
;e3effL"Tv6T# DESCRIPTION MAGNETIC BRAKE SYSTEM AND ELEVATOR TROUBLE
DETECTION SYSTEM 5 Technical Field This invention relates to a magnetic
brake system capable of detecting a trouble of a magnetic brake controlled
by an electric current fed through a coil, and also to an elevator trouble
detection system using the above magnetic brake system 10 as an elevator
drive motor. Background Art As a brake for an elevator, a magnetic brake is
generally used. This magnetic brake is constructed such that feeding of 15
an electric current through a coil attracts an armature to separate a
lining from a disc for permitting running of a car and cut-off of the
electric current causes the armature to return to bring the lining into
contact with the disc for applying braking force . 20 A magnetic brake of
such a construction may be locked for various reasons so that the
above-mentioned attraction of an armature may be troubled. As occurrence of
such a trouble leads to a loss of normal braking force, a serious accident
may take place. It is, therefore, required to detect a trouble of a    2 As
disclosed in JP-A-11222371, for example, it has conventionally been
proposed to measure the temperature of the lining by a temperature sensor
and, when the measurement value is higher than a criterion, to determine
that the gap between 5 the lining and the disc is not normal and abnormal
frictional heat is being produced, and to transmit trouble information to a
supervision center by which an elevator is supervised at a remote location.
In the above-mentioned conventional art, the 10 determination of a trouble
in the magnetic brake is performed based on a comparison between the
temperature measured by the temperature sensor and the criterion. However,
the air 



temperature of a location at which an elevator is installed varies
depending upon the geographical location or the season, so that 15
measurement values obtained by the temperature sensor also deviate due to
variations in air temperature. For accurate detection of a trouble, it is,
therefore, necessary to adjust the criterion depending upon the
geographical location or the season. However, irksome labor is required for
resetting the 20 criterion. Further, a magnetic brake is structurally
arranged adjacent an elevator drive motor. Heat produced by the motor is
hence transferred to the magnetic brake ) leading to a rise in the
temperature of the magnetic brake . Depending upon the installation site of
an elevator, however, the operation rate 25 of the elevator varies and the
quantity of heat produced by its   3 motor also differs. It is, therefore,
also necessary to take into consideration the heat to be transferred from
the motor upon setting the above-described criterion. With the foregoing
circumstances of the conventional art 5 in view, the present invention has
as primary objects thereof the provision of a magnetic brake system capable
of detecting a trouble with accuracy and an elevator trouble detection
system making use of the magnetic brake system. 10 Disclosure of the
Invention To achieve these objects , the present invention, in a first
aspect thereof , provides a magnetic brake system for performing braking
action by cancellation of energization of a coil, said magnetic brake
system comprising a magnetic brake provided with 15 a disc connected to a
shaft of a motor and also with an armature responsive to energization of
the coil for being attracted to separate the disc from a lining, wherein
the magnetic brake system comprises: a temperature detection means for
detecting a temperature of the magnetic brake ; a temperature comparison
means 20 for comparing a first temperature, which is detected by the
temperature detection means when the coil is energized to release the
magnetic brake, specifically, shortly after the coil is energized to
release the magnetic brake, with a second 



temperature which is detected by the temperature detection means 25 shortly
when the energization of the coil is cancelled,   4 specifically, shortly
before the energization of the coil is cancelled to actuate the magnetic
brake; and a control means for determining on a basis of a result of the
comparison by the temperature comparison means whether or not the magnetic
brake 5 has developed any trouble. The present invention , in a second
aspect thereof , provides a magnetic brake system for performing braking
action by, said magnetic brake system comprising a magnetic brake provided
with a disc connected to a shaft of a motor and also with an armature 10
responsive to energization of the coil for being attracted to separate the
disc from a lining, wherein the magnetic brake system comprises: a
temperature detection means for detecting a temperature of the magnetic
brake; a temperature comparison means for comparing a first temperature,
which is detected by the 15 temperature detection means shortly before the
energization of the coil is cancelled to actuate the magnetic brake, with a
second temperature which is detected by the temperature detection means
after a predetermined time is elapsed in continuous actuation of the
magnetic brake over the predetermined time since the 20 actuation of the
magnetic brake; and a control means for determining on a basis of results
of the comparison by the temperature comparison means whether or not the
magnetic brake has developed any trouble. The present invention, in a third
aspect thereof, provides 25 a magnetic brake system for performing braking
action by   5 cancellation of energization of a coil, said magnetic brake
system comprising a magnetic brake provided with a disc connected to a
shaft of a motor and also with an armature responsive to energization of
the coil for being attracted to separate the 5 disc from a lining, wherein
the magnetic brake system comprises a first temperature detection means for
detecting a temperature of the magnetic brake; a second temperature
detection means for detecting an air temperature of an environment in which
the 



magnetic brake is installed; a temperature comparison means for 10
comparing a first temperature, which is detected by the first temperature
detection means , with a second temperature detected by the second
temperature detection means ; and a control means for determining on a
basis of a result of the comparison by the temperature comparison means
whether or not the magnetic brake 15 has developed any trouble. The present
invention, in a fourth aspect thereof , provides a magnetic brake system as
described above in connection with the first or third aspect , wherein,
when a temperature difference between the first temperature and the second
temperature as 20 determined by the temperature comparison means is greater
than a predetermined value, the control means determines that the magnetic
brake has developed a trouble. The present invention, in a fifth aspect
thereof , provides a magnetic brake system as described above in connection
with 25 any one of the first to fourth aspects, further comprising an   6
informing means for informing that the magnetic brake has developed the
trouble, wherein, when the magnetic brake is determined to have developed
the trouble, the control means informs accordingly by the informing means.
5 The present invention, in a sixth aspect thereof , provides an elevator
trouble detection system for detecting a trouble of a magnetic brake for a
drive motor of an elevator , said magnetic brake being provided with an
armature attractable by energization of a coil in response to a brake
release command to separate 10 a lining from a disc for permitting running
of a car and returnable by cancellation of the energization in response to
a brake actuation command to bring the lining into contact with the disc
for applying braking force, wherein the elevator trouble detection system
comprises : a temperature detection means for 15 detecting a temperature of
the magnetic brake; a temperature comparison means for comparing a first
temperature, which is detected by the temperature detection means when the
armature has been attracted responsive to the brake release command, with 



a second temperature which is detected before the armature 20 returns
responsive to the brake actuation command; and a control means for
determining on a basis of a result of the comparison by the temperature
comparison means whether or not the magnetic brake has developed any
trouble. The present invention, in a seventh aspect thereof, 25 provides an
elevator trouble detection system for detecting a   7 trouble of a similar
magnetic brake as described above in the preamble of the sixth aspect,
wherein the elevator trouble detection system comprises: a temperature
detection means for detecting a temperature of the magnetic brake; a
temperature 5 comparison means for comparing a first temperature, which is
detected by the temperature detection means before the armature returns
responsive to the brake actuation command, with a second temperature which
is detected by the temperature detection means after a predetermined time
is elapsed when braking force is 10 continuously applied for the
predetermined time since the return of the armature in response to the
brake actuation command; and a control means for determining on a basis of
a result of the comparison by the temperature comparison means whether or
not the magnetic brake has developed any trouble. 15 The present invention,
in an eighth aspect thereof, provides an elevator trouble detection system
for detecting a trouble of a similar magnetic brake as described above in
the preamble of the sixth aspect, wherein the elevator trouble detection
system comprises : a first temperature detection means 20 for detecting a
temperature of the magnetic brake; a second temperature detection means for
detecting an air temperature of a location at which the elevator is
installed; a temperature comparison means for comparing a first
temperature, which is detected by the first temperature detection means ,
with a second 25 temperature detected by the second temperature detection
means ;   8 and a control means for determining on a basis of a result of
the comparison by the temperature comparison means whether or not the
magnetic brake has developed any trouble. 



The present invention, in a ninth aspect thereof , provides 5 an elevator
trouble detection system for detecting a trouble of a similar magnetic
brake as described above in the preamble of the sixth aspect, wherein the
elevator trouble detection system comprises : a temperature detection means
attached to one of components of the magnetic brake for detecting
temperatures 10 of the magnetic brake at predetermined intervals during a
period of at least one day; a memory means for storing temperatures
detected by the temperature detection means ; and a control means for
determining that, when a temperature rise from a lowest temperature as
detected by the temperature detection means has 15 exceeded a predetermined
value , the magnetic brake has developed a trouble. The present invention,
in a tenth aspect thereof, provides an elevator trouble detection system as
described above in connection with the ninth aspect, wherein the control
means 20 calculates an average daily temperature rise from a difference
between a highest temperature and a lowest temperature stored in the memory
means during a predetermined period of time, and sets the average daily
temperature rise as the predetermined value. 25 The present invention, in
an eleventh aspect thereof,   9 provides an elevator trouble detection
system for detecting a trouble of a similar magnetic brake as described
above in the preamble of the sixth aspect, wherein the elevator trouble
detection system comprises : a temperature detection means for 5 measuring
a temperature of the magnetic brake; a temperature comparison means for
forcedly operating the elevator continuously for a predetermined time and
comparing a first temperature, which is measured by the temperature
detection means before initiation of the operation, with a second
temperature 10 which is measured by the temperature detection means after
the operation; and a control means for determining on a basis of a result
of the comparison by the temperature comparison means whether or not the
magnetic brake has developed any trouble. 



The present invention, in a twelfth aspect thereof, 15 provides an elevator
trouble detection system as described above in connection with the sixth,
eighth or eleventh aspect , wherein, when a temperature difference between
the first and second temperatures as determined by the comparison means is
greater than a predetermined value, the control means determines that 20
the magnetic brake has developed a trouble. The present invention, in a
thirteenth aspect thereof, provides an elevator trouble detection system as
described above in connection with any one of the sixth to twelfth aspects
, further comprising a communication means for making a communication to 25
a supervision center, wherein, when the magnetic brake is   10 determined
to have developed a trouble, the control means transmits trouble
information to the supervision center via the communication means. In the
first aspect, the temperature detection means 5 arranged, for example, on
the magnetic brake measures a first temperature shortly after the coil is
energized to attract the armature, and also a second temperature when the
energization of the coil is cancelled, in other words, shortly before an
armature returns. The temperature comparison means compares 10 the first
temperature with the second temperature, and on the basis of a result of
this comparison, determines whether or not the magnetic brake has developed
any trouble. Described specifically, the temperature comparison means
performs a comparison between the temperatures of the magnetic brake at 15
two timings before and after the magnetic brake is actuated and the lining
is not in contact with the disc when the magnetic brake is in order. If the
magnetic brake is locked, the temperature of the magnetic brake becomes
higher due to frictional heat, thereby permitting easy detection of the 20
trouble. As the air temperature of the location at which the magnetic brake
is installed equally affects the measurement of the first temperature and
the measurement of the second temperature, any 



effect of the air temperature itself on the determination can 25 be
ignored. Accordingly, a trouble of the magnetic brake can   11 be detected
with high accuracy. As a magnetic brake is often used as a brake for a
power system in general, the air temperature may be considered to affect
the determination of existence or non-existence of a trouble. Any effect of
the air temperature 5 itself on the determination can, however, be ignored
because the air temperature of the location at which the elevator is
installed equally affects the measurement of the first temperature and that
of the second temperature. In the second aspect, the temperature detection
means 10 arranged, for example, on the magnetic brake measures a first
temperature shortly before energization of the coil is cancelled to actuate
the magnetic brake and also a second temperature after a predetermined time
is elapsed in continuous actuation of the magnetic brake for the
predetermined time since the actuation 15 of the magnetic brake. The
temperature comparison means compares the first temperature with the second
temperature, and on the basis of a result of the comparison, determines
whether or not the magnetic brake has developed any trouble. If the
magnetic brake is locked, a temperature arisen due to frictional 20 heat
becomes lower after an elapse of the predetermined time, thereby permitting
accurate detection of the trouble. In the third aspect , the air
temperature is detected by the second temperature detection means,whereas
the temperature of the magnetic brake is detected by the first temperature
25 detection means. The temperature comparison means compares   12 these
temperatures with each other, and on the basis of a result of the
comparison, the control means determines whether or not the magnetic brake
has developed any trouble . As the control means makes the determination on
the basis of a result of 5 arithmetic on the measurement value of the first
temperature 



detection means and the measurement value of the second temperature
detection means, it is possible to cope with variations in the air
temperature and to detect a trouble of the magnetic brake with high
accuracy. 10 In the fourth aspect , the control means determines that the
magnetic brake has developed a trouble, when as a result of the comparison
by the temperature comparison means, the temperature difference between the
first temperature and the second temperature is found to be greater than
the predetermined 15 value . As this trouble of the magnetic brake usually
takes place as a result of occurrence of locking between the lining and the
disc, the magnetic brake is determined to be locked when the temperature
difference is greater than the predetermined value . In the fifth aspect,
when the magnetic brake is determined 20 by the control means to have
developed a trouble, the informing means informs accordingly. The
occurrence of the trouble in the magnetic brake can, therefore, be promptly
brought to the supervisor's attention, thereby permitting a prompt
countermeasure to the trouble of the magnetic brake. 25 In the sixth aspect
, a first temperature is measured when   13 the armature has been attracted
responsive to a brake release command, and a second temperature is measured
before the armature returns responsive to a brake actuation command. Then,
the first temperature and the second temperatures are compared with each 5
other by the temperature comparison means , and on the basis of a result of
the comparison, it is determined by the control means whether or not the
magnetic brake has developed any trouble. This determination is performed
as in the twelfth aspect . When a value obtained as a result of the
comparison is not greater 10 than a predetermined value , in other words ,
when no locking exist s between the lining and the disc and no temperature
rise has taken place, the magnetic brake is determined to be in order. If
the value obtained as the result of the comparison is greater than the
predetermined value, on the other hand, the magnetic brake 15 is determined
to be locked. As appreciated from the foregoing, 



the detection of locking is effected by a comparison between the first
temperature and the second temperature. As the air temperature of the
location at which the elevator is installed equally affects the measurement
of the first temperature and 20 that of the second temperature, any effect
of the air temperature itself on the determination can be ignored.
Accordingly, a trouble of the magnetic brake can be detected with high
accuracy. In the seventh aspect, a first temperature is measured before the
armature returns responsive to the brake actuation 25 command, and further,
a second temperature is measured after   14 a predetermined time is elapsed
when braking force is continuously applied for the predetermined time since
the return of the armature in response to the brake actuation command. The
temperature comparison means compares the first temperature with 5 the
second temperature, and on the basis of a result of the comparison, the
control means determines whether or not the magnetic brake has developed
any trouble . If the magnetic brake is locked, a temperature arisen due to
frictional heat becomes lower after an elapse of a predetermined time ,
thereby permitting 10 accurate detection of the trouble. In the eighth
aspect, the second temperature detection means measures the air temperature
of the location at which the elevator is installed, while the first
temperature detection means measures the temperature of the magnetic brake
while the 15 car is running. The measurement value of the second
temperature detection means and that of the first temperature detection
means are then compared with each other by the temperature comparison
means, and on the basis of a result of the comparison by the temperature
comparison means, the control means determined 20 whether or not the
magnetic brake has developed a trouble. This determination is performed as
in the twelfth aspect. When a value obtained as a result of the comparison
is not greater than a predetermined value, it is determined that the
magnetic brake is in order without locking between the lining and the disc.
25 When the value obtained as the result of the comparison is greater 



15 than the predetermined value, on the other hand, the magnetic brake is
determined to be locked. Because the detection of locking is effected on
the basis of a result of arithmetic on a measurement value of a temperature
sensor and a measurement 5 value of an air temperature sensor as described
above, it is possible to cope with variations in air temperature.
Accordingly, a trouble of the magnetic brake can be detected with high
accuracy. In the ninth aspect , temperatures of the magnetic brake 10 are
measured by the temperature detection means at predetermined intervals
during a period of at least one day. The thus-detected temperatures of the
magnetic brake are stored in the memory means . When a temperature rise
from the lowest temperature among the temperatures of the magnetic brake so
stored has exceeded the 15 predetermined value, the control means
determines that operation of the magnetic brake is in a troubled state. A
temperature rise of the magnetic brake in a normal state is attributed to
the external air temperature and also to the transfer of heat from the
elevator drive motor. Since temperature rises from 20 the lowest
temperature in a day due to the external air temperature and the transfer
of heat from the motor are considered to be substantially constant, these
temperatures do not exceed a predetermined criterion. If the magnetic brake
is brought into a locked state, however, abnormal frictional heat is
produced. 25 A temperature rise from the lowest temperature of the magnetic
16 brake, therefore, exceeds the predetermined criterion. It is, therefore,
possible to accurately detect a trouble of the magnetic brake without being
affected by the geographical location and season at and in which the
external air temperature 5 varies, or by the elevator operation rate that
varies depending upon the installation site. In the tenth aspect, an
average daily temperature rise during a predetermined period of time is
calculated from the difference between a highest temperature and a lowest
temperature 10 of the magnetic brake upon operation of the elevator, and
this average daily temperature raise is set as the predetermined criterion.
This makes it possible to automatically obtain, during operation of the
elevator, a criterion which is in conformity with its specific installation
site. 15 In the eleventh aspect , a first temperature is measured before
the elevator is forcedly operated continuously, and a 



second temperature is measured after the operation of the elevator. The
first temperature and the second temperature are compared with each other,
and the determination is performed 20 as in the sixth or eighth aspect. As
understood from the foregoing, the detection of locking is performed by the
comparison between the first temperature and the second temperature. As the
measurements of the first and second temperatures are conducted before and
after the initiation of 25 the forced continuous operation ) respectively,
a trouble of the   17 magnetic brake can be accurately detected without
being affected by the elevator operation rate which differs depending upon
the installation site. In the twelfth aspect, the determination is
performed as 5 in the fourth aspect. In the thirteenth aspect, the control
means transmits trouble information to the supervision center via the
communication means when the magnetic brake is determined to have developed
a trouble . The occurrence of the trouble in the 10 magnetic brake can be
promptly found on the side of a control sensor (the supervision center) of
the elevator, thereby permitting a prompt countermeasure to the trouble of
the magnetic brake. 15 Brief Description of the Drawings FIG. 1 is a block
diagram of an elevator trouble detection system according to a first
embodiment of the present invention; FIG. 2 is a schematic diagram of a
magnetic brake to be arranged on an elevator, to which the elevator trouble
detection 20 system is applicable; FIG. 3 is a flow chart showing a
procedure for the detection of a trouble in the trouble detection system of
FIG. 1; FIG. 4 is a diagram showing temperature variations when the
magnetic brake is locked in the first embodiment; 25 FIG. 5 is a block
diagram of an elevator trouble detection   18 system according to a second
embodiment of the present invention; FIG. 6 is a flow chart showing a
procedure for the detection of a trouble in the trouble detection system of
FIG. 5; FIG. 7 is a block diagram of an elevator trouble detection 



5 system according to a third embodiment of the present invention; FIG. 8
is a flow chart showing a procedure for detecting a trouble in a magnetic
brake by the elevator trouble detection system according to the third
embodiment; FIG. 9 is a flow chart showing a procedure for setting 10 an
average daily temperature increase as a criterion by the elevator trouble
detection system according to the third embodiment; FIG. 10 is a
characteristic diagram illustrating temperature increases of a magnetic
brake; and 15 FIG. 11 is a flow chart illustrating a procedure for the
detection of a trouble in a magnetic brake of an elevator by the elevator
trouble detection system according to the fourth embodiment. 20 Best Modes
for Carrying out the Invention Embodiments of the present invention will
hereinafter be described with reference to the accompanying drawings . In
the following embodiments , like elements and units will be identified by
like reference signs or numerals , and overlapping descriptions 25 will be
omitted wherever appropriate.   19 <First embodiment> Referring to FIG. 1,
FIG. 2 and FIG. 3, the elevator trouble detection system according to the
first embodiment of the present invention, the magnetic brake arranged on
the elevator and the 5 procedure of an operation by the trouble detection
system of FIG. 1 will hereinafter be described, respectively. As
illustrated in FIG. 1, an elevator generally causes an unillustrated car to
ascend or descend by drive force applied from a motor 1, and by a magnetic
brake 2 attached to the motor 10 1, braking force is applied to stop the
car . These motor 1 and magnetic brake 2 are controlled by a control unit
10. In the first embodiment, a trouble detection unit 20 is connected to
the control unit 10 , is provided with a temperature sensor 3 as a
temperature detection means for measuring a 15 temperature of the magnetic
brake 2, and is connected to a 



supervision center 40 via public lines 30 as a communication means. As
shown in FIG. 2, the magnetic brake 2 is provided with a disc 2a connected
to a shaft la of the motor 1 and rotatable 20 integrally with the shaft la)
an armature 2c attractable responsive to energization of a coil 2b, a
lining 2d movable in a direction away from the disc 2a upon attraction of
the armature 2c, and a brake spring 2e for applying return force to the
armature 2c. When the coil 2b is energized, the coil 2b produces 25
attractive force greater than the resilient force of the brake   20 spring
2e, and attracts the armature 2c so that the lining 2d is caused to
separate from the disc 2a. As a result, the disc 2a and the shaft la are
rendered free to permit running of the car. When the energization of the
coil 2b is cancelled, on the 5 other hand, the attractive force for the
armature 2c is released so that the armature 2c returns under the resilient
force of the brake spring 2e. As a consequence, the lining 2d is brought
into contact with the disc 2c to produce braking force. With reference to
FIG. 3, a description will next be made 10 about a procedure for the
detection of a trouble by the first embodiment. The trouble detection unit
20 detects an elevator running command, which responsive to a call
registration by a user, is outputted from the control unit 10 to cause the
car to run (step S1). Upon detection of a brake release command 15
outputted from the control unit 10 ( step S2 ) , a first temperature X is
measured by the temperature sensor 3, and this first temperature X is
stored ( step S3 ) . In other words , a temperature at the time that the
armature 2c has been attracted responsive to the brake release command is
stored. Next, upon detection 20 of a brake actuation command outputted from
the control unit 10 to stop the car ( step S4 ) , a second temperature Y is
measured by the temperature sensor 3 , and this second temperature Y is
stored ( step S5 ) . In other words , a second temperature Y before the
armature 2c returns responsive to the brake actuation command 25 is
measured and stored. The first temperature X is a temperature 



21 shortly after the brake has been released, whereas the second
temperature Y is a temperature shortly before the brake actuates . The
armature 2c then returns such that the lining 2d is brought into contact
with the disc 2a. Upon detection of a stop 5 of the car (step S6), the
first temperature X and the second temperature Y are compared with each
other in an unillustrated comparator circuit as a comparison means within
the trouble detection unit 20 (step S7). If a value (Y-X) obtained as a
result of this comparison is not greater than a predetermined 10 value (
criterion ) , in other words , if a temperature rise is not greater than
the predetermined value, the lining 2d and disc 2a are determined to be in
order without locking. If the value (Y-X) obtained as the result of the
comparison is greater than the predetermined value, the magnetic brake 2 is
determined to 15 be locked, and via the public lines 30, trouble
information is transmitted to the supervision center 40 (step S8). In the
first embodiment constructed as described above, the detection of locking
of the magnetic brake 2 by the trouble detection unit 20 is achieved by the
comparison between the first 20 temperature X and the second temperature Y.
As the air temperature of a location at which the elevator is installed
equally affects both of the measurement of the first temperature X and the
measurement of the second temperature Y, any effect of the air temperature
itself on the determination can be ignored. 25 A trouble in the magnetic
brake 2 can, therefore, be detected   22 with high accuracy. When the
magnetic brake 2 is determined to be locked, trouble information is
transmitted to the supervision center 40 so that a prompt countermeasure is
feasible . Further, the transmission of the trouble information to the 5
supervision center 40 is performed via the public lines 30 in this
embodiment. The public lines 30 can be leased lines or radio communication
lines . Where the supervision center 40 or 



a supervision station is located in the same building, communication lines
arranged in the building can be used. 10 In this embodiment , a magnetic
brake system a trouble of which is detectable is constructed of the
magnetic brake 2 , the control unit 10 and the trouble detection unit 20 .
The magnetic brake system can, therefore, be used not only as a trouble
detection system for an elevator system but also as a trouble 15 detection
system for any apparatus which uses the magnetic brake 2. The control unit
10 and the trouble detection unit 20 make up the temperature comparison
means and control means in the first and sixth aspects. In this embodiment,
the locking of the magnetic brake was 20 detected by comparing the first
temperature X shortly after the brake has been released with the second
temperature Y shortly before the brake actuates. Conversely speaking, the
magnetic brake can be determined to be locked if the temperature of the
magnetic brake has dropped beyond a predetermined value after 25 an elapse
of a predetermined time since the actuation of the   23 brake, because such
an excessive temperature drop means that the brake produced heat
abnormally. This will be described with reference to FIG. 4. In FIG. 4,
there are shown a brake temperature L3, an 5 elevator running signal L4 , a
predetermined time T4 after brake actuation, and a brake temperature drop
abnormality criterion T5. When the magnetic brake 2 is locked, the brake is
in actuation even during running of the elevator ( the high level 10 part
of L4 ) so that the brake temperature L3 rises . Therefore, the elevator is
caused to stop and, while the predetermined time T4 lapses from the
actuation of the brake ( after the armature 2c has returned), the brake
temperature drops beyond the criterion (T5). The magnetic brake 2 can,
therefore, be 15 determined to be locked if a temperature drop is found to
have exceeded the predetermined value as a result of a comparison between a
first brake temperature after the actuation of the 



brake ( after the armature 2c has returned ) and a second brake temperature
after an elapse of the predetermined time T4 from 20 the actuation of the
brake (after the armature 2c has returned) . Incidentally, no accurate
temperature drop is detectable if the elevator runs and stops while the
above-described predetermined time T4 elapses. This trouble determination
is, therefore, performed when the brake has applied braking force 25
continuously for the predetermined time after the actuation of   24 the
brake ( after the armature 2c has returned) , in other words , while the
elevator is stopped. <Second embodiment> With reference to FIG. 5 and FIG.
6, a description will 5 next be made of the trouble detection system
according to the second embodiment of the present invention and an
operation procedure of the trouble detection system, respectively. As
illustrated in FIG. 5, a trouble detection unit 20 in the second embodiment
is provided with a temperature sensor 3 , 10 which is connected to a
control unit 10 and serves as a first temperature detection means for
measuring a temperature of a magnetic brake 2 , and also with an air
temperature sensor 4 which is arranged within an elevator shaft and serves
as a second temperature detection means for detecting the temperature of 15
air inside the shaft, and the trouble detection unit 20 is connected to a
supervision center 40 via public lines 30. With reference to FIG. 6, a
description will next be made about a procedure for the detection of a
trouble by the second embodiment. The trouble detection unit 20 measures an
20 air temperature T inside the elevator shaft by means of the air
temperature sensor 4 , and stores the same ( step S11 ) . Further, the
trouble detection unit 20 also measures a temperature Z of the magnetic
brake 2 by means of the temperature sensor 3 , and stores the same (step
S12), and the measurement value of the 25 air temperature sensor 4 , namely
the air temperature T and the   



25 measurement value of the temperature sensor 3, namely the temperature Z
are compared with each other (step S13). If a value ( Z-T) obtained as a
result of the comparison is not greater than a predetermined value, the
trouble detection unit 20 5 determines that the lining 2d and the disc 2a
are in order without locking. If the value (Z-T) obtained as the result of
the comparison is greater than the predetermined value, on the other hand,
the magnetic brake 2 is determined to be locked so that via the public
lines 30 , trouble information is transmitted to 10 the supervision center
40 (step S14). As the detection of locking of the magnetic brake 2 by the
trouble detection unit 20 is performed on the basis of a result of
arithmetic on the measurement value of the temperature sensor 3 and that of
the air temperature sensor 4 in the second 15 embodiment constructed as
described above, variations in temperature can be coped with. It is,
therefore, possible to accurately detect a trouble of the magnetic brake 2.
If the magnetic brake 2 is determined to be locked, trouble information is
transmitted to the supervision center 40, so that a prompt 20
countermeasure is feasible. In the second embodiment, the control unit 10
and the trouble detection unit 20 make up the temperature comparison means
and control means in the third and eighth aspects. Further, a temperature
rise due to locking of the magnetic 25 brake takes place only when the
elevator is running . A diagnosis   26 of locking can, therefore, be
performed efficiently at an appropriate timing provided that the first
temperature is detected only while the magnetic brake is released and then,
is compared with the second temperature to determine by the 5 control means
whether or not the magnetic brake has developed the trouble. Other elements
which have not been described above specifically are constructed like the
corresponding elements in the above-described first embodiment, and
function likewise. 



10 <Third embodiment> Referring to FIG. 7 to FIG. 10, a description will
hereinafter be made of the elevator trouble detection system according to
the third embodiment and an operation procedure of the trouble detection
system. 15 As shown in FIG. 7) a trouble detection unit 50 in the third
embodiment is provided with a temperature sensor 3 , which is connected to
a control unit 10 and serves as a temperature detection means for detecting
a temperature of a magnetic brake 2. The trouble detection unit 50 is
connected to a supervision 20 center 40 via public lines 30. The
temperature sensor 3 is mounted on any one of components of the magnetic
brake 2, for example, on the lining 2d depicted in FIG. 2, and measures the
temperature of the magnetic brake 2 at predetermined intervals during a
period of at least one day. The trouble detection unit 25 50 is provided
with a memory unit 51 for storing temperature   27 data measured by the
temperature sensor 3 , a determination unit 52 for determining whether or
not the magnetic brake 2 has developed a trouble, and a setting unit 53 for
calculating an average daily temperature rise during a predetermined period
5 of time, for example, over one month from the difference between a
highest temperature and lowest temperature of the magnetic brake 2 and
setting the average daily temperature rise as a predetermined criterion.
Further, the trouble detection unit 50 receives elevator operation signals
from the control unit 10 10 to monitor for an elevator trouble or a sign of
the trouble, and in accordance with details of the trouble, the details of
the trouble are reported to the supervision center 40 via the public lines
30. The memory unit 51 is constructed as a ring buffer with 15 a capacity
sufficient to store one day's temperature data. Temperature data are each
updated upon elapsed time of 1 day. Because of the limited capacity,
temperature data read from the temperature sensor 3 are not recorded in
their entirety but are recorded periodically. Further, the capacity of the
memory unit 



20 51 also has a capacity sufficient to store over one month the difference
between the highest value and the lowest value in the temperature of the
magnetic brake 2 during each day. The trouble detection unit 50 in this
third embodiment is constructed such that a trouble in the magnetic brake 2
can 25 be detected on the basis of a temperature rise from the lowest   28
temperature as detected in accordance with the processing procedure shown
in FIG. 8. According to this processing, a recording-cycle measuring timer
(not shown) is firstly reset by the trouble detection unit 50 (step S21),
and from the 5 temperature sensor 3, the temperature of the magnetic brake
2 is read and stored ( step S22 ) . A count value of the timer which was
reset in step S21 is then read to determine whether or not the
predetermined recording cycle ) for example, the elapsed time is 5 minutes
(step S23). If the count value of the timer is 10 determined to be the
predetermined recording cycle at which temperature data are recorded in the
memory unit 51, the temperature of the magnetic brake 2 as stored in step
S22 is stored in the memory unit 51 (step S24). The timer is reset ( step
S25 ) , and from the one day' s temperature data of the magnetic 15 brake 2
as stored in the memory unit 51, the daily lowest temperature is retrieved
and stored (step S26). If the count value of the timer is not determined to
be the predetermined recording cycle (step S23), on the other hand, steps
S24 and S25 are skipped and the processing of step S26 is performed to 20
retrieve and store the daily lowest temperature as mentioned above. The
current temperature of the magnetic brake 2, which was stored in step S22 ,
is then compared with the daily lowest temperature stored in step S26 (
step S27 ) . If the temperature 25 difference is greater than a
predetermined value ( criterion )   29 the determination unit 52 determines
that the magnetic brake 



2 is locked, and informs it to the supervision center 40 via the public
lines 30 (step S28). Further, the trouble detection unit 50 in this third 5
embodiment also sets a daily average temperature rise of the magnetic brake
2 as a criterion in accordance with the processing procedure depicted in
FIG. 9. Firstly, data areas of the trouble detection unit 50, said data
areas being for a lowest temperature B, a highest temperature C, an average
temperature difference 10 D and the number E of measured days to be stored
in their corresponding processings, are initialized (step S31). The
temperature A of the magnetic brake 2 is read from the temperature sensor 3
and is stored ( step S32 ) , and the lowest temperature B stored until that
time and the current temperature A of the 15 magnetic brake 2 , which has
been newly read and stored in step S32, are compared (step S33). If the
temperature A is found to be higher than the lowest temperature B by the
comparison ( "N" in step S33 ) , the lowest temperature B is retained as is
. If the temperature A is found to be lower than the lowest 20 temperature
B ("Y" in step S33), the newly read, current temperature A is caused to
substitute for the lowest temperature B ( step S34 ) , and the stored
highest temperature C and the current temperature A newly read and stored
in step S32 are compared with each other (step S35). 25 If the current
temperature A is found to be higher than   30 the highest temperature C as
a result of the comparison in step S35 ("Y" in step S35), the newly read,
current temperature A is caused to substitute for the highest temperature C
( step S36 ) . If the current temperature A is found to be lower than the
highest 5 temperature C in step S35 ( "N" in step S35 ) , a date data is
read by the trouble detection unit 50 (step S37). If the date has not been
updated, the routine returns to step S32. If the date has been updated, the
temperature difference F between the highest temperature C and the lowest
temperature B in the day 10 is determined ( step S38 ) , and the daily
temperature difference F is stored in the memory unit 51 ( step S39 ) . By
determining 



the accumulated total of daily temperature differences F stored in the
memory unit 51 and dividing it with the number E of measured days, an
average daily temperature difference (average 15 temperature rise ) D
during the measurement period is determined ( step S40 ) . This average
daily temperature difference D is set as a predetermined value (criterion)
by the setting unit 53. Further, the date is updated, the above-described
average temperature difference D is determined, the data areas for the 20
lowest temperature B and highest temperature C are each initialized, and
the number E of measured days is counted up (step S41). The routine then
returns to step S32, and the processings of step S32 onwards are repeated.
According to the third embodiment constructed as described 25 above, the
existence or non-existence of a trouble in the magnetic   31 brake 2 is
determined using such temperature variation characteristics as shown in
FIG. 10 . FIG. 10 is a diagram showing an example of daily temperature
variation characteristics of the magnetic brake 2 . A line L1 indicates
temperature variations 5 at a normal time , while a line L2 indicates
temperature variations at the time of occurrence of a trouble. As
understood from this characteristic diagram, the temperature of the
magnetic brake 2 at the normal time varies from the lowest temperature T1
to the highest temperature T2 as indicated by the line L1 in FIG. 10 10 as
a result of a rise in the air temperature and a temperature rise due to
heat transferred from the motor 1 . When the magnetic brake 2 is locked, on
the other hand, the temperature of the magnetic brake 2 varies by
frictional heat from the lowest temperature T1 to the highest temperature
T3 as indicated by 15 the other line L2. By obtaining the temperature rise
of the magnetic brake 2 from the lowest temperature T1 and, when this
temperature rise has exceeded the predetermined value ( criterion ) ,
determining that the operation of the magnetic brake 2 is in a troubled
state, a trouble such as locking of the magnetic 20 brake 2 can be
accurately determined without being affected by the geographical location,
the season and the elevator operation 



rate. According to the trouble detection system of the third embodiment,
the average daily temperature rise is calculated 25 from the difference
between the highest temperature and the   32 lowest temperature of the
magnetic brake 2 in each day. From measurement data during operation of the
elevator over 1 month, the temperature difference F of the magnetic brake
2, said temperature difference being a temperature rise in a day, is 5
determined specifically for the installation site while taking into
consideration the operation rate of the elevator and temperature variations
caused by changes in the air temperature . Using this temperature
difference F as a criterion, a trouble in the magnetic brake 2 is detected.
It is, therefore, possible 10 to automatically set a criterion in
conformity with the actual installation site. In the above-described
embodiment,the temperature sensor 3 for measuring the temperature of the
magnetic brake 2 is mounted on the lining 2d. The temperature sensor 3 can,
however, be 15 arranged at any part of the magnetic brake 2 insofar as heat
produced by a contact between the lining 2d and the disc 2a is transferred
to that part. This also applies likewise to the first and second
embodiments. In this embodiment, the trouble detection unit 50, 20
including the memory unit 51, the determination unit 52 and the setting
unit 53) and the control unit 10 makes up the memory means and control
means in the ninth and tenth aspects. Other elements which have not been
described specifically are constructed like the corresponding elements in
the 25 above-described first embodiment.   33 <Fourth embodiment> Referring
to FIG. 11, a description will next be made of the procedure of brake
supervision processing of the elevator 



trouble detection system according to the fourth embodiment of 5 the
present invention. The elevator trouble detection system and magnetic brake
according to this embodiment are also constructed like the elevator trouble
detection system and magnetic brake according to the first embodiment shown
in FIG. 1 and FIG. 2. 10 In the brake supervision processing of the
elevator trouble detection system according to the fourth embodiment, the
trouble detection unit 20, as illustrated in FIG. 11, delivers a signal,
which causes the elevator to move to the bottom floor, to the control unit
10 to have the elevator moved to the bottom floor 15 ( step S51 ) . The
temperature of the magnetic brake 2 is measured by the temperature sensor
3, and the temperature is stored as a first temperature A in the memory
unit inside the trouble detection system 20 ( step S52 ) . The timer is
then initialized ( step S53 ) . Further, a signal which causes the car to
move to 20 the top floor is delivered to the control unit 10 to have the
elevator moved to the top floor ( step S54 ) , a signal which causes the
elevator to move to the bottom floor is delivered to the control unit 10 to
have the elevator moved to the bottom floor (step S55), and then, a timer
count and a time of diagnostic 25 operation of the magnetic brake are
compared with each other   34 (step S56). If the timer count is not found
to have reached the time of the diagnostic operation as a result of this
comparison ("N" in step S56), the routine returns to step S54 and the
processings of step S54 onwards are performed. If the timer 5 count is
found to have exceeded the time of the diagnostic operation on the other
hand, on the other hand ( "Y" in step S56 ) , the temperature of the
magnetic brake 2 is measured by the temperature sensor 3 ( and the
thus-measured temperature is stored as a second temperature B in the memory
unit inside the trouble 10 detection unit 20 (step S57). Then, the first
temperature A stored in step S52 and the second temperature B stored in
step S57 are compared with reach other (step S58). If a value obtained as a
result of the 



comparison is not greater than a predetermined criterion ( "N" 15 in step
S58), in other words, if the temperature B is not substantially higher than
the temperature A, the lining 2d and the disc 2a are determined to be in
order without locking ) and this processing is ended. If the value obtained
as the result of the comparison is greater than the predetermined criterion
20 ( "Y" in step S58 ) , the magnetic brake 2 is determined to be locked,
and the trouble detection unit 20 transmits trouble information to the
supervision center 40 via the public lines 30. According to the fourth
embodiment constructed as described above ) the detection of locking of the
magnetic brake 25 2 by the trouble detection unit 20 is performed by the
comparison   35 between the first temperature A before the brake diagnosing
operation and the second temperature B after the brake diagnosing
operation, so that the operation rate of the elevator can be ignored.
Accordingly, a trouble in the magnetic brake 2 can 5 be accurately detected
irrespective of the operation rate of the elevator. If the magnetic brake 2
is determined to be locked, trouble information is transmitted to the
supervision center 40 so that a prompt countermeasure is feasible. The term
"brake diagnosing operation" as used herein means operation states 10
performed in steps S54 , S55 and S56 , and means an operation in which the
elevator is forcedly operated continuously for a predetermined time between
the top floor an the bottom floor. Other elements which have not been
described specifically are constructed like the corresponding elements in
the 15 above-mentioned first embodiment, and function likewise.   36 CLAIMS
1 . A magnetic brake system for performing braking action by cancellation
of energization of a coil, said magnetic brake system comprising a magnetic
brake provided with a disc connected 5 to a shaft of a motor and also with
an armature responsive to 



energization of said coil for being attracted to separate said disc from a
lining, wherein said magnetic brake system comprises a temperature
detection means for detecting a temperature of said magnetic brake; 10 a
temperature comparison means for comparing a first temperature, which is
detected by said temperature detection means shortly after said coil is
energized to release said magnetic brake, with a second temperature which
is detected by said temperature detection means shortly before said 15
energization of said coil is cancelled to actuate said magnetic brake; and
a control means for determining on a basis of results of said comparison by
said temperature comparison means whether or not said magnetic brake has
developed any trouble. 20 2 . A magnetic brake system for performing
braking action by cancellation of energization of a coil, said magnetic
brake system comprising amagnetic brake provided with a disc connected to a
shaft of a motor and also with an armature responsive to energization of
said coil for being attracted to separate said 25 disc from a lining,
wherein said magnetic brake system comprises   3i a temperature detection
means for detecting a temperature of said magnetic brake; a temperature
comparison means for comparing a first temperature, which is detected by
said temperature detection 5 means shortly before said energization of said
coil is cancelled to actuate said magnetic brake, with a second temperature
which is detected by said temperature detection means after a predetermined
time is elapsed in continuous actuation of said magnetic brake over said
predetermined time since said actuation 10 of said magnetic brake; and a
control means for determining on a basis of results of said comparison by
said temperature comparison means whether or not said magnetic brake has
developed any trouble. 3 . A magnetic brake system for performing braking
action 15 by cancellation of energization of a coil, said magnetic brake 



system comprising a magnetic brake provided with a disc connected to a
shaft of a motor and also with an armature responsive to energization of
said coil for being attracted to separate said disc from a lining, wherein
said magnetic brake system comprises 20 a first temperature detection means
for detecting a temperature of said magnetic brake; a second temperature
detection means for detecting an air temperature of an environment in which
said magnetic brake is installed; 25 a temperature comparison means for
comparing a first   38 temperature, which is detected by said first
temperature detection means, with a second temperature detected by said
second temperature detection means; and a control means for determining on
a basis of results of 5 said comparison by said temperature comparison
means whether or not said magnetic brake has developed any trouble. 4. A
magnetic brake system according to claim 1 or 3, wherein, when a
temperature difference between said first temperature and said second
temperature as determined by said 10 temperature comparison means is
greater than a predetermined value, said control means determines that said
magnetic brake has developed a trouble. 5 . A magnetic brake system
according to any one of claims 1-4, further comprising an informing means
for informing that 15 said magnetic brake has developed said trouble,
wherein, when said magnetic brake is determined to have developed said
trouble, said control means informs accordingly by said informing means. 6.
An elevator trouble detection system for detecting 20 a trouble of a
magnetic brake for a drive motor of an elevator, said magnetic brake being
provided with an armature attractable by energization of a coil in response
to a brake release command to separate a lining from a disc for permitting
running of a car and returnable by cancellation of said energization in 25
response to a brake actuation command to bring said lining into 



39 contact with said disc for applying braking force, wherein said elevator
trouble detection system comprises: a temperature detection means fox
detecting a temperature of said magnetic brake; 5 a temperature comparison
means for comparing a first temperature, which is detected by said
temperature detection means when said armature has been attracted
responsive to said brake release command, with a second temperature which
is detected before said armature returns responsive to said brake 10
actuation command; and a control means for determining on a basis of
results of said comparison by said temperature comparison means whether or
not said magnetic brake has developed any trouble. 7. An elevator trouble
detection system for detecting 15 a trouble of a magnetic brake for a drive
motor of an elevator, said magnetic brake being provided with an armature
at tractable by energization of a coil in response to a brake release
command to separate a lining from a disc for permitting running of a car
and returnable by cancellation of said energization in 20 response to a
brake actuation command to bring said lining into contact with said disc
for applying braking force, wherein said elevator trouble detection system
comprises: a temperature detection means for detecting a temperature of
said magnetic brake; 25 a temperature comparison means for comparing a
first   40 temperature, which is detected by said temperature detection
means before said armature returns responsive to said brake actuation
command, with a second temperature which is detected by said temperature
detection means after a predetermined time 5 is elapsed when braking force
is continuously applied for said predetermined time since said return of
said armature in response to said brake actuation command; and 



a control means for determining on a basis of results of said comparison by
said temperature comparison means whether 10 or not said magnetic brake has
developed any trouble. 8. An elevator trouble detection system for
detecting a trouble of a magnetic brake for a drive motor of an elevator)
said magnetic brake being provided with an armature attractable by
energization of a coil in response to a brake release command 15 to
separate a lining from a disc for permitting running of a car and
returnable by cancellation of said energization in response to a brake
actuation command to bring said lining into contact with said disc for
applying braking force, wherein said elevator trouble detection system
comprises: 20 a first temperature detection means for detecting a
temperature of said magnetic brake; a second temperature detection means
for detecting an air temperature of a location at which said elevator is
installed; a temperature comparison means for comparing a first 25
temperature, which is detected by said first temperature   41 detection
means, with a second temperature detected by said second temperature
detection means; and a control means for determining on a basis of results
of said comparison by said temperature comparison means whether 5 or not
said magnetic brake has developed any trouble. 9. An elevator trouble
detection system for detecting a trouble of a magnetic brake for a drive
motor of an elevator, said magnetic brake being provided with an armature
attractable by energization of a coil in response to a brake release
command 10 to separate a lining from a disc for permitting running of a car
and returnable by cancellation of said energization in response to a brake
actuation command to bring said lining into contact with said disc for
applying braking force , wherein said elevator trouble detection system
comprises: 15 a temperature detection means attached to one of components
of said magnetic brake for detecting temperatures of said magnetic brake at
predetermined intervals during a period of 



at least one day; a memory means for storing said temperatures detected by
20 said temperature detection means; and a control means for determining
that, when a temperature rise from a lowest temperature as detected by said
temperature detection means has exceeded a predetermined value, said
magnetic brake has developed a trouble. 25 10. An elevator trouble
detection system according to   42 claim 9 , wherein said control means
calculates an average daily temperature rise from a difference between a
highest temperature and a lowest temperature stored in said memory means
during a predetermined period of time, and sets said average daily 5
temperature rise as said predetermined value. 11. An elevator trouble
detection system for detecting a trouble of a magnetic brake for a drive
motor of an elevator, said magnetic brake being provided with an armature
attractable by energization of a coil in response to a brake release
command 10 to separate a lining from a disc for permitting running of a car
and returnable by cancellation of said energization in response to a brake
actuation command to bring said lining into contact with said disc for
applying braking force, wherein said elevator trouble detection system
comprises: 15 a temperature detection means for measuring a temperature of
said magnetic brake; a temperature comparison means for forcedly operating
said elevator continuously for a predetermined time and comparing a first
temperature, which is measured by said temperature 20 detection means
before initiation of said operation, with a second temperature which is
measured by said temperature detection means after said operation; and a
control means for determining on a basis of results of said comparison by
said temperature comparison means whether 25 or not said magnetic brake has
developed any trouble.   



43 12 . An elevator trouble detection system according to any one of claims
6 , 8 and 11, wherein , when a temperature difference between said first
and second temperatures as determined by said comparison means is greater
than a predetermined value, said 5 control means determines that said
magnetic brake has developed a trouble. 13. An elevator trouble detection
system according to any one of claims 6-12, further comprising a
communication means for making a communication to a supervision center, 10
wherein, when said magnetic brake is determined to have developed a
trouble, said control means transmits trouble information to said
supervision center via said communication means. .AS3_.AU.Af.A@.A.All2.A .A
.A .A3l.A.A .AY2.Al.A.AlE.AlE.AYE.AllE.AlE.AY2.AlYE.AY2.A.AYE.AY2.AlFY.A{
.Ah .A3l.A3.A .Ah3.A3l.A{ .A{.A.A.A.AYE.Ahl.AFE.Ah
IK[Ml{1o:w157j&f~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]caU]ca]cRa! a Y   NH   I
+i/p3}xrmhc^Y]c]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3q0o$e{|_8x=v64p}xsnid_Z]c]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!@=DEz<x:zTS2}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!2vx)U W
!W!!!"L"""#J####$b$d$$$%}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%X%%%&Y&&&'W'''
'8(v(((1)-*t*v***$+`+++,[,,,-]--}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!--.(.c.
../Z////00Y0001P1i1j1112A2222<3p33324p4}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
p4445U55566V6666 7_7778V8889E99995:o:{:::7;u;
;}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;
;;;<y<<<3=j===>R>>>?L???@H@@@@@@&A'A7ArAAAA6B}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!6BtBBB%C^CCCC;DvDDD9EyEEE2FuFFF#GXGGGGH]HHH
I]III}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!I$JfJJJ#KeKKKL[LLLMTMMMMNONNNNNNNN
NNNOJOOO}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O
P3PjPPP&QiQQQ(RcRRR#ScSSSS*TeTTT
UUUUUU#VdVVV$WMW}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!MWNWXWYWhWWW
X\XXXYZYYYYZZ2[]G]b]c]]v^]____(`;
`t```}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!``5auaaa1b8b;
b]bbbcRckcccdNddddeIeeef@fjfffg%gVg|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!Vggg
g<hHhKhuhhh0isiiiiiiiii4jsjjjk^kkklOlllmFm|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]
ca!FmMmmmmmnnn?nnnoEoHooopBpppq:qtqqq1rnrrr,sqsss}xsnid_Z]c]]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!s-tqttt6u}uuuv9vyvvvvv3wowww1xpxxx0ydyyyzXzzz{W{}xsnid_Z]c]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca!W{{{{|V|||}M}}}}<~}~~~:xKCQ}xsnid_Z]c]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!JG;
{7p14w"^Q}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
J4q6v6r4n-VKA}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:J D
=z@}W}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!RSVMFBSGE~9<v}xsnid_Z]c]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!v(h,hYXRX)k}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!,i{|(f"eb<yG<
E}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!E|?y0jV^YX}xsnid_Z]c]]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!IU[QJDQ}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!*]O<{.m{<z=y<}xsnid_Z]c]
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca!<:};
?@w4wQEK4|}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!|:v4t/m
'a"a,i}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca![fO
LZS)_[6|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6p0lBx0n3k<|,-5{~}xsnid_Z]c]]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca!~%=t*i/e*g%R[}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!\0f'g
"O#X7t"b}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^E/nO8o0p+}xsnid_Z]c]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!+X%`;x6w;
x!_f}}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca I[fE
S&10%55&'()-,10%&'()-,10%&'()- :!10%&'()-9M10%&'()-
9310%@@&'()-&Ml{1iK-,&#10%&'()-9$!10%&'()-,3"10%&'()-, 10%&'()-
10%&'()-!10%&'()-'!10%&'()-1o:wiK-F4!10%&'()-@2'!10%&'()-90:$10%&'()-F.&10%
&'()-@,!10%&'()-9*!10%&'()-3(!10%&'()-123457jiKF4!10%&'()-@10% h&'()-Lt10%
h&'()-101010Y::'10%&'()- S8 10%&'()-L6!10%&'()-j&fiK-K10% h&'()-!10%
h&'()-&!10% h&'()-S#10% h&'()-!10% h&'()- !10% h&'()-&!10% h&'()- a Y 



iK-K%#10% h&'()-#!10% h&'()-!!10% h&'()-10% h&'()-&!10% h&'()-9$10%
h&'()-f10% h&'()-  NHiK-K3!10% h&'()-1&!10% h&'()-/L$10% h&'()--!10%
h&'()-+!10% h&'()-)!10% h&'()-'!10% h&'()-H      I iK3!10%
h&'()-9!10%&'()-s10%&'()-10 h10 h10 h99$10% h&'()-8!10% h&'()-6&!10%
h&'()-I    +iiH*Z10%&'()- Sff&10%&'()-!10%&'()-#10%&'()-10%&'()-
10%&'()-!10%&'()-/p3qiK-'!10%&'()-%&$10%&'()-#'!10%&'()-!!10%&'()-!10%&'()-
10%&'()-:10%&'()-q0o$iK-6`10%&'()-3!10%&'()-1!10%&'()-/9$10%&'()--!10%&'()-
+Z10%&'()-)!10%&'()-$eiK6`10%&'()-l'!10%&'()-!10%&'()-s10%&'()-1010109!10%&
'()-7!10%&'()-_8xfH*!10%&'()-l:!10%&'()- D@f&10%&'()-
10%&'()-10%&'()-!10%&'()-l
'!10%&'()-=v64iK,'&!10%&'()-l%'$10%&'()-$!10%&'()-!!10%&'()-l10%&'()-&!10%&
'()-l'$10%&'()-4p@|}~dE:/ 10 10Y :"10%&'()-
810%&'()-l6z10%&'()-4&!10%&'()-2 10%&'()-Y0"10%&'()-~=zxY:/
10#10%Z&'()-'!10%Z&'()- '!10%Z&'()-'!10%Z&'()-s'!10%Z&'()-&`10%Z&'()-
10<x:dE:/
10'!10%Z&'()-'$10%Z&'()-:!10%Z&'()-!10%Z&'()-'!10%Z&'()-'!10%Z&'()-:zTdE:/
10)'!10%Z&'()-,'10%Z&'()-%10%Z&'()-#!10%Z&'()-!!10%Z&'()-'!10%Z&'()-SdE:/
10,510%Z&'()-310%Z&'()-1'!10%Z&'()-/M$10%Z&'()--!10%Z&'()-+'!10%Z&'()-2stuv
xbC 10S 10%&'()-L10%&'()-l`10%&'()- 10Z 10Z 10Z9M$10%Z&'()-7'!10%Z&'()-)U W
dEbC 10&!10%&'()-&!10%&'()-&!10%&'()-y#10%&'()-`10%&'()-Y !10%&'()-W
!W!!!dEbC 10#&!10%&'()-!m10%&'()-&!10%&'()-
10%&'()-9$10%&'()-&!10%&'()-!"L"""#J#dEbC 10l/M$10%&'()--
10%&'()-+9!10%&'()-)!10%&'()-'!10%&'()-%9$10%&'()-J####$_$`$a$b$dYNC 10 10
10 



10l9`$10%&'()- 7m10%&'()-510%&'()-3&!10%&'()-1&!10%&'()-b$d$$$%X%%dEYNC 10
#10%&'()-&!10%&'()-  !10%&'()-g 10%&'()-!10%&'()- `10%&'()-%%&Y&&&'dEYNC 10
@!10%&'()-9$10%&'()-F 10%&'()-@!10%&'()-9!10%&'()-3!10%&'()-'W''''8(v(dEYNC
10 S)!10%&'()-`'!10%&'()-Y%"10%&'()-S#10%&'()-L!
10%&'()-Y!10%&'()-v(((1)-*q*r*s*t*dYNC 10 10 10
10`9$10%&'()-l1!10%&'()-S/&$10%&'()-`- 10%&'()-Y+z 10%&'()-t*v***$+`++dEYNC
10 #10%Z&'()-10%Z&'()- M10%Z&'()-!10%Z&'()-!10%Z&'()-
s10%Z&'()-++,[,,,-dEYNC 10
@!10%Z&'()-9'$10%Z&'()-3!10%Z&'()-,!10%Z&'()-&!10%Z&'()-
!10%Z&'()--]---.(.c.dEYNC 10
S)10%Z&'()-L'g10%Z&'()-F%'$10%Z&'()-S#!10%Z&'()-L!
10%Z&'()-F!10%Z&'()-c.../Z///dEYNC 10
S5!10%Z&'()-L3!10%Z&'()-F1!10%Z&'()-@/&$10%Z&'()-L-!10%Z&'()-Y+z
10%Z&'()-//00000Y00bC 10!10%m&'()-!10%m&'()- `10%m&'()- 10Z 10Z
10Z`9$10%Z&'()-l7:10%Z&'()-001P1112dEbC 10@ 10%m&'()-9
10%m&'()-310%m&'()-,#10%m&'()-&!10%m&'()-  z 10%m&'()-2A2222<3p3dEbC
10f#Z10%m&'()-`! 10%m&'()-Y 10%m&'()-S
10%m&'()-L$10%m&'()-F!10%m&'()-p33324p444dEbC 10f/10%m&'()-`-
10%m&'()-Y+!10%m&'()-S) 10%m&'()-`' 10%m&'()-Y%$10%m&'()-45U5556666dYNC 10
10m 10m
10ms9"10%m&'()-l7!10%m&'()-f5!10%m&'()-`3!10%m&'()-Y110%m&'()-66V6666
7dEYNC 10 @#10%Z&'()-910%Z&'()-3  10%Z&'()-!10%Z&'()-10%Z&'()-310%Z&'()-
7_7778V88dEYNC 



10 S 10%Z&'()-L$10%Z&'()-Y 10%Z&'()-S 10%Z&'()-L!10%Z&'()-F
10%Z&'()-889E9999dEYNC 10 f) 10%Z&'()-s'!10%Z&'()-l%$10%Z&'()-f#
10%Z&'()-`!10%Z&'()-Y 10%Z&'()-95:o:{:::7;dEYNC 10 y5!10%Z&'()-s3
10%Z&'()-l110%Z&'()-f/m10%Z&'()-s-10%Z&'()-l+10%Z&'()-7;u;;;;;;;;<bC
10!10%Z&'()-!10%Z&'()-10%Z&'()- 10Z 10Z 10Zs9&$10%Z&'()-7!10%Z&'()-;
<y<<<3=j==dEbC 10,10%Z&'()-&'10%Z&'()-  10%Z&'()-#10%Z&'()-!10%Z&'()-
!10%Z&'()-==>R>>>?dEbC 10S#!10%Z&'()-L!
10%Z&'()-F!10%Z&'()-@!10%Z&'()-9$10%Z&'()-310%Z&'()-?L???@H@@dEbC
10S/$10%Z&'()-L-!10%Z&'()-F+!10%Z&'()-@)!10%Z&'()-L'!10%Z&'()-F%
"10%Z&'()-@@@7ArAAAAAdYNC 10 10Z 10Z 10Z`9#10%Z&'()-Y7g
10%Z&'()-S5!10%Z&'()-,L310%Z&'()-Y1z10%Z&'()-AAA6BtBBBdEYNC 10
,#10%Z&'()-&10%Z&'()-  !10%Z&'()-!10%Z&'()-!10%Z&'()- 10%Z&'()-B%C^CCCC;
DdEYNC 10 S 10%Z&'()-L$10%Z&'()-F10%Z&'()-@!10%Z&'()-9Z10%Z&'()-310%Z&'()-;
DvDDD9EyEEdEYNC 10 f)!10%Z&'()-`' 10%Z&'()-Y%$10%Z&'()-S#!10%Z&'()-L!
10%Z&'()-Yg 10%Z&'()-EE2FuFFF#GdEYNC 10
f5m10%Z&'()-`3!10%Z&'()-Y1!10%Z&'()-f/&$10%Z&'()-`-10%Z&'()-Y+
10%Z&'()-#GXGGGGGGGHbC 10S!10%Z&'()-L!10%Z&'()-Y10%Z&'()- 10Z 10Z
10Zs9&$10%Z&'()-l710%Z&'()-H]HHH I]IIdEbC 10y!10%Z&'()-s
10%Z&'()-!10%Z&'()-f#10%Z&'()-`!10%Z&'()-Y !10%Z&'()-II$JfJJJ#KdEbC
10#!10%Z&'()-!!10%Z&'()-!10%Z&'()-!10%Z&'()-&$10%Z&'()-!10%Z&'()-#KeKKKL[LL
dEbC
10/&$10%Z&'()--!10%Z&'()-+!10%Z&'()-)!10%Z&'()-'!10%Z&'()-%#10%Z&'()-LLMTMM
MMMMdYNC 10 10Z 



10Z 10Z9:$10%Z&'()-7!10%Z&'()-,510%Z&'()-3 10%Z&'()-1
10%Z&'()-MMNONNNOdEYNC 10 #10%&'()-!10%&'()-
!10%&'()-!10%&'()-l10%&'()-10%&'()-OJOOO P3PjPdEYNC 10
10%&'()-l10%&'()-!10%&'()-!10%&'()-l'!10%&'()-!10%&'()-jPPP&QiQQQdEYNC 10
)!10%&'()-'!10%&'()-l%'$10%&'()-#!10%&'()-!!10%&'()-!10%&'()-Q(RcRRR#ScSdEY
NC 10 5!10%&'()-3!10%&'()-1!10%&'()-l/'$10%&'()--y
10%&'()-+!10%&'()-cSSSSSSS*TeTbC 10f 10%&'()-`!10%&'()-10%&'()- 10 10
10l9'$10%&'()-7 10%&'()-eTTT UUUUUdEbC 10
10%&'()-&!10%&'()-10%&'()-#10%&'()-!10%&'()- !10%&'()-UU#VdVVV$WdEbC
10#!10%&'()-!!10%&'()- 10%&'()-!10%&'()-&$10%&'()- 10%&'()-$WhWWW X\XXdEbC
10/9$10%&'()--&!10%&'()-+!10%&'()-)!10%&'()-'!10%&'()-%&$10%&'()-XXYZYYYYYY
dYNC 10 10 10 1099$10%&'()-7 10%&'()-5!10%&'()-3z
10%&'()-1!10%&'()-YYZZ2[[]}[9YNC 10! '$10%mm&'()-!['$10%hh&'()-!`
\#10%&'()-!\#10%&'()-L 10%Z&'()-l10%Z&'()-]G]]:^v^]___^?4C 10 10Z
1&$10%Z&'()-!01&$10%&'()- ):$10%Z&'()-!+):$10%&'()-' !10%Z&'()-
'$10%Z&'()-_____(`;`t``mN/f@10%&'()-`10%&'()-F
10%&'()-@!10%&'()-9'!10%&'()-l10%&'()- 10Z
10Z```5auaaadEmN/f@10%yG10%&'()-s$10%&'()-!10%&'()-y!10%&'()-s10%&'()-l10%&
'()-a1b8b]bbbcdEmN/f@10%+10%&'()-)
10%&'()-'10%&'()-%10%&'()-!'10%&'()-!10%&'()-cRckcccdNddEmN/f@10%7z10%&'()-
510%&'()-310%&'()- 110%&'()-/10%&'()--!10%&'()-NdddddddeIebCf@10%Y 10%&'()-
S10%&'()-L 10%&'()-Y10%&'()- 



10 10 1099$10%&'()-Ieeef@fjffdEbCf@10% 10%&'()-y10%&'()-s!10%&'()-
l10%&'()-f#10%&'()- `10%&'()-ffg%gVgggdEbCf@10%%$10%&'()-#10%&'()-
!10%&'()-10%&'()-Z10%&'()-$10%&'()-gg<hHhuhhhdEbCf@10%3!10%&'()-
110%&'()-/10%&'()-+10%&'()-)!10%&'()-'!10%&'()-h0isiiiiiiibCf@10%L10%&'()-l
10%&'()- 10 10 10910%&'()-7!10%&'()-5!10%&'()-ii4jsjjjkdEbCf@10%
s10%&'()-lm10%&'()-f#10%&'()-`!10%&'()-Y
!10%&'()-SSS10%&'()-k^kkklOlldEbCf@10%!!10%&'()-
10%&'()-10%&'()-&$10%&'()-!10%&'()-y!10%&'()-llmFmMmmmdEbCf@10%-!10%&'()-
+10%&'()-)910%&'()-'!10%&'()-%#10%&'()-#10%&'()-mn?nnnoBoCoDodE:/ 10
10l9M$10%&'()-7
10%&'()-5!10%&'()-3!10%&'()-1!10%&'()-/"10%&'()-DoEoHooopBppxY:/
10y#10%&'()-s!10%&'()-Y !10%&'()-S!10%&'()-L!10%&'()-l10%&'()-
10ppq:qtqqqdE:/ 10!10%&'()-$10%&'()-
10%&'()-y10%&'()-s!10%&'()-!10%&'()-q1rnrrr,sqsdE:/
10)!10%&'()-'10%&'()-%&$10%&'()-#!10%&'()-!!10%&'()-!10%&'()-qsss-tqtttdE:/
105!10%&'()-3!10%&'()-1!10%&'()-/&$10%&'()--!10%&'()-+!10%&'()-t6uzu{u|u}uu
uvbC 10f 10%Z&'()-L!10%Z&'()-Y10%Z&'()- 10 10
1099$10%&'()-7!10%&'()-v9vyvvv3wowdEbC
10y!10%Z&'()-!10%Z&'()-!10%Z&'()-f#10%Z&'()-s'!10%Z&'()-l
10%Z&'()-owww1xpxxxdEbC 10#!10%Z&'()-!
10%Z&'()-!10%Z&'()-!10%Z&'()-$10%Z&'()-!10%Z&'()-x0ydyyyzXzdEbC
10/!10%Z&'()--!10%Z&'()-+!10%Z&'()-,)10%Z&'()-'m10%Z&'()-%'$10%Z&'()-Xzzz{W
{{{{{dYNC 10 10Z 10Z 10Z9M$10%Z&'()-7
10%Z&'()-5!10%Z&'()-3!10%Z&'()-1!10%Z&'()-{{{|V|||dEYNC 10
y#10%&'()-`!10%&'()-Y 



s!10%&'()-S10%&'()-lL:!10%&'()-Y10%&'()-|}M}}}}<~dEYNC 10
!10%&'()-$10%&'()-10%&'()-y10%&'()-s&!10%&'()-l!10%&'()-<~}~~~:xdEYNC 10
)!10%&'()-'!10%&'()-%$10%&'()-#!10%&'()-!y 10%&'()-!10%&'()-KdEYNC 10
5!10%&'()-3!10%&'()-1!10%&'()-l/:$10%&'()- -10%&'()-+F 10%&'()-CbC
10f!10%Z&'()-`!10%Z&'()-Y10%Z&'()- 10 10 10l9:$10%&'()-7&!10%&'()-QdEbC
1010%Z&'()-10%Z&'()-!10%Z&'()-y#10%Z&'()-,s10%Z&'()-l 10%Z&'()-JGdEbC 10#
10%Z&'()-!F10%Z&'()-!10%Z&'()-!10%Z&'()-#10%Z&'()-!10%Z&'()-;{dEbC
10/$10%Z&'()--!10%Z&'()-+!10%Z&'()-)!10%Z&'()-'!10%Z&'()-%'$10%Z&'()-7p./01
dYNC 10 10Z 10Z 10Z9:$10%Z&'()-7!10%Z&'()-5
10%Z&'()-3Z10%Z&'()-,110%Z&'()-14w"dEYNC 10 ,#10%Z&'()-10%Z&'()-
10%Z&'()-10%Z&'()- 10%Z&'()-10%Z&'()-"^QdEYNC 10 !10%Z&'()-$10%Z&'()-
10%Z&'()-10%Z&'()-410%Z&'()-!10%Z&'()- JdEYNC 10
s)m10%Z&'()-'10%Z&'()-%z#10%Z&'()-#!10%Z&'()-!!10%Z&'()-!10%Z&'()-4q6vdEYNC
10 6'!10%Z&'()-3!10%Z&'()-1
10%Z&'()-/:$10%Z&'()--!10%Z&'()-+!10%Z&'()-v6rbC 10S:!10%m&'()-9
10%m&'()-Y10%m&'()- 10Z 10Z 10Z9:$10%Z&'()-7!10%Z&'()-r4ndEbC
10y!10%m&'()-s&!10%m&'()-lf 10%m&'()-f#10%m&'()-`10%m&'()-F
9!10%m&'()--VKdEbC 



10#!10%m&'()-!&!10%m&'()-!10%m&'()-y10%m&'()-s10%m&'()-&!10%m&'()-KAdEbC
10/y#10%m&'()--!10%m&'()-+&!10%m&'()-)!10%m&'()-'!10%m&'()-%"10%m&'()-:JdYN
C 10 10m 10m 10m9&$10%m&'()-710%m&'()-5@10%m&'()-3!10%m&'()-1!10%m&'()-
DdEYNC 10 f#10%m&'()-`!10%m&'()-Y !10%m&'()-S10%m&'()-9 10%m&'()-Y10%m&'()-
=zdEYNC 10  10%m&'()-  10%m&'()-!10%m&'()-y!10%m&'()-s
10%m&'()-l10%m&'()-@}WdEYNC 10
)!10%m&'()-'!10%m&'()-%:$10%m&'()-#10%m&'()-!'!10%m&'()-'!10%m&'()-WRdEYNC
10
5!10%m&'()-3!10%m&'()-1'!10%m&'()-/$10%m&'()--!10%m&'()-+!10%m&'()-PQRSVbC
10,y 10%&'()-&&!10%&'()-F10%&'()- 10m 10m 10m9:$10%m&'()-7!10%m&'()-MFdEbC
10f!10%&'()-`&!10%&'()-Y!10%&'()-S#10%&'()-L&!10%&'()-3 &!10%&'()-FBSdEbC
10 y#10%&'()-s!10%&'()-l!10%&'()-f!10%&'()-`$10%&'()-l!10%&'()-GdEbC
10ly/:$10%&'()--!10%&'()-+!10%&'()-y)!10%&'()-'
10%&'()-l%y#10%&'()-E~6789dYNC 10 10 10 10l9:$10%&'()-7!10%&'()-
510%&'()-3310%&'()-1!10%&'()-9<v(hdEYNC 10 ,,#10%G&'()-& 10%G&'()-
'!10%G&'()-!10%G&'()-10%G&'()- 10%G&'()-h,hdEYNC 10
Sl10%G&'()-L'$10%G&'()-F!10%G&'()-@!10%G&'()-9'!10%G&'()-3&!10%G&'()-YXdEYN
C 



10 f)&!10%G&'()-`'!10%G&'()-l%#10%G&'()-f#
10%G&'()-`!!10%G&'()-Y!10%G&'()-XRdEYNC 10
y5!10%G&'()-@s310%G&'()-l1910%G&'()-f/M$10%G&'()-`-!10%G&'()-Y+&!10%G&'()-X
bC 10&!10% h&'()-&!10% h&'()- 10% h&'()- 10G 10G
10Gs9$10%G&'()-7!10%G&'()-)kdEbC 10,&!10% h&'()-9&!10% h&'()-3&!10%
h&'()-@,#10% h&'()-S&-10% h&'()- @10% h&'()-,i(fdEbC 10S#!10% h&'()-L!!10%
h&'()-F!10% h&'()-@ 10% h&'()-9#10% h&'()-F!10% h&'()-f"edEbC 10S/"10%
h&'()-`-10% h&'()-Y+ 10% h&'()-S)!10% h&'()-L'!10% h&'()-Y%9$10%
h&'()-bdYNC 10 10 h 10 h 10 hs99$10% h&'()-l710% h&'()-f5!10% h&'()-`3!10%
h&'()-Y1!10% h&'()-<yGdEYNC 10 @#10%m&'()-9!10%m&'()-3
10%m&'()-!10%m&'()-&!10%m&'()-310%m&'()-G<dEYNC 10
f!10%m&'()-L&$10%m&'()-Y&!10%m&'()-S
10%m&'()-L!10%m&'()-F!10%m&'()-E|?dEYNC 10 f) 10%m&'()-s'
10%m&'()-l%&$10%m&'()-f#:10%m&'()-s!!10%m&'()-l!10%m&'()-?y0jdEYNC 10 5
10%m&'()-s3 10%m&'()-1!10%m&'()-y/!10%m&'()-s-!10%m&'()-l+10%m&'()-VbC
10'!10%Z&'()-`10%Z&'()-310%Z&'()- 10m 10m 10m99$10%m&'()-710%m&'()-^dEbC
10S!10%Z&'()-L'!10%Z&'()-F!10%Z&'()-@#10%Z&'()-9!10%Z&'()-3
'!10%Z&'()-YXdEbC 10f#'!10%Z&'()-`!
10%Z&'()-Y!10%Z&'()-S!10%Z&'()-`:$10%Z&'()-F 10%Z&'()-IdEbC
10f/M$10%Z&'()-`-!10%Z&'()-l+
10%Z&'()-f)10%Z&'()-`'!10%Z&'()-Y%'$10%Z&'()-U[dYNC 10 10Z 10Z
10Zs9:$10%Z&'()-l7!10%Z&'()-,y510%Z&'()-310%Z&'()-l1!10%Z&'()-QJdEYNC 



10 #10%Z&'()-&!10%Z&'()-  10%Z&'()-!10%Z&'()-'!10%Z&'()- 10%Z&'()-JDdEYNC
10 @10%Z&'()-9'$10%Z&'()-3!10%Z&'()-@!10%Z&'()-9 10%Z&'()-310%Z&'()-QdEYNC
10
S)!10%Z&'()-L'!10%Z&'()-Y%'$10%Z&'()-S#!10%Z&'()-L!!10%Z&'()-,F10%Z&'()-*]O
dEYNC 10
,f510%Z&'()-`310%Z&'()-Y1!10%Z&'()-S/:$10%Z&'()-,`-10%Z&'()-Y+10%Z&'()-ObC
10@10% h&'()- 10% h&'()-&310% h&'()- 10Z 10Z
10Zs910%Z&'()-l7&10%Z&'()-<{.mdEbC 10@ 10% h&'()-9z 10% h&'()-3Z10%
h&'()-S,#10% h&'()-&!10% h&'()-  !10% h&'()-m{<zdEbC 10f#!10% h&'()-`!!10%
h&'()-Y 10% h&'()-S!10% h&'()-L&$10% h&'()-F 10% h&'()-=y<dEbC 10f/&$10%
h&'()-,`- 10% h&'()-Y+!10% h&'()-f)!10% h&'()-`'!10% h&'()-Y%&$10%
h&'()-<:z{|}dYNC 10 10 h 10 h 10 hs99$10% h&'()-,l7 10% h&'()-y5!10%
h&'()-s3!10% h&'()-l1!10% h&'()-};wdEYNC 10 @-#10%m&'()-9&!10%m&'()-  g
10%m&'()-,!10%m&'()-!10%m&'()-310%m&'()-4wdEYNC 10
f10%m&'()-L310%m&'()-Y!10%m&'()-S!10%m&'()-Lz 10%m&'()-F 10%m&'()-QEdEYNC
10 f)!10%m&'()-s'!10%m&'()-l%"10%m&'()-f#
10%m&'()-`!10%m&'()-l!10%m&'()-KdEYNC 10
y5`10%m&'()-s3g10%m&'()-l1!10%m&'()-y/$10%m&'()-s-!10%m&'()-l+!10%m&'()-4yz
{|bC 10!10%4|&'()-'!10%4|&'()- 10%4|&'()- 10m 10m
10m99$10%m&'()-7!10%m&'()-:v4tdEbC 10,!10%4|&'()-&!10%4|&'()-
10%4|&'()-,#10%4|&'()-!10%4|&'()- !10%4|&'()-t/mdEbC 



10S#&10%4|&'()-,L!10%4|&'()-F 10%4|&'()-@
10%4|&'()-9'$10%4|&'()-3!10%4|&'()- 'abC 10
:!10%Z&'()-@10%Z&'()-`10%Z&'()-10%Z&'()- 104| 104| 104|F%G"10%4|&'()-"adEbC
1010%Z&'()-,10%Z&'()-!10%Z&'()-:!10%Z&'()-#10%Z&'()-:!10%Z&'()-,i[dEbC
10%:$10%Z&'()-#,10%Z&'()-!:!10%Z&'()- 10%Z&'()-:!10%Z&'()-#10%Z&'()-[fOdEbC
101'!10%Z&'()-/`$10%Z&'()--10%Z&'()-+&!10%Z&'()-,)10%Z&'()-'10%Z&'()- LxmbC
1010%m&'()- 10Z 10Z
10Z9&$10%Z&'()-7:!10%Z&'()-5&!10%Z&'()-3:!10%Z&'()-ZdEmbC
10'!10%m&'()-#10%m&'()-'!10%m&'()- -10%m&'()-f10%m&'()-s10%m&'()-S)dEmbC
10'!10%m&'()-10%m&'()-:10%m&'()-:!10%m&'()-:!10%m&'()-10%m&'()-)_[dEmbC
10+'!10%m&'()-)!10%m&'()-''!10%m&'()-%&$10%m&'()-#10%m&'()-!10%m&'()-6pdEmb
C 107z10%m&'()-5!10%m&'()-310%m&'()-110%m&'()-/#10%m&'()--!10%m&'()-0lbC 10
10%m&'()-y:!10%m&'()-s10%m&'()-10%m&'()- 10m 10m 10m9#10%m&'()-BxdEbC
10'!10%m&'()- 10%m&'()-10%m&'()-10%m&'()-#10%m&'()-10%m&'()-0n3dEbC
10%S10%m&'()-#!10%m&'()-!10%m&'()-m 10%m&'()-:!10%m&'()-M$10%m&'()-3k<|dEbC
101'!10%m&'()-/&$10%m&'()--10%m&'()-+Z
10%m&'()-)'!10%m&'()-'10%m&'()-|5xyz{~xmbC 1010%m&'()- 10m 10m
10m9M$10%m&'()-7 10%m&'()-5'!10%m&'()-3'!10%m&'()-~%=tdEmbC
10!10%m&'()--#10%m&'()-10%m&'()- 10%m&'()-y10%m&'()-s:!10%m&'()-*idEmbC
10'!10%m&'()-10%m&'()-10%m&'()-!10%m&'()- 10%m&'()-:!10%m&'()-/e*gdEmbC
10+'!10%m&'()-):!10%m&'()-'!10%m&'()-%$10%m&'()-,#10%m&'()-!10%m&'()-g%RdEm
bC 10710%m&'()-,510%m&'()-310%m&'()-1'!10%m&'()-/M$10%m&'()-- 10%m&'()-[bC 



10Y M!10%&'()-@:!10%&'()-9:!10%&'()-Y10%&'()- 10m 10m 10m9#10%m&'()-\dEbC
10'!10%&'()-y10%&'()-s@10%&'()-l:!10%&'()-f#10%&'()-`:!10%&'()-0f'gdEbC
10%M$10%&'()-#:!10%&'()-!'!10%&'()- 10%&'()-10%&'()-s 10%&'()-g"OdEbC
10110%&'()-/,#10%&'()--10%&'()-+'!10%&'()-):!10%&'()-' 10%&'()-#XxmbC
10l10%Z&'()- 10 10 109"10%&'()-7-10%&'()-5 10%&'()-310%&'()-7tdEmbC
10@10%Z&'()-,fT 10%Z&'()-s9!10%Z&'()-,l
10%Z&'()-S10%Z&'()-L&!10%Z&'()-"b^dEmbC 10&!10%Z&'()-
10%Z&'()-`$10%Z&'()-9!10%Z&'()-&!10%Z&'()-!10%Z&'()-^EdEmbC
10+`10%Z&'()-):!10%Z&'()-'
10%Z&'()-%:$10%Z&'()-#10%Z&'()-!&!10%Z&'()-/ndEmbC
10710%Z&'()-5!10%Z&'()-3!10%Z&'()-,110%Z&'()-/10%Z&'()-,-10%Z&'()- ObC 10F
:!10%&'()-@:!10%&'()-&:!10%&'()-F10%&'()- 10Z 10Z 10Z9#10%Z&'()-8o0dEbC
10l:!10%&'()-f:!10%&'()-`!10%&'()-Y Y10%&'()-S10%&'()-L 10%&'()-0p+XdEbC
10%M$10%&'()-y#10%&'()-!:!10%&'()-&!10%&'()-y 10%&'()-sM$10%&'()-%`dEbC
10110%&'()-/L$10%&'()-- 10%&'()-+:!10%&'()-)10%&'()-'10%&'()-;xxmbC 10
10%4|&'()- 10 10 109 10%&'()-7:!10%&'()- 510%&'()-310%&'()-6wdEmbC
10Ff10%4|&'()-,@#10%4|&'()-99!10%4|&'()-  M!10%4|&'()-M!10%4|&'()-
10%4|&'()-;x!_dEmbC 10Y&!10%4|&'()-S
10%4|&'()-LM$10%4|&'()-Y10%4|&'()-S&!10%4|&'()- L10%4|&'()-_f!_dEmbC
10Y&!10%4|&'()-S
10%4|&'()-LM$10%4|&'()-Y10%4|&'()-S&!10%4|&'()-!910%4|&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font4 



~ua!s'-38>DJPV\afDl|rx~0R8|{z f  "$&(*,.02468:<>@BDFHJ32%-p4;
6BIOMW`VgFmsW{vE<|6~+f1j HI q$4~:W !J#b$%'v(t*+-c./02p346 7897;
;<=?@AB;DE#GHI#KLMOjPQcSeTU$WXY]_`acNdIefghiklmDopqqstvowxXz{|<~1"vrKWF9hXf
G?JOm<}t[)3|~gg^0_f   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


