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WIRELESS POWER SUPPLY FOR SELF-PROPELLED ELEVATOR

FIELD OF INVENTION
[0001] The subject matter disclosed herein relates generally to the field of elevators, and

more particularly, to a wireless power supply for a self-propelled elevator.

BACKGROUND

[0002] Self-propelled elevator systems, also referred to as ropeless elevator systems, are
useful in certain applications (e.g., high rise buildings) where the mass of the ropes for a
roped system is prohibitive and/or there is a need for multiple elevator cars in a single
hoistway. Elevator cars typically need power for ventilation, lighting systems, control units,
communication units and to recharge batteries installed, for example, on an elevator car
controller. Existing systems use moving cables or current collectors/sliders to connect a

moving elevator car with power lines distributed along the elevator hoistway.

SUMMARY

[0003] According to an exemplary embodiment of the invention, an elevator system includes
an elevator car having an elevator car subsystem; a guide rail to guide the elevator car along a
hoistway; primary windings positioned along the hoistway; permanent magnets coupled to
the elevator car, the primary windings and permanent magnets defining a linear motor for
imparting motion to the elevator car in response to a drive signal; and secondary windings
coupled to the elevator car, the secondary windings generating a current to power the elevator
car subsystem.

[0004] According to another exemplary embodiment of the invention, a wireless power
supply for an elevator car includes primary windings; permanent magnets for coupling to an
elevator car, the primary windings and permanent magnets defining a linear motor for
imparting motion to the elevator car in response to a drive signal; and secondary windings for
coupling to the elevator car, the secondary windings generating a current to power an elevator
car subsystem.

[0005] According to another exemplary embodiment of the invention, a linear motor system
includes a plurality of permanent magnets, configured to be attached to a movable
component; a plurality of primary windings configured to impart motion to the permanent
magnets; and a plurality of secondary windings configured to be coupled to the movable

component, wherein the plurality of secondary windings are configured to passively generate



WO 2014/189492 PCT/US2013/041999

an electrical current when the movable component moves in relation to the plurality of
primary windings.
[0006] Other aspects, features, and techniques of embodiments of the invention will become

more apparent from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the drawings wherein like elements are numbered alike in the
FIGURES:

[0008] FIG. 1 depicts an elevator system having a wireless power supply in an exemplary
embodiment;

[0009] FIG. 2 is a top view of a linear motor and wireless power supply in an exemplary
embodiment;

[0010] FIG. 3 is a perspective view depicting a winding distribution for the primary windings
and secondary windings in an exemplary embodiment;

[0011] FIG. 4 is a perspective view depicting primary windings on a flat core in an
exemplary embodiment; and

[0012] FIG. 5 is a schematic diagram of an elevator system in an exemplary embodiment.

DETAILED DESCRIPTION

[0013] FIG. 1 depicts an elevator system 10 having a wireless power supply in an exemplary
embodiment. Elevator system 10 includes an elevator car 12 that travels in a hoistway 14.
Elevator car 12 travels along one or more guide rails 16 extending along the length of
hoistway 14. Elevator system 10 employs a linear motor having primary windings 18
provided along guide rails 16. Primary windings 18 include a plurality of coils coupled to the
guide rails 16. Each guide rail 16 on either side of elevator car 12 may include primary
windings 18. The primary windings 18 serve as stator windings of a permanent magnet
synchronous motor to jmapart motion to elevator car 12. Primary windings 18 may be
arranged in three phases. Primary windings 18 may be located separate from guide rails 16 in
exemplary embodiments. According to further exemplary embodiments, windings 18 may be
used as guide rails 16 or incorporated into the guide rails 16. According to an exemplary
embodiment a single stator may be used instead of multiple stators. Further, multiple stators
may be configured on opposite sides of an elevator car 12 as shown in FIG. 1, or they may
have different configurations, for example, multiple stators may be positioned adjacent a

single side of the elevator car 12.
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[0014] Controller 20 provides drive signals to the primary windings 18 to impart motion to
the elevator car 12. Controller 20 may be implemented using a general-purpose
microprocessor executing a computer program stored on a storage medium to perform the
operations described herein. Alternatively, controller 20 may be implemented in hardware
(e.g., ASIC, FPGA) or in a combination of hardware/software. Controller 20 may also be
part of an elevator control system. Controller 20 may include power circuitry (e.g., an
inverter or drive) to power the primary windings 18.

[0015] FIG. 2 is top view showing the linear motor and wireless power supply in an
exemplary embodiment. A single guide rail 16 is shown, but it is understood that both guide
rails 16 and both sides of elevator car 12 may be configured as shown. As shown in FIG. 2,
guide rail 16 supports primary windings 18. Coils of the primary windings 18 may be formed
about ferromagnetic cores. Permanent magnets 22 are mounted to elevator car 12, and are
positioned on opposite sides of the primary windings 18. The primary windings 18 and
permanent magnets 22 form a permanent magnet synchronous motor to impart motion to
elevator car 12.

[0016] Elevator car 12 also includes secondary windings 24 mounted to a cabin of elevator
car 12, juxtaposed the primary windings 18. Secondary windings 24 include a plurality of
coils coupled to the elevator car 12. Coils of the secondary windings 24 may be formed
about ferromagnetic cores. Secondary windings 24 are not used for propulsion of elevator
car 12, but rather as a secondary winding of an air core transformer formed by primary
windings 18 and secondary windings 24. Drive signals applied to primary windings 18
produce leakage flux that induces an electromotive force in secondary windings 24 to
generate a current in the secondary windings 24, as described in further detail herein.

[0017] FIG. 3 is a perspective view depicting a winding distribution for the primary windings
18 and secondary windings 24 in an exemplary embodiment. Primary windings 18 and
secondary windings 24 each include a number of coils. In the embodiments of FIG. 2 and
FIG. 3, the primary windings 18 are formed about a generally rectangular core or pipe 19.
Both the primary windings 18 and secondary windings 24 include three phases, illustrated as
A, B and C. The coils of the primary windings 18 and secondary windings 24 are arranged in
a repeating pattern. As shown in FIG. 3, the coils of primary windings 18 and secondary
windings 24 follow a phase pattern of negative C phase, c, positive A phase, A, negative B
phase, b, positive C phase, C, negative A phase, a, and positive B phase, B.

[0018] Primary windings 18 may also be formed on a face of a flat stator core 21 as shown in

FIG. 4. In such embodiments, permanent magnets 22 and secondary winding 18 are
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collocated on a side wall of elevator car 12, facing primary windings 18. The phase pattern
of the coils making up primary windings 18 is shown in FIG. 4, and is similar to that in FIG.
3. As shown in FIG. 4, the coils of primary windings 18 (and the secondary windings 24)
follow a phase pattern of negative C phase, c, positive A phase, A, negative B phase, b,
positive C phase, C, negative A phase, a, and positive B phase, B. The current direction in
each coil is also depicted in FIG. 4.

[0019] FIG. 5 is a high level schematic diagram of the elevator system 10. Controller 20
provides three-phase drive signals to the primary windings 18. The interaction between
primary windings 18 and permanent magnets 22 imparts motion elevator car 12. The
permanent magnets 22 and secondary windings 24 mounted to elevator car 12 move with
synchronous speed relative to the primary windings 18. The speed depends on the
fundamental frequency of the electromagnetic field excited by the primary windings 18.
Coils of the secondary windings 24 have the same pole pitch as coils of the primary windings
18. Secondary windings 24 include individual coils having the same longitudinal dimension
as individual coils of primary winding 18. There is no electromotive force in the secondary
windings 24 induced by the fundamental frequency of the primary electromagnetic field
during the movement of the elevator car 12 with synchronous speed (i.e., a speed produced
by the fundamental frequency of the electromagnetic field generated by primary winding).
Electromotive forces, however, are induced in the secondary windings 24 by the fundamental
frequency of the drive signal (e.g., PWM carrier signal) from controller 20.

[0020] The secondary windings 24 are connected to a rectifier 30 to convert the AC current
to DC current. The output of rectifier 30 is provided to one or more elevator car subsystems,
including a battery 32, ventilation unit 34, lighting system 36, control unit 38 and
communication unit 40. It is understood that rectifier 30 may provide power to a variety of
elevator car subsystems, and the components in FIG. 3 are exemplary. According to further
exemplary embodiments, the output of rectifier 30 may be stored locally on the elevator car
12 for use as emergency power.

[0021] Embodiments enable wireless energy transfer to a moving elevator car of a self-
propelled elevator. This eliminates the need for moving cables or current collectors/sliders
for connecting a moving elevator car with power lines distributed along the elevator
hoistway. The secondary windings also provide an electromagnetic shielding barrier between
primary windings of the linear motor and the interior of the elevator car.

[0022] The terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be limiting of the invention. While the description of the present
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invention has been presented for purposes of illustration and description, it is not intended to
be exhaustive or limited to the invention in the form disclosed. Many modifications,
variations, alterations, substitutions, or equivalent arrangement not hereto described will be
apparent to those of ordinary skill in the art without departing from the scope and spirit of the
invention.  Additionally, while the various embodiments of the invention have been
described, it is to be understood that aspects of the invention may include only some of the
described embodiments and that various aspects of the invention, although described in
conjunction with one exemplary embodiment may be used or adapted for use with other
embodiments even if not expressly stated.. Accordingly, the invention is not to be seen as
being limited by the foregoing description, but is only limited by the scope of the appended

claims.
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CLAIMS

1. An elevator system comprising:

an elevator car having an elevator car subsystem;

a guide rail to guide the elevator car along a hoistway;

primary windings positioned along the hoistway;

permanent magnets coupled to the elevator car, the primary windings and
permanent magnets defining a linear motor for imparting motion to the elevator car in
response to a drive signal; and

secondary windings coupled to the elevator car, the secondary windings

generating a current to power the elevator car subsystem.

2. The elevator system of claim 1 wherein:
a pitch of coils of the secondary windings matches a pitch of coils of the primary

windings.

3. The elevator system of claim 1 wherein:

the secondary windings are positioned on both sides of the primary windings.

4. The elevator system of claim 1 wherein:

the secondary windings face one side of the primary windings.

5. The elevator system of claim 1 wherein:
at least one coil of the secondary windings is collocated with one of the permanent

magnets.

6. The elevator system of claim 1 wherein:
the elevator car subsystem includes at least one of a battery, a ventilation unit, a

lighting system, a control unit and a communication unit.

7. The elevator system of claim 1 wherein:
the secondary windings generate the current to power the elevator car subsystem
in response to a fundamental frequency of the drive signal.

8. The elevator system of claim 7 wherein:
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wherein the drive signal is a pulse width modulation signal, the fundamental

frequency being a carrier frequency of the pulse width modulation signal.

9. A wireless power supply for an elevator car, the wireless power supply comprising:

primary windings;

permanent magnets for coupling to an elevator car, the primary windings and
permanent magnets defining a linear motor for imparting motion to the elevator car in
response to a drive signal; and

secondary windings for coupling to the elevator car, the secondary windings

generating a current to power an elevator car subsystem.

10. The wireless power supply of claim 9 wherein:
a pitch of coils of the secondary windings matches a pitch of coils of the primary

windings.

11. The wireless power supply of claim 9 wherein:

the secondary windings are positioned on both sides of the primary windings.

12. The wireless power supply of claim 9 wherein:

the secondary windings face one side of the primary windings.

13. The wireless power supply of claim 9 wherein:
at least one coil of the secondary windings is collocated with one the permanent

magnets.

14. The wireless power supply of claim 9 wherein:
the elevator car subsystem includes at least one of a battery, a ventilation unit, a

lighting system, a control unit and a communication unit.
15. The wireless power supply of claim 9 wherein:
the secondary windings generate the current to power the elevator car subsystem

in response to a fundamental frequency of the drive signal.

16. The elevator system of claim 15 wherein:
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wherein the drive signal is a pulse width modulation signal, the fundamental

frequency being a carrier frequency of the pulse width modulation signal.

17. A linear motor system, comprising:

a plurality of permanent magnets, configured to be attached to a movable component;

a plurality of primary windings configured to impart motion to the permanent
magnets; and

a plurality of secondary windings configured to be coupled to the movable
component, wherein the plurality of secondary windings are configured to passively generate
an electrical current when the movable component moves in relation to the plurality of

primary windings.

18. The linear motor system of claim 17, further comprising a rectifier configured to convert

the generated electrical current to DC current.

19. The linear motor system of claim 18, further comprising an energy storage device,
configured to be functionally coupled to the movable object and further configured to be

charged via the converted DC current.



WO 2014/189492 PCT/US2013/041999

1/5

FIG. ]

/14

CONTROLLER
10

SUBSTITUTE SHEET (RULE 26)



WO 2014/189492 PCT/US2013/041999

2/5

94
12 ~_
ﬁa,
\ | 99
79— f
X : oy
s
16— |
FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2014/189492 PCT/US2013/041999

3/5

19

[~=] [~ =]
= =
I ./ m
M
[ ST
- -2
= =T
() [ ]
-t [~ -]
N —

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/041999

WO 2014/189492

4/5

2]

FIG. 4

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/041999

WO 2014/189492

5/5

¢ I

N T
N IR
B~ qmen
] wovmuen
¥~ pauve

$HID

/

0€

o_\\

dITI0YINGD

//om

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/041999

A. CLASSIFICATION OF SUBJECT MATTER
B66B 1/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B66B 1/00; HO2K 41/02; B66B 1/06; B65G 21/20; B66B 11/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: wireless, ropeless, elevator, winding

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2012-0193172 A1 (MATSCHEKO, GERHARD et al.) 2 August 2012 1-19
See paragraphs [0003], [0016], [0022], [0027], [0028], [00301, [00321,
and figures 1, 3.

A US 6412604 B1 (SCHUSTER, KILIAN) 2 July 2002 1-19
See column 2, lines 8-36, column 4, lines 6-8, and claim 1.

A EP 0599331 A1 (OY, KONE) 1 June 1994 1-19
See claims 1-5, and figures 2, 3.

A US 2010-0006401 A1 (FLURY, PETER et al.) 14 January 2010 1-19
See paragraphs [0038]-[0040].

A US 6305501 B1 (KAHKIPURO, MATTI et al.) 23 October 2001 1-19
See column 5, lines 9-14, and claim 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
11 February 2014 (11.02.2014) 12 February 2014 (12.02.2014)
Name and mailing address of the [ISA/KR Authorized officer

Korean Intellectual Property Office
N 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, KIM, Jin Ho
. * 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (July 2009



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/041999
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0193172 Al 02/08/2012 CN 102574478 A 11/07/2012
DE 102009048822 Al 14/04/2011
EP 2485916 A2 15/08/2012
JP 2013-507893 A 04/03/2013
WO 2011-042487 A2 14/04/2011
WO 2011-042487 A3 29/03/2012
US 6412604 Bl 02/07/2002 AT 333432 T 15/08/2006
CA 2309364 Al 25/11/2000
CA 2309364 C 05/08/2008
DE 50013174 D1 31/08/2006
EP 1055634 Al 29/11/2000
EP 1055634 B1 19/07/2006
EP 0599331 Al 01/06/1994 DE 69308752 D1 17/04/1997
DE 69308752 T2 03/07/1997
EP 0599331 Bl 12/03/1997
ES 2101199 T3 01/07/1997
FI 925337 AO 25/11/1992
FI 925337 DO 25/11/1992
FI 98256 B 31/01/1997
FI 98256 C 12/05/1997
US 2010-0006401 Al 14/01/2010 EP 2157334 Al 24/02/2010
EP 2157334 Bl 09/10/2013
US 8151974 B2 10/04/2012
US 6305501 Bl 23/10/2001 AU 1998-77716 B2 05/10/2000
AU 7771698 A 04/01/1999
CN 1120799 C 10/09/2003
CN 1265078 A 30/08/2000
CN 1265078 CO 30/08/2000
EP 0988248 A2 29/03/2000
FI 1080258 15/11/2001
FI 108025B1 15/11/2001
FI 972635A0 19/06/1997
FI 972635D0 19/06/1997
JP 03402615 B2 06/05/2003
JP 2002-504880 A 12/02/2002
WO 98-58866 A2 30/12/1998
WO 98-58866 A3 25/03/1999

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report

