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MAGNETIC COUPLING DEVICE FOR AN ELEVATOR SYSTEM

BACKGROUND

ooo1] Elevators typically include a car that moves vertically through a
hoistway between different levels of a building. At each level or landing, a set of
hoistway doors are arranged to close off the hoistway when the elevator car is not at
that landing. The hoistway doors open with doors on the car to allow access to or
from the elevator car when it is at the landing. It is necessary to have the hoistway
doors coupled appropriately with the car doors to open or close them.

0oo2] Conventional arrangements include a door interlock that typically
integrates several functions into a single device. The interlocks lock the hoistway
doors, sense that the hoistway doors are locked and couple the hoistway doors to the
car doors for moving them together. While such integration of multiple functions
provides lower material costs, there are significant design challenges presented by
conventional arrangements. For example, the locking and sensing functions must be
precise to satisfy codes. The coupling function, on the other hand, requires a
significant amount of tolerance to accommodate variations in the position of the car
doors relative to the hoistway doors. While these functions are typically integrated
into a single device, their design implications are usually competing with each other.

0oo3] Conventional door couplers include a vane on the car door and a pair
of rollers on a hoistway door. The vane must be received between the rollers so that
the hoistway door moves with the car door in two opposing directions (i.c., opening
and closing). Common problems associated with such conventional arrangements is
that the alignment between the car door vane and the hoistway door rollers must be
precisely controlled. This introduces labor and expense during the installation
process. Further, any future misalignment results in maintenance requests or call
backs.

oo4] It is believed that elevator door system components account for
approximately 50% of elevator maintenance requests and 30% of callbacks. Almost
half of the callbacks due to a door system malfunction are related to one of the

interlock functions.
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[0005] Some proposed door couplers utilize magnetic forces for coupling the
doors. Examples of this type are shown in U.S. Patent Nos. 5,487,449, 5,174,417,
and 6,070,700.

SUMMARY
[0oos] An exemplary magnetic coupling device includes a core having an
exterior surface. An active portion of the core is configured to direct a magnetic flux
associated with the core in a desired direction. An interruption in the exterior surface
near the active portion is configured to establish a relatively high magnetic saturation
in the core in a vicinity of the interruption.
0oo7] The various features and advantages of this invention will become
apparent to those skilled in the art from the following detailed description. The

drawings that accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

ooos] Figure 1A schematically illustrates selected portions of an elevator
system incorporating a door assembly designed according to an embodiment of this
invention.

oooo] Figure 1B schematically shows interaction between door coupler
components for door movement.

ooo10] Figure 2 schematically illustrates an example electromagnet
configuration of an embodiment of this invention.

000111 Figure 3 shows selected features of the embodiment of Figure 2.

00012] Figure 4 shows another feature of the example embodiment.

[00013] Figure 5 shows another view of selected features of the example
embodiment.

[00014] Figure 6 shows another example embodiment.

[0oo15] Figures 7A-7H show example configurations of a surface interruption

useful in various embodiments.
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DETAILED DESCRIPTION

ooo16] Figure 1A schematically shows an elevator door assembly 20 that
includes a unique door coupler. An elevator car 22 has car doors 24 that are
supported for movement with the car 22 through a hoistway, for example. The car
doors 24 become aligned with hoistway doors 26 at a landing, for example, when the
car 22 reaches an appropriate vertical position.

000171 The illustrated example includes a door coupler to facilitate moving the
car doors 24 and the hoistway doors 26 in unison when the car 22 is appropriately
positioned at a landing. In this example, the door coupler includes an electromagnet
30 associated with at least one of the car doors 24. At least one of the hoistway doors
26 has an associated ferromagnetic vane 32 that cooperates with the electromagnet 30
to keep the doors 26 moving together with the doors 24 as desired.

[0oo18] As shown in Figure 1B, the electromagnet 30 magnetically attracts the
vane 32 to facilitate moving the doors 26 and 24 in unison between open and closed
positions.

0oo19] Given the tight dimensional constraints on elevator door coupler
arrangements, the illustrated example includes a unique electromagnet design that
concentrates the attractive, magnetic force for coupling the electromagnet 30 with the
vane 38 so that the elevator doors 24 and 26 are appropriately coupled together.

[0oo20] Referring to Figures 2 and 3, an example embodiment of an
electromagnet 30 is shown in a partially cross-sectional, elevational view as seen from
the top, for example, in Figure 1. The illustrated electromagnet 30 includes a core 40
made from an appropriate ferromagnetic material. Those skilled in the art who have
the benefit of this description will be able to select from appropriate metals,
laminations or sintered powders for making the core 40 according to the needs of their
particular situation. Example materials used for making the core include carbon steel,
silicon steel, sintered magnetic powder, laminated magnetic materials or other
ferromagnetic materials.

[00021] The example core 40 includes a first side 42 and a second side 44 that
are aligned at least partially generally parallel to each other. A third side 46 and a
fourth side 48 are aligned at least partially generally parallel to each other. The third
side 46 and fourth side 48 are also generally perpendicular to the first side 42 and the
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second side 44. In this example, each side 42, 44, 46 and 48 corresponds to a pole of
the electromagnet.

00022] The exterior surface of the first side 42 and the third side 46 are
uninterrupted (e.g., each comprises a solid, continuous exterior surface across the
side) as can be appreciated from the drawing. In particular, the exterior surface of
cach of the first side 42 and the third side 46 are uninterrupted in this example. The
fourth side 48 in this example includes a gap 50. In this example, the gap 50 extends
completely through and along the entire height or longitudinal length (shown as L in
Figure 5) of the fourth side 48.

[00023] Although the illustrated example includes generally straight sides and a
generally rectangular configuration, other configurations are possible that still include
first and second sides arranged at least partially generally parallel to each other, third
and fourth sides arranged at least partially generally parallel to each other and a gap in
at least one of the sides. In other words, a core with a partially circular or irregularly
shaped configuration may still have a plurality of sides and a gap that achieves the
benefits of the illustrated example. One example includes two sides that are generally
arcuate and aligned as mirror images of each other such that tangents along
corresponding portions of the sides are generally parallel. Some example uses of such
an clectromagnet include a configuration different than the illustrated generally
rectangular core configuration.

[00024] Providing a fourth side 48 on the core instead of providing a
conventional U-shape for the core and leaving a gap 50 that is smaller than a spacing
between the first side 42 and the second side 44 concentrates the magnetic flux
schematically shown at 52 and the associated magnetic attractive force of the
electromagnet 30 near the gap 50. Only a portion of the entire magnetic flux
distribution of the electromagnet 30 is schematically shown at 52 in Figure 2.

[ooo25] By strategically placing the gap 50 relative to the vane 32, the
disclosed example allows for concentrating the attractive magnetic force used to
couple the electromagnet 30 to the vane 32, which facilitates coupling the elevator car
and hoistway doors for movement together.

00026 The illustrated example includes dimensional relationships between

portions of the electromagnet 30 that have been designed to optimize the attractive
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force realizable within constraints placed on the electromagnet by the nature of the
elevator door assembly and applicable codes. As can be appreciated from Figure 3,
interior surfaces on the first side 42 and the second side 44 are spaced apart a distance
s, which provides a spacing for receiving at least a portion of an electrically
conductive coil 54. Energizing the coil 54 in a known manner results in generating
the magnetic field used for coupling the electromagnet 30 to the vane 32, for example.
In this example, the gap 50 has a dimension d. The size of the dimension d is less
than the spacing s. The fourth side 48 in this example has a nominal width w on a
portion 56 adjacent the gap 50. In addition, the width of the fourth side 48 is variable
and increases in size as the side extends away from the gap 50. The second side 44,
which is adjacent to the gap 50 in this example, has a nominal width w; along a
portion 66 adjacent to the gap 50. The second side 44 also has a larger width w,
along a portion 68 that is further from the gap 50 compared to the portion 66.

000271 The configuration of the fourth side 48 in this example optimizes the
amount of attractive force realizable with the given gap configuration. In this
example, the fourth side 48 has an exterior surface 60 that faces generally outward or
toward the vane 32. An oppositely facing surface 62 faces toward an interior of the
core 40. In this example, the surface 62 is oriented transverse to the first surface 60.
An oblique angle o of the orientation of the surface 62 relative to the surface 60 in this
example depends on other dimensions of the core 40.

[00028] In one example, the angle o (shown at 71 in Figure 3) is approximately
equal to the arctangent of the width of the second side 44 divided by the sum of the
inside space s and the dimension d (e.g., a = arctan (w,/(s + d))). In one example, the
nominal width w;, of the second side 44 is used for determining the angle a. In
another example, the width w; is used (e.g., a = arctan (w>/(s + d))).

[00020] In this example, the nominal width w of the fourth side 48 at the
portion 56 is selected to have a dimensional relationship to the dimension d of the gap
50. In one example, the nominal width w is selected to be less than or equal to
approximately d/2. As can be appreciated from the illustration, the width of the fourth
side 48 increases in a generally linear fashion in a direction moving away from the

gap 50.
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[00030] The nominal width w; of the second side 44 in this example is in a
range below 9/10 wy.

[00031] The illustrated example includes a ramped surface 70 along a portion
of the first side 44 facing the interior of the core 40. In this example, the ramped
surface 70 is oriented at an oblique angle relative to the gap 50. The oblique angle
in this example is different than the oblique angle at which the ramped surface 70 is
oriented relative to the gap 50. Having the angled surfaces in the illustrated example
increases the attractive force realizable at the gap 50 compared to an arrangement
where the interior surfaces of the core 50 are perpendicular to each other.

[00032] As best appreciated in Figure 2, the illustrated example is thermally
coupled with the door hanger 34 such that the door hanger 34 acts as a heat sink for
the electromagnet 30. In this example, the third side 46 has an increased thickness
compared to the other sides of the core 40. In this example, an aluminum block 72 is
used for mounting the electromagnet 30 to the door hanger 34. The block 72 and the
core 40 are held in place by one or more fasteners 74. The aluminum block 72 allows
a spacing for a portion of the coil 54 to be received between the core 40 and the door
hanger 34. An appropriate insulation or coating is provided on the coil 54 to
electrically isolate the coil 54 from the door hanger 54.

[00033] The coupling through the aluminum block 72 provides for thermal
conduction of heat from the electromagnet 30 through the door hanger 34. This
provides a significant advantage in that distributing the heat from the electromagnet
30 allows for the example arrangement to fit within temperature limitations placed on
such components by elevator codes. One example code requires that the temperature
not exceed 80°C. The example arrangement allows for meeting this requirement
without introducing bulky components that would not fit within the space constraints
dictated by other code requirements. The illustration in Figure 2 shows how one
example arrangement fits within the space constraints between an elevator door sill 76
and a hoistway door sill 78. The same example complies with heat limitation
requirements and provides sufficient magnetic coupling for reliably moving the doors
24 and 26 in unison.

00034] The side 48 of the electromagnet 30 is considered an active side

because it includes the concentration of the magnetic flux 52 at the gap 50. The
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active side or active portion or the core 40 is that which generates the greatest
magnetic attractive force for coupling the electromagnet 30 with the vane 32.

[0oo3s] The magnetic coupling of the illustrated examples may introduce a
likelihood that ferrous debris may collect on the electromagnet 30. It is desirable to
avoid having any ferrous debris gather around the gap 50 where it may interfere with
an appropriate magnetic coupling between the electromagnet 30 and the vane 32. The
illustrated example includes an interruption 80 in the exterior surface of the second
side 44 of the core 40. The interruption 80 is configured to establish a relatively high
magnetic flux concentration in the vicinity of the interruption 80 such that ferrous
debris will be attracted toward the interruption 80. This facilitates avoiding ferrous
debris buildup at the active portion (e.g., the gap 50) of the core 40.

ooo36] The interruption 80 establishes a reduced cross-section of a
corresponding portion of the core 40 in the vicinity of the interruption 80. As shown
in Figure 3, the second side 44 has a material thickness W3 adjacent the interruption
80. The dimension of W3 is less than the dimension W, along the portion 68 of the
second side 44. This reduced cross-section W3 introduces a higher magnetic flux
concentration near the interruption 80 compared to other portions of the core 40. The
portion of the core 40 in the vicinity of the interruption 80, therefore, becomes
magnetically saturated at a higher rate than other portions of the core 40. At the same
time, the concentration of the coupling force near or at the gap 50 is not diminished
by the interruption 80.

000371 In the illustrated example, the dimension of W3 is approximately equal
to a difference between W, and a depth of the interruption 80. In one example, W3 is
approximately equal to W;. In another example, W3 is one of greater than or less than
W,. Given this description, those skilled in the art will be able to select appropriate
dimensions to meet the needs of their particular situation.

[00038] The interruption 80 is positioned relatively close to the gap 50. In one
example, a distance between the active portion of the core 40 (e.g., the gap 50) and
the interruption 80 is greater than a dimension of the gap 50. In one example, the gap
50 is approximately 7 mm wide. The interruption 80 is positioned on the second side
44 a distance that is between approximately twice and approximately five times the

size of the gap 50 (e.g., between about 14 mm and 35 mm away from a 7 mm gap).
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00039] The reduced size of the core 40 in the vicinity of the interruption 80
and the relatively higher magnetic saturation tends to attract ferrous debris toward the
interruption 80. If a ferromagnetic body is in the vicinity of the interruption 80, the
magnetic field of the electromagnet 30 tends to minimize the reluctance for the
magnetic flux. Accordingly, at least some of the magnetic flux will penetrate through
the ferromagnetic body or ferrous debris because the reluctance of ferrous debris is
smaller than that of the highly saturated, relatively narrow bridge of the core material
adjacent the interruption 80 (e.g., the portion having the dimension Wj).
Accordingly, any ferrous particles will tend to gather around the interruption 80.

[0oo40] This is schematically shown in Figure 4 where ferrous debris particles
82, 84 and 86 are gathered around the interruption 80 and permit a portion of the
magnetic flux schematically shown at 88 to pass through those particles.

[00041] The amount of magnetic flux that can pass through ferromagnetic
debris gathered around the interruption 80 depends on the cross-section of that debris.
A larger cross-section associated with larger debris or a larger collection of debris
results in less magnetic flux in the otherwise highly saturated portion of the core in
the vicinity of the interruption 80. The tendency to minimize the reluctance of the
magnetic flux in the core 40 near the interruption 80 provides a coercive accumulation
of ferrous debris as close as possible to the interruption 80.

[00042] As can be appreciated from Figure 4, a non-magnetic material layer 90
is provided at the interface between the active side 48 of the core 40 and the vane 32.
In one example, the non-magnetic material layer 90 is provided on the vane 32. In
another example, the non-magnetic material layer 90 is provided on the core 40. One
advantage to including such a layer is that it facilitates maintaining a desired spacing
between the core material and the vane 32 when the two are magnetically coupled
together. One advantage to such spacing is that it facilitates separating the core 40
and the vane 32 after the electric current to the coil 54 is turned off. Even at zero
current, if there is minimal spacing or no gap, the attractive force from residual
magnetism would be relatively large and would make it difficult to separate the core
40 and the vane 32. Another advantage to the non-magnetic material layer 90 is that
it facilitates accumulating any ferrous debris 82-86 around the interruption 80 such

that none of it will tend to be attracted to the gap 50.
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[00043] Figure 5 shows an example where the interruption 80 extends along an
entire longitudinal length L of the core 40. In this example, the interruption 80
comprises a groove on the exterior surface of the second side 44 of the example core
40. Such a groove may be established during a process of making or forming the core
40. One example includes machining in a groove or slot as the interruption 80 after
the core 40 has been formed. Another example includes providing the interruption 80
as part of a molding or casting process. Another example includes providing
corresponding portions of the interruption 80 in each of a plurality of laminations
used for forming the core 40.

[00044] Figure 6 schematically shows another example embodiment where a
second interruption 80’ is provided on an opposite side of the active portion of the
core 40. In this example, multiple interruptions 80, 80’ facilitate collecting any
ferrous debris that is otherwise in the vicinity of the gap 50 on a portion of the core 40
where the debris will not interfere with the desired operation of the coupling device.

000451 The interruption 80 can be configured to achieve a desired effect based
upon other aspects of the design of a particular electromagnet 30. Figures 7A-7H
schematically show a variety of possible interruption cross-sections or configurations.
Figure 7A shows a generally rectangular groove or interruption design. Figures 7B
and 7C show generally trapezoidal configurations. Figures 7D and 7E include
generally triangular arrangements. Figures 7F and 7G include stepped configurations.
Figure 7H includes an at least partially curvilinear profile within the interruption 80.

[0oo46] As can be appreciated from Figures 7B-7H, the width of such example
interruptions is smaller at one location compared to another within the interruption.
In the examples of Figures 7B-7D, for example, the width of the interruption
continuously varies along a depth of the interruption. Given this description, those
skilled in the art will be able to select a configuration that best meets their particular
needs.

000471 The illustrated examples provide a wvariety of advantages when
incorporated as a portion of an elevator door coupling arrangement. The aspect ratio
of the core 40 (e.g., the length L relative to a thickness taken in a perpendicular
direction) is high, which allows for generating a sufficiently strong magnetically

attractive force to reliably couple an elevator car door and a hoistway door while still



10

15

20

25

WO 2008/118166 PCT/US2007/064763

fitting the coupler arrangement within the tight space constraints of an elevator
system. The example interruptions 80 facilitate avoiding collection of debris along a
portion of the electromagnet 30 where such debris could potentially interfere with the
operation of a door coupler arrangement. Preventing an accumulation of any ferrous
debris at the interface between the electromagnetic 30 and the vane 32 is
accomplished without any additional cost and without deteriorating the attraction
forces used for the coupling. Additionally, the debris control aspects of the illustrated
examples do not raise or complicate the power consumption associated with the
electromagnet 30. There are no additional pieces required for achieving the debris
controlling features.

[ooo4s] The example interruptions 80 increase the reliability of the
electromagnet 30 and the door interlock system. This tends to provide improved
elevator system performance because it minimizes the likelihood of a malfunction or
maintenance request. Additionally, reliably coupling an elevator car door and a
hoistway door tends to improve the reliability of door operation, which enhances
passenger access to the elevator car.

[00049] Another feature of the example non-magnetic material layer 90 is that
it permits some relative movement between the electromagnet 30 and the vane 32
even when a magnetic coupling is established between them. The non-magnetic
material layer 90 in one example serves as a sliding layer that accommodates some
relative movement in a vertical direction, a horizontal direction or both. Such
movement may be associated with loading and unloading the elevator car at a landing,
for example.

[0oos0] The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the essence of this invention. The
scope of legal protection given to this invention can only be determined by studying

the following claims.
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CLAIMS

We claim:
1. A magnetic coupling device, comprising:

a core having an exterior surface;

an active portion of the core being configured to direct a magnetic flux
associated with the core in a desired direction; and

an interruption in the exterior surface near the active portion, the interruption
is configured to establish a relatively high magnetic saturation in the core in a vicinity

of the interruption.

2. The device of claim 1, wherein the interruption comprises a groove in the
core.
3. The device of claim 2, wherein the core has a longitudinal length and the

groove extends along the exterior surface along the entire longitudinal length.

4. The device of claim 2, wherein the groove has a generally rectangular cross-
section.
5. The device of claim 2, wherein the groove has a width having a first

dimension at a first location in the groove and a second, different dimension at a

second location in the groove.

6. The device of claim 5, wherein the groove has a depth and the width varies
along the depth.
7. The device of claim 1, wherein the interruption is configured to establish a

reduced cross-section of the core in the vicinity of the interruption.
8. The device of claim 7, wherein the interruption has a depth, an uninterrupted

portion of the core has a thickness and the reduced cross-section is approximately

equal to a difference between the thickness and the depth.

11
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9. The device of claim 7, wherein the reduced cross-section is configured to

increase a reluctance for a magnetic flux along the reduced cross-section of the core.

10.  The device of claim 1, comprising a second interruption.

11. The device of claim 10, wherein the interruptions are on opposite sides of the

active portion.

12. The device of claim 1, wherein the active portion comprises a gap in the core,
the gap has a dimension and a distance between the gap and the interruption is greater

than the gap dimension.

13. The device of claim 12, wherein the distance is between about two times and

about five times the gap dimension.

14.  The device of claim 1, wherein the core comprises a plurality of laminations,

cach having a portion of the interruption.

15.  The device of claim 1, wherein the core comprises at least one of carbon,

silicon or steel.

16. The device of claim 1, comprising a non-magnetic material layer associated

with the active portion.

17. The device of claim 1, comprising an electrically conductive coil wrapped
around part of the core and covering some of the exterior surface such that the active
portion and the interruption are not covered by the coil.

18. The device of claim 1, comprising a ferromagnetic vane member configured to

be selectively magnetically coupled with the core.

12
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19. The device of claim 18, wherein the ferromagnetic vane member is positioned

to face the active portion of the core.

20.  The device of claim 19, comprising

an clevator car door;

a hoistway door; and

wherein the core is supported on one of the elevator car door or the hoistway
door and the ferromagnetic vane member is supported on the other of the hoistway
door or the elevator car door and a magnetic coupling between the core and the
ferromagnetic vane member facilitates coupling the elevator car door and the

hoistway door for moving the hoistway door and the elevator car door together.

13
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