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(57) Abrégée/Abstract:
A power faillure section can be accurately detected without depending on a loaded state and application of voltage to the overhead
power line can be stopped In a short time when a power fallure Is detected. An electric car controller includes an overhead power
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(57) Abrege(suite)/Abstract(continued):
ine voltage detector (11), a band-pass filter for detecting a ripple component included in the detected overhead power line voltage,

a comparator-1 for comparing the level of the detected ripple component with a predetermined reference value Vref1, a rheotome
control circuit (16) and a rheotome (3) which judge that a power faillure has occurred If the ripple component is judged to be smaller
than the reference value Vref1 based on a comparison result obtained by the comparator-1 and disconnect the overhead power
ine (1) from a VVVF Inverter (6), a second comparator-2 for comparing the level of the ripple component with a reference value
Vref2 larger than the reference value Vref1, and a brake chopper (8) and a brake chopper control circuit (17) which operate If the
rpple component Is judged to be smaller than the reference value Vref2 based on the comparison result obtained by the

comparator-2 to suppress the increase of the overhead power line voltage.
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ABSTRACT

A power failure section can be accurately detected without
depending on a loaded state and application of voltage to the
overhead power line can be stopped in a short time when a power
failure is detected. An electric car controller i1ncludes an
overhead power line voltage detector (11), a band-pass filter
fordetectingaripple component included in the detected overhead
power line voltage, a comparator-1 for comparing the level of
t"he detectedripple component with apredeterminedreference value
Vrefl, a rheotome control circuit (16) and a rheotome (3) which
judge that a power failure has occurred 1if the ripple component
is judged to be smaller than the reference value Vrefl based on
a comparison result obtained by the comparator-1 and disconnect
the overhead power line (1) from a VVVF inverter (6), a second
comparator-2 for comparing the level of the ripple component with
a reference value Vref2?2 larger than the reference value Vretfl,
and a brake chopper (8) and a brake chopper control circuit (17)
which operate if the ripple component 1s judged to be smaller
than the reference value Vref2 based on the comparison result

obtained by the comparator-2 to suppress the 1ncrease of the

overhead power line voltage.
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DESCRIPTION

ELECTRIC CAR CONTROLLER

TECHNICAL FIELD

[0001] The present invention relates to an electric car
controller, and more particularly, to an electric car controller
for detect'in.‘g a power failufe'in a direct current electric car

or the like using a rectification power source as a power source.

BACKGROUND ART

[0002] An electric car such as a direct current electric car
normally collects direct current power from an overhead power
line through a pantograph or froma third rail through a collector
shoe and runs thereon. Each of the overhead power line or the
third rail i1s composed of a plurality of sections separated from
one another. Power 1s normally supplied from an electric power
substation to each of the sections. Because of an abnormality
of a power source facility, an abnormality of a car, a work on
an overhead power line, or the like, there is the case where power
supply is stopped in a section (hereinafter referred to as a power
failure section). While the car goes through the power failure
section 1n a regenerative braking state, an increase in overhead
power line voltage or a ground fault occurs depending on a state
of a load connected with the overhead power line.

[0003] Therefore, when the overhead power 1line voltage
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exceeds a predetermined value, a conventional drive controller
for the electric car determines that the car 1s going through
the power failure section (see, for example, Patent Document 1).

[0004] Patent Document 1: JP 2002-95299 A

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] The above—mentioned conventional electric car
controller detérmines that the car 1s going through the power
failure section based on the fact that the overhead power line
voltage is higher than a predetermined value at the time of
regenerative braking. However, an 1lncrease 1n overhead power
line voltage is a phenomenon which occurs in the case where the
load connected with the overhead power line 1s a light load even
when the power failure does not occur. Therefore, 1t 1s likely
to erroneously detect the case of the light load as the case of
the power failure section. In addition, there 1is a problem 1n
that, even in the case of the power failure section, the overhead

power line voltage does not increase depending on the state of

the load connected with the overhead power line, so the power
failure cannot be detected.

[0006] When the car enters the power failure section, in the
case where the car is on regenerative braking operation, the car
operates in a state where no power 1s supplied at the time of
power running. Therefore, a filter capacitor voltage

instantaneously reduces, so a filter capacitor low-voltage
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detection circuit operates, thereby opening a main circuilt.
During coasting, an input (Es) of an overhead power line voltage
detector reduces, so an overhead power line voltage reduction
detecting circuit operates, thereby opening the main circuit.
In the regenerative braking state, a regenerative state may
continue depending on the state of the load connected with the
power failure section, with the result that a voltage 1s applied
to the power failure secti_Qn. Therefore, there 1s a problem 1in
that, although the perr failure section 1s normally provided
to stop the supply of power when some abnormality occurs 1n a
raill oranoverheadpower line, thevoltage isunpreferablyapplied
to the overhead power line by regenerative braking.

[0007] The present 1nvention has been made to solve the
above-mentioned problems and an object of the present 1nvention
1s to obtain an electric car controller for accurately detecting
the case of the power failure section and stopping the application
of the voltage to the overhead power line 1n a short time at the

time of power faillure detection without depending on the state

of the load.

MEANS FOR SOLVING THE PROBLEMS

[0008] According to the present invention, there i1s provided
an electric car controller for controlling an electric car,
provided with an inverter for receiving power supplied through
an overhead power line and regenerating power through the overhead

power lineduringaregenerativebrakingoperationandaninduction
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motor driven by the inverter, including: overhead power 1line
voltage detecting means for detecting an overhead power line
voltage on the overhead power line; ripple component detecting
means for detecting a ripple component included in the overhead
power line voltage detected by the overhead power line voltage
detectingmeans; a first comparator means inwhich a predetermined
first reference value is set, for comparing a level of the ripple
component outputted from the ripple component detecting means
with the first reference value; separation means for determining
that a power failure occurs when the ripple component is smaller
than the first reference value based on a comparison result
obtalinedbythe first comparatormeans andelectrically separating
the overhead power line and the inverter fromeach other; a second
comparator means i1n which a predetermined second reference value
larger than the first reference value is set, for comparing the
level of the ripple component with the seéond reference value;
and overhead power line voltage suppressing means for suppressing
an i1ncrease of the overhead poWer line voltage when the ripple

component 1s smaller than the second reference value based on

a comparlson result obtained by the second comparator means.

EFFECTS OF THE INVENTION

[0009] According to the present 1nvention, an electric car
controller for controlling an electric car, provided with an
inverter for receiving power Supplied'through an overhead power

line and regenerating power through the overhead power line during
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a regenerative braking operation and an induction motor driven
by the inverter, includes: overhead power line voltage detecting
means for detécting an overhead power line voltage on the overhead
power iine; ripplecomponent detectingmeans fordetectingaripple
component i1ncluded in the overhead power line voltage detected
by the overhead power line voltage detecting means; a first
comparator means 1n which a predetermined first reference value
1s set, for comparing a lével of the ripp_le component outputted

fromthe ripple component detectingmeans with the first reference

value; separationmeans fordetermining that apower failure occurs
when the ripple component 1s smaller than the first reference
value basedon a comparisonresult obtainedbythe first comparator
means and a predetermined time elapses, and electrically
separating the overhead power line and the inverter from each

other; a second comparator means in which a predetermined second

reference value larger than the first reference value 1s set,

for comparing the level of the ripple component with the second
referencevalue; andoverheadpower linevoltage suppressingmeans
for suppressing an increase of the overhead power line voltage
when the ripple component 1s smaller than the second reference
value based on a comparison result obtained by the second
comparator means. Therefore, 1t 1s possible to accurately detect
the case of the power failure section and stop the application
of the voltage to the overhead power line in a short time at the

time of power failure detection without depending on the state

of the load.



CA 02581134 2007-03-20

BRIEF DESCRIPTION OF THE DRAWINGS
(0010] Fig. 1 is a block diagram showing a structure of an
electric car controller according to Embodiment 1 of the present
invention.

Figs. 2A and 2B are explanatory views showing an overhead
power line voltage waveform.

Fig. 3 is a block diagram showing a structure of an electric

car controller according to Embodiment 1 of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] Embodiment 1

Fig. 1 shows a structure of an electric car controller

according to Embodiment 1 of the present invention. As shown
in Fig. 1, an overhead power line 1 1s connected with a power

source side to which power 1s supplied from an electric power

substation. A collector (pantograph) 2 which 1s 1n electrical

contact with the overhead power line 1 collects direct current
power fromthe overhead power linel. Thecollector 2 i1s connected
with a filter reactor 4 and a filter capacitor 5 which compose
an input filtercircuit througharheotome 3. Thefilter capacitor

5 1s connected with a three-phase VVVF 1nverter 6 for converting
an 1nputted direct current voltage 1nto an alternating current
voltage. The VVVF 1inverter 6 receives supplied power through
the overhead power line 1 and regenerates power through the

overhead power line 1 during a regenerative braking operation.
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The VVVF inverter 6 is connected with an induction motor (motor)
7. The induction motor 7 is driven by the VVVF inverter 6. The
induction motor 7 is connected with wheels (not shown) provided
in a car. The above-mentioned structure forms a main cilircuit.
[0012] In this embodiment, as shown in Fig. 1, a brake chopper
8 which operates during breaking is added to the main circuit.
The brake chopper 8 is connected in series with a brake resistor
9. The brake chopper 8 and the brake resistor 9 are connected
in parallel with the filter capacitor 5. A filtér capacitor
voltagedetector 10 fordetectingavoltageof thefilter capacitor
5 is provided. A brake chopper control circuit 17 controls the
brake chopper 8 based on the detected voltage of the filter
capacitor. ‘

[0013] An operation of the brake chopper 8 will be briefly
described. The brake chopper control circuit 17 controls the

driving of a switching element (not shown) provided i1n the brake

chopper 8 such that the detected voltage of the filter capacitor
becomes equal to a voltage command value, thereby controlling
a conduction ratio. In this case, the brake chopper 8 consumes
the energy regenerated by the VVVF 1nverter 6. Therefore, even
an input side becomes a 1ight load during braking, a predetermined
electrical braking force, that i1is, an electrical confrol torqgue
can be obtained without depending on the state of the load. This
1sthegeneral operationof thebrakechopper 8. Inthisembodiment,
in order to prevent a ripple component from losing depending on

the state of the load in a normal power source voltage section,
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when the ripple component becomes smaller than a predetermined
reference value, the brake chopper control circuit 17 operates
the brake chopper 8 to increase the conduction ratio. Then, an
lncrease 1n overhead power line voltage 1s suppressed, soO thé
loss of the ripple component of the power source voltagé 1S
prevented.

[0014] The descriptionreturnstoFig. 1. Inthisembodiment,
as shown in Fig. 1, an overhead power line voltage detector 11
for detecting a voltage of the overhead power line 1 and an'input
current detector 12 for detecting a current 1inputted to the
collector 2 are provided. The overhead power line voltage
detector 11 isconnectedwlithaband-pass filter13. Theband-pass
filter 13 detects a ripple component included 1n the overhead
power line voltage. The band-pass filter 13 1s connected with
two comparators 14 and 15 (hereinafter referred to as a
comparator-1 and a compartor-2) for comparing a voltage level
outputted from the band-pass filter with predetermined reference
values Vrefl and Vref2. The comparator-1 (reference numeral 14)
is connected with a rheotome control circulit 16 for controlling

the rheotome 3. As a comparison result obtalned by the

comparator-1 (reference numeral 14), when a level of the ripple
component outputted from the band-pass filter 13 becomes smaller
than the predetermined reference value Vrefl and a predetermined
time elapses, the rheotome control circuit 16 causes the rheotome
3 to open. The comparator-2 (reference numeral 15) i1s connected

with the brake chopper control circuit 17 as described above.
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Thebrake choppercontrol circuitl’/ controlstheswitchingelement
(not shown) provided in the brake chopper 8 to control the
conduction ratio of the brake chopper 8. As a comparison result
obtained by the comparator-2 (reference numeral 15), when the
level of the ripple component outputted from the band-pass filter
13 becomes smaller than the predetermined reference value Vref?2Z,

the brake chopper control circuit 17 operates the brake chopper

8 to 1ncrease the conduction ratio.

[0015] Next, the operation will be described. The electric
car controller according to this embodiment is constructed as
described above. When the ripple component of the power source
voltagewhich is generatedat thetimeof rectifyinganalternating
current power source voltage 1s 1lost, the poWer failure 1s
detected.

10016} A power source voltage of a direct current electric
car 1s normally obtained by full-wave rectification of an
alternatingcurrent power sourcevoltageofacommercial frequency.
Therefore, for example, 1n the case of a six-phase rectifier
circult, an output thereof includes a ripple having a frequency
six times the commercial frequency. A twelve-phase rectifier
circult may be used 1n some cases. In such the cases, a ripple
occurs at a frequency twelve times the commercial frequency. Figq.
2A shows a waveform example of an overhead power line voltage
in a state in which the ripple occurs. Whether or not the power
source voltage 1s supplied from an electric power substation can

be determined based on the presence or absence of the ripple
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component. That is, when the voltage is outputted from the
electricpower substation, apower sourcevoltageripple component
having a frequency six times or twelve times the commercial
frequency is detected. When a power failure occurs, the ripple
1s lost.

[0017] In Fig. 1, when a power source frequency is 50 Hz,
the center frequency of the band-pass filter 13 on the overhead
power line voltage is set to 300 Hz in the case of the six-phase
rectifier circuit and to 600 Hz in the case of the twelve-phase
rectifier circuit. When the power source frequency is 60 Hz,

the center frequency is set to 360 Hz in the case of the six-phase

rectifier circuit and to 720 Hz in the case of the twelve-phase
rectifier circuit.
[0018] Whether or not the above-mentioned ripple component

of the overhead power line voltage is equal to or larger than

the predetermined reference value Vrefl 1is checked by the
comparator-1 (reference numeral 14). When the ripple component
is equal to or smaller than the predetermined reference value
Vrefl, it is determined to be a power failure section. After
a predetermined time elapses, the rheotome 3 1s opened by the
rheotome control circuit 16 to separate the overhead power line
1 and the main circuit from each other.

(0019] In this embodiment, when the electric car enters power
failure section, even in the case where the car is on regenerative
braking operation, the power failure is detected based on the

presence or absence of (not the overhead power line voltage

10
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influenced by the state of the load) the ripple component of the
power source voltage which depends on only power supply or power
failure without being influenced by the state of the load.
Therefore, the power failure can be detected regardless of the
state of the load i1n the power failure section.

[0020] When regenerative braking i1s operated in the normal
power source voltage section, the overhead power line voltage
increasés because of an insufficient regenerative load. Then,
when the overhead power line voltage exceeds a voltage fed from
the electric power substation, there 1s the case where the power
source voltage ripple is lost as shown in Fig. 2B 1n spite of
the absence of the power failure section. In this embodiment,
the brake chopper 8 is provided 1in order to prevent such the case
from being erroneously detected as the case of power failure.
When the ripple component 1s smaller than the predetermined
reference value Vref?2, the brake chopper 8 1s operated to 1increase
the conduction ratio, thereby suppressing an increase in overhead
power line voltage. Therefore, the loss of the ripple component
can be prevented to continuously per'form power failure detection.
"Hereinafter, the detailed description will be made.

[0021] In Fig. 1, the reference values (Vrefl and Vref2) are
set tothe comparator-1 (referencenumeral 14) andthe comparator-2
(reference numeral 15) so as to satisfy Vrefl < Vref2. 1In the
normal power source voltage state, when the overhead power line
voltage i1s increased by the regenerative operation, a level of

the ripple component of the power source voltage reduces. Then,

11



CA 02581134 2007-03-20

when it is determined by the comparator-2 (reference numeral 15)
that the level 1s smaller thanthe level of Vref2, the brake chopper
control circuit 17 operates the brake chopper 8 to increase the
conduction ratio based on the value. On the other hand, when
the level of the ripple component of the power source voltage
is larger than Vref2, the brake chopper control circuit 17 operates
the brake chopper 8 to reduce the conduction ratio. Note that
Vrefl is a set value for detecting that the ripple component on
the overhead power line is lost, that is, the power failure occurs.
The set value is a value which 1s closest to 0V, corresponds to

a residual characteristic of the band-pass filter 13, and 1s

capable of reliably detecting the power failure. In the case
where theoverheadpower lineisinanormal state, whentheoverhead
power 1line voltage 1ncreases, the ripple component reduces.
However, when the ripple component reduces to the level of Vref?Z,
the brake chopper 8 is operatedto suppress the increase inoverhead
power line voltage. At this time, 1t 1s necessary to allow the
brake chopper 8 to perform control so as to prevent the lapse
of predetermined time while the power failure detection operation
is performed, that 1s, while the ripple component reduces to the
level of Vrefl. Therefore, Vref?2 1s a set value with a control
margin which allows the ripple component to return to a level
which exceeds Vref2 again by the operation of the brake chopper
8 after the fact that the ripple component reaches the value of

Vref?2 1s detected.

10022] According to the operation of the brake chopper 8§,

12
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even in the state in which the regenerative load 1s a light load,'
the regenerative braking operation can be performed without
causing a state 1n which the level of the ripple component of
the overhead power line voltage reduces to the level of Vrefl
during the operation and continues for a predetermined time.
Therefore, electric brake can be continuously controlled without
the erroneous detection of power failure.

[0023] If the supply from the electric power substation is
stopped to cause power failure 1n the normal power source voltage
section, thevoltageripple level instantaneously reduces toVrefl
or less. Therefore, the power faililure can be detected.

(10024 ] As described above, according to this embodiment, the
power failure section is detected based on the presence or absence
of the ripple component of the power source voltage, so the power
failure section can be detected with high precision without

depending on the state of the load. In the normal power source

voltage section, the power failure can be accurately detected
without being erroneously detected as the power failure section
in spite of the state of the regenerative load. In addition,
when the power failure 1s detected, the main circult can be
instantaneously opened to prevent the application of the voltage
to the overhead power line 1.
[0025] Embodiment 2

Fig. 3 shows a structure of an electric car controller

according to Embodiment 2 of the present invention. As shown

inFig. 3, inthe structureof theelectriccarcontroller according

13
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to this embodiment, referenCe numerals 1 to 7 and 10 to 16 are
identical to those in Embodiment 1 as described above, so the
description is omitted here. This embodiment is different from
Embodiment 1 in a point that an overhead power line voltage limiter
circuit 18 1s provided instead of-the brake chopp-er 8, the brake
resistor 9, and the brake chopper control circuit 17 1n Embodiment
1. .The'refc;re, in this embodiment, not the brake chopper 8 but
the overhead power line voltage limiter 18 is operated as a means
for preventing thé loss Qf the power soﬁrce voltage ripple during
the regenerative braking operation.
[0026] _ The overhead power line voltage limiter circuit 18
outputs the amount of correction for suppressing a regenerative
braking force command value inputted from an outside based on
" the output of the comparator-2 (reference numeral 15). As shown

in Fig. 3, a subtracter 19 is provided in the subsequent stage of

the overhead power line voltage limiter 18. The Hamounti of
correction from the overhead power line voltage limiter circuit
18 1s subtracted from the regenerative braking force c:ommand"valﬁe
inputted from the outside. Therefore, the regenerative braking
force command value corrected by the overhead power 1line voltage
limiter circuit 18 is inputted to the VVVF inverter 6. The VVVF
inverter 6 performs the braking operation in response to the
command value.

[0027]) ~ The more detailed description will be made. in Fig.

3, the reference values (Vrefl and Vref2) of the comparator-1

- (reference numeral 14) and the comparator-2 (reference numeral

14
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15) are set so as to satisfy Vrefl < Vref2. 1In the normal power
source voltage state, 1n the case where the regenerative load
1s a light load, when the overhead power 1ine voltage is increased
by the regenerative operation to reduce a level of the ripple
component of the power source voltage, and when the reduced level
becomes smaller than the level of the reference value Vref2 of
the comparator—-2 (reference numeral 15), the overhead power line
voltage limiter 18 increases an output based on the value to reduce
the regenerative braking force command value. Therefore, the
regenerative braking force command 1s suppressed and the amount
of regenerative braking force is reduced to suppress an increase
in overhead power 1line voltage. Even when the amount of
regenerative braking force i1s reduced, an insufficient amount

r—

thereof 1s complemented by an air braking force in a normal car

system. Therefore, there i1is no problem on a braking force for

the car. When the level of the ripple component of the power
source voltage exceeds Vref2, the output of the overhead power
line voltage limiter 18 reduces.

[0028] According to the above-mentioned operation, even in
the state 1n which the regenerative load is the light load, the
regenerative braking operation can be performed without causing

a state 1n which the level of the ripple component of the overhead

power line voltage reduces to the level of Vrefl during the

operation and continues for a predetermined time. Therefore,
electric brake can be continuously controlled without the

detection of power failure.

15
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[0029] If the power failure occurs, the level of the ripple

component i1instantaneously reduces to Vrefl or less. Therefore,
the power failure can be detected.

[0030] As described above, according to this embodiment, the
power fallure section is detected based on the presence or absence
of the ripple component of the power source voltage, so the power
failure section can be detected with high precision without
depending on the state of the load. 1In the normal power sox:lr'ce
voltage sections, a section is not erroneously detected as the
power failure section 1n spite of the state of the regenerative
load. When the power failure 1s detected, the main circuit can
belnstantaneouslyopenedtoprevent theapplicationof thevoltage

to the overhead power line 1.

16
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An electric car controller for controlling an electric car, which is provided with an
inverter for receiving power supplied through an overhead power line and regenerating
power through the overhead power line during a regenerative braking operation and an

induction motor driven by the inverter, the electric car controller comprising:

overhead power line voltage detecting means for detecting an overhead power line

voltage on the overhead power line;

ripple component detecting means for detecting a ripple component included in the
overhead power line voltage detected by the overhead power line voltage detecting

means;

a first comparator means in which a predetermined first reference value is set, for
comparing a level of the ripple component outputted from the ripple component detecting

means with the first reference value;

separation means for determining that a power failure occurs when the ripple
component is smaller than the first reference value based on a comparison result obtained
by the tirst comparator means and electrically separating the overhead power line and the

inverter from each other;

a second comparator means in which a predetermined second reference value larger
than the first reference value is set, for comparing the level of the ripple component with

the second reference value; and

overhead power line voltage suppressing means for suppressing an increase of the

overhead power line voltage when the ripple component is smaller than the second

reference value based on a comparison result obtained by the second comparator means.

2. An electric car controller according to claim 1, wherein the overhead power line

voltage suppressing means comprises:
a brake chopper connected in parallel with the inverter; and

a brake chopper control circuit for controlling a conduction ratio of the brake chopper
based on a value of the ripple component when the ripple component is smaller than the

second reference value.

-17 -
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3. An electric car controller according to claim 1 or 2, wherein the overhead power

line voltage suppressing means COmprises:

regenerative braking force command value input means into which a regenerative

braking force command value is inputted; and

regenerative braking force command value correcting means for subtracting the

regenerative braking force commend value inputted into the regenerative braking force

command value input means based on a value of the ripple component when the ripple

component is smaller than the second reference value.

4, The electric car controller according to any one of claims 1 to 3 further

comprising:

a rheotome control circuit coupled to the first comparator means, the rheotome control

circuit configured to open and close a rheotome.

- 18 -
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