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SYSTEM AND METHOD FOR LIMITING OVER-VOLTAGE

IN POWER SUPPLY SYSTEM

Field of the Disclosure

[0001] The present disclosure relates generally to power supply systems and, more particularly,

relates to a system and method for limiting over-voltage conditions in power supply systems.

Background of the Disclosure

[0002] Elevator systems are widely used for transporting people or goods from one point to
another. An elevator system typically includes an elevator car connected to a counterweight by
hoisting ropes that move the elevator car vertically in an elevator shaft or hoistway. The hoisting
ropes extend over a sheave or machine. A motor connected to the machine provides power to move
the elevator car between two positions. The machine (and specifically the motor of the machine) is
provided with a brake system to control the motion of the elevator car and to stop the elevator car as
desired. The elevator car, motor, brake system, and other electrical components of the elevator
system are supplied power via a power supply system connected at least indirectly to the elevator
system.

[0003] Traditionally, the power supply system has been a transformer that receives a line voltage
(such as from a power mains) which it converts to a voltage level suitable for use by the various
components of the elevator system. Advantageously, the transformer is able to limit the output
voltage that is supplied to the elevator system to a desired voltage level. However, the efficiency of
the transformer often varies with the electrical load, going down, sometimes significantly, at
standby operation of the elevator system. Purther, transformers are often big, heavy, and costly to

operate and maintain.



WO 2015/094272 PCT/US2013/076492

[0004] To circumvent at least some of the disadvantages of traditional transformers, in recent
times, a switch mode power supply to power the elevator system has been used. A typical
alternating current to direct current switch mode power supply may include a rectifier to convert
incoming alternating current line voltage to direct current voltage, which may then be chopped or
switched periodically using a power transistor to obtain a smooth direct current voltage signal. The
direct current voltage signal may then be inverted back into an alternating current voltage signal to
be passed through the windings of a transformer and a rectifier to obtain the desired direct current
output voltage. Such a switch mode power supply has several advantages. For example, the switch
mode power supply can provide higher efficiency even at lower electrical loads because the
switching power transistor dissipates little power. Other advantages include smaller size and lighter
weight and lower heat generation due to higher efficiency. However, unlike a traditional
transformer, the output voltage from the switch mode power supply may be difficult to limit to a
desired voltage level.

[0005] The International Electrotechnical Commission (IEC) regulates the maximum output
voltage that a power supply component, such as the switch mode power supply can generate.
Specifically, the IEC states that the output voltage from a power supply component cannot exceed
the extra low voltage under normal conditions and under single-fault conditions in the power supply
component. Thus, to protect from electric shock, the IEC requires that a power supply component
provide a protective extra low voltage (PELV) by limiting the maximum output voltage to a ripple-
free sixty volts of direct current (60 VDC) under dry conditions.

[0006] Accordingly, it would be beneficial if a switch mode power supply capable of providing a

protective extra low voltage in accordance with the IEC standard could be developed.
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Summary of the Disclosure

[0007] In accordance with one aspect of the present disclosure, a power supply system is
disclosed. The power supply system may include a switch mode power supply configured to
provide an output voltage, a first voltage monitor and a second voltage monitor. Fach of the first
voltage monitor and the second voltage monitor may be configured to receive the output voltage

and determine an over-voltage condition at the switch mode power supply.

[0008] In some embodiments, the first voltage monitor and the second voltage monitor may
compare the output voltage against a reference voltage to determine the over-voltage condition at
the switch mode power supply. The first voltage monitor and the second voltage monitor may also

be configured to turn the switch mode power supply off if the over-voltage condition is detected.

[0009] In other embodiments, one of the first voltage monitor and the second voltage monitor
may be implemented using a comparator and the other one of the first voltage monitor and the
second voltage monitor may be implemented using a micro control unit. For example, in some
embodiments, the first voltage monitor may be implemented using the comparator and the second

voltage monitor may be implemented using the micro control unit.

[0010] In additional embodiments, the comparator may be configured to receive the output
voltage and a reference voltage and output a signal indicating the higher one of the output voltage

and the reference voltage.

[0011] In yet other embodiments, the micro control unit may be configured to compare the
output voltage against a reference voltage and, output a signal indicating the higher one of the

output voltage and the reference voltage.

[0012] In further embodiments, the first voltage monitor and/or the second voltage monitor may

include a test switch configured to input a test voltage instead of the output voltage into the
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respective first and/or the second voltage monitors when the test switch is closed. The test voltage

may be configured to simulate the over-voltage condition at the switch mode power supply.

[0013] In accordance with another aspect of the present disclosure, a method for providing extra
low voltage power supply is disclosed. The method may include providing a switch mode power
supply configured to provide an output voltage, a first voltage monitor and a second voltage
connected at least indirectly to the switch mode power supply and supplying the output voltage to
the first voltage monitor and the second voltage monitor. The method may also include
determining an over-voltage condition at the switch mode power supply by the first voltage monitor
and the second voltage monitor and turning the switch mode power supply off if the first voltage

monitor or the second voltage monitor detect the over-voltage condition.

[0014] In some embodiments, determining the over-voltage condition by the first voltage
monitor and the second voltage monitor may include determining whether the output voltage
exceeds a threshold and turning the switch mode power supply off when the output voltage exceeds

the threshold.

[0015] In additional embodiments, determining whether the output voltage exceeds the threshold
may include comparing the output voltage with a reference voltage and determining the larger one
of the output voltage and the reference voltage. In some embodiments, comparing the output
voltage with the reference voltage may be performed by a comparator, while in other embodiments

the comparing may be performed by a micro control unit.

[0016] In accordance with yet another aspect of the present disclosure, an elevator system is
disclosed. The elevator system may include an elevator car and a power supply system configured
to supply protective extra low voltage to the elevator car. The power supply system may include a
switched mode power supply configured to provide an output voltage to the elevator car, a first

voltage monitor and a second voltage monitor, the first and the second voltage monitors may be
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configured to detect an over-voltage condition at the switch mode power supply and turn the switch

mode power supply off if the over-voltage condition is detected.

[0017] Insome embodiments, the switch mode power supply may be connected to a main power

supply and configured to convert power from the main power supply into the output voltage.

[0018] In other embodiments, the second voltage monitor may provide a redundant switch off

path to the switch mode power supply if the first voltage monitor malfunctions.

[0019] In further embodiments, the first voltage monitor and the second voltage monitor may

prevent the output voltage from going over approximately sixty volts of direct current.

[0020] Other advantages and features will be apparent from the following detailed description

when read in conjunction with the attached drawings.

Brief Description of the Drawings

[0021] For a more complete understanding of the disclosed methods and apparatuses, reference
should be made to the exemplary embodiments illustrated in greater detail on the accompanying
drawings, wherein:

[0022] FIG. 1 shows a schematic diagram of an exemplary elevator system, in accordance with at
least some embodiments of the present disclosure;

[0023] FIG. 2 shows an exemplary power supply system for use in the elevator system of FIG. 1,
the power supply system constructed in accordance with at least some embodiments of the present
disclosure;

[0024] FIG. 3 shows an exemplary hardware implementation of a voltage monitor employed in
the power supply system of FIG. 2;

[0025] FIG. 4 shows an exemplary software implementation of the voltage monitor of FIG. 3;

and
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[0026] FIG. 5 shows an exemplary flowchart outlining the steps for preventing an over-voltage
condition in the power supply system of FIG. 2 using the voltage monitor of FIGS. 3 and 4.

[0027] While the following detailed description has been given and will be provided with respect
to certain specific exemplary embodiments, it is to be understood that the scope of the disclosure
should not be limited to such embodiments. The breadth and spirit of the present disclosure is
broader than the embodiments specifically disclosed and encompassed within the claims eventually
appended hereto, and their equivalents. Additionally, it is recognized that although certain features
may be disclosed with specific reference to certain exemplary embodiments, the features may be

incorporated into alternate embodiments where practicable.

Detailed Description of the Disclosure

[0028] Referring now to FIG. 1, a simplified schematic diagram of an elevator system 2 is
shown, in accordance with at least some embodiments of the present disclosure. While all of the
components of the elevator system 2 have not been shown and/or described herein, a typical
elevator system may include an elevator car 4 connected to a counterweight 6 via hoisting ropes,
not shown. In at least some embodiments, the hoisting ropes may extend over a traction sheave 8
driven by an electric motor within the traction sheave to move or halt the elevator car 4 as desired.
The elevator system 2, with the counterweight 6, may operate in a known manner and therefore, the
operation of the elevator system is not described in detail herein. The elevator system 2 may also
include a power supply system 10 for providing power to the various components of the elevator
system, such as the electric motor, the elevator car 4, etc. The power supply system 10 may receive
power from a main power source, such a utility grid.

[0029] While not shown, it will be understood that components other than those described above,

such as, elevator car frame, guide assembly, drive assembly, etc. that are used commonly in
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combination or conjunction with elevator systems are also contemplated and considered within the
scope of the present disclosure.

[0030] Turning to FIG. 2, an exemplary schematic diagram of the power supply system 10 is
shown, in accordance with at least some embodiments of the present disclosure. It will be
understood that only those components of the power supply system 10 that are beneficial for a
proper understanding of the present disclosure are shown and described herein. However, other
components that are commonly employed with power supply systems such as transformers,
rectifier, inverters, converters, etc. are contemplated and considered within the scope of the present
disclosure.

[0031] As shown, the power supply system 10 may include a switch mode power supply 12
configured to provide electrical power to the elevator system 2. Specifically, the switch mode
power supply (SMPS) 12 may receive an alternating current input voltage from the main power
source via input power line 14 and may convert that input power into output voltage suitable for use
by various components of the elevator system 2. The output voltage may be transferred to the
elevator system 2 via output power line 16. For example, in at least some embodiments, the switch
mode power supply 12 may receive two hundred and thirty volts of alternating current (230 VAC)
via the input power line 14 and transmit an output voltage of forty eight volts of direct current
(48VDC) via the output power line 16 to the elevator system 2. In other embodiments, the input
voltage to the switch mode power supply 12, as well as the output voltage therefrom may vary
depending particularly upon the power rating of the region (e.g., 240 VAC, 220VAC, etc.) where
the elevator system 2 is installed, as well as the power rating of the elevator system 2.

[0032] To convert the input voltage from the main power source into the output voltage suitable
for use by the elevator system 2, an exemplary one of the switch mode power supply 12 may
include, among other components, rectifiers to convert the alternating current input voltage into an

unregulated direct current input voltage, power transistors and inverters to convert the unregulated
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direct current input voltage into regulated alternating current input voltage and, one or more
transformers and rectifiers to convert the alternating current input voltage into a desired output
voltage. Notwithstanding the components of the switch mode power supply 12 described above, it
will be understood that the description is merely that of a typical switch mode power supply.
Several other components that are commonly employed in combination or conjunction with switch
mode power supplies or, used instead of those described above, are contemplated and considered
within the scope of the present disclosure. Further, in at least some embodiments and as may be
desired or applicable, the switch mode power supply 12 may be configured to receive a direct
current input voltage instead of an alternating current input voltage in which case the components
of the switch mode power supply may vary to reflect the direct current input. In yet other
embodiments, instead of the switch mode power supply 12, an analog power supply, other types of
digital power supplies or a combination thereof may be employed as well.

[0033] In addition to the switch mode power supply 12, the power supply system 10 may also
include a first voltage monitor 18 and a second voltage monitor 20. Both the first voltage monitor
18 and the second voltage monitor 20 may receive the output voltage from the output power line 16
and utilize the output voltage to determine whether the switch mode power supply 12 is functioning
properly. Specifically, the first and second voltage monitors 18 and 20, respectively, may be
employed to determine any failures or malfunctions in the switch mode power supply 12 that may
lead the switch mode power supply to generate an abnormally higher output voltage or exceed the
maximum output voltage value set by the IEC. Abnormally high output voltage is referred to
generally herein as an “over-voltage condition” within the switch mode power supply 12. For
example, in at least some embodiments, the switch mode power supply 12 may be configured to
supply a normal output voltage of around forty eight volts of direct current (~48 VDC). In those
embodiments, when the output voltage exceeds around sixty volts of direct current (~60 VDC), it

may be said that the switch mode power supply has experienced an over-voltage condition.
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[0034] As will be discussed further below, upon detecting an over-voltage condition at the switch
mode power supply 12, the first and/or the second voltage monitors 18 and 20, respectively, may
shut down the switch mode power supply, as illustrated by respective power lines 22 and 24. By
virtue of shutting down the switch mode power supply 12, the first voltage monitor 18 and the
second voltage monitor 20 may prevent the switch mode power supply from generating the
abnormally high output voltage. Shutting down the power supply 12 may not only protect the
switch mode power supply from damage, but it may also to protect the elevator system 2 from
damage, as well and reduce the possibility of electric shock. Thus, the power supply system 10 by
way of the first voltage monitor 18 and the second voltage monitor 20 limiting the output voltage
from exceeding a particular level may provide a protective extra low voltage (PELV) in accordance
with IEC standards.

[0035] Referring still to FIG. 2, the first voltage monitor 18 and the second voltage monitor 20
may independently detect the over-voltage condition at the switch mode power supply 12. By
having the first voltage monitor 18 detect the over-voltage condition independent of the second
voltage monitor 20, the power supply system 10 may provide a redundant switch-off mechanism
such that if the first voltage monitor fails or malfunctions, the second voltage monitor may still be
able to detect the over-voltage condition and turn off the switch mode power supply 12, if needed.
Further, to avoid the likelihood of both the first voltage monitor 18 and the second voltage monitor
20 malfunctioning at the same time, in at least some embodiments, one of the first and second
voltage monitors may be implemented in hardware (e.g., using hardware components), while the
other may be implemented in software (e.g., using software modules).

[0036] Turning now to FIG. 3, a hardware implementation 26 of the first voltage monitor 18 and
the second voltage monitor 20 is shown, in accordance with at least some embodiments of the
present disclosure. As shown, the hardware implementation 26 may include a comparator 28

configured to compare the output voltage on the output power line 16 with a reference voltage
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provided through a reference diode 30. Specifically, the output voltage on the output power line 16
may be input into the comparator 28 through first input line 32 via resistors 34 and 36. Similarly,
the reference voltage may be input into the comparator 28 via second input line 38. The
comparator 28 may compare the voltages on the first input line 32 and the second input line 38 and
output a signal on the power lines 22, 24 of the first voltage monitor 18 and the second voltage
monitor 20, respectively, indicating which one of the first input line or the second input line carries
a higher voltage. The output signal of the comparator 28 may be connected to control the operation
of (turn on or off) the switch mode power supply 12.

[0037] Thus, for example and in at least some embodiments, if the voltage along the first input
line 32 is higher than the reference voltage along the second input line 38, then the comparator 28
may output a digital high signal, which in turn may be employed to keep the switch mode power
supply 12 ON. On the other hand, if the voltage along the first input line 32 is lower than the
reference voltage along the second input line 38, the comparator 28 may output a digital low signal,
which may be employed to turn the switch mode power supply 12 OFF. In other embodiments, the
comparator 28 may use inverted signals in which case the comparator may provide a digital high
signal if the voltage along the first input line 32 is lower than the reference voltage along the second
input line 38 and a digital low signal when the voltage along the first input line is higher than the
reference voltage along the second input line.

[0038] As explained herein, a digital high signal from the comparator 28 may indicate that no
over-voltage condition at the switch mode power supply 12 exists and, therefore, the switch mode
power supply may continue operation. Similarly, a digital low signal from the comparator 28 may
indicate an over-voltage condition, thereby prompting the switch mode power supply 12 to turn off.
While in the present embodiment, a digital high signal is used to imply no over-voltage condition

and a digital low signal is used to imply an over-voltage condition, in at least some embodiments, a

-10 -
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digital low signal may be used for no over-voltage condition while a digital high may be used to
indicate an over-voltage condition.

[0039] Furthermore, the reference voltage input into the comparator via the second input line 38
may be chosen such that the reference voltage goes higher than the voltage along the first input line
32 only during an over-voltage condition at the switch mode power supply 12. Under normal
operating conditions of the switch mode power supply 12, the reference voltage along the second
input line 38 may remain lower than the voltage along the first input line 32. Moreover and as
mentioned above, the voltage on the first input line 32 may be provided from the output power line
16 via the resistors 34 and 36. The resistors 34 and 36 may convert the output voltage from the
output power line 16 into a value that the comparator 28 may be equipped to handle. The resistors
34 and 36, as well as the comparator 28 may be any be any of a variety that are commonly
employed. Typically, the size and type of the resistors 34, 36 and the comparator 28 may depend
upon the voltage values output by the switch mode power supply 12 during normal operating
conditions and the over-voltage condition. Thus, by virtue of comparing the voltages along the first
input line 32 and the second input line 38 and determining the larger voltage value, the comparator
28 may detect an over-voltage condition at the switch mode power supply 12.

[0040] The hardware implementation 26 may also include a test switch 40 that may be employed
to ensure that the comparator 28 is functioning as intended to detect over-voltage conditions at the
switch mode power supply 12. The comparator 28 may be tested via the test switch 40
automatically within a defined time period or, alternatively, as desired by service personnel
inspecting the power supply system 10. Typically, under normal operating conditions (for
example, when the comparator 28 is not being tested), the test switch 40 may remain open, as
shown in FIG. 3. When the comparator 28 is to be tested (again, either automatically or as desired),
the test switch 40 may be closed such that instead of the resistor 34, a test voltage via resistor 42

through the test switch 40 may be provided on the first input line 32. Under the testing condition,
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therefore, the comparator 28 may compare the reference voltage along the second input line 38
against the test voltage via the resistor 42 on the first input line 32 and determine the greater one of
the voltages. In at least some embodiments, the test voltage may be of a value that simulates the
value of the output voltage during an over-voltage condition at the switch mode power supply 12.
[0041] Turning now to FIG. 4, a software implementation 44 of the first voltage monitor 18 and
the second voltage monitor 20 is shown, in accordance with at least some embodiments of the
present disclosure. As shown, the software implementation 44 may include a micro control unit 46
instead of the comparator 28 to detect over-voltage conditions at the switch mode power supply 12.
Specifically, the micro control unit 46 may receive the output voltage from the output power line 16
along input line 48 via resistors 50 and 52. Upon receiving the output voltage, the micro control
unit 46 may compare the output voltage against a reference voltage similar to the comparator 28 to
determine if the output voltage along the input line 48 is higher than the reference voltage. The
reference voltage may be programmed within the micro control unit 46.

[0042] Thus in at least some embodiments, if the micro control unit 46 determines that the
reference voltage is higher than the voltage along the input line 48, then the micro control unit may
output a digital low signal along power lines 22, 24 of the first voltage monitor 18 and the second
voltage monitor 20, respectively, to turn the switch mode power supply 12 OFF. On the other hand,
if the micro control unit 46 determines that the reference voltage is lower than the output voltage
along the input line 48, then the micro control unit may output a digital high signal to keep the
switch mode power supply ON.

[0043] The micro control unit 46 may be a stand-alone embedded or general purpose computer
system having a processing unit and any of a variety of volatile or non-volatile memory/storage
devices (not shown) such as, flash memory, read only memory (ROM), programmable read only
memory (PROM), erasable programmable read only memory (EPROM), electronically erasable

programmable read only memory (EEPROM), etc.. The micro control unit 46 may also be
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configured for computer readable media, such as, joy sticks, flash drives, optical disc drives, floppy
discs, magnetic tapes, drums, cards, etc., as well as output and display devices such as monitors and
printers, as may be desired. Other types of computing, processing, as well as reporting and storage
devices may be present within (or used in conjunction with) the micro control unit 46.

Furthermore, the micro control unit 46 may run one or more software programs or applications
stored in a memory location, read from a computer readable medium, and/or accessed from an
external device operatively coupled to the security computer system by any suitable communication
network.

[0044] In at least some embodiments, the micro control unit 46 may include an analog-to-digital
converter, not shown, for converting the analog output voltage from the input line 48 into a digital
voltage value for comparing against the reference voltage. The micro control unit 46 may also
include software modules for comparing the voltage along the input line 48 with the reference
voltage, as well as a testing module for testing the functionality of the micro control unit. Other
components that may commonly be employed in combination or conjunction with micro control

units are also contemplated and considered within the scope of the present disclosure.

Industrial Applicability

[0045] In general, the present disclosure sets forth a power supply system 10 having a switch
mode power supply 12 providing power to an elevator system 2. The power supply system 10 may
also include a first voltage monitor 18 to detect an over-voltage condition at the switch mode power
supply 12 and to turn the switch mode power supply off in case of the over-voltage condition. The
power supply system 10 may additionally include a second voltage monitor 20 also configured to
detect and turn off the switch mode power supply 12 in over-voltage conditions. The second
voltage monitor 20 may provide a redundant switch-off path for the switch mode power supply 12

in case the first voltage monitor 18 fails.

-13-
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[0046] Turning now to FIG. 5, a flowchart 54 outlining the steps of detecting and limiting an
over-voltage condition at the switch mode power supply 12 is shown, in accordance with at least
some embodiments of the present disclosure. As shown and after starting at a step 56, the output
voltage from the switch mode power supply 12 along the output power line 16 may be input into
the first voltage monitor 18 and the second voltage monitor 20 at a step 58. As discussed above, the
first voltage monitor 18 and the second voltage monitor 20 may operate independently and
exclusively from one another to detect an over-voltage condition at the switch mode power supply
12. Again, by virtue of operating independently, the second voltage monitor 20 may provide a
redundant switch off path, thereby ensuring that the over-voltage condition at the switch mode
power supply 12 may be detected even if the first voltage monitor 18 malfunctions. Furthermore,
to improve reliability and to reduce the chances of both the first and the second voltage monitors 18
and 20, respectively, malfunctioning at the same time, one of the first or the second voltage
monitors may be implemented in hardware while the one of the voltage monitor may be
implemented in software. In at least some embodiments, the first voltage monitor 18 may be
implemented in hardware and the second voltage monitor 20 may be implemented in software.
[0047] Upon receiving the output voltage from the switch mode power supply 12 at the step 58,
at a step 60, the first voltage monitor 18 and the second voltage monitor 20 may independently
determine whether the output voltage exceeds a pre-determined threshold voltage. For example, in
at least some embodiments, the pre-determined threshold may be set at sixty volts of direct current
(60VDC). In other embodiments, the pre-determined threshold may vary depending upon several
factors, such as, the size and type of the elevator system 2, the region where the elevator system
may be installed, the power rating of the elevator system and the maximum value set by the
International Electrotechnical Commission (IEC).

[0048] The first voltage monitor 18 and the second voltage monitor 20 may determine whether

the output voltage from the switch mode power supply 12 exceeds the pre-determined threshold
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voltage by comparing the output voltage against a reference voltage, as discussed above. In at least
some embodiments, the output voltage may exceed the pre-determined threshold when the output
voltage is lower than the reference voltage. Further, as discussed above, in a hardware
implementation of the first voltage monitor 18 and the second voltage monitor 20, the comparison
of the output voltage against the reference voltage may be performed using the comparator 28.
Similarly, in a software implemented version of the first voltage monitor 18 and the second voltage
monitor 20, the micro control unit 46 may compare the output voltage against the reference voltage.
[0049] If, after comparing the output voltage with the reference voltage, the first voltage monitor
18 and/or the second voltage monitor 20 determine that the output voltage exceeds the pre-
determined threshold, thereby indicating an over-voltage condition at the switch mode power
supply 12, then at a step 62, that voltage monitor may log an error in the power supply system 10.
The first and/or the second voltage monitors 18 or 20, respectively, that detected the over-voltage
condition may also turn the switch mode power supply 12 off at a step 64 until the switch mode
power supply may be repaired or replaced and deemed fit for further operation. The process may
then end at a step 66.

[0050] On the other hand, if at the step 60, the first voltage monitor 18 and the second voltage
monitor 20 both determine that the output voltage does not exceed the pre-determined threshold
indicating no over-voltage condition at the switch mode power supply 12, then the process may go
back to the step 58 and continue monitoring the output voltage from the switch mode power supply.
[0051] Further and as indicated above, to improve the reliability of the first voltage monitor 18
and the second voltage monitor 20, those voltage monitors may be periodically tested. To test the
hardware implementation 26 of the first voltage monitor 18 and/or the second voltage monitor 20,
the test switch 40 may be closed at a step 68 such that instead of the output voltage from the switch
mode power supply 12, the comparator 28 may receive the test voltage across the test switch 40 as

input. In some embodiments, the test voltage may be designed to simulate the output voltage from
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the switch mode power supply 12. After closing the test switch 40, the testing may proceed as
outlined above in steps 58-64. Specifically, the first voltage monitor 18 and the second voltage
monitor 20 may compare the test voltage against the reference voltage and determine whether the
test voltage exceeds a pre-determined threshold. If the test voltage exceeds the threshold, then an
error may be logged and the switch mode power supply 12 may be turned off.

[0052] By virtue of using the first voltage monitor 18 and the second voltage monitor 20 to
detect over-voltage at the switch mode power supply 12, the present disclosure provides a
mechanism to provide protective extra low voltage to the elevator system 2 in compliance with the
standards set by the IEC. Further, the mechanism ensures a compact and efficient design of the
power supply system 10.

[0053] While only certain embodiments have been set forth, alternatives and modifications will
be apparent from the above description to those skilled in the art. These and other alternatives are

considered equivalents and within the spirit and scope of this disclosure and the appended claims.
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CLAIMS

What is claimed is:

1. A power supply system (10), comprising:

a switch mode power supply (12) configured to provide an output voltage;

a first voltage monitor (18); and

a second voltage monitor (20), each of the first voltage monitor (18) and the second voltage
monitor (20) configured to receive the output voltage and determine an over-voltage condition at the

switch mode power supply (12).

2. The power supply system (10) of claim 1, wherein the first voltage monitor (18) and the
second voltage monitor (20) compare the output voltage against a reference voltage to determine the

over-voltage condition at the switch mode power supply (12).

3. The power supply system (10) of claim 1, wherein one of the first voltage monitor (18) and the
second voltage monitor (20) is implemented using a comparator and the other one of the first voltage

monitor (18) and the second voltage monitor (20) is implemented using a micro control unit.

4. The power supply system (10) of claim 3, wherein the first voltage monitor (18) is
implemented using the comparator and the second voltage monitor (20) is implemented using the

micro control unit.

5. The power supply system (10) of claim 1, wherein the first voltage monitor (18) includes a

comparator (28) configured to receive the output voltage and a reference voltage and output a signal

indicating the higher one of the output voltage and the reference voltage.
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6. The power supply system (10) of claim 1, wherein the second voltage monitor (20) includes a
comparator (28) configured to compare the output voltage against a reference voltage and, output a

signal indicating the higher one of the output voltage and the reference voltage.

7. The power supply system (10) of claim 1, wherein the first voltage monitor (18) includes a
micro control unit (46) configured to compare the output voltage against a reference voltage and,

output a signal indicating the higher one of the output voltage and the reference voltage.

8. The power supply system (10) of claim 1, wherein the second voltage monitor (20) includes a
micro control unit (46) configured to compare the output voltage against a reference voltage and,

output a signal indicating the higher one of the output voltage and the reference voltage.

0. The power supply system (10) of claim 1, wherein the first voltage monitor (18) includes a test
switch (40) configured to input a test voltage instead of the output voltage into the first voltage
monitor (18) when the test switch (40) is closed, the test voltage configured to simulate the over-

voltage condition at the switch mode power supply (12).

10.  The power supply system (10) of claim 1, wherein the second voltage monitor (20) includes a
test switch (40) configured to input a test voltage instead of the output voltage into the second voltage
monitor (20) when the test switch (40) is closed, the test voltage configured to simulate the over-

voltage condition at the switch mode power supply (12).

11.  The power supply system (10) of claim 1, wherein the first voltage monitor (18) and the

second voltage monitor (20) are configured to turn the switch mode power supply (12) off if the over-

voltage condition is detected.
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12. A method for providing extra low voltage power supply, the method comprising:

providing a switch mode power supply (12) configured to provide an output voltage, a first
voltage monitor (18) and a second voltage connected at least indirectly to the switch mode power
supply (12);

supplying the output voltage to the first voltage monitor (18) and the second voltage monitor
(20);

determining an over-voltage condition at the switch mode power supply (12) by the first

voltage monitor (18) and the second voltage monitor (20); and

turning the switch mode power supply (12) off if the first voltage monitor (18) or the second

voltage monitor (20) detect the over-voltage condition.

13.  The method of claim 12, wherein determining the over-voltage condition by the first voltage
monitor (18) and the second voltage monitor (20) comprises determining whether the output voltage
exceeds a threshold and turning the switch mode power supply (12) off when the output voltage

exceeds the threshold.

14.  The method of claim 13, wherein determining whether the output voltage exceeds the threshold
comprises comparing the output voltage with a reference voltage and determining the larger one of

the output voltage and the reference voltage.

15. The method of claim 13, wherein comparing the output voltage with the reference voltage is

performed by a comparator (28).
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16. The method of claim 13, wherein comparing the output voltage with the reference voltage is

performed by a micro control unit (46).

17.  An elevator system (2), comprising:
an elevator car (4); and
a power supply system (10) configured to supply protective extra low voltage to the elevator
car (4), the power supply system (10) having a switched mode power supply configured to provide
an output voltage to the elevator car (4), a first voltage monitor (18) and a second voltage monitor
(20), the first and the second voltage monitors (18) configured to detect an over-voltage condition
at the switch mode power supply (12) and turn the switch mode power supply (12) off if the over-

voltage condition is detected.

18. The elevator system (2) of claim 17, wherein the switch mode power supply (12) is connected
to a main power supply, the switch mode power supply (12) configured to convert power from the

main power supply into the output voltage.

19. The elevator system (2) of claim 17, wherein the second voltage monitor (20) provides a
redundant switch off path to the switch mode power supply (12) if the first voltage monitor (18)

malfunctions.

20. The elevator system (2) of claim 17, wherein the first voltage monitor (18) and the second

voltage monitor (20) prevent the output voltage from going over approximately sixty volts of direct

current.
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