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Abstract - In order to improve the performance of the air braking system in locomotive operation, 
a distribution valve module model based on the improved event process (EP) module is proposed. 
Firstly, the EP module, which responds to the pressure change of train tube, is improved to replace 
the reducing valve with a constant pressure source. Then combined with the theory of gas flow, the 
distribution valve module model is built. Finally, the output pressure characteristics of EP module 
during initial braking, full braking, and emergency braking and the influence of three parameters 
on the output pressure value of the distribution valve module: the volume of the downstream air 
chamber, the diameter of the damping hole, and the air pressure of the auxiliary air cylinder are 
analysed by simulation experiments. The results show that the stable output pressure of EP module 
during initial braking and full braking has the same overall trend as the ideal pressure curve; 
adjusting the volume of the downstream chamber and the air pressure of the auxiliary air cylinder 
will change the output pressure value; the smaller the volume of the downstream chamber is, the 
greater the output pressure value will be; the higher the air pressure is, the higher the output 
pressure is; adjusting the diameter of the damping hole will affect the boost time, and the larger the 
diameter of the damping hole, the shorter the time, which shows that the improved EP module is 
reasonable. The distribution valve module can be obtained by raising the damping hole aperture 
and the air pressure of the auxiliary air cylinder and lowering the volume of the downstream air 
chamber. 
 
Keywords: Air Braking System; EP Module; Distribution Valve Module; Simulation Analysis; 
Damping Hole Aperture. 

1. Introduction 
 
Braking refers to the process that can artificially 
produce the train deceleration force and control the 

force so as to regulate the train deceleration or 

prevent it from accelerating. At the initial stage of 

development, the braking system is too simple due 
to the immature ideal gas theory, which can only be 

studied by means of experiments, consuming a lot of 

time and energy [1].  
With the development of railway technology, the 

locomotive braking system, as one of the important 
components of the whole train, has been widely 
concerned by people. Its performance will affect the 
running condition of the train. The current trains 
focus on the development of speed and bearing 
capacity, so they have higher and higher 
requirements for braking system. How to design a 
locomotive braking system that can not only shorten 
the braking distance of trains, reduce mechanical 
wear, but also realize the detection, display, and 

alarm of running faults is an urgent problem to be 
solved [2].  

Although the air brake type (JZ-7, 26-L) and 
electro pneumatic brake (DK-1, CCB Ⅱ) currently 
adopted are widely used, they can't meet these 
requirements. The current braking system is 
dominated by electric air braking, however, 
considering the failure of electric braking in 
operation, air braking means still need to be 
prepared [3].  

Therefore, it is necessary to ensure the safety of 
train operation. The brake response of locomotive is 
very important to train tube decompression, and it is 
of great practical significance to study it. 

The locomotive braking system mainly includes 
air supply pipe, train pipe, and brake cylinder 
average pipe. The main air duct is connected with 
pressure sensors, air compressors, automatic drain 
valves, etc., to provide wind source for the train. The 
train tube, also known as the brake tube, is 
connected to the train through EP module, 
distribution valve module, and emergency module to 
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control the braking and relief of the whole train. 
When the two locomotives are reconnected, the 
brake cylinder average tube is used to connect them 
so that the locomotive can control the brake cylinder 
pressure of the reconnected locomotives, so that the 
two locomotives can break or relieve at the same 
time [4].  

There are various researches on the performance 
of braking system at home and abroad.  

Gao et al. (2019) [5] studied the influence of 
braking force distribution between front and rear 
wheels and the corresponding electrical friction on 
braking noise under two different strategies in order 
to improve the regenerative braking capacity of 
electric vehicles, and the relation between contact 
coupling stiffness and braking force is established; 
the results show that both have good performance in 
restraining the trend of brake noise.  

Afza et al. (2019) [6] conducted a detailed review 
of numerical and experimental studies on the 
analysis and design of solid ventilated disc brakes, 
and the optimal design of disc braking system can be 
realized by simulating all the relevant actual 
conditions. Han et al. (2019) [7] proposed an 
adaptive sliding mode hydraulic controller based on 
a hydraulic estimator. The simulation results show 
that the control system has satisfactory tracking 
performance and robustness in the case of 
uncertainty, nonlinearity, and interference in 
different working areas. 

To sum up, there are many researches on the 
performance of locomotive braking system, but few 
detailed analyses on each key module. Based on this, 
the key module of the Harmonia-type electric 
locomotive control system in response to the change 
of train tube pressure is taken as the research object. 
First, the EP module is improved to use a constant 
pressure source instead of a pressure relief valve.  

Then the distribution valve module model based 
on the improved EP module is proposed.  

Finally, the rationality of the distribution valve 
module proposed in this research is evaluated by the 
simulation analysis. 

 

2. Methodology 
2.1 EP module and its improvement 

 
The EP module of the locomotive braking system 

generally operates the solenoid valve through a 
microprocessor and connects the sensor to complete 
the accurate control of the output pressure, as 
shown in Figure 1.  

The basic structure of EP module includes gas 
interface (pressure air input port, pressure air outlet, 
exhaust port), solenoid valve, pressure reducing 
valve, pressure sensor, relay valve, EP control unit.  

The pressure air inlet is connected to the main air 
duct, the pressure air outlet is connected to the relay 
valve, and the exhaust port is connected to the 
external environment. When the train stops, air from 
the main duct enters the relay valve, and the EP 
control unit then adjusts the opening and closing of 
the solenoid valve to reduce the output pressure. As 
the initial air pressure is high, not stable, so the air 
pressure is reduced through the pressure relief 
valve. In general, electrical signals are converted into 
pressure signals. The function of the common bus is 
to connect EP control unit and brake control unit and 
transmit corresponding instructions. The solenoid 
valve is always in working condition during the 
whole train operation.  

The signal of the EP module mainly includes 

analogue signal and digital signal. With the different 
power loss state of solenoid valve, the logic control 
type of EP module also changes, including positive 
logic and anti-logic control. In the positive logic, the 

EP module will discharge the air pressure, while in 
the reverse logic, the EP module will output the 
maximum pressure set by the relief valve. 
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Figure 1: The structure diagram EP module operation. 
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Based on the above theory, the EP module system 
constructed in this research mainly includes 
solenoid valve, pressure sensor, constant pressure 
source, and control unit. The constant pressure 
source is used to replace the pressure relief valve, 
and the constant pressure is set to 500kPa. The 
pressure sensor is used to detect the air pressure 
signal output by the EP module, and then transmit 
the detected information to the EP control unit. The 
EP control unit can adjust the opening and closing 
state of the solenoid valve in real time according to 
the information of the pressure sensor, so as to 
adjust the outlet pressure and complete the accurate 
closed-loop control of the output pressure of the EP 
module.  

As shown in Figure 2 below, the EP module will 
switch between the three states of braking, pressure 
holding, and inflation relief according to different 
situations. When braking the solenoid valve and 
relieving the power of the solenoid valve open, the 
brake inflation is carried out; in the brake solenoid 
valve power loss and relieve the solenoid valve 
power, the pressure maintaining is conducted; when 
both the brake solenoid valve and the relief solenoid 
valve lose power, exhaust relief behaviour is 
performed. The control signal of braking solenoid 
valve is set as xl, and the control signal of relieving 
solenoid valve is set as x2. If x1 and x2 are equal to 1, 
the solenoid valve gains power; if x1 and x2 are 
equal to 0, the solenoid valve loses power.  
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Figure 2 The control logic diagram of EP module. 

 
2.2 Distribution valve module theory and 
modelling 

 
The distribution valve module in the locomotive 

braking system belongs to the standby braking 
mode. In case of train failure, the distribution valve 
will play a role in braking operation to ensure that 
the train can brake as soon as possible and be 
repaired. 

When the distribution valve module of the train is 
braking, the pressure air of the auxiliary air cylinder 
reaches the pre-control air chamber of the relay 
valve through the distribution valve and pipeline. By 
adjusting the air pressure of the auxiliary air 
cylinder, the diameter of the damping hole, and the 
volume of the downstream air chamber of the 
distribution valve, the air output pressure of the 
distribution valve during braking can be affected. 
The volume of the auxiliary air cylinder is VA, the air 
pressure and temperature of the auxiliary air 
cylinder are PAl and TAl, respectively; the overall 
volume from the distribution valve to the relay valve 

is VC; the volume pressure and temperature of the 
downstream gas chamber before braking are 
respectively PA2 and TA2; the volume pressure and 
temperature of the downstream gas chamber after 
braking operation are Pc2 and Tc2, respectively; 
distribution valve air pressure and temperature are 
Pc1, Tc1; the amount of air material in the auxiliary air 
cylinder is nA; the amount of air material in the 
downstream chamber of the distribution valve is nC; 
the quantity of air substance at the outlet of 
distribution valve is n; the Standard atmospheric 
pressure is 101.325kPa. 

A Cn n n                                                                   (1) 

1 21 2

A1 1 2 2

+ C C C CA A A A

C A C

P V P VP V P V

RT RT RT RT
                        (2) 

During the braking of the whole locomotive, the 
air pressure and volume will change constantly, and 
the difference of air flow speed may lead to the 
change of air temperature. Considering that the 
whole braking system is in contact with the outside 
environment, the air exchange is good and the 
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cooling effect is good. At the velocity and 
temperature of the air, the pressure, and 
temperature are correspondingly stable and similar 
to the temperature of the air in the external 
environment. Therefore, the calculation can be 
simplified to ignore the effect of small changes in air 
temperature on the whole calculation result. The 
pressure and volume changes of the air in the 
braking system are regarded as isothermal changes. 
At the same time, when the air output pressure of 
the distribution valve is maximum, the volume of the 
auxiliary air cylinder and the overall volume of the 
distribution valve to the relay valve are connected, 
and the energy loss of air in the valve is relatively 
small. The air output pressure of the distribution 
valve is minimal, and the energy loss of the air in the 
valve is relatively small. 

1 2 1 2A A C CT T T T                                                 (3) 
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Therefore, when the train starts the braking 
mode from the state of complete remission, the air 
pressure of the distribution valve before braking is 
equal to the standard atmospheric pressure, which is 
101.325kPa (integer 100 kPa for the convenience of 
calculation here), represented by △PA. The above 
equation can be simplified as Eq. 6. 

2 100A A
C

C

P V
P

V

 
                                       (6) 

In Eq. 6, △PA is the difference between the air 
pressure before and after braking of the auxiliary air 
cylinder. When the total air pressure is supplied to 
the auxiliary air cylinder, the output air pressure of 
the distribution valve is equal to the volume and 
pressure of the downstream air chamber after the 
braking operation. During the braking process of the 
locomotive, there is a standard atmospheric 
pressure difference between the output pressure of 

the distribution valve and the absolute pressure. The 
output pressure of the distribution valve is set as Pz, 
then the calculation equation is as follows. 

It can be concluded from the above calculation 
equation that the air pressure drop of the train tube, 
the volume of the air chamber downstream of the 
distribution valve, and the volume of the air chamber 
of the relay valve will affect the air output pressure 
value of the distribution valve. In the application 
process, the train tube is reduced according to the 
regulations, and the pipeline design after the 
distribution valve is determined is not easy to 
change. By changing the volume of the distribution 
valve and the air chamber connected behind the 
distribution valve, the distribution valve output air 
gauge pressure Pz can be adjusted to meet the 
braking requirements. With the increase of the train 
tube decompression, the brake cylinder pressure is 
also increasing, but there is a certain limit. When the 
auxiliary air cylinder and the volume chamber 
pressure behind the distribution valve are equal, it is 
the limit of the above equation. The pressure at this 
point is the maximum pressure for braking. After 
this, the auxiliary air cylinder will not follow the 
train tube to continue to reduce the pressure, the 
distribution valve output brake pressure will not 
increase. 

According to the above theory, the design of the 
distribution valve module includes valve, piston, 
auxiliary air cylinder, train tube, and the bottom of 
the three air interfaces. As shown in Figure 3 below, 
if the air pressure in the train tube is higher than 
that in the auxiliary air cylinder, the piston will move 
to the right, valve 1 will open and the air in the train 
tube will enter the auxiliary air cylinder. Then valve 
2 is opened to discharge through the output pressure 
port. If the air pressure of the train tube is lower 
than that of the auxiliary air cylinder, valve 3 is open, 
valve 1 and valve 2 are closed, and the air of the 
auxiliary air cylinder is discharged from the output 
pressure port. 

A A
Z

C

P V
P

V

 
                                                           (7) 
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Figure 3: The structure diagram of distribution valve module.    
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3. Results 
3.1 EP module simulation analysis 

 
This test is conducted on the AMESim software 

platform [8]. The state of EP module proposed in this 
research during initial braking and full braking is 
simulated, and the air output pressure changes 
within 0-30s are detected and compared with the 
ideal pressure curve. 

As shown in Figure 4 below, the stable output 
pressure value of EP module during initial braking is 
121.5kPa. There is no pressure change during 0-6s.  

The pressure increases from 6s, and the time to 
boost is 0.9s; the pressure decreases from 12s, and 
the time to decompress is 6.3s. Compared with the 
ideal pressure curve, the actual pressure change has 
little difference and the overall trend is the same. 

 As shown in Figure 5 below, the stable output 
pressure of EP module during full braking is 521.5 
kPa. The pressure increases from 6s, and the time 
spent on the pressure boost is 9.3s; the pressure 
decreases from 18s, and the time spent on the 
decompression is 6.3s. The actual pressure change 
has the same overall trend as the ideal pressure 
curve. 

 

3.2 Simulation analysis of distribution valve 
module 

 
The simulation experiment is conducted on the 

AMESim software platform. Different parameters of 
the distribution valve module (downstream chamber 
volume, damping hole diameter, air pressure of the 
auxiliary air cylinder) are adjusted to detect the 
impact on the output pressure of the distribution 
valve module. 

Test 1: assuming that the volume of the auxiliary 
air cylinder is 6.72l, the diameter of the damping 
hole of the distribution valve module is 2.3mm, and 
the air pressure value during the braking of the 
auxiliary air cylinder is 400kPa, the downstream 
volume of the distribution valve module is set as 
1.5L, 1.8L, 2.1L, 2.4L, and 3.0L respectively. The 
change of the distribution valve output pressure 
value within 0-20s is checked and recorded. 
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Figure 4: The pressure curve of EP module during 

initial braking. 
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Figure 5: The pressure curve of EP module during full 

braking. 
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Figure 6: The output pressure changes of distribution 

valve module under different distribution valves by the 
volume of the gas chamber. 
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Figure 7: The output pressure changes of distribution 
valve module under different damping hole aperture. 

 
As shown in Figure 6 below, the output pressure 

value of the distribution valve generally increases 
with time from 6s until it becomes stable, and the 
output pressure stability value of different 
downstream chamber volumes also varies. When the 
downstream gas chamber volume is 1.5L, the output 
pressure stability value is the highest (485.5kPa), 
and the rise rate is the fastest; when the volume of 
downstream gas chamber is 3.0L, the output 
pressure stability value is the minimum (363.3kPa), 
and the rising speed is the slowest; the stable value 
of output pressure is 1.5L>1.8L>2.1L>2.4L>3.0L 
from large to small. 

Test 2: assuming that the volume of the auxiliary 
air cylinder is 6.72L, the volume of the downstream 
air chamber of the distribution valve is 1.85L, and 
the air pressure value during braking of the auxiliary 
air cylinder is 400kPa, the diameter of damping hole 
of distribution valve module is set as 1.0mm, 1.5mm, 
2.0mm, 2.5mm, 3.0mm and 3.5mm respectively. The 
change of the distribution valve output pressure 
value is checked and recorded within 0-20s. 
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As shown in Figure 7 below, the output pressure 
value of the distribution valve generally increases 
with time from 4s until it reaches stability.  

The output pressure stability value of the 
damping hole diameter from 1.0mm to 3.5mm is the 
same, both are 485.5kPa. When the diameter of the 
damping hole is 1.0mm, the output pressure of the 
distribution valve rises the slowest, and the time is 
14.5s; when the diameter of the damping hole is 
3.5mm, the output pressure of the distribution valve 
rises the fastest, and the time is 12.1s; the rising 
speed of the output pressure value is 3.5mm > 
3.0mm > 2.5mm>2.0mm>1.5mm>1.0mm from large 
to small. 

Test 3: Assuming  that the volume of the auxiliary 
air cylinder is 6.72L, the volume of the downstream 
air chamber of the distribution valve is 1.85L, and 
the diameter of the damping hole of the distribution 
valve is 2.3mm,  the air pressure value during 
braking of the auxiliary air cylinder is set as 300 kPa, 
350 kPa, 400kPa, 450kPa, 500kPa, and 550 kPa, 
respectively. The change of the distribution valve 
output pressure value within 0-20s is checked and 
recorded. 

As shown in Figure 8 below, the output pressure 
value of the distribution valve generally increases 
with time from 6s until it reaches stability. There are 
differences in the output pressure stability value of 
the distribution valve with different air pressure 
values. When the air pressure value during braking 
of the auxiliary air cylinder is 550 kPa, the output 
pressure stability value of the distribution valve is 
the maximum (495.5 kPa), and the rising speed is the 
fastest; when the air pressure value of the auxiliary 
air cylinder braking is 300 kPa, the output pressure 
stability value of the distribution valve is the 
minimum (353.3kPa), and the rising speed is the 
slowest; the output pressure value is 550 
kPa>500kPa>450kPa>400kPa>350 kPa>300 kPa 
from large to small. 
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Figure 8: The output pressure of distribution valve 

module changes under different air pressure values of 
auxiliary air cylinder. 

4. Discussion 
 
With the emergence of railway transportation, 

the problem of braking is always a key problem to be 
solved. Although the locomotive braking system 
used in China has been upgraded from the first-
generation brake (ET-6, ET-12) to the third-
generation brake (CCB II, DK-2), various new 
braking methods such as electric-air braking and 
orbital eddy current braking have been gradually 
applied. However, the operation requirements of the 
current rapidly developing heavy-haul freight 
locomotives can't be met [9-11].  

Considering that air braking is the most reliable 
braking method in the train braking system, it is of 
great significance to study the control modules of the 
train tube [12].  

Therefore, the basic knowledge of EP module is 
firstly analyzed. The reducing valve is replaced with 
a constant pressure source; constant pressure is set 
to 500kPa; the EP module is improved with solenoid 
valve, pressure sensor, and control unit. Then, by 
applying the theory of gas flow to the braking state 
of the train distribution valve module, the calculating 
equation of the output pressure of the distribution 
valve is derived, and the model of the distribution 
valve module is built together. 

Early theoretical knowledge of braking 
techniques, such as ideal air theory, gas flow theory, 
was not yet mature. Therefore, the research on the 
locomotive braking system can only be carried out 
by means of tests, which not only consumes time and 
energy, but also has low accuracy. Therefore, it is 
impossible to obtain complete braking performance 
verification results. Simulation experiment based on 
computer technology can supplement the 
experiment as a new analysis method [13].  

Therefore, the output pressure characteristics of 
EP module during initial braking and full braking are 
analyzed through simulation experiments on 
AMESim software platform. The results show that 
the air output pressure of EP module in the three 
braking states increases first, then stabilizes and 
finally decreases to the origin within 0-30s, with 
little difference from the ideal pressure curve, and 
the overall trend is the same, which indicates that 
the EP module improved in this research, which 
replaces the pressure reducing valve with constant 
pressure source, is reasonable and practical.  

Then the different parameters of the distribution 

valve module (downstream chamber volume, 

damping hole aperture, auxiliary air cylinder air 

pressure) are adjusted to detect the impact on the 

output pressure of the distribution valve module. It 

is found that adjusting the volume of the 

downstream air chamber and the air pressure of the 

auxiliary air cylinder will change the output pressure 

value of the distribution valve during full braking, 

and the smaller the volume of the downstream air 
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chamber is, the greater the output pressure value of 

the distribution valve will be; the higher the air 

pressure of the auxiliary air cylinder is, the higher 

the output pressure value of the distribution valve is; 

adjusting the diameter of the damping hole will not 

change the output pressure value of the distribution 

valve, but it will affect the time to increase the 

pressure, and the larger the diameter of the damping 

hole, the less time to spend, which indicates that the 

distribution valve module meeting the performance 

requirements can be obtained by reasonably 

adjusting the volume of the downstream air 

chamber, the diameter of the damping hole, and the 

air pressure of the auxiliary air cylinder. 

 

5. Conclusions 
 

In order to improve the performance of the air 
braking system in locomotive operation, a 
distribution valve module based on the improved EP 
module is proposed, and the rationality and 
feasibility of the method are analysed by simulation 
experiment.  

However, there are some shortcomings of the 
research. Due to the limited time and energy, only 
the EP module and the distribution valve module of 
the train tube pressure response are simulated and 
analysed, and emergency module, direct braking 
module, and action valve module of the locomotive 
braking system are not involved, which can be 
further expanded in the future. In a word, the EP 
module which replaces the reducing valve with 
constant pressure source is reasonable and feasible.  

By adjusting the volume of the downstream air 
chamber, the diameter of the damping hole, and the 
air pressure of the auxiliary air cylinder, the 
distributing valve module can be obtained. 
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