1 TITLE OF THE | NVENTI ON DRI VE APPARATUS OF ELEVATOR APPARATUS FI ELD
OF THE | NVENTI ON The present invention relates to an el evator
apparatus 5 which is installed in a building and carries passengers
and goods, and particularly to a drive apparatus of an el evator
apparatus including a charge/di scharge device for controlling the

char ge/ dT &R JeFoTHE ENVENTEO: or age devi ce such as a storage

battery or a capacitor connected to a hoisting rotator 10 of an
el evat or DR BACKIGREARET (CF JHELBRANTHR GNPPARATUS I n an el evat or appar at us
including an electric storage device, in general, power stored in an

el ectri cFrsRumoerFrdaHE eTHiYENTHORChar ged and supplied to a hoisting
rotator during power running (e.g., an operating state of lifting an

el evat or car) qanc RAeK: 9RDERAEEH by14hes hal Si BYeLALALO5, %ér&@@é ged
to the electric storage device during regeneratlve runnlng e.g., an

oper %tl n lct, t:I_eS Ofnstovﬂ IC? t he %l Fi\(/jatnor a%%r arrl ghg n _‘C‘gl gltl
rotator Tunctions as andarso ds genera Rd 9%

foll owi n cription be made on a hoistin . In the
elevatoﬁgﬁﬁgé p%?ﬁ%?ﬂﬁ%ﬁ%%quni<ﬁrH¥ﬁ §P§a5gF8§e°éoﬁﬂe%%%ﬂaF%rthe
elevator car to lift and lower the elevator car. This hoistin? system
i ncl udesPRPAF UM S yoCdmddng a dheges/dd sohaggst éayice for controlling

the charge/discharge of an electric storage device such as a
storage battery or a capacitor connected to a hoisting rotator

10 of an elevator.

BACKGROUND OF THE INVENTION
In an elevator apparatus including an electric storage
device, in general, power stored in an electric storage device
15 1is discharged and supplied to a hoisting rotator during power
running (e.g., an operating state of 1ifting an elevator car),
and power generated by the hoisting rotator is charged to the
electric storage device during regenerative running {e.g., an
operating state of lowering the elevator car). Thus, the
20 hoisting rotator functions as a motor and also as a generator,
and the following description will be made on a hoisting motor.
In the elevator apparatus, the hoisting motor hoists a
rope connected to the elevator car to lift and lower the elevator
car. Thishoistingsystemincludes a drumsystemanda traction

25 system.



2 In the drum system the hoisting notor lifts and |owers the
el evator car, with a rope being wound,on the drum In the traction
system the elevator car and a bal ance wei ght are used, and the
hoisting notor lifts and |lowers the elevator car and 5 the bal ance
wei ght, utilizing the bal ance. The above-descri bed

char ge/ di schar¥je téentroin a¥stem, dlecheiistdnorageodeliites apgl Lesersd
the drum system and differs slightly fromthat of the traction
system dbe eelspedidi cald,yyith & hepker het ngnweysd em thypidcahl y ITnhehe
ascent of the elevator 10 car carrying a rated nunber of passengers

and the deseenén efystthe, elieyal efra€al A &XERALADaPAES FeAGe S a68d,
| ar ge Ioads on the hoisting notor. Accordi ngly, discharge

control %p@}{é e %%D%%tort ﬁgf%Fesﬁa' ;Eoﬁé % ag6 %%vfaeco%uee&' 834

power to the hoisting tor 15 at least In t e ascent of the el evator

car carr t ed nunb r assenger s .an n the descent of the
eIev%torycagb%%?ﬁg?nﬁeﬁ gass hg%%%nggﬁv?ﬁ%?gan?els needl ess to say

t hat dlscharge mg erformed during, ot her operations. Further,
in charging, e{}é‘? REFHE S 1SR Bt/ TR T 1380 O]ofoﬁ Hee

el ectric storage device and the state of Romer generated by the
hoi st i ngeh®tbrlc pdwaadiesdeibs g edrld sshieo ehecdryre systEagaadediigéers
accordingly. Japanese Unexam ned Patent Publication No.
2001- 26124601 Pay é€nforDobairerft ti¢ tardtiapaseseetneXtnianegePatféntlly,
Publ i cation 25 No. 2001-187677 (Patent Docunent 2) disclose el evator
3 in the traction system, typically the ascent of the elevator
10 car carrying a rated number of passengers and the descent of
the elevator car carrying no passengers place large loads on
the hoisting motor.
Accordingly, discharge control is performed so that the
electric storage device supplies power to the hoisting motor
15 at least in the ascent of the elevator car carrying a rated
number of passengers and in the descent of the elevator car
carrying no passengers. Further, it is needless to say that
discharge might be performed during other operations.
Further, in charging, by determining the state of charge
20 (SOC) of the electric storage device and the state of power
generatedby the hoistingmotor, power is charged totheelectric
storage device accordingly.
Japanese Unexamined Patent Publication No. 2001-261246

(Patent Document 1) and Japanese Unexamined Patent Publicaticon

25 No. 2001-187677 (Patent Document 2) disclose elevator



apparatuses including such an electric storage device. Pat ent
Docunment 1 proposes a control techniqye of permtting the
charge/ di scharge of the electric storage device and prohibiting

di scharge or charge in accordance with the 5 operating state of the
el evat or appar at us. Pat ent Docunent 2 proposes a sw tching
control 2epaniuscdfinepedingpgsachragutbecipiervidragsodien c¢dseconds)
the operation of turning on switching elenents in the

char ge/ di schargetatevi becwansht ur ndngoadd s thecevid tahi treghed ieymntat 10
after supplying predeterm ned power during power running to adjust

the ratigebet veefg ROWEESa f§ MY Bs BRYESe DHPPhY caBdihe £l @eidd geslioEage
device to the hoisting notor. wever, in the techniques

d i bed.j it ghi
escri e&'m'.i“pfﬁ%ﬁ%t%ﬁ%”&?%lﬁ%%%ﬁpggz%%’? esﬂt%@é@ﬂdﬂ@é’mw £h the

constituting t rge e performa swtching
operation_at_a.constant freguency, For exanple in Patent
poourtent c2o 7 hHATCRGTHS of Char LeBREP R TR T he yat e of a

charge/ di scharge control circuit is turned on at intervals of 50
ni croseconds t70? s DPEUBRSEHAPEEPO6 e E R PERTL ChABmM PR YELERRERER e
circuit. Further, in terns of |oads on the hoisting notor,

despite ®herepe¢fbirpceti negisahatgeereadet (P¢ mhergyepardekentie gh and
| ow | oads, the switching elenents performthe sw tching operation at
t he constpatatiegueficyunnihgubndsst togimghe hgnbt betmeeme t he hi gh and
low loads . In this case, power is controlled 4
charge/discharge device and turning off the switching elements
10 after supplying predetermined power during power running to
adjust the ratio between powers from a power supply and the
electric storage device to the hoisting motor.

However, in the techniques described in Patent Documents
1 and 2, the switching elements constituting the

15 charge/discharge device perform a switching operation at a
constant frequency.

For example in Patent Document 2, in a charge/discharge
operation, the gate of a charge/discharge contrel circuit is
turned on at intervals of 50 microseconds to measure discharge

20 current from a charge/discharge circuit.

Further, in terms of loads on the hoisting motor, despite
the difference in discharged electric energy between high and
low loads, the switching elements perform the switching

operation at the constant frequency without distinguishing

25 Dbetweenthehighandlowloads. Inthiscase, poweriscontrolled



by the so-called duty control for varying a switch-on tine.

Further, as to a state of not perfornyng charge/discharge, in Patent
Docunent 1, when the input voltage of an inverter becones a voltage
command val ue, the switching operation is 5 performed so that the on
time and off tine of two transistors becone equal, thereby preventing
char ge/ db%clhize geo-Thleved ghily tdventswlt deimg agpengt RoAwils cpephok id-
even at the tine of no charge/discharge. Thus, in the related art,
there is a prablerhdhatsevensiftav firvt penfonfiitouhbkogd/dt sobarge,
charge/ di scharge, the switching is perforned at the constant

frequencyn apyh e S ikdn i f REGUERGE et veartbhel bedansontBatethe
switching elenents are operated nore than necessary, which reduces

the |if ' ' Furt her, <a; >ami gala]l of
15 causi ng Peer | ea AP R ol e s T BRI R 5T O
effect. It is,an object af. the present.invention_to provide a
char gei REEFAFEET i 08 toP PGl GRRBBEr SIS That S kheRAFRERr S
the longevity of switching elenents in the 20 charge/ di scharge device
for com:?ﬁ?m%ﬁqPﬁér&mﬁiégﬂpgﬁﬁﬁPﬁéHBFQ%¥§949ﬁ§QQ?%%%raEEeH%§PE%f
connected to a hoisting notor. SUMVARY OF THE | NVENTI ON A
drive appae a3wistolling epenatiorn dpareatisreat @vdimgtt ¢hestine of no
invention includes a rotator drive circuit which drives 5 a hoisting

rotator ¢lesryefdlinghangel owering an el evator car as well as having a
power generation capability, an electric storage device which

suppl i es powerrigs t higy RdieStengteat akel eRdrstDs es RIMlerdeRaEaken by
the hoisting rotator, and a
10 at the time of low load or no charge/discharge, the switching
is performed at the constant frequency and the switching
frequency is not controlled, so that the switching elements
are operated more than necessary, which reduces the life of
the switching elements. Further, a concomitant problem of
15 causing power loss in the charge/discharge device occurs as
a side effect.
It i1s an object of the present invention to provide a
charge/discharge device of an elevator apparatus that can
maintain the longevity of switching elements in the

20 charge/discharge device for controlling the charge/discharge

of an electric storage device connected to a heisting motor.

SUMMARY OF THE INVENTION
A drive apparatus of an elevator apparatus according to

25 the invention includes a rotator drive circuit which drives



5 charge/ di scharge devi ce which di scharges power fromthe electric
storage device to the hoisting rotatog and charges power generated by
the hoisting rotator to the electric storage device. The

char ge/ di scharge device includes a switching unit which perforns
charge or discharge by a switching operation 10 of a sw tching

el ement priovi eebnd nr et eharae/1difcngr gaddevivea iagdaa elevator car
charge/ di scharge control unit which decreases a switching frequency
of the sastwdli hgaehaventy arpsvepsgdrier s drc iapgbdpdarat,i en aheatthe

el evator car is in a predeterm ned operating state. 15According to

the invegtbpiige i dedi SPepidc ApayatdNpolat eomMterenhaikeadgonothtor
hoi sting notor is smaller than a predeterm ned threshold or a | oad
gquantity i SSu t 1 hed t | d,
The swi 12P g TTE S HaNOE Bt SLiadsy (P o PLEHS AT iR
switching in the.charge/dischar 20 device is decreased or the

owi ¢ chi nehehat AT SR EEE USP T Honfdh B SRt Se i wo T Ty of
the switching elenments. BRI EF DESCRI. PTI ON OF THE DRAW NGS

FIG 1 i%'¢herefrepiacosgratiotist heiatdrgeraitetnar gadoshasdrte

used in an el evator apparatus according to an enbodiment 6 of the
present Powehvemgrated by the|lpigting gotharacteitnstdkegraghsshvavag
the rel ati onship between | oad and power consunption in a
tracti ond¢ypee el eltat ohaappadasoubarde&ldavizd snal hideswehar it chiow ngithe
determ nation | ogic

which performs charge or discharge by a switching operation

10 of a switching element provided in the charge/discharge device
and a charge/discharge control unit which decreases a switching
frequency of the switching element or stops the switching
operation when the elevator car is in a predetermined operating
state.

15 According to the invention, in a specific operating state
wherea loadonthehoistingmotor is smaller thanapredetermined
threshold or a load quantity of the elevator car is less than
a predetermined threshold, the switching frequency of an upper
IGBT and a lower IGBT for switching in the charge/discharge

20 device is decreasedor the switchingoperation is stopped, which

can maintain the longevity of the switching elements.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is the circuit configuration of a charge/discharge

25 device used in an elevator apparatus according to an embodiment



of charge/ di scharge necessity determ nati on neans shown in FIG 1;
FIG 4 is an explanatory diagram showgng the determnination |ogic of
t he charge/ di scharge necessity determ nation neans 10 shown in FIG
1; FIGS. SA and 5B are charts showi ng a charge/ di scharge
signal of a switching unit at the tine of a large |load on a notor of
the char@é/Ehscheegenteiitenshomh in FIG 1; FIG 6 is a chart

showi ng a charge/di scharge signal of 15 the swtching unit at the
time of a smalfIdodd a dhze amiteori safict dhreagthahgelidigstiargéatdbunskip
shown in FIG 1; FIG 7 is another chart show ng a

char ge/ dbsehesga csicdgantl pfwdheoswiihebisg inhtt @t tiyR el caassal |
| oad on the notor of the charge/di scharge device shown in FIG 1;
20FI G 83hsathengircuit configuration of the charge/discharge device
used in an el evator appar atus according to anot her enbodi nent of t he

i nvention; %n expl anat or d|a ramsh ng- t
dete%m nation qogl c oJTS é‘%c wacrhgaécltdlsglc%ar% e ﬁgcesm éPﬁ‘l %13 fL%n

means 25 GEl is the CII‘CUIt
configur@ Fg‘ﬁréffa ﬁ&ﬁ&é?ecﬁesscgr?&ryg%eB%W%%a%@amﬁﬁnéﬁhéﬂw@\ﬂé% BrG-
appar atus accordi ng to yet another enbodi nent of the invention;
FIG 11 15 a flowhart showi ng the deternination logic 5 of the
char ge/ di scharge necessity determ nation neans shown in FIG 10;
FIG. 4 isanexplanatorydiagramshowing thedetermination

logic of the charge/discharge necessity determination means

10 shown in FIG. 1;

FIGS. 5A and 5B are charts showing a charge/discharge
signal of a switching unit at the time of a large load on a
motor of the charge/discharge device shown in FIG. 1;

FIG. 6 is a chart showing a charge/discharge signal of

15 the switching unit at the time of a small locad on the motor
of the charge/discharge device shown in FIG. 1;

FIG. 7 is another chart showing a charge/discharge signal
of the switching unit at the time of a small load on the motor
of the charge/discharge device shown in FIG. 1;

20 FIG. 8 is the circuit configuration of the
charge/dischargedeviceused inanelevator apparatus according
to ancther embodiment of the invention:

FIG. 9isanexplanatorydiagramshowing the determination
logic of the charge/discharge necessity determination means

25 shown in FIG. 8;



FIG 12 is the circuit configuration of the charge/di scharge device
used in an el evator apparatus accordifg to still another enbodi nent
of the invention; 10FIG 13 is the circuit configuration of the

char ge/ di scharge device used in an el evator apparatus according to
further another enbodiment of the invention; and FIG 14 is an

expl anat ory diBlg¥am S Howi He thier et te raandEitd i oyl ©fofthene
charge/ di scharge necessity 15 determ nati on neans shown in FIG 13.
DETAI L EDcHESEERS ®PT4 N Cre @kl 1 PREFERREDa ENMBEDINENTEbparatus decerdafger,
enbodi ments of the present invention will be described in detail with

ref er enceot Pt henSECOFPRAYS MO0t 05 AW GSi nddh i fien enbodi ments of the
i nvention, the sane reference nunerals denote the sane conponents or

conponents havjfg, qquii%ageﬂowﬂgﬁ ANSow i SéheE'a%%@irgﬁg%ti% logic

FIG 1 shows a traction-type el evator apparatus accordi ng
firs% enbgdinent of Bng iqyention
0] e 1sC

the Charg arge néceggity determination means shown
in FIG. 10;

FIG. 12 is the circuit configuration of the
charge/discharge deviceused inanelevator apparatus according
to still another embodiment of the invention;

10 FIG. 13 is the circuit configuration of the
charge/discharge device used inanelevator apparatus according
to further another embodiment of the invention; and

FIG. 14 is an explanatory diagram showing the

determination logic of the charge/discharge necessity

i5 determination means shown in FIG. 13.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, embodiments of the present invention will
be described in detail with reference to the accompanying
20 drawings. In the embodiments of the invention, the same
reference numerals denote the same components or components
having equivalent functions.
First Embodiment
FIG. 1 shows atraction-type elevator apparatus according

25 to a first embodiment of the invention.



In FIG 1, the elevator apparatus basically includes an el evator car
10, a bal ance weight 11 having a wei ght balancing with the el evator
car 10, and a hoisting notor (hoisting rotator) 12 (hereinafter
sinply referred to as a notor) for lifting and 5 | owering the

el evator car 10 and the bal ance weight 11 in a well-bucket manner.
The bal ance welgiIGL11l; stheteltayatise spprohthal¥asieathy dadlyggs an
quantity of the elevator car 10 and the wei ght of the body of the

el evat oretavaidfr cHOAlOhradgilkase wadghtilohhawtiog shwedkyhenbbl escpoger
running and regenerative running is used as the notor 12 to which

pover i systipphied 0B acEOMIBILiBh hBOWRA n§RT e 1ol s D@RoBator)
converter 14, buses 15A and 158, a discharge switch 16, and an

inverterd§7hé%31 éﬁgségﬁigge smn?gﬂ tho8s Anbl %9'%9£]5%Hfﬁ and

connecte 15 an 16 and a |sc argli ng resistor
19 i ch, consunes ng.re era are npect ed.
The & schar g5 S *f*@%“ﬂ% RS il R R i
capacitor 18 exceeds a given val ue so that the di schargi ng resistor
19 consufiesit %%?etf%?n%%érvoltage protection. 20 The converter 14 is
capabl e of rectifying AC power fromthe comrercial power source 13
into DC power. Thrhéadiessigargegbivi 1t As1set S capabiwn of belAgheuraeddon
and off in accordance with the voltage between the buses 15A and 15B.
The i nverd®d duAntsitgapabties efl esatver tandgl (DENtrdme tied gbanyerither bddy
into AC 25 which is supplied to the notor 12. These constitute a

notor  9of (fRéat DEYatlbrkveagi 1ouit 20. The above configuration is well
known and therefore detailed description is omtted.

el ectyic stor %Eh%&-%ﬁagé iath & A W&@éphﬁﬁﬁﬁr&%ﬂ%‘é ;?&u%@rﬁﬁﬁ%bbed

bel ow are connected to the notor circuit 20 fo not or

and regenerative running is used as the motor 12 to which power
is supplied froma commercial power source 13 througha converter
14, buses 15A and 15B, a discharge switch 16, and an inverter
17. Between the buses 15A and 15B, a capacitor 18 is connected,

15 and the discharge switch 16 and a discharging resistor 19 which
consumes power during regenerative running are connected. The
discharge switch 16 is capable of being turned on when ther
capacitor 18 exceeds a given value so that the discharging
resistor 19 consumes power, for overvoltage protection.

20 The converter 14 is capable of rectifying AC power from
the commercial power source 13 into DC power. The discharge
switch 16 is capable of being turned on and off in accordance
with the voltage between the buses 15A and 15B. The inverter
17 is capable of converting DC from the converter 14 into AC

25 which is supplied to the motor 12. These constitute a motor



The charge/ di scharge device 22 includes a switching unit 26 conposed
of an upper I1GBT 23 and a |lower | GBT g4 which are switching el ements
for transferring power between the capacitor 18 provided in the notor
drive circuit 20 and the electric storage 10 device 21 and a coil 25
connected to the m dpoint between the upper 1GBT 23 and the | ower

| GBT 24 breilcat@hardjel o séiraugd €8nt rdhe iabeve zondl asgstden iiAgwehé
swi tching operation of the upper 1GBT 23 and the |ower | BT 24. The
coi | 25 Jrowi dedd | th¢ hef e t ddit agleahi de 26r1 st tonnect@di tsed.0 one end
of a capacitor constituting the electric storage device 21, and the
other end of tAie LAt {OrstSraneotiack (0 they emdiaigofditdiedrouer
| GBT 24. Further, an instruction for changing the swtching

oper at i ch'exg]cé hey C&@é&?@éé%@w@ gp@té&hn%%éd 200 1 5nSe 40 &0 4de

charge/ di scharge control unit 27 by charge/di scharge necessity
dete%niqg{iowa sf28.tﬂgqmghg£gfédischarge necessity determ nation
means 28 deter i hies The magni tude of a | oad on the notor 12 by

detecting, by power detection neans 29, power sent to the notor 12 or

power gener at ﬁ%?hﬁﬁge%%%h%gfﬂ%‘ﬁ&% AIROLHIRS 8ISt Brabe

device 21. 10 The operation, related to the invention, of the

char ge/ &t s ciramfes i wifcan2pepet N EBE Zbeve aohtvgurEiBH R Avvhiichbeare

described. FIG 2 shows the rel ationship between | oad and
switchingelements for transferring power between the capacitor

l18providedinthemotordrivecircuit 20 andtheelectricstorage
10 device 21 and a coil 25 connected to the midpoint between the
upper IGBT 23 and the lower IGBT 24 and a charge/discharge controel
unit 27 for controlling the switching operation of the upper
IGBT 23 and the lower IGBT 24.
The coil 25 provided in the switching unit 26 is connected
15 to one end of a capacitor constituting the electric storage
device 21, and the other end of the capacitor is connected to
the emitter of the lower IGBT 24.
Further, an instruction for changing the switching
operation of the charge/discharge control unit 27 is sent to
20 the charge/discharge control unit 27 by charge/discharge
necessity determination means 28. The charge/discharge
necessity determination means 28 determines the magnitude of
a load on the motor 12 by detecting, by power detection means
29, power sent to the motor 12 or power generated by the motor

25 12 and sent to the electric storage device 21.



power consunption of the notor in the traction system In FIG 5 2,
the horizontal axis indicates the ting, and the vertical axis

i ndi cates the power consunption. FIG 2 shows two graphs at high | oad
(solid line) and power consunption at |ow | oad (broken Iine). In the
traction system the ascent of the elevator car 10 carrying a rated
nunber of passEREREZHEId AThe Hesd@at ©f thee glwration cat yi ng no
passengers place high | oads on the hoisting notor, which increases

t he powechzomsimpdclonrod dehelat@r wilh e aidiveglepn filgutchitdostat ] it
is necessary to discharge and supply | arge power fromthe

char ge/ dbscharge bkl deviice 2%Hdowd hﬁe@é@éti—@nshi% betWderl headt Aga
hand, when the elevator car carries nore or less half of the rated

number hoilds SeRGEkD 1A ARLAIN SN, ik {ndRdANRh LDec &) evalOFrar

10 with 'small driving force due to the ance between evat or

car 10 d t,he .bal.ance 20 wei ght 11, .whi ch reduces_the,load. ..
Accogsdi ?1%1 ytl,'hef nhcflﬁjizsons ) ea,XlnE’g lpl).l(%i\]/\i/edrat(?rs gcnhﬁ %lf)ng\fve‘ra n?sth?s‘é‘ﬁﬁlt’b%%l
fromthe char,%’g{,di scharge device 22. Fromthis point of view, in this
enbodi nePLS e L5ENSS Hﬂ%@m%%aﬁ@pﬁeoam e’%Fg 2han P F wér Grarhs
the nmotor 12, and 25 based on the detection result, the

char ge/ @%M@émt fostlidifline) and power consumption at low load

(broken line).
In the traction system, the ascent of the elevator car

10 carrying a rated number of passengers and the descent of the

elevator car carrying no passengers place high lcads on the

hoisting motor, which increases the power consumption of the

motor 12. Accordingly, in this state, it is necessary to

discharge and supply large power from the charge/discharge
15 device 22 to the motor 12.

On the other hand, when the elevator car carries more
or less half of the rated number of passengers, the motor can
1lift and lower the elevator car 10 with small driving force
due to the balance between the elevator car 10 and the balance

20 weight 11, which reduces the load. Accordingly, in this state,
no power or small power is discharged from the charge/discharge
device 22.

From this point of view, in this embodiment, the power

detection means 29 detects the load state of the motor 12, and

25 based on the detection result, the charge/discharge control



unit 27 controls the switching operation of the I1GBT 23 and the | GBT
24 in the switching unit 26. FIG 3 shows the determ nation |ogic of
t he charge/ di scharge necessity determ nation neans 28. The 5
determination logic is activated with predeternmined interrupt timng.
In FIG 3, in step 550, the power P of the notor 12 is obtained from
a signal umbﬂih@o@ms detectvdicveshorexation of The geREr 2P and
corresponds to the power consunption of the notor 12. Positive power

P i ndi caties aGpDwed - innnhagssiateidd umiwh2éh current flows fromthe
inverter 17 to the notor 12, and negative power P indicates a

regenerative- remgmi Ny st@he e W €drgiid€dn f1eywse féomide notor 12
to the inverter 17 (negative power consunption signifies that the

ot or 12cH§P§é?&f§cﬂ9i“§é)ne&@é‘élt dé@efrﬁi aBPEGI RELALIOf, RS tive

15 power is defined as” power supplied e notor 12, ‘and negative

pover, |s ne wer. suppli.ed fromt Then, in
P eps sedS Bk ERalToR I 88 afcttlhveat&o%rlgﬁ R D tines ByoA B hod
shovvnln FIG 4, SeC|f|caII si nce 8urrent rovmngthrou h t he

mot or 12LFAIDPBwerltt difing i & oﬁESEi talpothn RPYeELh G o RRtornl2

regenerative running, letting the direction of the power P flow ng
from t helf mefaEred Zawn the lgpedr L1ombehpdzdtvey eledeartgerporensp2o.
i ndi cates that power flowing fromthe inverter 17 to the notor 12 is
| ar ge. The pdaed Recotrhespbads,t s ilel ppewercéhsungh ciatre® ft hae
power 25 flowing fromthe inverter 17 to the notor 12 is small or
indi cat efotd?2 12. Positive power P indicates a power-running state
10 in which current flows from the inverter 17 to the motor 12,
and negative power P indicates a regenerative-running state
in which current flows from the motor 12 to the inverter 17
(negative power consumption signifies that the motor 12
generates power). That is, in this specification, positive
15 power is defined as power supplied to the motor 12, and negative
power is defined as power supplied from the motor 12,

Then, in steps S51 and S52, the state of the power P is
determined by a method shown in FIG. 4. Specifically, since
current flowing through themotor 12 in power running is opposite

20  in direction to that in regenerative running; letting the
direction of the power P flowing from the inverter 17 to the
motor 12 be positive, large power P indicates that power flowing
from the inverter 17 to the motor 12 is large.

On the other hand, small power P indicates that power

25 flowing fromthe inverter 17 to themotor 12 issmall or indicates



negative power which is regenerated fromthe notor 12 to the inverter
17. In FIG 4, level 0 is a reversal value at which the direction of
the power is reversed. An area above the reversal value mainly

i ndi cates a discharge state, and an area 5 bel ow the reversal val ue
mai nly indicates a charge state. Accordingly, in FIG 4, if

t he poweRe®ailvedqreet o'idrchmdse regancaapedi £roe §he stotsowe? thr 88hol d
Ptl (13Pt1l), the charge/discharge control unit 27 allows a swtching
oper ati omvyerter sichar e d06.t6, aldwrlgéd Lead. ré&retdeel otdlere handhich
FIG 10 4, if the power Pis equal to or less than a negative second

power t htiesh@l g &t 2of PP 2)he t hewshal gef g sehad ge 2onirel awdive Zhe
allows a switching operation for charge due to a regenerative state.

Ref erringebagkat @G miinh ) SIER-2s Al &1 dsnaeierdrned 1pqvhetber

the power P is equal to or nore than the positive first power

mor &t hae e ok HVESFI P DR IR TR 1 odefl St

| GBBT 23 and the | GBT. 24 are switchi hg-operated for charge/discharge
control accor PHPIDTHeY 1 o Q%ﬁ'scﬁaﬂgﬁ% E0&=4t iFort Si RILA steagg).

In step S51 if it is determned that the power P is |less than the
posi ti vendie sthapowerpasiteshm| Tl Rt qdRtet>Rhrashotdept35APePtils, the
determ ned whet her the power P is equal to or less than the negative
second ponergéhdeshiok dgPtc@ntRRI2Enitf27 Bl12bwissa detigraliimedophattibe
power P is equal to or less than the
for discharge due to a large load. On the other hand, in FIG.
10 4, if the power P is equal to or less than a negative second
power threshold Pt2 (P<Pt2), the charge/discharge control unit
27 allows a switching operation for charge due to a regenerative
state.
Referring back to FIG. 3, in step S51, it is determined
15 whether the power P is equal to or more than the positive first
power threshold Ptl. If it is determined that the power P is
equal to or more than the positive first power threshold Ptl,
in step 553 the IGBT 23 and the IGBT 24 are switching-operated
for charge/discharge control according to the load (discharge
20 operation in this case).
In step 851 if it is determined that the power P is less
than the positive first power threshold Ptl {Ptl1>P), in step
552 it is determined whether the power P is equal to or less

than the negative second power threshold Pt2 {PSPtz}. If it

25 1is determined that the power P is equal to or less than the



13 negative second power threshold Pt2, in step 553 the I GBT 23 and
the | GBT 24 are switching-operated fofycharge/di scharge control
according to the |load (charge operation in this case). In step S53,
the OV OFF duty of the upper 1GBT 23 and 5 the lower 1GBT 24 is
controlled in accordance with the magnitude (absolute value ) of

char ged/ d¢gehiy getc ponkrpowsr SHgwshal FPEE, S5A aheb 583 Rdye de&Apka,

at the tinme of charging/discharging a | arge power (absolute val ue),

t he OV CERddutty TERT it uppersWiGRE 23 -andt tshed doer ch@GBfeZdissharge

i ncreased as shown in FIG 10 5A. At the tinme of charging/di scharging

a smal | pemerol apsindigy abuele 110201 NS Ee djagiewaﬁldrh@nmeg ch&BT . 23

and the lower | GBT 24 is decreased as shown in FIG B. Next ,

assume that itylssdet essn ned,d l\f;e@iﬁsolﬁg_;%{f}pft tthréeél%% ! glrszbegﬁd

t han the p03|t|ve fiTst power t 15 an et erm ned
in step ggz t hat Ls than th at.i.ye second
thr eshol Tpes e i 230k 6ont Re T RA oAy 6 BURAT G2d oy "CaBebR e
value) is veri smal |, which |ncre§ses the ratio of sw tching Ioss to
char ged/ GRREALF hR 3dnsr oyt Sha TORGY ddechazges %rgeﬁa.%w&b%
efficiency. 20 Accordingly, in step 554, the sw tching frequency of
the uppeph|GBY ZB af@rt RE2BWEY pcRTho 4 ine gdc chagednidaisRiarging
switching is stopped. FIG 6 shows a waveformin the case where the
frequency lasrgegreasedakend WcGvalushowsha @Eyerbrantyn diheheasepaher e
25 the switching is stopped. In FIG 6, control is performed so

IGBT 23 and the lower IGBT 24 is increased as shown in FIG.

10 5A. Atthetimeofcharging/dischargingasmall power (absolute
value), the ON/OFF duty of the upper IGBT 23 and the lower IGBT
24 is decreased as shown in FIG. 5B.

Next, assume that it is determined in step 551 that the
power P is less than the positive first power threshold Ptl

15 and it is determined in step S$52 that the power P is more than
the negative second power threshold Pt2. In this case, the
charged/discharged power (absolute value) is very small, which
increases the ratio of switching loss to charged/discharged
energy and thus decreases charge/discharge efficiency.

20 Accordingly, in step S54, the switching frequency of the upper
IGBT 23 and the lower IGBT 24 is decreased, or the switching
is stopped.

FIG. 6 shows a waveform in the case where the frequency

is decreased, and FIG. 7 shows a waveform in the case where

25 the switching is stopped. In FIG. 6, control is perfeormed so



14 as to shorten the conducting tinme as well as decrease the
frequency. In FIG 6, to decrease thefrequency, a sw tching period
T2 is made | onger than a switching period Tl (see FIG 5A 5B) of the
nor mal charge/ di scharge operation perforned in 5 step S53. Wen the
switching is stopped, the whole of the charge/discharge device 22 is
not stoppedio THaerien Hre hovghuehbngwiiehi ag whek aas cre@feasre the
swtching unit 26 is stopped, the operations of the other circuits in
t he charfeé¢dischar ge€nl@IdevececR2esuehsasthbef odhquaged i schatigehing
control unit 27 and a power supply (not shown) for the

char ge/ dbsehad g devingBe2Podd&r MBidt &l BREtching pedhed, Tl f(skerpawer
Pis between the positive first power threshold Ptl and the negative

second p re, v h Pt ] /'s&%@f - it R7
decr easegw'tehselat)s&\n%ts@ﬁ% glg frelqggﬁgééégglgﬁgglr%T 3 %"neld&l? er?l(%BﬁrH%&lﬁn

t he %wité:@(iangsggit 26 or stops the switching, which can
advant ageou%l y Teduce the nunber of operations of the | GBT 23 and the

| GBBT 24 and mai nt ai r]rbetehe Jonrgirevi ty of the switching elenents in the
char ge/ di scharRERFHevi e 5% ot rotIFRRA 1 He T HHIYE Risdis ge of

the electric storage device connected to the hoisting notor.
Fur t her , charge hél seheons tdaitl g 6Bl bnreft ehasPrg - potkedt lisssalahehgh
char ge/ di scharge device, since the switching frequency of the |1 GBT 23
and t he tiEBTswWi lsl e opeasdd cor offthéhe switching unit 26 is stopped,
the cperations of the other circuits in the charge/discharge
10 device 22 such as the charge/discharge control unit 27 and a
power supply {not shown) for the charge/discharge device 22
are maintained.
Thus, if the power P is between the positive first power
threshold Ptl and the negative second power threshold P2, the
15 charge/discharge control unit 27 decreases the switching
frequency of the IGRT 23 and the IGBT 24 in the switching unit
26 or stops the switching, which can advantageously reduce the
number of operations of the IGBT 23 and the IGBT 24 and maintain
the longevity of the switching elements in the charge/discharge
20 device for controlling the charge/discharge of the electric
storage device connected to the hoisting motor.
Further, for the concomitant problem of causing power
loss in the charge/discharge device, since the switching

frequency of the IGBT 23 and the IGBT 24 is decreased or the

25 switching is stopped, it can be expected to suppress extra power



25 switching is stopped, it can be expected to suppress extra power
15 | oss. Further, if for exanple the electric storage device
21 is charged nore than a predeterm ned charge anount, that is, the
necessity of charge is low or charge is not necessary, the 5

determ nation on the negative second power threshold Pt2 in step S52
may be sk¢pped. That is, if the power Pis less than the positive
first power threshold Ptl, the fl ow proceeds to step S54, where the
swi t chi ng fredqoentyenf itthéouppepmpGBTtR8 ahwlit hiec |weradeGBEvVi4ei 81
decreased or the switching is stopped. 10 Further, in the first

enbodi meng ,cHOrgoPensrd fhla@naopaedet et Had i OMsrdd driioWehakl, is,
hysteresis may be provided to the positive first threshold Ptl and

t he negagy € Rt i t in
Furthor e e e 1 rat Thrcehald ol e the pegstive 9 sazsnd

threshol d. FL 2, MRY, P&, gt & ned, Based on. powel, dyr it?&e% @At 0ng of
t he power running an regeneraqve running o twhe el evator car 16 or

power that is obtained based on contract d nd, a buil di ene
rranagene%?e@)ﬁ;iﬁﬁiayo]?et?ll‘élﬂ’ﬁ’%g' a g‘ar,taﬁsbelg YEGFETLsE hiat 3%&%%3&
el evat or apparatus. 20 Second Enbodi nent Next, a second

enmbodi meklie o g Hel Yanfdritstoromiclr] thsegasddi Bed: vt Tleepancecds FPG
8. In the first enbodinent, the load on the notor 12 is detected with

t he powestep 3dve, Miteare The whetehsnognfrhgusecygndf enmdippent I1GBAe23
swi tching frequency 25 of the swtching unit 26 is controll edbased on
the | oadagdlaMmd t.¥wer IGBT 24 is decreased or the switching is stopped.
10 Further, in the first embodiment, to cope with temporary
fluctuations in the power P, hysteresis may be provided to the
positive first threshold Ptl and the negative second threshold
Pt2 so as to avoid control hunting.
Further, thepositive first thresholdPt: andthenegative
15 second threshold Pt2 may be determined based on power during
at least one of the power running and regenerative running of
the elevator car 10 or power that is obtained based on contract
demand, a building energy management system, olr the like and
can be charged/discharged by the elevator apparatus.
20 Second Embodiment
Next, a second embodiment of the invention will be
described with reference to FIG. 8. 1In the first embodiment,
the load on the motor 12 is detected with the power of the motor

12, whereas in the second embodiment, the switching freguency

25 of the switchingunit 26 is controlled based on the load quantity



16 Wof the elevator car 10. In FIG 8, based on the |oad quantity W
obt ai ned from wei ght detection neans 30 of the elevator car 10, the
charge/ di scharge necessity determ nation neans 28 perforns 5

determ nation as shown in FIG 9 to control charge/discharge. In FIG
.9, a half load represents a state of bal ancing the el evator car 10
wi th t hé¥paf anlte eeepatctl1ceh the traction system for exanple a
state of bal ancing the bal ance weight 11 set to the sumof half the
rated | oad qualt iE3G 0f8 t leasEdevat ahecdioalll qard ti@ vyt Weotbkghedofrome
body of the elevator car 10 with the el evator car 10 | oadi ng

passengegsiyet oétgcaibntaéané bal df ttige ral edat oadegriant ) tohe
The wei ght detection neans 30 provides an output proportional to the

load quaghitye/ FUELRSE ge DY tbSs VE) Ot don fel €644 Ofe ARaNSg 30 r £d16nd Oad

gquantity may be neasured during the operation of the elevator car, or

may he neasuref, belol & d A ghevatal; car 1O 3harts aryLng LLeL LLs
ed of “the“c a?g ?i ﬁa?ge

door cl oSes. etéermmnation logic 'S¢
necessit erm nat i means 28 is simlar tq that sho in FIG 3.
The 20, pUABIOP Sred Repf AcRd NHAF G DK RBAEHTY L TaE? FLeE b aher
threshold Ptl is replaced with a first |oad threshold WI, and the
second powerld Widdheheg pedange regidrled lnit nhtlae seeasid Ao &d stieeshok d
W2. Unlike the first enbodinment, the first |oad thresholdW1 and the
second | esanp he e sdlad 2 fabzbahbpogithe dadBncal wvesghThht des; tbhehe
first load threshold W1 > the second 17
sum of half the rated load quantity of the elevator car 10 and
10 the weight of the body of the elevator car 10 with the elevator
car 10 lecading passengers weighing a total of half the rated
load gquantity.
The welght detection means 30 provides an output
proportional to the load quantity. Further, by the weight
15 detection means 30, the load quantity may be measured during
the operation of the elevator car, or may be measured before
the elevator car 10 starts moving after its door closes.
Thedeterminationlogicof thecharge/dischargenecessity
determination means 28 is similar to that shown in FIG. 3. The
20 power P is replaced with the load quantity W, the first power
threshold Ptl is replaced with a first load threshold Wtl, and
the second power threshold Pt2 is replaced with a second load
threshold Wt2. Unlike the first embodiment, the first load

thresholdWtl and the second load thresholdWt2 arebothpositive

25 wvalues. That is, the first load threshold Wtl > the second



| oad threshold W2 > 0. Accordingly, as in the first

enbodi nent, in step S51 it is determmpmed whether the |oad quantity W
is equal to or nore than the first load threshold WI. If it is
determned that 5 the |l oad quantity Wis equal to or nore than the
first load threshold WI, in step S53 the I GBT 23 and the 1 BT 24 are
swi t chi nrcapetred ¢bd €harye? di scharge control according to the | oad
(in this case, discharge operation in power running during ascent, or
char ge oper at iZmrcordiegenersat tuethaimmingy E@bddimegtdescesttdn S51 it

In step S51 if it is determined that the load quantity Wis |less than
the firsislaacdingeh@ Wty the 3680 phhiicy} & detegmnad Wiehbee

the | oad quantity Wis equal to or |ess than the second | oad

threshol gh \} 2., d ffiihfsti %ho%%f %@eg%lbh@&%w J;]Jgﬁdé ad qayantl bWk St

Qi
equal to or less than the second |oad thres W2, in step 553 the

| GBT 23 and the. | GBT 24 i t ching- ted f har gel di
cont fol SRRorIThG LB Ene) 1Bt (T 1S B3t SERE GReoRar SEi bA=tn

power running during descent, or_charge operation in regenerative
Punni ng SOFCRATHY Wokent) . STHP SPEp o8, LKL GN TFE T L ORT 141 hgper

| GBBT 23 and the lower I GBT 24 is controlled in accordance with the
magni t udevw{ e et ervak ted {qr speroedAaschsroRecabsd Litteopaidd@dotot he
di fference between the |oad quantity Wand the half |oad) of 25

char ged/ ths chaadjed. rpaners, caseshdiwmchar &é Gpe bt and 5Bpower running

during ascent, or charge operation in regenerative running
10 during descent).

In step S51 if it is determined that the load quantity
W is less than the first load threshold Wtl, in step S52 it
is determined whether the load quantity W is equal to or less
than the second load threshold Wt2. If it is determined that

15 the load quantity W is equal to or less than the second load
threshold Wt2, in step S53 the IGBT 23 and the IGBT 24 are
switching-operated for charge/discharge contreol accerding to

"the load (in this case, discharge operation in power running
during descent, or charge operation in regenerative running

20 during ascent).

In step S53, the ON/OFF duty of the upper IGBT 23 and
the lower IGBT 24 is controlled in accordance with the magnitude
(absolute value) (proportional to the absolute value of the
difference between the load gquantity W and the half load) of

25 charged/discharged power, as shown in FIGS. 5A and 5B. For



18 exanple, at the time of charging/discharging a | arge power
(absolute value), the OV OFF duty of {ghe upper | GBT 23 and the | ower
| GBBT 24 is increased as showmn in FIG 5A At the tinme of
chargi ng/ di scharging a small power (absolute value), the 5 OV OFFduty
of the upper |1 GBT 23 andthe lower I GBT 24 is decreased as shown in

FI G 5B.example Next, thesuhiethbtcheryingédesphaeding atepr@&spawen
the |l oad quantity VV|s | ess than the first load threshold W1 and it

i s det er falbhedl ite staameS52 thiea®N f OEF |chad; gatihé typpAr SGBUrE3 kd hha
the second load threshold W2. In this case, the charged/di scharged

pover (abspéttEGHYRIUL i)s IiSHicHeiakedBll snhthCini et eases tahe that £ omef
switching loss to charged/di scharged energy and thus decreases

char ge/ dbE %&ﬁ%}&fé@t@&ﬁ’%ﬁf%grﬂ%% owdk S(ta%l% I2te %Q@ug‘f“ tehing

frequency o per 15 | e 1 ower IGBT 24'|'s dééreased

e h Rl ot Bae o Pt UBpRI N 29 k8 HLLEEE 3%8??4}?28 pBeErShady

t hreshol d Wl and t he second | oad threshold W2, the charge/di scharge
control @hi#hovn gbler BXees>Bhe switching 20 frequency of the I GBT 23
and the I GBT 24 in the switching unit 26 or stops the sw tching,

whi ch can advadmzigeassiune édacelt hies Mgtsemigiedopar at eprid bfthaetheBT
23 and the 1GBT 24 and maintain the |longevity of the sw tching

el enent sloadtdqearchiarg el disstbas gehatevihee flastcoodd ciitaghdle Wtl and
charge/ di scharge of the electric 25 storage device connected to the

hoi sti ngi fotdrdetekhined in stept&8r . cHOr thikeleancondhienty i abl gaaref
causing power loss in the charge/discharge device, since the

SWi LG nehéﬁeﬂHgngé’c%dtbsa&G@Jrég na0d foe, | GRI d d Lecr agsed or

the switching 1S stopped, it can be expected to suppress extra power

charged/discharged power (absolute value) is very small, which
increases the ratio of switching loss to charged/discharged
energy and thus decreases charge/discharge efficiency.
Accordingly, in step S54, the switching frequency of the upper

15 IGBT 23 and the lower IGBT 24 is decreased as shown in FIG.
6, or the switching is stopped as shown in FIG. 7.

With this control, if the load quantity W is between the
first load threshold Wtl and the second load threshecld Wt2,
the charge/discharge control unit 27 decreases the switching

20 frequency of the IGBT 23 and the IGBT 24 in the switching unit
26 or stops the switching, which can advantageously reduce the
number of operations of the IGBT 23 and the IGBT 24 and maintain
the longevity of the switching elements in the charge/discharge
device for controlling the charge/discharge of the electric

25 storage device connected to the hoisting motor.



5| oss. Further, to cope with tenporary fluctuations in the

| oad quantity W hysteresis may be pravided to the first |oad
threshold W1 and the second |oad threshold W2 so as to avoid
control hunting. 10Further, as in the first enbodinent, the first

| oad t hreshol dW 1 andt he second | oadt hreshol dW 2 maybe det er m ned
based on powerfdirhiewy d&iol ddwt aemeFtitamd pewdd epurdi AGUEANY power
regenerative running of the elevator car 10 or power that is obtained
based onlesst imactheenwndge adbschalrgg deergy, nehagenend bl tsytstrem  or
the |i ke and can be charged/di scharged by the el evator apparat us.

Furt her, fﬁé‘%@é(ﬁéiz idg dread apani bydSeRsorGeT avd ded dek rche el evatne
car 10 can be used as the weight detection neans 30 wi thout newy

provi di n I jon+rEan i L .ogent,
whi ch ca%w%%%%?%ggo%%%’ggtt 8. ExAT O %‘QFE? S’éfeﬁ.%éé.’?‘?fﬂ??*éﬁfof
an e%ist'ggselevator apparatus. Third Enbodi nent Next,

at hi rdennodi ment of t hei nventi onwi | | bedescribed wth reference to FIG
10. This enbodi ment is_a conbination 25 , ,

of t hef i r st andséto &8i FRine &ltg?cE%‘PB‘Pﬁ@W,ﬁlﬁ%ﬁéﬁlﬂné ipghe load
configuration, the power P detected by the power detection neans 29
and t he et fuanti tlyysveeeets eiahybe heroiidpd detdet i bhrsieak®a B0 are
inputted to the charge/di scharge necessity determ nati on nmeans 28.
The det etimresihd ba Widgaodt hlee exfcdrel load threshold WE2 so as to avoid

control hunting.

10 Further, as in the first embodiment, the first load
thresholdWtl and the second load thresholdWt2 may be determined
based on power during at least one of the power running and
regenerative running of the elevator car 10 or power that is
obtained based on contract demand, a building energy management

15 system, orthe like and canbe charged/dischargedbytheelevator
apparatus.

Further, an existing load quantity sensor provided in
the elevator car 10 can be used as the weight detection means
30 without newly providing the power detection means 29 as in

20 the first embodimeni, which can advantagecusly negate the need
for a large modification of an existing elevatcr apparatus.
Third Embodiment

Next, athirdembodiment of the inventionwill bedescribed
with reference to FIG. 10. This embodiment is a combination

25 ofthefirst and secondembodiments. Accordingly, inaspecific



5 showmn in FIG 11. In FIG 11, the determination logic is
activated wth predeterm ned interrupfgtimng. In step S55, the power
P of the notor 12 is obtained froma power signal of the power
detection neans 29, and the load quantity Wof the elevator car 10 is
10 obtained fromthe wei ght detection neans 30. Then, in steps
S56 and SHTLigpeatsiare toe navwey Bale tgeasd Ryt povigatde s Hebibyeans
met hod shown in FIG 9. Accordingly, in FIG 9, if the load quantity
Wis equab dmdorhemread harrtthie f iw stetlemacd yveshel deWht( Wt drtioh i s
determ ned that the 15 |oad quantity is large. If the |oad quantity W
i's eqU&'mé&h@U@e§§etﬂalﬂutth@dsﬁ§061de|@l@é’r?@)’@ﬁi@hé‘ré@ Znd W)y it s
determ ned that the load quantity is small. If Yes in step S56 or
S57, they éﬁﬁmggiémném@é.es ﬂ%e déq;rermﬁn%ta%g@/l@ ehangeegkeasin
FIG 9. If No in both steps S56 and 20 S57, the determ nation

i ndi gate he hat d ea (where the switching frequency is
decrec‘c’aseS %)‘Fnthrg gg\ﬁgt cﬁ‘l['ng is stopped) in FIG 9. The above
determnation is the sanme as in the second enbodi nent. Based t hereon,

in the third eibddirentls (HE S8 SIEMRHE0pe04G o7 8FLENETER teRing

unit 26 is controlled with 21 greater accuracy by the ratio of power
fl owi ng PREdeEhEmipedrintepiuRthe igige r | énsﬁbﬁﬁg‘ég/@e\ﬁhfe pprer P of
If No inboth steps S56 and S57, in step S58 it is determ ned whet her
t he poweth®mpsoedual s bbteinédgs otramotdie shggal iofet lsegondr Bepewet on
threshold Pt2. If it is determ ned that the power P is nore than the

negat i vens@eoNglo poyved ity esdid dylRird it vstap t929 ehiheagwirt eBirngo is
frequency of the upper 1GBT 23 and the |lower |1 GBT 24 is decreased, or
the g tGhi DO LS BEORPEM: weight detection means 30.
Then, in steps 356 and S57, the state of the load quantity
W is determined by a method shown in FIG. 9. Accordingly, in
FIG. 9, if the load quantity W is equal to or more than the
first load threshold Wtl (W=2Wtl), it is determined that the
15 load gquantity is large. If the load quantity W is equal to
or less than the second locad threshold Wtz (W<Wt2), it is
determined that the load quantity is small. If Yes in step
Sh6 or 857, the determination indicates the normal
charge/discharge area in FIG. 9. If No in both steps $56 and
20 S57, the determination indicates the hatched area (where the
switching frequency is decreased or the switching is stopped)
in FIG. 9.
The above determination is the same as in the second

embodiment. Based thereon, in the third embodiment, the

25 switching operation of the switching unit 26 is controlled with



On the other hand, in step 558 if it is determned that 10 the power
P is equal to or less than the negatiye second power threshold Pt2,
in step S62 the IGBT 23 and the | GBT 24 are sw tching-operated for
char ge/ di scharge control according to the load. This control is the
same as in the first enbodinent. If Yes in step 556 or S57, in step
S60 it igrerter materay wietherratio sdweewpri Sleglay indwoichgoretehan
the positive first power threshold Ptl, and in step 561 it is

det er m nkd avhetlhereldet ponestdrage edpralce 2br | ess than the negative
second power threshold Pt2. If Yes in step 560 or 561, the

det ermi nati on IfEbGalest20t &P sHarived seharged thScharige a8 kni b
4. |fNo inboth steps 560 and S61 , the determ nation indicates the

hat ched r A j i ‘
o £ oy S PQHAREAORE: P TYAA LESEDCH il BRESRRRR e LOGOnd.

561, .in 2 the 23 d. 25 t | GBT_2 .
SW tér’hi n%c-g‘g‘%ér%a e r}foolrcgﬁlézgr'ge?gilsi%hlasr Ig&%tégﬁ Pce)lé %égta%%% c‘ﬁwne& tPol?he
| oad. The contr ol th this case is also the sa%%tps in the first

enbodi mefRre than the 1§aqjgly§, SFGOERSPRBET 560 P2y nl B 15&5PER 2t he
swi tching frequency of the upper |GBT 23 and the lower IGBT 24 is
decr easedhe SWat e dshir eghengy it shepperer IGBT 23 fae posiliowes EBEt
power threshold Ptl, the negative second power threshold Pt2, the
first | oadl idhrastiodasdid] , oanthe hewSecloing | badstdpeshol d W2 are
appropriately selected by the design specification of the el evator
apparatus. 10Twshehpreaent hohd| noh theswisBChEng: freqeereniakdt brat
10 the power P is equal to or less than the negative second power
threshold Pt2, in step 562 the IGBT 23 and the IGBT 24 are
switching-operated for charge/discharge control according to
the load. This control is the same as in the first embodiment.
If Yes in step S536 or 557, in step S60 it is determined
15 whether the power P is equal to or more than the positive first
power threshold Ptl, and in step S6l1 it is determined whether
the power P is equal to or less than the negative second power
threshold Pt2.
If Yes in step S60 or S6l, the determination indicates
20 thenormal charge/discharge area in FIG. 4. If No inboth steps
560 and 861, thedetermination indicates the hatched area (where
theswitching frequencyisdecreasedortheswitchingisstopped)
in FIG. 4.

If Yes in step S60 or S$61, in step S62 the IGBT 23 and

25 the IGBT 24 are switching-operated for charge/discharge control



switching unit 26, as in the first and second enbodi nents, the

swi t chi ngf requencyof t hel GBT23andt hel GBT24i nt heswi tching unit 26 is
decreased or the switching is stopped, which can advant ageously
reduce the nunber of operations of the I1&BT 23 15 and the | GBT 24 and
mai ntain the |ongevity of the switching elenments in the

char ge/ dieedad ed devitde floadeonThel ¢omgrehel ke Harige/cdissc har géseof thae

el ectric storage device connected to the hoisting notor. Further, for
t he concommg amt jor obhent of staershodfinower 20 1 oss in the

char ge/ di scharge device, since the switching frequency of the | GBT 23
and the | GBT 2¢f N6 deeneasete s stlneasastsahi Ny dtepSEOPReE switeainge
expected to suppress extra power |oss. Further, an existing |oad

quanti t YfmcﬁBQ\Ek@%p%@r 1687305 aMi Gl AN A¥ANDLAGRONSE Yo NEEAL €
the need for a large nodification of an existing el evator apparatus.

Furt@er,ogjéﬁgngwhé$ﬁaﬁﬁf£%r§4%é#égvproceeds to step S59 where the
swi t chi ng frequency 1S decreas or' the switching 5 is stopped, in
step Sb8 if it _is determ ned that the power P is equal to or |ess
than the negatiife R¥tond’ povierst MPEHol rﬁsﬁfo%cﬁ Eilep M6 199 Y1EST 23
and the | GBT 24 are swi tching-operated for charge/di scharge contro
accor di ngeEN¢ meWegaghrasberdi Rgly theyéarist Lpe mattpaj\;eln:g WEegw aad| s
outside the normal 10 charge/ di scharge range, step S58 makes it
possi bl eth® sharmge Jpowbrihashg o égenerat eppropmibngliyosehecekdchyi c

storage device 21, which can inprove energy saving. If the
effect byhsSt@psSh8 dgecddtifecESsasH, tisd ePlShbcsByaigaidded. In this
case as well, the effects of the first 15 and second enbodi nents can

be qbtained. Thus, by controlling the switching frequency of the
switching unit 26, as in the first and second embodiments, the
switching frequencyof the IGBT 23 and the IGBT 24 inthe switching
unit 26 is decreased or the switching is stopped, which can
advantageously reduce the number of operations of the IGBT 23
15 and the IGBT 24 and maintain the longevity of the switching
elements in the charge/discharge device for controlling the
charge/discharge of the electric storage device connected to
the hoisting motor.
Further, for the concomitant problem of dausing power
20 loss in the charge/discharge device, since the switching
frequency of the IGBT 23 and the IGBT 24 is decreased or the
switching is stopped, it can be expected to suppress extra power
loss.
Further, an existing load quantity sensor provided in

25 the elevator car 10 can be used as the weight detection means



Fourth Enbodi nment Next, a fourth enbodi nent of the invention
w Il be described with reference to FHsG 12. This enbodiment will be
descri bed based on the third enbodi nent, but can al so be applied 20
to the first and second enbodi nments. In FIG 12, the

char ge/ di scharge necessity determ nation neans 28 sends to a displ ay
devi ce 310a whgphl cdoradvigicageogsihaneoprration wredtbpr of tdwrge

el evat or apparatus, the charge/di scharge of the electric storage
devi ce 2iodbfitheishopt 25 dihi st hdyantageous| yopakesust possible to
visual ly present 24 energy-saving effect to passengers and inform

the operation siatee©f atlheceharaet dirsehanger ey ia® 22 dsotb R ep 559
oper ati on nmanager of the el evat or apparatus. Further, a change-over

SWHLCh Sghd e PERY et DelMPan-dditm, hUsS h%%r%&%efd"%frUEH%r séa@@'crh%ﬁg By

turning off the change-ove at the ti stopplng

char e/dlschar erfor th ar I schar

posibl ers o praeth %fhﬂf?&%“ DS e SR R S5 Bk b
Enmbodi ment 10hbxt a fift enbodlnent of the inventionw || be

descri bets viadr éiroeroénééstsotbﬁ@;st QFRE 7R RGN RRYETnEREeshold
illustrates a drumsystemin place of the traction system

Accor di nty, inisd el ahtbe WeBFht3 and tied&BTéupredwischhagebpesabedcar

10, and the notor 12 directly lifts and | owers the el evator car
for charge/discharge control according to the load.

Accordingly, even if the loadquantityWfalls outside the normal

10 charge/discharge range, step S58 makes it possible to charge
power during regenerative runningtotheelectric storagedevice
21, which can improve energy saving.

If the effect by step S58 is not necessary, step S58 may
be omitted. In this case as well, the effects of the first

15 and second embodiments can be obtained.
Fourth Embodiment

Next, a fourth embodiment of the invention will be
described with reference to FIG. 12. This embodiment will be
described based on the third embodiment, but can also be applied

20 to the first and second embodiments.

In FIG. 12, the charge/discharge necessity determination
means 28 sends to a display device 31 a signal for indicating
the operation or stop of the elevator apparatus, the
charge/discharge of the electric storagedevice 21, or the stop.

25 This advantageously makes it possible to visually present



15 10. Further, in this enbodi ment, the signal of the weight
detection neans 30 for detecting the jJs0ad quantity Wof the el evator
car 10 is inputted to the charge/di scharge necessity determ nation
means 28, as in the second enbodi nent. The charge/ di scharge necessity
determ nation neans 28 20 perforns charge/di scharge control shown in
FIG 14, ehas@d davimke ¢ bl guehttassonasiisaianed inferm heewepghgtion
detection neans 30. In this enbodi nent, the determ nation

| ogi ¢ of stdnee ofichtges ik sghAd gechares siety cédet 2t aithat o wrr atelansmaBagsr
obtained 25 by deleting step S52 regarding the second power threshold

Pt2 25 ¢£ sesontkiasrthsesiotds W?2) fromFIG 3.
Accordingly, if it is determned that the load quantity Wis equal to

or nore than thg-dfidst 4l &@%%%@Pls%i%lhﬁi N o PRoPOEOBIbetween the
charge/ di scharge area, the I'GBT 23 and the I GBT 24 5 are

sSwi t ¢hi ng- ra f har L.sgchar nt t gl rdin th
Toads | SaSAYELAR LR WEIATRE SR 8, EQRhIR Y, GEE UL Pk B
gquantity Wis less than the first load threshold WIl, the switching
f r equency" bECR L‘?ﬂr_pégel BEte 2 S PRINEY E%ergﬁe%"iksf 2349 BeHERFBaYed,
or the switching is stopped. _ As described above, according to
the i nvedy it dhe rgeidedattamdgandgvaper aki nit state® s sifd es ot BREWGNE
frequency of the switching elenents in the switching unit of the
char ge/ dilse hapmer dEGBT e2 3 sf deurieateg lourddmedwi t ching is stopped,

whi ch can 15 advant ageously reduce the nunber of operations of the

sw t chi ngj €t reRinbodimanitit ain the |l ongevity of the sw tching
el enents in the charge/ di scharge device for controlling the

change/ di schangs;of 2 ¥h¢ 8l &HJd iGnetos A9Re A8VEEE 168NEAN B a8t ABed
hoi sting notor.
with reference to FFIGS. 13 and 14. This embodiment illustrates
a drum system in place of the traction system. Accordingly,
the balance weight 11 is not coupled to the elevator car 10,
and the motor 12 directly lifts and lowers the elevator car
15 10. Further, in this embodiment, the signal of the weight
detection means 30 for detecting the load quantity W of the
elevator car 10 is inputted to the charge/discharge necessity
determination means 28, as 1in the second embodiment.
The charge/discharge necessity determination means 28
20 performs charge/discharge control shown in FIG. 14, based on
the load quantity W obtained from the weight detection means
30.
In this embodiment, the determination logic of the

charge/discharge necessity determination means 28 is obtained

25 by deleting step $52 regarding the second power threshold Pt2



20Further, since the switching frequency of the switching elenents is
decreased or the switching is stoppedys it can be expected to suppress
extra power loss. 26 muu Is CLAIMED IS: 1. A drive apparatus of an
el evat or apparatus conpri sing: a rotator drive circuit which

drives a hoisting rotator for lifting and | owering an el evator car as

wel | as kavFagrw Sl%Q\BFhﬁ%ﬁ]é%\Cfll%Wba%é‘b‘Nﬂ@/ ahd is connected to a

conmer ci al power source; an electric storage device which
suppl i es povxerAQ@JIChielM,stﬁfnﬁgtrm atedre raridhest bhes powdoagegeerat &dyby
the hoisting rotator; and 10a charge/ di scharge devi ce which

di schar gesipoygiaf ricsndheneteeatidre ticorAge tdaviage theekshe 1HoWs L i ngn
rotator and charges power generated by the hoisting rotator to the

el ectricygd chﬁg[%ld%waq:%,e/ﬁh%c%afrg@eégégch@ﬁ@qdmw@eawcdw@@m 3ba
switching unit which perforns charge or discharge by
5 are switching-operated for charge/discharge control according
to the load.

On the other hand, if it is determined that the load
quantity W is less than the first locad threshold Wtl, the
switching frequency of the upper IGBT 23 and the lower IGBT

10 24 is decreased, or the switching is stopped.

As described above, according to the invention, in a
predetermined operating state, the switching frequency of the
switchingelements inthe switchingunit of the charge/discharge
device is decreased or the switching is stopped, which can

15 advantageously reduce the number of operations of the switching
elements and maintain the longevity of the switching elements
in the charge/discharge device for controlling the
charge/discharge of the electric storage device connected to
the hoisting motor.

20 Further, since the switching frequency of the switching

elements is decreased or the switching is stopped, it can be

expected to suppress extra power loss.



a switching operation of a switching el ement provided in the

char ge/ di scharge devi ce; and agharge/ di scharge control unit
whi ch decreases a switching frequency of the switching el enment or
stops the 20 switching operation when the elevator car is in a
predeterm ned operating state. 2. The drive apparatus of the

el evat orWHAFarBB uSTHEMER St o claim 1, 25wherein the predeternined
operating state is determned 27 by charge/dl scharge necessity

det er m nht i on sy s epprdetépsi of R Fdseth tan: ppwerasupgptordrisinhe
hoi sting rotator or power supplied fromthe hoisting rotator or a

| oad quantity Dfrcttheosl @vaterctedui  whd.chlTeidesve happaraluscobtbhe
el evat or apparatus according to claim 2, wherein in the case

wher e poght i VEr POV arS 186k e ﬁ% QQWQtéyp@éfeéjstuféltlh%shﬁb%hgga
rotator and negative power is I0 defined as power supp ied fromthe

hoi st.i n t hgyer. .i.ed e ota S
t hantsa g?%‘g%tgefénqenfegdt J‘p05| tallp\%gﬂ g'(%vxgl bﬁr%gho%%% ar%gé%im %?ge
necessi ':% determ nati on neans sends a signal for decrea5| ng the

swi t chi fgPYTeqtRMcy®of the switching el enent or stopping the

sw tching 15 operation to the charge/di scharge device.
an electric storage device which supplies power to the

hoisting rotator and stores power generated by the hoisting
rotator; and

10 a charge/discharge device which discharges power from
the electric storage device to the hoisting rotator and charges
power generated by the hoisting rotator to the electric storage
device,

the charge/discharge device including:

15 a switching unit which performs charge or discharge by
a switching operation of a switching element provided in the
charge/discharge device; and

a charge/discharge control unit which decreases a
switching frequency of the switching element or stops the

20 switching operation when the elevator car is in a predetermined

operating state.

2. The drive apparatus of the elevator apparatus according
to claim 1,

25 wherein the predetermined operating state is determined



4. The drive apparatus of the el evator apparatus according to claim
2, wherein in the case where positivepower is defined as 20 power
supplied to the hoisting rotator and negative power is defined as
power supplied fromthe hoisting rotator; if the power is |less than a
predeterm ned positive first power threshold and nore than a

pr edet er’y nele heght - vehaege N povett Y rieksemenEnathen daye/ B char ge
necessity determ nati on neans sends a 25 signal for decreasing the
swi t chi nidefevglehty oise¢dheorswawetr mypd8 esl emenheohossbppgngotakeor
switching operation to the charge/di scharge devi ce. 5. The drive

appar at usr gfowidre sappyatdr f efpahat Nsi actoqg didtgh ot 0xCh didld2quantity
wherein the el evator apparatus is an el evator apparatus that does not

have a bgfapge meighiopatapcing with the elevator car, and if the
| oad quantity of the elevator car is |less than a predeterm ned | oad

threshol d, the charge/ di scharge necessity

3. The drive apparatus of the elevator apparatus according
to claim 2,
wherein in the case where positive power is defined as
power supplied to the hoisting rotator and negative power is
10 defined as power supplied from the hoisting rotator; if power
supplied to the hoisting rotator is less than a predetermined
positive power threshold, the charge/discharge necessity
determinationmeans sends a signal for decreasing the switching
frequency of the switching element or stopping the switching

15 operation to the charge/discharge device.

4, The drive apparatus of the elevator apparatus according

to claim 2,
wherein in the case where positive power is defined as
20 power supplied to the hoisting rotator and negative power is
defined as power supplied from the hoisting rotator; if the
poweris lessthanapredeterminedpositive first power threshold
and more than a predetermined negative second power threshold,
the charge/discharge necessity determination means sends a

25 signal for decreasing the switching frequency of the switching



10 determ nati on neans sends a signal for decreasing the swtching
frequency of the switching el ement orzgstopping the swtching
operation to the charge/di scharge devi ce. 6. The drive
apparatus of the el evator apparatus according 15 to claim 2,

wherein the el evator apparatus is an el evator apparatus that has a
bal ance S&PHRRL baT afEPRGL AW t AL hewel et drorarat 5ol 9 R | oad
quantity of the elevator car is less than a predetermned first |oad
t hr eshol dhangeddesthanga geedeter mi ned 20 second | oad threshold | ess
than the first |oad threshold, the charge/di scharge necessity

determ nation nmeans sends a signal for decreasing the sw tching
frequency of the switching el ement or stopping the sw tching

operati o9, to the ehar@ebghsehrng d@VkCe ev2Por hppHiatdld ¥8cBPRRAGE US
of the el evator apparatus according to claim®é, wherein the

firstg logd thresheld is a threshold that is on a |larger side of the
| oad quanfify of the elevator car with 5 respect to a state of

bal ancing the el evator .car. with the bal ance ,wei ght, and the second
"oad t hreshol d'F< SR FPSaRoF et RELSRRE TG 1 4AaPf L it o FOPR&=F Bad
quantity of the elevator car with respect to the state of bal ancing

the el evelRd dogs WPE M avfed i laiee veight Pal@nainariathrihrecappakatus

of the elevator apparatus according to claim1, wherein the
pr edet erg@nedirohefat hagl saditopang idet ef nire @ Usyadioar getdi s disarsgehan
necessity determ nati on neans for
a predetermined load threshold, the charge/discharge necessity
10 determinationmeans sends a signal for decreasing the switching

frequency of the switching element or stopping the switching

operation to the charge/discharge device.

6. The drive apparatus of the elevator apparatus according
15 to ¢laim 2,
wherein the elevator apparatus is an elevator apparatus
that has a balance weight balancing with the elevator car, and
if the load gquantity of the elevator car is less than a
predetermined first load thresholdandmore than a predetermined
20 second load threshold less than the first lecad threshold, the
charge/discharge necessity determination means sends a signal
for decreasing the switching frequency of the switching element
or stopping the switching operation to the charge/discharge
device.

25



15 determ ni ng based on both of power supplied to or fromthe

hoi sting rotator and a |load quantity .af the elevator car. 9. The
drive apparatus of the el evator apparatus according to claimS8,
wherein 20(1) if the load quantity of the elevator car is less than a
predetermned first |oad threshold and npre than a predeterm ned
second | bad t HreSKREILTS BRRAFARNAS (He thEr 3t YR ERRSNRGINS, 2aERETAINg
el evat or apparatus being an el evator apparatus that has a bal ance
wei ght badaptding ®ith the elevator car, and 23(2) if the power is
nore than a predeterm ned negative 30 second power threshold,

posi tive powerwthetaih défd fedsasl paaerhsigipllicedst & theedtaIsd ithgt is
rotator and negative power being defined as power supplied fromthe

hoi sti ngof @&f ab@hert Hedshsr geledl sRANGHNEEE ST tYedet &F 4 Maldeny ITBRNS
sends 5 a signal for decreasing the switching frequency of the

it ohi . o . .
Ches ) R Tl £E LSRR PO LN SN 08! LB A0Sy e
appar atus_accordi n 0 to any o] rein

the char'{®tei scHtge e\?iec?@“éieﬁggdajtg%%%&?#d% %a%%&sﬂ?é%%é oF a

charge/ di scharge_operation to a display installed in the el evator car
or an el evst sPapaAer side of the load quantity of the elevator car with

respect to the state of balancing the elevator car with the
balance weight.

10
8. The drive apparatus of the elevator apparatus according
to claim 1,

wherein the predetermined operating state is determined

by charge/discharge necessity determination means for

15 determining based on both of power supplied to or from the

hoisting rotator and a load quantity of the elevator car.

9. The drive apparatus of the elevator apparatus according
to claim 8, wherein

20 (L) if the load gquantity of the elevator car is less than
a predetermined first load threshold and more than a
predetermined second load threshold less than the first load'
threshold, the elevator apparatus being an elevator apparatus
that has a balance weight balancing with the elevateor car, and

25 (2) if the power is more than a predetermined negative



15

10

15

30

second power threshold, positive power being defined as power
suppliedtothehoistingrotator andnegativepowerbeingdefined
as power supplied from the hoisting rotator,

the charge/dischargenecessitydeterminationmeans sends
a signal for decreasing the switching frequency of the switching
element or stopping the switching operation to the

charge/discharge device.

10. The drive apparatus of the elevator apparatus according
to any one of claims 1 to &,

wherein the charge/discharge device sends a signal
indicatingthestateofacharge/dischargeoperationtoadisplay

installed in the elevator car or an elevator hall.



