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The train braking device includes an air brake controller 3 in which a plurality of friction coefficients corresponding to a brake
command 2D and a brake initial velocity are stored, an electropneumatic conversion valve 4 that converts a pressure control signal
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3D transmitted from the air brake controller 3 into a pneumatic signal, a relay valve 5 that generates a predetermined brake cylinder
pressure 5D corresponding to the pneumatic signal, and a brake cylinder 7 that controls brake shoes 8 according to the brake

cylinder pressure 5D, wherein the air brake controller 3 generates the pressure control signal 3
corresponding to the brake command 2D and the brake initial velocity.

D based on the friction coefficients
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ABSTRACT

The train braking device includes an air brake

controller 3 in which a plurality of friction coefficients

corresponding to a brake command 2D and a brake initial

velocity are stored, an electropneumatic conversion valve 4

that converts a pressure control signal 3D transmitted from

the air brake controller 3 into a pneumatic signal, a relay

valve 5 that generates a predetermined brake cylinder

pressure 5D corresponding

to the pneumatic signal, and a

brake cylinder 7 that controls brake shoes 8 according to

the brake cylinder pressure 5D, wherein the air brake

controller 3 generates the pressure control signal 3D based

on the friction coefficlients corresponding to the brake

command 2D and the brake initial velocity.
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DESCRIPTION

TRAIN BRAKING DEVICE AND TRAIN BRAKING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a train braking

device and a train braking method.

BACKGROUND ART
(0002} A train braking device having an air brake
contr=ller 1s configured such that a pressure control

signa.l 1s generated based on a brake command and a

traveling velocity of a train, a relay valve outputs a
brake cylinder pressure corresponding to the pressure
control signal, and the brake cylinder pressure acts on
brake shoes so as to obtain a predetermined brake force.
The i ake force 1s calculated by a product of the brake
cylinder pressure and a friction coefficient of the bratk.:
shoe. Meanwhile, the friction coefficient changes in a
reglo: where the traveling velocity of a train is low ai:
also hanges according to a period of use of the brake :ioe.

To obtain a stable brake force, a train braking device that -

aieg

can control the brake cylinder pressure appropriately

according to the change in the friction coefficient 1is

required.

[0003] A train braking device described in Patent

Document 1 mentioned below 1s configured to calculate a

friction coefficient for each brake notch and then to

calculate a brake force. Further, a brake force according
to a change 1n the friction coefficient at low velocity is
calculated by using a predetermined friction coefficient

pattern.

[0004] Patent Document 1: Japanese Patent Application
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Laid-open No. H11-235972

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005) As for the train brakling device described in

Patent Document 1, because the friction cecefficient changes

for each brake notch, there 1s a problem that its

deceleration varies greatly. Because a change in brake

shoes due to aged deterioration 1s not considered, when
times for replacement of the brake shoes are different from

cach other, the friction coefficients of the brake shoes

aing,

are different from each other and thus a stable brake force

cannot be obtained.

[0006] The present invention has been achieved in view
of the above problems, and an object of the present

invention 1s to provide a train braking device and a train

braking method for stabilizing deceleration.

MEANS FOR SOLVING PROBLEM

.. [0007] In order to solve the aforementioned problems, a

".train braking device for controlling a brake cylinder

- pressure based on a brake 1nitial velocity and a brake

command according to one aspect of the present invention 1is

constructed 1n such a manner as to include: an air brake

controller that stores therein a plurality of friction

coefficients corresponding to the brake initial velocity

and the brake command and generates a pressure control

signal based on the friction coefficients corresponding to
the brake initial velocity and the brake command; an

electropneumatic conversion valve that converts the

-

pressure control signal into a pneumatic signal; and a
relay valve that generates the brake cylinder pressure

corresponding to the pneumatic signal.
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EFFECT OF THE INVENTION

[0008] According to the present invention, deceleration
can be stabilized.

The present invention provides a trailn braking device

for controlling a brake cylinder pressure based on a brake
initial velocity and a brake command, the train braking
device comprising:

an air brake controller that stores therein a plurality

of friction coefficients corresponding to the brake initial
velocity and the brake command and generates a pressure
control signal based on the friction coefficlents

corresponding to the brake initial veloclity and the brake

command:;

an electropneumatic conversion valve that converts the

pressure control signal into a pneumatic signal; and
a relay valve that generates the brake cylinder

pressure corresponding to the pneumatic signal.

The present invention also provides a train braking
method comprising:
a step of receiving a brake initial velocity and a

brake command;

a step of calculating a friction coefficilent according
to the brake initial velocity and the brake command; and

a step of generating a pressure control signal
corresponding to the friction coefficient for each brake

shoe.

The present invention also provides a train braking

method comprising:

a step of receiving a velocity signal;

a step of recording a period of use of each brake shoe
based on the velocity signal;

a step of calculating a friction coefficient according

to the period of use and a traveling velocity of a train; and
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3a

a step of generating a pressure control signal

corresponding to the friction coefficient for each brake shoe.

BRIEF DESCRIPTION OF DRAWINGS

(0009 (FIG. 1] FIG. 1 is an example of a configuration

of a train braking device according to a first embodiment.

o

[FIG. 2] FIG. 2 1s a block diagram of functions of an

alr brake controller.

[FIG. 3] FIG. 3 is an example of a friction-

coefficient setting table.

([FIG. 4] FIG. 4 1s an example of a friction

coefficient pattern.

[FIG. 5] FIG. 5 1s a flowchart of an example of a flow
of determining a brake cylinder pressure using a friction

coefficient setting table.

F

[FIG. ©])] FIG. 6 1s a flowchart of an example of a flow

of determining a brake cylinder pressure using a friction

coefficient pattern.

EXPLANATIONS OF LETTERS OR NUMERALS

[0010] 1, 1la, 1lb, 1c, 1d Velocity sensor

2 Brake command unit

3 Alr brake controller

3a Velocity input unit

3b Friction-coefficient calculating unit
3¢ Brake-force calculating unit

3d  OQutput unit

Electropneumatic conversion valve

Relay valve

Pressure sensor

~] O O B

Brake cylinder
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8 Brake shoe

10 Wheel

11 Train braking device

12 Ailr tank

20 Friction-coefficient setting table

21 Brake notch

22 Brake initial velocity
23 Friction coefficient
1D Velocity signal

2D Brake command

3D Pressure control signal

5D Brake cylinder pressure
6D Feedback command
12D Compressed air
A, B, C Friction coefficient pattern

V1, V2 Traveling velocity

BEST MODE (S) FOR CAREY (NG OUT THE INVENTION

Exemplary e:npodiments of a train braking device
according to the present invention will be explained below
in detail with reference to the accompanying drawings. The
present 1lnvention is not limited to the embodiments.

10012] First embodiment.
FIG. 1 i1is an example of a configuration of a train

A train

braking device according to a first embodiment.

braking device 11 shown in FIG. 1 includes, as main

a brake command

constituent elements, a velocity sensor 1,

unlit 2, an air brake controller 3, an electropneumatic

conversion valve 4, a relay valve 5, a pressure sensor 6, a

brake cylinder 7, a brake shoe 8, a wheel 10, and an air
tank 12.
[0013] The velocity sensor 1 can be placed at front and

rear carriliages of respective vehicles (four in total) and
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fetch a velocity signal 1D of the wheel 10. A velocity

input unit 3a can fetch the velocity signal 1D from

veloclty sensors la to 1d of each of the vehicles.

[0014] The brake command unit 2 can output a brake

command 2D for obtaining predetermined deceleration. The
alr brake controller 3 can receive the brake command 2D
transmitted from the brake command unit 2 and a load

compensation signal transmitted from a load compensating

device (not shown) for detecting the weight of each vehicle
Lo output a predetermined pressure control signal 3D. The
pressure control signal 3D is transmitted via the

electropneumatic conversion valve 4 to the relay valve 5

and used for generating a brake cylinder pressure 5D.
[0015] The electropneumatic conversion valve 4 can
convert the pressure control signal 3D (an electrical
signal) transmitted from the air brake controller 3 1nto

F

air of a predetermined pressure (a pneumatic signal). The

relay valve 5 1s used to amplify the pressure control
signal 3D converted into the pneumatic signal so as to have

a predetermined value to improve a response of the brake

cylinder pressure 5D. The air tank 12 is connected to the
relay valve 5. Air of a predetermined pressure
(hereinafter, "compressed air") is reserved in the air tank
12, and thus the relay valve 5 outputs compressed air 12D
corresponding to the pressure control signal 3D to generate

a predetermined brake cylinder pressure 5D.

[0016] The pressure sensor 6 can detect the brake

cylinder pressure 5D, generate a feedback command 6D based

on the brake cylinder pressure 5D, and feed back the
feedback command 6D to the air brake controller 3. As a

result, the air brake controller 3 can calculate the

pressure control signal 3D accurately.

10017] The brake cylinder 7 can press the brake shoe 8
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according to a magnitude of the brake cylinder pressure 5D.

The brake shoe 8 has a predetermined friction coefficient

23, and a brake force of each wheel 10 can be derived from

the product of the friction coefficient 23 and the brake

cylinder pressure 5D. To equalize brake forces of the
wheels 10, it suffices that the brake cylinder pressure 5D

is set to be low, for example, when the friction

coefficient 23 of the brake shoe B 1is high, and the brake

cylinder pressure 5D 1s set to be high, for example, when

the friction coefficient 23 of the brake shoe 8 1s low.

[0018] FIG. 3 is an example of a friction-coefficient

.

setting table. A friction-coefficient setting table 20

shown in FIG. 3 is constituted by an item indicating a

level of a brake notch 21 and an item indicating a brake

initial velocity 22 (a velocity when a train starts to put

a brake).

[0019] Bl to B7 are shown in the item of the brake notch
21 as a plurality of levels of the brake notch 21. A

plurality of predetermined friction coefficients 23 used

for calculating the brake cylinder pressure 5D are recorded
in each item of the brake notch 21. Each item of the brake

notch 21 corresponds to a brake notch level 1n the brake

command unit 2, and the friction-coefficient setting table

20 1s thus configured so that the friction coefficient 23

1s changed according to the brake notch level. The type of
th

-

e brake notch 21 shown 1in FIG. 3 1s merely an example and

1s not limited to a seven-step type.

[0020] A plurality of brake initial velocities are shown
in the item of the brake initial velocity 22. As described
above, the plurality of predetermined friction coefficients
23 are recorded in each item of the brake i1nitial velocity.

The friction coefficient 23 is changed according to the

brake initial velocity 22. The brake notch 21 corresponds
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to the brake 1initial velocity 22. For example, when "B1"

=

1s selected in the brake notch 21, the friction coefficient

23 1s "ul3"™ when the brake initial velocity 22 is "60". As

the traveling velocity decreases thereafter, the friction

coefficient 23 also changes. While 0 km/h to 120 km/h is

set in 20 km/h-steps as the brake initial velocity 22 shown
in FIG. 3, the present invention is not limited to this
setting.

[0021] While the friction coefficient 23 is indicated as,

for example, "ulO" or "u20" in the friction-coefficient

.'setting table 20, this is merely an example and

 predetermined values can be set arbitrarily. Each of the -

15

20

25

30

friction coefficients 23 can be set more finely. Further,:

a plurality of friction-coefficient setting tables 20 can.

be set for friction coefficients 23 of a plurality of the. .

birake shoes 8.

.'[0022] FIG. 2 is a block diagram of functions of the air

brake controller. The air brake controller 3 is configured

to include a velocity input unit 3a, a friction-coefficient
“calculating unit 3b, a brake-force calculating unit 3c, :and

‘an output unit 3d.

[0023] The velocity sensors la to 1ld can detect the

velocity signal 1D using the number of revolutions of the
wheels. The velocity input unit 3a can receive the
veloclty signal 1D transmitted from the velocity sensors 1la
to 1d.

(0024] The friction-coefficient calculating unit 3b can

calculate the friction coefficient 23 corresponding to the
traveling velocity of a train for each of the brake shoes 8.
That 1s, the friction-coefficient calculating unit 3b can

calculate the brake initial velocity 22 using the velocity

signal 1D, check the brake initial velocity 22 in the

friction-coefficient setting table 20, and calculate the
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friction coefficient 23 corresponding to the brake initial

velocity 22.
[0025] When receilving the brake command 2D, the brake-
force calculating unit 3¢ can calculate, with respect to

the friction coefficient 23 calculated by the friction-

coefficient calculating unit 3b, the friction coefficient

23 corresponding to the brake notch 21, and the pressure

control signal 3D using the calculated friction coefficient

23.

[(0026] A process of calculating the pressure control

signal 3D 1s described. With reference to FIGS. 1 and 2,

the signal outputted Dy the alr brake controller 3 is the

- "pressure control signal 3D". However, the brake cylinder

pressure oD 1s obtained by amplifying the pressure control

signal 3D and this brake cylinder pressure 5D acts on the

brake shoe 8. Therefore, in the followinyg explanations,

i

e "pressure control signal 3D" 1s described as the "brake

cylinder pressure 5D".

[0027 ] The friction-coefficient calculating unit 3b

calculates the friction coefficient 23 corresponding to the

brake 1nitial velocity 2Z using the velocity signal 1D.
When receiving the brake command 2D transmitted from the

brake command unit 2, the brake-force calculating unit 3c

calculates the friction coefficient 23 corresponding to the

brake notch 21.
[0028] The "brake cylinder pressure 5D" can be

calculated by a formula B=F/(k*f) (B: brake cylinder
pressure, F: brake force, k: constant, f: friction

coefficient 23). The brake-force calculating unit 3c

substitutes the friction coefficient 23 corresponding to
the brake 1nitial velocity 22 and the brake notch 21 and a
brake force value required for braking for the above

formula to calculate the "brake cylinder preSsure 5D"
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continuously.
[0029] An overall operation of the train braking device
11 i1s described using specific values. The friction-
coefficient calculating unit 3b calculates the brake

5 1nitial velocity 22 using the velocity signal 1D. For
example, when the brake initial velocity 22 is 60 km/h, the

F
p—

friction-coefficient calculating unit 3b calculates any of

"pl3" to "w/3"™ in the friction coefficient setting table 20.

[0030] When receiving the brake command 2D, the brake- '

10 force calculating unit 3c selects "pl3"™ in the case that,

for example, the brake notch 21 is Bl. The brake-force

calculating unit 3c further calculates the "brake cylinder

preSsure 53"'uéing the friction coefficient 23 "ul3" and a

" required brake force value.

15 [0031]  When the brake-force calculating unit 3c

continues to receive the brake command 23; the traveling

.

velocity of a train continues to be reduced. The friction-
coefficient calculating unit 3b can calculate the friction
coefficient 23 continuously according to changes in the

20 traveling veloclity. That 1i1s, while the brake-force
calculating unit 3¢ continues to receive the brake command

2D, the friction coefficient 23 can be varied. For example,

when the brake initial velocity 22 is 60 km/h and the brake

notch 21 1s B1l, "ul3" is selected first as the friction

25 coefficient 23. When the brake-force calculating unit 3c

continues to receive the brake command 2D thereafter, the

friction coefficient 23 changes continuously such as

"wl3"—=>"pl2"->"ull"—->"ul0". Further, the brake-force

calculating unit 3c can calculate the "brake cylinder

30 pr

llme

essure 5D" continuously from the friction coefficients 23

"ul0" to "pl3" and the brake force value. Even when the
brake notch 21 is changed from Bl to B2 during the
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operation, the friction coefficient 23 can be changed

continuously.
[0032] FIG. 5 1s a flowchart of an example of a flow of
determining the brake cylinder pressure using a friction

coefficient setting table. The friction-coefficient

calculating unit 3b and the brake-force calculating unit 3c

receive the velocity signal 1D (Step S51) to calculate the

friction coefficient 23 corresponding to the brake initial

veloclty 22. When receiving the brake command 2D (YES at

Step S52), the friction-coefficient calculating unit 3b and

the brake-force calculating unit 3c calculate the friction

coefficient 23 corresponding to the brake notch 21 using

the friction—coefficient setting table 20 (Step S$53). The
friction-coefficient calculating unit 3b and the brake-
force calculating unit 3c calculate the "brake cylinder

pressure oD (the pressure control signal 3D)" by the

frictiOn coefficients 23 and the brake force value (Step

Sa4). The output unit 3d outputs the "brake cylinder
pressure oD (the pressure control signal 3D)" calculated by
the friction-coefficient calculating unit 3b and the brake-
force calculating.unit 3c to the electropneumatic
conversion valve 4 (Step S55). When transmission of the

brake command 2D is finished (YES at Step S56), the air

brake controller 3 finishes outputting the "brake cylinder
pressure 5D".

[0033] When the friction-coefficient calculating unit 3b
and the brake-force calculating unit 3c do not receive the
brake command 2D (NO at Step 852), these units do not
calculate the friction coefficient 23 until receiving the
brake command 2D. When the brake command 2D continues to
be transmitted (NO at Step S56), the friction-coefficient

calculating unit 3b and the brake-force calculating unit 3c

repeat processes subsequent to the Step S53 and calculate
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the "brake cylinder pressure 5D" corresponding to the

traveling velocity continuously from the friction

coefficient 23 and the brake force value required.
[0034] As described above, the train braking device 11

according to the first embodiment uses the friction-

coefficient setting table 20 to vary the friction

coefficient 23 of each of the brake shoes 8 according to a
change 1n the traveling velocity of a train. Thus, stable

d

cceleration can be obtained for the entire train. BRecause

a difference i1n the maximum adhesion between the wheels 10
(a2 longitudinal force acting on a contact portion of the
wheel 10 and a rail) can be reduced, for example, the

grime.

probability that a train slides at the time of emergency

braking can be reduced and a braking distance can be
reduced as compared to conventional cases. Further,
because the probability that a train slides can be reduced,

generation of flat of each of the wheels 10 (a damage

generated when the wheel 10 is locked) is reduced, the

number of cutting processes of the wheel 10, noises and

vibrations while a train travels, and deterioration in
riding comfortability can be suppressed. Because cutting
of the wheel 10 1s reduced, the wheel 10 can be used for a
long time.

(0035] Second embodiment.

The train braking device 11 according to a second

.

embodiment 1s configured to reduce a difference in the
friction coefficient 23 caused by a difference in the

period of use between the brake shoes 8 and to achieve
stable deceleration. The configuration of the train
braking device 11 of the second embodiment is identical to
that of the first embodiment shown in FIGS. 1 and 2.

[0036] A brake force can be derived from the product of

the brake cylinder pressure 5D and the friction coefficient
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23 as described above. While replacement cycles of the

brake shoes 8 are different from one another depending on

the number of passengers and usage environments, the

friction coefficient 23 of the brake shoe 8 usually

decreases as the period of use 1s extended. That 1s, the

friction coefficient 23 of the brake shoe 8, whose

replacement time is earlier and whose traveling distance
(the period of use) 1s long, 1s lower than that of the
brake shoe 8 whose replacement time 1s recent. In a train
that one brake shoe 8 whose replacement time 1s earlier and
the other brake shoe 8 whose replacement time is recent are
used together, when an air brake 1s operated, one wheel 10

is braked appropriately, but the other wheel 10 can slide

beyond the maximum adhesion between the wheel 10 and a rail

because a brake force 1s too strong. The brake force

depends substantially on the friction coefficient 23.

Accordingly, 1f the difference 1n the friction coefficient

23 between the wheels 10 can be reduced, a stable brake

force can be obtained. The train braking device 11

according to the second embodiment is thus configured to

provide a plurality of friction coefficient patterns for

various periods of use of the brake shoes 8 1n the air
brake controller 3 for varying the friction coefficient 23
of each of the brake shoes 8.

[0037] FIG. 4 is an example of friction coefflcilent
patterns. The vertical axis indicates the friction
coefficient 23 of the brake shoe 8 and the horizontal axis
indicates the traveling veloclity of a train. Three lines
indicated by a solid line, a dashed-and-dotted line, and a
broken line 1in FIG. 4 are examples of the friction

coefficlent patterns mentioned above.

[0038] A friction coefficient pattern A is for the brak

(D

shoe 8 1n a case that the traveling distance 1is 0 km to Xl
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km (a long time has not elapsed since the previous
replacement time). A friction coefficient pattern B 1s for

the brake shoe 8 in a case that the traveling distance 1s

X1 km to X2 km. A friction coefficient pattern C 1s for
the brake shoe 8 in a case that the traveling distance 1s
X2 km to X3 km (a long time has elapsed since the previous
replacement time). The friction coefficient patterns A to
C are merely examples. The present invention does not
limit the friction coefficient pattern to three and more
patterns can be set. Values for X1 to X3 can be set

arbiltrarily.

[0039] As for the friction coefficient 23 that

corresponds to the traveling velocity, for example, when

the traveling velocity is V1 km/h, the friction coefficient

1s "ul" in the case that the friction coefficient pattern

is "A", "u2" in the case that the friction coefficient

pattern is "B", and "u3" in the case that the friction

coefficient pattern i1s "C". unl to U3 are predetermined

friction coefficilents 23 used for calculating the brake

cylinder pressure 5D.

[0040] While a dynamic friction coefficient (a friction

coefficlent when an object 1s moving) generally indicates a

constant value, it can be in inverse proportion to the

traveling velocity when a friction force i1is several to

several tens of percent. In a reglion from a traveling

velocity V2 to the traveling velocity V1 shown in FIG. 4,
the friction coeffilicient 23 is almost fixed as the

traveling velocity changes. In a region from the traveling

velocity V1 to 0 km/h, however, the friction coefficient 23

1s 1ncreased as the traveling velocity decreases. Such a

phenomenon 1s common to the friction coefficient patterns A

to C.
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(0041 ] As described above, the friction coefficient 23

of the brake shoe 8 wvaries according to the travelilng

velocity of a train and the time for replacement of the

brake shoe 8. The train braking device 11 according to the

econd embodiment 1s configured to set these variatilions in

S

advance for controlling the brake cylinder pressure 5D

appropriately. That 1s, 1n the train braking device 11,
the air brake controller 3 records therein the time for

replacement of each of the brake shoes 8, calculates the

traveling distance using the time for replacement as a

F

starting point, and derives each of the friction

coefficient patterns A to C for the traveling distance.

Further, the friction coefficient of each of the brake

shoes 8 can be calculated by the relationship between each

of the friction coefficient patterns A to C and the

traveling velocity of a train.

[0042] In FIG. 2, the friction-coefficient calculating

unit 3b can calculate the friction coefficient 23 of each

of the brake shoes 8 for the traveling distance of a train.
That 1s, the friction-coefficient calculating unit 3b

calculates the traveling distance using the velocity signal

1D and then any of the friction coefficient patterns A to C

using the calculated traveling distance. The friction-

coefficient calculating unit 3b checks the traveling

velocity against the friction coefficient patterns A to C

to calculate the friction coefficient 23 for each friction

coefficient pattern.

[0043] The brake-force calculating unit 3c receives the
brake command 2D transmitted from the brake command unit 2
to calculate a brake force for the brake command 2D. The

brake-force calculating unit 3¢ then calculates the "brake
cylinder pressure 5D" using the friction coefficient 23

calculated for each of the friction coefficient patterns
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and the brake force value mentioned above.

[0044) An overall operation of the train braking device

11 is described below using specific values. The friction-
coefficient calculating unit 3b calculates the traveling

distance using the velocity signal 1D. For example, when

the traveling distance is X1 km to X2 km in one brake shoe

8, the friction coefficient pattern B for the one brake
shoe 8 1s derived. Further, when the traveling velocity is

V1, the traveling velocity V1 is checked against the

friction coefficient pattern B to calculate the friction

coefficient 23, that 1is, "u2".
[0045] The brake-force calculating unit 3c receives the

brake command 2D transmitted from the brake command unit 2

- to calculate the brake force for the brake command 2D.

Further, the brake-force calculating unit 3c calculates the

"brake cylinder pressure 5D" using the friction coefficient

23, that 1s, "u2" and the brake force value.

[(0046] The friction coefficient patterns A to C can be

calculated for each of the brake shoes 8. For the friction

coefficient 23, for example, "ul" calculated using the

traveling velocity V1 and the friction cecefficient pattern

A and the friction coefficient 23, for example, "u3"
calculated using the traveling velocity V1 and the friction
coefficient pattern C, the "brake cylinder pressure 5D" can

be calculated for each of the brake shoes 8.

[0047 ] In the friction-coefficient calculating unit 3b,
the friction coefficient 23 can be provided by combining

the friction coefficient patterns A to C and the friction-

coefficient setting table 20 shown in FIG. 3. That is, by

setting the friction-coefficient setting tables 20 for the

arding

respective friction coefficient patterns A, B, and C in

advance 1n the friction-coefficient calculating unit 3b,
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the friction coefficient 23 according to a change in the

velocity of a train, a brake notch, and the period of use

of the brake shoe 8 can be derived.

[0048] FIG. 6 1s a flowchart of an example of a flow of

determining a brake cylinder pressure using a friction

coefficient pattern. The friction-coefficient calculating

unit 3b and the brake-force calculating unit 3c receive the

velocity signal 1D (Step S61), calculate the traveling

distance using the velocity signal 1D to provide the

friction coefficient pattern for each of the brake shoes 8

(Step S62). When the friction-coefficient calculating unit

3b and the brake-force calculating unit 3c recelve the

brake command 2D (YES at Step S63), the units check the

traveling velocity against the friction coefficient pattern

and calculate the friction coefficient 23 (Step S64). The

friction-coefficient calculating unit 3b and the brake-

force calculating unit 3¢ calculate the "brake cylinder

pressure 5D" (the pressure control signal 3D) using the

friction coefficient 23 and the brake force value (Step
S65). The output unit 3d outputs the "brake cylinder
pressure 5D" (the pressure control signal 3D) calculated by
the friction-coefficient calculating unit 3b and the brake-
force calculating unit 3c to the electropneumatic

conversion valve 4 (Step S66). When transmission of the

brake command 2D is finished (YES at Step S67), the air

brake controller 3 finishes output of the "brake cylinder
pressure 5D".

[0049] When the friction-coefficient calculating unit 3b

2

and the brake-force calculating unit 3c do not receive the

brake command 2D (NO at Step S63), these units do not

calculate the friction coefficient 23 until they receive

the brake command 2D. When the brake command 2D continues

to be transmitted (NO at Step S67), the friction-
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coefficient calculating unit 3b and the brake-force

calculating unit 3c repeat processes subsequent to Step S64

and calculate continuously the "brake cylinder pressure 5D"

corresponding to any of the friction coefficient patterns A

to C and the traveling velocity using the friction
coefficient 23 and the brake force value required.

[0050] As described above, according to the train

braking device 11 of the second embodiment, the friction

coefficlent pattern corresponding to the period of use of

each of the brake shoes 8 1s derived and the friction
coefficient 23 of each of the brake shoes 8 1s varied.

Stable deceleration can thus be obtained for the entire

train. Because the difference i1in the maximum adhesion

between the wheels 10 can be reduced, the probability that

a train slides at the time of emergency braking can be
reduced and a braking distance can be reduced as compared

to conventional cases. Further, because the probability

that a train slides can be reduced, generation of flat of

—

= cutting

each of the wheels 10 i1s reduced and the number o:

—

processes of the wheel 10, noilses and vibrations while a

train travels, and deterioration in riding comfortability

can be suppressed. Moreover, because cutting of the wheel

10 1s reduced, the wheel 10 can be used for a long time.

Even when the friction coefficients 23 of the brake shoes B

are different from one another, a stable brake force can be

obtained. Accordingly, an operation of replacing the brake
shoe 8 to make the friction coefficients 23 be coincident

with each other is eliminated, and thus costs relating to

the replacement of the brake shoe 8 can be reduced and the

brake shoe B can be used for a long period.

INDUSTRIAL APPLICABILITY

(0051 As described above, the train braking device
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according to the present invention is useful as a train

braking device having an air brake controller.
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The embodiments of the i1nvention i1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A train braking device for controlling a brake cylinder
pressure based on a brake 1nitial velocity and a brake
command, the traln braking device comprising:

an air brake controller that stores therein a plurality

of friction coefficlents corresponding to the brake initial

velocity and the brake command and generates a pressure

control signal based on the friction coefficients
corresponding to the brake i1nitial velocity and the brake
command;

an electropneumatic conversion valve that converts the
pressure control signal into a pneumatic signal; and

a relay valve that generates the brake cylinder

pressure corresponding to the pneumatic signal.

2. The train braking device according to claim 1, wherein
the air brake controller stores therein the friction
coefficients corresponding to the brake initial velocity and

the brake command for each brake shoe and generates the

pressure control signal based on the friction coefficient

corresponding to the brake initial velocity and the brake

command for each brake shoe.

3. The train braking device according to claim 1, wherein

the air brake controller records therein a period of use of
each brake shoe based on a velocity signal and generates the

pressure control signal based on the friction coefficients
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Lo the period of use and a traveling velocity

of a train for each brake shoe.

4, A train braking method comprising:

a step of recelving a brake initial velocity and a

brake command;

a step of calculating a friction coefficient according

to the brake initial velocity and the brake command; and

a step ol generating a pressure control signal

corresponding to the friction coefficient for each brake
shoe.
5. A traln braking method comprising:

a step of receiving a velocity signal;

a step of recording a period of use of each brake shoe

pased on the velocity signal;

a step of calculating a friction coefficient according

to the period

and

of use and a traveling velocity of a train;

a step of generating a pressure control signal

corresponding

shoe.

to the friction coefficient for each brake
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