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ABSTRACT: The purpose of this study is to analyze the hydraulic compound power system 

and energy system of parallel hydraulic hybrid electric vehicle and discuss its advantages in 

vehicle braking and energy recovery. In this research, the hydraulic hybrid power system of the 

power vehicle was summarized, the internal combustion engine, secondary components, clutch 

and accumulator in the system were described, and the mathematical model was established 

according to the characteristics. In addition, the braking energy feedback principle of hybrid 

electric vehicle was introduced, which lay a foundation for the analysis of energy recovery 

strategy. The results showed that when the vehicle was braking, the hydraulic regenerative 

braking system was recovered the energy and the pressure of accumulator was increased. When 

the car was started, it was driven by the hydraulic regenerative braking system, and the 

pressure of the accumulator was reduced. Therefore, electric vehicles can fully recover the 

energy consumed by traditional vehicles during braking by adding the hydraulic regenerative 

braking system, and store the energy in the hydraulic accumulator. When the car was started or 

accelerated, the stored energy was released to save energy and reduce carbon emissions, so 

that the efficiency of energy and heat utilization was significantly improved, and the endurance 

was enhanced. 

KEYWORDS: Hydraulic brake, Hydraulic mixing system, Parallel hybrid electric vehicle, 

Energy recovery, Regenerative brake, Energy 

 

1 INTRODUCTION  

With the development of transportation industry 

and the improvement of people's living standard, 

automobile has become an indispensable means of 

transportation in daily life. In 2009, the sales 

volume of automobiles in China has exceeded 13 

million, becoming the largest automobile 

production and consumer in the world [1]. 

Therefore, people's demand for coal, natural gas, oil 

and other energy is increasingly urgent. As a kind of 

non-renewable automobile fuel with high demand 

and high efficiency, the maximum utilization of oil 

has always been the focus of people's attention [2-

4]. The inefficient use of fuel by automobile 

internal combustion engine is an important reason 

for the serious waste of oil resources. Meanwhile, 

the waste of energy also causes pollution to the 

environment. According to projections, the world's 

oil reserves will not be able to meet human demand 

by 2050. Faced with this severe situation, the 

outline of the national 12th five-year plan has 

clearly put forward that the development of new 

energy vehicles, mainly electric vehicles, is an 

urgent problem to be solved [5, 6]. 

The electric vehicle is a motor vehicle with a 

battery as an energy source and a motor as a power 

source. It has the advantages of zero emission, low 

noise, low operating cost, and has great advantages 

in energy saving and environmental protection. 

Electric vehicle refers to the vehicle powered by 

batteries such as nickel-cadmium battery, lead-acid 

battery or lithium battery, which eliminates the 

exhaust emission of traditional vehicles in the 

driving process [7]. Electric vehicles have been 

used in the market for a long time. However, due to 

the problems of battery volume, charging and 

discharging time and charging difficulty, the battery 

life of pure electric vehicles has been defective and 
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there is no good solution. Therefore, its application 

in the market is more limited [8]. 

Hybrid electric vehicle is a new type of vehicle 

between electric vehicle and traditional vehicle [9]. 

Hybrid electric vehicles have two or more power 

drives and are equipped with an engine drive system 

and an electric system, which allows the car to 

move through the electric drive system. When the 

power consumption is exhausted or the power drive 

is insufficient, the engine drive system can be used 

alternately to continue the operation [10]. Hybrid 

electric vehicles are divided into three types: serial, 

parallel and hybrid. In this research, the hydraulic 

compound power system and energy system of 

parallel hydraulic hybrid electric vehicle were 

studied, and its advantages in vehicle braking and 

energy recovery and utilization were analyzed. 

 

2 THE HYDRAULIC HYBRID SYSTEM 

OF THE POWER VEHICLE 

2.1 Parallel hydraulic hybrid power system 

The hydraulic hybrid power system includes two 

power sources, the engine drive system and the 

electric system. According to the matching mode of 

hydraulic regenerative system and traditional power 

system, it can be divided into three types: serial, 

parallel and mixed. Among them, the parallel 

hydraulic hybrid power system is composed of a 

secondary element (hydraulic pump / motor), 

hydraulic accumulator, oil supply tank and torque 

coupler [11]. The main power source of parallel 

cars is internal combustion engine, and the 

hydraulic system is independent of it. The hydraulic 

pump / motor only plays the role of auxiliary drive 

under certain circumstances. When the car brakes, 

the wheel drives the hydraulic pump/motor to run in 

the working state of the pump, and fills the 

accumulator with liquid energy storage, and the 

hydraulic system at this time provides regenerative 

braking torque for the car to achieve regenerative 

braking of the vehicle. When the car is started, the 

hydraulic potential energy stored in the accumulator 

is released to drive the hydraulic pump/motor to run 

in the state of motor, providing auxiliary driving 

torque for the car [12]. The structure of parallel 

hydraulic hybrid power system is shown in figure 1. 

Clutch Drive system
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Engine

 
Figure 1. Structure of parallel hydraulic hybrid power system 

 

The power-fuel consumption relationship of the 

internal combustion engine can be expressed as 

formula (1): 

                              (1) 

The cubic spline interpolation method is adopted 

to fit the load characteristic curve of the internal 

combustion engine, and the efficiency of the 

internal combustion engine can be obtained. The 

fuel consumption model of the internal combustion 

engine is shown in figure 2. By calculating the fuel 

consumption rate of internal combustion engine, the 

thermal efficiency can be expressed as formula (2): 

                                  (2) 

Among them, fe indicates the effective fuel 

consumption rate of the internal combustion 

engine,ηe represents the thermal efficiency of an 

internal combustion engine, and E indicates the 

calorific value of the fuel. 

When describing the secondary elements in the 

hydraulic hybrid power system, the variable control 

cylinder flow equation can be expressed as formula 

(3): 

    (3) 

Among them, qc indicates the flow into the high 

pressure chamber of the variable cylinder, Ac 

indicates the effective working area of the 

secondary component variable cylinder piston, △pc 

represents the pressure difference between the high-

pressure cavity and the low-pressure cavity of the 

variable cylinder, Ctc indicates the leakage 

coefficient of the variable cylinder, Vtc represents 

)n,(Tf=f eeee

Ef

3600
=η

e

e

c

c

tc

ctcccc Δp
4b

V
+ΔpC+xA=q



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 1/2020 

46 

the total volume of the high-pressure cavity and 

low-pressure cavity of the variable cylinder, and bc 

represents the elastic modulus of oil. 
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Figure 2. Fuel consumption model of internal combustion engine 

 

At present, in hydraulic hybrid power system, 

the accumulator model is an isothermal and 

adiabatic system. However, due to repeated and 

frequent energy charging and discharging of the 

accumulator in practice, the heating situation is 

obvious, so the thermal efficiency should be 

considered. 

2.2 Equivalent fuel consumption evaluation 

of hydraulic hybrid power system 

At present, the energy recovery rate is generally 

adopted to evaluate the energy saving effect of 

hybrid electric vehicles, that is, to judge the energy 

saving effect by the amount of recovered energy. 

For the hydraulic hybrid power system in this study, 

it is more effective to comprehensively evaluate and 

compare the energy of the two power sources. The 

hydraulic hybrid power system can be used for 

energy recovery and reuse, through which the 

operating efficiency of ordinary internal combustion 

engines can be significantly improved and its oil 

consumption can be reduced [13]. There are three 

common energy management strategies for 

hydraulic hybrid vehicles. First, the on-off control 

of the internal combustion engine, which operates 

only within the efficient range. Second, dynamic 

optimization algorithm, which can obtain the 

optimal solution theoretically under certain 

conditions. Third, the control strategy under 

heuristic rules, the control logic of this method is 

relatively simple, but it is not suitable for the 

economic optimization of fuel. 

Therefore, in this study, an equivalent theory 

was proposed. The energy of the hybrid system was 

matched with the fuel consumption of the internal 

combustion engine, that is, the hydraulic 

accumulator was treated equivalently to one of the 

conventional vehicles, and the secondary 

component was treated equivalently to another fuel 

tank in the conventional vehicle. When the 

hydraulic hybrid power system accumulated energy, 

the secondary components were charged into the 

hydraulic accumulator. At this time, the internal 

combustion engine consumed a negative amount of 

fuel, while the amount of fuel in the tank increased. 

When the hydraulic hybrid system was released, the 

secondary components consumed energy stored in 

the hydraulic accumulator, which was similar to the 

fuel consumed by the internal combustion engine in 

the actual fuel tank. All in all, for hybrid cars, the 

ultimate measure of fuel economy depends on the 

sum of the actual fuel consumption in the tank and 

the remaining fuel consumption in the equivalent 

tank. 

3 BRAKE ENERGY RECOVERY 

TECHNOLOGY FOR HYBRID 

VEHICLES 

3.1 Braking mode of hybrid electric vehicles 

Electric vehicles have different braking modes 

under different operating conditions, which are 

mainly divided into emergency braking, medium 

and light braking and downhill braking. When the 

vehicle braking acceleration is large, emergency 

braking should be adopted. In order to meet the 

safety and stability of braking, the main application 

is mechanical braking force, and the auxiliary 
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application is regenerative braking force, which is 

mainly provided by mechanical devices. When the 

vehicle is in normal driving, moderate and moderate 

braking should be adopted. In normal working 

conditions, braking can be divided into deceleration 

and parking. The deceleration process can be 

completed by electric braking, while the parking 

process needs to be completed by mechanical 

braking. The mutual conversion of the two kinds of 

braking is dependent on the generating 

characteristics of the motor, so excessive charging 

current or long charging time should be avoided as 

far as possible. 

3.2 Regenerative braking feedback for 

hybrid electric vehicles 

Hybrid electric vehicle refers to the vehicle 

equipped with electric braking motor and 

mechanical hydraulic braking device. The 

performance of motor determines the efficiency of 

energy recovery, so in the braking energy recovery 

system, the choice of motor is very critical. The 

electric motor in hybrid electric vehicles has two 

kinds of working performance, which can be used 

as a generator or an electric motor. When the car 

starts or accelerates, the motor and the engine work 

together to drive the car. At this time, the motor 

works as a motor and acts as a booster. When the 

car is braking, the motor retrieves braking energy 

and works as a generator. As the core to determine 

the recovery performance of hybrid electric 

vehicles, motors with wide speed range and good 

performance should be selected as far as possible. It 

needs to have the characteristics of high speed, high 

torque density and power density, strong overload 

capacity and low consumption. 

In the case of ensuring the safety of the brake, 

the power supply at both ends of the motor is 

disconnected during braking, and the drive current 

is no longer generated at both ends of the motor. 

The high-frequency on-off circuit can be realized 

when the high-frequency on-off circuit is connected 

at both ends of the motor. Induction electromotive 

force and induced current would be generated when 

inductive motor is on and off at high frequency, and 

the relationship between them is expressed as 

formula (4). 

                                      (4) 

In the formula, L represents the variable of 

motor inductance, and t represents the time 

quantity. 

When the switch is switched on, the motor and 

armature resistance Rd, and current-limiting 

resistance Rb constitute a path. At this time, the 

braking current I is expressed as formula (5): 

                                          (5) 

There are two kinds of operation feedback for 

hybrid electric vehicles, including braking control 

mode when going downhill and braking control 

mode when the motor speed is lower than the rated 

speed. Among them, the principle of deceleration 

braking control is as follows: when the motor speed 

is lower than the no-load speed, inductive coil 

winding generates induction potential and stores the 

vehicle's kinetic energy in the winding in the form 

of magnetic energy. When the induced 

electromotive force continues to increase to a 

certain extent, the magnetic energy is converted into 

electric energy through the inverter and stored in the 

energy storage device. 

3.3 Energy recovery and release of 

regenerative braking system 

First, energy recovery strategy of regenerative 

system: when the vehicle is applying conventional 

braking, when the accumulator pressure reaches its 

maximum working pressure, the system can no 

longer recover energy. When the pressure of the 

accumulator is less than its highest working 

pressure and the torque provided by the system is 

less than the torque required for braking, energy 

recovery begins. The energy recovery control 

strategy of the regenerative system is shown in 

figure 3. 

Second, the energy release strategy of the 

regeneration system: in the braking process of the 

vehicle, when the required braking torque is 

between the maximum and minimum output torque 

values that the system can output, the braking 

torque of the vehicle is fully provided by the 

recovery system, and the electronic space unit 

(ECU) causes the output torque to change or remain 

constant depending on the system pressure. When 

the required braking torque of the vehicle is lower 

than the minimum output torque provided by the 

system, the braking of the vehicle is completed by 

the traditional friction brake. When the braking 

torque required by the vehicle is higher than the 

maximum output torque provided by the system, the 

braking of the vehicle is completed by the friction 

brake and regenerative brake system. The energy 

released by the regenerative system provides the 

vehicle with both braking torque and traction torque 

as it accelerates. The energy release control strategy 

of regenerative system is shown in figure 4. 
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Figure 3. System energy recovery control strategy 
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Figure 4. System energy release control strategy 

 

4 CONCLUSION 

In recent years, the energy problem has 

gradually become an important factor affecting the 

sustainable development of human society. Since 

the 21st century, China's car ownership has shown a 

trend of continuous growth. According to statistics, 

China's car ownership has increased to 160 million 

by the end of 2015, ranking second in the world, 

only second to the United States. The increase in 

vehicle usage is accompanied by atmospheric 

pollution caused by the massive emissions of 

vehicle exhaust. In particular, China's current 

automotive technology level and fuel oil refining 

process are at a relatively low level, so the 

environmental pollution problem is even more 

severe. At present, the most feasible technical 

solutions are new energy vehicles and hybrid 

electric vehicles. Hybrid electric vehicle is an 

automobile containing two kinds of power at the 

same time, one is the main power source, and the 

other is the mechanical, electric and hydraulic 
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power source. Hybrid electric vehicles can recover 

energy in the braking process, and release the 

recovered energy in the acceleration or start-up 

stage, so as to reuse the recovered energy and 

improve the energy utilization efficiency of 

vehicles. 

In this study, the hydraulic compound power 

system and energy system of parallel hydraulic 

hybrid electric vehicle were studied, and its 

advantages in vehicle braking and energy recovery 

and utilization were analyzed. Firstly, the 

mathematical models were established according to 

the characteristics of internal combustion engine, 

secondary component, clutch, and accumulator, 

which provided the theoretical basis for the 

optimization of the energy management strategy of 

hybrid electric vehicle. Secondly, the braking mode 

of electric vehicle was analyzed, including motor 

braking, mechanical braking and electromechanical 

hybrid braking. Finally, the braking energy 

feedback principle of hybrid electric vehicle was 

introduced, which lay a foundation for the analysis 

of energy recovery strategy. The results showed that 

when the vehicle was braking, the hydraulic 

regenerative braking system was recovered the 

energy and the pressure of accumulator was 

increased. Therefore, electric vehicles can fully 

recover the energy consumed by traditional vehicles 

during braking by adding the hydraulic regenerative 

braking system, and store the energy in the 

hydraulic accumulator. When the car was started or 

accelerated, the stored energy was released to save 

energy and reduce carbon emissions, so that the 

efficiency of energy and heat utilization was 

significantly improved, and the endurance was 

enhanced. 
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