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CONTROL APPARATUS FOR PASSENGER CONVEYOR 1 . The present
invention relates to a control apparatus for a passenger conveyor. Once.
driven, a passenger conveyor’ usual Iy runs continuously at a predéiﬂﬁﬂkmédTW
-speed for the whole 5. day. Therefore, t hr ee- phase i nduction notor is
suitable-to drive such a passenger conve?o'j as described, for. exanple, in
U.S. Patent No. 3,658,166 and U.S. Patent No. 3,896,925. 'In these patents,
an induction notor havi ngompwmwmemmcsgmmed | oad torque 10"
of the conveyor -is drive t On the. ot her.
hand.+ a passenger. conveyofr seldon1conveys passengers corresponding to its
rated. maxi numtorque but it is usually driven with a several per. cent of
the full transportation |oad or sonetimes 15. with no load. In other
~words, in mast of the opewd igarEsddte iMtaticon uselates debvae tbateolveyor
with a lower |load factor with respect - to its capacity and with a | ow
eff|CIency Inapganaﬂusrﬁnruatp&sséﬂgerennnvegmere has 20 recently been
enpl oyed a system wherein the existence of a passenger or passengers i's
detected to sel ectively €nge diriveni alpassengsorcosveyosnushaliysyunsof

detection. In.the system since the conveyor may stop when there is no.
passenger $-on icontimaonsiar &ﬁnﬂnﬂﬁﬁd%ﬁﬁﬁﬂi#@@ spReedvEarf bhet Whodeopped
period of tine. However, "if there is even_one_ passenger on the

- conveyor, tRe @gﬁv apqﬁﬁ;ore, a three-phase lnductlon motor is
| suitable to drive such a passenger conveyor, as described,
for example, in U.S._?atent No. 3,658,166 and U.S. Patent'
No. 3;896)925. In these patents, an induction motor
haring a capacity determined by the rated load torque
10 of the cohveyor"is driven in the form of delta-connection.
| 'On'the other hahd, a passenger conveyor =
seldom conveys passengers ccrresponding to its rated
maximum.torQue_but it is usually driven with a several
per cent_of the fullltransportetion load or sometimes
15 witﬁ no load. ih-other words, in most of the'operations-
the motor is used to drive-the conveYor with a lower
load factor with respect to its capaclty and w1th a low
efflczency. | |
In order to ralse the eff;ceency, there has
20 recently been employed a system whereln the existence
of a passenger or passengers lS detected to selectively
stcp or start the conveyor based on the result of
detection. 'In the system, since the conVeyor may stop
when there is no passengers op'it; the power consumption

25 may be saved for the stopped period of time. However,



system whi ch often conveys a few passengers. 'In addition, in suchra. -
stem in the case where the conveyor happens to come to 57 a stop- _
bécause of absence .of passengers therefor, subsequent - passengers who are
about to ride thereon mght wongby_take |t to be out of service. . For -such

Qyrun as in the conventi onal s'ystem The efficiency is still lowin such

a reason, in a building such as a departnent store which is avail able for a - .

“large nunber of non-specific¢ persons and which the}refore takes a serious
view of safvthesabid e¥gn ome PasEARIGIOMR PG CHARYHat TG GFYEYRR N6 there is 4o

passenger ¢o dipUgs iinhEh& @oMeaHYIonaLS sysemopdhet efficbencynimssill dewin the E o

opar at us ok LA SRR AFEgh Foh iR (oA bsbfedlt) REaduRaBt /0

reduced. 1ih such a system,Adnothe ﬁgset Uhﬂ%tb? é@é\’ﬂ)"’l’fﬂm@%@t‘lz@}eet?s pr ovi ded -

a conirol 4 g Bbiksb O8F abPGRSCHH PasSAipEsy thePFor) subkequentat es i nterl i nked
to oné anot In an-endl ess-form.t,o t,rans ort tgassegggem thereon -t he

~control appareEEss. MhApATes AbRpG, ! to 1rids. S}ﬁ% oft &Pr anged to . -
drive sai @esqipopl resceindFmasath @ oéasoa), nigh ZCbulldmmge@ @%e* between star- -

d del t U ‘
?2 defec?d{%f’)%r}gﬁéh PP YRTen Ui Sfﬂ‘iﬁhfé 59{3 Aednditle?cés ROnIGHRBSER! I aNge

Pion emand sal d -passenger conve_yor on the basis of
at | east @eesais snd which echgreﬂoe@etﬁaukes FoReriouspyiewcef Sgreiseabiiitie- phase

mot oryp a”q:h35conveyor can notCHEpIEvaN §F tHeRe Sisano Pagsehget 0 Shus,clthehe wi ndi ng -
connect ion of said I n uction notor .into,the a- node when the
transporté‘f’f‘memﬁ & PELY C?'P?er aﬁg‘ﬁnﬁﬁ égg'gﬁue and to switch the
w ndi ng ceysesat.i on of said induction notor i nto the star- connection node
et et | o Bl TN SR8 AETAE = SnerBl R Eidofva't he
present irfeem |peﬁ$enserlcqwemmonmmm1$mptm may be reduced
15 According to the present. mvent:.onthere:.sprov:.deda
~ control apparatus for a passenger comreyor having step - |
'_ plates mterlmked to one another in an endJ.ess for:m to transport
o passengers thereon, the control apparatus conpr:.smg a three-phase in-
" duction motor arranged to drive saJ.d step plates and capable of being
20 - changed over between star- and delta-cormectlon modes _
transportat:.on demand detect:.ng means arranged to detect
transportation demand for said passenger corweyor on the bas:.s of
at least one of current and electr:l.c power suppl:.ed to said three
phase motor; and _ S
25 change—cver means arranged to switch the w:.ndmg connect:.on
' of said induction motor- J.nto the delta-connection mode when the
transportat:.on denand exceeds a fJ.rst predeternu.ned value and. to _
switch the w:l.ndmg connection of said induction motor into the star-
connection mode when the transportat:.on demand is below a second
30 _predetermmed value. e . :
, Convem_ently, a passenger conveyor ut:n.l:.smg the control
apparatus of the present mvent:.on, will provide a smooth, com—
fortable safe riding cond:.t:.on :



& :
fortable safe ri di ng condi tion - 3- An enbodi ment of t he present

i nventiortw | | now be described by way of exanple with reference to the
dcconpanyi ng drawings, ‘in which: Fig. 1is a schemati c perspective view o
an enbodi nent of 5 a passenger -conveyor incorporating a control

apparatus of the present invention; Fig.=-25i-s a main circui't diagram of a
passenger conveyor incorporating the control appar atus of the present
invention; Fig. 3 is a charewodimenti of dhagrrererthdnwvendiomaillingwi bmship 10

bet V‘ﬁﬁ” the effici SSEYABEIY WAPVSE eRARD1ENG AUtk erete tb%eoaa&mgényﬁgr
expl arfati on. of the |nC|pLe t he present invention; Fig. 4 1is
characteristic dld&%& &1 e rel atj onship betmeen t he input. current

and the output, for expl &ugt iloms of schamapic merspestive epew aatfmmembod1hent of
-present i nventg 0”1a?1p§ssen er convey dr ‘ﬂncoli'gblsaén 'arE Idrofl %)%E B 0fhe
a

enbodi ment of a | oad det €ct or W ch® ¢o tltut rans Pof defand _
det ect or - of . a contPEsSeBbFAVRtISN according to the present invention;. Fig. 6

is a circuit diagram of d’ﬂgﬁfﬂ)ﬂdldﬂﬁﬂin @tr@ﬁa@ﬁgaﬂﬁrofceriﬁey&t e?%tr@}or
circuit of cont roI ar. %&]%Sﬁcord to traﬁlb% present i r‘lrvertt Il on; .and o
Figs. 7A and 7B sh T 998 aPR5k 9f G BFERE JHVEREIOR: s of -
control apparatus accor d|Fmg t3ois meameem:lstlc -ddagram showing the relationship
: 10 between the eff1c1ency/ input power and the output of the conveyor,
for explanation of the principle of the present invention; |
' Fig. 4 is a characteristic diagram shbwing the relat:ionship
between the input current and the output, for explanation of the
~ principle of operation of the p_resent: invention;
15 - . Fig.' 5 is a circuit diagram of an embodiment of a load
detector which constitutes a transportation demand detector of a
- control apparatus aceording to the preSent invention; |
Fig. 6 is a circuit diagram of an embodiment of a passenger
conveyor control circuit of control apparatus accord.mg to the
20 present invention; and ' '
' Figs. 7A and 7B show measurement results of noise
supnressmn effects of control apparatus accordmg to the present




1 _.dnvention. Three types may be considered as a transporta- tion denand
- det&ctor for a passenger conveyor, as follows: 5 (1) ‘A detector ofsa
type in which passengers.are directly detected; (2) A detector of a *
secgnd type in which passengers are. |nd|rectly detected ~and (3) - A '
Wetector of a third type in whitH: passengers 10 are detected based on an.
. estimate. As the first type detector, the "apparatus for detecting the .
' nunﬂer%ﬁVQHﬁ¥9H " disclosed in U S. Patent No. 4,023,135 and U.S. Patent

No. 4,112,419 is _gvail gble. The aratus. i s based on the fact that. _fn
trasonte 15 m&@'efs eiis e 4 et Red R A AR TR AT 1y of (e
Wwaves [ f r rP guﬂ! t nmber of passengers. -
. Theref or%'éJn d;?eeq{)%cq{?e)ta ﬁtrgr ggnggo sed&?&‘t%%éwectgé he quantity of

- passengeyig.oi h accuracy sufficient to ‘embody t he present invention. 20
The secon type detector is based on-the fact that the | oad of a notor for
Cdriying a pagseneiderUMBOof/ A | i HERGAH Nth UWAILH Padsdiddty Of

passengers.. I'n the detector, accordingly, the current” or power of the ot or .

S dete&@edﬂrecﬁayﬂaEtédﬁeaxwsenger 25 quantity. The detector of this
type will be detailed [ater in connection with an enbodi nent of the present -

i nventi on. (mcor & g textide dfhia dsdgqred dqtpa:tm v(l-ﬁi)ch tpussengers

are 1nd1rectly detected- and _ |
(3) A detector of a third type in whlch passengers
10 .are detected based on. an estlmate. |
~As’ the first type detector, the "apparatus for
detectlng the number of ob]ects" disclosed in U.S. Patent
‘No. 4,023,135 and U. S..Patent No. 4,112, 419 is available.
The apparatus ls based on the fact that if ultrasonlc
15 waves are dlrected toward passengers the 1nten51ty of
| :the waves reflected therefrom are proport10na1 to
. the number of passengers. Therefore,_thls type of
detector can be used to detect'the quantitf of passengers
with accuracy sufficient to embody the present invention.
20 ' The second type detector is based on.the
.fact that the load of a motor for driving a passenger'
. conveyor varies dependlng upon the quantlty of passengers.
In the detector, accordlngly, the current or power
of the motor is detected to measure the passenger.
25 quantity. The detector of this type will be detailed
' later in connection with an embodiment of the present

invention.

According to the third type detector (3), the
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-5- 1 tine range or ranges where passengers on the conveyor increase ar
detected,. for exanple, by nmeans of a tiner. In the event that the convey
i's installed’in stich a place where passengers on the conveyor increase 5
only in such specific time ranges as office-going/leaving hours and |unch
time, the transportati on demand for the conveyor can easily be estimated
only by setting the specific tinme rangesﬁ n the tinmer nentioned above.” The

fol | ow ng expl anation will be nade %ﬁ th- res ect to enbodlnent of the:
present .nveﬁt.twf FHRASIOT HEARES APTYePREren ?%?S rr%rht ReTOIRBIRE | s

til Ref F h hemat i
pelrspect i ve VI eW%’fe%s%aasg TS ;#ch%@nc\i/’gy%é’r é:ga:{\ﬁ}le %o% 85; ?t :Cugggrl :

-and | ower ends dgnds . usfngatﬁei'ééenetﬁgé‘l tﬁéra&ﬁ%gféx lﬁsméwﬁé&t gd In

the figure, step plates are 1 nterconnected to each other 1 n an

endl ess form S%@rﬁlﬁﬂe{e hKde i £Eehde PE bRECLRONYSYPEySRJiREL¥gBebY an
endl ess chain 4 which is hung between sprockets 2 and 3 to pass -

t her ear ound. s Ooribe - fiot fuch deseof fidiet sheprahgéesasd, ofif Sposgoing Llepvinht
supports 25 or balusters 5 each of which has a |length corresponding to the
total |ength ofhdumes samp Jimtlestime, Eold tfanspobbattorrdedasdpfortthat its
top a hand rail 7 which is noved. in synchronismwi th the step plates by a-
hand - conveyor can easily be estimated only by setting the

specific time ranges in the t;mer mentioned above.

| The following explanation will be made
10 with respect to an embodiment of the present invention
in which the second type detector mentioned above is

utilized;

15 Referring now to Fig. l there is shown a

schematic perspectlve v1ew of a passenger conveyor

partly in section
at”its upper and lower ends to iilustrate its internal
structures. _As'illuStrated in the figure; step plates
20 1 are_interconneoted to each other inran'endless form
' substantially along a.length of,the_conveyor and
' driven.by an endless chain 4 which is hung between
lsprockets 2. and 3 to pass therearound. Oon the both
sides of the step plates 1, disposed are uprlght supports
25 orlbalusters 5 each of which has a length correspondlng
to the total'iength of the step_plates 1. Each of the
' balusters 5 supports at its top a hand.rail 7 which

'is moved in synchronism with the step plates by a hand

\



1 rail driver 6. The step plates 1 can be noved upward or downward
:prough a reduction gear box 8 and the chain 4 by a three-phase indugtion,
tjor IMwhich is selectively sw tchable between star- and délta-connection =«
des. EC designates.a controller for the conveyor. The controller EC
prOV|des a feature of the present invention, and will.-be explained in.
detail later. These conponents &xﬂmtltutlng t he conveyor are: supported by
.a frame 9 and installed between floors in the building. 10 : Fi g.
2 ik aaxbl Mdrivexid. dithe astrep ml@tepasbquerbeomoegsérupWsréhown in Fig. 2.
phase termnals R S and T of t hree-phase- a.c. power source [err] are 3{

conne@% FHownyrEd | trrqugh #nﬁ@u‘f’é%%n%%ruboﬁ 8aaBdwthe a three- 15 phase -
i.nduction motor IM through a npin circuit breaker FFB, an el ectronmagnetic

cont actAin 14 Bora (HHESST %ﬁil‘ECBP%n‘“‘éF%EtF%rrYiﬁhﬁ i #&Scontactor 121 for
domnmar oV e and a c I c conta 101 for eration '
start. E%§&|?V¥$%P£éféﬁ% %?g X?néoge££3nﬁoﬁnSthﬁ8 not or

3 s g C s ef&hﬁ&‘fié}? peLhs conbagher [err] for 2"

delt a- connecti on no n ona ne I ¢ contac for a star-

CONNECIH ONd1 1N EE PESFLI S éeféataeé &EréﬂzefﬁPéééRE to sel ectively

~put the notor IMin a delta-connection 25 nod a star-connection node
under GRRdHiody end M ID b dbpidindd Fig. d@talf\nIQt’@fCW‘i‘ﬁQEere' ay 14 is.

provided to protect the power source [err] frombeing short--circuited in
t he C&mmpunﬁntsfubnstﬂﬁmtiﬂg {EeréoﬁWEyéﬁriie supported by

" a frame 9 and lnstalled between floors in the building.

10 |  Fig. 2 is a main circuit diagram of the

passenger conveyor. ... .

As shown in Fig. 2, phase termlnals R, S and T of

a three-phase a c. power source 3 ¢ are connected
respectlvely to input term;nals u, v, and w of a three- =
15 phase indection'motor IM, through e'ﬁain circuit breaker
FFB, an electromaénetic'contactor 111 for upwerd'move-
ment or an electromagoetio conteotor 121 foi downward
movement, and an.eleotromagnetic contactor 101 for
operation start. As shown in Fig. 2, the'terminais_x,
20 ¥ and Z of the motor IM are oonnecied'respectively'to
an electromagnetic contactor DRl'for a'delta-oOnnectioh
mode.and an electromagnetic oontaCtof YRl fo: a star-
connection mode. The'conteceorS'DRl and'YRl funotion_‘
to selectively put the motor IM in a delta-oonnection
25 mode or a star;connection mode.undeﬁ control by a control
circuit of Fig. 6. 'An overcurrent relay 14 is provided
to protect the power source 3 ¢ from being short-
and YR

circuited'in the case where the contaotors DR

1 1



-7- | are both closed. Mre specifically, the relay 14 includes a cyr
detecting coil 14A and a relay [err] As soon as the detection coil 14
Senses an excess~current, the relay [err] is opened to cut off the star- 5
.connection of the notor.. A'load detection circui't LDA is the second type
~detector nentioned above, and i's. usedtd detect the transportation demand

for the conveyor. The |oad detection crrcu%t Lfﬁ recei ves acrg S its
terminals atardr® BOPRaSLOFRR: agHore: FREALIHCALHE pFCeEeRRENd?sS, and at -

“its termnals ¢ tp f.a phase current of:the phase,S detected,by cyrrent
~detlggtors CT ah@td ?snng“FB?n§h§9%%?% ?guﬁgéisiﬁﬁdﬁﬂ Bfr?hayp?géént
I nvention,. the,operatiopa r kgl f Lhis : I ggn | be
‘expl ai ned wkthé?e$3$%n%§ #%gFéggénggﬁdcégi L%g.sgﬂpggaggiéﬁggkg_
illustrating t acLeLi sbigvOoishhe;EhosenBlass LRHUSEEORLBDERE rIM
incrgding_the,§§¥fgﬁéﬁcéﬁéhg%%§ eé?siié_o?ﬁtﬁe reguction gear box 5._In
particul ar, st hgofhaet 86hS68VEneNRot6Lal | ANSBAA BBtedliochVegBchhe ef ficiency
EF ‘and the output P of "‘the gear box 8 linked to the notor IMand the - .
rel ationship bppaees the sepohdveybaotetéobortheneibaed Bbovep ahd figure,
.a curve indicates the efficiency charac- teristic in the case where the
nmotor is wredisnuséé 26 detectctheectranspovtatiaencdemend| €or] thedi cat es
the. efficiency characteristic in the case where the notor is wired in the
del t a- connect i epnvieyer . a ThevioafedetectadncaircuiheLpdwercednesnpti on

characteristic in the case where_the L
- . across its terminals a and b a phase voltage between

10 the phases R ahd_s, and at its terminals ¢ to £ a phase
current_cf the_phase S detected by current détectcrs CT1.
and CT,. | | o u
'~ Now, for the better understanding of the
| Qresent invention, the'operational principie of'this
15 'embodiment wiil be cxplaihed with reference td Figs. 3 and
4; Fig. 3 is a diagrém illustrating the'charactéristic
~ of the three-phase induction motor IM including the
éfficiency characteristic of the-reduccion gear bo# 8.
In pafticular, the diagram éhows.the relaticnship be-
20 tween the efficicncf E?.and the output P d: the gear
. box 8 linked to theimotor IM and the relaticnship
between the'input_voltage 1] andlthe outpct P. In the
figure, alcurve (:) indicates the efficiehc? charac-
tcriscic in the case where the motor is wired in the
25 sﬁar-copnection mode, a curve (:) indicates the efficiency
characteristic in the case.wherc-thé motor is wired in
the delta;connection mode, a curve.(§> indicates the

power consumption characteristic in the case where the



1 4

motor is wired in the star-connection node and a curve [err] -indicates
power consunption characteristic in the case where the notor is wired: _
l he delta-con- nection node. 5 _ As seen fromthée figure, the =~
Zr - connection configuration i's higher in efficiency-and | ess in power”
consunption than the delta-conredi-on one, within the range where the
output P is bel ow about 50% of the rated value.' The rel ationship between
. the Bf fhetencys IWireddipovke sbastopunectiennmadeoand abourves reversed and
‘the effigiency in the star-connection arrangement abruptly drops if the
out put cin®icxtesdtha paver conghmphinngabaraatarietdef ifhe rated valwé:
resulting in a status where. satisfactory torque can not be obtain- 15 ed.
In vievtke ¢ase weere, the PRECEHBJVHERE & the feiEanFoPdAvention,' the
connection of the_notor IMis changed over between star- and delta.
connectRRFEIMRIBA® ng on the transportation demand for the conveyor 20 so
that_the notor I'Mis_operated w.th.hi efficieg 3 inimzing the -
pome? consunpti o il o ﬂigr%ﬁbggén%ﬁggg?hegbgagggﬁﬁﬁﬁpﬁéggéPﬁlhe nmotor IM -
~is dete . r'i Do,  _Lnpyt . : n he.@ut oL ctionis .
-changed&%$€}$%5¥§£§ﬁ %%eh£§ﬁ§¥a?#,gﬁgﬁﬁéf¥g?c%ﬁﬁeg??§nghiEegggordance W th
the W&%ﬂgﬁﬁpei?&hehgﬁt eRtedel BRULCRAMBE YA bRel hiysthanecnBovever, if the
change-over 1s effected nerely-depending on the nagnitude of detected
range where the output P is below about 50% of the '

 rated value. The relationship between the efficiency
10 and power consumétion aéﬂmentioned abové_is reveréed
and the efficiency in the star-connectidn arrangement
abruptly drops if the output power P e#céeds a value
slightly higher than 50% Of. the rate& value,'resuiting
- in a status where satisfactory torque can nof'be'obtainh
15 ed. |
| In view of this point, in the embodiment of
the present invention, the connection of the motor IM
is changed over between-staf- and:dEIta cbnnections
dependihg'on the transportation-demand for the'Canejor
20 so that ﬁhe motor IM is operated with_high‘efficiency,_
ﬁhereby mihimizihg the power consumption.
In this embodiment, the load condition of the
motor IM is detected by measuring'the ihput power W
and the motor connection is changéd”over between the
25 star- and delta-conneCtidnS in accordance with‘the'
magnitude of the'detected-input power W. |
In this case, however, if the change-over is

effeéted'mérely depending on the magnitude'of detected



-9- 1 input powerW the change-over operations would be very frequently gE%;)
undesired|ly repeated due to the fluctuations in the power Win the vicinit -
aof the val.ue*thereof at which.the change-over be effected. 5 - I'n
order to avoid this, in this enbodinent, different switching values are set |
to a first power level (nearly at 40%I|€evel “of the output P) for change-
over. fromthe star- to delta-connection and to a second power | evel (nearly
at 30% | evel Lof 1IRRBtOBPEEE ¥y £Be ¢BangRaAYEroPRETAFARPEHEOHLAL RS to
star-connection, so %hat af%;& smﬁtching to_the eItg-cOnnegbion-has been
conpleted at a BBFHt TTeIUENELY: PARRGLERRHFE FERSRESENEUE: &P- EBFnection is

i nhi bited until _ o] b; peLN ertL: £ able control,
as it will be 1§m§r§§¥@§?§vm9{‘h§ﬁﬁ§%%”Fawn9%’h%£%%w%§§'| §gd%§ndition of

the motor IM haéa?&??tﬂéi?&kegti'hiéﬁ %ﬁé”bHBnBQWGGeE“b%;QSEeEQanOid

adverse effect resulting fromvoltage uctuations Int ower source

[err]. Howevsr, in the cagg wheee 28 avbeqvehiageinf thhe eawBEimaHkGe [err]
does not so fluctuates, the change-over of connections may be effected by

using only the dbpberentr switohihfevabhes abke Beg. t4 hsfarshapawkeristic
di agram showi ng the rel ati onship between the input current | and the 25
output P of thelevedr (héardgeahed0®i Laveheofethet bubpygtaP)bdor8chahget-he
figure, curves. [err% and [err] indicate input currents in the case of
t he star-connecever &nemdtheastannetei dalsargnpgaachion asdpsot avekgonds
known - power level_(nearlﬁ at 30% level of.the outpﬁt P) for
10 chahge-cver-from the delta- to Stér-connection, sg-thét
after switching to the deitafconnection has been
" completed at a point (:),ia switching operation to the
Star-connectionlis inhibited until the power W drops |
below a point (:)_for-stable,control, és.it will be
15 clear from the figurg._. | | |
| | In this way, the load conditibn of the motor
ZIM-has béen detectgd.in the form of pQWer in order to-
_évbid:adverse_efféct_resultiﬂg from volfage fluctuations
in the_pbwe: source 3 ¢. ﬁowevér; in fhe ¢ase.where
20 the voltage of the power source 3 ¢ aogs noﬁ so fluctuates, .
the,ghange-qver of conneétions may be effécted by tsiné
only the input current of the motor IM. | | o
Fig. 4 is a chﬁracteristic diagram showiﬂg
the relation;hié betweén'the input current I and the ..
25 output P of the motor IM tqgethe:.with the reduqtion
gear box 8. In the figure, curve$.<:> and (:) indicate

input currents in the case of the star-connection and |

delta-connection arrangements, respectively. As known



-10- 1 well, if the voltage of the power source [err] is maintai-ned
stant, the nagnitude of a load for the notor IMis proportional to the
A nitude of the input current |I. In this enbodinent, a current-detector'iSs
br ovi ded as a backup of the power detector, so that in the case where a
ange-over to the. del't a- connectlawrnnde by . the power detector fails to be
effected, the backup. detector (i. the current detector) will cause a

“f orlci biealc,harme:-hn/e:o]ttagéle)ﬁdihea mcﬁommﬂjeﬁ s when the fact is
detected that the current | reaches a val ue correspondlng t o about 50%.

| evel mefintadnmd manstant | cthe magmitudeof e eadefofethe. Figs. 5 anded
show enbodi nents of neans for controlllng t he_passenger conveyor based. on
the ofater MM tiRACRATHONR e %2 Fthevmagiktude f Hhe). l@%'FIOWS an

- enbodi nent _of the | oaq detec- tion circuit shown in Fi As shown in
Fi g. furtxl?é‘tpﬂ;a'se Ik eé‘&??éﬂﬂ?)e@:bf t%iﬁﬁ\’érd%%ﬁ'&‘gr[ t¥r] are co’nnected

cecondRey ATt % B ﬁ“% Lo, St Se IS ot O e [err] via
et oo tar BB S R e e ot Motor I M s
sy AP s Qe e aacanuery oh e BTl of he
the phaskdg @Rt G.e.Thehe current detector) will cause
a forcible change-over to the delta-connectlon mode
10 when the fact is detected that the current I reaches
a value correspoﬁding to about 50% level éf.the'output
P at a point -on the _durv’e_ ®°. |
Figs;'s and 6 show'embodiments of means for
.controlllng the passenger conveyor based on the opera-
15 tional pr1nc1ple as mentioned above..
Fig. 5 shows an embodiment of the load détec—
ﬁion circuit shown in:Fig. 2., As shown in Fig; 2, the
phase terminals R and é §f the'power source 3 ¢ are.
connected across a pr;mary'winding'TWl of a transformer
20 T so that a secondary winding ™, thereof produces a |
fixed d.c. voltage E,, via diodes D, and D,, a resistor
R, and a Zener diode‘ZDl.

.- A well-known power'aeteCtor PWD is provided
to detect the 1oéd-of the inductionﬁmotor iM. As illust-
3 apd W, of the
transformer T produce voltages proportional to the

25 rated in Fig. 5, secondary windings TW

phase voltage between the phase lines R and S. The

voltages produced across the respective secondary



i : : ] N N\
vol t ages produced across the respective secondary - 11 - 1 windings arcigib-
t hem combined with a voltage which appears across a detection resistor- -
Eerr] and whirch i's proportional to the R-phasé current detected by the

detector CT1l. The conbined voltage are rg trfred by ful | -wave rectrfyrng 5
bridge circuits [err] and then applied™ o oltput resistors [err] A

vol tage app arln Cr 0SS eac f th out ut resrstq{ |er

- proportionaf WQﬁnﬁr ) hrﬁﬁﬁﬁaﬁﬁ
e n
dirhot i on ?33' §e°sosr 3%%%%? %*ﬁstﬁo%é’?‘@%&ﬁ%@ id Bk eional

roportional t ed to :
Ees!ost-'ors [er-rftc}r %ﬁéﬁ'ﬁrﬂﬁtﬁ% wave éﬁ;r r‘ieér%dbrr dg Cl rcud% %@p%& a resul t,
a vol tage appeatHeGcMbided Wil tadfd AP Fef i iQIa [y 'dyl B-viave &rémfyp
to the power consumed by the motor IM The 'l oad det'ection circuit of
further inclsudesidgenidowity esar] atrm [ 2tr)]au-am et ldpplide ey sitigud for
star-delta change-over, a relay star-del ta change-over conmand,
“and a rel ay cornesd.@h‘ons x asidarkzohar?ge;qhnarge:mppnatmg?emmsr f3alr off ahe
selected to be [err]. I'n dperatidn, first, a power switch PSWis turned on
to energi ze t h@Uuteat desdstons &;r and iM @praportiknalc s dshe Himput
transistors [err] to. 25 receive base VO t ages respectively through the
resistor R an®°¥efe® mlnaﬁd&-hr%ugﬁ%elw fMeRW afsumes a

posrtlve or a negatlve value dependlng upon the runnlng

5

10 dlrectlon (upward or downward) of the passenger conveyor.
A voltage proportlonal.to the absolute value of the

. 4 and Rs-through

full-wave current bridge circuit SR3. As a result, a

input power W is supplied to resistors R

._vcltage_appearing across the var;i.able'resis_tor_R5 is
'15 proportional to the power consuned by the motor IM.

The load detection'clrcult of Fig. 5 further
includes transistors TRi to TR3, an auxiliary relay
coil A for star-delta change-over, a relay coil AX for
star-delta change-over command, and a relay coil AQ for

20 star change-over command.: Res;stors Rg and R, are._l'

selected to be Rg > Rq.

In operation, first; a power switch PSW is
turned on to energlze the load detectlon c1rcu1t of

F;ga 5. Thls causes the transzstors TR2 and TR3 to

25 receive base voltages respectively through the resistor
R; and a resistor Rg and through the resistor R, and a

resistor_Rlo. -Thus, the transistors TR, and TR, are _

3
" made conductive,y When the transistor TR3 is made



_ 8 _ . _ 6 resistor [err]- Thus,
e\transistors [err] are nmade conductive. Wen the transistor [ers] is’

conjact A is closed to energize or excite the star- delta change-over
ind relay .coil ‘AX. The contacts of the rel ay coil AX are inserted in’

- 12 - 1 conductive, the auxiliary relay A is energized so that a - *

the -5 conveyor control circuit-of Fig. 6 so that .the-induction notor IMis. -

put . Nteprhdifetsive ; Cene enisk Dliamylerelen A his reneygized #& thatxcited and
into the delta-connec- tion node when the relay coil AXis- deener gi zed. /"‘

Under talldomchtz-x]gm,somIEmdstcpeemérgmde[@rr?xcate thesed, as 10 will "
. described | ater this way, as soon_as the power'switch PSWis turned on*
t he chamgﬁrﬂvieltannhangetﬁvgrc@ﬁmmavdlEe%%%rﬁ?iédAﬁnd The i nduction notor
is operated in the star-connectjon node. . In thla prode, a termnal voltage

ﬁS d[emqn‘ta&ﬁk%lmf\gt%rfo%%aié PBs %s?j%?o?‘nf%i"?f i $n[ ERey On t he ot her

an e transistor [e i

prop%rl‘ierfTN%CF‘E}/t’{‘Lje LebSiR PR b 5 cRERCehE. haghIRE", 2 VO 120
rooportion i t h .
T ASTRL LRSS o ok, o5 20
inoreasg in éo‘i’ﬁezgoﬁgaz&%tbs LEPYLeBOLER, ShebNEndDRBL ek EGaRESPONT] Nl y

i ncreas ase VO age e transi stor er r exceeds the

bi as Voéi&g%é&é rJ:héQreﬁé f@fa{reébﬂoﬁx[férdeenerglzed Under

‘this condltlon, contacts 14A2 and AQl are closed, as’

10 will be described later. |
In this way, as soon as the power sw1tch PSW
.is tﬁrmed on, the change-over command relay coil AX |
is energlzed and the 1nductlon motor is operated in the
star-connectlon mode. In this mode, a terminal voltage'
: : lR- )

appearing across a bias resistor Ré is'EzD°?f—$%T_"-

l$ E : _ OF Fo 227 77 Ry
dn the other'hand,'the.ttansistor TR, is

supplied at its base terminal with a voltage pfoperly
lelded by the variable resxstor R5 ' The base'voltage
is proportlonal to the input power of the motor IM,,as

20 has been explained earlier. Therefore, if passengers -
to be carried by the conveyor S0 lncrease 1n number |
that the input power of the motor IM correspondlngly
increases and that the base_voltage of the tranSLStor
TRl exceeds the bias voltage EB'acrOSs the resistor Rg;'

25 the transistor Tkl is made conductive. Upon the
conduction of the transistors TR,, the transistors TR,

and TR, are turned off because the respective base.

3



25 the transistor [err]
transi stors [err],

st he respective base -

are | owered.

coil ‘AX.so as to put the motor .5 IMinto the delta-connection node.
. specificalty, vbmeabeQSofothegerEBsss{-.ers] TR sanét TR

to the point

.l ekgl of the Thisdcaakes, theeauhamgeryveelag cpmloAt beddehearedayecti on

2 3 Thi

[err] in

is made conductive. Upon the conduction -of the
the transistors [err] and [err] are turned off becaus
13 -1 voltages-of the transistors TR and TR

@

i s causes the auxiliary relay coil A and the relay
coil AX'to be both deenergized whereby 13 eommand is issued fromthe rel-ay

Mor e
arketeweeedrespondi ng-

Fig. 3 so that as oon as %he out put - P- exceeds 40%:"

node can be automatically effected. In the delta-connection node, the . bias

vol tage [err]cappedXi hg herbetht Aeenergiced, [EhﬁrebﬁangGQmménﬂhesvalue

[err] + . Since the resistors gerr] 15 are selected to be [err] as has

been expl ai ne#ssuedefBrasthel ra

[err] is set_at a |evel

‘that once ?helgtéFt€oﬁhﬁc

operation into the 20
I nput power Wdrops to

BBRRGEL8BMO

8Y[ ePil RX FEuBFeHC PHE BNAsMPEPFage [err]

responding.to the point- [err] in Fig. 3 so
gFiﬁaﬁE g?rablished a change- over

PG, EPERTELERAL Y Pu R an, HBTSREE RS [ ' Lo

-as the input pomer Wgo drops that the base voltage of the transistor [err] .

i s | owered t og

10

ZD R7+R9

.poiﬁt (:) in

_exceeds 40% level of the rated value, the change-over

is set at a level correspondlng to the

Fig. 3 so that as soon as the output P

into the delta-connectlon mode can be automatxcally

- effected.

15

20

E

In

B

value_EZD .

are seleoted

bias voltage

N9
'ZD R6-bR9

point (¢, in

E-.appearing

R, +R, '

the deltafCOnnectiOn mode, the bias voltage
across the resieto: R9 cﬁanges.to the

Ry - S
2 SinCe the resistors R6 and R
6 9 - : 7

to be R6=>R7 as has been explalned, the

EB lS lowered.- The blas voltagelEB =

is set at a level1corfespopding to the

Fig. 3 so that'onee the star-connection mode

has been established, a change-over operation into the

star-connection mode can not be effected until the

input power W drops to a level less than that'at the

point (:) As soon as the lnput power W so drops that _

the base voltage of the transzstor TRl is lowered to

a level below the above-mentloned value E

B ~ ZD R6+R9_



\| evel bel ow the above-nentioned value [err]. -14- 1 the transistor _
[eyr] is turned off, whereby the detection circuit of Fig. 57 s returned to
initial state so that the change-over command relay AX is energized to
the nmotor into the star-connection node. 5 - In this way, the
tection circuit of Fig. 5 functions to generate a comand to effect a.

sel ective change-over between theldt ar- and delta-connection nodes
according to the input- power of the notor |Mand there- fore according to

t he §uabhet pranspstosnFeys isn tuwaedy offgnyhprebyothendedestiiamand, the
~current detector [err] ..Is provided-as a backup. ., The output of the'currémf

-det ect oOF LFEBAE 'P§[ Edgpl Sedst Fehurdsts it ther dpitigla sk@t€ge appearing

~across the resistor [err] is proportiaqnal .to the .S-phase .15 . current. \Wen
he Ter 89 EBAR Rhel chanakspYes SRS aievatrds BERRIAed of [orr] i

supplied t resi r.l eLk | Dot hing.Gircyits which conprises-a -
full-magg gg?tFﬁ?c%%%gﬁ E%F%géh%i%3%??%ég£%ggﬁfé%¥%¥¥ﬁ'I? and a capacitor
Cl. <The voltage thu Pagd fe?Re tld eS| a3 | iRy opprtional to
- the gur_rent I sho:‘;/'\:/lt‘w1 i%Ir-'_lﬁEi 81.594. ﬁg %g#%%%di ode ierurl]@l?’s? ?elt@als)a | evel cor- '
respondegfct9ohie tvahdterhtena ROmiankeal effet QSRRNUEAG VP 50% | evel of -
the rated output P) in Fig. 4 so'that a transistor [err] is turned on when
the cur eaahgk-ovekhbewednpithee sltaie ahd idelval-Ponmdcticre doddse poi nt
‘[err], whereby the delta-connection change-over conmand rel ay

according to the input power of the motor IM and there-

fore according ﬁo the quéntity of péésengéré on the
- 10 conveybr, . : . _-' | | |
on the-pthe: h;hd,uﬁhe cuxrént detector cT, ié
provided as a backup. The output of ﬁhe current deteétor
CT, is suppliéd:td a'résistbr.Rlz'and a-vbltaéelappea:ing.
'across the resiStdr Rlﬁ is pr@poftidnal to the S-phase |
15 current. When the*reiay coil AX is ene#gized, the
voltage across the'resistd: Ry, is supélied to a
resistor R, via a Smbqthing éirduiﬁ which éoméfises“a
full-wave rectification briagé é%réuit SR, , a resistor .
Rl3.and'a capacitor Ci.lfrhe voltage thﬁs“appliédxto
20 the'resistor R15 is proQOriionél to the current I'shown
in Fig. 4. 'A Zener diode ZDZ-is set at a level cor-
responding to the vaiue at ﬁhe.poiﬁt (:)l(cofrespohdihg'
to 50% level éf the rated.dutpﬁt P) in Fig. 4 so that |
a tranSistof.TR4'is turﬁéd on when the current I on the
25' U-phase line of_the'motor IM exceeds thé.point (:),
.whereby the déi;a-conﬁectioﬁ change%d#ér command relay
coil AQ is enétgizéd to deenergize fhg'star-delﬁa change?

over -command ;elay'coil AX because the contact AQl of



() ) '
coil AQis energized to deenergize the star-delta change- over connand<;\:§g%;>

rel ay coil AX betause the contact AQL of @ 1 the relay AQis opened. In ~
this way, the detta-connection change-over relay coil AQ acts to forcibly
switch the notor into the delta-connection node as soon as the output P5
exceeds the 50% | evel of the rated valueighereof, in spite of the fact that
the star-delta change-over command relay coil AX is naintained energized :
and the conyeyehelgegayragdlsnopaﬁeatar-connect|on node. " If the:circuit on

t he_si de of the power detector PWAD is normal, 10 the relay coil AXis o
deen@gglzed at a point m@nrehihewaytpuhePdexcaedennEet46%)bhanbebovéhus
open the contact [err] of the rlay AX - Therefore the delta-connection
command rel ay rxelayAQoidnAQeactshtoefiorgibdy. swihch the mekay dokb AQis
energi zed, the delta-connection 15 node is held for the purpose of safe
conveyor operthGnd§btﬁoﬂgna§°§19§sEPd§mP§cEORB a5 fbe PEEB&§e8 Fig. 6

h I f In Fig th nbol
0P Genot 003 ;ﬁeﬁé'aééﬁ' Fon S0AninbeL pECRt FgggggégVﬁlBﬁgFHSFSRfof ;pfﬁeséo ’
dth I d t
Gownvard oper aPPBREOPEL HBCCEAVE, BRSE\SHS BERFaRRLFBnCHARRERBVBE oct od {0
the upwar d 0peas,wn£ﬂaoze19§ 8TYeA8! 1 gﬁipfgggeap&@eggg%aﬂgﬁ Sgpich UPS

is turned on, an aUX|I|ary refay col upwa opera ron 1s

excited so thagofvEpakagh bpdratleigOtnkssthesednhachebl hbgere! #¥ 1A In

circuit on the 51de of the power @etectox PWD is normal,
lO ihe relay coil AX is deenergized at a point where the
'6utput_P exceeds its 40% level to thus open the contact
Axi-of the rlay AX. Therefore the delﬁa-connectioﬁ
command relay coil AQ can never be energized. Once
the.rélay éoil AQ is energized, the delta-connection
15 mode is held for the purpose of safe conveyor operation
so long_as a reset switch RS is ﬁot feleased.
| Fig. 6 shoﬁs'é control circuit fo? the
passenger conveyor. In Eig; 6, the.symbol UPS denotes an
upwa#d_run command switch for upward operation of the
.20 conveyor énd the_sumbgl DNS denotes a downﬁard run
| command switch for downward_operation of the coﬁ#gyor.
| Now, explanation will be directed to the
_prard operation of the con?eyor._ When the upward
command swiECh UPS is turned on, an auxiliary rélay coil
25 11X for upward Qperation'is excited so that'a contaét |
11X, thereof is closed to hold the relay 11X in the
self-sustaihed state and a contact 11X, thereof is

2
opened to interlock an auxiliary relay coil_lzx'for



f-sustained state and a contact |l X thereof -is 2 opened to interlock an
iliary relay coil 12X for - 16 -. 1 downward operation'to prevent its
(gitation. A normally closed stop switch STSis turned off*to open the
f- sustained circuit thereof when the conveyor is stopped. \Wen a
contact 11X3 of the relay Il X sl =closed, a relay coil 11 for upward
operation is energized thereby opening a contact [err] of the relay 11 to

caute downwaydcoperaibnr tdopnerentopssaekeitasisn.i nhenosorddy Under this

condition, the star-delta change- 10 over comand rellay coil AXin Fig/~%
i s eneeypaed. stop gwibshl 6TScéht s8rBefePff %PcOPPBs&le: §edfsrgize an
operation relay coil 10 and keep the relay 10 in the self-suystained state

( |
by neafiéskRige oﬁ?EEPiIOEhSFePEeWPEPa§ng99“XFYPFel§aﬁ§°€? " a contact
. of the 15 ol ay 10 i | d d Ve contact - f
the Telay Ax i o BhEBcH FenbReR RIES, OFctly BRTRRAIRORE C oM St i bn. O
Wh t YR_i etgi 2ed.e it S el d tointerlock o
ol By SEOPSRR 7 oF ety : B5LE, L5 fok BphfRlperatibn 1OREIE 1O N T he

upvar deaafgilkéanthskasyceb_ls_nﬂa bheonRaEe! 12N bel #heCQd1a}0 and the .
star-con- nection relay coil YR are-energi ze® the upward operation

contaci or tbethhse hNeeAgr abi®n10EbaCHONMIvAKE] opealiensttay - Cconnection
contactor YRL are closed in'Fig. 2, so that : - :
be interlocked. |
- Under this conditiop, the star-delta change-
10 over command relay'doii AX ip_Fig. 5 is energized. As a
result,_con'_ca,cts_llx4 and AXz_a:e closed td energizé an .
operatioﬁ relay coil 10 and keep'ﬁhe relay.lo ih:the'
self-sustained state by means of a contact 1o, of the
relay 10. At the same_time, a cbntact_lo3 of the
15 relay lQ is closed and a nq;mally-open contact'AX3
relay AX is closed to energize a relay coil YR for

of the

star-conneétion. When the :eléy YR is energized, ité
contact ¥R, is'openéd to intérléck a'relay éoil_DR.for-._
délta-connection. |
20 ' Ih thié way, wheﬁ the'upWard.operatiOn relay -
coil 11, the operation rélay.coil loland the star-con-
nection relay coil_YR are-energized,-the upward operation'
contactor lll, the oPeratibn_contactpr 101 and the star-
connection'contactqr YRl'are_CIOSed in Fig. 2,'56 that f
25 the induction motor IM is driven in the stér-éoﬁnection
mode to move the cogveydr upward.
Upon starting the induction motor IM, a o

starting current'may temporarily_iﬁcreaééathe'power



J \
25 the induction notor IMis driven in the star-connection node to 1@ .
t he,convegyor upward. Upon starting the induction notor IM a starting '
gurrent may “tenperarily increase the power - 17 -.1 consunption, and -
therefore the star- delta-connection change-over auxiliary relay coil A and
the del ta- connection change-over rel ayldol AS may be tenporarily. -
deenergized so as to tenporarjly deenergize the star- 5 delta change-over _
“conmand r ellay comsumptiogheradld) therefars thgrtarmdalddcannegtiiothed into
.the{delta- connection node. |I.n order to avoid _such change-over operation .
intg_t he del t £hehafsavied atsdd 1@y Fela¥meorl & a9 dde elidor, a tining
relay coil ‘50T is 1Q .provided in Fig. so that its contact [err] (see Fig.
b Y Posed FarneShiin SR Byer nalay 9k A Baj s SeRrGAR R ot od,
to al l'ow energj_zation ofs the A e\VA qpqﬂ& ; V., L Ql egar.dl ess
of the stat es%c?fzeqﬁ%rglcz%rﬂas}cﬁ?%]gég% %g aﬁq‘ 'r{%‘ﬁhzﬁcﬁglea%dinzgenent as -
described apoy) @S CHIHY DS SRR (21 1 9k DYvHd Qe URY OF
i ncrease igpnu er in 1t's upwar voperationgé% tﬁétqgﬂb outpdﬁPP of the

o' The' Tt sd Soty e kR ROEE S e T o P A
I s deener gi zefbérg@ciﬁmbmeaxmmi Radtieandd es?VoidTmlc_}e-cm@agﬁ ggl of the -
rel ay coil AX causes the normally- open side of the contact [err] in Fig. 6
to be opened amperation into the delta-connection mode at the time
| of starting the motor, a timing ;eléy coil 50T is
10 provided in Fig. 6 so that its contact 50T, (see Fig. 5)
is closéd for a desired period of time afﬁer the moﬁor
haslbeen_started, to a1lo& ¢nefgization'offthe change-
over éommand relay_coil AX ;egardless of the states
of the contacts A; .a.nd'AQ]'_... |
15 _ With the arrangement as described above, as
soon as passengefs to be carried by the conﬁeyor
increase in_nﬁmbei in'its'upward operation so thét the
oﬁtput P of the motor IM é#éeeds 40% level (correspond-
- ing to the point (:) in 319.53) of the rated output,
zb ‘the sﬁaffdelta changefove:_éommand.relay coille is
deenergized, as'has,Been explained earlier. The de-
energization,of_the_relay coil AX causes the normally-
open_side.of'the ¢°ntac£'AX3_iﬁ_Fig. 6 to be opened and
a:normally—closed side of the same_contaét Ax3 to be
25 élosed,:so that the starfconnection.relay coil ¥R
.is deehergized while the delta-éonnection-relay coil DR
is energized. As a result, the contactor YRl_is'opened

and the contactor DR1 is'clqsed in Fig. 2 to allow a



“a normal |l y-cl osed side of the sane contact AX3 to be 25 closed, so that the

in- connection‘relay coil YR is deenergized while the delta:connection .
y-coil DRis energized. As a result, the contactor YRL is opened and
-contactor DRis closed in Fig. 2 to allow a - 18 - 1 generation of
que enough to drive a |arge-l @gd-fromthe i nduction motor IM so that
the conveyor can be efficiently operated by the nmotor.in the delta-connec-
tion naskmedaadiarms of tompld emuytecto adr ivsla i katgehkbsad fiomeffici ency
than the star-connection node. In this way; the star-connection contactor.
YR and tihee igelucticommatidmMorsadthat Dthe igpnveyor caw ls®l ectivel y et
swi tched according to the |oad torque of the notor, i.e., the quantity of
ri der s efif igienddiw epnrates by the mefexhimdthe #l@s@ﬂ%ﬁ@‘er however ,

correspand- fluctuatlons in-the torque woul d rOV|de unconfort - able'
shock t%aRe “199%5@ ﬂ?@é?ﬂf"ea‘qqm’r%c%%é? el¥ PAFRR¥en t he

B\c’:lml " ng igd"lmE %}ﬁﬂ a?f%r%ﬁve'red%ﬁaé?%rc (-duyn k’?k‘fﬁflsaf?nget \Q/Zgguggn: ﬁgt
contactor IS no ct d | hort tine due
e A3 oY V%Lf Eﬂé%é%r éélh«?é’cﬁor? %@6 r Sy d
on bet ween

to the arc phenorén contact palrs even ani cally opened,

there ig @&S%eqqa-tabm SW?&%LQ%I;J@ESH@ £ gpgrt- 20 circuit

i's caused between I nhes nmonment ar ort=ci rcult phenomenon
occurséa@mwémem&ﬂeﬁ%&dmiwlﬁ&%ﬁe%s&n&omdﬁause all or sone

the motor, i.e., the quantity of riders on the conveyor.
10 If the switching time is so longer, however, correspond-
. ing fluctuatlons in the torque would prov1de uncomfort-'
able shock to ‘the passengers._ Therefore, it is preferable
 to shorten the switching time as possible. However,
arc may take place betmeen contact pairs when alive
15 contactors_are opened. At this time, because'the
contactor is_mOmentarily electrically linked“or closed"
for a short time due to the arc phenomenon between'
contact pairs even if'mechanicallyIOéened, there is
a 90551b111ty that a momentary and undes;rable short-
20 c1rcu1t ls caused between 11nes.' If such a momentary
' short-circuit phenomenon occurs betﬁeen lines, a
‘large Short-circuit current would causeé all or some
‘contact pairs in the.contactor DRl or YRl to be melted
into their permanently closed condition, so that the
25 power source 3 ¢ is permanently'Short-circuited and
the main circuit breaker FFB”is_tripped to thus Stoo
the conveyor, disabling the conveying operationlthereof.

In order to avoid such situation, the'oVerCurrent



contact pairs in the contactor [err] or [err] to be nelted into their
perpmanent |y cl osed condition, so that the 25 - power source [err] is
permanent |y short-circuited. and the main circuit breaker FFB is tripped :
t hus stop the conveyor, ‘disabling the conveyi-ng operation thereof. In order
to avoi'd such situation, the overcurrentt® = - .19 - relay 14 is provided in
Fi.g. 2. The overcurrent relay 14 may operates prior to the breaker FFB.- .

. More speci f} carelay ddt sebpravidad (g £194 et e'&’t% WerFYEeorie k¥ cui t _
current resulting froma short-circuite 5§g%ﬁﬁ“source; the relay 14 opens -

i t S, contact [erd Ay IRATAIRS RAACHO ¢ fERi o' &G cuit. At the
sane tinme, the relay. 14 opens alsgQ its gonta 14A, 2. (Fig.. 5 o_nmai ntain
t he deI-t.a-cohr‘F&ﬁq%?ﬁTﬁ 2ot I @BSEE %%ﬁ%lalﬁ t t%‘g‘h e%/oqlt’a%%eerat.i on
can be mai nt ai L0, & i .. [ GE: even. | %QEF e
contactor [er r%%[ceﬁﬁéﬁ-%m ]{ée@: tsj'gé %ﬁ%ﬁ%%’:ﬂgn&t g%f&%%ie? S C %%éeé]d :
“permanent | y5  ddydt Idoied cadid Y dNMlPr S QpbAdidied NeoMpsE UL gNteg el ay 14
may be provided on the si de of the delfa-connection contactor err]. In
this case - 1¥ordibIGPMEY WEF Ahd stDiddimEtiowpeigdele] n Abecidgar-
connection node in case where either one of the contactors is nelted at its
contacts. Howanes  tinke, ftlierarelanghddd repens sahsmettmrcéntaaqm_srmz\é)nal 'saf._et y

tothe latter, when it is taken into the consideration
' (Fig. 5) to maintain the delta-connection contactor DR;

'Qlosed, so that the conveyor operation can be maintained
10 to secu#e its service_even in the case where the |
contactoﬁ YR, or DR, is mélted to thus.make contact
| pairs clOsed_permanently.  It will be readily understood
tpat_the-overcurrent'relay 14 may'bé provided on the
side of the delta-connectioé contactor Dkl. In this case
15 the conveybr één.be continuously operated in the star-
connection mode in casé whére either‘ongzof the |
contactors is melted at its coﬁtacts. However, the
fdrme: embodiment is superior in operatignal saféty
to the.létter, when it is taken intb_the cbnsideratioh
20 the case ﬁheie ﬁhe-conveyér_ﬁay.carry an increased |
number of passenge?s.; : -
| HA malfunction_ihdication.lémp.PL'shown in
Fig. 6 is used tofindicate-a féulty condition of the
conveyor for'repair. When the_overcurfent relay i4
25 is actuated; its contac£'14A3 is ciosed and the.f;uit |
indication lamp PL is lit up or illuminatéd;_ Even

in the event where the output P from the motor IM



20_ the case where the conveyor may carry an increased nunber of -
.as~engers A mal function indication lanp PL shown in Fig. 6°is used-:to
j{cate a faulty condition of the conveyor for repair. \Weh the

cirrent relay 14 25 is actuated, its contact 14A is closed and the
ault/3 indication lanp-PL is Ilkoug or illum nated. Even in the event -
Waeré the output P fromthe notof”I M - 20 - 1 exceeds 40% 1 evel .

(co resp d t K t tput f

Lea (ﬁn? g’%ﬁld%hérughz'ﬁa'g i/(ré}:rgrtzle@t’pnolndd‘n& éogﬁ:r?eﬁ%lflo @W Jﬁgsogeglrjl pe?; ofigg
y the_rel ay,cqi qﬁﬂg th Fi

t he cont"§ét )é[ e(r%rfi ﬁg r%:‘%%?’ay % ?s%cl%gs?%g ’:t%oaétcﬁ'l re ﬁ%ﬁ? \l,JVIp theI ?aul ty -
i ndi cagy 'ahg@-b%’& R id @éﬁ&%&%&%&%@%ﬁ@%é@ﬁ been nmade in the
case oF upwar d operation. of the conveyor, 10" it will be easily '

appr eCipalr@drinddl byhheArR 1N JUALl IAGs ol Hate whewnwarpl apsedit i on t her eof
Further, the |load detection circuit of Fig.-5 has been used as a
trarsspe_ht donhectdionntritdt edig.nG Cithauidoritadthead | lafstthe at ed enbodi nent ,
but the present i.nvention is:-not 15 limted tothis enbodinent and a

det ect welaly Be ifs cdiosed tHu rahenghy dsightplup re £aulty inddidse- enpl oyed.
That is, in the case where the flrst type detector is enployed, the output
voItag@L@h tampa Bdar at us _ :

Although the above explanation has been made

in the case of the upward operation of the COnVeyor}
10 1t will be eas;ly apprec1ated that the same can be
true for the downward operatlon thereof. Further; the '

- load detectlon circuit of Flg. 5 has been used as a
transportatlon demand detectlng clrcult in the 1llust-
rated embodiment, but the present_lnventlon is not

lS limited to'this embodiment and a detector'of'the first
or thlrd type as explalned.earller may be employed.

' That lS, 1n the case where the flrst type :
detector lS employed, the output voltage of the apparatus
for detecting'the.numher of'objectslor passengers on

20 the conveyor is proportional tO'the number of passengers.
In this connection, change-oVer between'the'delta- and
star-connectlon modes can be carrled out accordlng to
the quantity of passengers in exactly the same manner
as in the embodlment by applylng across the varlable

25 re51stor R5 the output voltage of the detectlon apparatus
in place of the power_detector PWD in Fig. 5. Moreover,
‘since the detection apparatus can also detect the

presence or absence of passengers'who are going to



»

for detecting the nunber of objects or passengers on 20 the conveyor |
proportional to the nunber of passengers. In this connection, change-o\ye
bet ween the ‘delta- and star-connection 'nodes can be carried out accor o\
to-the quantity of passengers i.n-exactly the sanme nanner .as in the
enbodi nent by applying across the variable 25 resistor R the out put
‘vol tage. of the detection apparatus i mp2hce of the power detector PW in

- Fig. 5. Moreover, since the detection apparatus can al so detect the. '
‘presence of abk@cen oFheaSIRVEEPE. wHae sPESFBRhgingentionomay be ride on the
conkeyor, the_present invention nay be designed_so that in the presence of
pasgﬁzgers'tﬁﬁg%b%%?% 7P Eﬁﬁﬁwkﬁd?%%e?ﬁf?%ﬂgﬁmPfcﬂaiﬂﬁpﬁ?rfmﬁp?s turned on,

while in the gbsence of ,passengers the:stop 5 _swi -STS.j.s turned off.
This arr angeﬁgvf’ai n°5|?‘§wvﬁ%¥go?ﬁ?/r?r€h?ﬂi g‘ﬁf’f%ﬂ @?Qp%ﬁes?&goﬁurred_ by the
notor during opetayi - 0 | egt i) 0.1 C i et'ween
del ta- and s;ar-é%%ﬁ%gf?%%iggdggn%ﬁ%eégg%%égng?h%ggééﬂ§¥%%'g?epggg ngers,
but al so sqvifgieéh POPET id Orehhdd ot be S’bﬂf&'&'ﬂr&ﬁ?éﬂgnefcihnﬁl%wt he
conveyor by stopping the conveyor in the absence of passengers. In
departnent sté€ GRDY imiiimisatiONYLlpowéri Sohsiméd B! €héOomse8EI NnUously
efficiently drive the conveyor in the star-connection node even in the
absence of 15dupingeorperation ¢ficthe| conpeyeosey ofeléstieelyceabtthty.
According to the present invention, not only the power can be saved by
driving the i¥mdeetveemtdeltar and star-connection modes depending

F;:..

on the quaptity of'pasSengers,'but'also saving of power
10 during the stopping_period of time 6f the conveyor by
stopping'thé conveyor in the absence of passengers. |
 In.department store applications, however, it ié'favﬁr-
able to continuousiy efficientiy driﬁe the conveyor in
the star-connection mode evén in the absence of |
15‘ passengers for fhe major purpose éf its se:viceébility{
| Acqordihg to the present invention, not only'
the power can be saved'by'driving the'ihduction motor IM
in the star-connection mode during period of less '
transpoftation demand of the conveyor, but noises
20 resﬁlting from the convejof'cén aiso be Suppresséd.'
Figs. 7A and 7B show measuring results of
‘noise when the conveyor is operated in thé'star-connection
mode énd in the delta-connection hode; ﬁespectively.
 In each of Figs. 7A and 7B, the ordinate denotes the
25 aéoustic pressure.levél and the abscissa aenotes the
frequency. It will be readily seen from fhe meaéuring
results in Figs, 7A and 78 that the noise higher than 40 dB

level in the star-connection mode is less than that



//r;n_the star-connection node during period of Iess transportation demand of
conveyor, but noises 20 resulting fromthe conveyor can also be » 2
Suppressed. Figs. 7A and 7B show nmeasuring results of noise when. t he
canveyor is operated'in the star-connection node and in the '
del t a- connecti on node, respectively. In each of Figs. 7A and 7B, the
ordi nate denotes the 25. acousggc pressure |level and the absci ssa denotes
the frequency. It will be reaélly seen fromthe neasuring results in Flgs
7A and 7B that the noise higher than 40 dB I evel in the star-connection ™
mode i s Emsshehdelthatonnecti?n- modet haddelspacdanigctthen peage and -1
especially the peak .noise level at the vicinity of 600 Hz in - the star-
connect i dPigedieveh bé kbeuvdeibytabodt 690dBzwkian themsaaed with that in the
del ta-connection node. Such 5 noise fromthe conveyor causes a problem
espe0|aIF?nﬂﬁﬁﬁlanl@Qgenﬁﬁﬁepeofeﬁa§§én§¥r§bQP§ 8ndBh&hednveyor and when
t he noi se | evel VICIn%hé f the conveyaqr ‘is relatively | ow.
n;

AccordlnﬁoTBaFﬁg ﬂ?& eﬁ atnd8n el SREFORReSTAOR MRECcon P& i s driven:
e a8, S00OREL LR B MR o by Rt | o ol

envi ronnent” or Surr.cu dl n e conveyor

itsel f cgRales afeggtﬂgﬁ83§lXf”BQQSERQEEs are on the conveyor and

- when the noise-level-from the vicinity ot the conveyor
is telativelyﬂlow. Acco;ding to the preseht invention,
howeVer,‘since the'oohveyof is driven in the star-
'10 connection mode when 1t lS in such a relatlvely low
noise env1ronment or surroundlngs, the noise level
lssued from the conveyor itself can be advantageously made

- lower.



CLAIMS: 1. » A control apparatus for a p enger conveyor having step @
pl ates interlinked to one another in an endﬁis\?qmro‘fran-spo ' 7
passengers thereon, the control apparatus cotﬂ”m phase in- 5. .
duction notor arranged to drive said step pl m{iMof bei ng

- changed over between star- and delta- connecti on frode ortation

~demand detecting nmeans arranged to det ect transportation demand for said
passenger conveyor on the.basi's of ~at®least one of current and electric

power., suppl.i ed {‘@ﬁéal d three-phase 10 notor; ‘and change over neans

~arrapged to s the wi ndi ng connection of said induction:-notor into the
del t a- connect i dn nmpde Avf@rtroh @ppREatys oforad i RFSSeNEeE PRy daving fi r st

pr edet er m ned y@pumzaeg {rRePinked tohndVansited GORACEI1E8s Form doltimdpstd on
notor into the star- ﬂ}ectlon 15 node when the transportation demand is.

bel ow a secondPPTERRATEr MSTEN /ey EontFOl apparatys HHPFHIingpHh FrEeerPhase drai ned
in daim 1,5 whaeiibn 50itor seeandaptedeiws Bhite drualgistdsS i€ leabiR€of %&h&r

~than said firsf edeterm ned 20 v A control “apparatus as
“claimed in d aChr#’f &l\/%'g’r:rgeﬁw%ea’l atﬁaﬁ‘é‘ideg%fmm 1 Refieftes means for
mRi ntai ni ng said npt oRTHIPPHAtden demah ARtaGtang MeaRS ar‘égzaeé@sslemcq he
out put of -sai dtﬂahgﬁtﬁﬁﬁf:io?lt baRmderdnda kb paskenget | lcﬁﬁvé%%né‘n tﬁ@rba@,ls of at

pr edet er mi ned period: of tine afte ai.d.conveyor Lte

A control appaliehonecot T P el8)ohis PRY AupREted BE Bl MPE s
demand deté@tlmu}oneamsl i ncl udes neans for detecting the 30 el ectric power -
supplied to said i ndughifa- BROfieans: arranged Qo%ﬁ%&ﬁ'th@p@ﬁ{déﬁg‘%oﬁﬁe&'l&h med

in Claimd4, wherein saidtrans- portatlon demand det ecting nmeans, further
aq\cnige
i

‘i ncl udes neans°  §p1¢1dndiqting moker ADEe die Litpre®aetion WRRRcth®n ot or .

transportatlon demand exceeds a first predetermmed value and to switch
) the w1nd1ng connection of said induction motor into the star- connection
15 mode when the transportation demand is below a second predetermined -

value.
2. A control apparatus as claimed in Claim 1, wherein said second
_ predetermined value is set to be smaller than said first predetermined
20 value. | |
S 3. A control apparatus as claimed in Claim 1, ‘wherein 'said change-

over means includes means for mamtammg said motor in the star-
connection mode, regardless of the output of said transportatlon demand
25 detecting means, for a predetenmlned period of time after said conveyor
~ has been started. -

4. A control apparatus as claimed in Claim 1, wherein said
transportation demand detecting means includes means for detecting the
30 electric power supplied to said induction motor.

5. A control apparatus as clanned in Claim 4, wherein said trans-
portatlon demand detecting means further includes means for detecting
the current supplled to said induction motor. '



>\ —mnrrvr_ap'paT_TusasclalrredlndalmS wherei n said
ge- s-means arranged to change said notor- into the
- C g m“‘“xﬂl‘ﬂmgn t he out put of said current detecting neans -
' | rd pae-s det erm ned val ue. 7. - A control apparatus as
' ed in Claim6. wherein the value of transportation demand represented
by said third predeterm ned val ue 10 of the out put of said current
~detecting neans is set to be |arger than the val ue of’ transportati-on demand
represented by said first predeternined val ue of’ the out put ~of said power..-

detectipg neang, (.év;rol a aé, % d ehafiaaggitus as claimed in daiml, - 'u
- wherein _sai d apparatus e urther conprises overcurrent detecting means .

ar range@lai®@ det ect - V\Mhﬁ?fetlﬂesaéér?E’l’iﬂes‘wﬁﬁl’?"é‘ﬂst’é‘%ﬁ‘?% Pe\Pct i on not or has

EECEEdeﬁrﬁnk&i red @fa@geOBatlarmataeohnwaﬂuedemadcmaslm nedgaHe 0 cut of f
t he staf,-con sal tor in response to
the out BIR COPHEaPE) T30 HETT I PoRRSEIRT MREPTH SRS i pre- 3 (onPPOPe
appdr at dsteawinsidaialee.in Claim 8, further conprising means arranged to
mai ntain the other of said star-connection and delta- connection that has
not been cut off by said cutting-off neans in response to said overcurrent
detecting neans. 25 10. A control apparatus as clainmed in Caim8-or
-9, WheI’EJ n sai & egiitroh rpphfatusass claineddrs CAaineloe chereg ki walaent act or

connect h S Tt QI he d qgﬁ of said |
[ nduct| tﬁDt 3’%%{}0& de I:E%cont?lr%%‘{l %gppar a{' us as 1(t:ﬁ%a}(';‘?re I&II’I@G.I m38, 9 or
10, 10 u@f the ausppt iofi ﬁgldaﬁumnbrdﬁpcemﬂdm%nlﬁ #§F ctet benlargep tham anged to
| | ght Ughe value of transportation demand represented by sa1d fJ.rst predetermined

value of the output of said power detectmg means.

8. . A control apparatus as claimed in Claim 1, wherem said apparatts
15 further comprises overcurrem: detectmg means arranged to detect when

the current supplied to said induction motor has exceeded a third pre-

detemined value, and means arranged to cut off — —— the

star-connectlon : of said motor in response to

the output of said overcurrent detectmg means.
9. A control abparetus as claimed in Claim 8, further comprising -
means arranged to maintain the other of said star-connection and delta-

g connection: that has not been cut off by said cuttmg-off means in

‘Tesponse to said overcurrent detecting means.

25 _ _
10. A control apparatus as c1a1.med in Claim 8 or 9, wherem sald
cutting-off means includes an electro—magnetlc contactor connected to
one of the star-connection and the delta-connection of sa:.d mductlon
motor.

1. - A control apparatus as claimed in Claim 8, 9 or 10, further
comprising an abnormal condition indication 1amp arranged to light up_
in-response to the detection of overcurrent by said overcurrent
“detecting means. '



- N
B 2 . .
‘i n-response .to the detection of overcurrent by said overcurrent detecti é}Vé
_means. ., -25- 2. - A control apparatus Wel nbef ore :
xdescribed wth reference to, and as |IIustrat eﬂ lto nd 7A and -
- 7B of the accorrpanyl ng dr aw ngs.: ” f’f’, : _

~ 12. - A control apparatus substantially as hereinbeforé described
with reference to, and as illustrated in Figs. 1 to 6 and 7A and 78
of the accompanymg drawmgs.




