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car doors in an elevator. One mgjor constraint in 20 el gvat or REPISACEDace.
The first space limtation is the length of the door systlem—Fhe—door
operating systemhas to fit within the hoisd and thus, cannot exceed the
width of the elevator car, which is frequently referred to as the el evator
envel ope. The second spacd|GHPERHORMANGE LINEARENDWE TIOM door
operating system The door oper %Pmﬁ@wﬁt@ graTorbe sufficiently
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and down the hoistway. If the door
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Cross-Reference to Related Applications

This application is related to commonly owned co-pending
applications filed on the same day herewith having Serial Numbers:
(OT-26586), (OT-2659),
10 (OT-2660).

Technical Field
The present invention relates to elevator systems and, more

_ particularly, to high performance linear induction motors driving
15 elevator car doors therefor.

Background of the Invention
Many considerations piay a role in the selection of a system to
drive elevator car doors in an elevator. One major constraint in
20 elevators is space. The first space limitation is the length of the door
system. The door operating system has to fit within the hoistway and
thus, cannot exceed the width of the elevator car, which is frequently
referred to as the elevator envelope. The second space limitation is

the thickness of the door operating system. The door operating
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system has to be sufficiently narrow not to interfere with the hoistway
as the elevator car travels up and down the hoistway. If the door

system is too large and cannot fit between the elevator car and the
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systemis too |

arge and cannot fit between the elevator car and the 2

hoi stway, the door systemw || encroach on the el evator car space. An

alternative to

encroachi ng on el evat or Sar space is to nount the door

operating systemon top of the el evator4car. However, such a solution would

i nvite other pr

obl ens such as an increase in door 5 rocking, restriction

of overhead running clearance, and |imted access to the car top.

Therefore, the

door operating system should not enlarge the car door

envel ope and should be sufficiently narrow not to interfere with the

hoi stway. Another major consideration in selecting the el evator car door
oper ati ng syst ehvistwahetlepdboptysieen syill eevoraadh oinetheostevatomeamspdce.ng and
servicing the system The size of the notor determ nes the cost of each
unit. Al so, theAnN gtermadvertamicigacting e ¢ e\ watos 6@e SRECSriSsderPyat Hig ons

i ncreases the c
An additional c
wei ght. Since t
car and travels
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rocking, restriction of overhead running clearance, and limited access
to the car top. Therefore, the door operating system should not
enlarge the car door envelope and should be sufficiently narrow not to
interfere with the hoistway.

Another major consideration in selecting the elevator car door
operating system is the cost of the system and the cost of maintaining
and servicing the system. The size of the motor determines the cost
of each unit. Also, the tight tolerancing required for some motor
configurations increases the cost by demanding expensive precision
manufacturing.

An additional constraint in the selection of the door operating -
system is weight. Since the door operating system is mounted directly
on the elevator car and travels therewith, the door operating system
should net be excessively heavy.

Once the door operating system meets the space, cost, and
weight limitations, it must have a certain level of performance. The
opening and closing of the elevator car doors must be simultaneous,
smooth, and quiet.

In conventional elevator systems, elevator car doors are
selectively opened and closed by a rotary electric motor driving a
mechanical assembly, which typically includes a plurality of moving

parts such as gear boxes, a set of drive arms, linkages and cams.



shoul d not be excessively heavy. Once the door operating system neets the
space, cost, and 20 weight [imtations, it nust have a certain |evel of
per formance. The opening and cl osing of the el evator car doors nust be

si mul t aneous, snooth, and quiet. In con¥entional el evator systens, el evator
car doors are selectively opened and closed by a rotary electric notor
driving a 25 nechanical assenbly, which typically includes a plurality of
novi ng parts such as gear boxes, a set of drive arns, |inkages and cans.

3 The maj or drawback of the existing elevator car door systemis that it is
susceptible to msalignnents and requires frequent adjustnents that result

In high maint ?H@%@g@ﬂéhﬁmé’éi@@f tﬁé‘éxi@iiﬁ@[:)élgvlﬁﬁ?_tcfar%raﬂ%téhﬁsplﬁraft frmance

of the system such that door opening an closing functions are no
consi stently megéteptitieabtraigadighvterite driterexiisdd frequeahanjestmealdsr system

Is the linear notor driven door system Although a nunber of patents have
di scl osed t hethatgestiltlindigh metdesance dostss, Alstpiteasnis@ligoments| i near
ToLors 1N ooy A¥aaS He perthimance of fhe Systim Saeh thafhoaP Speting Snd

5 closing functions are not consistently smeoth.

An alternative to the existing mechanical door system is the
linear motor driven door system. Although a number of patents have
disclosed the use of linear motors on doors, implementation of linear
motors in door systems in general, and in elevator car door systems

10 specifically, has been very limited. Most of the existing patents have
significant shoricomings and are not practical because they violate
gither space, cost, cr weight constraints, or a combination thereof.

For example, U.S. Patent No. 1,881,016 to Rose issued on
October 4, 1932 and entitled “Dcor Operating Mechanism” shows a
door system driven by an induction motor. The patent teaches a |
motor secondary attached to one door and a motor primary attached
to the second door. The major shortcoming of the disclosed
configuration is that the excessively long motor secondary is free
hanging and cannot be supported. Additionally, the unsupported
20. motor secondary may buckle when compressed during the door
opening function. Thus, the Rose patent does not provide a practical
alternative to the existing door systems.
U.S. Patent No. 1,881,014 to Ayers issued on October 4, 1932

and entitled “Supporting and Operating Means for Doors” shows a
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door system with motor secondary attached to a door, and moving

therewith, and a stationary motor primary. One major drawback of the



|0 specifically, has been very limted. Mdst of the existing patents have
significant shortcom ngs and are not practical because they violate either
space, cost, or weight constraints, or a conbination thereof. For exanple,
U.S. Patent No. 1,881,016 to Rose issuefl on October 4, 1932 and entitled
"Door Operating Mechani sm' shows a 15 door systemdriven by an induction
notor. The patent teaches a notor secondary attached to one door and a
notor primary attached to the second door. The major shortcom ng of the

di scl osed configuration is that the excessively |ong notor secondary is
free hangi ng and cannot be supported. Additionally, the unsupported 20.

nmot or secondar ydiselosaet roefligivationdsghat sindediine m@ving mitor segendadgy
function. Thus, th§V§$se pat ent does not provide a practical alternative to

the existing dodYeRiAiasmEle doa opRAIRSIdes. NeaBACARSRIBIAFRYYOPESEed on
hows & 25 doos Ry EATHERa G or M SuEtiBarhe Auele R PO A5G JOBm Boovi ng
therew th, and AgbabhPaafucBL L BILARRY mddeBEOGId gbacksgid he 4

di scl osed configuration’i's sSin e novi ng nmotor ary

5 A more recent U.S. Patent No. 5,172,518 issued on December
22, 1992 to Yoshino discloses an apparatus for doors using a linear
motor. The patent shows two U-shaped motor primaries attached to a
single door and a T-shaped motor secondary. One major reason for
the disclosed configuraticn not being suitable for modern elevators is

10 the thickness of the motors. Another major reason for the disclosed

configuration not being implementable is that the open structural

portion of the U-shaped motor primary may incur buckling from
inherently high attractive forces.
Therefore, none of the existing patents provide a practical

15 alternative to current mechanically driven elevator door system.

Disclosure of the Invention
It is an object of the present invention to provide a high
performance system for opening and closihg elevator car doors.

20 Accordihg to the present invention, an elevator car door system
for opening and closing a first and a second elevator car doors
includes a first moving motor primary fixedly attached onto a first door
hanger from which the first door is suspended, a second moving
motor primary fixedly attached onto a second door hange-r from which -

25 the second door is suspended, and a stationary motor secondary

attached to a header bracket secured to the elevator car. Each of the



over hangs the door on both sides, the door opening envel ope is
significantly enlarged. Therefore, the Ayers disclosure al so does not
represent a practical solution for nodern el evator door systens. 5 A
more recent U S. Patent No. 5,172,518 i3sued on Decenber 22, 1992 to

Yoshi no di scl oses an apparatus for doors using a |inear notor. The patent
shows two U shaped notor prinmaries attached to a single door and a T-shaped
not or secondary. One mmj or reason for the disclosed configuration not being
suitable for nodern elevators is 10 the thickness of the notors. Another
maj or reason for the disclosed configuration not being inplenentable is
that the open sfiisi@ng second menvingfmotes puirsAapsdnaiides dprimagy windingcur
buckling frominherently. high attractiye forces. Therefore, none of the

exi sting patenténgﬁ)eﬁﬁé‘r‘é" Fced@nariyoa the RAMIY VHEDEBHE SRA®AAPcal | y

e Brecent | maRRE RGBSR B i B P BoRY 5Bt hg and
cl osing el evat og éé‘ﬁdE@Péﬂe the len trfﬁf’ﬁ{dé’hparir%v*e'i‘% BWﬁ?%thé?e‘f%té on,
an el evator car l’:C"iOOI‘ system ftor opengng ana closing a PI rst and a second
el evat or cars dogfigndripokindiisg antll thetbdBXidHIWIBID thed Frl A etid h#?eﬂd;y. Thkached

onto a first door hanger fromwhich the first door is suspen a second
novi ng not or pr comfigufaticedbfthe peedead imrdnticn setablidhesaa shealbandfoomstati ch
| magnetic air gap that is critical for obtaining a high performance
elevator car door system.
One major advantage of the p;esent invention is that it provides
10 a practical alternative to conventicnal mechanical linkages, thereby
increasing the reliability of the door system, improving performance
and reducing maintenance costs.
Another major advantage of the present invention is that it
meets space and weight constraints. By placing a motor primary on
15 each door hanger and by fixing the motor secondary to the car frame,
the space envelope required for the door system is reduced. The
door system of the present invention is also sufficiently thin to fit on
the elevator car without encroaching on the elevator car space.
The foregoing and other advantages of the present invention
20 become more apparent in light of the following detailed description of
the exemplary embodiments thereof, as illustrated in the

accompanying drawings.



25 the second door is suspended, and a stationary notor secondary attached
to a header bracket secured to the elevator car. Each of the 5 first and
second noving notor primaries includes a primary w nding and a backiron
spaced apart fromthe prinmary winding B a spacer to define a nagnetic air
gap therebetween.
door travel and fits between the 5 primary wi ndi ng and the backiron within
the magnetic air gap. The configuration of the present invention
establishes a small and constant nagnetic air gap that is critical for
obtaining a high performance el evator car door system One nmjor advantage

of the present g

s

convent i onal

ne

The stationary notor secondary extends the length of the

pD@S@HFFéEtcﬂ%ei[?ra%ﬂélsdes 10 a practical alternative to

ni cal ages, therebly increasing the reliability of the

door system inproviPEspeid ardmpRapnscafaticnpersiditreavied 6Pshsledderher
maj or advantage of the present invention is that it meets space and wei ght

constraints.
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fixing the motor secondary to the car frame, the space envel ope required
for the door syetEs@ntéinyefisdNdhe
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FIG. 2 is a schematic, cross-sectional view of the linear

induction motor of FIG. 1 taken along the line 2-2.

Best Mode for Carrying Out the Invention

Referring to FIG. 1, an elevator car door operating system 10
for opening and closing a pair of elevator car doors 12 that are
suspended from a pair of door hangers 14 includes a pair of moving
motor primary subassemblies 16 fixedly attached to the pair of door
hangers 14 and a stationary moter secondary 18 attached to a header
bracket 20 secured to a car frame (not shown).

Referring to FIG. 2, each of the moving motor subassemblies
16 includes a primary winding 24 and a backiron 26 spaced apart from
the primary winding 24 by a plurality of motor spacers 28. The
primary winding 24 includes a primary iron unit 30 with winding 32
wrapped about it and a primary surface 34 facing the backiron 26.
The backiron 26 includes an iron plate having a backiron surface 38
facing the primary winding 24. A magnetic air gap 40 is defined
between the primary surface 34 and the backiron surface 38.

Each spacer 28 includes a spacer bar 42 framed by a spacer
head 44 on each end thereof. Each spacer head 44 fixes spacing
between the primary winding 24 and the backiron 26. The spacer bar

42 of each spacer 28 has a spacer surface 46 facing the backiron 26.



door .system of the present invention is also sufficiently thin to fit on
the el evator car w thout encroaching on the el evator car space. The
foregoi ng and ot her advantages of the present invention 20 becone nore
apparent in light of the followi ng detafled description of the exenplary
enbodi nents thereof, as illustrated in the acconpanyi ng draw ngs. 6
Brief Description of the Drawings FIG 1 is a cut-away, schematic,
perspective view of an el evator door systemdriven by a |linear induction
notor, according to the present invention; and 5 FIG 2is a
schematic, cross-sectional view of the linear induction notor of FIG 1
t aken al ong t he Thengpaeer. b&e42 idvadapted tCatamprige @rimahe windiegt 24against
Referring to FIG 1, an el evator _car door operating system 10 10 for
openi ng and cl odhagoprgEngeastidel baghonovinig avues plilnayaaukassesuiiyetiisd from

Subassenbl i s 16XPRBCAIGORFE Gehed oo PIRGSID 1 PY d0BATR & e A Abats
stationary mot of, $SELoNARNK IR RIHAEAERIAR Shd" B otor spacer heads 44. The
5 length of each moving motor primary 16 does not exceed the width of

each door hanger 14,

The stationary motor secondary 18 extends the length of the
elevator car door travel and fits between the backiron 26 and the
primary winding 24 as the moving motors 16 travel across, opening

10  and closing the elevator car doors 12. The motor secondary 18
comprises a substantially flat plate having a first surface 52 and a
second surface 54 bounded by a top and a bottom longitudinal edges
56, 88 extending the length of the motor secondary 18 and by a first
and second vertical ends 60, 62, as best seen in FIG. 1. Each
longitudinal edge 56, 58 is bent over to form a lip 64 along the length
of the second surface 54 of the motor secondary 18. A secondary
guide 66 is placed over each longitudinal edge 56, 58 of the motor
secondary 18. The secondary guide 66 has an elongated U-shaped
body, the internal width of which is equal to the doubled over
20 longitudinal edge 56, 58 of the motor secondary. The U-shaped body
includes a first leg 70 and a second leg 72 with the second leg having
length substantially equaling the length of the bent over lip 64. The
second leg 72 also includes a tab 74 integrally formed at the end
thereof. The secondary guide 66 is snapped on each longitudinal

25  edge 56, 58 of the motor secondary with the tab 74 fitting over the



bracket 20 secured to a car frame (not shown). 15 Referring to FIG

2, each of the noving notor subassenblies 16 includes a primary w nding 24
and a backiron 26 spaced apart fromthe_ primary winding 24 by a plurality
of notor spacers 28. The primary mﬁndiﬂ% 24 includes a primary iron unit 30
with winding 32 wapped about it and a primary surface 34 facing the
backiron 26. 20 The backiron 26 includes an iron plate having a backiron
surface 38 facing the primary wi nding 24. A magnetic air gap 40 is defined
between the primary surface 34 and the backiron surface 38. Each spacer 28
I ncl udes a spacer bar 42 framed by a spacer head 44 on each end thereof.

Each spacer heabedfiolerép Spand g cbingbtteneeconderypyuiderdt entaltivg nstoand
t he backiron 26. The spacer bar 42 of each spacer 28 has a spacer surface

46 facing the baerondan2ts. 7 The spacer bar 42 is adapted to clanp the
SUbasserbl y 161 5 1 158 UHABEHIACEOTINE TUBbIehinGEnEe SR CRBRab e oF
PLur el LY O ot Pag RS Y B ha ke AR S B BB
wi dth of 5 the second leg 72 of the secondary guide 66 comes in contact with
the spacer bar surface 46. Each spacer 28 is dimensioned so that a
running clearance is defined between the second surface 54 of the
motor secondary 18 and the primary surface 34. The spacer bar
surface 46 is indented from the plane of the primary 34 surface of the
10 primary winding 24 to compensate for the thickness of the lip 64 cf the
motor secondary 18. Therefore, the running clearance between the
backircn surface 38 and first surface 52 of the motor secondary 18
and between the primary surface 34 and the second surface 54 of the
motor secondary 18 is established by the secondary guides 66 and
equals the thickness of the first and second legs 70, 72 of the

secondary guide 66, respectively.

—
in

The motor secondary 18 is movably attached onto the header
bracket 20 at two ends 60, 62 therecf, as best seen in FIG. 1. The
motor secondary is mounted on the header bracket 20 on a standoff

20 78 to allow the backiron 26 to travel between the header bracket 20
and the motor secondary 18. The standoff 78 also includes a swivel
joint allowing the motor secondary 18 to move in and out of plane and
to rotate about the joint 78.

The door system 10 also includes a pair of moving flexible
cables 80 and a termination box 82 attached to the header bracket 20,

as best seen in FIG. 1. Each cable 80 attaches to the termination box
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each door hanger 14. The stationary notor secondary 18 extends the | ength
of the elevator car door travel and fits between the backiron 26 and the
primary wi nding 24 as the noving notors 16 travel across, opening 10 and
closing the elevator car doors 12. The tor secondary 18 conprises a
substantially flat plate having a first surface 52 and a second surface 54
bounded by a top and a bottom | ongi tudi nal edges 56, 58 extending the

| ength of the notor secondary 18 and by a first and second vertical ends
60, 62, as best seen in FIG 1. Each 15 |ongitudinal edge 56, 58 is bent
over to forma li,p 64 along ,the length of the second surface 54 of the

nmot or secondary §%.OFA°§’@C%'%@I§FV9@L&H‘@ Bothesrgapesdiveovetorepiimarasyl 6 odithal

edge 56, 58 of t dary 18. The secondary gui de 66 has an
el ongat ed U—shapgg"%p%ﬁa tﬁ% nt ernal width of which is equal to the

U shaped body i ncl udey” Srpr2uof; 8% BEvRNEKEE SaRR <0 IE R aissci diogna
| eg havi ng | engt th@t@fm@@&:bﬂ%dx Bgl{é}|th@9eTs clig8 Pl FrﬂSnQ@ )i?heeécg d

64. The second leg 72 also includes a tab 74 1 nteg raII forne
t hereof. The secmmt@rprma@m66ra\&lsaaﬂwltmnﬁﬂ©hsé@@@déwjﬂBaihezénd‘?ﬁge

56, 58 of the nmotor secondary with the tab 74 fitting over the
the flexible cable attached to the motor primary travels therewith. The
winding 30 of the motor primary 16 is energized and produces a
magnetic field across the primary surface 34 of the motor primary.
The magnetic field induces current in the motor secondary 18 and
10  also travels through the backiron 26. Magnetic forces generated
within the moter secendary 18 react with‘the magnetic field created by
the motor primary 16 and result in a thrust force from the motor
primary 16 to the motor secondary 18, thereby opening and closing
the elevator car doors 12.

The present invention ensures that the magnetic air gap 40 is
constant and relatively small throughout operation of the door system.
The magnetic air gap remains constant during operation of the door
system because first, the configuration of the present invention has
the backiron 26 traveling with the primary winding 24. Second, the
20 motor spacers 28 ensure that the magnetic air gap does not vary as

the backiron 26 and primary winding 24 travel across the motor
secondary 18. The size of the magnetic air gap is determined by the
thickness of the motor secondary 18 and the running clearances. The

magnetic air gap 40 is minimal in the configuration of the present
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invention because the motor secondary is a very thin plate of copper

and because the running clearances between the motor secondary 18



8 bent over |lip 64 and securing the secondary guide 66 onto the notor
secondary 18. The outside surface of the first leg 70 of the secondary
gui de 66 comes in contact with the backiron surface 38. The outside surface
of 5 the second leg 72 of the secondarﬂcbuide 66 cones in contact with the
spacer bar surface 46. Each spacer 28 is dinensioned so that a running
clearance is defined between the second surface 54 of the notor secondary
18 and the primary surface 34. The spacer bar surface 46 is indented from
the plane of the primary 34 surface of the 10 primary winding 24 to
conpensate for the thickness of the |ip 64 of the notor secondary 18.

Therefore, the andnhotprprmeandé et misimaiher backl and cundtanendfyranid &ik r st
surface 52 of the notor secondary 18 and between the primary surface 34 and

the second surfg@ép &swesthighmificensyantiaeysisienay isspatibrmhedenf thee
secondary gui des 66 a equal s the thickness qOA t he ir%t and second

15 .
| egs 70, 72 of FH&Oée@%Hdaﬁvna'pdbﬂw%,eﬁégﬁagievéq imae hstloickhessiefary 18

' bl 0 d 0, 62 th f,
15 best swen i i EoBREP pidlE ARAR TRy Tt et BRE R opdzand & °°
bracket 20 o4 apggfq,ﬂq;?fﬁ.‘(etg,o(1_g$nﬁﬁ_ all ow the backiron 26 to travel between
t he header bracket 20

The running clearances between the backiron 26 and the motor
secondary 18 and between the motor secondary 18 and the primary
winding 24 are established by the secondary guides 66 and are
maintained constant and small without causing friction and wear

10 between the moving and stationary motors. Small and constant
running clearances are achieved without requiring costly precision
machining for high tolerances and'ensure a small and constant
magnetic gap. For example, the running clearance on each sidzs of
the motor secondary is approximately one millimeter (1 mfn).

When the doors 12 open and close, the swivel joints 78 allow
the motor secondary 18 to move in many dimensions and compensate
for possible misalignment or impact of the doors 12. If the door 12 is
either misaligned or impacted, such misalignments and impacts are
transmitted to door hangers 14 and also to the motor primaries 16 that
20 are fixedly aftached to the door hangers 14. When the motor primary

16 moves in and out of plane or is slightly rotated, the stationary motor
secondary 18 also moves about the swivel joints 78 so that the
running clearances are maintained constant.

A major advantage of the present invention is that it eliminates

[
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the need for a rotary motor and mechanical linkages, thereby

significantly reducing maintenance costs associated with



and the notor secondary 18. The standoff 78 also includes a sw vel joint
allowi ng the notor secondary 18 to nove in and out of plane and to rotate
about the joint 78. The door system 10 al so includes a pair of noving
flexible 25 cables 80 and a termination box 82 attached to the header
bracket 20, as best seen in FIG 1. Each cable 80 attaches to the

term nation box 9 82 on one end thereof and to the respective notor
primaries 16 on the other end thereof. In operation, the noving flexible
cables 80 transmit energy fromthe term nation box 82 to the respective
notor primaries 16. As each 5 notor primary 16 travel s across the notor

secondary 18, trhisatigehnodnt dved bleeividid eeadjbbenantsachidtk linkades.mdtigreger | mary
travels therewith. The winding 30 of the notor primary 16 is energi zed and

produces a magnaductiohendtcacfdbe prasept invenyiosalsaqosidest syperionand

primary. The magnetic fierltd I nduces curreé‘nt In the notor secondary 18 and
10 al so travelBUERrBUGRNGICRREkPPSH the dA®Sneti c forces generated within

e o oA e A a5 DRG0 Rl e motor
5 provides not only a high perfermance, high efficiency linear induction
motor door opening system for elevator cars, but also a practical and
economical one. Although the prior art shows some configurations of
linear motors on doors in general, none of those prior art references,
separately or in combination, provide a practical and economical
10  solution to conventional mechanical linkage door systems.

An additional advantage of the present invention over the prior
art is that is does not violate the space constraints. First, the
configuration of the present invention does not enlarge the space
envelope required for the door system. Second, this particular
configuration allows the motor to be sufficiently thin to be placed and
used for door systems without encroaching on the elevator car space.

Another advantage of the present invention over the prior art is
its cost effectiveness. Use of linear induction motors, rather than
permanent magnet motors, makes the door system affordable. Also,
20 use of a small motor primary, having a single winding unit, maintains a

reasonable price for the door system. Both of these attributes of the
present invention also reduce the weight of the system.

While the present invention has been illustrated and described
with respect to a particular embodiment thereof, it should be

25 appreciated by those of ordinary skill in the art, that various

modifications to this invention may be made without departing from



primary 16 to the notor secondary 18, thereby opening and cl osing the

el evator car doors 12. 15 The present invention ensures that the
magnetic air gap 40 is constant and relatively small throughout operation
of the door system The magnetic air gé{% remai ns constant during operation
of the door system because first, the configuration of the present

i nvention has the backiron 26 traveling with the primary w ndi ng 24.
Second, the 20 notor spacers 28 ensure that the nagnetic air gap does not
vary as the backiron 26 and primary wi nding 24 travel across the notor
secondary 18. The size of the magnetic air gap is determ ned by the

thi ckness of ttree gpirtrarsPsomi@icy ti8 pradehhipvenflibhnd &l exdmptesaltidiegh
magnetic air gap 40 is mnimal in the configuration of the present 25

i nventi on becathsebelst made enmssudinuentyofithespresent irhiemtignadepicts aaggrger and
because the running cl earances between the notor secondary 18 &= 10 and
nmotor prinary PEERING-RYMPIANI ROGHEYSIERhR sl sHdeRanfeysienl is prssibiesur es

" the best.. molS TEhB e oM RIkn Y50 ola RESkBiis SRFGAEESNS he Mot or
secondary s appraxidmbahn0a8 28ln&onductive plate of copper. Other

conductive metals can be also used for fabricating the motor

secondary. Additionally, the backiron of motor primary can be

replaced by another winding.



5 half mllineter (1.5 nmm). The running cl earances between the backiron 26
and the notor secondary 18 and between the notor secondary 18 and the
primary wi nding 24 are established by the secondary gui des 66 and are

mai nt aummwﬂﬂimmuﬁersmll wi t hout cdalising friction and wear 10 between
the noviMgm dTENia¥l ol y not ors. Smal | and constant running cl earances are
achi eved wi'thout "requiring costly precision machining for high tol erances
and ensure a snmall and constant nmagnetic gap. For exanple, the running

cl earance on each side of the notor secondary is approximtely one
mllimeter (1 nm. 15 When the doors 12 open and cl ose, the sw vel
joints 78 allow the notor secondary 18 to nove in many di nensi ons and
conpensate for possible msalignnent or inpact of the doors 12. If the door
12 is either m ggbkidgaes: or i npacted, such m salignnments and inpacts are
transmtted to door hangers 14 and also to the notor prinmaries 16 that 20
are fixedly attached to the door hangers 14. \Wen the notor primary 16
noves in and out of plane or is slightly rotated, the stationary notor
secondary 18 al so novles alduelevatorsoardbor oparatingsysterndor openingnandg

cl earances are i ntai ned constant. A major advantage of the present
invention is th&tO30GE@N REYAIXCadoeh AR&leYaier SYFIRMIIpCsies a dear
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hanger being movably secured onto a header bracket attached to an
elevator car, said elevator car door operaﬁng system comprising:

a motor primary unit fixedly attaching onto said door hanger,
said motor primary unit including a primary winding spaced apart from
10 a backiron by means of a plurality of spacers and defining a constant
magnetic gap therebetween; and
a motor secondary extending the length of the door travel of
said elevator car door and fitting between said primary winding and
said backiron, said motor secondary having a first vertical end and a

15 second vertical end and a top and a bottom longitudinal edges.

2. The elevator car door operating system according to

claim 1 wherein said motor secondary is fabricated from a conductive
metal.

3. The elevator car door operating system according to

claim 2 wherein said conductive metal is copper.



m sal i gnment and periodic readjustnents of the |inkages. A linear induction
not or of the present invention also provides superior and nuch snoot her

ope mﬂmmﬂ“ The primary advggt age of the present invention is
thaaﬂlﬂﬂguw not only a high per rmance, high efficiency |linear

i nducti én kot'r dodr openi ng system for elevator cars, but also a practical
and econom cal one. Although the prior art shows sone configurations of

| i near notors on doors in general, none of those prior art references,

separately or in cogbi natrh@relepémﬂéiﬁoﬁam* riatif svwemcamdﬁgé' td0
solution to conventional nechanical |inkage doorbsystems An addi ti onal

advant age of tgdlaimresdrereimsaint motoosecondarypbeing movably &ttathed otdes not
violate the space constraints. First, the configuration of the present

i nventi on doessaidtheadar hracket aﬁauéflest\md)paldmmmdadeﬂmaltMSdoor system
Second, this particular 15 configuration allows the notor to be
sufficiently thin to be placed and used for door systens w t hout

encroachi ng_ on the gl evator car space. Anot her. advant of the pre ent
Cventi on cver the Brior Adtelevato T iRal SPRENG Brea IURP ST ng!

| nduction ot Oéﬁjairﬁi‘}aggrfst bRALBPEAPASBF aNR%SEcORE YidvatBRIta? ddir IH%W

system af f orda
elevator system includes a first door hanger and a second door

hanger for suspending said first and said second elevator car doors
therefrom, said first and said second door hangers being movably

10  secured onto a header bracket attached to an elevator car, said
elevator car door operating system comprising:

a first motor primary unit fixedly attaching onto said first door
hanger, said first motor primary unit including a first primary winding
spaced apart from a first backiron by means of a first plurality of

15 spacers;

a second motor primary unit fixedly attaching onto said second
door hanger, said second motor primary unit including a second
primary winding spaced apart from a second backiron by means of a
second plurality of spacers; and

20 a motor secondary being a substantially flat plate extending the
length of the door travel of said first and said second elevator car
doors and fitting between said first primary winding and said first
backiron and between said second primary winding and said second
backiron.

25



20 wuse of a small notor primary, having a single winding unit, maintains a
reasonabl e price for the door system Both of these attributes of the
present invention also reduce the meig?é of the system While the present
invention has been illustrated and desct¥i bed with respect to a particular
enbodi nent thereof, it should be 25 appreciated by those of ordinary skil
inthe art, that various nodifications to this invention may be nade

wi t hout departing from 12 the spirit and scope of the present invention.
For exanpl e, although the best nobde enbodi nent of the present invention
depicts a center opening-by-parting door system a single slide door system

is possible using a single notor mmgtp;@:.omheq:)istmmest node descri bes the
not or secondary as a thin conductive plate of co Q her conductive

metal s can be al so used fdllGREREORYANRE LN A&NB&Q-{]‘OM\ddI tionally,
t he backiron of nmotor primary capMOFORD@ORI GFERAIOR W ndi ng.

3 An elevator car door system for opening and closing elevator

car doors in an elevator car includes a high performance linear
“induction motor having a pair of movable motor primaries, each

attached to a door hanger for each door, and a stationary motor
secondary attached to a header bracket which is secured to the

10 elevator car. Each motor primary includes a primary winding and a

backiron spaced apart by a plurality of spacers that establish a

magnetic gap therebetween. The motor secondary fits between the

primary winding and the backiron as the moving motor primaries travel

across the motor secondary, generating thrust.

(Fig No. 1)



W claim 1. An el evator car door operating system for opening and
closing an el evator car door in an el evator systemincludes a door 5
hanger for suspending said el evator car door therefrom said door hanger
bei ng novably secured onto a header bracket attached to an el evator car,
said el evator car door operating systemconprising: a notor primary unit
fixedly attaching onto said door hanger, said notor primary unit including
a primary wi ndi ng spaced apart from 10 a backiron by neans of a plurality
of spacers and defining a constant magnetic gap therebetween; and a notor
secondary extending the length of the doorlyrdvel of said el evator car door
and fitting between said primary wi ndi ng and sai d backiron, said notor
secondary having a first vertical end and a 15 second vertical end and a
top and a bottom | ongi tudi nal edges. .2. The el evator car door operating
system according to claim1 wherein said notor secondary is fabricated from
a conductive netal. 20 3.  The el evator car door operating system
according to clain12:¥@erehﬂ sai d conductive netal is copper
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14 4. The el evator car door operating systemaccording to claim1l wherein
sai d notor secondary being novably attached onto said header bracket at
said first and said second vertical ends. 5 5. An el evator car
door operating systemfor opening and closing a first el evator car door and
a second el evator car door in an elevatg é’ systemincludes a first door
hanger and a second door hanger for suspénding said fy and said second
el evator car doors therefrom said first and said sedgj hanger s bei ng
novably 10 secured onto a header bracket attached td tor car, said
el evat or car door 3ﬁféf§%ng s en1conprising: a firsg pri mary unit
fixedly attaching id firsy\ door hanger, said fi or primary
unit including a first primary wiWdi ng spaced apart f i

by nmeans of a first plurality of 1S spacers; a secogt uﬂ(ﬁSFN|nary uni t
’ pt or primary

an el ev

fixedly attaching onto said second d hanger, sai d|[5R
unit including a second primary w ndijng spaced4apart Fhlof@ second backiron
by means of a second plurality of spacers; and 20 % or secondary
being a substantially flat plate extegdi e IEHgL/ﬁ’ door travel of
said first and said second elevatog
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doors and fitting between said first primary winding and said first AR

Wﬁgﬁgﬁcond primary wi nding and sai d second baf:l@@@
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Description

HIGH PERFORMANCE LINEAR INDUCTION
MOTOR DOOR OPERATOR

Cross-Reference to Related Applications
TFris-application-isrelated-te-commonly-ewned-co-pending
applicationsfiled-onthe-same-day-herewith-having-Serial-Numbers:

OT_2ASa)
O T=Z097);

Techniczal Field
The present invention relates to elevator systems and, more

particularly, to high performance linear induction motors driving
elevator car doors thersfor.

Background of the Invention

Many considerations play a role in the selection of a system to
drive elevator car doors in an elevator. One major constraint in
elevators is space. The first space limitation is the length of the door
system. The door operating system has to fit within the hoistway and
thus, cannot exceed the width of the elevator car, which is frequently
referred to as the elevator envelope. The second space limitation is
the thickness of the door operating system. The door operating
system has to be sufficiently narrow not to interfere with the hoistway
as the elevator car travels up and down the hoistway. If the door

system is too large and cannot fit between the elevator car and the

’é



