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1. Introduction 
 

For continuous development, vehicles become the 

main field of world energy depletion. It is more and more 

important and urgent to develop the vehicle techniques of 

economy energy. In various vehicle techniques of econo-

my energy, the regenerative braking technique is interested 

at all times, and has good application foreground, it already 

has abundant research results and application [1-5], and it 

will become the important path of vehicle economy energy. 

But at the present various regenerative braking techniques 

still have many problems, such as regenerative braking 

efficiency is not high, the brake performance can not be 

guaranteed, and so on [6-8]. The ABS control technique 

based on regenerative braking system of electric vehicle is 

not mature till now. 

To solve these problems, based on the dynamic 

system of wheel motor electric vehicle, this paper project 

the energy regenerative braking feedback lockup brak-

ing-driving integrated system for electric vehicles. Set up 

the system dynamic model based on the Matlab/Simulink, 

establish the simulation system of dynamic and ABS con-

trol of the electric vehicles regenerative braking system. 

By simulation system, we respectively simulate and ana-

lyse the feedback lockup regenerative braking perfor-

mances with or without ABS control on three conditions of 

driving straightly on high adhesion condition ground, low 

adhesion condition ground, and steering driving on a curve 

path. 

 

2. Feedback lockup braking-driving integrated system 

 

The feedback lockup braking-driving integrated 

system for electric vehicles is composed of feedback brake 

transmission component, brake pushing component, brake 

component, braking energy reusing component, as shown 

in Fig. 1. The feedback brake transmission component is 

mainly composed of the driven gear of first class transmis-

sion 2, the driving gear of second class transmission 3, the 

driven gear of second class transmission and pushing 

screw 4 (two components are combined together), the 

bearing on the head face of the pushing screw 15. The 

brake pushing component is composed of the pushing nut 

and driving gear of third class transmission 9 (the two 

components are combined together), the bearing on the 

head face of the pushing pillar 10, pushing pillar 13, the 

pushing pillar returning back spring 14. The braking ener-

gy reusing component is composed of the driven gear of 

third class transmission 8, the driving gear of fourth class 

transmission and brake clutch 6 (the two components are 

combined together), the rotor of wheel motor and driven 

gear of fourth class transmission 5 (two components are 

combined together), the driving clutch 19, the stator of 

wheel motor 20. The brake component is composed of 

braking pliers 11, braking blocks 12, braking disc and the 

driving gear of first class transmission 16 (two components 

are combined together). 

When the vehicle is in braking, the brake clutch 6 

is merged, while the driving clutch 19 is detached, the 

wheel motor works as a generator, the feedback brake 

transmission component feedback the wheel moving ener-

gy to the brake pushing component through transmission 

components, brake pushing component respectively trans-

mits the moving energy to the braking energy reusing 

component and the brake component, thus realizes the ve-

hicle braking. Through controlling the generating capacity 

of the wheel motor, the integrated system can work in two 

modes: mode of wheel motor braking only, mode of both 

the wheel motor and the brake braking at the same time; 

when slight strength of braking needs, make the generating 

capacity of the wheel motor in the braking energy reusing 

component reducing, and the lockup force that the wheel 

motor acts on the driving gear of third class transmission 9 

reduces too through transmission components, this makes 

the pushing nut 9 couldn’t overcome the force that the 

pushing pillar returning back spring 14 acts on the pushing 

pillar 13, at this moment, the braking blocks 12 do not 

brake, namely the mode of wheel motor braking only, the 

braking energy is totally converted into recyclable electric 

energy through wheel motor; when strong strength of 

braking needs, make the generating capacity of the wheel 

motor increasing, and the lockup force that the wheel mo-

tor acts on the driving gear of third class transmission 9 

increases too, when the pushing force that the pushing nut 

9 acts on the pushing pillar 13 increases to bigger than the 

force that the pushing pillar returning back spring 14 act on 

the pushing pillar 13, the braking blocks 12 do brake, 

namely the mode both the wheel motor and the brake 

braking at the same time, one part of the braking energy is 

converted into recyclable electric energy through wheel 

motor, the other part is converted into heat through brake 

and been consumed. 

When the vehicle is in driving, the wheel motor 

works as a electric motor, and the brake clutch 6 is de-

tached, while the driving clutch 19 is merged, the power of 

the wheel motor will be directly transferred to the axle 17 

through the driving clutch 19, driving the wheel 18 to 

move forward; at the same time, the brake component does 

not generate feedback brake. 

As compared with EMB (Electromechanical 

Brake), the feedback lockup braking-driving integrated 

system generate electric energy, EMB consume electric 
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energy. As compared with other regenerative braking sys-

tems for the electric vehicle, it has more the regenerative 

braking efficiency especially at lower speed. 

 

 
Fig. 1 The feedback lockup braking-driving integrated 

system for electric vehicles: 1 - shell, 2 - driven gear 

of first class transmission; 3 - driving gear of second 

class transmission; 4 - driven gear of second class 

transmission and pushing screw; 5 - rotor of wheel 

motor and driven gear of fourth class transmission; 

6 - driving gear of fourth class transmission and 

brake clutch; 7 - sustain board; 8 - driven gear of 

third class transmission; 9 - pushing nut and driving 

gear of third class transmission; 10 - the bearing on 

the head face of the pushing pillar; 11 - braking pli-

ers; 12 - braking blocks; 13 - pushing pillar; 14 - the 

pushing pillar returning back spring; 15 - the bear-

ing on the head face of the pushing screw; 

16 - braking disc and the driving gear of first class 

transmission; 17 - axle; 18 - wheel; 19 - driving 

clutch; 20 - stator of wheel motor 

 

3. Dynamics of feedback lockup braking-driving 

integrated system 

 

The forces between the pushing screw and nut in 

braking process, as shown in Fig. 2, where FN1, FN2, FN3 

respectively are the normal forces on the head face of the 

pushing screw, screw interface, between the pushing nut 

and the third class gear, N; f
 
1, f

 
2, f

 
3 are the friction coef-

ficient of above-mentioned three friction pairs; α is the 

screw angel of the pushing screw pair; F1 is the feedback 

force that the braking disk acts on the head face of the 

pushing screw action radius by the feedback brake trans-

mission component, N; FN4 is the lockup force, that is the 

pressing force which the pushing nut acts on the braking 

blocks, generated from braking disc and the driving gear of 

first class transmission 16 drives. The feedback brake 

transmission component and the generator pushs the push-

ing nut, feedback acted on the friction face of the braking 

disk by the braking blocks; f
 
4 is the head face friction co-

efficient of the pushing nut; Ff 1, Ff 2, Ff 3 and Ff 4 respec-

tively are the friction forces on the head face of the push-

ing screw, screw interface, tooth face of the pushing nut, 

and the head face of the pushing nut, N.  
 

 

Fig. 2 The forces between the pushing screw and nut in 

braking process 
 

The dynamic equations of the pushing screw 
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where R1, R2 respectively are the action radius of the fric-

tion forces on head face of the pushing screw and the 

screw middle radius, m; other parameters are same as be-

fore. 

The dynamic equations of the pushing nut 
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where R3, R4 respectively are the radius of the pushing nut 

gear and the action radius of the friction forces on head 

face of the pushing nut, m; other parameters are same as 

before. 

The dynamic equations of the feedback brake 

transmission component, the lockup brake component and 

the braking energy reusing component 
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where Rc3, Rb respectively are the radius of the generator 

gear and the action radius of the braking friction forces on 

the braking disk, m; Tb1, Tb2, Tbe respectively are the brak-

ing torque that the feedback brake transmission component 

acts on the braking disk by the braking disk gear, the brak-

ing torque that the lockup force acts on the braking disk 

and the generator braking torque, Nm; fb is the braking face 

friction coefficient of the braking disk; i1, i2 respectively 

are the first class gear and from the driving decelerating 

gear to the driven decelerating gear; η1, η2 respectively are 

corresponding transmission efficiency. 

Using permanent magnet brushless DC hub motor, 

its dynamic equations is [9] 
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where Ie is the rotor and prime mover driven pieces’ mo-

ment of inertia, kgm
2；ωe is the rotor and prime mover 

driven pieces’ rotational speed, rad/s; Te is electromagnetic 

torque, Nm; T0 is motor mechanical resistance torque, Nm; 

Cγ is torque constant of DC motor; Ф is magnetic flux per 

pole, Wb; Iα is motor electric current, A. 

Eqs. (1)-(4) fit for modelling of ABS because 

when FN3 is small FN4 is also small without direction 

change for the no-self-locking screw. 

The wheel’s regenerative braking efficiency 
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According to the structure and the dynamics of 

the feedback lockup braking-driving integrated system 

(Eqs. (1)-(3)), the screw angle of the pushing screw pair α 

is main variable parameter, when it becomes larger, the 

generator braking torque and power will become larger, 

and the regenerative braking efficiency will become higher 

too. For electric car, the capacity of the vehicle accumula-

tor and the need of the generated electricity quantity are 

relatively larger, so we can choose the screw angel α to be 

larger, and through optimizing the structure, combine the 

driving electric motor and the braking energy feedback 

generator to make the structure space, the car weight and 

the whole car performances more reasonable. 

It is known that in the low-strength-brake, the 

brake friction faces do not work, the vehicle is braked by 

the braking generator through the feedback brake trans-

mission component, and the regenerative braking efficien-

cy is relatively high. The study shows: in vehicle running, 

most of the braking conditions are the low-strength-brake, 

the high-strength-brake conditions are little [10, 11], so the 

regenerative braking efficiency is relatively high in the 

whole vehicle running. In the high-strength-brake condi-

tions, the brake friction faces work for braking, the brake 

strength increases, it can guarantee the vehicle emergent 

braking safety. 

 

 

 

4. Performances analysis of ABS control with the 

energy regenerative braking 

 

Based on the feedback lockup braking-driving in-

tegrated system, we use the fuzzy self-adapted ABS con-

trol strategy to realize the energy regenerative braking. To 

verify the performances of ABS control, we establish the 

dynamic simulation test system of the feedback lockup 

braking-driving integrated system based on the 

Matlab/Simulink. Using the parameters of the Chery A3 

car as the system parameters of vehicle, we respectively 

simulate and analyse the regenerative braking performanc-

es with or without ABS control on three conditions of 

driving straightly on high adhesion condition ground, low 

adhesion condition ground and steering driving on a curve 

path. 

Use the brake torque of the left-front motor and 

slip rate as performance indicators of single wheel ABS 

control, use the braking deceleration of vehicle barycentre, 

path and side-slip angle as performance indicators of the 

whole vehicle ABS control. Figs. 3, 5, 7 are the braking 

performance graphs of left-front wheel, horizontal coordi-

nates are times t, s, vertical coordinates are motor brake 

torque Tbe, Nm and wheel slip rate s; Figs. 4, 6, 8 is the 

braking performance graph of the whole vehicle, horizon-

tal coordinates are the vehicle barycentre movements on X 

axis, m, vertical coordinates are the vehicle barycentre 

movement on Y axis, m, barycentre accelerate, m/s
2
 and 

side-slip angle, degree. 

 

4.1. Vehicle’s braking performance driving straightly on 

high adhesion condition ground 

 

The single wheel ABS control performance driv-

ing straightly on high adhesion condition ground is shown 

in Fig. 3. 

 

 

Fig. 3 The single wheel ABS control performance driving 

straightly on high adhesion condition ground 

 

The initial vehicle velocity is set v0 = 120 km/h, 

the ground adhesion condition is 0.85, Tbe1, s1 are the left 

front wheel’s motor braking torque and wheel slip ratio, 

Tbe3, s3 are the left back wheel’s motor braking torque and 

wheel slip ratio. As shown in the picture, the left front 

wheel’s motor braking torque ranges in a small area around 

110 Nm, its slip rate ranges in a small area around 0.2, so 

the control performance is good; the left back motor brak-
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ing torque ranges between 10 and 20 Nm, its slip rate 

ranges between 0.1 and 0.3, for a shift in vehicle’s mass 

when braking, the left front wheel’s braking force is far 

large than the back wheel, the front wheel ABS control 

performance is also better than the back wheel, these per-

formances are the same as normal vehicles. 

The whole vehicle ABS control performance 

when the vehicle driven straightly on high adhesion condi-

tion ground is shown in Fig. 4, the average braking decele-

ration of the center of vehicle’s mass is about 8.2 m/s
2，the 

mass center’s side displacement and lateral angle are near-

ly zero, the whole vehicle ABS control has better braking 

efficiency and stability. 

 

 
Fig. 4 The whole vehicle ABS control performance driving 

straightly on high adhesion condition ground 

 

4.2. Vehicle’s braking performance driving straightly on 

low adhesion condition ground 

 

The single wheel ABS control performance driv-

ing straightly on low adhesion condition ground is shown 

in Fig. 5. 

 

 

Fig. 5 The single wheel braking performance driving 

straightly on low adhesion condition ground 

 

The initial vehicle velocity is set v0 = 120 km/h, 

the ground adhesion condition is 0.17, Tbe1, s1 are the left 

front wheel’s motor braking torque and wheel slip ratio, 

according to those parameters two curves come out, one 

with ABS control, the other without ABS control. As 

showing in the picture, the wheel locks directly when the 

motor braking torque reaches 120 Nm，slip rate reaches 1 

without ABS control; the single wheel control permanence 

with ABS control is better, the motor braking torque rang-

es in a small area around 20 Nm, its slip rate ranges in a 

small area around 0.2. 

The whole vehicle ABS control performance 

driving straightly on low adhesion condition ground is 

shown in Fig. 6, the average decelerator of vehicle mass 

center with ABS control is bigger than that without ABS 

control, the mass center’s side displacement and lateral 

angle are small in two situations, so the ABS control per-

formance is good on low adhesion condition. 

 

 

Fig. 6 The whole vehicle ABS control performance driving 

straightly on low adhesion condition ground 

 

4.3. Vehicle’s braking performance steering driving on a 

curve path 

 

The single wheel braking performance steering 

driving on a curve path is shown in Fig. 7. 

 

 

Fig. 7 The single wheel braking performance steering 

driving on a curve path 

 

The initial vehicle velocity is set v0 = 120 km/h, 

the ground adhesion condition is 0.85, the left front wheel 

steering angle is 2°; Tbe1, s1 are the left front wheel’s motor 

braking torque and wheel slip ratio, according to those 

parameters two curves come out, one with ABS control, 

the other without ABS control. As showing in the picture, 

the wheel locks directly when the motor braking torque 

reaches 120 Nm，slip rate reaches 1 without ABS control; 

the single ABS control permanence is good with ABS con-

trol, the motor braking torque ranges between 100 and 
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120 Nm, its slip rate ranges in a small area around 0.2. 

The whole vehicle braking performance steering 

driving on a curve path is shown in Fig. 8, the average de-

celerator of vehicle’s mass center with ABS control is 

bigger than that without ABS control, the vehicle’s mass 

center side displacement and lateral angle without ABS 

control are both bigger than those with ABS control, the 

vehicle without ABS control sideslips obviously, the vehi-

cle with ABS has better control braking efficiency and 

stability. 

 

 

Fig. 8 The whole vehicle braking performance steering 

driving on a curve path 

 

As shown in the analysis above, the regenerative 

braking performances with ABS control on three condi-

tions: driving straightly on high adhesion condition ground, 

low adhesion condition ground and steering driving on a 

curve path, can fully satisfy the requirements of vehicles 

braking performances，the regenerative braking efficiency 

is higher. In the low- strength-brake, the brake friction 

faces do not work, the vehicle is braked by the braking 

generator through the feedback brake transmission com-

ponent, the regenerative braking efficiency is 98.5%. In the 

high-strength-brake conditions, the brake friction faces 

work for braking, the regenerative braking efficiency is 

13.38%. the brake strength increases, it can guarantee the 

vehicle emergent braking safety, and the regenerative 

braking efficiency is high in the whole vehicle running for 

electric vehicles. 

 

5. Conclusion 

 

Based on the Matlab/Simulink, establish the sim-

ulation system of regenerative braking dynamic and ABS 

control for the electric vehicles with the braking-driving 

integrated system. Based on the simulation system, respec-

tively simulate and analyse the regenerative braking per-

formances with or without ABS control on three conditions: 

driving straightly on high adhesion condition ground, low 

adhesion condition ground and steering driving on a curve 

path. Finally we can draw the conclusions as follows: 

1. The regenerative braking performances with 

ABS control on three conditions: driving straightly on high 

adhesion condition ground, low adhesion condition ground 

and steering driving on a curve path, can fully satisfy the 

requirements of vehicles braking performances; 

2. In the low- strength-brake, the brake friction 

faces do not work, the vehicle is braked by the braking 

generator, the regenerative braking efficiency is 98.5%. In 

the high-strength-brake, the brake friction faces work for 

braking, guarantee the vehicle emergent braking safety the 

regenerative, the braking efficiency is 13.38%. So the re-

generative braking efficiency is high in the whole vehicle 

running as the high-strength-brake conditions are fewer. 

The study results indicate that the electric vehicle 

with the braking-driving integrated system has better ABS 

performances than the electric vehicle with the general 

brake system, and has more regenerative braking efficien-

cy than other regenerative braking systems. 
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ENERGIJĄ ATKURIANČIOS STABDYMO ABS 

KONTROLĖS TYRIMAS NAUDOJANT INTEGRUOTĄ 

ELEKTRINIŲ AUTOMOBILIŲ 

VAŽIAVIMO-STABDYMO GRĮŽTAMOJO RYŠIO 

IŠJUNGIMO SISTEMĄ 

 

R e z i u m ė 

 

Straipsnyje pateiktas integruotos elektrinių auto-

mobilių važiavimo-stabdymo grįžtamojo ryšio išjungimo 

sistemos projektas. Integruota sistema suprojektuota ir op-

timizuota naudojant variklį ir diskinį stabdį. Sudarytas in-

tegruotos sistemos dinaminis modelis. Naudojant Mat-

lab/Simulink sudaryta elektrinio automobilio su integruota 

važiavimo-stabdymo atsikuriančiąja stabdymo dinamikos 

imitavimo ir ABS kontrolės sistema. Naudojantis imitavi-

mo sistema, atitinkamai buvo imituojamas ir analizuojamas 

atsikuriančiojo stabdymo veiksmas esant ABS kontrolei 

arba jos nesant trimis atvejais: tiesiai važiuojant per gero 

sukibimo gruntą, per blogo sukibimo gruntą ir važiuojant 

kreive. Tyrimo rezultatai rodo, kad elektriniuose automo-

biliuose su integruota važiavimo-stabdymo sistema ABS 

sistema veikia geriau nei su elektriniuose automobiliuose 

su įprasta stabdymo sistema ir jų atsikuriančiojo stabdymo 

efektyvumas, palyginti su kitomis stabdymą atsikurian-

čiomis sistemomis yra didesnis. 

 

 

Guoye Wang, Hang Xiao, Juanli Zhang, Fang Wang 

 

ENERGY REGENERATIVE BRAKING ABS  

CONTROL RESEARCH ON FEEDBACK LOCKUP 

DRIVING-BRAKING INTEGRATED SYSTEM FOR 

ELECTRIC VEHICLES 

 

S u m m a r y 

 

Project the braking feedback lockup brak-

ing-driving integrated system for electric vehicles. Design 

and optimize the integrated system based on the motor and 

the disc brake. Set up the integrated system dynamic model. 

Based on the Matlab/Simulink, establish the simulation 

system of regenerative braking dynamic and ABS control 

for the electric vehicles with the braking-driving integrated 

system. Based on the simulation system, respectively sim-

ulate and analyse the regenerative braking performances 

with or without ABS control on three conditions: driving 

straightly on high adhesion condition ground, low adhesion 

condition ground and steering driving on a curve path. The 

study results indicate that the electric vehicle with the 

braking-driving integrated system has better ABS perfor-

mances than the electric vehicle with the general brake 

system, and has more the regenerative braking efficiency 

than other regenerative braking systems. 
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