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Abstract:  In this study, a novel synergistic swing energy-regenerative hybrid system (SSEHS) for excavators with a large inertia 

slewing platform is constructed. With the SSEHS, the pressure boosting and output energy synergy of multiple energy sources can 

be realized, while the swing braking energy can be recovered and used by means of hydraulic energy. Additionally, considering the 

system constraints and comprehensive optimization conditions of energy efficiency and dynamic characteristics, an improved 

multi-objective particle swarm optimization (IMOPSO) combined with an adaptive grid is proposed for parameter optimization of 

the SSEHS. Meanwhile, a parameter rule-based control strategy is designed, which can switch to a reasonable working mode 

according to the real-time state. Finally, a physical prototype of a 50-t excavator and its Amesim model is established. The 

semi-simulation and semi-experiment results demonstrate that compared with a conventional swing system, energy consumption 

under the 90° rotation condition could be reduced by about 51.4% in the SSEHS before parameter optimization, while the ener-

gy-saving efficiency is improved by another 13.2% after parameter optimization. This confirms the effectiveness of the SSEHS 

and the IMOPSO parameter optimization method proposed in this paper. The IMOPSO algorithm is universal and can be used for 

parameter matching and optimization of hybrid power systems.  
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1  Introduction 

 

Excavators are one of the most common forms of 

machinery in the construction and mining industries. 

More than 95% of excavators in use are hydraulic 

excavators. However, conventional hydraulic 

excavators suffer from the problems of high energy 

consumption, low energy utilization, and poor 

emissions (Haga et al., 2001; Gong et al., 2020). 

Increasing environmental pollution and energy costs 

promote the development of novel energy-saving 

technology for hydraulic excavators (Tong et al., 

2020). 

In recent years, research on the energy recovery 

of excavators has focused mainly on the gravity 

potential energy recovery of boom working devices. 

In contrast, less research has been conducted on 

swing braking energy regeneration systems in 

complex working conditions (Do et al., 2021; Lin et 

al., 2017; Qu et al., 2021). At present, the energy 

regeneration schemes of swing systems can be 

summarized into two types, the pure electric scheme 

(Tong et al., 2021; Abdel-baqi et al., 2014), and the 

hybrid system scheme (Tong et al., 2020; Wang et al., 

2017; Thompson et al., 2021). Pure electric schemes 

are used mainly for small and medium-sized pure 

electric engineering machinery as they are affected by 

the endurance and output power of electric energy 

storage units and motors. Hybrid systems have wider 

applicability and reliability. Fuel-electric hybrid and 

fuel-hydraulic hybrid are common hybrid schemes. 

Many scholars have carried out modeling and 

experimental research on fuel-electric hybrid systems, 

achieving the regeneration of swing energy (Kwon et 

al., 2010; Lin et al., 2014; Liu et al., 2016; Gong et al., 

2019). Nevertheless, the limited space of the 

excavator, as well as the high additional costs caused 
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by the use of supercapacitors and other components 

makes fuel-electric hybrid schemes not the optimal 

choice at present (Latas and Srojek, 2018). 

Compared with fuel-electric hybrid systems, 

fuel-hydraulic hybrid systems are widely used due to 

their high compatibility, high power density, and low 

cost (Xia et al., 2018). Ho and Ahn (2012) proposed a 

fuel-hydraulic swing system with a closed-loop 

transmission structure. Based on the premise of not 

reversing fluid flow, the swing energy is regenerated 

through a four-quadrant pump/motor, achieving an 

energy recovery rate of between 22% and 59%. Lin et 

al. (2013) constructed a swing energy-saving system 

combining hydraulic energy storage and a pump 

control system, in which the braking energy is 

converted and stored in the accumulator and timely 

released to drive the main pump to rotate. Caterpillar 

has released multiple patents for energy-saving rotary 

systems using hydraulic excavators, with the use of 

control valves and hydraulic accumulators to recover 

and reuse the swing braking energy (Shang et al., 

2014; Hillman et al., 2016). Yu et al. established a 

novel fuel-hydraulic excavator swing energy-saving 

system with a variable motor and a valve-controlled 

accumulator (Yu et al., 2016; Yu and Ahn, 2020). 

However, the presence of a flow proportional valve 

leading to throttling loss weakens the energy-saving 

performance of the system. 

A reasonable system structure and control 

strategy are key factors in the design of swing hybrid 

systems, while appropriate parameter matching is 

also crucial for improving the energy-saving 

performance of such systems (Lin and Liu, 2013). 

The model-based parameter optimization and 

matching method can significantly shorten the design 

cycle and obtain a better parameter combination 

(Borthakur and Subramanian, 2019; Gong et al., 

2019). However, it is challenging to obtain the 

optimal combination of control parameters due to 

parameter coupling. Model-based intelligent 

optimization algorithms are an effective method to 

address this issue. Common intelligent optimization 

algorithms include the particle swarm optimization 

algorithm (PSO) (Poli et al., 2020; Wang and Wang, 

2020), genetic algorithm (GA) (Chen et al., 2018), 

and simulated annealing algorithm (SA) 

(Suppapitnarm et al., 2000). PSO has gained 

widespread application for system parameter 

matching and optimization due to its simplistic 

structure, rapid convergence speed, and exceptional 

global search capability (Clerc and Kennedy, 2002; 

Wei et al., 2022; Prasanthi et al., 2021). Nevertheless, 

according to current research, there have been few 

investigations of parameter matching and 

optimization of excavator hybrid systems based on 

intelligent algorithms, and minimal research has been 

conducted on the multi-objective parameter 

optimization of key components in swing hybrid 

systems. 

Given the significant energy-saving benefits of 

swing braking energy regeneration, a novel 

synergistic swing energy-regenerative hybrid system 

(SSEHS) for excavators with large-inertia slewing 

platforms was developed in this study. In this system, 

the swing braking energy of the excavator is 

efficiently recovered and reused. Unlike conventional 

parameter matching methods for hybrid systems, an 

improved multi-objective particle swarm 

optimization (IMOPSO) algorithm is proposed to 

optimize the systemôs key parameters, including 

displacement of the hydraulic transformer (HT) and 

the volume and pressure of the accumulator.  

 

 

2  System configuration 

A slewing platform with a large inertia of the 

hydraulic excavator frequently performs rotary 

acceleration-braking motion during the working 

process. In this section, the working principle and 

energy loss mechanism of the conventional swing 

system of a hydraulic excavator are analyzed, and a 

novel swing energy-saving system is presented. 

2.1  Conventional swing system 

Fig. 1 shows the structure of two types of exca-

vator swing systems. Fig. 1 (a) shows a conventional 

swing system composed of a pilot handle control 

system, hydraulic pump, swing motor, swing mech-

anism, and valve-control devices.  

There are four motion states of a slewing plat-

form: stationary, accelerated swing, uniform swing, 

and braking. During the working motion, a lot of 

energy is lost due to the working characteristics of the 

swing hydraulic system. This results in excessive 

energy consumption, a low energy utilization rate, 

and poor exhaust emissions. Based on current re-

search, the energy loss of a swing system comes 
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mainly from four sources: the acceleration overflow 

loss and the brake overflow loss in the relief valve, the 

throttle loss in the main valve, and the mechanical 

loss in the swing mechanism. Among these, the me-

chanical loss cannot be avoided, while the overflow 

energy loss can be reduced by means of energy re-

generation and flow matching.  

 
(a) Conventional swing system 

 
(b) SSEHS 

Fig. 1 Swing systems of excavators 

2.2  Synergistic swing energy-regenerative hybrid  

system (SSEHS) 

To reduce the energy consumption of a swing 

system with a large-inertia slewing platform, we 

propose the SSEHS (Fig. 1b). The SSEHS is com-

posed mainly of an HT, hydraulic energy storage unit, 

pilot handle control system, hydraulic pump, and 

some necessary control valves. In the hydraulic en-

ergy storage unit, the hydraulic accumulator serves as 

an energy storage element to store the recovered 

swing energy. The HT used in this system is com-

posed of a variable displacement pump/motor and a 

fixed displacement pump/motor connected by a rigid 

shaft, which inherits the characteristics of high effi-

ciency and high reliability of the hydraulics/motor. 

During the SSEHS working process, the pro-

posed system has three working states: energy re-

lease, energy recovery, and stationary. Each working 

state is elaborated as follows. 

(1) Energy release state. The main pump outputs 

energy and drives the left hydraulic pump/motor of 

the HT to rotate through the main valve and shuttle 

valve, while the left hydraulic pump/motor of the HT 

is driven by the output energy from the accumulator. 

As a result, the swing motor and slewing platform 

begin to rotate under the synergistic work of the two 

energy sources. To reduce the overflow loss during 

acceleration, the pressure on both sides of the swing 

motor is measured in real time and fed back to the 

controller. Then, the displacement of the main pump 

is adjusted by the controller, and the output energy of 

the main pump is reasonably matched. 

(2) Energy recovery state. When the slewing 

platform is in the braking process, the main valve and 

the right flow valve are closed. Immediately, the 

pressure on the right side of the swing motor rises 

rapidly. Then, the hydraulic oil on the right side of the 

swing motor flows into the HT through the directional 

valve  and the check valve, driving the HT to rotate 

continuously. Controlled by the HT, the braking en-

ergy of the slewing platform is recovered and stored 

in the hydraulic accumulator. 

(3) Stationary state. When the swing energy re-

covery is completed, the directional valve II works in 

the neutral position. The hydraulic energy storage unit 

is closed. The main valve is in the neutral position, 

and the slewing platform is in a stationary state. 
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3  Parameter matching and optimization 

Reasonable parameter matching can optimize 

the dynamic characteristics and improve the energy 

efficiency of the energy-saving system. Unlike the 

conventional parameter matching methods used in 

hybrid systems, in this section, an IMOPSO algorithm 

with an adaptive grid considering system constraints 

is established, and the optimization principles and 

processes are explained. 

3.1 IMOPSO considering constraints 

3.1.1 Fundamental principles and evaluation cri-

terion 

The issue of multi-objective optimization can 

usually be described as follows: 
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mF f f f=X X X X  is the 

m-dimensional objective vector, and ( )gj X  and 

( )hy X  are the inequality constraint and equality 

constraint, respectively.  

For the multi-objective optimization issue illus-

trated in Eq. (1), the velocity and position of particle 

X  after the 1k+  iteration of MOPSO with 

m-dimensional decision variables can be calculated 

by the following equation: 
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where ( )kw  denotes the inertia coefficient which 

varies with the number of iterations, 1c  is the indi-

vidual learning coefficient, 2c  is the social learning 

coefficient, and 1r  and 2r are random values uni-

formly distributed within (0,1). ( )

best

k
P  denotes the 

individual best historical position of each particle 

after k  iterations, and ( )

best

kG  denotes the global best 

historical position of the entire swarm. 
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Note that while a traditional PSO algorithm can 

solve a single-objective optimization problem with-

out constraints, it cannot effectively solve a mul-

ti-objective optimization problem with system con-

straints. To address this issue, evaluation criteria are 

designed using Patro dominance theory as follows: 

(1) The particles that do not violate the con-

straints are superior to the particles that violate the 

constraints; 

(2) If  both particles violate the constraints, the 

particle with a smaller degree of constraint violation 

dominates; 

(3) If  both particles do not violate the con-

straints, the non-dominated particle is optimal based 

on the Pareto dominance theory. 

In the above evaluation criteria, the degree of 

constraint violation of the particle is defined as 
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where 1 2( ) max( ( ) , ( ) ,..., ( ) )i NG g g g=X X X X , 

and 1 2( ) max( ( ) , ( ) ,..., ( ) )i NH h h h=X X X X , in 

which N  denotes the number of populations. For 

particles that satisfy the constraints, ( ) 0Q =X . The 

larger the value of ( )Q X , the farther the particle is 

from the feasible region. 

3.1.2 Archive and adaptive grid  

The Archive is a collection used to record the 

information of non-dominated particles in the opti-

mization process of the IMOPSO algorithm. An 

adaptive grid construction method is used to obtain 

the Pareto optimal solution and improve the solution 

convergence and diversity of the IMOPSO. The 

m-dimensional objective space composed of 

m-objective functions is divided into 

1 2 ... mK K K³ ³ ³  hyperplane grids, and the modulus 

of the ith objective function of each grid is defined as 

max ( ) min ( )i i

i

i

f f
d

K

-
=

X X
              (5) 

Coding transformation is used to encode the grid 

of the particle, and the grid number of the ith particle 

can be obtained from:  

 1 1 2 1....i m mNumb N K N K N-= + + +      (6) 
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where 1 2, ,..., mN N N  is the number of the ith 

particle in each grid. The particles are in the same grid 

while the grid numbers iNumb of different particles 

are equal. The lower the particle density value, the 

greater the probability of being selected as the global 

optimal particle and the smaller the probability of 

being deleted, so as to improve the diversity and 

global search ability, and avoid the premature phe-

nomenon. 

The calculation step flow of the IMOPSO algo-

rithm with adaptive grid considering system con-

straints is illustrated in Fig. 2. 

 
Fig. 2 Calculation step of the IMOPSO 

3.2 Parameter optimization 

Within the proposed SSEHS, the HT and accu-

mulator are the key components that have a signifi-

cant impact on the efficiency and dynamic charac-

teristics. Therefore, in this section, the parameters of 

these two important components will  be matched and 

optimized using the IMOPSO algorithm. 

3.2.1 Parameter matching objective 

A typical working cycle of an excavator can be 

divided into four stages: excavation, full -load rota-

tion, unloading, and empty-load rotation, among 

which 90° rotation movement is the most common 

working condition. Therefore, this working condition 

was selected as the standard parameter matching 

condition, and the following parameter optimization 

objectives were formulated: 

(1) The input energy required by the main pump 

during the movement of the slewing platform is small, 

and the system has high energy-saving efficiency. 

(2) The energy storage unit of the SSEHS has 

high energy storage efficiency. 

(3) The energy stored and released by the energy 

storage unit is balanced after a working cycle. 

3.2.2 Decision variable selection 

The displacements of the HT motor/pump hV , 

the pre-charge pressure 0P , and the corresponding gas 

volume of the accumulator 0V  are taken as the deci-

sion variables of the multi-objective optimization. 

[ ] [ ]1 2 3 4 hL hR 0 0, , , , , ,
T T

x x x x V V P V= =X       (7) 

in which hLV  denotes the displacements of the HT left 

motor/pump, and hRV  the displacements of the HT 

right motor/pump. 

3.2.3 Objective function design 

According to Objective 1 set in Section 3.2.1, the 

energy-saving objective function 1( )f X  is designed 

as follows: 
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in which the volume loss of HT is not considered, 

sinE  is the input energy of the swing motor, accE  is 

the energy stored or released when the pressure of the 

accumulator changes from 1P  to 2P , lossE  is the en-

ergy loss caused by frictional torque, skE  is the ki-

netic energy of the slewing platform, and smh  and 

sreh  are the total efficiency of the swing motor and the 

mechanical efficiency of the rotary reducer, respec-

tively. mh  is the total mechanical efficiency of the HT 
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and 
dP  represents the average value of dP . d is the 

displacement coefficient of the variable displacement 

pump/motor and mQ  is the flow of the swing motor. 

According to Objective 2, the objective function 

2( )f X  of the energy density of the energy storage 

unit is designed as follows: 
1 11
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According to Objective 3, the stability objective 

function 3( )f X  of the energy storage unit is designed 

as follows: 
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in which pE  is the energy output by the hydraulic 

pump, and a_maxP  is the maximum pressure inside the 

connecting pipeline between the HT and the main 

valve. 

 Please refer to Electronic Supplementary Materi-

als for the detailed modeling process. 

3.2.4 Constraint determination 

Based on a 50-t hydraulic SUNWARD excava-

tor, some system parameters of the swing system are 

selected as : sm 0.92h = , srec 0.96h = , rec 0.88h = , 

m 0.91h = , sk 164.7KJE = , a_max 27MpaP = , 

1 20MpaP= , 2 30MpaP = , 1.4n= , 

hL hR 0.93h h= = , m 130mLV = , m_max 324L/minQ = . 

Meanwhile, considering the limited installation space 

and the cost of components, the displacement of 

pumps/motors of the HT should be limited as: 

 hL55 200V¢ ¢ , hR55 200V¢ ¢          (11) 

To make the HT work in the efficient working 

state, its maximum output torque and speed should 

meet the following requirements: 
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Additionally, to prolong the life of the energy 

storage unit, the limit  of the minimum working 

pressure 1P , initial working pressure 0P , and maxi-

mum working pressure 2P  of the accumulator are 

limited as: 

 2 0 10.25 0.9P P P, 1 a_max 2P P Pl l< <          (14) 

Moreover, to improve the energy-saving effi-

ciency of the system, the swing braking energy should 

be recovered as much as possible by the energy 

storage unit: 

 

1 11

0 0

sk 1 2 sk0.9
1

n nn

n n
P V

E P P E
n

- -å õ
¢ - ¢æ ö
- ç ÷

           (15) 

Based on the above analysis, the system con-

straints can be summarized as follows: 

1

2

3

4

2 3 1

55 200

55 200

0 34

0 200

0.25 0.9

x

x

x

x

P x P

¢ ¢ë
î
¢ ¢

îî
¢ ¢ì

î¢ ¢
î
îí

                                           (16) 

 

( )

( )

( )

( )

( )

( )

1 a_max 1 1 2

2
2 2 a_max

1

3 a_max p_max 1 2 2

m_max3

4

1

1 11

3 4

5 1 2 sk

1 11

3 4

6 sk 1 2

0.5

236.6 0.93 0.93

10 3000

1

0.9
1

n nn

n n

n nn

n n

g P x Px

x
g P P

x

g P P x P x

Q
g

x

x x
g P P E

n

x x
g E P P

n

- -

- -

ë = -
î
î = -
î
î

= - -î
î
î = -ì
î
î å õ

= - -î æ ö
-î ç ÷

î
å õî = - -æ öî - ç ÷í

X

X

X

X

X

X

   

(17) 

3.2.5 Optimization results  

Selecting the maximum number of iterations 

as 1000Maxgen= , the size of the Archive is 

100nArch= . The individual learning coefficient and 

the social learning coefficient are selected as 

1 2 0.3c c= = , while the maximum and minimum 
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inertia weights are max 1w = , min 0.1w = , respectively.   

 

Fig. 3 Results of three-parameter optimization 

Table 1  Ranges of particles in Archive after optimization 

Type 

Left displacement of HT 

 hLV /mL 

Reft displacement of HT 

hRV /mL 

Pre-charge pressure  

0P /MPa 

Gas volume 

 0V /L 

Minimum 170.8 114.4 17.9 28.2 

Maximum 168.9 115.4 18 28.5 

min ( )F X  170.5 115.1 18 28.4 

 

According to the calculation steps of the 

IMOPSO shown in Fig. 2, writing an optimization 

program in MATLAB,  and performing three opera-

tions, the distribution of the optimization objective 

function obtained is illustrated in Fig. 3. Fig. 3 (a) 

shows the distribution of the initial particle swarms, 

Fig. 3 (b) shows the distributions of the optimized 

particle swarms after 1000 iterations, and Fig. 3 (c) 

shows the particles in the Archive. From the optimi-

zation results, the initial particle swarm is randomly 

dispersed in the feasible region and converges after 

iteration. Note that a small number of particles di-

verge, which is due mainly to the characteristics of the 

adaptive grid division and the particle density evalu-

ation shown in Eqs (5) and (6). Particles with low 

density are more likely to be selected as the globally 

optimal particles, to improve the global search ability.  

The particle ranges in the Archive are summa-

rized in Table 1, in which 

1 2 3min ( )=min( )F f f f+ +X . According to Table 1 

and the existing variable pump/motor specifications, 

the system parameters are selected as : hL 165mLV = , 

hR 125mLV = , 0 18 MPaP = , 0 28LV =  

 

 

4 Modeling and simulation 

4.1 Model of the SSEHS 

In this section, we describe the semi-simulation 

and semi-experiment research method applied to 

study the proposed energy-saving system. A 50-t 

hydraulic excavator prototype was established (Fig. 

4). AMESim software is a kind of multidisciplinary 
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platform dedicated to the modeling, simulation, and 

analysis of complex systems. With an extensive col-

lection of model libraries and sophisticated modeling 

tools, AMESim can precisely emulate the intricate 

physical behaviors of complex systems, encompass-

ing fluid dynamics, machinery, thermal fluids, and 

control systems. Based on the structure and parame-

ters of the physical prototype, a simulation model was 

constructed using AMESim (Fig. 5). To verify the 

accuracy of the constructed simulation model, the 

physical prototype and simulation model are com-

pared under different swing angle conditions. In this 

process, the pilot control signal of the test prototype is 

collected and used as the input pilot signal of the 

simulation model. The results of the comparison are 

illustrated in Fig. 6. 

 
Fig. 4 50-t hydraulic  excavator prototype 

 

Fig. 5 Simulation model of the SSEHS 

Fig. 6 shows the results of a comparison of 

platform swing speed and pump pressure between the 

simulation model and the physical prototype under 

the same pilot signal control. By selecting reasonable 

system structure parameters, the working data of the 

simulation model in conventional mode and the 

measured data of the physical prototype were con-

sistent in size and trend. This proves the rationality 

and accuracy of the constructed simulation model 

system. Meanwhile, it indicates that the ener-

gy-saving efficiency and dynamic characteristics of 

the SSEHS system can be further studied based on 

this simulation model. To further compare the effec-

tiveness of the improved MOPSO algorithm proposed 

in this paper, a set of comparative parameters are 

designed using conventional parameter selection 

methods: hL 180mLV = , hR 90mLV = , 0 12MpaP = , 

0 60LV = , 2 30MpaP = . 

 

(a) Swing speed of slewing platform  

 

(b) Pump pressure 

Fig. 6 Results of a comparison of platform  swing speed and 

pump pressure between the simulation model and the 

physical prototype under the same pilot  signal control 

4.2 Rule-based control strategy design 

The following feedback signals are selected to 

design the rule-based control strategy for the SSEHS: 

the pilot pressure signal jP  of the operating handle, 

the pressure mP  on both sides of the swing motor, the 

swing speed w  of the slewing platform, and the 

pressure P
X of the accumulator, in which jLP  and jRP  

represent the left and right turn pilot pressure signals, 

respectively, and a and cw  are constant values for 

the control. The rule-based control strategy designed 

is depicted in Fig. 7. 
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The selection of control parameters directly af-

fects the energy-saving efficiency and dynamic 

characteristics of the SSEHS. A large value of a 

results in a large pilot pressure required to start the 

slewing platform when the initial state of the slewing 

platform is stationary. Meanwhile, the value of cw  

determines the swing speed of the slewing platform 

when it ends the energy recovery state. The working 

pressures 1P  and 2P  of the hydraulic accumulator are 

the key parameters that affect the state switching of 

the SSEHS. Therefore, it is necessary to choose rea-

sonable control parameters to obtain a better ener-

gy-saving rate under the premise of ensuring the 

slewing dynamics. 

 
Fig. 7 Block diagram of the rule-based control strategy 

4.3 System dynamic analysis 

In this subsection, we compare the system dy-

namic characteristics of three different swing sys-

tems: the swing system in the conventional mode, the 

SSEHS before parameter optimization, and the 

SSEHS after parameter optimization. Figs 8 and 9 

show the system dynamics of the different swing 

systems.  

Under the 90° swing condition, the maximum 

outlet pressure of the main pump in the conventional 

swing system is 27 MPa since the main pump is the 

only energy source. Compared with the conventional 

swing system, the outlet pressure of the main pump in 

the proposed SSEHS is greatly reduced due to the 

assistance of the auxiliary energy. Before parameter 

optimization, the maximum outlet pressure of the 

main pump in the SSEHS is 14.3 MPa, which reduces 

to 11.5 MPa after parameter optimization. Further-

more, in the stage of swing acceleration, the speed 

trend and size of the slewing platform of the three 

different systems are the same (Fig. 9), which proves 

that the proposed SSEHS can effectively reduce the 

output power of the main pump without affecting the 

swing acceleration performance. In addition, in the 

swing braking phase, the braking time of the SSEHS 

is about 0.6 s longer than that of the conventional 

swing system. This is because the maximum swing 

speed of SSEHS is higher than that of the conven-

tional swing system. Meanwhile, the braking pressure 

of the SSEHS during energy recovery is slightly 

lower than the set overflow pressure to avoid energy 

loss caused by braking overflow. 

 

Fig. 8 Pump pressure  

 

Fig. 9. Swing speed 

 

Fig. 10. Accumulator pressure and overflow flow 

As shown in Fig. 10, the hydraulic accumulator 

pressure remains consistent after each accelera-

tion-braking working cycle of the SSEHS, indicating 

that the energy released and recovered by the energy 

storage unit is balanced. Due to the smaller designed 

volume of the accumulator after parameter optimiza-

tion, the range in pressure of the accumulator is larger 

than that before parameter optimization during the 
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acceleration process, dropping from the initial 30 

MPa to 20 MPa. However, compared with the SSEHS 

before parameter optimization, the overflow loss of 

the system after parameter optimization is smaller. 

4.4 Energy-saving efficiency analysis 

Figures 11-13 show the energy consumption and 

energy loss of different swing systems. From the data 

shown in Fig. 11, the output energy of the main pump 

in the conventional swing system is 1284.0 KJ when 

six slew acceleration-braking motion cycles are 

completed, of which the output energy in a single 

cycle is 214.0 KJ. For the SSEHS before parameter 

optimization, the output energy of the main pump is 

625.6 KJ, and the output energy in a single motion 

cycle is 104.2 KJ. Moreover, from Fig. 11, the sin-

gle-cycle output energy of the main pump in the 

SSEHS with optimized parameters is 78.4 KJ, which 

reduces the energy consumption by about 135.6 KJ 

compared to the conventional swing system and 25.8 

KJ compared to the SSEHS without parameter opti-

mization 

 

Fig. 11 Energy output of the main pump  

 

Fig. 12 Overflow energy loss 

 

Fig. 13 Accumulator energy change 

 

For the conventional swing system, the overflow 

loss during the acceleration-braking process of the 

slewing platform is a significant factor leading to low 

energy utilization. As can be seen from Fig. 12, the 

overflow energy loss of the conventional swing sys-

tem in a single slew cycle is about 182 KJ, and the 

total energy loss is up to 1094 KJ for six slew motion 

cycles. With the help of the pressure adjustment of the 

HT and the energy storage unit, the total overflow loss 

of the swing system decreases to 416.6 KJ and further 

decreases to 237.7 KJ after parameter optimization. 

The energy change of the accumulator is shown in 

Fig. 13, where the initial storage energy of the ac-

cumulator is set to be the same for the convenience of 

comparative analysis. In a single rotation cycle, the 

energy change of the accumulator in the SSEHS be-

fore and after parameter optimization is 102 KJ and 

145 KJ, respectively. In contrast, the energy recovery 

and utilization rate of the energy storage unit after 

parameter optimization is higher. 

 

 

5  Comparison and discussion  

As shown in Figs. 8-10, in terms of the rotational 

dynamic performance, the proposed SSEHS can ef-

fectively reduce the pump output pressure in the ac-

celeration process with the help of the energy storage 

unit while ensuring dynamic performance. The output 

pressure of the main pump of the optimized SSEHS is 

24.4% lower than that of the SSEHS without opti-

mization, and 57.4% lower than that of the conven-

tional swing system. Additionally, after optimization, 

the overflow loss of the SSEHS is reduced, indicating 

that more swing braking energy is recovered by the 

energy storage unit, which confirms the benefits of 

the parameter optimization method.In terms of swing 

energy consumption, the proposed SSEHS achieves 


