AN ELEVATOR CONTROL APPARATUS 5 The present invention relates to a control
apparatus for an inverter-driven elevator, nore particularly to an 10
el'evat or control apparatus ‘having an inproved function for detecting a
present position of a cage of the elevator. 15 In an el evator
contriol, it is one of the iﬁbortant factors that a cage ofEﬁ%‘PlgﬁSt r can
land at theslevel of a flodr..accurately, and therefore a great n has
been pai d about raising the’landing accuracy as-much as possible. 20

For this purpose, the_speed .of .the cage is necessary to be controlled
accurately. Particularly the high accuracy is required in the speed control
during the decel eration .of ran el.evator cage. In order to neet this, an
inverter, which is controlled in accordance with a so- 25 cal | ed vector
control, has beensused to.control an.induction notor for driving an

el evat or. cage, because,thg n n hi.eve the accurate control of
;the eed of ?he inducthiﬁ:. wjé?8ﬁ &éﬁk§§ﬁ'ﬁ?§ﬁagwgsvector control, however,
"it was still necessary to accurately detect the speed of a cage. Therefore,
as “di scl osed, for éxanple: i'n United States Patent No. 4,600,088 (issued
July 15, 198g), an expensive 5 -.detector such as a rotary encoder has been
enpl oyed in e SR

o/
. The present invention relates to a control apparatus
for an inverter-driven elevator, more particularly to an
10  elevator .control apparatus having an improved function
for detecting.a present position of a cage of the

elevator.

15 . - In an elevator control, it is one of the important
factors that a cage of an elevator can land at the levei
of a floor accurately, and therefore a great concern has
been paid-.about raising the landing accuracy as much as

..possible. :
20 - .1Eo:-this purpose, the speed of the cage is necessary
to be-¢ontrolledﬂaceurately. _Particularly the high
accuracy is required in the speed control during the

‘deceleration.of an-elevator cage. 1In order to meet this,

s
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an_inverter, which-is controlled in accordance with a so-

;*‘;1ed_ve¢tor control, has been used to control an

\

%-;5$_i“:,qtionwmot0t for driving an elevator cage, because the

é:tor'control can achieve the accurate control of the



- order to detect the speéd,of ‘a notor or the. pr sant position of an elevator
cage accurately. An Obje;wﬁgﬁ the present irnVé&Rtf#on is to provide an s
el evator- control apparatus,.in which a _position of an 10 el evator cage is,
easily detected wi thout using an expenglve position detector such as an
rotary encoder. .Accordiing to the present invention there is provi ded a

control apparatus fo & ﬁ%ﬁtﬂ{e s‘%cyé&g c?m?é#éfl |ﬁé{ uc?ri)ﬁgﬁpvéga:‘gr

control apparatus i ndl

cont! )
riving a onvertl & sﬁ]z?aé&racé@afél‘iﬁfréé’feé@%ﬁesé?g 568\ Eag

power, for power o A C. power supply sa

i nducti on meRie fidi¥,e\Wd Middosed, for exdfipl@peigivRitsangyseeyt control
nmeans, which receives cage call S|gnals generated in the cage and hall cal
signal s gemartaimad No1 o @00 088 isswdd thely | DDy s1986) prafueLpeasivavel | ing
command i ncl udi ng i nf or mati on relating to the present floor position of the
cage aid tldet2ietorpasich as IdEBfY(EHC¢GENWhaQ been empgkoyedtinavel | i ng
to, in order to manage the operation of the cage for serving the floors;

(d) signal ondegedsodetrots, thesiprred \@f 13 nokor opathe apeeseny conmand, in
which a detected current of said-induction notor is resolved into an

exci t at i on PESfdRhOT R LIVIERE RAFRMPEUTAFRIY ot ati ng angul ar speed of
sai d

An object of the present invention is to provide

an elevator contrbi apparatus, in which a position of.an QJ'«
10 elevator cage is easily detected withoufﬂuSing an expensive
position detector suéh as'an rotary encoder.

Aécording-to the present invention there is
provided a control'apparatus for an elevatbf"sefving a
plurality of floors, said control apparatus'inciuding:

15 (a) an induction motor for driving a cage of the
elevator;

.(b)-inverter.means supplied with D.C. power, for
converting the D.C. power into A.C. power to supply said
induction motor therewith; |

20 . .. (c) operation management control ﬁeans,'which
receives cage call signalé'generated in the cage and hall
call signals generated in elevator halls of the floors and
produces a travelling command including information
relating to the present floor pésition of the cage and the

25 position of the floor to which - said cage is travelllng to,

”f_ in order.to manage the operation of the cage for serving
the floors;

(d) signal processor means, respoQSivé-to the




i nducti on notor being detected on the basis of the torque 5 conponent and
a canyrol signal being generated to control said induction nmotor in such a
manner that the detected rotating angul ar speed follows a conmand for the
rotating angul ar speed determined in accordance with the travelling
command; -and 10 - (e) inverter conjrol neans, which in response
to the controel signal fromsaid signal proce Bor nmeans, produces gate

signals for said.Jj Iy 5gﬁugﬁ I Sai 'ééFq r

cal cutates a pr%églﬁ&qﬂggtlon od’mﬁ{ gg%eagnéjt?ée as?c'is) %?f’[s%gédgfgg ie% 15
rotating angul 388G e 1 ANLd AL 'w%s‘e@e ﬁ?ntéam ShERAd
for the rotati ng;l angul ar mspeed I n accordance vﬁth t he caﬁu at ed %resent

posi tion .of thanaage tA KRR HdkPdherit ,NOthel FEEHEIKg RASGUIP Shedd 3P said
el evator cage is detected fromone of the control anmounts created in the

process of theisidgealion mckoxphedassidutdated lun Vi Gasistedl the Teorgher e,
any position detector such as.an expensive-rotary encoder is not needed in
t he presend i ncompomentihanst & emantnolersignelvibeinggarexktad i tedcomtiol
greater detail byway of exanple with reference to the acconpaqé%ng
drawi ngs, wher &id indyctiqn mekanhmEuihadmanngy that \Fhe) detested) |
construction of an el evator _contr.ol aaparatus accordiqg-
rotating angular speed follows a command for the rotating
k/ . angular speed determined in accordance with the travelling
command; and
10 " (e) inverter control means, which in response to
the control signal from said signal processor means,
produces gate signals for said inverter means;
wherein said signal processor means calculates a
present position of the cage on the basis of the detected
15 rotating angular speed of said induction motor and
genérates the command for the rotating angular speed in
accordance with the calculated present position of the
[ cage.
Accordingly, since a present position of an
20 elevator cage is detected from one of the control amounts

created in the process of the signal




to an enbodi nrent of the present invention; 10 - Fig. 2is a o=
functional block diagramfor explaining the function of a signal processas
included in the control apparatus of Fig. 1; Fig. 3 is a flow chart of a
flioor hei ght nmeasuring routine, which is executed by the signal processor
in 15 Fig. 1 during a preparatory operation of an elevator; Fig. 4 is a
flow chart showing details of a control -opgration task included in the
routine of Fig. 3; Fig. 5is a flow chart showng details of a floor height
measuring task included in the routine of Fig. 3; 20 "Fig. 6is a
drawi ng for epdomessing Honr dhe i vecstop dmitweeh, a Therefope pdangd by an

i nduction motor and a rotating angul ar speed of the motor; Fig. 7 is a
drawi ng for eRAsltHiN dekeqtorisurh A9 etexpensivetrotary sentedeft ihe
notor and a traveling, 25, distance of an elevator cage; Fig. 8 is a flow
chart of a noM@fi needrd iipy thePrRsSeRh; PMvertiQreuted by the signa

B P ow char . showi ng aEe, PEBBhE™tnRBREbRORIAT nBF, bR BRarribad A0he

nor nal tq@VeIigE%é£%?iéE% 1Fb ;wgy 5§gﬁ§é§gié @iQBa?E?gr RbeC¥R @hal Ng the

generation 5 speed pattern” an of "the:traveling of an
el evator cage accompanying drawings, wherein:-

9is

Fig. 1 is a drawing schematiqally-showing an overall -
cohstruction of an eleVato; control apparatus according
to an embodiment of the present invention;

0 _Fig;-alis a functional block'diagram_for.explaining
the function of a signal processor included in the control
apparatus of Fig. 1;

Fig. 3 is a flow chart of a floor height measuring
routine, which is executed by the:signal processor in

15 Fig. 1,duiin§_a preparatory operation of an elevator;

Fig. 4 is a flow chart showing details of a-control
operation task included in the routine of Fig. 3; A
Fig. 5 is a flow chart showing details of a floor
 height measuring task included in the routine of Fig. 3;

20 Fig. 6 is a drawing for explaining the relationship
between a torque produced by an induction motor and a
rotating angular speed of the motor;

Fig. 7 is a drawing for explaining the relationship
between a rotating angle of the motor an¢g§fétéﬁgligg-

a8
25 distange of an elevator cage; 6

Fig. 8 is a flow chart of a norma-.ygaQéling routine,
~in Fig. 1 during

a normal operation for service;



%,

Fig. 11 is a flow chart showing details of a.distance calculating task
i ncl ud® i n the normal traveling routinhe of Fig. 8; 10 ' Fig. 12 is

a flow chart show ng
the normal traveling

details of a speed command generating task included in
routine of Fig. 8, and Fig. 13 is a flow chart show ng

details of a floor height correcting task includedin the normal traveling

15 routine of Fig.

present invention wl
an overall constructi

8. Referring to the draw ngs, an enbodi nent of the
| be explained hereinafter., In Fig. 1 there is shown

on ofpfd VAL D £ Adw | cHREASHOWL ) P IAMIE vl AN

enbodi ment of the present invention. An appropriate [err] source feeds "an

inverter 1 with DC el
across input term-nal
[err] as a so-called

eflduTapertasid INided di e e inoYmal itrdvediftedoutine
of the inverter 1. In the figure, the inverter 1 is
oI Fige Spurce i.nverter, however there no limtation

in the type of an inverter used in the -5- present invention. A current
source inverter can be -al Mienplbyisl.a Bmavingerfar explaicpagtte lgenatsion
of a pulse width nodulation (PW) control nethod to invert DC power into 5

t hree phase AC power.

of Thespeed patieC andwrodes afhfihedrarelbdnchafe ghase

i nduction notor 5 for driving an eleyator cage Further, the voltage of the

AC power.i’s

\

10

elevator cage:

‘Fig. 11 is a flow chart showing details of a distance
calculating task:included-in—the normal traveling routine
of Fig. 8;

Fig. 12 is a flow chart showing details of a speed

command generating task included in the normal traveling

. routine of Fig. 8; and

15

Fig. 13 is a flow chart showing details of a floor
height correcting task included in the normal traveling

routine of Fig. 8.

Referring to the arawingsy~an embodiment of the

. present invention will be explained hereinafter.

In Fig. 1 there.is shown an overall construction of
) elevator control-apparatus?in accordance with an

fibodiment of the present invention. An appropriate pow:

ySource feeds an inverter 1 with DC electric power. A

| smoothlng capacitor -3 is provided across input terminal:

of the inverter 1. In the figure, the inverter 1 is si

as a. so-called voltage source inverter, however there i

- no limitation-in the type of an inverter used in the



controlled on the basis of a vector control method. There is provided a
current detector 4 between the 10 inverter 1 and the notor 5 in otger to

+ 'detect a notor current [err]. Actually, currents [err] and [err] of~ three

; phases U, V and Ware detected, although, in the figure, a single current
detector is shown and the detected currents are represented by [err]. 15
The torque produced by the notor 5 is tyansmtted to a traction nmachine 7
t hrough an appropriate reduction nmecham sm (not shown). The traction
machine 7 drives a main rope 9, one end of which is coupled with a cage 11

ravel 8L“e erlal a3 ek ol oA fan S

fl oors. éﬁgéyéé-rs equi pped with a cage operati.ng panel 15, which
generates a cage€ call signal, when a passenger nanrpulates it. The cage 11
is further proviggg 1’5\5&&351 gf { hand,
nmetal plates 19, 21 are Instal Iléd ééna: qu{/ateoarlrzs lsgl}ﬁrﬁé(}g{t I ons

as the det %ﬁlé&&ﬁcm)h%am tﬂ@twetolllﬂmm ;khr% ¢ ORsti ve

floors accurately. The floor -6- detector 17 produces an output signal,
when i3 f acgir déphasie| AQ| powsr L9, THE .corear eddrac ﬁckwexotwtgu@mm of the

detector 17 is generated, every tine the cage 11 passes a floor.
The out put fograltinfed phdsedindist eidwmdtoniy |fde driving an
elevator cage. .Further, the voltage of'the AC power is LJ
- controlled on the basis of a-vector-contrei method.
There is provided a current deteétpr 4 between the
10 = inverter 1 and the motor 5 in order to detect a motor
current Iy. Actually, currents I,, Iy and iw of three
phases U, v and W are detected, although, in the figure,
a single current detector is shown and the detected
currents are represented by Ip. |
15 The torque produced by the motor 5 is transmitted to
a traction machine 7 through an appropriate reduction
mechanism (not shown). The traction machine 7 drives a N/
main rope 9, one end of which is coupled with a cage 11
-and the other end with a counterweight 13, whereby the
20 cage 11 travels up and down within an elevator shaft to
serve a plurality of floors.
The cage 11 is equipped with a cage operating panel
- 15, which generates a cage call signal, whénfa-passenger
manipulates it. The cage 11 is further”providé&{ﬁi@@za
25 _ floor detector :17 and, on the other hand, metal plézg;..

19, 21 are installed in the elevator shaft at such

] .

positions as the detector 17 faces them when the cage 11

lands at the respective floors accurately. The floor



-called a position interrupt signal in the follow ng description. The cage
cakl’ signal and the position interrupt signal are transmtted to a control
.system as described later through a traveling cable 23. 10 In the
el evator shaft, there are further provided a downward limt switch 25 and
an upward limt switch 27, which operate to produce output signals when the
cage 11 travels down to a downward limt pgsétLon or up to an upward limt
position, respectively, whereby the overrun 15 traveling of the cage 11
is prevented. In elevator halls of the respective floors, there are

installed hal | hydtodesi 12h8Boddces lan BifPud' 81 Qi?pbﬁﬁﬁdiﬁyfﬁ?%ksgg@d

u
produce hall call signals for requesting tﬁg service of e cage

Furt her, |r1trmyﬁéiéIWpD@tdesrstpzlon,TﬁEEeEbﬁé?nﬁﬁensaﬁﬂﬁsdsigﬂﬁlt ¢ the
operating position of the dowmward Ilimt switch 25 to the floof surface of
the respective fdebestot|17biscgéherated| oevebyei ghineatler €agastnt pdsbes a
[err] , [err] as shown in the figure. 25 . The cage call signal and
the hall call sifhedras nentioned above are taken into an operation
managenment controller 33, which totally nmanages the service operation of
the el evat o? ‘i'n respofe eetpat signatapf thgnfleoorndetectdr LRewhill beal

signal s. The princjpal operation o;Fthe'contrQIIer 33 is Lo-gene[ate a
traveling'connadﬂi§§%§ 2 rRePsiFigni tRbeREPENSbgnalpinsthe feddevwing a

diifination_ - description. The cage call signal and the position
interrupt signal are transmitted to a COnErOI_system as
described later through a traveling cable 23.

10 .- In the elevator shaft;'there are fufthef'provided a
‘downward limit switch 25 and an upward limit switch 27,
which operate to produce output signals'whén the cage 11
‘travels down to a downward limit positioh di”up to an
upward limit position; respectively, wheréﬁ& the overrun

15 traveling of the cage 11 is prevented. 1In elevator halls
of the respective floors, there are installed hall button
switches 29, 31, whicﬁ are maniuplated by;hSefs and
produce hall call signals for requesting the service of
‘the cage 11. R

20 Further, in the following descriptibn;'thézéistance
_measureﬁ from the operating posiﬁion of'thé'ddwnward lihit
switch 25 to the floor surface of the iespeétive floors
will be called a floor height and teprééenied'by Fy, Fa,
eesss+, Fij, as shown in the figure. -

25 The cage call signal and the hall calljsighal as
mentioned above are taken into an opération management
controller 33, which totally manages the service operation

of the elevator in response to the cage call signals and



floor, to a signal processor 35. Since various types of 5 controllers;
are well known as an operation managenent controller and the present S

i nvention has nothing to do with the type thereof, the further description *
ofithis controller 33 is omtted.. Further, an instruction for carrying out

a floor height neasuring operation as 10 described |l ater is generated by
an operator or a nmaintenance personnel thrquegh the controller 33. The

signal processor 35 is formed by a mcroconputer which executes a desired
signal processing on the basis of the traveling command 33a fromthe
control | er 33, thachall capdsstigoalisnt eMhepprdinpizal apanafuierietiithe 17,

the signals fromthe dowward and upward Iimt sw tches 25, 27 and the

motor current FeRFFoddescBddify tongengrads ajdrameding. command idda,

e TR i o i ST o AR
rscessr S byggges 0 o o0 V8 2 L ST Rt
'oter. The cal Sapirgiifrs Bl Wand it M o Reidrdtion Jafifedeptl’ =
comared wi t h coatEolder, 3d M prevene NnveH Clli ik WSAIERE B Sdo

therebet ween i gjeht aheedyph thereof, the further description of this

controller 33 is qmigtsd. Further, an instruction for &J
carrying out a ﬁloor height measuring operation as
10 dess:ibed later is .generated by an operator or a
maintenance pe;sqsne;_through the controller 33;
The signal processor 35 is formed by a microcomputer
which executes a desired signal processing on the basis
of the traveling command 33a from the controller 33, the
15 position intsrrupt_signal from the detector 17, the -
signals from the downward and upward limit switches 25,
27 and the motor current Ip detected by the current -~/

detector 4. The signal;processing by-the_microcgmputér
will be discussed in detail, referring to Fig. 2 et seqq..
20 As the result pf'the:signal processing, the processor 35
fproduces an output_signal 35a to a control command
calculator 37, Further, the microcomputer has an
appropriate storage, in which various work tables are
definsd. Details of the work tables will be explained
25 _1ater._ )
| Thé calculator 37 at first calculates a reference of
the motor current on the basis of the signal 35a. The

calculated referencé is compared with the detected currént



‘control signal (a nodulating signal for the PWMcontrol) 37a is obtained on
t he.sbasis of the deviation. In a PWMcontroller 39, as is well known, a
Jgdriangular carrier 5 wave is génerated, which is conpared with the
signal 37a so that gate signals 39a for the inverter 1 are generated. As a
result, the inverter | is operated by the gate signals 39a on the PWM
control base. Referring next to Fig. 2, the gignal processor 35 10 w | |
be explained in detail. As already described, the signal processing in the
processor 35 is perfornmed by the m croconputer prograned to execute various
t asks necessary Iprsecbipabt thne dérei aietonetherghatweencéssobgaiBefdor et he
detail ed explanation of the signal 15 processing in the processor 35,
the description SPRrek $igRabf (2 Heodwkating| stgnaki EarothepPWiMheontrol) |
predeterm ned argas within {he_storage of the m croconputer and hold
various vari abl ed/@2bS obtained gn the bagbs of othafavéatiena ngnt Be PRMoor
control (called a f%goilcon %ol woy k tgf e, hereinafter%: T a
destination fl odfoPHrO %Fp$ s ¥5 oellikpoynpsa triangular cargiege of a
f1 oor ‘hei ght of . 2nd i-fhafloor (cf. Fig. 15 [ert] di_.stange
bet ween thggpregéiéefﬁ%d$e%%%a¢%%'d@éi?éaf?dﬁ°ﬁ?55%? ngﬁggge sighal” 37a
so that gate signals 39a for the inverter 1 are generated.
: As a result, the inverter 1 is operated by the gate
N '
signals 39a on the PWM control base.
Referring next to Fig. 2, the signal processor 35
10 .will be explaihed in detail. As already déscribed, the
signal processing in the processor 35 is'performed by the
microcomputer programed to execute various tasks necessary
for completing the desired signal processing.
Before the detailed explanation of the signal
15 processing in the processor 35, the description will be
made of the work tables, which occupy thé predetermined
o/ ' areas within the storége of the microcomputer and hold

various variables.

20 - (1) Work table fqr data ébncerning the floor control
(called a floor control work table, hereinafter):

N a destination floor;

'na present floor;

F1, Fg, *+++*e, F§
value of a floor height of 1lst, 2nd, cccc--,
i-th floor (cf. Fig. 1);

AXNp a distance between the present floor and

the destination floor;




[err] a mninmum di stance necessary for a cage'to travel at speed [err];

~[err] a rotating angle of a notor for driving the cage; A5

AX a cage traveling distance for [err] and [err] a distance of a
present position of the cage, neasured froma dowward [imt switch.. (2)
Wrk table for the notor control operation_10 (called a nmotor contro

work table hereinafter): [err] a command Por a rotating angul ar speed of
the notor; a command for frequencies of a primary voltage applied to the

;15 - . .f f
(r:rm (rjcrant . [err] a cormanc[zlgﬂ!i]r Qn%éigf“mgg‘tn%&ﬁ%ééﬁﬁg%%&ca%t%?%h%ﬁﬁ ﬁg‘%?r
[err] a torque ‘current conpgggg%lo%tas %%%pweq 20

notor current; Id an excitation coiffponent of M'he det ect ed not or current;

err i f th roi | i
D B R RN i B v L R S L R

of the notor current. - -10the cage;
5 _ AX a cage traveling distance for A©,; and
ﬁ_ a distance of a present position of the'_

cage, measured from a downward limit switch. .
_ _ W,
_ (2) Work table for the motor control operation
10 (called a motor control ﬁork table, hereinafter):
wr* ~a command for a rotating angular speed of
the motor; |
w}  a command for f:equenéies of a primary

voltage applied to the motor;

15 - Iq* a command for a torque component of a motor
current;
Ig* a command for an excitation component of \JJ

the motor current;
Ig a torque current component of a detected
20 : motor.@ur:ent;;
I3 an excitation component of the detected -
mptor current;
wg a slip of the motor in terms of a rotating
anguiar speed;
25 B a rotéting angular speed of.the motor; and

In a detected value of the motor currentQﬁg



(3) Wrk table for the speed conmand generation (called a speed conmand
worK table, hereinafter): m- a notch for the speed control; [err] a
,hormal -traveling speed of the cage; V* a speed conmand for the cage; MDD
a nmpde of traveling of the cage; [err] time for an accel eration of the
cage; and [err] time for a deceleration of the cage. 10 (4)

Tabl e for specific data (called a specific ggta table, hereinafter): [err]
acceleration; [err] deceleration; [err] 15 traveling
speed at 1st, 2nd, , mth notch; [err] a maxi num al |l owabl e speed of
the cage; Kd - a gain(F)or workaidbleg fidie e aipews angiwai®@ddnérdidéhe cage
traveling distance [err]; 20 [err] a gain for converting the
t or que conponent(dadikdd &f speedmiammand otk itahile hdhextaimaftpe iy speed
[err] and [err] a gain for converting the speed conmand V* (or the
aforesai d travel i ng speedf err]a@ Z®tch for the speed [eanfroki o the command

[err] for the rotating anqylar speed of the notor. In the Qperation
described bel ow, detect ed VAIOR & ARTAal travRling spred Af dhecager stored
'n 5 : - . V¥ a gpeed command for the cage; |
MOD a mode of traveling of the cage;
ty  time for an acceleration of the cage; and
~ tg time for a deceleration of the cage.
10 o (4) Table for specific data (called a specific data
'table, hereinafter):
@  acceleration;
8 deceleration;
Vi, Vg, scccee, Vpy |
15 traveling speed at 1st, 2nd, <¢°°-+, m-th
notch; |
-/ ) Vpax @ maximum allowable speed of the cage;

Kg - a gain for converting the rotating angle
Aar into the cage traveling'distahce Ai;
20 Kg a gain for converting the torque.cdmponent
.. Igq of the motor dur;ent=into the slip
- angular speed '«:)-s; and
Kw a gain for converting the speed command V*
.- (or the aforesaid traveling speed V;, V3,
25 : .. . sessse, Vn) into the command w,y* for the

rotating. angular speed of the motor.



correspondi ng areas of these work tables and hecessary data is read out
therefrom Further, synbols of the 5 variabl es |isted above will be al'we
used as reference synbols representing signals of the respective vari abl es
or ;their anmount. Now, there is shown in Fig 2 the function of the processor
35 in the formof a block diagram for easy 10 under standing. Therefore
t he bl ock diagramof Fig. 2 may be shown.i pja-sonewhat different nmanner
-fromthe actual operation carried out by the m croconputer of the signal
processor 35. The signal processing of the processor 35 includes a 15
control operation task the operdtion degenitsadl bylow crdetedted.oBriefly,
the task 41 receives the rotating angul ar speed conmand [err] and the

det ect ed not or calowdatedevaluesl ofkdthe et iablegjrate pstonesdi iy necessary
for the vector control on the basis of the received signals to produce 20

t he output sigeerrEsponding apeattef |thege (wank deaklepand snecessaryout put
signal 35a is conposed of the command |d* for the excitation conponent of

the motor curr&ta ésdé\ﬂ_aél B [hegeiramee Furkhenmiyrbole efidthes act ual
{he. commii | qatdables (hAked ARANR SHALDES 1RL300F00 A8 TRECERRCEhG
comand [err] Lordie YAl Gng s ity | SB" hd O 4406 EPPL T $8r 1 Q6108
or their amount.
Now, there is shown in Fig. 2 the function of the
processor 35 in the form of a block diagram, for easy
10 . understanding. Therefore, the block diagram of Fig. 2
may be shown in a somewhat different manner from the
actual operation carried out by t?e microcomputer of the
signal processor 35.
The signal processing of the processor.35 includes a
15 control operation task 41, which is surrounded by a chain
line. Briefly, the task fl receives the rotating angular
speed command wy* and the detected motor current I, and
executes the signal processing necessary for the_vector
control on the basis of the received signals to produce
20  the output signal 35a.
Although details will be described later, the output
signal 35a is composed of the command Ig* for the
- .excitation component of the motor current, a deviation
Al between the command Ig* and its actual value Ig, which
25 is obtained by the calculation as described later, the
command Iq* for theftorQue=¢bmponent of the motor current,

and the command w31* for the frequencies of the primary

voltage appliéd to the motor 5.



The control operation task 41 carries out a coordination transformation 43
wish respect to the received notor current [err]. in accordance with the
.following relationship. Further it is to be noted hére that the 5 not or
currient [err] represéents the currents [err] and [err] of the three phases.
[err] 10 wherein [err] p is a constant determ ned by a phase of the notor
current [err]. 20 The thus obtai nedjporque conponent [err] is
multiplied by the gain [err] and converted into the angular speed [err] of
the slip of the motor 5. Thereafter, the subtraction 47 is carried out
between the slip angWhe corsadl] opdrtnibn eadk o4l arayyr Pesmaunel derr] so
that the rotating angul ar speed A 25 [err] of the notor 5 s obtained.
“Next, the cal culcmdrstingdisin tiransfommat o r43 fwith heespectictaotiponent and
t he frequency command [err] is executed on the basis of the rotating
angul ar speed. [éﬁqemdaummrasurrentﬂm mmmnmmmme[muowmg

thereof, as follo Further &lrr] wll be discussed in detail later.
[err] Anong the urfihared tasd sy de (irted here that the
5 motor current Iy represents the currents Iy, Iy and Iy of

the three phases.

Y
Ig = ig cos ¢ + ig sin ¢ ' (1)
Ig.= ig cos ¢ - iq sin g (2)
10
wherein :
ia= I, - 31y - 31, | . (3
. _ ig [';(Iv"lw) : _ (4)
35
_¢=w1*t+ P | _ : (5)
N\ o _ p_is a constant determined by a phase of the
‘motor current Ip.
20 The thus obtained torque component Iq is multiplied

by the gain Kg and converted into the angular speed Gg of
the slip of the motor 5. Thereafter, the subtraction 47
is carried out between the slip angular speed ﬁs and the
frequency command w3* so that the rotating angular speed
25 ar of the.moter_s is obéained.
Next, the calculatien 49 of the command Ig* for the
torque component and the frequency command w)* is executed

on the basis of the rotating angular speed &y obtained as



command I g* for the torque conponent is directly coupled with the conmand
cal cul ator 37. The frequency comiand 10 [err] is used in.the coordinat e
transformation 43 and the'subtraction 47 and further coupled with the
command cal cul ator 37. The command I d* is set at a rated walue of an
excitation current of the notor 5. A rated excitation 15 ~ .current is
specific to an induction motor used. In grfer to control the excitation
conponent of the notor current [err] constant, the conparison 51 is carried
out between the excitation conponent [err] of the detected current [err]

and the commanghbgs A& €RE &6mhAAE Lie €R¥rabifgnalseFolllows20 Furdiheri ned.

The command cal cul ator 37 receives the conmands Id*, [err] and [err] and
the deviation herryins pendisoasdsaoin dedadht dmmerthe current conmand by
the followi ng calculation. [err] wherein - 14 - [err] 5 The
signal processing further conprises a floor height neasuring task 53, which
measures the floor height of the respectjve floors fromthe operating
position of the downwar dIgfnftksdi weh 25wgdring the preparatory ofdration
taking place after installatiqQ of the elevatQr 10 . or when the renewal

of the daPa of the floor whdi §rerbdckadswndcasexdy. (7)

Among the two commands calculated as above, the &)
commahd Iq* for the torque component is directly coupled
with the command calculator 37. The frequency command

10 w1* is used in the coordinate transformation 43 and the
subtraction 47 and further coupled with the command
calculator 37.

The command Ig* is set at a rated value of an

excitation current of the motor 5. A rated excitation

15 current is specific to an induction motor used. In order
to control tﬁe excitation component of the motor current
In constant, the comparison 51 is carried out between the
excitation component Ig of the detected current Ip and
the command Ig* thereof so that the deviation AIg is

20 obtained.

The command calculator 37 receives the commands Ig*,
Ig* and w1* and the deviation Alg as mentioned above and

obtains the current command by the following calculation.

25 ﬁId*+ Atd) 2+Iq*2 'sin (ml*t + 'n ) (8)

wherein



The task 53 is initiated by a signal as shown by a broken line, which is
giv€n by an operator . or a nmintenance personnel through the operation
.managenent 15 contsoller 33. Further, the signal fromthe controller 33
actuates switches 55 57 to throw theminto side a, as shown in the figure.
Thereby, the task¥®53 provides the conmand [err] for the duration of the
preparatory operation through the switch 57, ,and on the other hand, it also
20 cal cul ates the fl oor height on the Batfs~of the rotating angul ar
speed [err] provided by the control operation task 41. The thus neasured
floor height is stored in a floor- height table 59 defined in the storage of
the microconputer. During a nornal operlg¥ on of the elevator, the operation
management control | er 33 trhr ewtantd switehes 55, 57 into side b angg)
produces the traveling command 33a i Hg*d¥sdgse to the cage call si.gnals and
the hall call" signals. The traveling conmand 33a initiates a nornal
traveling routine. In this routine, a [err] calculated task 61 is at first
executed to determine a normal traveling speed [err] The normal traveling
speed [err]s 5  depem@ds s3gnahe pHodediGhd Funasgic nﬂwﬁ%g | nd the
destination floor where thg caggi':l shouldg stop nttegfo. en thge %%Pll

starts to traveheight wnieastr ity wdsk 5% Wablcld mdasuris i1HEE RYoR 19é DRt
fromthe task 61 and continues to cal cul ate the cage position X on 10

the basis of thefakie aespeedd vieefilloagisy dirdir ahe lopexartiimy position of
-~ _the downward limit switch 25 during the preparatory
| operation taking place after installatién-of the elevator
10 or when the renewal of the data of the floor height
becomes necessary.
The task 53 is init;ated by a Signal as shown by a
broken line, which is given by an operator or a
maintenance personnel through the operation management
15 controller.33. Further, the signal from the controlier
| 33 actuates switches 55, 57 to throw them into side a, as
\_/ . shown in the figure. Thereby, the task 53 provides the
command w.* for the duration of the preparatory operation
through the switch 57, and on the other hand, it also

20 calculates the floor height on the basis of the rotating

angular speed ’-_‘;r provided by the control operation task

{\4l. The thus measured floor height is stored in a floor

=
Jieight table 59 defined in the storage of the

Sy A
{y/microcomputer. .

45

During a normal operation of the elevator, the
operation management controller 33 throws the switches
55, 57 into side b and produces the traveling command 33a

in response to the cage call signals and the hall call



operation task 41 through the switch 55. In the execution of the task 63, - a
signal concerning the floor height froma floor height correcting task 65“
is used. The task 65 reads out the data of the floor height fromthe table
59 15 in synchronismwi th the position interrupt signal fromthe floor
detector 17 and conveys it to the task 63 as the signal repfesenting the
present position of the cage 11. A speed -<dBrand generating task 67
generates the 20 speed command V* on the basis of the cage position X
The cal cul ated speed command V* is converted into the command [err] for the
rotating angul asigpadd.of Theetrevedibg Thmmands 33kt dnidd atesmanadraval] is
coupled to the control operation task 41 through the switch 57. 25

As described abb¥aveairgr8eR§ing.- thénpﬁééénfop J88ti @nVTope cedguladed i on X

is detected by the calcylation,which is carried _out on the basis _of the
rotating angul aF® §5egh L& AT gFrFﬁeeﬁﬁFBFeé tﬂhﬂ@ﬁerleﬁeaOP°rmal 16 - the

f th | f h
vector control 5FafRifhg, Bpead Yrgpctorfie hapmalodiaveiigs: sot f  Vngen eﬁs 2
h
oary oMeEr; akpenal BROPRE Wdstaigt kgt%.‘-‘ﬁcéhte ?’5%9'?“?;%39%% Apd tn

0001177, SBASRABHCESERR oSl S BB S S
: When the cage 1l starts to travel, a distance
calculating task 63 is'initiatea by a'signél from the
.task 61 and continues to calculate the cage ébsitionJQ on '
10 the basis of the angular speed ﬂ&*given from the cdhhrol
operation task 41 through the switch 55. In the execution
of the task 63, a signal concerning the floor height from
a floor height correcting task 65 is used. The task 65
reads out the data of the floor height from the table 59
15  in synchronism with the position interrupt signal from
the floor detector 17 and:conveYé it to the task 63 as
the signal representing.the present position of the cage s
11.
A speed command-generatihg task 67 generafes the
20 - speed command V* on the basis of the cage position.i.
The calculated speed command V* is converted into the
command w,* for the rotating angular speed:of the motor
© 5. The thus obtained command w.* is coupled to the
control operation task 41 through the switch 57Jff_
25 As described above, according to the present"';ﬁq'
- invention, the cage poSition*ﬁ is detected by the

- calculation which is carried out on the basis of the

rotating angular: 's'pee'd Gr of the motor 5, which is one of



magde of a floor height measuring routine executed in the 10° preparatory
0 ation and a normal traveling routine executed in the normal service
.operation. In Fig. 3;there is shown a flow chart of the floor height
“measuring routine. As already described, this routine is carried out in
order to detect tthe floor height 15 by the preparatory operation, for
exanple, after installation of an elevato+t.l6f-~an operator or a mai ntenance
personnel gives an instruction to the control apparatus through the
oper ati on managenent controller 33, the switches 55, 57 are thrown into
side a and the ftheocontrol lagomntsnexeatiedy imotthen@riccestsaafethertsfignat |
at step 301, it is judged whether or not e cage 11 is at a standard
position, i.e., PRRSEFSing, for; thejyaatord controls Wi dhematornderated. | f
it is not at tag position, an area mfor the speed control notch in the

speedI conmand Pﬁrlefr&;@ i dneexpensiye defecter), SWeh A8 Fowmtay
t el i [ I NSt .St 305) .. T. eby,. th 1 ls d
Ut 1T the downEPEoReR 18nTben nekded'dn BFoaT b dubete iR, BRI O dhe

- 17 - firgt no i 5 sec, for exanple, so that the cage 11 conti nues
to travel §IOMA§$%h5%§%b3nghen the downward limt switch 25 is operated

(step 307). Wen the ge#eg rihgS hoRS td *ﬁowl Martsl @Hovfrﬁti.'negg.%(.gge&tg%)&tﬂe,

work tables, except the specific data table, are inrtializ
Thereafter, thetheedp@rfatiion®f the signal processor 35 will be explained

~ in detail hereinafter. The.éxplanation will be separately
made of a floor height measuring routine executed in the

10 preparatory operation and a normal traveling routiné'
executed in the normal service operation.

In Fig. 3 there is shown a flow chart of the floor
height measuring routine. As aiready'described, this
routine is carried out in order to detect the floor height

15 by the preparatory operation, for exémple,-after *
installation of an elevator. If an operator or a
o/ . maintenance personnel gives an instruction to the control
| apparatus through the opefation managemént controller 33,
the switches 55, 57 are thrown into side a and the floor
20 height measuring routine is started. .
At first, at step 301, it is judged whether or not
\\\e cage 11 is at a standard position, i.e.; whether or

» jmht the downward limit switch 25 is operated. If it is

0 ==

t at the position, an area m for the speed control notch
in the speed command work table is set at one (step 303)
and the downward traveling is instructed (step 305). |
Thereby, the cage 11 travels downward until the downward

limit switch 25 is operated. The traveling speed by the



speed control notch in the speed command work table is set at one again -
“(step 311) and-the upward traveling is instructed (step 313), whereby the*
cage 11 begins the 10 upward traveling for the purpose of the floor

hei ght neasuring. At the same tine as the departure of the cage 11 fromthe
standard position, a tiner is set and starts to count.tine (step 315).

Then, at step 317, the speed [err] 15 —ot7tme first notch is converted
-into the command [err] for the rotating angul ar speed of the notor 5. The

. I : : . . d i q  ned ;
Phe. speci {1 5”35%%%%&%%3@?33?%%9% 'éqé-?%@i$h2s€é€»f&?éﬁ‘sgﬁaeééﬁi‘ °
k 20 41 i ied, i in
Fro. 4 A ficoneipisSad bravd), qRUfy g 1Sednf SRER e IBPEREF S m ned

areas in the mt; itC%WirtQJh Way ks %é%@@p(%g%{?en, at step 403, the

notor currents [err]. are subject to the coo ransformation 25 as

al ready described apherOHH lciiyd NP dE6p£x iRt £ DHof OHROGKOt thBLe] 5gnd the
torque current conponent [err]  The thus obt ai ned [err] anhd [err] are

stored insthe ag@pebld work azblals } @M@rtwr&{@éif@é kasel! eable,- at8 -
The excitation conponent [err] stored in the work table is used for :

control l'i ng t hdndtdialdtziedn (stgmwr3ig) of Ther eafber futhensréa mofokrathe On
t he other hand, the torque conponent [err] is converted into the slip .
angul ar speed [E@eed cont;ol notch in the speed command work table is S
| set at one_again_(step 311) and -the upward traveling is ~
instructed (step 313),_whefebyqthe cage 11 begins the
10  upward traveling for_the purpose of the floor height
lmeasuring.__ |
- At the same time as the departure of the cage 11
from the standard position, a timer is set and starts to
count time (step 315). Then, at step 317, the speed V3
15 of the first notch is converted into the command w,* for
the rotating angular speed of the motor 5. The gain Ky
employed in this converéion is stored in a predetermined v
area of the specifié data table.
Thereafter, at step 319, the control operation task
20 41 is carried out. A flow chart of the task 41 is shown
in Fig. 4, At first, the motor currents Iy, Iy, Iy, are
- taken into predetermined areas in the motor control work
table (step:401). Then, at step 403, the motoﬁ currents
Iur Iy, Iw.are subject to the coordinate transéofmatioh_
25 as already described and converted into the excifatibn
component_Id.apd the torque current component 1g. The

thus obtained Ig and Ig are stored in the respective areas

of the motor control work table.



5 at step 405. As apparent fromFig. 6, in which there is shown the
chasacteristic of torque versus slip angular speed of an induction notor,
.the conversion of [egr] into [err] can be carried out by the relationship
of [err] because the torque is proportional to [err] and [err] and [err]
are’in 10 the inear relationship. The gain [err] is specific to an
i nduction nmotor used and therefore is stordd i-n advance in a predeternined
area of the specific data table. The thus obtained [err] is stored in an
area defined for [err in the notor control work table. Then, at step 15
407, the subtractiont % %&F%F%ﬁl@ntcgmpﬂéenttﬁa sboxedednskhp ungklaabipeed

[err] and the freqH conmmand %ﬁi % ch is ,read out froma
predet er ni ned at?a %rnB?BFr ihg t ﬁxFAEPE1°“Tﬁ€mP8P&Ftn8faﬁBGIar

ot or Lﬁailof’bt'ﬁ‘éﬁﬂj §§f§?8§$ﬂgfs%5§é§nt{ ncORORRRnOERFG. Band. [ Bhe) taFgue
Che above ot af saippaeh' fa i EOREERNRTTREL Ehe giﬁ#iéﬁ%“?%r??l’%ﬁ?a s
obt ai ned a4 - steatrznégorlsogoreﬁs 5% argRe! BEQiCERG. °80! 40! whREK LARYE agd

read out therefro execut 1 on step 4 Step
obtained [err] sWswhethé Sh&racteEistdct 6L eea&aadv@ebﬁslalﬁ? Sﬁgulaﬂethef
with Id*, which is set in advance in the notor - confro

table.. \Wen t hepeed cofraan sindactibnuhotohg enatéahveaeﬁahlaﬂ tasknﬁé m§
q\gpleted and the operation
can be carried out by the relationship of Ks-Iq, because
the torque is proportional to Igq, and Iq and “s are in
10 the linear relationship. The gain Kg is specific to an
induction motor used and therefore is stored in advance
in a predetermined area of the specific data table.
The thus obtained'as-is stored in an area defined
- for ﬁs in the motor control work table. Then, at step
15 407; tﬁe subtraction is carried out between the obtained
. slip angular speed ﬁs and the frequency command wi*, which
W is read out from a predetermined area of the motor control
'work.table. The rotating angular speed ar obtained as

- above is stored in a predetgrmined area of the motor

[/omcontrol work table.
‘At step 409, the commands Ig* and W* are calculated

] accordance with the already described relationship on

25 in the motor control work table and read out therefrom

for execution of step 409. “At-step 411, the thus obtained
Ig* and wy* are output to the command calculator137,

together with Ig*, which is set in advance in the motor



is returned to a main routine of Fig. 3. In the main routine, the operati-on
.goes to step 321, 5 at which the floor height neasuring task 53 is
executed. The task 53 is a task for calculating the traweling distance X of
the cage 11 and deternmining the floor height neasured fromthe operating
position of the downward Iimt switch 25. A flow chart of this task is
showmn in Fig. 5. 10 Before the descriptl®n—of the flow chart, the

al gorithmof this task will be explained, referring to Fig. 7. In the

f t he sanme referenc al enote the ane t a n Fi

Shown | the 1 FGAEECL, HETRe FBLEon HBGTA SRS WHBIRTAR To PUHREE Sdthe,

Fi 1, 15 a_first ear of, a dla upled tp the
n;)?or 5 and a 5853'58 ggglgrgftlgnd @ 74 c?&'ﬂﬁ rfé]ft C‘?E%‘Ha%%“l ne
7. Furth f .th As -apparent from
Fi g. gr tﬁ;reae%: ?&L‘que? tlto"%' Hang r%gr%céglt#gns ps:Plsn t he Irogt ating angle

[err] of the motor FpaRge H«%ﬂr{%‘b@ﬁﬂ}& dla%eafsze:{ﬂfdn oésb fgfe%lszyth

respect to the duration fromtine point [err] to tine p0|nt err
- 20 - [e5] Sat which the Flodr hUIgH nicadiiitipkddk B3 56T Sk EcHBORET |

as follows. [err] wherein [err] : sanpling period,
The task 53 is a task for calculating the traveling
distance Q:of the .cage 11 and determining the floor height
measured from the 6perating_position'of the downward limit
switch 25. A flow chart of this task is shown in Fig. 5.

10 Before the description of the flow chart, the algorithm
of this task will be explained, referring to Fig. 7.

-In the figure, the same reference numerals denote
the same parts as ih Fig. 1. As shown in the figure, the
reduction mechanism, which has been omitted in Fig..l,

15 comprises a first gear 8 of a diameter Dj; coupled to the
motor 5 and a second gear of ‘a diameter Dy coupled to the
traction machine 7. Further, a diameter of the traction o
machine 7 is Dg.

As apparent from Fig. 7, there exist the followzng

20 relationships in the rotating angle Aer of the motor 5

and the traveling distance 8% of the cage 11, w1th respect '

to the duration from time point tg to time poxnt tl._f‘f

. ~ tl la) . ‘.
25 - b, = J w dt S (10)



[efr] the value of [err] at tine point [err] and [err] Accordingly, both
t-he’ f'ormul as (10) and (12) are expressed as follows. [err] In the formula
.(14), Kd is represented by [err] s value is specific an el evat or; ‘and
therefore it is stored in a predeterm ned area of the specific data tabl e
in advance. Referting nowto Fig. 5 the flow chart of the task 53 will be
expl ai ned. At step 501, the rotating angl®e 20 = 27 - [err] is calculated on
t he basis of the angul ar speed [err] and the previous value of the rotating
angle [err] (initially, [err] = 0). A though, as described above, AT
represents the sanpling perlod it Egéo neag§ atineb5 "interval of the
repetition of this calculgklon, whi raIIy set at a tine spgly er
than a tinme constant in the respons®2of Fhe Speed control of the elevator,
e.g. about ten mllisecond. Further, [err] is read out froma predeterm ned
area in 10 ~ the mptor control mork table and [err] from a predeterm ned
area in the floor control work table. The thus obtained rotating angle

[err] of tRe notor Smqi s d i Bt A ondi t roor
control mo?k tabl e, F?E.?&?Eg 5%%@32? gF.?ﬁ gogfggp%h q%géaﬁghgknug%dbmed
by the as follows.
\ . io - |

Or,5 = 1 ( Gr,j807) (12)

wherein AT : sampling period,
ﬁr'j: the value of &, at time point
(tg+AT+3), and
.15 : jo ¢ (t1-tg)/AT

Accordingly, both the formulas (10} and (12) are

\« = expressed as follows.

20 8Br,y = By j - AT + A8y 3_1 - (13)
& = Kg - Ae, I - (14)

~gtored in a predeterm1ned area of the specific data table
in advance.
Referring now to Fig. 5, the flow chart of the task

.53 will be explained. At step 501, the rotating angle



T2
P

15 newy calculated [err] Then, the traveling distance [err] is 7
.calculated for the rotating angle [err] at step 503, and the content of t e
area for [err] in the floor control work table is renewed by the newy
calculated [err] At step 505, it is 20 di scrim nated whether or not the
position interrupt signal is produced by the floor detector *17. If there is
no position interrupt signal, the operatrb@¥ﬂﬁw to return to the main
routine of Fig. 3. If the position interrupt signal exists, the content of

[ e fl I kK table i :
ncr eased by onfornet HaPRERERY, hor Ehe' Pabi,psqthe e ular Bebatitg o ca
2, 'R e
cal curated 393 tndrbEebTOE ORTLE, oF ERe ROkar 1HT AR AT (2 OF 1 1e

floor height tak)iﬁtigga%ggi,chﬁggé; g§90nﬂithauﬁh9bfa§.i B%gc@Hb%he%béQr;e S g&eg

509). Thereafter, rati urns to the main routine o

Referring agai npéprEk@nts: tAk! 8amp1¢nk! peribai, 0ht EREDUNeA%s! 3Simd | S
conpleted at step 321, it is judged a steph3£3 whet her or not tine t

reaches AT5 If ijheekva® OF €hesrepetielionhapge thilbe caleaTarlionehiiich i
repeatedly continued until [err] lapses. Wen tine t reaches 10 AT, the
oper ati on goes generahlg?Eetantwhai timet smaljledgehanhat tdmeoiconztante ipward
limt switch 27 is operated. If the switch 27 is not operated, the '
operation returhbBe response of the speed control of the elevator, e.g. -
about ten millisecond. ~
Further, ®, is read out from a predetermined area in
10 the motor control work table and AS, from a predetefmined
area in the floor control work table. The thus obfained
rotating angle Aar of the motor 5 is stored again in the
corresponding area of the floor control work table, i.e.,
the content of the corresponding area is renewed by the
15  newly calculated Aar.
Then, the travéling distance A§ is calculated for
the rotating angle A@r at step 503, and the content of \¥
the area for AX in the floor contfol work table is renewed
by the newly calculated Aﬁ., At step 505, it is |
20 discriminatéd vhether or not the position interrupt'éigna;
is produced by the floor detector 17. I
If there is no,positibn interrupt signal; the
f__operatipn ends to return to the main routine.of;Fig. 3. -
If the position interrupt signal exists, the content .of :
25 the area n for the present floor in the floor control _
work table is increased by one and the result thereof is

stored in the corresponding area. of the floor control

N
work table again (step 507). The value of 84X calculated



to"step 315 and is repeated again in the sane manner as descri bed above. 15
- NI If the upward linit switch 27 operates, this nmeans that the floor
.height operation is gonpleted until the highest floor. Therefore, the
operation of this routine ends after an instruction for stopping the cage

11 is given (step 327). 20 ' In this manner, the floor heights of al
the floors measured fromthe operating posi 2 of the downward [inmt
switch 25 are detected by repeating the operation fromstep 315 till step

325 d di he fl height tab 59. 2 . In the fol i_ng,
the expl anat fon 9F I TESR SoheiBrotaRedolfes -9-7%5%?@155&Qrf%ﬁ?f?rcégWéTgm
h fl h . | tlJ h t [ N tion.

- he nor e 19t SHBLE, S8 whfoh ot {EapehaR, torf ShtainflloatontaRy
33a f h [ t LS | ' ,
the [err] cal culog] nEPcERISOSTT ITRERRARLAES thie dBEPaLIVR LQPLLNE B67thE

detailed flow chadinofolfnéask Pilgl s3shown in Fig. 9. In Fig.. 9, at step
901, the distance [err] between the present floor n and the destination

floor N is gal cul at edRefetibndpasgsinité®idl 09 Aet&httNel FESoF"hadghter ]
of the respective floors which are given fromthe 10 operation

managenent cont réasur Bigt bask B3 s ttompletedvati sgepod2hpdiB3hs Judged

cal cul ated distance AXNn is '

; . ~at step 323 whether or not time t reaches AT. 1If the

~ time AT does not yet lépse, the judgment operation is
‘repeatedly continued until AT_lapses. When time t reaches

10 AT, the operation goes to step 325, at which it is judged
whether or not the upward limit switch 27 is operated.
If the switch 27 is not operated, the operation returns
to step 315 and is repeated again in the same manner as
described above.

15 - If the upward limit switch 27 operates, this means
that the floor height operation is completed ungil the

W , highest floor. Therefore, the operation of this routine

- ends after an instruction for stopping the cage 11 is
given (step 327).

20 In this manner, the floor héights of all the floors
measured from the operating position of the downward limit
switch 25 are detected by repeating the'oéeration from
step 315 till step 325 and stored in the floor height
table 59.

- 25 . In the folloﬁing, the explanation will be done of
the normal traveling operation. Fig. 8 shows a flow chart

of a main routine for the normal traveling operation.



stored in a predetermned area in the floor control work table. At step -~
903,  the first notch is at first selected and stored in a predeterm ned =
- area in the speed conmand 15 wor k table. Next, t acceleration tine
[err] is calculated at step 905, and then the deceleration time [err] at
step 907. The acceleration tine [err] nmeans,a tine during which the cage
11 is accelerated with the acceleration a Tts speed 20 can be
bncreased up to the speed [err] of the first notch. Simlarly, the

_up te | | oren. o
decel o at ed w th t nere ASERaE, sheFEATHE, pbIhe (TR i, e e

' T | ghed RS ik |
Tored 25 Cirtprieetdy Pohdna a3ar TreH TR cpeTRL o e 5 1

basis of [err] &owei&iiér 0882 NRfled! thi8S¢otitine sgg.%t@,smwﬁrl s

cal cul ated at step 909. -The distance [err] means a distance I n Wl ch the
cage 11 is acce¢g1ch®ating- td4k- 6W B hlte fA¢et xidutied athidtded g0 BPERM

reaches [err] and thereafter the cage 11 is decelerated with the _
decel erati®n [ edetaibed! flow chaet beECatmes tasko 6y d® [stiown Aln Higp BLL, it
I S judged whether or not the thus obtained 5 di stance [err] exceeds the
di stance [err] obtai iedFag.sfepad0stepl 90Ag fthenddistamre Xy, thetveadre
latter, notch mis increased by one (step 913) and the operation of step
905 et seqq. i stkerpresenptt £igernn amstﬁeoée@mmm ifSloagpdhties] unti |
[err] exceeds [err] o _
calculated on the basis of the floor height values Fp and
FN of the_fespective floors which are given from the
10 operation management controller 33 together with the
traveling command 33a. The calculated distance A¥nn is
stored in a predetermined area in the floor control work
table. At step 903, the first notch is at first selected
and stored in a predetermined area in the speed command
15 work table.
Next, the acceleration time ta-ié calculated at step
905, and then the deceleration time tg at step 907. The v
acceleration time ta means a time during which the cage
11 is accelerated with the acceleration ¢ and its speed
20 can be increased up to the speed V) of the first notch.
Similarly, the deceleration time tg means a time during
which the cage 11,15 deceleraﬁed with the decelerationgpg
and its speed is decreased down to the speed V3 of the
first notch. The calculated times t¢ and tB. are stored
25  in predetermined a:easuin the speed command work table.
On the basis of tq and tg obtained at these steps,
the distance AYj is calculated at step 909. The distance

Ay; means a distance in which the cage 11 is accelerated



107, The fact that [err] has becone larger than [err] neans that the
m%d ' not ch, which has been searched for by the | oop operation, is by one

.higher than its appropriate value. Then, at step 915, the value of notch is~ -

'decrgased by one and fKe notch (ml) is stored in a predeterm ned 15
area-of the speed command work table. At step 917, the speed [err]
corresponding to the (ml)th notch is storech4n an area for [err] in the
speed command work table. Then, it is judged at step 919 whether or not
[err] determ ned as above is larger than the maxi mum al | owabl e 20 speed
‘[err] of the cageith, thei abcelegheiofd wnuatpledesesperad rakehesN viihand
specific data table. |If [err] does not exceed [err]| that val ue o# [err] is
.made the nornal thereaEhgrspbedcagé, lhoievdecelerate@xadetstherr] the
| atter is used as the normal traveling speed [err] 25  (step 921).
Returning to Fi gdegelefationhf pptil étscspeednbecamesczers Eoom ¥yed, Athe
routine for start is executed (step 803). Al though details are omtted
here, the routin8teBrdll,.ibsis jugdgedi whgtheyt pienpsr theefhuisngbtiad nedar t
of the cage_11. gge grincigal function of this routine is tq release the
braki ng force ef fEEERRCRUAE N eKRRedBobhEr diftangg. 2Xun PRtafBed @k Step ep

803 15 et ed it LheRe cofguFLTh! Shadle BRfCtng, TREES, gt 3 °PS
iiLPU|ated’ wWhi | gst PRcfbaEkbaChy! BfieCi9teplo13)P&hA%¢the operation of step
905 et seqq. is carried out again. This loop operation
'is repeated until AYp, exceeds AXyp.
10 . The fact that AY, has become larger than Axyp means
| that the m-th notch, which has been searched for by the
loop operation, is by one higher than its appropriate
~value. Then, at step 915, the value of notch is decreased
by one and the notch (m-1l) is stored in a predetermined
15  area of the speed command work table. At step 917, the
‘speed Vp.1 corresponding to the (m-1)th notch is stored
— in an area for Vpgp in the'speed-command'ﬁotk table.
Then, it is judged at step 919 whether or not VTOP
determined as above is larger than the maximum allowable
20  speed Vpax of the cage 11, which is stored in a
predetermined area in the specific data table. If Vpop
does not exceed Vpax, that value of Vpop is made the
normél traveling speed. If,*howevet, Vpop exceeds Vpaxe
the latter is used as the ﬁormal traveling speed Vggop
25 (step 921).
Returning to Fig. 8, after the Vpop calculating task

61 is completed, the routine for start is executed (step

803). Although details are omitted here, the routine for



prepared. At step 805 an area MOD for the traveling node of 10 t he cagg;
11 in the speed command work table is set at one. The traveling node of t €

cage 11 will be explained, referring to Fig. 10, inh*which there is shown an -

exgnpl e of a speed pattern. As shown in the figure, MOl neans that the
cage 11 is being accelerated at the 15 accel erationa . Fdrther, MOD=2
means that the cage 11 is traveling at a-c»mstant speed [err] and MOD=3
nmeans that it is being decelerated at the deceleration [err] At step 807,
the area of [err] in the floor control work table is cleared, and then, at
step 809, the steaet 18 a routise £orzprepawrdngedihes stardoof thewcagdt step
811, the distance calculating task 63 is initiated. As shown in Fig. 11,
the task 63 islihe ThgePrAncApads ifnacsdon ek imsﬁg:qwtet;megcﬁ_trrlei?.xease
measuring task,53 al read escribed. Therefore, the tas Wi e

di scusseg 25 Séf“ n I%"’FI"&{ -ef%,e%dséé‘ﬁli’ﬂolﬁhﬁ Rl i Hhe FR9R [err]

Val e of he rdtari 8 Eher E30uEE: IR AR et itedF e B 0TS (e
S v Bocu BBl tioR B Bses OIS ki | OGPkl 66T 40K 03
e ornen b, B85 piptapay g st etilpd hdendly, veop o 801
ca;culated, while the start of the cage 11 is being
prepared. _ |
At sfep 895, an area MOD for the traveling mode of
10 the cage 11 in the speed command work table is set at
one. _The_traveling:ﬁode_of the cage 11 will be explained,
referring to Fig. 10, in which there . is shown an example
of.a speed pattern. As shown in the figure, MOD=1 means
that the cage 11 is being accelerated at the
15 accelerationea . Futther, MOD=2 means that the cage 11l is
traveling at a constant speed.VTop'and MOD=3 means that
it is being decelerated at the decelerationB .
At step 807, the area of-Aar in the floor control
work table is cleared, and then, at step 809, the timer
20 is set at zero and begins to count time. At step 811,
the distance calculating task 63 is initiated. As shown
in Fig. 11, the task 63 is the same in the principal
_ poztiqn as the f;oo; height measuring task 53 already
described. Therefore, the task 63 will be discussed
25  briefly. f
In Eig. 11, at step 1101, the rotating angle.Aar is
- calculated on the basis of the angular speed ﬂ} and the

.
previous value of the rotating angle 40y, The time AT in



is stored again in the corresponding area of the floor control work table,
i.*8, the content of the corresponding area is renewed by the newy
.calculated [err]. Then, at step 1103, the .traveling distance [err] is
calcfil ated for 10 fhe rotating angle [err] obtained at the previous
step, and the content of the area for [err] in the floor control work table
is renewed by the newly calculated [err]. _Abkhough details will be apparent
| ater, the distance calculating task 63 is repeatedly executed every tine
the 15 position interrupt signal occurs. Further, as indicated in step
807, the rotati nghpGdEep eid Itis sdmarfsl W%Ueﬁly@_ltbfsri?§ksi.s FAkthatgd.
Therefore, the traveling distance AX nmeans a traveling distance of the cage
11 measured frorfg his ftead ol ofigdin Whe prt éde E@BIRI Add haBeRasACEhbUab R0
before. Then, at step 1105, the above gbtained AX is added to the val ue
[err] of the fl czonteolwork tdlsle Lemtd fréyifuomfthverpredetbmminba diehatae
X of the present cage position nmeasured fromthe operating position of the
downward |imt sthedhlosr icontnel merk tEtlehus obtained is stored in a
predeterm ned area of the floor control k-table. After Ahe distance

cal cul ati ng®task 63 iThedireiktainedsekaing cangle 48t thenmebori be

of Fig. 8 and , - 27 -_at step, 813, the speed ¢conmand generating_task 67
is initiated. A¥§ FFued ragpin pin the cqrr H’q’n‘ﬁé“%i agedsel, ther gF-PPh'g to
ﬁLg' 12' control work table;'i.e.,"the content of the corresponding

‘area is renewed by the newly calculated Aar. Then, at
step 1103,'thé'travelihg.distance &R is c#iculated for
10 the rotating angle Aar obtained at the previous step, and
the content of the area for AX in the floor control work
table is renewed by the newly calculated A%X.
Although details will be apparent later, the distance
calculating task 63 is repéatedly executed every time the
15 position interrupt sighal occurs. Further, as indicated
in step 807, the rotating angle ASr is cleared every time
this task is initiated._ Therefore, the traveling distance
dﬁ meahs a traveling distahce-of the cage 1l measured
-from the floor through which the éage 11 has passed just
20 before. Then, at"step 1105, the above obtained AR ié
added to the value Fj, of the floor height of the just
previoué floor,.so that the distance § of the present

cage position measured from the operating position of the

downward limit switch 25 is obtained. The thus obtained




In Fig. 12, at step 1201, it is judged whether or 5 not the value of the
- traveling node of the cage 11 is one. |If the answer in this step is NO e
means that the cage 11 stops at a certain floor or the value of the
trfveling node is either two or three. Then, the operatfon goes to step -
1203, at which it is further judged 10 whet her or not the value of the
traveling node is two. If the answer in-st¥ph 1203 is also NO it neans that
the cage 11 stops at a certain floor or the value of the traveling node is
three. Then, the operation goes to step 1205, at which it is udged ‘whet her
or not the valak agep 838, tgbet sReedi ﬁgmmeaé genegagdng Fﬁs‘!‘hé ad$wer in

this step is a s that the_cage 11 sto certain floor.
Accordlngly, ? glﬁﬁegpeegeggﬂﬂaﬁ agk pf Egéﬁuﬁéakhgﬁh @i b& ep 1207 is
not carried ou LES exec |on f this task 67 ends and the 20
operatioh retué%?Aﬁgg?ﬁé #%Eﬁr ggglﬁé E& 69 8." Further, a flowin step

S et eacha. reR eRRnkal NE20PREALLEY ﬁmpgéehlgh uap%adwﬁ%@g%'}d of 'S

converted into the conma for-the ro I'ng arigular spee

accor dancg vv'tHoehehéraaﬁhénafdthe%taeei&nghﬁoaagsfllgeTE% @aipq [1%”] used
in 25 this conversion is stored in the predeterm ne are I n-the

speci fi c data 6a8le. IRetHenaRgwee SheEhiaoé;ePf 1Ehﬂoqni\&efnehfihst hatSitde 1 S
YES, the operation goes to step 1209. As w | -- apparent from
the descriptiocaget 2L, stops sk Gértain floor or the value of the \;
traveling mode is either two or three. Then, the
operation goes to step 1203, at which it is further judged
10 whether or not the value of the traveling mode is two.

If the answer in step 1203 is also ﬁo, it means that
the cage 11 stops at a cértain floor or the value of the
traveling mode is three. Then, the operation goes to
step 1205, &t which it is judged whether or not the value

15  of the traveling mode is three. If the answer in this
| step_is again NO, it means that the cage 11 stops at a
certain floor. Accordingly, sincé no speed command V* is -
- produced hitherto, stép 1207 is not carried out. As a
result, the execution of.thiéitask 67 ends and the
20 operation returns to ;he.main routine of Fig. 8. Further,
| a flow in step 1207 et seqq. represents the operation, by
_ thch the speed command V* is converted into the command
. mr*.for the rotating angular speed in accordance with the
_ _traveiiﬁg direétion of the.cage 11. The gain K used in
25  this conversion is stored in the predetermined area iﬂ;r
the specific data table.
Returning_to_étep 1201, if the answer in this step

is YES, the qperation goes to step 1209. As will be



repeated every AT, and hence step 1209 is repeatedly executed at intervals
of ferr] Thereafter, at step 1209, the speed command [err] is cal culated on
the basis of the 5 acceferatlon a and the speed command V*, which was -
calcplated last time of the repetitive operation (i.e., AT before)

Further, ka is a constant for converting the acceleration a into a speed
whi ch is attained by the acceleration [errd ZBir4ng [err]. Accordingly, step
1209 produces 10 the speed command V* with respect to tine, as this task
67 is repeated every AT. Then, at step 1211 it is discrimnated whether or
not V* is equal @BPéren&rgeomthha @escrlphuoh hatebgethdbr tadk 63t dmi ned
by execution of the [err] calculating 15 task 61. If V* exceeds [err]

it means that a p8PReted evaryi A t Andt haneei aeppdd0Psisenepedtedly Fig.
10). Therefore, the a h g E MDD in the speed conmand work table is renewed
by two (step 121%¥%cahgd: reﬁFFEYa%ﬁe°§pé?at|She§9é§t9§rs§§p5$2931296.

W |1 h d |1
at one. Ther efgﬁ’éf’gaﬁel‘%r@haﬁe P ignealeLated enishs ﬁﬁétl'gzegr #he 1o
this case, Howevgheel Fa?PS gﬂgagﬂe s?géédg ﬁﬁ?g pééé :V%gnxggged

into the connand err I Ot

- When MDD is JUdQGQléﬁlgéeB“Q &t eife 3?06? tpgggggéiggoan9§?158 iR, 1215,

at which [err] obtained by t e VTOP ca atrn ored'irA~tHe
aiii,for V* AT before). Further, ky is a constant for convert1ng the

acceleration ¢ into a speed which is attained by the

dcceleration @ duripg AT. Accordingly, etep'1209 produces
10 the speed'eommand V* with respect to time, as this task

67 is repeated every AT,

Then, at step 1211, it is discriminated whether or
not V* is equal to or larger than Vpgp, which has been
already determined by execution of the Vpgp calculating

15 task 61. If V* exceeds Vpop, it means that a point of
changing the traveling mode is reached (cf. Fig. 10).
— Therefore, the area of MOD in the speed command work table
is renewed by two (step 1213), and thereafter the
operation goes to step 1203. |

20 - If V* is smaller than Vpgp, it means that the

\\raveling mode still remains at one. Therefore, the

; 'ﬂ&
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When MOD is judged to be two at step 1203, the

operation goes to step 1215, at which Vpgp obtained by

the VTOP célculating task 61 is stored ‘in the area for V*



- 29 - in the speed coomand work table. Then, the starting point of
deceleration (cf. Fig. 10) is determned . in accordance with the d|rect|o}"l‘J
of the traveling of the cage 11. The travellng dlrectlon of the cage 11 is
disscrim nated at 5 step 1217. If the cage 11 travels downwar d, the
féLIomnng discrimnation is carried out at step 1219. At first, a distance
necessary for decel erating and stoppi ng-t B8 eage 11, which travels at the

. speed V*, at the deceleration [err] 10 is calculated by the relationship
of [err] Then, the thus obtained distance is subtracted fromthe distance

[err] of the QMe§®m:ﬁﬂﬁﬁdlqgmmﬁndtﬂ?kkmﬁ?QHﬁ-IfTh%%vaﬁ%ﬁeﬁtﬁﬁtkﬁﬁpPQEEQ i s

NO, i.e., n sul t of t- ) on,is_larger thap the fI

hei ght val ue ﬁé%ﬁ@ d&"sﬁ tﬁ‘t ?i‘h ol de at’r’&naﬁ% ?’(’Jc%tep

1205, because t, e not reach he st

decel erati on. '];‘j-t?%]gl ’iq{h ?&yﬁh% %%i;‘ée NG R E ﬁb?g?g {‘he TBerting
t of d I t 2 f
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whi ch the spe@Qé§Nj§yyi\ﬁ set at step 1215 i.s converted into the: connand
[err] for the rotating angul ar speed of the nmotor 5. Then, at step 1223,

the traveling direaf @héfcddee rROEradvels ddwnwafldyCEhal ﬁélESwméf the cage
11 travels upward, [err] obtained at step 1207 is utilized as the conmand,

as it is, anddifsddiminngcion is avatsiedvontrat seep] 1239UsenNtfPirsbe a
command after it is nultiplied by mnus one (-1) at step 1225. o’

distance necessary for dece;erating and stopping the cage
11, which travels at the speed V*, at the deceleration 8

10 is calculated by the relationship of V*t8/2. Then, the
thus obtained distance is subtracted from the distance §
of the present position of the cage 11. If the answer in
step 1219 is NO, i.e., when the result of thefsubtraction
is larger than the floor height value Fy of the

15 destination floor, the operation goes to step 1205,
because the cage 1l does not yet reach the starting point
of deceleration. | | -

Since the position of the cage 11 does not reach the

starting point of deceleration, the value of MOD remains

20  at two. Therefore the answer of step 1205 becomes NO and
the operation goes to step 1207, at which the speed
command V* set at step 1215 is converted into iﬁe command
wy* for the rotating angular speed of the-mdtdrf&. Tﬁen,
at step 1223, the traveling direction of the cage 11 is

25 discriminated. If the cage 1l travels upward, w,*
obtained at step 1207 is utilized as the command, as it
is, and if the cage 1l travels downward, wy* is used for
the command_after it is multiplied by minus one (-1) at
step 1225.

i



:30- Returning to step 1219, if the answer in this step is YES, i.e., when
the gsubtraction result becones snmaller than FN, it neans that the position
of the-cage 11 reaches the*starting point of deceleration. Therefore, MOD
S 5; changed to three (step 1227) and thereafter the operation goes to
step'1205. At this tine, the answer of step 1205 beconmes YES, and the
operation goes to step 1229, at which the §p§6d_connand V* for the
deceleration is calculated in the anal ogous franner to step 1209, but

i nstead of the 10 acceleration a, the deceleration [err] is utilized in

step 1229. Further, KRdturai Wgté‘#)rnql@n'veiré'im tg}gvgg@cei!,@'ra{{é)rgt[@[;r]

into a speed which is attained by the deceleration [err] during AT. At 'step

1231, it is dischignyEs,ed Wgt iferP it Holsibte akbt i on SREAN € HEBbks 'smaller
calculated at step 1229 is equal to or smaller than [err]. which is a speed
by the first not chan Fyy* iits nleargerthatarteeipds iitiom el atheocgreed) axeaiches
1207, and when V* is equal to or snaller than [err] the operation goes to
step 1207 after ‘the stasting pointt qf BPlerztion. TheXfefmrd hMO)eis
command generating task 67 is conpleted, the operation returns again to the
mai n routin® of Ch@gnged tphdhrea @tep d227) rand dhersafdry &hePrerat ion
I s executed. Since this task 41 has bheen _al ready described in detail, the
expl anati on t her 8928 £ RteRd285 st &F éf‘f‘%,s itine, the ansmak R Shemot208r

_ hqi-/lapsed from tb%%o?n)éesc%ilso,n a?'Id %:the(éD o%)oegfatipc‘;c& egrot-'.-tshetclc % Seep 1229, at which

the speed command V* for the deceleration is calcﬁlated
in the‘analbgous manner to step 1209, but instead of the
10 acceleration o, the deceleration B is utilized in steé
1 1229. Further, kp is a constant for converting the
deceleration B into a speed which is attained by the
deceleration B during AT. -
At step 1231, it is discriminated whether or not the
15 speed command V* calculated at step 1229 is equal to or
smaller than Vi, which is a speed by the first notch. If
k./ V* is larger than V;, the operation goes to step 1207,.
and when V* is equal Eo or smallér than V3, the operation
goes to step 1207 after V* is set at Vi (step 1233).
20 After the speed command generating task 67 is
' comp1eted, the operation returns again to the main routine
of Fig. 8. Then, at step 815, the control operation task
=41l is executed. Since this task 41 has been already

feSeribed in detail, the explanation thereof is omitted

K | . -
A/ At step 817, it is judged whether or not AT has

jg*; , ;1i5%5ed“from the execution of'step 809. After the lapse

of AT, the operation goes to step 819, at which it is



// of [err] the operation goes to step 819, at which it is - 31 - S
discrim nated whether or not the position interrupt signal occurs. |f it
does not occur, the operation returns to step 809,* and .t he operation as

ntioned above is repeated again. Therefore, it w ll°.be understood that
the 5 operation as nentioned above is repeatedly executéd at tine
intervals of [err] every tine the positd @L i-hterrupt signal occurs. In the:
case where the position interrupt signal occurs, the operation goes to step
821, at which the floor 10 hei ght correcting task 65 is carried out. A
detail ed flovdiberimihated whekheéB ©0r shbwhhenppsdtion inkerampdr svitgrfalom
Fig. 8 the task 65 is_executed only when the position interrupt signal
occurs. In Fi@ccgesoatIfi%§td°?ﬁe39¥a969Pﬁg &hecopezation wetigns tenge 11
S dlscrlnlnated af ste |f the cage 11 travels upward, one is ded

éﬂé pgﬁé % %P

to the val ue RteP ef?BSFaﬁhgﬁ ﬁemSB§FPP8ﬂ ﬁwhﬁ LSRAAR

B?ggéferﬁ?ﬁeégg?igsrl*?%ﬁek%ﬁsf égnyfg Lﬁggéﬁﬁ oreghg% t %mwvvalue of
h f 3 h h

e DreSSt CoBREsLEbRPad Wdhe SHehBRE0R 48! opk RIS WA o
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floor (step 139§nal dbenesiter, - \/
In the case where the gbsition.interrupt;signal
occuré, the Qperatipn goes to step 821, at which the floor
10 height correcting task 65 is carried out. A detailed
flow chart of the task 65 is shown iﬁ Fig. 13. As
apparent from Fig. 8, the task 65 is executed only when
the position interrupt signal occurs.
| In Fig. 13, at first, the traveling direction of the
15 cage 11 is discriminated at step 1301. If the cage 11
travels upward,ione is added to thé value n of the present
floor whén the position interruptusignal”occurs, and the -/
reéult (n+1)_of the summation is stored in the
predetermihed area in the floor control work table as a
20 new value of the present floor (step 1303).

On the contrary,_if the cage 11 is in the downward
traveling s;ate, one is subtracted from the value n of
the_ptesent floor, and the result (n-1) of the gubtractipn
is stpfed in the predetermined area in the work. table aéfﬁ

25 a new value of the present floor (step 1305);- Thereafter;.
the ﬁlpq;_height_valuelrn of the floor corresponding to n

determined at step 1303 or 1305 is read out from the floor

height table 59 (step 1307) and employed as the distance

-



‘the floor height value Fn of the floor corresponding to n determnined at
step 1303 or 1305 is read out fromthe floor height table 59 (step 1307)
.and enpl oyed as the distarce - 32 - A X of the present position of the
cage 11 neasured from*the operating position of the downward limt swtch
25. YWhen the floor height correcting task 65 ends, the operation returns
again to the main routine of Fig. 8 5 _aggl it is judged at step 823
whet her or not the cage 11 reaches the destination floor. If it does not
yet reach the dgstination floor, the operation returns to step 807 and is

repeated in thexsaﬂEtnasﬁgéseﬁtdgasatbeﬂ agovfeldlage UMlemeagirkl readmhes
the destination floor. en 10 the cage-11 reaches the destination

floor, a routintheooperappnggpbbétiopcoflthe Avwewiaed Alindttepwideh 2616
‘princi pal function of the routine for stop is to open a power circuit and
to effect the braki ngheor tbe Thooeahedghtt berepertinigortask 6i5c enmdsnalthe
traveling routine 15 ~ ends. As described above, the present position of
an el evator cag@Ppsaféoncreluppst pgainl &0l sheomaim wiontine ofoFigne 8of t he
control anpunts created in %he course of the sggnal processing for the
vector conProl 8Pdahtogs Jupggdcatomtes: 823 whegher AF aftctbeacagecdde.
Therefore, according to,the.present.invegtion, y .special position
detector, such 5§2% eﬁx5%ﬁsﬁ§§€FBPgﬁ9ne%388§r, &% &5t%oes not yet reach
\~/ the destination floor, the operation returns to step 807
and is répéated in the same manner as desciibed above
until the cage 1l reaches the destination floor. When
10  the cage-1ll reaches the destinatioh floor, a routine for
stopping the cage ll'is exééuted'at step 825. 'The
'principal function'bf the routine for stop is to open a
:pOWer circuit and to effect the braking force. |
Thereéfter, the operation of the normal traveling routine
15  ends. | |
 As described above, the present position of an
N\ elevator cage is detected by the calculation on the basis
6f one of the control amounts created in the course of
the'signalzproéessing for the'veétor control of an
20  induction motor for driving'én elevator'cage. Therefore,
according to the present-inventién, any special position

detector, such as an expensive rotary encoder, is not

‘needed. :Therefbre, an economical elevator control




//’needed. Therefore, an econonical elevator control apparatus can be ST
achi eved. -33- CLAIMS: - 1. A control apparatus for an el evator
serving a plurality of floors, said control apparatDS‘including: (a) an
i nduction notor for driving a cage of ge el evator; (b)"inverter neans

lied with D.C. power, for convertlng the D.C. power intd A.C. power to
supply said induction notor therewith; (c) operation managenent control
nmeans, which receives cage call signals generated in the cage and hall cal
signal s gener@igflyg el evator halls of the floors and produces a travelling
command |nclé§;ng—Tnfornat|on relating-to the present floor position of the
cage and the position of the floor to which said cage is travelling to, in
order to manage the operation of the cage for serving the floors; (d)
si gnal processor neans,Aréﬁnttoivspparabustfevehhiegevaﬁunndervmnghach a
detected current of said induction notor is resolved into an excitation
conmponent andpkhutalie cbnpboens, saedrooatral) apparatuspésdlofiisgizd
i nduction notor being detected on the basis of the torque conponent, and a
control signal being gehe}amdm@u@bh@nomosardfbnddewengrrat ergenofuthea

manner that the detected rotating angul ar speed foll ows a command for the
rotati ng elevator'

| (b) inverter means_supplied with D.C. power, for
'converting the D.C. oower into A.C. power to supply said o’
induction motor therewith;_.'
| (c) operation management control means, which
receives cage call signals generated in the cage and hall
call.signals generated in elevator.halls of the floors and
produces a travelling command.including information
relating to the present floor position of the cage and
the pOSltlon of the floor to which said cage 1s travelling
to, in order to manage the operation of the cage for
“serving the floors; _. _ .- l_ J
| | (d) signal processor means; responsive to the
travelling command, in which a detected current of said
induction motor is resolved into an exCitation component
-and a torque component, the rotating angular speed of said
induction motor being detected on the basis of the torque
.component, and a control.signal heing generated to control
said induction motor in such_a manner that the detected
rotating angular speed follows a command for théfrotating
angular speed determined in accordance with:the travelling

command; and
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“angyl ar speed determined in accordance with the travelling command; and

- R4 - (e) inverter control means, which in response to the control signal
fron1sa|d signal processof means, produces gate signals for said inverter
mean$; wherein said sPgnal processor nmeans cal cul ates a present position of
the cage on the Dasis of the detected +o¥4t+ng angul ar speed of said

I nduction notor and generates the conmand for the rotating angul ar speed in
accordance with the cal cul ated present position of the cage. 2. - An
el evator control apparatus according to claim 1, wherein said signa

processor means obtains rotatin angle of said induction notor by adding
up the detected rotating angtiskt %p ;f“"gfm/%h "'ﬂ?’rf‘@’l i Tt HRERORHY to

chtained rot &%eﬁgceoiﬁt”tolp‘)%éﬂﬁ” o KL K e L o Shm et dovotusnen
to cl ai m1, e'ﬂr#JEel{se fér fslglt(fef ‘pélcyéldqéggdgor det ector nmeans for

produci ng a errupt S|gn every I ne the cage passes a roor

and said si gnal processie MBS {1 Sfidd g{g &n |&1vg:u
cal cul ated position of the cage IS store as a floor herght 1n response to

the positiond Pr¥deitt poditfilon of the cag¥ ¢ eMid WaHiNtd Pl e PR MSed
according to claim3, wherein the present position of the cage is

cal cul at ed bydtat ifMp@anqidightspessd]l afitsdidnndectimmrmotor and generates
k~/ ‘the command for the rotating angular speed in accordance with-
the calculated present position of the cage.

2. An elevator control apparatus according to

claim 1, wherein said signal processor means obtains a
rotating angle of said induction motor by adding up the
detected rotating angular speed every given time interval

and calculates the present position of the cage on the

basis of the above obtained rotating angle.

3. An elevator control apparatus according to

claim 1, wherein there is further provided floor detector
means for producing a position interrupt signal every time
the cage passes a floor, and said signal processor means has
a floor height table, in which the calculated position of

the cage.is stored as a floor height in response to the
position interrupt signal.

4. An elevator control apparatus according to

claim 3, wherein the present position of the cage is

calculated by the floor height read out from the floor
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hei ght table In response to a position interrupt signal-* -35- and a
, pogition on the cage cal cul ated on the basis of the detected rotating -
angular speed after occurrence of the position |nterrugng|gnaI 5.
A gontrol apparatus for an elevator serving a plurality of floors, said
control apparatus being constructed ah? arranged to operate substantlally
as herein described with reference to and as illustrated in the
.acconpanyi ng draw ngs.
~and a position on the cage calculated on the basis of the
detected rotating angular speed after occurrence_of-the
position interrupt signal.
5. . A control apparatus for an elevator serving a
plurality of floors, said control apparatus being constructed
and arranged to operate substantially as herein described

with reference to and as illustrateéd in the accompanying U

drawings.

-

A



