CONTROL SYSTEM FOR DI STRI BUTOR VALVE OF BATTERY ELECTRI C ENG NEERI NG
LOCOVOTI VE BRAKE SYSTEM Field of the Invention 5The invention mainly
relates to the field of control of brake systens in battery electric

engi neering | oconotives, and in particular to a control systemfor a
distributor valve of a battery electric engineering |oconotive brake
system BacRONIARALEYSTHEM FORDISIRIBUTORWVAR¥EdR 8 AAPRERY BEEGIRICh

rail road technol ogy, higher requirenents have been raised for the safety
and control precisi oM IEEEME@ EQGAMOQFTVE BRAKESYSEEM | ¢ engi neering
| oconotive, and different distributor valve control nodes influence the
control precision of a brake cylinder, and thus influence the safety and
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single pure air distributor valve systemw thout a backup system and the
syst em ¢ledtiiabndinéeringdoq@muotiveibiakersgstg@ncy braking, nmain air is directly
filled into the brake cylinder or a precontrol volunme, which tends to
produce too | arge brake cylinder pressure and thus result in 20 wheel
sliding. Therefore, the distributor valve needs to be controlled by a new
net hod, Badkggeundyohhedprentian adapt to the requirenent for battery electric
engi,neey i. | qconoti ves by noder.n railways. Supmary .of the |nvention | n
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means of precontrol air cylinder pressure, the device can greatly inprove
t he conindahuPingiaksdeaie edfetyhmdaeirdilig\fithelbrakpsgsanof a battery electric engineering

locomotive. Currently, braking and releasing instructions in the existing battery electric

15 engineering locomotive brake systems are open-loop controlled by air transmission, which
results in slow response and low control precision of the brake systems; and all the brake
systems adopt a single pure air distributor valve system without a backup system, and the system
reliability is poor: in emergency braking, main air is directly filled into the brake cylinder or a
precontrol volume, which tends to produce too large brake cylinder pressure and thus result in

20 wheel sliding. Therefore, the distributor valve needs to be controlled by a new method, so as to
be able to adapt to the requirement for battery electric engineering locomotives by modern

railways.

Summary of the Invention

25 In view of the disadvantage of low control precision of the existing distributor valve, the
invention aims at providing a control system for a distributor valve of a battery electric
engineering locomotive brake system, and through close-loop control of the locomotive brake
cylinder by means of precontrol air cylinder pressure, the device can greatly improve the control

precision of the brake cylinder pressure.



To achi eve the above object, the invention adopts the follow ng sol ution:
the control systemfor the distributor valve of the battery electric

engi neering | oconotive brake systemis structurally characterized by
conprising an electric distributor valve closed-1oop control system enabl ed
in normal conditions, a backup air distributor valve control system enabl ed
when t hEo etlicta the abovelpljeeti thetinyentighadopss del@llpwble wobutans thesgontiehsysaim dor
and an energency braking rapid pressurizing control. system enabled in
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precontrol air cylinder, a distributor valve and a pressure regul ator; and

an air @ilobtyshnassdblgidnRasetned caliddds; out | et hi gh-speed electric
pneumati c val ve, wherein signal input ends of the air inlet high-speed
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val ve are respectively connected with a brake control unit BCU wthin
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control system enabl ed when the electric distributor valve cl osed-1oop
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the pressure regulator, a work air cylinder, a volune chanber suppl enent
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difference, to control the power up and power down of the air inlet high-speed electric pneumatic
20  valve and the air outlet high-speed electric pneumatic valve.
The backup air distributor valve control system enabled when the electric distributor valve
closed-loop control system fails is composed of a brake pipe, the distributor valve, the pressure
regulator, a work air cylinder, a volume chamber supplement air cylinder, and a changeover
electric pneumatic valve controlled by the brake control unit BCU. All these parts mentioned
25  above are successively connected in series by pipes.
The emergency braking rapid pressurizing control system enabled in emergency condition is
composed of the main air cock, the main air pressure regulator, a cock, a large drift diameter

electric pneumatic valve, the precontrol air cylinder and the distributor valve’s balancing part,

wherein the large drift diameter electric pneumatic valve is connected to an emergency braking



| oop, on which a driver controller-enmergency position, an emergency braking
button, an excessive low nmain air pressure protection, and the like are
connected in series; and another signal output end of the enmergency braking
button is connected with the brake control unit BCU, so that when any |ink
on the energency braking loop is cut off, the |arge dianeter electric 5
pneumat foopy @hvehich poltiice ccodtraber-ameigenys poeierendy chicagangy braling button, an
pressurizing control systemis started. In the invention, through
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backup ‘air distributor valve control system ena as electric distriibutor
val ve cik@geddl oop control systemfails works, so that the distributor valve
defines the maxi mal value of the brake cylinder to be not higher than the
set t i nglnvthk UaventibAnthadughcyegiitatieg acsiver valde tod thd eradswt megulaior ovdhe @agn air
bal ancing part is provided with a pressure detection port, through which
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| oconotive brake system conprises an electric distributor valve cl osed-|oop
cont r olthatythé @istributor valve defines the maximal value of the brake cylinder to be not higher than
the setting value.

15  An air cylinder connected to the distributor valve’s balancing part is provided with a pressure
detection port, through which other standard pressure detecting instrument, such as a
high-precision digital pressure gauge, is used to test whether the actually regulated pressure of
the distributor valve’s balancing part air cylinder is correct, and thus the correctness and
practicality of the pressure control system can be further improved.

20  The proportional controller is a pulse width modulation (PWM) proportional controller.

The invention will be further described in conjunction with the drawings.

As shown in Fig. 1, the control system for the distributor valve of the battery electric engineering
locomotive brake system comprises an electric distributor valve closed-loop control system
enabled in normal conditions, a backup air distributor valve control system enabled when the

25  electric distributor valve closed-loop control system fails, and an emergency braking rapid
pressurizing control system enabled in emergency conditions.

The electric distributor valve closed-loop control system enabled in normal conditions comprises

a pressure sensor 7 connected to a balancing part of a distributor valve 15; an air inlet branch

formed by successively connecting in series a main air cock 1 controlling main air intake and cut



enabl ed in normal conditions, a backup air distributor valve control system
enabl ed when the 25el ectric distributor valve closed-1oop control system
fails, and an energency braking rapid pressurizing control system enabl ed
in energency conditions. The electric distributor valve closed-Ioop control
system enabl ed in normal conditions conprises a pressure sensor 7 connected
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and an alr o hi gh- speed el ectric pneunmatic valve 4 are respectively
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controller 5 is arranged within the BCU 17; a signal input end of the
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The backup air distributor valve control system enabled when the electric distributor valve
closed-loop control system fails is composed of a brake pipe, the distributor valve 15, the
15  pressure regulator 9, a work air cylinder 14, a volume chamber supplement air cylinder 13, and a
changeover electric pneumatic valve 6 which are successively connected in series by pipes; and
the changeover electric pneumatic valve 6 is controlled by the brake control unit BCU 17.
The emergency braking rapid pressurizing control system enabled in emergency conditions is
composed of the main air cock 1, the main air pressure regulator 2, a cock 10, a large drift
20  diameter electric pneumatic valve 11, the precontrol air cylinder 12 and the distributor valve 15
which are successively connected in series by pipes. As shown in Fig. 3, the large drift diameter
electric pneumatic valve 11 is connected to an emergency braking loop, on which the driver
controller 18-emergency position, an emergency braking button 19, an excessive low main air
pressure protection, and the like are connected in series; and another signal output end of the
25  emergency braking button 19 is connected with the brake control unit BCU 17, so that when any
link on the emergency braking loop is cut off, for example, when the driver controller 18 turns to
the emergency position or presses the emergency braking button 19, the large diameter electric

pneumatic valve 11 is powered down, and the emergency braking rapid pressurizing control

system is started.



15pressure regulator 9, a work air cylinder 14, a volunme chanber suppl enent
air cylinder 13, and a changeover electric pneumatic valve 6 which are
successively connected in series by pipes; and the changeover electric
pneumatic valve 6 is controlled by the brake control unit BCU 17. The
enmergency braking rapid pressurizing control system enabled in energency
condi t i Bimscdrsrot eyspas ot thé distributern valed of thobkttdry eldsrineniginesting fecesmtive brake
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val ve us precisely contro rake cylinder pressure.

that is, the changeover electric pneumatic valve 6 is powered down, and the electric distributor

20  valve closed-loop control system is automatically switched to the backup air distributor valve
system ; and if failure occurs in a component constituting the electric distributor valve, such as
the air inlet high-speed electric pneumatic valve 3, the air outlet high-speed electric pneumatic
valve 4 or the pressure sensor 7, the output of the brake control unit BCU 17 needs to be
manually cut off, so that the changeover electric pneumatic valve 6 is powered down to switch to

25  the backup air distributor valve control system. At that time, as the changeover electric
pneumatic valve 6 is powered down, the precontrol air cylinder 12 and the volume chamber
compensation air cylinder 13 are communicated, and the distributor valve 15 is controlled by the

brake pipe pressure and the work air cylinder 14, and the pressure of the precontrol air cylinder



As shown in Fig. 2, when the proportional controller 5 for the pulse width
nodul ation (PWM signal fails, or hardware failure occurs in the brake
control unit BCU 17 and results in crash, the brake control unit BCU 17
controls all output to be zero through a diagnostic programthereof, that
is, the changeover electric pneumatic valve 6 is powered down, and the
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greatly improve, the control precision of the brake cylinder pressure by the distributor valve; and

the backup air distributor valve, serving as a backup, greatly improves the reliability of the brake

system. When emergency braking is conducted, hare wire control is adopted for all, and the

25  pressure of the precontrol air cylinder is connected in parallel with a main air path with a large
drift diameter, thus effectively reducing the response time of emergency braking, and improving

the reliability and safety of the battery electric engineering locomotive. In addition, the maximal

pressure of the brake cylinder of the battery electric engineering locomotive is realized by the

setting value of the regulators, which can improve the control precision of the pressure.
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20 precontrol air cylinder is subject to closed-l1oop control, and is
anplified by the balancing part of the distributor valve to obtain and the
pressure of the | oconotive brake cylinder, which can greatly inprove the
control precision of the brake cylinder pressure by the distributor valve;
and the backup air distributor valve, serving as a backup, greatly inproves
t he r el Beiof DescyipsiontdfeahbDakeimggst em When energency braking i s conduct ed,
hare wire control is adopted for all, and the 25 pressure of the precontrol
ai r cyl Figdbis ansaicpaihseheartic diggagm of an empedimgntefithe HIVentith with a | arge
drift dianmeter, thus effectively reducing the.respanse tine of energency
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thegprglg\s&gég&“g@s' Brief Description of the Drawings Fig. 1 is an air path
schemat | Gnglh aglcapr;0of an enbodi nent of the invention; Fig. 2is acircuit
control schenmatic diagram of an enbodi ment of the invention; and Fig. 3 is
a cont rhdlmse hizpedssuredéadatern of an emergency braking | oop of the invention.

5/n the drawings: 1. main air cock; 2. main air pressure regulator; 3. a
i nl et hi.ghakphkigh-setabdledtdc pnoumedicivelveal ve; 4. a outl et high-speed electric
pneumatéil.% oYl?lletV }?i;gh-%gge'd erl)erc?rri)co ;r)lgelu?nrgtallc V?ll?/g;[ roller; '
10 5. proportional controller;
6. changeover electric pneumatic valve;
7. pressure sensor;
8. pressure detection port;
9. pressure regulator;
15  10. cock;
11. large drift diameter electric pneumatic valve;
12. precontrol air cylinder;
13. volume chamber compensation air cylinder;
14. work air cylinder;
20 15. distributor valve;
16. cock;
17. brake control unit BCU;
18. driver controller;
19. emergency braking button.
25
Detailed Description of the Embodiments

As shown in Fig. 1, a control system for a distributor valve of a battery electric engineering

locomotive brake system comprises an electric distributor valve closed-loop control system, a



6. changeover electric pneumatic valve; 7. pressure sensor; 8. pressure
detection port; 9. pressure regulator; 1510. cock; 11. large drift dianeter
el ectric pneumatic valve; 12. precontrol air cylinder; 13. volunme chanber
conpensation air cylinder; 14. work air cylinder; 2015. distributor valve;
16. cock; 17. brake control unit BCU,
backup air distributor valve control system, and an emergency braking rapid pressurizing control
system.
The electric distributor valve closed-loop control system enabled in normal conditions comprises
a pressure sensor 7 connected to a balancing part of a distributor valve 15; an air inlet branch
5 formed by successively connecting in series a main air cock 1 controlling main air intake and cut
off and connected with a main air output port, a main air pressure regulator 2 regulating the main
air pressure, an air inlet high-speed electric pneumatic valve 3, a precontrol air cylinder 12, the
distributor valve 15, and a pressure regulator 9; and an air outlet branch composed of an air
outlet high-speed electric pneumatic valve 4, wherein as shown in Fig. 2, signal input ends of the
10  air inlet high-speed electric pneumatic valve 3 and an air outlet high-speed electric pneumatic
valve 4 arc respectively connected with a brake control unit BCU 17, and a PWM proportional
controller 5 is arranged within the BCU 17; a signal input end of the proportional controller 5 is
connected with an output end of the pressure sensor 7, and a signal output end of a driver
controller 18 is connected with the brake control unit BCU 17; and according to an instruction of
15  the driver controller 18, comparison is made between the pressure sensor 7 and the instruction to
obtain a difference, to further control the power up and power down of the air inlet high-speed
electric pneumatic valve 3 and the air outlet high-speed electric pneumatic valve 4.
The backup air distributor valve control system enabled when the electric distributor valve
closed-loop control system fails is composed of a brake pipe, the distributor valve 15, the
20  pressure regulator 9, a work air cylinder 14, a volume chamber supplement air cylinder 13, and a
changeover electric pneumatic valve 6 which are successively connected in series by pipes; and
the changeover electric pneumatic valve 6 is controlled by the brake control unit BCU 17.
The emergency braking rapid pressurizing control system enabled when in emergency conditions
is composed of the main air cock 1, the main air pressure regulator 2, a cock 10, a large drift
25  diameter electric pneumatic valve 11, the precontrol air cylinder 12 and the distributor valve 15
which are successively connected in series by pipes. the large drift diameter electric pneumatic
valve 11 is connected to an emergency braking loop, as shown in Fig. 3, and the driver controller

18-an emergency position, an emergency braking button 19, an excessive low main air pressure

protection, and the like are connected in series on the emergency braking loop; and another



18. driver controller; 19. emergency braking button. 25 Detail ed
Description of the Enbodi nents As shown in Fig. 1, a control systemfor a
distributor valve of a battery electric engineering |oconotive brake system
conprises an electric distributor valve cl osed-Ioop control system a
backup air distributor valve control system and an energency braking rapid
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and according to an instruction

17; of C e
10" ‘than the settifg value set for the pressure regulator 9 when the backup air distributor valve
control system enabled as electric distributor valve closed-loop control system fails works, so

that the distributor valve defines the maximal value of the brake cylinder to be not higher than

the setting value.



15t he driver controller 18, conparison is nade between the pressure sensor
7 and the instruction to obtain a difference, to further control the power
up and power down of the air inlet high-speed electric pneumatic valve 3
and the air outlet high-speed electric pneumatic valve 4. The backup air

di stributor valve control system enabl ed when the electric distributor

val ve cl osed-1o0op control system falAIMS conposed of a brake pipe, the

di stributor valve 15, the 20 pressure regulator 9, a work air cylinder 14,
a vol une chanber supplenment air cylinder 13, and a changeover electric
pneumatic ,val ve. 6. which.are,. cessivel ted in serles I-pes; and
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regulator 9 or the main air pressure regulator 2, the pressure in the
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and a proportional controller (5) is arranged within the brake control unit BCU (17); a
signal input end of the proportional controller (5) is connected with an output end of
20  the pressure sensor (7), and a signal output end of a driver controller (18) is connected
with the brake control unit BCU (17); and according to an instruction of the driver
controller (18), comparison is made between the pressure sensor (7) and the
instruction of the driver controller (18) to obtain a difference by the brake control unit
BCU (17), and the brake control unit BCU (17) control the power up and power down
25  of the air inlet high-speed electric pneumatic valve (3) and the air outlet high-speed
electric pneumatic valve (4);
the backup air distributor valve control system enabled when the electric distributor
valve closed-loop control system fails is composed of a brake pipe, the distributor

valve (15), the pressure regulator (9), a work air cylinder (14), a volume chamber
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CLAIM5 1. A control systemfor a distributor valve of a battery electric
engi neering | oconotive brake system conprising an electric distributor
val ve cl osed-1oop control system5 enabled in normal conditions, a backup
air distributor valve control system enabled when the electric distributor
val ve cl osed-| oop contrqol systemfails, an i
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pneunat i ¢ cyhndes ({2) anghidne relasicingopnrt el thej disiribper yalyf 462 ivhepive dbgaltarege val ve
(4) are res,peg,tively connected with aé](b}rake control unit BCU)£§7 ., and a
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the driver contr%ﬁ er I9(&28) to obt ai%dﬁa difference by the brake control unit

BCU (17), badkd doholurakBCEoM7Yy,ab thatiwheBGdy (lIhK)onctha tmetgenbye bpdivey loop iand
power down 25 of the air inlet high-speed electric pneumatic valve (3) and
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di stributor valve control, system.enabled when the e]Jectric distributor

val ve cl o§BWrgeaenbbmerapidyessiging ronrql SYSIRpLEFEDf a brake pipe, the
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locomotive brake system according to claim 1, characterized in that the pressure in the
precontrol air cylinder (12) is not higher than the setting value set for the main air
pressure regulator (2) when the electric distributor valve closed-loop control system
enabled in normal conditions works

20 3. The control system for the distributor valve of the battery electric engineering
locomotive brake system according to claim 1, characterized in that the pressure in the
precontrol air cylinder (12) is not higher than the setting value set for the pressure
regulator (9) when the backup air distributor valve control system enabled when
electric distributor valve closed-loop control system fails works.

25 4. The control system for the distributor valve of the battery electric engineering
locomotive brake system according to claim 1, 2 or 3, characterized in that the air

cylinder of the balancing part of the distributor valve (15) is provided with a pressure

detection port (8).
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suppl ement air cylinder (13), and a changeover electric pneumatic valve (6)
controlled by the brake control unit BCU (17), which are successively
connected in series by pipes; and the energency braking rapid pressuri zing
control system enabl ed when in energency 5 condition is conposed of the
main air cock (1), the main a pressure regul a cock, (1Q), a
large drift Hicaftt SEMERY 1o b ﬁéﬁﬁ%% vgixP t?a%attérﬁ/h@eﬁﬂ@cf@ﬁmeeqln%. r
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posi ti on, ener gency i'ng excessi ve om/naln air
pressure protection are connected in series; and another signal output end
of the energency braking button (19) is connected with the brake control
unit BCU (17), so that when any link on the energency braking |oop is cut
off, the large dianeter electric pneunmatic valve (11) is powered down, and
t he emergency braking rapid pressurizing control systemis started. 152.
The control systemfor the distributor valve of the battery electric

engi neering | oconotive brake system according to claim1, characterized in
that the pressure in the precontrol air cylinder (12) is not higher than
the setting value set for the nmain air pressure regulator (2) when the

el ectric distributor valve closed-l1oop control system enabled in nornma
conditions works 203. The control systemfor the distributor valve of the
battery electric engineering | oconotive brake system according to claim1,
characterized in that the pressure in the precontrol air cylinder (12) is
not higher than the setting value set for the pressure regulator (9) when
the backup air distributor valve control system enabled when electric

di stributor valve cl osed-loop control systemfails works. 254. The control
system for the distributor valve of the battery electric engineering

| oconotive brake system according to claim1, 2 or 3, characterized in that
the air cylinder of the balancing part of the distributor valve (15) is
provided with a pressure detection port (8). 5. The control systemfor the
di stributor valve of the battery electric engineering | oconotive brake
system according to claim1, 2 or 3, characterized in that the proportional
controller (5) is a pulse width nodul ation proportional controller.
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