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Description 

THIS SHEET HAS BEEN 
REPLACED 

HIGH PERFORMANCE LINEAR INDUCTION 
MOTOR DOOR OPERATOR 

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-2656), ------ (OT-2659), 

----- (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 play 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 

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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hoistway, the door system will encroach on the elevator car space. 

An alternative to encroaching on elevator car space is to mount the 

door operating system on top of the elevator car. However, such a 

solution would invite other problems such as an increase in door 

. 5 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 

10 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. 

15 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 not be excessively heavy. 

Once the door operating system meets the space, cost, and 

20 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 

25 mechanical assembly, which typically includes a plurality of moving 

parts such as gear boxes, a set of drive arms, linkages and cams. 
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The major drawback of the existing elevator car door system is that it 

is susceptible to misalignments and requires frequent adjustments 

that result in high maintenance costs. Also, the misalignments 

degrade the performance of the system such that door opening and 

5 closing functions are not consistently smooth. 

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 shortcomings and are not practical because they violate 

either space, cost, or weight constraints, or a combination thereof. 

For example, U.S. Patent No. 1,881,016 to Rose issued on 

October 4, 1932 and entitled "Door Operating Mechanism" shows a 

15 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 October4, 1932 

and entitled "Supporting and Operating Means for Doors" shows a 

door system with motor secondary attached to a door, and moving 

therewith, and a stationary motor primary. One major drawback of the 
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disclosed configuration is that since the moving motor secondary 

overhangs the door on both sides, the door opening envelope is 

significantly enlarged. Therefore, the Ayers disclosure also does not 

represent a practical solution for modern elevator door systems. 

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 line·ar 

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 configuration 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 closing elevator car doors. 

20 According 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 hanger 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 
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first and second moving motor primaries includes a primary winding 

and a backiron spaced apart from the primary winding by a spacer to 

define a magnetic air gap therebetween. The stationary motor 

secondary extends the length of the door travel and fits between the 

5 primary winding and the backiron within the magnetic air gap. The 

configuration of the present invention establishes a small and constant 

magnetic air gap that is critical for obtaining a high performance 

elevator car door system. 

One major advantage of the present invention is that it provides 

10 a practical alternative to conventional mechanical linkages, thereby 

increasing the reliability of trie door syst~m. 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. 
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Brief Description of the Drawings 

FIG. 1 is a cut-away, schematic, perspective view of an elevator 

door system driven by a linear induction motor, according to the 

present invention; and 

5 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 

10 for opening and closing a pair of elevator car doors 12 that are 

suspended from a pair of door hangers 1_4 includes a pair of moving 

motor primary subassemblies 16 fixedly attached to the pair of door 

hangers 14 and a stationary motor secondary 18 attached to a header 

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

15 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. 

20 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. 
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The spacer bar 42 is adapted to clamp the primary winding 24 against 

the door hanger 14. Each moving motor primary subassembly 16 is 

fixedly attached to the door hangers 14 by means of a plurality of bolts 

48 passing through the backiron and the motor 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 

1 o 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, 58 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 

15 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 7 4 integrally formed at the end 

thereof. The secondary guide 66 is snapped on each longitudinal 
.., -
..-) edge 56, 58 of the motor secondary with the tab 74 fitting over the 
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bent over lip 64 and securing the secondary guide 66 onto the motor 

secondary 18. 

The outside surface of the first leg 70 of the secondary guide 66 

comes in contact with the backiron surface 38. The outside surface 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 

1 o primary winding 24 to compensate for the thickness of the lip 64 of the 

motor secondary 18. Therefore, the rum:iing clearance between the 

backiron surface 38 and first surface 52 of the motor secondary 18 

and between the primar1 surface 34 and the second surface 54 of the 

motor secondary 18 is established by the secondary guides 66 and 

15 equals the thickness of the first and second legs 70, 72 of the 

secondary guide 66, respectively. 

The motor secondary 18 is movably attached onto the header 

bracket 20 at two ends 60, 62 thereof, 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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82 on one end thereof and to the respective motor primaries 16 on the 

other end thereof. 

In operation, the moving flexible cables 80 transmit energy from 
the termination box 82 to the respective motor primaries 16. As each 

5 motor primary 16 travels across the motor secondary 18, the end of 

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 motor secondary 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. 

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 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 

invention because the motor secondary is a very thin plate of copper 

and because the running clearances between the motor secondary 18 



10 

and motor primary 16 are minimal. A small and constant magnetic air 

gap ensures high efficiency and consistency in performance of the 

motor. For example, in the best mode embodiment the thickness of 

the copper plate of the motor secondary is approximately one and a 

5 half millimeter (1.5 mm). 

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 

Io 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 sid.'3 of 

the motor secondary is approximately one millimeter (1 mm). 

15 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 attached 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. 

r _, 
A major advantage of the present invention is that it eliminates 

the need for a rotary motor and mechanical linkages, thereby 

significantly reducing maintenance costs associated with 
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misalignment and periodic readjustments of the linkages. A linear 

induction motor of the present invention also provides superior and 

much smoother operation of the doors. 

The primary advantage of the present invention is that it 

5 provides not only a high performance, 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 pre.sent 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 

15 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 
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the spirit and scope of the present invention. For example, although 

the best mode embodiment of the present invention depicts a center 

opening-by-parting door system, a single slide door system is possible 

using a single motor primary. Also, the best mode describes the 

5 motor secondary as a thin conductive 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. 
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We claim: 

1. An elevator car door operating system for opening and 

closing an elevator car door in an elevator system includes a door 

5 hanger for suspending said elevator car door therefrom, said door 

hanger being movably secured onto a header bracket attached to an 

elevator car, said elevator car door operating system comprising: 

a motor primary unit fixedly attaching onto said door hanger, 

said motor primary unit including a primary winding spaced apart from 

1 o a backiron by means of a plurality of spa~ers 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 . 

20 

. 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. 
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4. The elevator car door operating system according to 

claim 1 wherein said motor secondary being movably attached onto 

said header bracket at said first and said second vertical ends. 

5. An elevator car door operating system for opening and 

closing a first elevator car door and a second elevator car door in an 

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 

25 

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. 


