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Description

OPTIMIZATION OF MAGNETIZING CURRENT
IN LINEAR INDUCTION MOTORS

Cross-Reference to Related Applications
This application is related to commonly owned co-pending
applications filed on the same day herewith having Serial
10 No.: (OT-2680).

Technical Field

The present invention relates to elevator systems and, more

particularly, to linear induction motors operating elevator car doors
therefor.

Background of the Invention
In conventional elevator systems, elevator car doaors are

selectively opened and ciosed by a rotary electric motor driving

20 mechanical assemblies, which typically include a plurality of moving
parts such as gear boxes, a set of drive arms, and linkages. The
major drawback to the existing elevatar car door systems is their
susceptibility to misalignments, which necessitate adjustments and
result in high maintenance costs. Also, the misalignments degrade

the performance of the system such that the doors’ opening and
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closing functions are not consistently smoath.
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10 Technical Field The present invention relates to

el evator systens and, nore particularly, to linear induction notors
operating el evator car doors 15 therefor. Background of the

| nvention . In conventional elZvator systens, elevator car doors
are sel ectively opened and closed by a rotary electric notor driving
20 nechani cal assenblies, which typically include a plurality of noving
parts such as gear boxes, a set of drive arms, and |inkages. The maj or
drawback to the existing elevator car door systens is their

susceptibility to m salignnents, which necessitate adjustnents @ged
result in high mainteRSAEBIUSE §anAatentialy PrP\Yderi YhAERIAHEIRHE 25 the

performnce o LARGHEHETAHF HrtBlng 15188y SRR mecndHies! "
linkages and problems associated therewith. Linear motors typically
include a motor primary unit and a motor secondary unit. The motor
5 secondary and the motor primary move past each other to open and
close elevator car doors. Typically, linear motors have a much larger
magnetic air gap between the parts of the motor than do conventional
rotary motors. To compensate for the larger air gap, linear motors
must operate at a much higher current level than conventional motors.
10 The greater current level generates heat and may result in
overheating. The problem of overheating in linear motors of elevator
car door systems is exacerbated because the linear motor is situated
in a limited space environment and the heat cannot dissipate easily.
Overheating is highly undesirable because it results in efficiency
15 losses and can cause a short circuit. Therefore, a temperature rise in

linear motors must be controlled.

Disclosure of the Invention
It is an object of the present invention to improve the

20 performance of a linear induction motor that operates elevator car
doors.

It is another object of the present invention to reduce heat rise
in linear induction motors that operate elevator car doors.

It is a further object of the present invention to reduce energy
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losses in linear induction motors.
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or closing mode of operation. Lower levels of thrust can be achieved
with a lower magnetizing current. Reduction of magnetizing current
during modes of operation that require significantly lower levels of
thrust reduces prohibitive temperature rise in the motor primary.
Additionally, optimization of the magnetizing current reduces energy
losses in the motor primary.

One advantage of the present invention is that power
consumption is reduced.

Another advantage of the present invention is that the life of
transistors used is increased.

The foregoing and other advantages of the present invention
become more apparent in light of the following detailed description of
the exemplary embodiments therecf, as illustrated in the

accompanying drawings.

Brief Description of the Drawings

FIG. 1 is a schematic, perspective representation of a system
operating elevator car doors in an elevator;

FIG. 2 is a cross-sectional, schematic side view of the system

operating elevator car doors of FIG. 1 taken along line 2-2; and



Di scl osure of the Invention It is an object of the present
I nvention to inprove the 20 performance of a linear induction notor that

operat es el evator car doors. 4 It is another object of the
present invention to reduce heat rise in linear induction notors that
operate el evator car doors. It is a further object of the
present invention to reduce energy 25 |osses in linear induction notors.
3 According to the present invention, magnhetizing current is

optimzed in a linear induction notor for each node of operation of

FIG. 3 is a high level, logic flow diagram showing optimization of
magnetizing current used in the elevator car door system of FIG. 1,

according to the present invention.

(¥ 3

Best Mcde 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 primaries 16 fixedly attached to the pair of door hangers 14 and
10 a moteor secondary 18 attached to a header brackat 20 secured to a
cab facia 22 of the elevator car (not shown).

Referring to FIG. 2, each of the moving motor primaries 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

15 primary winding 24 includes a primary iron unit 30 with winding 32
wrapped about it. A magnetic air gap 34 is defined between the
primary winding 24 and the backiron 26. Each moving motor primary
16 is fixedly attached to the door hangers 14 by means of a plurality of
bolts 36 passing through the backiron 26 and the motor spacers 28.

20 The motor secondary 18 extends the length of the elevator car

and fits between the backiron 30 and the primary winding 28 as the
motor primaries 16 travel across, opening and closing the elevator car
doors 12. The motor secondary 18 is fabricated from an electrically

conductive metal.
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The motor secondary 18 is movably attached onto the header

bracket 20 at two ends thereof, as best seen in FIG. 1. The motor



el evator car doors in an elevator system Sone nodes of operation, such
as hold close and hold open, require | ess thrust than the opening 5 or

cl osing node of operation. Lower |evels of thrust can be achieved W th
a | ower magnetizing current. Reduction Qf magneti zi ng current during
nodes of operation that require significantly |ower |evels of t hrust

reduces prohibitive tenperature rise in the notor primary.
Additionally, optim zation of the magnetizing current reduces energy 10
| osses in the notor primary. One advant age of the present

advant age of 1 hSIRBSAR 185aRBNBIFY o fimheane’ Prieie}20 on a siandaiteaie
oresent i nvent: aifov e baciiatas & GRT BB PHIERe 0K BLESRS R ahighe

detail ed descri pt} Heon t exenpl ary enbodi nents thereof, as
illustrated in ?hgﬂﬁ aé%gxggﬁying dr awi ngs. 20 Brief Description of

the Drawi ngs A firétl gasiflohinigas\RRERTARIIS fixBESHESEH&E ohEPKIeS fRkLE ON
of a system operating el evator car doors in an el evator;

FIG 2 is a ¢roswrasket 20rarld ircitdemaneriatiend4direttly beuplest toran encoder
Operating el ey O e AN RISk plilley 43 is Hisposad 08 the thposte and of the
header bracket 20. A relating cable 50, extending over the encoder
pulley and the idler pulley, is attached onto each elevator car door 12.
A second positioning system 54 includes a plurality of sensors
10 56 disposed on the header bracket 20 in register with a plurality of
openings 58 formed within the door hanger 14.
A door controller box 60 is disposed on top of the elevator car
(not shown) and via electrical cable 61 is in communication with a
termination box 62 attached to the top portion of the header bracket
20. A pair of flexible cables 64 originates at the termination box 62
and connects the termination box 62 with each motor primary 16. A
signal is sent from the first positioning system 42 to the door controller
60 through a first cable 68. A second cable 70 carries a signal from
the second positioning system 54 to the door controller 60. The first
20 and second position systems 42, 54 determine the speed and
direction of the elevator car doors 12.
The door controller 60 includes a processor unit such as a
microprocessor. The processor unit includes a CPU, ROM, RAM,

busses, and input/output ports all suitably interconnected as would be
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well understood by thase skilled in the art. According to the preferred

embodiment of the invention, the routine of FIG. 3 is suitably coded



4 FIG 3 is a high level, logic flow di agram show ng

optim zation of magneti zing current used in the el evator car door
systemof FIG 1, according to the present invention. 5 Best Mde
for Carrying Qut the Invention Referring to FIG 1, an el evator
car door operating system 10 for opening and closing a pair of

el evator car doors 12 that are suspended froma pair of door hangers
14 includes a pair of noving notor primaries 16 fixedly attached to

the pair of door hangers 14 and 10 a notor secondary 18 attached to a
Qﬁﬁﬂﬁg _ bracket gr?dss Syerd?c%ont' gxgmple, incﬁ%t\%?&IAeMze c.O\Ieté#eed %ln%vggeocrutggrby( not
the CPU, as appropriate.
In operation, as voltage is supplied to the motor primaries 16 via

the flexible cables 64, total current generates flux and thrust. Asis

wn

well known in the art, using algorithms developed for controlling
conventional rotating induction motors, the portion of the total current
that generates flux is magnetizing current (l4) and the portion of the
total current that generates thrust is thrust current (I). The total
current is a vector sum of the thrust current and the magnetizing

10 current. Arange of magnetizing current levels can produce a given
thrust. A lower thrust level can be produced by a low, medium or high
setting of the magnetizing current. However, if a high magnetizing
current setting produces a low level of thrust, more heat than is,,
necessary is generated in the motor primary and can result in
overheating. Also for high thrust, a high level of magnetizing current
is necessary.

The elevator car doors typically have four modes. The first fwo
modes, open and closed, signify final events in response to a selected
command. The other two modes, opening and closing are
20 transitioning events. Each mode of elevator car doors requires
various amounts of thrust. Opening operation is very aggressive and
requires the maximum output available from the motor. Normal
closing has a force limit not allowed to exceed one hundred thirty-

three Newtons (133 N), as set by the elevator code. Both holding
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open and holding closed operations require significantly less thrust.

However, if there is any interference with either one of these two



Referring to FIG 2, each of the noving notor primaries 16 I ncl udes a
primary wi nding 24 and a backiron 26 spaced apart from the primary

wi nding 24 by a plurality of notor spacers 28. The 15 primary w nding 24
includes a primary iron unit 30 with wihding 32 wr apped about it. A
magnetic air gap 34 is defined between the primary w nding 24 and the
backi ron 26. Each noving notor primary 16 is fixedly attached to the
door hangers 14 by neans of a plurality of bolts 36 passing through

t he backiron 26 and the notor spacers 28. 20 The notor secondary 18
extends the length of the el evator car and fits between the backiron
30 and the pri nagdes,sliohgag @oass beang pulleduiasepdunagi ead pan amasde acr oss,
opening and cl osing the el evator car doors 12. The notor secondary 18
is fabricated f@epraRedI@ptliedangn during beld gtasaskemadenthe darust levelthe

not or secondary 18 .i.s anabléq%ttac Ed(NnéméQﬁﬁggggﬁbsuchadbraCKEt 20 at

two ends tKer eofUS{PgIGreaged 0@ ¥rlge cap verse
5 reactions.
5 Referring to FIG. 3, a flowchart governs the logic of the

controller according to the preferred embodiment of the present
invention. Four modes of operation, closed 76, opening 78, open 80,
and closing 82, are shown enclosed in square boxes with a
magnetizing current setting described below. Thus, for the hold

10 closed 76 and hold open 80 modes, the satting for the magnetizing
current is low. For the opening operation 78, the level of the
magnetizing current is set for high. For the clcsing operation 82, the
level of the magnetizing current is set for medium. Unexpected
events 84-88 are shown enclosed in ovals.

13 Once the doors are in the fully closed position 76, as
ascertained by the software through the feedback system supplied
with the signal from the first positioning system, the level of the
magnetizing current is set to low. In the event that the elevator car
doors are being forced opened 84, as the first positioning system

20 detects such an event and the information is fed to th_e controller 60

via the first cable 68, the level of magnetizing current is then
increased to high. The high level of magnetizing current is maintained
until one of two events occurs. The first event that would trigger
change in the level of magnetizing current is a lapse of time, set

25 herein for five seconds (5 sec). After five seconds (5 sec), the

system reverts to the low magnetizing current setting 76. If the



secondary 18 is nounted to the header bracket 20 on a standoff 40 to
all ow the backiron 26 to travel between the header bracket 20 and the

not or secondary 18. A firstigositioning system 42 is fixedly
attached onto the header 5 bracket 20%and includes an encoder 44 directly
coupled to an encoder pulley 46. An idler pulley 48 is disposed on the
opposite end of the header bracket 20. A relating cable 50, extending
over the encoder pulley and the idler pulley, is attached onto each

el evator car door 12. A second positioning system 54 includes a

plurality of sensors 10 56 disposed on the header bracket 20 in register

with a pluralitysystem deteotsethat@pdr8 drerpaidgvotdidopbred @¥ abairgehe 14.
A door controller box 60 is disposed on top of the el evator car (not

shown) and vi a ehagnetiziag auamert Stiting becavemhgb agaom Winothar event that

termnation box 62 attached to tpg}to orti.on of the header bracket 15
20. .A pair of fl&gEsSs BlUS2 eaf) IZIRg QUAREN 4 ANrRED ROBYRasd.
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system is in a forced open mode 84 or in closed mode 76, the
magnetizing current level is set to high for the doors to be opening 78.
The high level of magnetizing current corresponds to the highest level
of thrust required for this operation.

10 As the door controller 60 receives a signal from the first
positioning system 42 that the elevator car doors have reached a fully
opened position 80, the magnetizing current is reduced to the low
setting. If the door controller 60 detects through the first positioning
system that the doors are being pulled closed 85, 86, the magnetizing
current is increased to a value capable of resisting the pull.

Depending on the amount of force applied to pull the doors closed, the
magnetizing current is increased either to a high 85 or medium 86
setting.
The level of the magnetizing current changes to medium upon
20 the door controller 60 receiving a command to close the elevator car
doors. As the doors are closing 82, a medium level of thrust is
required and a medium setting of magnetizing current is set.
Two other unplanned events may occur. First, during closing

operation the doors are prevented from closing. |f the doors are
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prevented for more than a pre-set amount of time, in the best mode

embodiment set for fifteen seconds (15 seconds), the magnetizing



20 and second position systens 42, 54 determ ne the speed and

direction of the elevator car doors 12. The door controller 60

. includes a processor unit such as a m croprocessor. The processor unit
i ncl udes a.CPU, ROM RAM busses, &nd input/output ports all suitably
I nterconnected as would be 25 well understood by those skilled in the art.
According to the preferred enbodi nent of the invention, the routine of
FIG 3 is suitably coded 6
and stored, for exanple, in ROM RAMetc. fetched and executed by t he
CPU, as appropri ate. In operation, as voltage is supplied to the

nmotor primaries d@rrendis reducke thllew Hitinga®T e Htmagratizingicument gélher at es
flux and thrust. As is 5 well known in the art, using algorithnms devel oped
for controlling remain at this low setting 87 either until the doors reach a fully closed
position 76 and the controller is notified by the first positioning system
or until the controller receives an open command and the doors enter

the opening mode 78.

L

A second unplanned event would be if during opening 78, the
docrs are prevented from fully opening. Such an event may occur if
the path of the doors in the hoistway is blocked. If the doors do not
reach a fully opened position within fifteen seconds (15 sec.), the

10 magnetizing current is set for a low setting 88. The low setting 88 of

the magnetizing current will remain either until the doors reach a fully

opened position 80, as detected by the first positioning system, or until
the controller receives a closing command and doors begin closing

82.

In the best mode embodiment, the magnetizing current setting
for high is within the range of six to eight amperes (6 to 8 amps); for
medium is within the range of three and a half to five amperes (3.5 to
5 amps); and for low is within the range of two to two and a halif
amperes (2 to 2.5 amps).

20 Optimization of magnetizing current for each mode of elevator
car door operation significantly reduces prchibitive temperature rise in
the motor primaries. For operations such as holding open 80 and
holding closed 76, that require less thrust a low setting of magnetizing

current is sufficient to generate the necessary thrust. If the

[£8]
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magnetizing current setting was high for such operations, the motor

primary would overheat. The extra heat cannot dissipate easily



conventional rotating induction notors, the portion of the total current
that generates flux is nagnetizing current (I[err]) and the portion of the
total current that generates thrust is_thrust current (I[err]). The total
current is a vector sumof the thrust d@rent and the magneti zi ng 10
current. A range of magnetizing current |evels can produce a given

thrust. A lower thrust |evel can be produced by a | ow, nmedium or high
setting of the magnetizing current. However, if a high magneti zi ng

current setting produces a low level of thrust, nore heat than is

i ted jin th t. 1 d . It in 15
over heat i ng. Al SEFHEHIGMARLERMaryis SHUARAIN 3mitsgh soroe Ry ianraset
[ : fa el i.cal des.
The firat tuo  Oversaing B8R Eghehaldh R SrbiRRRL BEIRITH  coponse
to a selected [imitip@maaashinThe tﬁpmlrodtwt HRE&SooRRUANITABFRIESHPY are 20

transitioning events. Each node of elevator car doors requires vari ous

amount s of t hr udailopgnheqecgssaty amduntusfrinagoetizisg oaramcto a parfieddrr es
t he maxi mum out put avail able fromthe notor. Nornal cl osing has a

force limt Aot dR90REM, the presat ioventiomsl nidimiziestguerheatinglindbe Maotarns

(133 N), as set by the elevator code. Both holding 25 L open and hol di ng
cl osed operati or%eréﬁXuianetéF ¥ IrearRvsp ’P%ts@nllyﬁk‘ﬁsﬁeﬁab'“ty ofthedeer if there

I's any interfereqaga i bt Ghdd'RL HGeREy ! hese two
One advantage of the present invention is that it reduces power
consumption.

10 Another advantage of the present invention is that the present
invention resuits in increased life of transistors used in the system. As
the magnetizing current is reduced, freqﬁency increases for a given
thrust. Increased frequency results in reduced fluctuation in the
transistors' temperature, therefore increasing the life of the transistors
used.

~ While the present invention has been illustrated and described
with respect to a particular embodiment thereof, it should be
appreciated by those of ordinary skill in the art, that various
modifications to this invention may be made without departing from

20 the spirit and scope of the present invention.



7 nodes, such as doors being pulled closed during hold open node or

doors being pulled open during hold cl osed node, the thrust |evel nmust
- be increased to a val ue capabl e of resisting such adverse reactions. 5

Referring to FIG 3, a flowhart goverﬂé the logic of the controller

according to the preferred enbodi nent of the present

nodes of operation, closed 76, opening 78, open 80, rn!m‘wﬂ@ ﬁ““\fwm\ggura

shown encl osed in square boxes with a magnet i zi

mSeiting

descri bed bel ow. Thus, for the hold 10 closed 76 and hol d open 80 nodes,
the setting for the magneti zi ng current is low For the opening

operation 78,

For the closing

set for

nmedi um

o}

10

20

the level of the magneti zing current is set for high.

r

@ﬁgr t.ion 82, the | evel of the nagnetizing current is
Q%é@f ed

events 84-88 are shown encl osed in ovals.
1. A motor control system comprising:

a linear motor; and
a controller connected to said linear motor, said controller
including software for varying a magnetizing current to said motor

dependent upon a load on said motor.

2. A system for controlling an elevator car door, comprising:

a door having an opened position and a closed position;

a linear motor coupled to said doo_r for moving said door into
said opened and said closed position: and

a cantroller connected to said linear motor for controlling a
magnetizing current to said motor, said controller including software
for varying the magnetizing current to a low value when said door is in

said opened or said closed position.

3. The system for controiling an elevator car door according
to claim 2, wherein said door further has an opening and a closing
mode, and wherein said controller includes software for varying the
magnetizing current to a high value when said door is in said opening

mode and to a medium value when said door is in said closing mode.

This Sheet Has Bzen Replaced
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15 - Once the doors are in the fully closed position 76, as
ascertained by the software through the feedback system supplied W
. the signal fromthe first positioning system the |evel of the
magnetizing current is set to low In fiBe event that th Q&uk
doors are being forced opened 84, as the first posi tm% 20
detects such an event and the information is fed to 1W&¥¢ontroll er 60
via the first cable 68, the | evel of magnetizing current is then
increased to high. The high [ evel of nmagnetizing current is maintained
until one of two events occurs. The first event that would trigger
change in the level of nagresystegndor centrollingaan afsatof car deor aetording
herein for five seconds (5 sec?. After five seconds (5 sec), the

system reverts tto alain Sowhatgjnadidimgh vatueof saist magmetizing turreat is within
8

th

the range of six to eight amperes (6-8 amps), said medium value of

said magnetizing current is within the range of three and a half to five
5 amperes (3.5 to 5 amps), and said low value of said magnetizing

current is within the range of two to two and a half amperes (2 to 2.5

amps).
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system detects that doors are being forced opened 84 again, the

magneti zi ng current setting beconmes high again. Another event that

changes the status of the magnetizing current is an open comand. Once
the controller receives a signal fromth2 operation controller 74 5 that
an open comrand has been received, regardl ess of whether the systemis
in a forced-open node 84 or in closed node 76, the magneti zi ng current

| evel is set to high for the doors to be opening 78. The high | evel of
magneti zi ng current corresponds to the highest |evel of thrust required
for this operation. 10 As the door controller 60 receives a signal
fromthe first posi ti oni ng syé&tstiact of hae Dikelosliexat or car doors have
reached a fully open netizing current is reduced
to the | ow setting. %?Pfﬂ@%ﬂbﬁo%r@ﬁfgﬁ (BZH\é@engBRENJugh t he
first positioning syst em tihakINFBRINDY GTIOM AT QRBI ed cl osed 85,

86, the magnetizing 15 current is increased to a val ue capabl e of
resisting the pull. Dependi ng on the anount of force applied to pul
the doors cl ofed, the Magne%@ﬁaurzemggmnaead in @ lingardadedtien Mstort 0 a

hi gh 85 or nediu éi 8 The | evel of the magnetizing
current changes NI"H—JQ?IFW Bbﬁaé Cofhid aleyatensystemseis eutimizsd.ving a -

dt | - t . d As, the d | 82,
R A e e R
magneti zing curr eswet feviR$ of thrust, such ad WhIQEN YRBIGRILENt s may

occur. First, during closing
Magnetizing current level is increased for modes of door operation

10 requiring greater thrust levels, such as closing or opening.

Optimization of magnetizing current in linear induction motors reduces

overheating and increases energy efficiency.

(Fig No. 3)



operation the doors are prevented fromclosing. If the doors are 25
prevented for nore than a pre-set anmount of tine, in the best node
enbodi mrent set for fifteen seconds (15 seconds), the magnetizing

9 current is reduced to |l ow setting 87. The magneti zi ng current

wi || remain at this [ow setting 87 either until the doors reach a fully
cl osed position 76 and the controller is notified by the first
positioning system or until the control|ler receives an open conmand and
the doors enter 5 the opening node 78. 1,/3 A second unpl anned event
woul d be if during opening 78, the doors are prevented fromfully
openi ng. Such an evewnt magsoccur if the path of the doors in the

hoi stway i\ bl ocked.=If the doors do not reach a fully opened position

within fyfteen_seconds (15 8&k.




10 nﬁgnetizing currént is set for a low setting 88. The | ow setting 88 of

the magnetizing current will remain either until the doors reach a fully
opened position 80, as detected by the first positioning system or until
the controller receives a closing conmand and doors begin cl osing 82.
15 In the best node enbodi nent, tge gnetizing current setting
for high is within the range of six to / t anperes (6 to 8 anps); for
mediumis within the range of three and a half to fi\p s (3.5to
5 anps); and for lowis within the range of two to t hal f
anperes (2 to 2.5 anps). 20 16 Optim zation of n ilng current for
each node of elevafoJ(G.2 car or operation signifi educes
prohi bitive tenperature rise in the notor primar oper ati ons
such as hol di ng open 80 and | di ng cl osed 76, i} uire | ess
thrust a | ow setting of magneti zing current 1S gu i“nt to generate
the necessary thrust. If the 25 nmagnetijzi ng current|{SH Ag was hi gh for
such operations, the notor pringry jwoul d over hef xtra heat
cannot di ssipate easily j
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10 .- because the notor primary is situated in a limted space

envi ronnent . Overheating would result not only in a short circuit, but
also is a limting factor in the thrust output and door speed.
Therefore, by tailoring the necessary anmount of magnetizing current to
a particular 5 door |oad, the present inventions mnimzes overheating in

t he notor primary and thereby inproves not only the reliability of the’
door system but also its efficiency. One advant age of the
present invention is that it reduces r consunption. 10

Anot her advantage of the present invention is that the present

I nvention results in increased life of transistors usedéén the system As
t he magneti zing current is reduced, frequency increases B ven

thrust. Increased frequency results in reduced fluctuatiQnf,in, tRe
transistors' tenperature, therefore increasing the life o ransi stors
15 used. Wil e the present invention has been | rated and
descri bed Wi th respect to a particul ar enbodi nent t should
be appreci ated by those of ordinary skill in the arious
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Substitute sheet - 9 March 1999 {Sl\J/\t?st?tlu?é sheet - 8 January 1998

Description

OPTIMIZATION OF MAGNETIZING CURRENT
(N LINEAR INDUCTION MOTORS

3
Cross-ReferencetoRetated-Apelicatiens -
This-applicaticnis-related-te-commonly-owned-co-gending-
apglications filed on the same day herswith having Serial
10 Ned—mm - {(OT-2680).

Technical Field
The prasent invention relatss to elevator systems and, more
particularly, to linear induction motors cperating elevator car doors

15 therefor.

Background of the Invention
In conventional elevator systems, elevator car doors are
selectively opened and closed by a retary electric motar driving
20 mechanical assemblies, which typically inciude a plurality of moving
parts such as gear boxes, a set of drive arms, and linkages. The
major drawback to the existing elevator car door systems is their
susceptibility to misalignments, which necessitate adjustments and

result in high maintenance costs. Also, the misalignments degrade

I
n

the performance of the system such that the doars’ opening and

closing functions are not consistently smooth.
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A systemfor controlling an el evator car door, conpri sing: Y-
door having an opened position and a closed position; 10 alinear -
not or coupl ed to said door for noving said door, into id g and
sai d closed position; and 11 @ cont3unatitite. sheetcs §Marct THES

| i near notor for controlling a magneti zing current to said notor,

said controller including software for varying the magneti zi ng

current to a | ow val ue when said door is in 15 said opened or said closed

gggirtggg.or di ng tgl cl ai -rlr-1hi \?\%; gimnf g;i gogmﬂmnmﬂumnﬁmﬁnggﬁr ng

and a cl osing mode, and wherein said contrdllér includes *software
for varying the 20 nmagnetizing current to a high value when said door is
i n said opening node and to a nedi um val ue when said door is in said

cl osi ng node. We ciaim:

L&  Asystemfor controiling zn elevatar car doar, comprising:
a door having an opened pasition and a clased positian;
10 .a linear motar coupled ta szaid dcor for moving szid door into
said coened and szid closed pasiticn; and
a controller connectad to said linear mator for centralling 2
magnetizing current to szid motor, said contraller including sofiware
for varying the magnetizing currant to Ia low value when said dooris in
. 15 said apened or said closed position. B

2 & L The system for contralling an elevator car door according
ta claim & wherein said doar further has an opening and a closing
mode, and wherein said controller includes softwars for varying the

20 magnetizing current to a high value when said door is in said opening

mode and ta 2 medium value when said door is in said closing mode.
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12 3. The system for controlling an el evator car door
according to claim2 wherein said high val ue of sal d magnet I zing current is
within the range of six to eight anperes (6-8 anp medi um val ue of
sai d magnetizing current is within thg range SO @Sbﬁeta%MaFC*ﬂdgfqa/e
anperes (3.5 to 5 anps), and said | ow value of said magnetizing current is
within the range of two to two and a half anperes (2 to 2.5 anps).

T ) 0

2= ) The systam for controlling an elevator car daor according

ta claimZFwherain said high value of said magnetizing currant is within
the range of six to eight amperas (6-8 amps), said medium value of

said magnetizing current is within the range of thres and a half to five

[V 3

amperas (3.5 to § amps), and said low value of said magnetizing

current is within the range of two to two and a half amperes (20 2.5

N

amps).
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