ExRNE “KENETVE" RS TEHRESIEBIEM
— RENEEZBEEFTL

Electric Locomotive Brake

System

B UL E S5 R 5t

2RI

w E  OEek B

i

PR S R R
- HR -




EBEMREKE (C | P) HiE

B, FI LA 3 22 4% = Electric Locomotive Brake
System : $3C / H4pk, #0E, EFEMmE. —
#: TR A AL, 2022.2

ISBN 978-7-5643-8456-2

I. ©dg- T. O @45 @45 M. O L
7 - TR - Kl E - SERMLEE - A0 - 33
V. DU264.2

o E A E A AE CIP $idis i =F (2021) 55 252419 =

Electric Locomotive Brake System

EBAOMEFIENRS

o= D% FHE FHH

TERE F F
HERE IR IER

HiRAkfT HEEREBERFEHRG
(W) EMEHTEFX _REE—R 1115
TR BAFE)FHAE 21 # )

BRE4RAS 610031

KITEREIE 028-87600564 028-87600533

g 1F http://www.xnjdcbs.com
ED Rl IR SR/ IRFEAS

AR~ 185 mmx 260 mm

FIES 8

FH 228 F

BROK 2022 FF2 BE 1A
EIPN 2022 F 2 B 1R
EMr 36.00 T

B ISBN 978-7-5643-8456-2

RS EIE. 028-81435775
BBwENERECBE KiEHFER
RANFRE  &HFRAZR ZIREIE. 028-87600562



B B

AR ARy 7 ks e LA R ML IR o 775 K v R AR L T AN o A 42
g, Bl C—i—5 B E SRR . R TR B AR
rIHLF B AR LR X 6 ANk e kh BE AR g , AS BT s i — Atk b .

il 8h R GURML A B BB RSy, B R TR B R BB B T &
&, BB — A G IPLA AP, B e R LA TR LR . AR
Z IR R R, BRI ShHLA TR, 2 IEwa el AR R shHL, &
J RE NS AR 4 ] S AL RE IR I AL AR | i 2oL i sh AL RE IR0 RE 0% & it
RO SHLAEOE, I FL2 X b g AT Ab FE

AR DA B FEAR AN 75 A B T 7 Y HXDae HL%E Y DK-2
W ShHLVE N FE YRR, REVER T HI s RGN . DK-2 Hil 8 RGE LR
DK-2 fl8 RAERLEGAER . DK-2 #ilsh RGN . DK-2 il sh RG A 1ERE IR
B0 DK-2 il 8 2 Gt ik b b

A E R ALPrE F, RURR T 2B il 8h 2R 58 RPN R
R T 1 8h R S8 R SEARE S | 0T Sh LAY T A DR AN B A S LA S A
R Pl i

1E DK-2 filsh RGE M IFIR T, SRl sh RIS . SRR R, Xk
PR LA RIHLLEAL 232 T eb sl sh L A PR 06 46 B R RN BE 1 M SR, , SR PRI 4%
HVRIRE SR, SIS A " — R A BRI T Rl B 1 40 #r , e e AR
HEN

AR IO AR B D4k 2808, 2FMEE . kR
BATMT: GE8kmE58 1, 2, 35, 2HERESE 45, EXNRE
45, 65,

HTFaEK AR, MZmEaEefd, HhdEaamiBms sz, &
T E IS IE






PREFACE

troubleshooting.

describes the cognition of braking system, composition of DK-2 braking system,

comprehensive function of DK-2 braking system, operation of DK-2 braking



principle knowledge includes the basic concept of braking system, the working
principle of early brake and the basic control logic of modern brake.

DK-2 braking system highlights the composition, operation and fault handling
of the braking system. These contents are based on the necessary knowledge and
ability of the driver in the use of locomotive and brake, and then around this
knowledge and ability requirements, conduct professional ability analysis with the
front-line personnel of locomotive production, and finally select the corresponding
teaching contents.

This book is edited by Ma Jinfa, Li Shuying and Li Xiaokun of Zhengzhou
Railway Vocational and technical college. The specific compilation division is as
follows: Chapters 1, 2 and 3 written by Ma Jinfa, Chapter 4 written by Li Shuying,
and chapters 5 and 6 written by Li Xiaokun.

Due to the limited level of editors and the short preparation time, it is
inevitable that there are omissions and inappropriateness in the book. I urge readers
to criticize and correct.

Editor
November 2021
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Chapter 1

Brake System Cognition

Cognition of basic concept of brake system

In everyday life, any means of transportation cannot be separated from the brake
system. From small bicycles to space shuttles, the brake system plays an important role in
ensuring transportation safety. For railway transportation, the running process of the train
includes three basic working modes of traction, idle and braking. The key to the successful
implementation of the braking mode is that the brake system works effectively and reliably.

So, what’s the brake system?

What are the compositions of the brake system?

Here are two basic concepts-braking and braking force.

The braking refers to the process that artificially generating the train deceleration force
and controlling its size to slow down, stop the train or prevent it from accelerating.

The braking force is the train deceleration force that can be artificially controlled
during the braking process.

The moving train contains Kinetic energy. To slow down or stop the train, the Kinetic
energy of the train must be reduced. According to the law of conservation of energy, Kinetic
energy needs to be converted into other forms of energy during braking process.

In the train operation, according to different actual conditions, the target after the
implementation of braking is also very different. Braking is divided into emergency braking
and service braking according to the braking target.

The goal of emergency braking is to stop in the possible shortest time, that is, to obtain
the maximum braking force in the shortest time so that the train can stop suddenly. Because
the emergency braking effect is relatively fierce, it will cause a relatively large impulse of
the rolling stock, which will bring great discomfort or even injury to the passenger, so it can
only be used in the event of an emergency.

The service braking is more moderate than the emergency braking. It is to get the



specified braking force for the train within a certain period of time. Why does it need a
specified braking force? Because the service braking has different targets in different
situations, in most cases it is stop, but sometimes only for speed regulation. In particular,
passenger trains, in order to improve passenger comfort, usually use the minimum effective
braking force to make the train speed control or stop smoothly.

In order to obtain different braking results during in the process of braking, it is
necessary to control the size and speed of the energy conversion.

In summary, the process of braking must have two basic conditions:

(1) Achieve energy conversion.

(2) Control energy conversion.

A brake system is a device or system that is capable of producing a controllable train
deceleration force to achieve and control energy conversion.

The simple brake system performs energy conversion control while achieving energy
conversion. For example, the brake of the bicycle completes the control of the braking force
by the tightening of the hand while the brake is being applied.

Both the locomotive and the vehicle have their own brake system. When locomotives
and vehicles are combined into the train, their respective brake systems are connected to
each other to form a unified brake system-the train brake system.

With the development of rolling stock technology, the train running speed is getting
higher and higher, the traction weight of the train is also increasing. Finally, the Kinetic
energy of the train is inevitable increasing, which puts forward higher requirements for the
braking ability of the train brake system, so the structure and working principle of the train
brake system is becoming more and more complex.

Modern train brake systems generally use compressed air as power to achieve braking,
known as air braking. Depending on the relationship with the compressed air in the brake
system, all equipment of the brake system can be divided into two parts. Among them, the
device to control the change of compressed air pressure is usually called brake, which
completes the control of energy conversion in the process of braking. Since the pressure
change control of different brake is quite different, it is the focus of our future study. The
device that uses compressed air as the power source to ultimately generate the
corresponding braking force is called the brake rigging, which realizes the energy
conversion in the braking process. Because all the brake riggings of locomotives and
vehicles are pure mechanical transmission, the working principle is similar, so we only need
to master the working principle of brake rigging of one type.

The main content of this course is the knowledge of the locomotive brake system. At
the same time, the vehicle brake system involved is also briefly described.

The purpose of the brake system is to enable the train to slow down or stop accurately

002



according to the will of the operator. The performance of the brake system not only affects
the train braking effect, but also affects the railway transportation production. Measuring
the performance of the brake system is mainly to measure the performance of the brakes. A
brake with good performance has the following advantages in promoting railway
transportation:

(1) Ensure train running safety.

(2) Give full play to the traction force, increase the traction weight of the train, and
improve the running speed of the train.

(3) Improve the ability of the train to pass the section.

Cognition of the development of brake system

On September 27, 1825, the world’s first railway was built between Stockton and
Darlington, England, and the world’s first steam locomotive-driven train began to operate.
The brake used at that time was a manual brake, i.e. a hand brake. In the work, several
brakemen are needed. When braking is needed in operation, the driver sends out a signal,
and brakemen control the hand brakes on each vehicle separately for braking. It can be seen
that manpower braking not only increases the labor intensity of brakemen working in harsh
environments, but also greatly reduces the simultaneity of vehicle braking in trains, thus
causing serious braking impact and affecting the braking effect of trains.

In 1869, American Engineer George Westinghouse invented the world’s first air brake,
the straight air brake. The straight air brake belongs to the pneumatic device and is operated
by the driver alone. Compared with the manual brake, the straight air brake greatly
improves the simultaneity of the train braking, reduces the braking impact and improves the
braking effect of the train. However, due to the working principle of the straight air brake,
there is a fatal weakness in its operation process-when the train is separated, the train will
lose its braking function.

In 1872, George Westinghouse developed a new type of air brake, automatic air brake,
on the basis of straight air brake. Automatic air brake overcomes the fatal weakness of
straight air brake, so it has been widely used in railway transportation. Even today, with the
high development of science and technology, air brake used by trains all over the world
originates from automatic air brake.

In the 1960s, with the development of science and technology, electro-pneumatic brake
technology was widely used in railway transportation, resulting in electro-pneumatic brake,
which improved the working performance of brake and provided more reliable safety
measures for railway transportation.
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In the 21st century, with the development of computer technology and sensor
technology, the instructions of electro-pneumatic brake are transmitted through computer
control. The working state of the brake is supply back from the sensor to the computer in
real time. Computer control realizing networked, informative and intelligent control, and
improving the speed response and accuracy. At this time, these brakes can be called
intelligent electro-pneumatic brakes.

CIassification cognition of brake system

The difference of power and control signal required in braking process is an important
indicator to distinguish different brakes. For example, the power and control signal of air
brake are all compressed air (also known as pressure air); the power of electro-pneumatic
brake is also pressure air, but its control signal is electrical signal. Therefore, it is the basic
premise for analyzing and mastering the working process of the brake to understand the
power and control signals of the brake.

In theory, different mode brakes are often distinguished by braking modes. The
braking mode refers to the transfer mode of train kinetic energy or the formation mode of
braking force in the braking process. According to the different transfer modes of train
kinetic energy, brake can be divided into two basic modes: heat dissipation and conversion
of kinetic energy into useful energy, as shown in Figure 1-1.

Wheels tread brake
Solid friction braking { Disc brake

Friction braking { Track electromagnetic brake
Liquid friction braking
Rheostatic braking
Dynamic braking { Rotary eddy current brake

Track eddy current brake

Heat dissipation

Regenerative brakin
Conversion of kinetic energy into useful energy { & €
Flywheel energy storage brake

Figure 1-1 Braking modes (by train kinetic energy transfer mode)

According to the different forms of braking force, braking mode can be divided into
adhesive braking and non-adhesive braking. The braking force is formed by the adhesion
between the wheel and rail, which is called adhesive braking. On the contrary, the braking
force without the adhesion between wheel and rail is called non-adhesive braking. The
classification of adhesive brakes and non-adhesive brakes is shown in Table 1-1.

Table 1-1 Classification of adhesive brake and non-adhesive brake
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Brake type Classification Remarks

Tread brake

1. Friction braking Widely used
Disc brake
. . Commonly used on electric
) Rheostatic braking locomotives
Adhesion
braking 2. Dynamic braking Regenerative braking Used on electric locomotive
Supplying rheostatic
brake Commonly used on electric
locomotives
3. Inertia braking Flywheel energy storage
brake
4. Magnet track friction brake .
Non-adhesion Adopted on high-speed
brakin 5. Magnetic track eddy current brake locomotives and EMUEs, it is not
g yet popular

6. Air resistance brake and jet brake

The brakes can be divided into locomotive brakes and vehicle brakes according to the
action objects. They can be divided into air brakes, electric pneumatic brakes and vacuum
brakes according to the control mode and power source.

The cognition of working principle of early brake
system

As mentioned above, the development of the early brake system has gone through two
stages: the straight air brake system and automatic air brake system. Their basic working
principles are discussed separately below.

4.1 The basic working principle of the straight air brake system

41.1 Basic structures

The composition of the straight air brake system is shown in Figure 1-2.

In the vehicle, the straight air brake mainly consists of brake pipe and brake cylinder.
On the locomotive, the straight air brake includes not only brake pipe and brake cylinder,
but also air compressor, main air reservoir and brake valve which controls the whole brake
system. When the train is running, besides the coupler connection, the brakes of the
locomotive and the vehicle should be connected with the hose through the brake pipe to
form a unified brake system for the train. The driver manipulates the brake valve to achieve
the corresponding control.

:




I
locomotive part ————— vehicle part
I 2 3 4 s

1—air compressor; 2—main air reservoir; 3—pressure regulating valve; 4—brake valve; 5—brake pipe;
6—"brake cylinder; 7—wheel; 8—brake shoe; 9—nbrake cylinder piston rod;
10—brake cylinder restoring spring; 11—brake cylinder piston.

Figure 1-2 The structure schematic of the straight air brake system

4.1.2 Basic working principle

The working process of the brake system mainly includes three basic states: braking,
release and pressure holding.

1. Braking state

When the train needs braking, the driver pushes the brake valve handle to be placed in
the “brake” position, so that the pressure air stored in the main air reservoir is directly
flowed into the locomotive brake cylinder and the vehicle brake cylinder through the
pressure regulating valve, the brake valve and the brake pipe, and the piston of the brake
cylinder is pushed to compress the spring, and then through the brake transmission device
(e.g. The brake cylinder piston rod, brake lever, etc.) transfers this thrust to the brake shoe,
so that the brake shoe presses the wheel tread and produces braking effect.

2. Release state

When the train needs to reduce or release braking, the driver pulls the brake valve
handle to be placed in the “release position”, so that the pressure air in the brake cylinder of
locomotive and vehicle flows through the brake pipe and the passage opened by brake valve,
it is discharged into atmosphere. Under the force of the brake cylinder restoring spring, the
piston of the brake cylinder moves backwards, and the brake shoe is driven by the brake
transmission device, it leaves the wheel to release the brake system.

3. Pressure-holding state

When a train needs to maintain a certain braking force, the driver controls the brake
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valve handle to be placed in a “neutral position”, which not only close the air charging
passage of the locomotive and vehicle brake cylinder, but also the air discharging passage,
S0 as to maintain a certain pressure in the brake cylinder of the locomotive and vehicle to
achieve pressure-holding effect.

In summary, the operation of the straight air brake has the following characteristics:

(1) Because the charging and discharging of the brake cylinder need to be completed
through the brake pipe, it can be said that the brake pipe charging leads to brake, the brake
pipe discharging leads to release. It is precisely this characteristic of the straight air brake
that makes it have the fatal weakness of “when the train is separated, the brake system of
the train loses its braking function”, which is also the crucial reason for the elimination of
the straight air brake.

(2) Because the brake pipe is thin and long, it will inevitably lead to fast air charging
and high pressure of the brake cylinder of the front vehicle while braking, while slow air
charging and low pressure of the brake cylinder of the rear vehicle.This makes the braking
simultaneity of the front and rear vehicles of the train poor, thus causing certain train
braking impact, although it is much better than hand brake in this respect.

4.2 Basic composition and principle of automatic air brake

4.2.1 Basic composition

The automatic air brake is shown in Figure 1-3.

I
locomotive part ==———— vehicle part

oEw

7

13 12 11 10 9 8
1—air compressor; 2—main air reservoir; 3—pressure regulating valve; 4—brake valve; 5—brake pipe;
6—triple valve (distributing valve); 7—auxiliary reservoir; 8—wheel; 9—brake shoe;
10—brake cylinder; 11—brake cylinder piston rod; 12—brake cylinder restoring spring;
13—brake cylinder piston; 14—emergency brake valve.

Figure 1-3 Schematic diagram of automatic air brake structure
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The automatic air brake is composed of an auxiliary reservoir and a triple valve (or
distributing valve) added on the basis of the straight air brake. Among them, the auxiliary
reservoir is used to store the pressure air filled by the brake pipe and supply the pressure air
to the brake cylinder during braking. The function of triple valve or distribution valve is to
charge the auxiliary reservoir with the same pressure and exhaust the brake cylinder when
the brake pipe is charged. When the brake pipe discharges, it stops the charge of the
auxiliary reservoir and opens the flow path from the auxiliary reservoir to the brake

cylinder at the same time.

4.2.2 Basic working principle

1. Release state

As shown in Figure 1-4, when the driver places the brake valve handle in the “release”
position, the pressure air flows into the brake pipe through the passage opened by the brake
valve. The piston of the triple valve loses balance and generates the right-facing pressure
difference, which pushes the piston to drive the graduating valve and the sliding valve to
the right. On the one hand, the Supply Groove is opened to make the brake pipe pressure air
flow into auxiliary reservoir store for next braking. On the other hand, the right move slide
valve opens the passage that the air in the brake cylinder is discharged into atmosphere, and

finally the brake shoe is separated from the wheel to release.

1 Feed Groove 2 3 4
\ \

1—brake pipe; 2—triple valve; 3—piston rod; 4—auxiliary reservoir; 5—graduating valve;
6—brake cylinder; 7—slide valve; 8—triple valve piston.

Figure 1-4 Schematic diagram of release state of automatic air brake
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2. Braking state

As shown in Figure 1-5, the driver pulls the brake valve handle in the “brake” position.
The pressure air in the brake pipe is discharged through the passage opened by the brake
valve. The piston of the triple valve loses balance and forms a pressure difference to the left,
which pushes the piston to move left and closes the Supply Groove so that the pressure air
in the auxiliary air cylinder cannot flow back to the brake pipe. When the piston drives the
graduating valve and the sliding valve to move left, the sliding valve covers the exhaust
port to shut off the discharging passage of the brake cylinder, and the graduating valve
opens the air passage which the auxiliary air flows to the brake cylinder. With the charging
of the brake cylinder, the piston of the brake cylinder will move right, and finally the brake
shoe will compress the wheel to brake.

;
~—— |

—
—— = —@--
——

Figure 1-5 Schematic diagram of brake stage of automatic air brake

3. Pressure-holding state

As shown in Figure 1-6, the driver places the brake valve handle in a “neutral”
position and cuts off the charging and discharging ventilation circuit of the brake pipe, that
is, the brake pipe pressure stops changing. The pressure of the auxiliary reservoir is
decreasing as the auxiliary reservoir charges the brake cylinder in braking state. When the
auxiliary reservoir pressure drops to a little lower than the brake pipe pressure, the piston of
the triple valve drives the graduating valve to move slightly to the right, thus cutting off the
air passage of the auxiliary reservoir flowing to the brake cylinder, so that the brake
cylinder is neither charged nor discharged, that is to say, the brake system is in a
pressure-holding state. It can be seen that the automatic air brake has the working principle
of “brake pipe charging leads to brake system release, brake pipe discharging leads to brake
system braking”. Therefore, it overcomes the fatal weakness of the straight air brake that
the brake system loses its braking function when the train is separated, thus it is widely
used.
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Exhaust

Figure 1-6 Pressure-holding state of automatic air brake

4. “Fail to safe”

Although the automatic air brake solves the fatal weakness of the straight air brake
that “the braking system loses braking effect when the train is separated”, new problems
have emerged. When the brake valve fails, the brake pipe cannot reduce pressure, so the
brake system cannot brake. In order to solve this problem, the automatic air brake system is
equipped with an emergency brake valve. When the brake valve fails and braking is
required, pull down the handle of the emergency brake valve to quickly discharge the
compressed air of the brake pipe to the atmosphere. This function is still retained in the
current braking system. The emergency brake valve is called the last sort of brake system.

Cognition of relay valve and the development of
pressure control of brake pipe

5.1 Pressure control

In the previous study, we have already come into contact with the concept of pressure
control. In the brake system, the so-called pressure control is to control the pressure of a
pipe to change according to the requirements, specifically to control the pipe pressure to
increase, decrease and maintain. Compressed air naturally has the characteristics of flowing
from high pressure area to low pressure area. In fact, the pressure control of air pipe is to
control opening and closing of the passage that the pipe connects with the external
atmosphere or the pipe (general is air source) whose pressure is higher than it. The opening
and closing of passage are controlled by valves. Valves need control commands when
working. The control instructions can be position of valve handle, compressed air pressure
change, and electrical signal etc. The opening and closing of passage can change the
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pressure of compressed air pipe. The output of the valve is the pressure change of
corresponding pipe.

5.1.1 Pressure control of the brake pipe by brake valve

In early brake system, such as the straight and automatic air brake system, they use the
same device which called brake valve to control the pressure of the brake pipe. The brake
valve directly opens or closes the passage according to the handle position. That is, the
handle position is the control instruction to the brake valve. When the handle position is
“release”, the brake valve opens the only passage that connect the regulating pipe and brake
pipe. The brake pipe is charged and its pressure rises.

When the handle position is “braking”, the brake valve opens the only passage that
connects the exhaust and the brake pipe. The brake pipe is discharged and its pressure falls.
When the handle position is “neutral”, the brake valve closes all the passages. The brake
pipe is neither charged nor discharged and its pressure maintains.

The direct control by brake valve is simple structure and working principle. It was
widely use at that time.

5.1.2 Air wave and air wave velocity

In railway transportation, locomotives and vehicles are organized into trains. Brake
pipes are slender and long, and air is an elastic substance. Therefore, when the driver
controls the charging or discharging of brake pipes in the locomotive at the front of the train,
the brake pipes of the whole train are not immediately and synchronously pressurized or
decompressed. Taking braking as an example, first of all, the air pressure of the brake pipe
near the front brake valve of the train began to decrease, which destroyed the original
pressure balance. Then, the pressure drop gradually propagates backward along the brake pipe
at a certain speed until the pressure at the closed part of the brake pipe at the rear end of the
train begins to decrease. When the pressure drop propagates from front to back, the air
pressure at the front end of the brake pipe continues to drop, and new pressure drop also
propagates back. This kind of wave is known as air wave because it is formed by air pressure
fluctuation propagation along the length direction of the brake pipe from forward to backward.
Its propagation is a mechanical wave, just as the water surface ripple caused by throwing
stones into the lake keeps spreading outward. However, it is an air wave propagating along
the brake pipe, and its performance is similar to other air waves such as sound waves.

During the process of discharging air and decompression at the front end of the train
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and continuous backward propagation, the pressure air in the brake pipe expands
continuously, and its pressure energy is continuously transformed into kinetic energy.
Therefore, it continuously flows from the back to the front, and discharges to the
atmosphere through the exhaust port of the brake valve. Obviously, the continuous flow of
air is not the same as the propagation of pressure drop. Pressure drop propagation (air wave)
belongs to a kind of vibration wave, which propagates in the medium according to the law
of vibration, the continuous flow of air in the pipe is not a wave, but a continuous
movement of the medium(air), so the resistance around (e.g. the pipe wall) has a great
influence on it. In addition, the direction of airflow is opposite to that of pressure drop
during decompression (although the direction of air wave propagation is the same as that of
airflow, it is not the same thing in the case of air charging and pressurization).

Because of the loss of energy in the process of air wave propagation, the intensity of
air wave is actually gradually weakening, just as the water wave caused by throwing stones
in the lake expands outward and weakens gradually, so the pressure reduction speed is
lower as the distance longer from the front part.

Usually, the speed of air wave propagation is measured by physical quantity-air wave
velocity. The so-called air wave velocity refers to the speed of air wave propagation. The
following formula can be used to calculate:

v, =L/t (1-1)

Where:

v, —air wave velocity;

L,, —the distance of the air wave propagation;
t,, —the time of the air wave propagation.
Generally, the air wave velocity is about 330 m/s.

5.1.3 Pressure control of brake pipe by relay valve

With the increasing number of train formation, the brake pipe is getting longer and
longer, but the air wave velocity is relatively stable, so the time for the pressure change of
the brake pipe from locomotive to the last vehicle is also getting longer and longer, and the
driver directly controls the pressure change of the brake pipe by the brake valve is
becoming more and more inadequate.

In order to control the brake pipe pressure reduction accurately and to control the
braking force of train, the equalizing reservoir (volume 4 L) is set as the standard parameter

012



to control the brake pipe pressure reduction accurately.

All of modern brakes are equipped with equalizing reservoir and relay valve.
According to the pressure change of equalizing reservoir, the relay valve can automatically
control the brake pipe to achieve the same pressure change that the equalizing reservoir has
completed. The driver can control the pressure change of brake pipe conveniently and
accurately.

5.2 The structure and working principle of relay valve

5.2.1 Structure

Dual-passage relay valves are mainly composed of the following components, as
shown in Figure 1-7.

1—screw cap; 2—supply valve sleeve; 3—supply valve spring; 4—supply valve; 5—valve body; 6—valve seat;
7—drive rod; 8—exhaust valve; 9—exhaust valve spring; 10—exhaust valve sleeve; 11—inner piston;
12—rubber diaphragm; 13—outer piston; 14—overcharge cap; 15—overcharge spool;
16—exhaust choke plug; 17—choke plug.

Figure 1-7 The structure diagram of dual-passage relay valve

1. Main diaphragm piston

The sensing component is used to sense the pressure different between its two sides,
thus driving the left or right movement of the drive rod to open or close the exhaust or
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supply valve ports, and ultimately to connect or cut off the discharging and charging air
passages. It is mainly composed of inner and outer piston and rubber diaphragm.
2. Supple valve outfit

The actuating parts connecting or cutting off the air supply passage. It is mainly
composed of supply valve, supply valve sleeve, supply valve spring and O-ring rubber seal
(O-ring for short).

3. Exhaust valve outfit

Connecting or cutting off the executing parts of the exhaust air passage. It is mainly
composed of exhaust valve, exhaust valve sleeve, exhaust valve spring and O-ring.

4. Drive rod

Follow the main piston to move and open the air supply valve port or exhaust valve
port.

5. Valve seat

It is a two-way seat structure. It can respectively form a supply and exhaust valve ports
with the supply and exhaust valves.

6. Overcharged spool

When overcharged spool is rapidly filled with air, additional force is produced and
acted on the diaphragm piston plate to realize rapid air filling of brake pipe and to obtain
overcharged pressure of brake pipe.

7. Other parts and components

Including valve body, end cap, choke plug, exhaust choke plug and rubber seals etc.

8. Connected Pipe of relay valve

As shown in Figure 1-8, each internal space of the dual-passage relay valve is
connected respectively with one of the five air pipes (i.e. tube):
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(1) The space on the left side of the overcharge spool is connected to the overcharge
reservoir pipe.

(2) The space on the left side of the diaphragm piston (called the middle average
chamber) is connected to the equalizing reservoir pipe.

(3) The space on the right side of the diaphragm piston is connected with brake pipe
through a choke plug (¢1.0 mm), and the intermediate space of the valve seat is in
communication with the brake pipe.

(4) The exhaust chamber is connected to the atmosphere.

(5) The air supply chamber is in communication with the main reservoir pipe that

passes through the main reservoir cut-off valve.

5.2.2 Working principle

The basic principle of the double-valve relay valve is that the difference of forces
acting on both sides of the diaphragm piston is changed according to the change of the
pressure of the equalizing reservoir, so that the diaphragm piston drives the drive rod to
move left and right, and opens the air supply valve orifice or exhaust valve orifice to
connect or cut off the discharging or air supply circuit of the brake pipe, so as to realize the
brake pipe charging and discharging. At last its pressure is equal to the pressure of

equalizing reservoir. Dual-passage relay valves have four operating positions.

1. Charging position (as shown Figure 1-8)

As the pressure of the equalizing reservoir increase, the pressure on the left side of the
diaphragm piston plate increase, causing it to exert a force to the right. Therefore, the
diaphragm piston plate drives the drive rod to move to the right, and compresses the spring
of the supply valve to push the supply valve to move to the right, thus opening the supply
valve port, the pressure air of the main reservoir coming from the main reservoir cut-off
valve (hereinafter referred to as the main air, the pressure ranges from 700 kPa to 900 kPa).
The main air flows to the brake pipe through the opened supply valve port, and the air of

brake pipe flows to the right side space of the diaphragm piston plate through the choke
plug (41 mm).
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MR cut-off valve

Figure 1-8 Schematic diagram of charging position of relay valve

2. Maintaining position after charging

When the equalizing reservoir is filled to specified pressure (500 kPa or 600 kPa), its
pressure is stability. With the pressure increasing of brake pipe and the right side of
diaphragm piston plate for their charging, the pressure on the left side of diaphragm piston
plate is gradually balanced. Under the action of supply valve spring, the supply valve
pushes the drive rod and diaphragm piston plate to the left and gradually reduces the air
supply valve port opening until it closes. At the same time, the drive rod and diaphragm
piston plate stop moving left and cannot open the exhaust valve port, so that it is in the
pressure-maintaining state that the supply and exhaust valve ports are all closed.

When the brake pipe leaks, the pressure on the right side of the diaphragm piston plate
of the double-port relay valve decreases, and the pressure difference on the diaphragm
piston plate produces a force to the right. Therefore, the diaphragm piston plate drives the
drive rod to the right and opens the air supply valve port to charge the brake pipe, while the
right side of the diaphragm piston plate pressure increases too. When the brake pipe
pressure is balanced with the pressure on the left side of the diaphragm piston plate, under
the force of the supply valve spring, the valve port is closed to complete the air charging
process. It can be seen that the air supply function is automatically carried out with the

leakage of the brake pipe.
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3. Braking position (as shown Figure 1-9)

As the decrease of equalizing reservoir pressure, the pressure of the left side of
diaphragm piston decrease, the pressure difference on the diaphragm piston produces a left
direction force, so that the diaphragm piston drives the drive rod to move left, it pulls the
exhaust valve to move left by overcome the force of exhaust valve spring, the exhaust valve
port is opened, the brake pipe is discharged, at the same time the air in the right side of
diaphragm piston is discharged through the choke plug and the exhaust valve port.

.......

Figure 1-9 Schematic diagram of braking position of relay valve

4. Maintaining after braking

When the equalizing reservoir pressure maintains for complete the prescribed pressure
reduction, the pressure on the left side of the piston remains unchanged. With the pressure
decrease of the brake pipe and the right side of diaphragm piston plate, the pressure on the
left side of diaphragm piston plate is gradually balanced. Under the force of exhaust valve
spring, the exhaust valve pushes the drive rod and diaphragm piston plate to the right, until
the pressure on both sides of diaphragm piston plate is balanced, the exhaust valve port is
closed, thus cutting off the discharging air passage of brake pipe. At the same time, the
drive rod and diaphragm piston plate stop moving to the right, and cannot open the air
supply valve port, so that it is in the pressure-maintaining state without opening the exhaust
valve port and the air supply valve port.

.




Similarly, when the brake pipe leaks, the dual-passage relay valve will also perform
the automatic air supply function. At present, most of the locomotive brakes in our country
use two pressure mechanism distribution valves, which have only direct release
performance. Therefore, in actual operation, the automatic air supply function is removed
through the main reservoir cut-off valve to avoid the occurrence of natural release and
endanger the operation safety.

Further analysis shows that if the diaphragm piston plate of the dual-passage relay
valve is communicated on both sides, i.e. the equalizing reservoir and the brake pipe, the
difference of effective force cannot be formed on the diaphragm piston plate, thus the
supply and exhaust valve ports of the dual-passage relay valve cannot be opened. It is
customarily said that the dual-passage relay valve is in the self-locking state at this time.
Obviously, the condition for the self-locking status of the dual-passage relay valve is to

make the brake pipe communicate with the balanced air cylinder.

The development of brake cylinder pressure control

6.1 The inadequacy of triple valve

With the development of locomotive and vehicle braking technology, the requirement
of brake cylinder pressure control is becoming higher and higher. Mainly manifested in the
following aspects:

(1) Establish brake cylinder pressure as quickly as possible to shorten idling braking
time and idling stopping distance.

(2) When the brake cylinder leaks, it should be able to replenish the air in time to keep
the pressure of the brake cylinder unchanged so as to ensure that the locomotive and vehicle
have enough braking force.

(3) In emergency braking, the brake cylinder should be charged in the shortest time to
the maximum pressure of 450 kPa that the brake system can allow, so as to make the
locomotive and vehicle stop quickly.

(4) Some trains, especially passenger trains, want to adopt graduated release to reduce
impulse and improve comfort.

(5) Realize the multi-control of the brake cylinder pressure of locomotive, so as to
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make the braking and release of locomotive and vehicle different when necessary.

We review the working principle of the triple valve and find that the above
requirements correspond to the shortcomings of the triple valve one by one. Firstly, the feel
groove opened at the charging position of the triple valve cannot be closed after the
completion of air filling. Keeping the feed groove open has two consequences, one good
and the other bad. On the one hand, it guarantees the stability of the brake, but it has little
significance for the control of the relay valve which can be supplemented at any time for
the leakage of the brake pipe. The bad one is that it prolongs the time that the piston of the
triple valve changes to the brake position, that is, it prolongs the idling braking time and the
idling stopping distance. Because the piston of the brake cylinder is pushed to the left by
the restoring spring of the brake cylinder piston at the charging position, when the
compressed air from the auxiliary reservoir pushes the piston of the brake cylinder to the
right, the pressure of the brake cylinder is equivalent to the vacuum, so the speed of
establishing the pressure of the brake cylinder is relatively slow, and the idling braking time
and idling stopping distance are also prolonged. Secondly, because all the passages are cut
off at pressure maintaining position, the leakage of the brake cylinder cannot be
compensated, that is to say, with the leakage of the brake cylinder, the braking force will
gradually decrease. Thirdly, due to the limited volume of the auxiliary reservoir, even if it is
balanced with the pressure of the auxiliary reservoir, the maximum pressure that the brake
cylinder can get is less than 450 kPa which needed in emergency. Fourthly, the triple valve
can only direct release, as long as the brake pipe is charged in the maintaining position after
braking, the brake cylinder will exhaust and completely release. Finally, the triple valve
controls the brake cylinder directly, so it cannot realize the multi-control of the brake

cylinder pressure of locomotive.

6.2 Overview of air distributing valve

In order to solve the above problems, similar to the relay valve controlling the pressure
change of brake pipe according to the pressure change of equalizing reservoir, the modern
brake system first changed the pressure control of brake cylinder to indirect control. As

shown Figure 1-10.

.
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1—brake pipe; 2—main piston; 3—distributing valve; 4—slide valve; 5—working reservoir;
6—check valve; 7—auxiliary reservoir; 8—balance valve; 9—balance piston;
10—brake cylinder; 11—volume chamber; 12—relay valve.

Figure 1-10 The schematic diagram of air distributing valve structure

Compared with the triple valve, which directly controls the pressure change of the
brake cylinder according to the pressure change of the brake pipe, indirect control adds the
working air cylinder, volume chamber and relay valve, as shown in the Figure 1-10. The
triple valve controls the pressure change of the volume chamber according to the pressure
change of the brake pipe. Its working principle is similar to that of the automatic air brake,
except that the pressure of the volume chamber is established from the atmospheric
pressure, and its air source is replaced by the working reservoir. Because of the function of
the check valve, the auxiliary air cylinder does not participate in the pressure control of the
volume chamber, but only acts as the pressure air source of brake cylinder. According to the
pressure change of the volume chamber, the relay valve finally controls the pressure of the
brake cylinder to be equal to the volume chamber, and the leakage of the brake cylinder can
be supplemented at any time. At this time, although the brake cylinder is still built up from
the vacuum, because the volume chamber is built up from the atmospheric pressure, the
pressure of the brake cylinder and the volume chamber is equal quickly through the large
flow of the relay valve, which improves the speed of the brake cylinder pressure
establishment. Because the pre-control pressure of the relay valve can be controlled by
multiple channels, it can realize the multi-control of locomotive brake. This basically solves
1, 2 and 5 of the above problems.

Later, the triple valve was evolved into an air distributing valve. Some of the
distributing valves were designed as three-pressure mechanism, which could realize the
graduated release function. Distributing valves are designed with main valve part, balance
part and emergency part. Main part is similar to triple valves, but with quick service
position. When the charging release position changes to the braking position, the brake pipe
is opened to fill the air in the quick service chamber, which causes an additional pressure
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drop of the brake pipe, accelerates the service braking speed, and partially solves the
braking delay caused by the opening of the supply groove. The balance part is equivalent to
the relay valve. The emergency booster part can charge the volume chamber to 450 kPa
when the emergency braking is happened. From the above, the distributing valve basically
solves the problems mentioned earlier.

Modern computer control brakes use electronic distributing valves to control the
pressure change of the volume chamber according to the pressure change of the brake pipe.
Because the high-speed solenoid valves respond to the change of electronic instructions
quickly to open and close the air passage, the delay of service braking is reduced to the
greatest extent. Furthermore, it controls the pressure more accurately than the air
distributing valve. It becomes the general device when normal running. That is the
performance of brake is focus on the electronic distributing valve. The air distributing valve
is not important for modern brake system. But for the sake of fail-safe, the triple valve or
air distribution valve must be installed on the locomotive as a safe backup of the electronic
distributing valve.

We will introduce the electronic distributing valve in the next project.

wmti—control of locomotive brake cylinder pressure

7.1 Multi-control of locomotive brake

When we control the locomotive brake to braking and release, it is required not only to
synchronize braking and release with vehicle, but also to realize locomotive braking and
release individually. With the development of rolling stock technology, the train requires
multiple locomotives to improve traction force and braking force. Because of the strong
braking capacity of locomotives, the smaller pressure difference between the brake
cylinders between locomotives will lead to greater impulse, and may even cause the coupler
to break. In order to avoid this situation, the trail locomotives must have the same brake
cylinder pressure with the lead locomotive. All these require that the pressure control of
locomotive brake cylinder should realize multi-control.

7.1.1  Automatic braking action

According to the change of brake pipe pressure to control the change of volume
chamber pressure and then to control the braking and release of locomotives and vehicles is
called automatic braking function.

.




7.1.2 Independent braking action

In order to control the braking and release of locomotives individually, an independent
application pipe is added to the locomotive brake system. The driver controls the pressure
change of the independent application pipe through different positions of the independent
brake valve handle, and then controls the braking and release of the locomotive individually.
In the brake system, it is generally called the independent braking function.

7.1.3 Multiple locomotive brake cylinder control

When multiple locomotives traction, that is, there are two or more sets of brakes.
There must be one set as operating brake, i.e. lead brake system, others as non-operating
brake, i.e. trail brake system. In order to minimize the braking and release impulse among
the multiple locomotives, the trail locomotives should achieve the same brake cylinder
pressure with lead locomotive through the brake cylinder equalizing pipe.

From above, the pressure of pre-controlled brake cylinder (general called application
pipe) is determined by three aspects. They are volume chamber, independent application
pipe and brake cylinder equalizing pipe. Generally speaking, braking priority is adopted.
That is, the highest pressure among the three aspects will be the pressure of application pipe.
The brake system uses the double check valve to achieve it.

At last, the brake system uses relay valve to control the pressure of brake cylinder to
maintain the same pressure with application pipe. The brake cylinder can be replenished as
soon as leakage. This causes conveniently use of the anti-slip device.

(1) The principle of control pressure of brake cylinder of lead locomotive is shown in
Figure 1-11.

| Automatic brakmg l:>| Volume chamber % Pre-control

brake cylinder
/ (application pipe)
| Independent braking ||:;> Independent

application pipe
Relay valve

| Brake cylinder equalizing pipe <J————

Brake cylinder

Figure 1-11  The block diagram of lead locomotive brake cylinder pressure control

(2) The principle of control pressure of brake cylinder of trail locomotive is shown in
Figure 1-12.
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| Automatic braking I::>| Volume chamber R Pre-control

brake cylinder

(application pipe)
Multiple control [—>{ Brake cylinder equalizing pipe
Relay valve

Brake cylinder

Figure 1-12 The block diagram of trail locomotive brake cylinder pressure control

(3) The pressure control of brake cylinder equalizing pipe.
To realize the same pressure control of brake cylinder of multiple locomotives, the
multiple valve is adopted in the brake system. The action of the multiple vale is shown in

Figure 1.13.

“lead” “trail”

position of posit_ion of
Brake multiple Bra:ke Bra:ke multiple . Brake
cylinderof | Valve cylinder cylinder valve application cylinder of
lead | equalizing [, >| equalizing | ————>{ pipe of trail > trail
locomotive pipe of lead pipe of trail locomotive locomotive

locomotive locomotive

Figure 1-13 The schematic diagram action of the multiple vale
7.2 The structure and working principle of multiple valve

7.2.1  Structure of multiple valve

Multiple valve mainly consists of lead-trail changeover part, multiple part, the shutoff
valve part of brake cylinder, valve body and pipe seat etc. Its external connection pipe
includes action pipe, brake cylinder equalizing pipe, main reservoir multiple pipe and brake
cylinder pipe. As shown Figure 1.14.

local-trail changeover valve part

/ local position
= 4

Figure 1-14  Structure schematic of multiple valve (lead position)

:

action pipe
brake cylinder equalizing pipe
main reservoir multiple pipe

brake cylinder




1. Lead-trail changeover valve part

The lead-trail changeover valve is a manual control valve, which is mainly composed
of changeover button, eccentric rod, spring, valve sleeve, spool, O-ring, sign plate and
elastic stop collar, cover and positioning pin, as shown in Figure 1-15.
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1—elastic stop collar; 2—cover; 3—valve sleeve; 4—O0O-ring; 5—spool; 7—changeover button;
8—positioning pin; 9—sping; 10—sign plate.

Figure 1-15 Structure diagram of lead-trail changeover

There are two working positions that includes of “lead position” and “trail position” in
the lead-trail changeover valve part. Under the function of spring and positioning pin, the
changeover button is kept in a fixed position. If the working position is to be changed, the
changeover button must be pushed inward first, then rotated 180 degrees to the target
position, and then loosened. The switch button drives the eccentric rod to rotate, thus
driving the spool to move up and down in the valve sleeve to connect or cut off the
corresponding air passage. Among them, at the lead position the spool moves down and
cuts off the air passage between the main air multiple pipe and the lower side of the piston
of the multiple valve part, and connects the air passage between the lower side of the piston
of the multiple valve and atmosphere. At the trail position the spool connects the air
passage between the main air reservoir multiple pipe and the lower side of the piston of the
multiple valve.

2. Multiple valve part

The multiple valve part is mainly composed of piston, piston rod, spring, sleeve,
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O-ring, check valve and check valve spring, as shown in Figure 1-16.
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1—Top cover of multiple valve; 2—multiple valve spring; 3—multiple valve piston; 4—elastic stop collar;
5, 9—O0-ring; 6—multiple valve sleeve; 7—piston rod; 8—factory name plate;
10—check valve; 11—check valve spring; 12—Ilower cover.

Figure 1-16  Structure diagram of multiple valve

The working position of the multiple valve part is controlled by the lead-trail
changeover valve part. When its changeover button is placed in different positions, the
multiple valve’s piston rod moves up and down according to the force difference between
the upper and lower sides of the piston, closes or opens the check valve, and connects or
cuts off the corresponding air passages by the check valve or O-rings.

3. Brake cylinder shutoff valve part

Brake cylinder shutoff valve part is mainly composed of piston, piston rod, spring,
valve sleeve, O-ring and check valve, check valve spring and so on, as shown in Figure
1-17.

Under normal operation, it means that the pressure of the main reservoir multiple pipe
is 750 kPa to 900 kPa. The piston and piston rod of the brake cylinder shutoff valve move
down to eject check valve to open the passage between the brake cylinder and the
corresponding pipe. Once the separation occurs that caused by couplers broken between the
locomotive, the main air reservoir multiple pipe is pulled to break and exhaust, its pressure
decreases to zero quickly, due to the low pressure of the main air reservoir multiple pipe,
the piston rod moves upward under the action of the shutoff valve spring, and the check
valve closes, which cuts off the air passages between the brake cylinder and the
corresponding pipe, and maintains the pressure of the locomotive brake cylinder.
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1—brake cylinder shutoff valve piston; 2—top cover; 3, 7, 9—O0-Ring; 4—multiple valve body;
5—piston rod; 6—shutoff valve Spring; 8—shutoff valve sleeve; 10—check valve;
11—check valve spring; 12—shutoff valve lower cover.

Figure 1-17 Structural diagram of brake cylinder shutoff valve (normal Position)

7.2.2 Working principle of multiple valve

When a locomotive is used as a lead locomotive, the changeover button shall be placed
in the “lead” position, when a locomotive is used as a trail locomotive, the changeover

button shall be placed in the “trail” position. Under the pure air mode, the same is true.

1. Lead position (see Figure 1-18)

Application pipe

Brake cylinder
equalizing pipe

B
—-‘-;I-z-‘-x:':lli

main reservoir
multiple pipe

E: .

Brake cylinder

Figure 1-18 Lead position
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When the changeover button is placed in the lead position, the valve spool connects
the air passage between the lower side of the piston and atmosphere, under the action of the
multiple valve spring, the piston of the multiple valve drives the piston rod down and ejects
the check valve to open the air passage between the brake cylinder equalizing pipe and the
upper side of the check valve of the brake cylinder. At the same time, the air from main air
reservoir multiple pipe (750-900 kPa) flows to the upper space in the piston of the shutoff
valve of the brake cylinder, so that the piston drives the piston rod down to compress the
spring and ejects the check valve to open, thus connecting the air passage between the brake
cylinder and the upper side of the check valve of the shutoff valve part of the brake cylinder.
Therefore, in lead position, the air passage between the brake cylinder and the brake
cylinder reservoir pipe is connected to prepare for the same change of the brake cylinder
pressure of the multiple locomotives.

When the lead locomotive brake is braked or released, the pressure change of the brake
cylinder is transferred to the brake cylinder equalizing pipe of the multiple locomotive
through the passage connected by multiple valve, brake cylinder equalizing pipe of lead
locomotive, the cock and the hose of brake cylinder equalizing pipe.

In operation, once the separation caused by coupler broken occurs, the connecting
hoses such as brake pipe, main air reservoir multiple pipe and brake cylinder pipe are pulled
off, and the locomotive does emergency braking. At the same time, due to the rapid drop of
pressure in the main air reservoir multiple pipe, the piston of the brake cylinder shutoff
valve drives the piston rod up and closes the check valve orifice under the action of its
spring, thus cutting off the passage between the brake cylinder pipe and the upper space of
check valve, so as to prevent the pressure air of the brake cylinder from exhausting to the
atmosphere through the check valve and the broken brake cylinder equalizing pipe, and
ensure the reliable implementation of emergency braking of the lead locomotive.

2. Trail position (see Figure 1-19)

e ecse s ST LN

Application pipe
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Brake cylinder
equalizing pipe

main reservoir
multiple pipe
Brake cylinder

Figure 1-19 Trail position
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When the changeover button is placed in the trail position, the lead-trail changeover
valve part connects the air passage between the main air reservoir multiple pipe and the
lower side of the piston of the multiple valve, enables the piston of the multiple valve part
to compress spring of and drive the piston rod upward, closes the check valve port, and
connects the air passage between the action pipe and the brake cylinder equalizing pipe.
Under the action of pressure air of main air reservoir pipe (750-900 kPa), the shutoff valve
piston drives the piston rod down by compress spring and ejects the check valve to open,
which connects the brake cylinder with the upper side of the check valve. However, because
the check valve in the multiple valve part is closed, the brake cylinder air passage in the
multiple valve is closed by the check valve in multiple valve part. Therefore, at the trail
position, the communication between the action pipe and the brake cylinder reservoir pipe
makes the pressure change of the brake cylinder of the lead locomotive pass through the
brake cylinder equalizing pipe to the action pipe of the trail locomotive. After the action of
the equalizing part of the distribution valve of the trail locomotive, the pressure change of
the brake cylinder of the trail locomotive is ensured to be same with the pressure change of
the lead locomotive brake cylinder.

In operation, once the separation caused by coupler broken occurs, the connecting
hoses such as brake pipe, main air reservoir multiple pipe and brake cylinder equalizing
pipe are pulled off, and the lead locomotive does emergency braking. Due to the rapid drop
of pressure in the main air reservoir multiple pipe, the piston of the shutoff valve part of the
brake cylinder of the trail locomotive, under the action of its spring, drives the piston rod
upward, closes the check valve port, and cuts off the passage between the brake cylinder
pipe and the brake cylinder equalizing pipe, at the same time, the multiple valve piston
drive the piston rode down under the force of spring, which cuts off the passage between
the brake cylinder reservoir pipe and action pipe, moreover, the distributing valve of the
multiple locomotive will automatically produce an emergency braking because the pressure
air of the brake pipe is rapidly exhausted.

Control logic of modern brake

8.1 The role of modern brake system

With the development of the brake, especially the locomotive development, the
function of the brake is more and more perfect. Of course, the structure and working
principle of the brake are more and more complex. For the typical locomotive brake at
present, the following functions need to be completed mainly:
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(1) Provide compressed air for locomotive and vehicle brakes.

(2) Control the braking and release of the locomotive itself.

(3) Provide and transmit control signals and pressure air required for braking and
release of vehicles through brake pipe to the vehicle brake.

8.2 The composition and control relationship of modern brake
systems

In order to accomplish the above functions, the brake system mainly includes the brake
rigging to realize energy conversion and the brake to control energy conversion. Because
the brake rigging is a pure mechanical structure, its working principle is similar to the early
automatic air brake system. With the development of brake, the pressure control of brake
cylinder has also made great progress. Therefore, when learning the brake system, we
should focus on the brake cylinder pressure change control. Modern brakes are generally
composed of operating parts, control parts and executive parts. Operating parts are the
command parts of drivers and maintenance personnel. By moving the handle of the
operating parts in different positions, the target commands for brake operation are output.
According to the fed back of actual state of the brake from the executive part and the target
command, the control part outputs the corresponding control instructions to executive part.
The executive parts work according to the control instructions, and ultimately realize the
pressure change control of all pipes of the brake. Because there are many pipes in the brake,
it is difficult to learn the brake. In order to solve this problem, first of all, we need to know
the name of each pipeline and its functions in the brake. Then, taking the pressure change
control of each pipeline in the brake as the main line, we draw the control logic block
diagram of the brake as shown in the figure.

The main pipes in modern brakes are as follows: brake cylinder pipe, main air
reservoir pipe, brake pipe, equalizing reservoir pipe, volume chamber, independent
application pipe, brake cylinder equalizing pipe and application pipe.

8.2.1 Brake cylinder pipe

It is the intermediate link between the brake and the brake rigging to form the brake
system. The final control object of locomotive brake is to control the energy conversion of
brake system through its pressure change. The braking force formed by compressed air
acting on the piston of the brake cylinder is the basis of the work of the brake rigging.
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8.2.2 Main air reservoir pipe

It is the output of locomotive air supply system. It is the air source of train brake
system. It is produced, dried, purified and stored by the air supply system, and the pressure
is controlled at 750-900 kPa. The maximum pressure of main reservoir shall not exceed
950 kPa.

8.2.3 Brake pipe

It distributes along the train length direction, is connected to a thin and long pipe
through the brake hose and opened cock to make the whole train coordinated braking and
release. The locomotive brake transmits control instructions and compressed air for braking
and release to the vehicle brake by controlling its pressure change, thus realizing the control
of vehicle braking and release. At the same time, the locomotive brake controls the pressure
change of the volume chamber by the distributing valve according to its pressure change,

and finally realizes the automatic braking function of the locomotive brake.

8.2.4 Equalizing reservoir pipe

It is set for locomotive brake to make the driver control the pressure change of brake
pipe conveniently and accurately. The relay valve controls the pressure change of brake
pipe according to its pressure change. The main purpose is to solve the shortage of direct

control of brake pipe pressure change.

8.2.5 Volume chamber

It is an intermediate control pipe for solving the shortage of directly control of brake
cylinder by triple valve. Its pressure is a part of the pressure control of application pipe to

ensure the automatic braking function of locomotive brake.

8.2.6 Independent application pipe

It is designed to realize the independent braking and release of locomotive. The
pressure change of the independent application pipe is directly controlled by the
independent brake valve, and its pressure is also a part of the pressure control of the

application pipe.

030



8.2.7 Brake cylinder equalizing pipe

To ensure that the pressure of the brake cylinder of the trail locomotive is the same as
that of the lead locomotive, so that all locomotives braking and release performance are
synchronized and the impulse between locomotives is reduced.

8.2.8 Application pipe

It is an important intermediate variable of locomotive brake system. Its pressure is
determined by three pipes: volume chamber, independent application pipe and brake
cylinder equalizing pipe. The locomotive brake keeps the pressure of the locomotive brake
cylinder same as the pressure of the application pipe through the relay valve (or valve parts
similar to its working principle). Therefore, by controlling the pressure of the application
pipe, the pressure of the locomotive brake cylinder can be controlled, thus realize the
multi-control of locomotive brake.

8.3 Control relations of pipes in brake system

(1) The braking and release of locomotive are controlled by the pressure change of
brake cylinder in the brake rigging of locomotive. At the same time, the realization and
control of energy conversion in braking process are completed.

(2) The braking and release of vehicles are controlled by the pressure change of the
vehicle brake cylinder.

(3) The pressure change of the vehicle brake cylinder is controlled by the vehicle brake
according to the pressure change of the brake pipe controlled by the locomotive.

(4) The pressure change of locomotive brake cylinder is controlled according to the
pressure change of locomotive application pipe.

(5) There are three kinds of control modes in locomotive brake: the first one is
automatic braking controlled by pressure change of volume chamber, the second is
individual braking controlled by pressure change of independent application pipe, and the
third is pressure change of brake cylinder equalizing pipe as the trail locomotive.

(6) The pressure change of brake pipe is controlled according to the pressure change of
locomotive equalizing reservoir when service braking and release. When emergency
braking, the pressure change of brake pipe is controlled by the emergency vent valve and
emergency valve, in this situation, brake pipe is quickly discharged to 0 with 3 s.

(7) The pressure change of the equalizing reservoir is directly controlled by the driver.

(8) The pressure change of the main air reservoir is controlled by the locomotive’s air
supply system.
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8.4 The control logic of locomotive brake

(1) The control logic of lead locomotive brake is shown in Figure 1-20.

Automatic braking | | Vehicle brake cylinder |

\

| Equalizing reservoir Vehicle brake

Relay valv Brake pipe

= [l
Air distributing valve Electronic distributing valve

\ / Application pipe
Volume chamber

| Relay valve
| Independent braking ’:>| Independent application pipe |

| Brake cylinder equalizing pipe |<::1 Multiple valve “lead” position K:' Brake cylinder |

Figure 1-20 Logic block diagram of lead locomotive brake control

(2) The control logic of trail locomotive brake is shown in Figure 1-21.

| Brake pipe (controlled by lead locomotive) |

Y

| Air dis:;ributing valve | | Electronic distrEuting valve |
Application pipe
Volume chamber
AN
Relay valve

Multiple valve “trail” position

Brake cylinder equalizing pipe
controlled by lead locomotive) Brake cylinder

Figure 1-21 Logic block diagram of trail locomotive brake control
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