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ORIGINAL ARTICLE 
 

 

Research on Accurate Modeling and Control for Pneumatic Electric Braking 
System of Commercial Vehicle Based on Multi-Dynamic Parameters 
Measurement 
 
Yong-Tao Zhao1, 3 • Yi-Yong Yang1, 3 •Xiu-Heng Wu2 • Xing-Jun Tao1  

 
 

Abstract: Accurate pressure control and fast dynamic response 

are vital to the pneumatic electric braking system (PEBS) for that 

commercial vehicles require higher regulation precision of 

braking force on four wheels when braking force distribution is 

carried out under some conditions. Due to the lagging 

information acquisition, most feedback-based control algorithms 

are difficult to further improve the dynamic response of PEBS. 

Meanwhile, feedforward-based control algorithms like predictive 

control perform well in improving dynamic performance. but 

because of the large amount of computation and complexity of 

this kind of control algorithm, it cannot be applied in real-time on 

single-chip microcomputer, and it is still in the stage of 

theoretical research at present. To address this issue and for the 

sake of engineering reliability, this article presents a logic 

threshold control scheme combining analogous model predictive 

control (AMPC) and proportional control. In addition, an 

experimental device for real-time measuring PEBS 

multi-dynamic parameters is built. After correcting the key 

parameters, the precise model is determined and the influence of 

switching solenoid valve on its dynamic response characteristics 

is studied. For the control scheme, numerical and physical 

validation are executed to demonstrate the feasibility of the 

strategy and for the performance of the controller design. The 

experimental results show that the dynamic model of PEBS can 

accurately reflect its pressure characteristics. Furthermore, under 

different air source pressures, the designed controller can stably 

control the pressure output of PEBS and ensure that the error is 

within 8KPa. Compared with the traditional control algorithm, 

the rapidity is improved by 32.5%. 

Keywords: Vehicle dynamic • Pneumatic electric braking system 
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1  Introduction 
Commercial vehicles have the characteristics of large 

mass, long body, high centroid, frequent braking and 

variable load, their braking safety and driving stability are 

easily affected by uneven distribution of braking force, 

which leads to frequent accidents such as vertical and 

horizontal skidding and rollover [1]. As an important 

component exerting braking force then implementing 

active stability control for commercial vehicles, PEBS 

adopts the combination of electronic control and traditional 

braking technology for braking. Compared with traditional 

braking, it can greatly improve the response speed during 

vehicle braking and reduce the braking distance. 

Furthermore, the driving safety has a high requirement for 

the precise pressure control of PEBS when a vehicle 

operates under extreme conditions such as sharp turn and 

sudden stop in which minor braking force fluctuation can 

lead to dynamic instability [2,3]. Besides, considering the 

characteristics of PEBS such a s rapid response, high 

amenity, electronic control and mechanical redundancy, it 

is expected to become the basic module of driverless 

commercial vehicles in future [4]. Therefore, research on 

how to get accurate and stable pressure of PEBS especial 

in extreme condition is significant to improve the safety of 

commercial vehicles. 

In the PEBS of commercial vehicles, proportional servo 

valves and high-speed switch solenoid valves are two 

common pneumatic valves. According to the 

characteristics of them, their control mode is to control 

different pressures according to the input analog linear 

signal and pulse width modulation signal, respectively. 

Proportional valve is often used in traditional PEBS to 

regulate the braking pressure. For the research of 

proportional servo valve, the modeling and control 

methods of the valve are summarized [6,7]. High-speed 

switching solenoid valve is widely used because of its 

simple structure and low price. Pneumatic Brake-by-Wire 

mailto:yangyy@cugb.edu.cn
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Valve (PBWV) as the basic actuator of PEBS, uses 

high-speed switching solenoid valve group to control 

pressure [7,8]. Considering the inherent opening and 

closing characteristics of the solenoid valve, it is difficult 

to adjust the gas flow continuously and infinitely. [7]. In 

addition, compressed air as the power-transmitting medium 

in PEBS, because air is compressible, the braking pressure 

is susceptible to working conditions such as temperature 

and humidity. Moreover, different tubing and air source 

pressure also have different effects on the braking pressure 

[9,10]. Due to the deviation between the actual control 

input and the required input, the control accuracy will be 

reduced. These typical discrete characteristic affects the 

precise control of brake pressure. 

The research and control of high-speed switch valve is 

the mainstream of the current research. For this kind of 

system with switching valve and strong nonlinearity, many 

significant works regarding PEBS nonlinearity analysis 

and modeling are available and based on these many 

methods are proposed to improve closed-loop performance. 

Among them, the reference [11-14] proposed to establish 

the dynamic model of the system based on the 

experimental data and carried on the application control. 

The discrete input open-loop system is equivalent to a 

continuous average input system model and the braking 

force is controlled by synovial control algorithm [15,16]. 

Palanivelu et al. [17] proposed an adaptive modeling 

method, after modeling the parts in the system, it is 

convenient to simulate the system and optimize the 

parameters to obtain the ideal braking performance. In 

order to obtain more accurate analysis results, some 

scholars start with the modeling and performance test of 

the basic original switching solenoid valve in the 

pneumatic braking system, and gradually analyze its 

impact on the whole braking system. Kong et al. [18] 

studied the stress process of the valve core of the solenoid 

valve according to the finite element analysis method, and 

its balance mathematical model is established. Most of the 

above methods are based on the study of a single dynamic 

parameter, few people synthesize multiple dynamic 

parameters to consider the nonlinear behaviors caused by 

the change of the system. 

Model predictive control (MPC) has the characteristics 

of fast response, accurate control and high robustness 

[19,20]. Moreover, it plays a good control role in some 

discrete systems. It is based on the information of the past 

and the present moment, predicts the future output through 

the prediction model, and makes the deviation between the 

expected value and the actual value as small as possible in 

the finite time domain rolling optimization way, so as to 

achieve the optimal control of the system [21]. As an 

accurate control algorithm, MPC is difficult to be applied 

in single-chip microcomputer because of its large amount 

of calculation. Therefore, how to establish an accurate 

model and fast calculation has become a difficult problem 

to accurately control the braking pressure. 

This paper first proposes a control architecture which 

combines MPC with traditional feedback control. Next, the 

precise model MPC will need is built using an 

experimental measuring device to obtain and modify 

several dynamic parameters. Based on the accurate model, 

the map diagram reflecting the system dynamic is 

established by simulating, and this map can be used to 

conduct the MPC. The rest of the paper is organized as 

follows. Section 2 analyses the working mechanism of the 

PEBS during braking and introduces the PEBS system 

model. Section 3 designs a controller based on the PEBS 

model. Section 4 sets up several experimental measuring 

devices for multiple dynamic parameters of PEBS to 

modified the model and verifies the control effect of the 

controller. Finally, the conclusion is presented in Section 5. 

 

2  Braking principle and PEBS model 
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Figure 1 Schematic diagram of Pneumatic Electric Braking System 

 

2.1  Braking Principle 

In PEBS, there are mainly PBWV and ABS valves to 

control the braking pressure. In order to facilitate the 

study of the pressure output of the PEBS, assuming that 

the circuit works normally and the wheel is not locked in 

the system, the PEBS is simplified. The simplified system 

is shown in Figure 1. 

Figure.1 shows a general pneumatic electric braking 

system. The system consists of four components; namely, a 

control unit, an air supply system, a PBWV and an actuator. 

The PBWV includes an inlet valve, a release valve, a 

backup valve and a relay valve. The inlet valve and release 

valve belong to the high-speed switch valve that together 

are controlled by PWM (Pulse Width Modulation) signal. 

The inlet valve inflates the control chamber and the release 

valve is used to discharge the air. The backup pressure 

valve is a switch valve that closes once the inlet valve or 

release valve is energized. The piston of the relay valve 

moves axially to increase or decrease the pressure of the 

actuator (brake air chamber). 

Figure 2 defines the position of the relay valve piston 

and its corresponding working state. When the electric 

control circuit is working normally, the backup valve does 

not work, so the backup valve is not drawn in the figure. In 

Figure 2, three working states of the PBWV correspond to 

three working processes; namely, pressure increasing 

process, pressure holding process and pressure decreasing 

process. 

 

Increase Pressure / End Posit ion Keep Pressure / Central  Position Decrease Pressue / Ini tial Posi tion 

1.Valve Cover  2.Relay Valve Piston  3.Middle Valve Cover  4.VAlve Housing  5.Lower Valve Cover  6.Relay Valve 
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Release 
Valve
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Figure 2 Relay valve piston position and corresponding working state 

 

During pressure increasing process, the inlet valve opens and the release valve closes. The compressed air is mainly 
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divided into the pneumatic line and the pneumatic control 

line into the PBMV. In the beginning, compressed air 

enters the control chamber along the pneumatic control 

line. As the pressure in the control chamber increases, the 

relay valve piston gradually overcomes the elastic force of 

the spring, the friction between the piston and the side wall, 

and the air pressure of the load cavity. The piston of the 

relay valve moves downward, which pushes the plug to 

separate from the lower valve cover, so that the 

compressed air in the pneumatic line can be discharged 

from the inlet port into the brake chamber. 

During the pressure holding process, both the inlet valve 

and the release valve are closed. The relay valve piston 

moves down to the central position under the pressure of 

the control chamber. The piston in this position is not 

stable and will tend to change. At this time, the relay valve 

piston is in close contact with the plug, but the preload of 

the spring has not been overcome, the plug and the lower 

valve cover are also in close contact. Therefore, it hinders 

the gas inflow from the pneumatic line and the gas outflow              

from the brake chamber, and the compressed gas in the 

brake chamber cannot be discharged to maintain the brake 

pressure. 

During pressure decreasing process, the release valve 

opens and the inlet valve closes. The piston of the relay 

valve stays at the initial position. At this time, the inlet port 

and the load chamber are separated by a plug, the load 

chamber is connected to the outlet port, the brake chamber 

is exhausted to the atmosphere, the pressure drops until it 

is balanced with the atmospheric pressure. 

 

2.2  Solenoid valve model 

In PEBS, as a high-speed switch valve, the solenoid 

valve's dynamic response characteristics directly affect the 

performance and working efficiency. In the working 

process of the solenoid valve, the parameters related to the 

movement of the spool mainly include voltage, current, 

inductance, spool displacement, etc. If the constant 

inductance value of the system is given, the delay time and 

switching characteristics of the solenoid valve are very 

little affected. Therefore, the modeling of the solenoid 

valve is carried out under the assumption that the 

inductance value changes very little. The relationship 

between the current and voltage in the coil is 

 

 =U iR L di dt+   (1) 

 

where i , L , R and U are the current, the inductance, the 

resistance of the electromagnetic coil and the voltage, 

respectively. 

The specific calculation of the electromagnetic force is 

complicated, but there is a certain relationship between the 

electromagnetic force, the spool displacement and the 

current. Assumed that the calculation expression of the 

electromagnetic force as 
 

 ( )e ,F f i x=  (2) 

where eF and x are the electromagnetic force and the spool 

displacement, respectively. 

 
(a) Solenoid valve opening process 

 
(b) Solenoid valve closing process 

Figure 3 Three-dimensional curve between electromagnetic force, 
spool displacement and current 

After establishing the physical model of the solenoid 

valve in Maxwell and setting the relevant parameters, the 

relationships between the electromagnetic force, spool 

displacement, current and time can be obtained. Fitting the 

obtained curve data through Matlab, the relationship 

among electromagnetic force, spool displacement and 

current is obtained as shown in Figure 3. The expression of 

the electromagnetic force fitted is 

 

 2
e 27.66 +3.04 +8.74 -4.27 -4.47F x xi x i=  (3) 

 

According to Newton's second law, the kinematic 

equation of the moving spool is 

 

 ( ) ( )e 0 p max0mx F pA cx k x x x x= − − − +    (4) 
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where m , 0A , c  and px are the mass of the moving 

spool, the effective area of the moving spool, the damping 

force and spring preload displacement, respectively. 

 

2.3  Dynamic modeling of PBWV 

According to the above analysis of the dynamic behaviour 

of PBWV braking process, the compressed air in the 

control chamber or brake chamber must produce enough 

force to drive the piston movement of the relay valve or 

brake chamber. In this process, the volume change 

equation of the control chamber and the load chamber is 

 

 ( )r r0 r r r rt0V V A x x x= +    (5) 

 ( )c c0 c c r r r rt c ct0 ,0V V A x A x x x x x= + −      (6) 

 

where, rV , r0V  and rA  are the volume, the initial volume 

and the effective area in the control chamber, respectively, 

cV , c0V  and cA  are the volume, the initial volume and the 

effective area in the load chamber, respectively, rx and 

cx are the displacement of the relay valve piston and the 

brake chamber piston, respectively; rtx is the total piston 

displacement of the relay valve during inlet and release; 

ctx  is the piston displacement of the brake chamber. 

According to Newton's second law, the kinematic 

equation of the piston in the relay valve and the brake 

chamber are respectively. 

 

( )
( ) ( )

r r r r1 c fr r rm

r r1 r r r r1 c r r r or fr1 rm r rt

0rm x A p A p F x x

m m x A p A p K x K x F x x x

= − −  


+ = − − − −  
  (7) 
 
 ( )c c c c c oc fc c ct0m x A p K x F x x= − −    (8) 

 
where, rm , r1m  and cm are the mass of the relay valve 

piston, plug and the brake chamber piston respectively; 

rp and cp  are the pressure in the control chamber and 

brake chamber respectively; r1A  is the effective area of the 

load chamber; frF , fr1F and fcF are the friction between the 

piston of relay valve, plug, the piston of brake air chamber 

and the side; rmx is the displacement of the piston during 

the release; orx and ocx are the pre-tension displacement of 

the relay valve spring and the brake chamber spring 

respectively; rK and cK  are the spring stiffness of the relay 

valve spring and the brake chamber respectively. 

Generally speaking, because braking is relatively fast 

and fierce, the variation of the air in the control chamber 

can be regarded as adiabatic. Assuming that the 

temperature difference between the gas entering the control 

chamber or the brake chamber and its original gas is 

ignored, the aerodynamic process within the system can be 

expressed as 

 

 ( ) ( )0 0 0

kk
p V m p V m C= =  (9) 

 
where 0p , 0V and 0m  are the pressure, volume and mass at 

the initial condition, respectively, and p , V and m are 

the corresponding states at equilibrium, k is adiabatic 

exponent of gas, C is proportional constant. Note: When 

the closed chamber is the control chamber or brake air 

chamber, the above parameters correspondingly change to 

rp , rV , rm , r0p , r0V , r0m or cp , cV , cm , c0p , c0V , c0m . 

Differentiating Equation (9) with respect to time,  

 

 ( ) ( )p kp m Q kp V V= −  (10) 

 
where  =Q m is the mass flow rate of gas in the closed 

chamber. 

According to the formulation between the gas flow and 

orifice area it can be shown that 

 

( )

( )

1 21 ( 1)

d 1 2 1

a

1 22 ( 1)
2 1 2 1

d 1 2 1

a

2 2
, 0 0.528

1 ( 1)

[( ) ( ) ]
, 0.528 1

( 1) 2

k

k k k

k
c p A p p

k T R k
Q

k p p p p
c p A p p

T R k

−

+

                   +   +   = 
   −

          − 

            

(11) 
 

where dc is the gas orifice flow coefficient, 1p is the 

upstream air pressure, 2p is the downstream air 

pressure, A is the effective throttle area, aT is the absolute 

temperature in the control chamber, R is the specific gas 

constant, Constant 0.518 is a critical ratio of low-to-high 

pressure at the two sides of the orifice. When greater than 

0.518, the flow is subsonic. Otherwise the flow is 

supersonic and the corresponding dynamics is complex 

which is oftentimes the case when air undergoes throttling. 

Note: When the gas flows into the control chamber, 

1 s=p p , 2 r=p p , when the gas flows out of the control 

chamber 1 r=p p , 2 a=p p , when the gas flows into the brake 

chamber 1 s=p p , 2 c=p p , when the gas flows out of the 

control chamber 1 c=p p , 2 a=p p . Where sp  is the pressure 

of supply air, ap  is the discharge atmospheric pressure. 

 

3  Controller Design 

 

The principle of MPC control is to solve the 

finite-time-domain open-loop optimization problem online 

at each sampling time according to the measurement 

information obtained at the current time, and then apply 

the first element of the solved control sequence to the 
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controlled object. At the next sampling time, repeat the 

above process, refresh the optimization problem with new 

measurements and re-solve it. The process of the algorithm 

is mainly divided into three steps: predictive dynamic 

model, rolling optimization and feedback correction. 

Through rolling optimization and feedback correction, it 

has the advantages of good control effect and strong 

robustness, which can effectively overcome the uncertainty, 

nonlinearity and parallelism of the process. 

According to the dynamic model created in the 2 section, 

it can be seen that the PEBS model is more complex and 

the system has strong-nonlinearity. When the MPC method 

is directly used to control the pressure of PEBS, because of 

the large amount of calculation, the result may not be 

calculated or the calculation speed is too slow. In order to 

improve the speed of MPC calculation for efficient control, 

this paper uses the accurate model to collect data and draw 

the MAP diagram, and directly uses the MAP diagram as 

the system dynamics model, which is used as the 

characteristic of a predictive control system. Because the 

control principle is consistent with that of MPC, the 

control algorithm is named analogous model predictive 

control (AMPC). 

According to MPC theory, the model is modified or 

compensated in real time. However, for the sake of 

engineering reliability, the AMPC method is adopted when 

the error is large,so that the limit performance of the 

system can quickly approach the target. When the error is 

small, it is more appropriate to use proportional feedback 

continuous control. That is, a combination of AMPC and P 

control algorithm is used to control the pressure output. 

Schematic diagram of the PEBS pressure controller is 

shown in Figure 4. 

 

1-10ms,PEBS pressure characteristic

Increased characterist ic Increased characterist ic

AMPC algorithm Proportion

 algorithm

Increase / Decrease  pressure time     

(tincrease||tdecrease=10ms)

Increase / Decrease  pressure time     

(0<tincrease||tdecrease<10ms)

ep> max(emap-increase) 
            or
ep< min(emap-decrease)

No

Yes No

Yes

Pd

Pc(k)

ep = Pd–Pc

 Pr = Pc(k) - Pc(k-1)

 Pt = Pt(k-1) - Pc(k-1)

Pt(k-1) 

Pt(k)Pc(k-1) = Pc(k)
Pc(k-1)

em = Pr– Pt ;   e = ep  + β*em 

NoYes

ep > eT

u< |LimitValue|

u=K * ep

Pt(k-1) = Pt(k)

 

Figure 4 Schematic diagram of the PEBS pressure controller  

 
As seen from Figure 4, When the error is large and 

exceeds the limit value ( p Te e ), the pressure output of 

PEBS is controlled by AMPC algorithm, on the contrary, it 
is controlled by proportional control algorithm. 

Where 

 

 p d ce p p= −  (12) 

 

dp and cp are the target pressure and actual pressure of the 

brake chamber, respectively. Te is the limit value of the 

decision selection control algorithm. 

Aiming at the AMPC control algorithm, in order to 

improve the accuracy of the algorithm, the  value is 

introduced to correct the error. The corrected error is 

expressed as 

 p m=e e e+  (13) 

where 
 m r t=e p p −   (14) 

 r c(k) c(k-1)p p p = −  (15) 

 t t(k-1) c(k-1)p p p = −  (16) 

 

c(k)p and c(k-1)p are the actual value of the current moment 

and the previous moment, respectively. t(k-1)p is the target 

pressure of the previous moment. 
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According to the corrected error, the time of 

pressurization or decompression is found out based on the 

map diagram. Specifically expressed as

 

 
p map-increase p map-decrease

increase decrease
map-increase p map-decrease

10 max( ) || min( )
||

Look up the MAP max( ) min( )

e e e e
t t

e e e

 =   
 (17) 

 

where increaset and decreaset are the pressurization and 

decompression time, respectively. map-increasee  and 

map-decreasee are the maximum and minimum pressure 

differences of pressurization and decompression in the 

MAP diagram. 

According to the P control algorithm, the calculation 

equation of booster and decompression time is 

 p*u K e=  (18) 

increase decrease

10 | |
||

10*(u/ ) | |

u LimitValue
t t

LimitValue u LimitValue


=  

    

(19) 

 

where K and LimitValue  are proportional gain values 

and thresholds, respectively. 

 

         
(a) Charging process                                   (b) Exhausting process 

Figure 5 Increase / decrease pressure characteristics of brake chamber in 1-10ms 

 

Figure 5 shows increase / decrease pressure 

characteristics of brake chamber in 1-10ms. It collects 

pressure data from the accurate model of the PEBS built 

above. Specific parameters are set to 7.5bar for air receiver 

pressure and the period is 0.5s, according to the control 

period 1-10ms, corresponding to the pressure data 

collected repeatedly when the waiting period is 499-490ms. 

then the collected pressure data are analysed and processed 

to obtain the relationship between pressure and pressure 

change during increase / decrease. 

 

4  PEBS model modification 

According to the AMPC control principle, because the 

MAP diagram is used to predict the characteristics of the 

system, its drawing comes from the accurate PEBS model, 

so it is necessary to modify the PEBS model created in 

section 2. It is concluded from the analysis that if the 

model can real-time and accurately reflect the dynamic 

parameters such as solenoid valve opening and closing 

time, gas flow coefficient, piston displacement of relay 

valve, control chamber pressure and brake chamber 

pressure in PBMV, the model can accurately describe the 

performance of the PEBS. Therefore, in this section, a 

variety of experimental devices are built to measure the 

dynamic parameters in real time and modify the model 

according to the experimental data. The schematic diagram 

of the experimental device is shown in Figure 6. 
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Figure 6 Experimental schematic diagram of key parameter identification 

 

4.1  Determine the solenoid valve opening and closing 

time 

In order to better reflect the characteristics of the solenoid 

valve, it is necessary to know the delay time of the 

solenoid valve in the opening and closing section. 

Fig 6A shows the principle of measuring the opening 

and closing time of solenoid valve. Among them, the 

internal flow passage of the valve block needs to meet the 

function of the inlet valve and release valve. According to 

the actual test, the relevant parameters of the solenoid 

valve are measured, including the number of turns of the 

coil, spring force, damping, coil resistance and so on. After 

setting the same parameters in Maxwell, the delay time of 

solenoid valve during opening and closing can be 

calculated. 

 

Figure 7 Opening and closing delay time of solenoid valve 

 

Figure 7 shows the delay time when the solenoid valve 

is opened and closed. As can be seen from the figure, when  

the solenoid valve is opened and closed, the delay time is 

2ms and 8ms respectively. 

4.2  Determine the gas flow coefficient 

Since the pressure of the control chamber cannot be 

measured directly, a new valve cover that can install a 

pressure sensor is redesigned to measure without 

destroying the performance of the valve. The measuring 

schematic diagram is shown in Figure 6B. The pressure of 

the brake chamber is measured directly by the pressure 

sensor. 
According to equation (11), the gas flow coefficient is 

related to dc 、 1p 、 2p 、k、 A、 aT  and R . In general, 

the value of dc  is uncertain and other values are 

determined, so the gas flow coefficient depends on dc . In 

order to modify dc  conveniently and quickly, this paper 

modifies the dc  directly according to the delay time and 

the increasing trend of the pressure data of the brake 

chamber. 

 

 

Figure 8 Comparison between actual pressure and calculated 
pressure in different dc   

 

Figure 8 shows that the actual braking pressure is 
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compared with the pressure calculated by different dc  in 

the model. From the analysis of the figure, it is found that 

when dc =0.23, the calculated braking pressure is closest 

to the actual pressure. 

 

4.3  Determine piston displacement of relay valve 

The piston of the relay valve controls the filling and 

outgassing of the whole valve, which is an important index 

that affects the performance of the whole valve. In order to 

meet the requirements of low cost, high measurement 

accuracy and simple operation when measuring the piston 

displacement in the valve, a fixed direct laser sensor 

bracket is designed based on the PBWV. Specifically, a 

light pillar is fixed by thread at the top of the piston, and a 

circular plate is placed at the other end of the pillar to 

ensure that the displacement of the piston is reflected by 

the displacement of the plate irradiated by laser. The 

measuring schematic diagram and the actual bench are 

shown in Figure 6C. 

  According to the working condition of PBWV, the 

piston displacement of relay valve is measured in three 

starting positions (top position, free position and central 

position). In the experiment, the pressure of the air receiver 

is controlled as 8Bar, the input signal is constant for 0-1s, 

the pressure is pressurized for 1-5s, and the 5s-9s is 

decompressed. The data are collected and compared as 

shown in Figure 9. Figure 9(a) shows the displacement 

comparison of the piston in different initial positions, in 

which the piston is in the dynamic equilibrium position 

between 1.5s and 5s, and Figure 9 (b) shows the 

corresponding pressure change of the brake chamber.

              
(a) Displacement                                            (b) Pressure 

Figure 9 Comparison of different starting positions of relay valve pistons 
 

The analysis shows that no matter where the initial 

position of the piston is, the corresponding pressure change 

is consistent; when the piston starts at the top, the 

maximum displacement of the piston is 3.88mm; when the 

piston starts in the free position, the displacement is 1.5mm 

until the piston is stable; when the piston starts in the 

central position, there is a dead zone from this position to 

the dynamic equilibrium position, and the dead zone 

displacement is 0.4mm. 

 

4.4  Model verification 

According to the above experimental equipment, a large 

number of data are measured and the relevant parameters 

in the model are modified. In this section, under the 

premise of the same parameters, the simulation and 

experiment of the PEBS are carried out respectively. 

 
Table 1 The parameters used in solenoid valve  

R/Ω L/H m/kg c/(N*m/s) K/(N/m) xp/m 

15 0.05 0.007 10 110 5e-3 

 

Table 2 The parameters used in the system 

Parameters Values Parameters Values 

ps/Pa 8e5 mr/kg 0.046 

pa/Pa 1e5 mr1/kg 5e-4 

Ta/K 300 pr0/Pa 1e5 

cd 0.23 Vr0/(m^3) 2.2e-5 

R/(J/(kg*K)) 287.1 Ar/(m^2) 3.2e-3 

k 1.4 Ar1/(m^2) 3.1e-3 

xri/m 0 Kr/(N/m) 2500 

xrm/m 1.5e-3 x0r/m 0.02175 

xrt/m 3.88e-3 mc/kg 0.65 

pc0/Pa 1e5 Vc0/m 7.5e-5 

Ac/(m^2) 9.5e-3 Kc/(N/m) 2150 

x0c/m 0.055 xci/m 0 

xct/m 0.012   

 

Figure 10 shows the comparison between simulation and 

experimental data when the air receiver pressure is set to 

2bar, 4bar, 6bar, 7.8bar. The analysis shows that the 

simulation data are basically consistent with the 

experimental data. 

 



Research on Accurate Modeling and Control for Pneumatic Electric Braking System of Commercial Vehicle Based on Multi-Dynamic Parameters Measurement 

 

·11· 

 

Figure 10 Static verification 
 

Figure 11 shows brake chamber pressure data between 

simulation and experiment based on P control. The 

pressure of the air source is controlled to 7 bar, and the 

expected pressure is set to step waveform, triangular 

waveform and sinusoidal waveform. The analysis shows 

that the simulation data are basically consistent with the 

experimental data. 

 
(a) Step response 

 

 
(b) Triangular wave response  

 
 (c) Sin response 

Figure 11 Dynamic verification 

Comprehensive analysis shows that the above model can 

accurately reflect the characteristics of the PEBS and can 

provide guidance for the analysis of its performance. 

 

5 Experiments and Results 

Displacement 
sensor 

Brake control 
unit

Cd-Rom 
recorder

Host 

computer

Air 

receiver 

Wheel 

cylinder 

Air supply 

bump 

PBWV

CANalyst

Local enlarged view of PBWVSchematic diagram of PEBS gas and circuit connection

 

Figure 12 PEBS test bench 
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Figure 12 shows the indoor test bench built to validate 

the controller design. The brake chamber pressure is 

obtained through the pressure sensor embedded in the 

PBWV of commercial vehicles. The controller chip is 

SPC5 series automotive 32-bit micro-control chip designed 

by ST Co., which provides multi-channel IO ports, AD 

analog signal acquisition, PWM input and output and CAN 

communication. The function configuration and the writing 

of the underlying code are completed by the SPC5 series 

special development software SPC5 Studio, and the online 

debugging is carried out by the supporting debugging 

software UDE STK. In the process of on-line debugging, 

the expected pressure, actual pressure and other 

information are transmitted to the host computer through 

the CANalyst to realize CAN communication. The 

real-time tracking control and parameter adjustment of a 

pressure curve are carried out through the Matlab software 

in the host computer, so that the pressure control 

experiment can be carried out efficiently. 

Based on the existing situation, this paper controls the 

pressure output of the PEBS under different air receiver 

pressure. Figure 13 shows that under different expected 

pressures, the pressure output of PEBS is controlled by 

simple proportional control algorithm by changing the 

pressure of air source. 

 
(a)Step response 

 
(b) Triangular wave response 

Figure 13 Experimental results under the proportional control 

 

The analysis shows that if an air source pressure is set 

and the proportional control parameters are adjusted, the 

valve pressure can be effectively controlled, but there will 

be local jitter under other air receiver pressure. In addition, 

the P control algorithm can control the error within 20Kpa. 

Figure 14 shows the real-time control of the valve by 

using the control logic of AMPC and proportional control 

on the basis of the same conditions as proportional control. 

From the control results, the actual pressure can well follow 

the step and triangle wave target pressure within the error is 

8KPa, so it is verified that the combination of AMPC and 

proportional control algorithm proposed in this paper can 

well regulate and control the target pressure under different 

air receiver pressure. 

 
(a)Step response 

 
   (b) Triangular wave response 

 
(c) Sin wave response 
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Figure 14 Experimental results under the AMPC and proportional 
control 

 
(a)Step response 

 
(b) Sin wave response 

Figure 15 Comparison of response time between P and AMPC 
control algorithms 
 

Figure 15 shows that under the same conditions, the P control 
algorithm and the AMPC control algorithm are used to control the 
PBWV, and the response time is 77ms and 52ms respectively, that 
is, the rapidity of the new algorithm is 32.5% higher than that of 
the traditional algorithm. 

 

6  Conclusions 

 

In this paper, according to several experimental measuring 

devices of dynamic parameters, the accurate model of 

PEBS is determined by real-time measurement and 

correction of parameters. The accuracy of the model is 

verified by comparing the simulation and experimental data. 

and the dynamic model of PEBS can accurately reflect its 

pressure characteristics. In addition, based on the accurate 

model, a logic threshold control scheme based on the 

combination of AMPC control and feedback control is 

proposed for the time-varying parameters of the system. 

The experimental results show that under different air 

source pressures, the designed controller can stably control 

the pressure output of PEBS and ensure that the error is 

within 8KPa and the rapidity is improved by 32.5%. 
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Figures

Figure 1

Schematic diagram of Pneumatic Electric Braking System



Figure 2

Relay valve piston position and corresponding working state



Figure 3

Three-dimensional curve between electromagnetic force, spool displacement and current



Figure 4

Schematic diagram of the PEBS pressure controller

Figure 5

Increase / Decrease pressure characteristics of brake chamber in 1-10ms



Figure 6

Experimental schematic diagram of key parameter identi�cation

Figure 7

Opening and closing delay time of solenoid valve



Figure 8

Comparison between actual pressure and calculated pressure in different cd

Figure 9

Comparison of different starting positions relay valve pistons



Figure 10

Static veri�cation



Figure 11

Dynamic veri�cation



Figure 12

PEBS test bench



Figure 13

Experimental results under the proportional control



Figure 14

Experimental results under the AMPC and proportional control



Figure 15

Comparison of response time between P and AMPC control algorithm


