of battery charging by this invention; and Figure 6 is a
fIOM/cHQFF *or showi ng states of an operational sequence of the present

i nvention. Throughout the drawi ngs, |ike reference nunerals and synbols are

used for de%ii%é g {4 kae Qéh&?égivcald%qupﬁﬁ téoP"sfP&Hﬁc?“én applying
) condition of the present invention; : '

Figure 2 is a s'ttﬁ?:tr.irai diagram for :s'h'owing in entirety
a preferred embodlment of an automatlc battery exchanging
system of the present 1nvent10n,' ' o o 2




for sinplicity of illustration and explanation. Hereinafter, .a preferred
enbodi nent of the present invention-will be described in detail with .
reference to the acconpanying draw ngs. -Fi3gwe 1 is a schematic diagram for
illustrating an applying conditi-on of a preferred enbodi ment of the pr esent
i nvention, in which an automatic guided vehicle 1 travels along a :
predet er mi ned r Glitgn 3 atcios i iy agmeriea fnspenspeohsvef vaeRosorcahputiay 3.

The automatic gyjfad Me £lieadging Wi,ynpé@vtggd%#\é&:n a battery

di scharging state det: ectr ng circult (not. shown i's-travel ling
along the route 3, when the battery 4 of automatic guided vehicle 1 is over

di scharged, its mitqire i6 detegdrth by sal st b@ﬁt guvorh 6L8agGiA8dSYahecle
detecting circuit ch sends a signal_to the host conﬁuter 2. \Wen the

si gnal. representl sttt M DatIR BT BRBPC aF RERRT 491G is transnitted to

t he host conputer 2, the host corrputer 2 causes the automatic gur ded

vehiole 1 o | SR ipry e { Ui A0 B Pl B5 01 S0 a2 Rt LRLY

rechar gi ng atron e automatic gurde
reaches the bat tféds it g Imj’%ftleﬁg sPeraien opfl 2 rehr edbngi ﬁgck?tr &n

transmtted to ageOMdfd diidatheSP dHtgine HRttRlY {0eEREDLAY ghation 5
is rendered to operate. The battery recharging station 5 as shown in

Figures 2 and 3, is provided with an actuator in the formof a rodless
cylinder 8 at aFiracleets As dlMELawodiiesst cfd f nsleowBng sstatawdofii &h a.

~coupling device 'p’lerté]c%JrPJlms%quPeJEéOkofg thghﬂa?e.@é’% thyBYEEch0

s

Throughout the draw1ngs, like reference numerals and symbols
are used for desrgnating 11ke or equivalent parts or portions,
for Simp11c1ty of 1llustration and explanation

Hereinafter, a preferred embodiment'of;the present invention
will be described in detail with reference to the accompanying

drawings.

Figure 1 is.a schematic_diagram for illustrating an applying
- condition of a preferred embodiment of the present invention,
in which an automatic guided vehicle 1 travels along a
O ' predetermined route 3 according to the instructions of a host
computer 2. The automatic guided vehicle 1l is usually
“provided with a battery discharging state detecting circuit
_ (not shonn) While it is travelling along the route 3, when
h??;_ | the battery 4 of automatic guided vehicle 1 is over
A discharged, its state is detected by said battery discharging
state detecting circuit, which sends a signal'to the host
computer 2. When the signal.representing the state of bhattery
over discharging is transmitted to the host computer 2, the
host computer 2 causes the automatic gnided vehicle 1 to leave
from the route 3, and to be_forwarded to a battery recharging



front.and back by the operation of rodless cylinder 8 The bracket 7
provided with the rodless cylinder 8 is fixed to a raising and | owering
plate 11 which may be raised and. Iomeied by an air pressure cylinder 10,.to
forma battery nounting and rel easing nmeans E. Conveyors 12 having a
driving neans SM as a driving power source -are provided on both sides of

the rodlessofyk| ngﬁa ﬁhaad tﬁef aﬁgeﬁ%tw Fulgeand nqd 19 :gtaerfeéoche

Anot her conveyor dri ven é rrvin freans Mi s pr ovid
| ongi tWﬁ%FYdFP'EEE—?FShn@f stREieBnveydr Stgné%t ERBITRG SN idmisand a sti. 1%

furthegrseemeyeedldol a poavirdeduali o sby sextand RGeSt |y therefrom
and keeg ng t he sape eveg hari zo ﬁ Ey wi t.h thIS conveyor 13, so that a
pap ey gTed/ £o |

hori zoht&f2bat #&r § V8yant& AER cORECRSed. This further

- conveyor 14 of the hori zontal battery conveyance nmeans T is driven-by a

drivi “Ehgﬁﬁgét%@? @%ghta$H§.ngr E‘éia@go‘?ie%”s Al 3o ’i‘?xd'FX raising.

and | owering al sing .and | owering plate 'S coup e o a
bal | st$ eP\FQElG,ﬁﬂchtél ani gefupyox dm ey feganmeo Ve, rodd esserasbyinder

constiguiEng Breakskng . angnkowerilgs"RINInder ‘éhqrseff@rr%ed/\/raﬁrtrtthe bal |
screw 16 is . turnped. b drlvhng of - dr|V|n% ngwﬁ Eﬂ;gi rn%1and | oweri ng
pl at e 48uPLing d8¥i6R RBwEPEd EQFMalds 2ofofdwivar Rhe - -
conveyptod#. andabackr diysetieobperatiet to(fgertoldarestshe:yamrtdter Bhe tmaié screw 16
I S nmount rticall PRQLE i fr he .ot nd,. t he

Ulg ﬁ? t7 ?’ ngﬁe%ﬁ-}ﬂ Q?l r%%é s%méyéz.nd t8 eis egfevc\f ?:ho ae

battery I Ng an asin I'S provi
supportahgifngasndl8ovendng péptesdﬂewhggh may be raised and lowered

by an air pressure cylinder 10, to form a battery mounting and | \'J_
- releasing means E. Conveydrs 12 having a driving means SM as
a -driving power source are provided on beth sides of the
rodless cylinder 8 and a further raising and lowering plate
20. Aﬁother conveyor 13 driven by a driving means M is
provided in e'longitUdinal direction of the conveyor 12
extending therefrom, and a still further eenveyor'14 is
provided also by extending subsequently therefrom and keeping
thé same level horizontally with this conveyor 13, so that a
horizontal battery conveYance means T is constituted. This
further conveyor l4 of'the'horizontéi battery'conveyence means
T is driven by a driving means M1, and this driving means M1
is fixedly mounted to a raising and lowering plate 15. The -g_j
raising and lowering plate 15 is coupied’to_a ball screw .16 R '
which is driven by a driving meanstZ, and thereby
constituting a raising and lowering means S. Iherefore; when
the ball screw is_is turned by driving of driving means MZ,
the raising and lbwering plate 15 is raised or lowered upwards -
or'downwards, and-aécordingly the'conveyor 14 is alsoé raised
or lowered together_thereWith.- The ball'sérew 16 is mounted -
vertically to a Supporting'frame 17.

On the otherhhand, the battery mounting and releasing means E



‘whi ¢h .i $ nount ed vertically.and can be turned by a drivirg means M3, and
this ball screw 19 is provided with the raising and | onering plate 20,

which is nounted for noving stably upwardly and downwardly of a supporting
‘bar 27 (Figure 3), in a ball nut coupllné manner, and forming a |owering
‘means P. A battery charging ‘neans R is provided. i-n-the upper region between

ded
t he suppory | The batt R is provide

f 1.7.. 18. e chargin )
with a nunbe of;gﬂgfpr%%%LﬁeaQRH??E&R% éé %%c%g g% 2?%}b|ﬁ%r§%ck%t 21
at the frohticdnd samburtied ecbﬁtneallwa‘::gﬂpdg@ﬁgbé%umwh abjalajr@i-wyn@f
2 n an _
e i mebns? s 2 nd! S ERPEELIAS Yo s LA DSRS0 Mo P atins
therefor. anﬁo&@wetnm@e R:lwerreg.zrf@ pi ety Jaﬁem@mmlfpr eoeibpds t@bty of the
present i pypeatddas, Sabfa/vradvfhu%ﬁw@f atélf};lawe«?m Oﬂafsph’ﬁogﬁé{é'f} ed; 0

this; tér of course it possible to alter according
to requi rém?%g nRtbé:tOc”é’rlylnfgbrmaU‘s’?% 34 e FrERE M lﬁmm%ﬂm%ﬂ%hbvm in

Figure 4. As shown i-n Figure 4, a coupling neans H to be coupleg mn;h Eook
9 of said,r r8|sf| dl erunIdaItefrontS|eote
battery B %qg%%%ﬂ;ag’ta Y ﬁ%ﬁanﬁ_‘g ]é%/rﬁﬂﬁff’e %t 17 RS tHREe & (RO LPR

proj ect i n@ettW@lee!f e s«m:mmnm iftr apesield? vel8 ¢l eTHe ilsatpreaw detth g idg j acks

for cont aﬁ\E'a?ig W 4y 1138 def W S lnumpbSliale Fﬁ?z@ra fs‘eilp&f eﬁ[“ éjﬂ%?

these jacks J. Ln Figure 5, the reference nune 2for
suppl yi ng®RRE L&tk & Chimemd Zasked on-aorthrtf sentreand iand mouh tedreral

28\|_/n Fi gur €ikimgppase £33 Wid & Al r LONULYSE - conveyors 24, 25, 26,
driven respectively by dr1v1ng means M4, MS, M6 of the same
number as the number of alr,pressure cylinders are provided'

_ ' therefor. 'Though three chérging places are shown in the

| , the

invention is not restricted to this; as a matter of course it

embodiment of the present invention shown in Figure 2
. is possible to alter the pumber according to fequirements.

A battery for use with the present invention is shown in

Figure 4. As shown in Figure 4, a coupling means H to be

coupled with hook 9 of said rodless cyllnder 8 is flxedly

mounted at the front side of the battery B ‘and contact

terminals L are mounted at the other side and pro:ectlng
" therefrom

An automatic guided vehicle 1 is provided with jacks for
contacting with these terminals L. Usual banana jacks are
used for these jacks J. - '

" In Figure 5, the‘reférénce'numeral 2la represents a wire for
supplying the electric power, 21b is non-conductive material,
and numeral'28 in Figure 1 represents a withdrawal conveyor.



- 6 - The operation of a preferred enbodi ment of the present inventionl

_ having the above described construction will now be described. "~ Wen the
automati ¢ gui ded vehicle 1_reaches thg battery nDuntlng and rel easi ng means -
E of the battery recharging station 5, its signal is transnmitted to the

- control unit 6 and the battery recharging station 5 is rendered to operate,

of m"ﬁﬂe%ﬂé%éhh@ﬁ QﬁsﬁrFEEE%Qr‘@d‘ 'errl%%d%@r?d Rpd eMd hdddalEnce to Figure

6 hereinafter. The control unit 6, at the - initial state of system standby
state {%Y%Bt19ﬂ)hﬁ&§na §BRs8PoNg fesgeided aeasierucdriapwidhaawerse B i s

Ioadedd@@ct:bse@onkueh 26e( 9uepnd@): gqulilddd viehitle I Hedbred Nhdreans M4,
cause e (st g%b and b4 d ts a aln whet her or not a’
2

b 1 orpe RSy BaunBie PR’ BhiRasiren st Rk 6B THe mktaky™ T hour Pvi o
means Michdbgihg ssatdosed tdtstspg@sﬂepsufbansmutﬁdﬁauﬂnﬂhéiddhﬁﬁdmrned

to theusystemahandly nabatey RN B0 SRR S Landad A dpig ponveyor 26

at step a sensor Tnot™ a ba ter %cated on
t he coppeyake250ft whigp a0éetaifledt de§qrc¢pt1tomevdrl4huhag amlrasmm M is

causedy} ondebyerahcs! €8 $94urdnd beedisaagyr b3 detects whether or not a
“battery B is loaded on the“conveyor 25 at step 108. If it is, the unit is

returned to system standby state at a state that the operation of the
drivi nghgeasatMl Whikseleaderad Haithion altateel@Sst@n tdt@armddier hand,

uhen, oS BRLLSTY By 3h5oASY, 2oL RONKY b eChRL dRl el bether of
rel easbagteernd Esaflostied ¢h0thaendomtveryort 26s,(sttep W) .exddutigs ishe o
batteryse, the dr1v1ng means M4, M5, Mé is caused to drive (step ‘e
- 103), and b4 detects agaln whether or not a battery B is -
loaded on the conveyor, 26 (step_lo4). If it is, the dr1v1ng |
means M4, M5, M6 is causéd to stop (step'lOS),'and.the unit 6
is returned to the syétem standby state.. When a battery B is
loaded on the conveyor 26 at step 102, a sensor b3 detects
whether or not a battery B is located on the conveyor 25 at
step 106. If 1t is not, the driving means M4, M5 is caused to
drive at step 107, and then sensor b3 detects whether or not a
battery B is loaded on the conveyor 25 at step 108. If it is,
the unit is returned to system standby state at a state thqt-
the operation of the driving means M4, MS is-tendered to stop ,
at step 109. _ ' - _ W

On the other hand, when a battery B is loaded'on the conveyor
25, sensor bl;detgcts whether br_not the automatic guided
vehicle 1 has reached the battery mounting and reléasing méans_
E at step 110, and whén it is, the unit executes the battery
releasing operation as follows at step 11l. That 1is to say,
after moving the'hook 9 forward by'operating-the rodless .
cylindér'B(-then raising the raising and lowering piate 11 by
operating the air'pressufe cylindér 10. In this state the
hook 9 is located on the coupling means H of the battery B



rel easirtg operation as follows at step 111. That is to.Say, after noving
the hook 9 forward by operating the rodl ess cylinder 8, then raising the
taising and |l owering plate 11 by operating.the air pressure cylinder 10.
In this state the hook 9 is |ocated o the coupling nmeans H of the battery
B - 7 - nounted to the automatic guided vehicle 10; when the air
pressure cylinder 10 is drjven_and the. rajsjng,and,l owerin late 11 is
raised,. énH6%£ EPiEﬁﬁoﬁktﬁm?Bl?h%ut§ﬁ§|Yﬁ lﬁégngoﬂ.wsﬁgngpﬁeaﬁ5ok.9 i s
moved baguesshitby opkiadenglohisrddiess epdi hber r8iatinghaadsfawerinkge
battery awg. : n.a.pahl : gca rth [ s :provided at
the bott'%ioeg?ﬁg g%?ﬁg%%%ééiggﬁghﬁﬂg a%%e?%gg?aaténgg%hggﬁg?éﬁﬁoﬁeggg be
carried dit. The battery B drawn out by the hook 9 is laid on-the conveyor
12 nmounted on both sides of the rodless cylinder 8 Wen this state is
detected by a |limt swtch LML at step 112, after Iomering t he raising and
'IOmerirm)WﬂQﬂe$hﬂ.¥®°5p%rb§iﬁ@VFﬂebéFﬁwﬁF@sgﬁr8p€§FFﬁ88rF £h&CF38F8t i on of
the air piesd&r cyl 4BdenidOstatat oppedbasdetteBdbevbngsnEaaenShuits driven

the movi T 2 ee bl e8FboB St FBRed: BRo*Fi Br PYAAPRACL FBS, SOBROR: oBtep
114, aftetharcasegcohbailningngheehattékytBe dr smooghnmeaesaSibns canopeed,
and ther eby 116 CORY Y Ornd 3phEtEAYSEYat QuAPELR! By2knd! BBoA'S is 1aid on
| - the conveYor 12 mounted on both sides of the rodless cylinder
A 8. _ ' | o T ' | '
When this state is'defected'by a limit switch LM1 at step 112,
after lowering the raising and lowering plate 11 by operating
the air pressure cylinder, thé'bpefation of the air pressure
cylinder 10 is=Stopped and the-driving_meéns SM is driven at
step 113. '

When the conveyot 12 is dperated by the driving means SM and
the moving of the battery B switches the limit switch LM2 to
ON at step 114, after driving the driving means M, the driving
means SM is stopped, and théreby'the conveyor 13 is caused to
operate at step 115. ' '

When the battery B moving along the conveyor 13 switches the
limit switch LM3 to ON at step ll6, after fUrning-the driving
means M1 to ON .in normal direction, the driving-means M is
stopped and the battery B is moved via the conveyor 14 at step
117. ' ' '

" When the movement of the battery'B is confirmed by the limit
switch LM4 at step 118, the operation of the driving means M1
is stopped at step 119, the unit checks whether or not to do
the recharge of the béttery B on the conveyor 14 at step 120.



V\hen t he battery B novi ng aI ong the conveyor ‘13 switches the limt sw-fch-
LM3-to ON at step 116, after turning the driving means ML to ON i n nornal
direction, the driving nmeans Mis sto%ped and the battery B is noved via.
the conveyor 14 at step 117. * \en t he ‘noverment of. the battery B is
confirnmed by the limt swtch LM4 at step 118, the operation of the driving

reans Mhds 5% ORPothio LR, iflen | DR UBLL  EhECKSaHDSIET BT 1000 00 Lhe

recharge of the battery B e conveyor ten it
i s i AN tAfersEIR 1 vi FRE rRakke L, Bml‘sl’éhd%ﬁnabYohbe at step 121,

o bagormedd S i e et e By, Che. L £ gl T Lot obserdo -
an n ion is ecte he Tmt switch .

t hen tﬁ§!§§;%§%§é19ﬁ Yqﬁathmtﬁn@ hgéﬁ st afpStee LedppEheBndbene system

retur n@q_betx(attﬂm s tieme sdeindhyg shedes atl step, 128. sYBppedt aha enefirmed t hflt
h riylo riyven r te in norma

(rj?(r:eg'[% t%qﬁfﬁrgef-tér gfhs?ng‘y %“n%€\£$?$g f)?gg g Hngé ‘upwardly by

t he ball screm/19 while enpty at. step 124, when the I|n1t switch LM

det ect it ¢ he r@dﬂpﬂn@aﬁdtﬂwefé@g P&fﬁ& 20 n%ésg%géet @Lgoa?xes?n © an

end at step 125, the operation o drivin ppeéd~“so as to
make pr&FESatto ri%(9Rﬁ%qﬂk§ﬁwtQﬁ?tetﬁﬂtQQEm chhrgetiiennpbetbhy ghestep

126. Theidiing rahdrelswe Mhd Sp Mt/ ero i 1s Nesvad @'ﬂ’“falf’”b?hghéﬁgﬁ%ggeﬁﬂgr

with o SerRE i ath (N ol AlGedien e Pimst suteh ra

detects that the raising and lowering plate 20 is completely
moved to an end at step 125, the operation of the driving

means M3 is stopped so as_totmake preparation to withdraw the'_
battery B charged completely at step 126. '

_q

The driving means M2-is driven in normal direetion the raisihg
and lowering plate 15 is raised, so that the hattery B is
lifted up together with a state that said battery B is loaded
on the conveyor 14 as it is at step 127.

Whén'the conveyor 14 is raised and its horizontal position
becomes matched to that of the conveyor 24, this is detected
by the limit switch LMS at Step 128. " According to this, the
operation of the driving means M2-is stopped and subsequently 7/
the driving means M1 rotates in reverse direction, so that the
conveyor 14 is moved reversely at step 129.

When the battery B is moved backwards in response to the
reverse movement'of.the'conveyor-lq and the limit switch LM6
is connected at step 130, after making the-driving means M4,
M5, M6 operéte at“once_and-making the conveyors 24, 25, 26 to
move subsequently, the operation of the‘driving means M1l is
" stopped so stopplng the reverse rotation of the conveyor 14 at
step 131.



on’t'he *conveyor 14 as it is at step 127. Wen t he conveyor 14 is raised and
its horizontal position becones nmatchgd to that-of the conveyor 24, this is
detected by thelinmit switch LM at - steg 128. Accordlng to this, the
operation of the dr|V|ng means M2 i s Stopped and subsequent!y the driving:
means ML rotates in reverse direction, so that t he cOnveyor 14 is noved
reversel y,a e s | onse to
t he reve'ir(ts-'ehrlrsg Rom%%t V\QE,'; %%%\%3’%&% dn theete s% h r}_tl\}B{q%P '
connectebahtesﬁég §3GH sheegimgkiarg diekedtied Mylhﬂ§u§aw$0ﬂwb4IW$(§n£§ue at
once a”dlﬁﬁiﬂ fdet E?l%%\jﬂb@r %h@dr%@m%‘SnIe%n@‘m squ,fgse%geqtg ystéﬂ?ed -

operation o he driving . nmeans M i s stopped so stop I ng the reverse -
rotatloncéFstﬁg EBﬁv@?HmeﬁtansFQG FIRVEYOrs @4, A5+ H% Ghohststanred
conveyor gt24tep5133¢ are noved unti|l ‘the batteries B in charging are
‘detected by the sensor b4 at step 132, the driving of the driving neans M,
Mb, Mo is stopped causing the novenent of the conveyors 24, 25, 26 to be -
st opped @ah shepotBar @antihe whiehet hieawghe nattdornt e dpher atdionimf mdensiMyVi ng
means ML. LS d, L.ng e 4 o driving

t he drlv%% t%gggégﬁéﬁ mﬁ%ﬁ F?% f%?@%%%%réé gFR' fgﬁwﬂﬁﬂén the- state that
t he: conv@yéVlEQ Saend raviag a@WMWaWwasdhagaﬂsqﬁsznoqat;qnnﬁ;rﬂ#q&ontal -
level asishe gaBYeYOe b3ace deleCiod Rores dr M4 peiiddhdMh dowrhedrdsS,

“the dr|V|ng means M2 i s nade to stop at step 136.
as to be at the same horizontal level as the conveyor 13 is

' detected by the limit switch LM4 at step 135, the driving
means M2 is made to stop at step 136.

N
When the battery B is locatedlen.the conveyor 26, the'charginp
socket 21 i% raised by driving the air-pfessurédchinder'ZZ at
step 137. The unit confirms whether or not the ehargiﬁg_

. socket 21 is lifted up and contacted to the'contacting ,
terminal L of the battery B at step 138, and if it is,'the
operation of the air pressure cylinder 22 is stopped at step
139. This state is the state of charging the battery B, of
wh1ch the method is the same as the usual charglng method, at
step 140 '

N ‘The unit conflrms whether or not the charging of the battery B
is completed at step 141, and, 1f it is completed the
charglng socket 21 is lowered by dr1v1ng the air pressure
cyllnder 22 at step 142, completlon of the 1ower;ng is
eonfirmed at step 143, and the'dperation bf'the air pressure'
cylinder 22 is stopped at step'144. ‘In the case'that there
are a'namber of batteries B to be charged so'that the
batteries B are charged at theféonveyors'24; 25, the method is
carried out by a method as juSt'deseribed. -

When the charging is completed on the conveyor 26 and the air
‘pressure cylinder 22 is lowered, the driving means M6 is caused



VWhen the battery B is |located on the conveyor 26, the charging socket 2% is,
rai sed by driving the air pressure cylinder 22 at step 137. The unit, ’
confirms whether or not the-charging 3@cket 21 is lifted up and contacted
to the contacting termnal L of the battery B at step 138, and if it is,
the operation of the air pressure cylinder 22 is stopped at step 139. This
state isotbpesattewdthchargiaig rofra thait,eandd,thef drhiiviing lreearet I8Mliss t he

sane ascf#??e 598' 8@??%“%@% Qde tesfto%l%t]:]%‘?x Ebgtéé'l{ %'Ha{r& ther

or not the battery i.$ conpl et’e
is conph e@@dthﬁhéot}ﬁsn’gifnéss@@k@? £¥ ans flegimade & D\t he |QﬂfW@YtChe 14 raipr essur e ..

cylindege@g lisst epnda2 th@O'EBthb'rQn soflst f&dﬂ\&fém trafsHd B & Al €p
143, and the o eratlgﬁ of .the air ﬁssure linder 22 is stopped at step

144. |FORV8YRLsé?t B FHéF€h§Feté‘en Hh N & B5P v ehdted so
t hat t h@pbﬁﬁtﬁbhEBthhéEd&ﬁ&ﬁQ@d metantshsmcim/eywlﬁpeﬁél andb tHémiﬁthﬁ;d is

carried_out d_as,j.u C d argl ted
on the r&%ﬁf)ﬁyo éqgvteﬁe tjgl rtc’;t):glgcs%slI;jJr]'te%:%cyIe\(yég:rg Q:%tan: 1%0Wet edssc rerll:)‘ld7(ra| Vi ng
means Mo is caused - 10.- to operate with nornal rotation, and the

dri vi ngsirﬁ@esaﬁwlthiscaus@qtt P Ry L7 UETRRAURONd G SRR the

‘battery B_on the _conveyor be transferred t'o-the conveyor 12 at_Sstep

145. V@RA {AUCEAPZeP)aBe; roerﬁplté‘leell)p‘ierrdﬁg SR o WHE R orivesprsed and
swi-tchegptBe kbpl En8WblyC ol 1dhgs bap t1:1436,n1.iﬂ1&710ﬂﬁrtﬁie Gala ddvaewy i ng
Teans SﬁgkﬁeEBSBﬁed an h%h%t%%EVI%%t the - raising and lowering plate
20 begins to move downwardly accordlng to thelball screw 19 -
being reversely rotated by the'driving means M3 When tne | |
raising and lowerlng plate 20 is completely moved downwards,
and turns the limit sw1tch ON at step 148, the operatlon of

the dr1v1ng means M3 is stopped at step l49.

After lowering the battery B, the air- pressure cylinder 10 is
driven and the ralslng and lowering plate ll 1s raised at step
150, and then a duration (3 seconds) 1s_awa;ted so that the
raising'and lowering plate 11 is completely raised'at step 151.
When the raising and lowering plate 11 is'completely raised,
and the hook 9 is hooked to the coupllng means H of the
battery B, the rodless cyllnder 8 is drlven and the hook 9 is
caused to push the battery B at step 152, and the unit waits
during mountlng (5 seconds) of the battery B to the automatic
guided vehicle 1 at_step 153. |

When'the battery B is mounted to the antOmatic guided vehicle
1, the rodless cylinder 8 is caused to Stop'and to move back
at step 154)'driving the air pressure cylinder 10 so as to
lower the raising and lowering plate 11 at.step 155.



. . bad

means '"MB is driven to rotate with reverse rotation at step 147. Since at
this nmonment -the conveyor 12 is located at the raising and lowering plate 20
of the |owering means P which is raised up to top end by coupling of the '
nut with the ball screw it correspordsx e the state that the raising and

| owering plate 20 begins to nove downwardly according to the ball screw 19
being reversely rotated by the driving neans ‘M3. Wen the raising and
lowering plate 20 is conpletely nmoved downwards, and turns the limt switch

ON at steprréld, ddie RSO féé}%%%l\e N4, TRANS M | BatkARpedy at _step

149. After, lowering, the batter e alr ressure cyl i'nde OIS aFlven
and the rlé'}%??ﬁedanﬂnFeméh%gjiﬁl‘été 1£9 sth%ﬁ steabasteyyl sxchange héa a
duration (atisiepeedls) is awaited so that the raising and |owering.plate 11
is conpletely raised at step 151. Wen the raising and lowering plate 11 is
conpl etel y-rai sed, and the hook 9 is ‘hooked to the coupling neans H of the"
battery B, the rodI ess cylinder 8 is driven and the hook 9 is caused to

push the batKwesy Bna&uﬁéxﬁ@ti52baﬂﬂdrirh§x©l‘iahgi\ﬁht§y§|’ééﬂnnﬁs”8ké§§:'r'i%eﬁ5
seconds) of_.t he b%éter%('B Lfma{:% 8UI ded.vehicle_1 at 53.
Wien the bAHEFS HHES u?‘n‘t1 %ut BfefY T oot de aE‘éﬁ?cF@“@’-tt‘ﬁ‘é ot
rodl ess cylhh&:lebaﬁ‘telsycmedhangss oqmtanebcd:bam)@e backsat tEaepthddyvadiovsng

the air %Egi&@y%yﬂ% 3D18fs 3 d O %ngeg%ﬁ%aléfé{g @QQr{eowgggtp' ate

11 at step connectl n ery B
Lare i nsert é@VaRAIhERAkEkEDS %*érl#%‘mréﬁhbsbﬁmélyf%haﬂg@ ascacanegéar

W, the manufacturlng cost is. decreased



- Thus, an automatic battery exchangi ng system as déécri bed above detect S, -

automatically the over discharged condition of the battery and charges and
exchanges it, so that the various conventional pro ; d,

al so, there is the advantage that thel8tructure is sj | £ n ' -
accordingly the manufacturing cost is decreased. ﬂ “ ll[ E 1“1)1’_11111-
11111 12111 11-1111 CLAIMS: 1. A conputer-control ry s hattery

exchangiﬁ&5§¥§ﬁenyfor'exchanging a discharged battery of an automatic

guided vehicle with.a charged-battery, which automatic battery charging

system conprises: first neans- for unloading the discharged battery from

t he automati c gui ded vehicle and | oading the charged battery in.the -

aut omat i @ vgui ded cmtputiex-contrbIledt avhomatdopr bettgryngagichpmetms f or

engagi n ti 0, e a4 I Lo
9ag1 N9 a<kan' |fH} éx&ﬂ&n@fﬁ% hY AUCHAESURE %ﬁéy@:;ﬁl g?e% YR 1

cause the“engagi ng neans t0 be noved reciprocall _ plane so as to |oad
and - unl oggided byehdcle aWdtheafs Frrged sivrEEsEY 1 otich sutPratekating

el ement ﬁat%&'rszocﬁfa&@%gt.f%d%eane:&ipﬂwrent of the engagi ng neans so as
to cause it. t0 engage or disengage said portion of the battery; second

" means, associated wth said first nmeans for chargi ng the. discharged

battery; thirdire&nandans-t fanshaloaddnghehehad jechaegéedr pattery from
' ‘the automatic guided vehicle and loading the charged
battery in the  automatic guided vehicle, said first
meahs comprising ehgaging means for engaging a éqrtion
of the battery. and an operating element mounted to
cause the engaging'means to be moved reciprdcilly in a-
plane so” as to load and unload the battery, and means
for raising and lowering said'operatiné element so as
to change the'plane of movement of-the engaging means
so - as to cause it to engage or disengage éaid'portidn
of the battery; -

second means,  associated ‘with said first means for
charging the discharged battery;

third means for transferring the charged -battery' to
said first means for loading in the automatic guided R

vehicle; and

a control unit for. controlling the execution of said
first means, said second means, and said third means.

2. A computer—conﬁrolled automatic battery exchanging
system as claimed in claim 1, in which said én§aging means
comprises a hook andl said operating element comprises a
rodless cylinder, said hook being mounted to and movable

with said rodless cylinder.



~sai'd fiYst nmeans for | oading in-the aut omati ¢ gui ded ve rof
unit for controlling the execution of said first neans, mm"%a ,’!’ﬁm

and said third means. 2. =~ A conputer-controlled autonuti €

exchangi ng system as -clainmed in claimdid, Ln which: sai d engagi ng neans
conprises a hook and said operating el enent conprises ‘a rodless cylinder,
sai d hook being nounted to and novable with said rodl ess cylinder. - 13
- 3. A 300”pﬂtercdiri§1£€é¥-1@5ht19é!iﬁﬁit'&ut&@étﬁéy b&¥ERAHyI %c‘hz'?%%

claimed in claiml:0r_2, furfher co rising fourth nmeans fo tenrgnlng

whet her tﬁXSH?E‘ChQFgeﬁlﬁé’P?‘éry’-‘&ar‘F edhaPfed? 4 further comprising

conput er - goutthl mednsalf@imedé terii18g ywherhaanghagdd gehamgad Qia?dtl‘éig{ -
1.t 3,. wherein said third nmeans .conprises a threaded rod

any one of _cl
turned byc?ﬂeg?ggnggﬁggé a driving neans and a plate coupled to said

threaded rod.. 5. = A conputer-controlled automatic " battery exchanglhg
~ system ag clgi ngd’ce}%&}{tefoﬁqcé?ﬂ &ﬁ@éﬂ&tl&meﬁ tEergheer)%h%r%ﬂ?a
| oweri ng neans rises al'r pressure, cyl |n

of cont$ﬁ$t?ﬁga5aﬁ1§%m§9ﬂﬁﬂ(?nYtﬁﬂQ69§ ele@imfgl nfosy st whersipy isdisy t he
steps of ! tHeQChieAs! ROMPETUY & FhPdEEEerod Bubpblepy &hel R HaHiRn of a.

e o gy Lol BN Gk BT I L L U L !

5. A _computerecontrolled' automatic battery -eXchanqing

A system as claimed in any preceding claim, wherein the
raising and lowering means ~comprises an air pressure
cylinder. ' ' ' B
6. A method - of controlling an'”'automatic'_ battery

exchanging syStem comprising the steps of: -

detecting the presence or absence of a battery at the
inlet of a recharging station; '

unloading_the battery from an automatic guided vehicle;

conveying the battery to a liftihg_means at a lower
position of the charging station; '

raising a lifting plate;With the'battery'thereon to a
raised position to allgn the battery with raised
charging station conveyors, '

driving the charging station conveyors to move
horizontally, and checking for the presence or absence
of the battery on the charging station conveyors:
11ft1ng a charglng socket into: contact w1th a jack of
the battery and charging the battery,



convey-h‘rg—t—he—ba{—ter—)#-to alifting neans at a -ower position of the - , c s
charéinﬂ station; raising a lifting plate wwth the battery thereon to a .

rais Hmllﬂlmmm align the battery ~with raised charging station
. conv fIn he charging sta#ion conveyors to nove

_horizontally,"ana checking for the presence or absence of the battery on _
the charging station conveyors; lifting a charging socket into contact with

a jack of ‘the battery and chargi ng the battery, - 14 - lowering a

further plate Mdring Dathetdethplees wothA kavebadwiry thdfediershar gi ng
station; and renovi nL? the ba%;ﬁ%/ from the further dpI ate and | oading
the charged b&EFY FIFIHECAL CRATHRE VI RN An aut omati c

battery exchange systemhaving a control unit for.perfdrning automati.c

battery excharl%%&yi ?.n?%gf._{)%gtgg | opi.pg StQRS: fg{itt‘iféxl ng%%%eprgﬁgnce or_'

absence of a battery % e infet of a rechargin at1 on; adi ng the
battery from drafdingathe gehapged cPaditerycoleyinly) ansopatier ygubded
lifting nmeansapa:1®Wer position of the charging station; raising a
lifting plate wth the battery thereon to a raised position to align
the battery with raised charging station conveyors; o

7. An automatic battery exchange system having a. control

unit for performihg automatic battery exchange by means of

the following steps:

detecting the presence or absence of albéttéry at the

inlet of a recharging station;

.unioading;the battery from an aufbmatic'guided vehicle;

conveying the battery to aflifting means at a lower
position of the charging station; ' '

raising a lifting plate with the battery thereon to a
raised position to align the battery with raised.
charging station conveyors; '

driving the charging 'station 'cohveyors to move .
horizontally, and checking for the presence or absence
of the battery'on the charginq station_cqnveyors;

-1lifting a charging socket intb contact with a jack of
the battery and charging the battery; '

lowering a further platé with the'battery.thereon to a
lower position of the charging station; and -

removing the  battery froﬁ. the further plate  and _
‘loading the charged battery in the automatic guided e
- vehicle. ' ' ' o



‘drivi'ng“*the charging station: conveyors to nove honWy,and\
checking for the presence or absence of .the battery on th ion .
conveyors; lifting a charging. socket into contact with a ﬂmm my!m’
battery and charging the battery; |oweldbng a further plate ch

thereon to a | ower position of the charging station; and renmoving the
battery from the further plate and |oading the charged battery in the
aut omati ¢ gui ded vehicle. 8. A conputer-controlled automatic -

battery gxchangi 'Ebﬁ%o &mcéﬁ@féfﬂéaa' hﬁtaﬁalegee' B4R begi\am%

reference to and as wn j n.t he acconpanying draw ngs. as
claimed PYSERH/msupst %Ml%l9erﬁénhéFEFﬁle@sUr%tB‘eG'eﬁﬂlﬁﬂcﬁ ek@rence

to the aegoaRARHoMh drBWHY cckhparimpidadingdattery exchange system
as claimed in claim7, substantially as herein descrl bed with reference to

t he acconpanyi ng draw ngs. . :
9. . A method as claimed in claim &6, substantlally as

herein described with . reference to the accompanying

drawings. ) o : _ - '

10. An automatic battery'. exchange .system as claimed in

claim 7, substantially as herein described with 're_ferenée _
U to the accompanying drawings. ' - '




