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Aiming to study the working efficiency and stability of the loader, the hydraulic system of the loader is studied.
Taking the ZL50 loader as the research carrier, the working conditions of the loader and the working principle
of the hydraulic system are analysed at first. AEMSim software is used to simulate and analyse the hy-draulic
system, and the necessity of using the algorithm to optimize the hydraulic system is put forward. Secondly, the
mathematical model of key hydraulic system optimization is deduced, and genetic algorithm and neural net-work
algorithm are used to optimize the analysis of the objective function, and the simulation results are compared and
analysed again. The results show that the parameters optimized by GA and BP algorithm are better than the
original parameters. Further analysis shows that the parameters optimized by GA algorithm are better than BP

algorithm in smoothness.
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1 Introduction

Loader as a kind of common construction machinery
is widely used in engineering construction. The require-
ment of the reliability and safety of the loader is higher
and higher. The hydraulic system of the loader is an im-
portant executive part of the loader. It is directly related
to the reliability and service life of the loader. Loader has
a high requirement for hydraulic system in its work. The
hydraulic system requires accurate and reliable control of
working pressure, speed and position to ensure the work
to be carried out. But in the actual operation, the common
problems of loader, such as weak operation, intermittent
jitter, and hydraulic cylinder leakage and so on, have a
direct impact on the progress of the project. At the same
time, according to different operating conditions, the
work load is different, which makes the hydraulic system
more direct to the performance of the loader. Many scho-
lars have also studied the working performance of loa-
ders. For example, Wan Yiping [1] carried out the dyna-
mic simulation and experimental study on the working
device of the loader. The results show that the error
between the measured hinge force and the simulation va-
lue is between 6.22% and 11.5%. You Yong [2] studied
the automatic shift control strategy of hydraulic mechani-
cal automatic transmission (HMPRT) of loader based on
dynamic programming. In this paper, the fuel consump-
tion is reduced by 3.5% compared with the optimal power
shift rule and the number of shifts is reduced by 33.3%
compared with the optimal economic shift rule when the
shift rule proposed by dynamic programming is adopted.
The main purpose of this study is to avoid frequent gear
shifts. Aiming at the lubrication problem of wheel loader.
Liu Fuxin[3] realized the reasonable lubrication of wheel
loader by upgrading the lubricating oil and adopting the
centralized lubrication system, reduced the maintenance
workload and obtained good economic benefits. A new
type of fixed/variable displacement hydraulic system for
loader was designed by Jian Z [4], and the working prin-

ciple and energy consumption of the system were analy-
sed. Park S H [5] developed the simulation program of
the hydraulic circuit of wheel loader by modelling the
main pump, main control valve (MCV), compensator, le-
ver and accessories in the hydraulic circuit of wheel loa-
der according to their specifications. The model is used to
simulate various external conditions encountered in the
actual working environment. In most of the loader re-
search process, there is little optimization analysis of the
hydraulic system algorithm. In view of this, this article
proposes the preliminary AEMSim modelling and simu-
lation analysis for the hydraulic system of the loader, and
then establishes the optimization mathematical model for
the key hydraulic system, and optimizes it by genetic al-
gorithm and neural network algorithm. Then the parame-
ters of the optimization results are modelled and simula-
ted. Finally, the differences before and after optimization
are analysed and compared, and the nearest optimization
algorithm is obtained. At the same time, this method is
used to explore the optimization simulation of the hyd-
raulic system of the loader. It provides a set of research
methods for similar research in the future.

2 Research Framework of Inverted Edge and
Design of Hydraulic System of Loader

2.1 Opverall research framework

‘ Construction machinery ‘
Loader
Design variable :A/B/P 1 Design variable :A/B/P
Constraints :A(NYB(N)/P | | Hydraulic system Constraints :A(N)/B(N)/P
Objective function :F(X) of loader Objective function :F(X)

Modeling analysis

Fig. I Main research framework
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This method is mainly based on the hydraulic system
of loader in construction machinery. ZL50 loader is se-
lected as the research object, and the overall research
ideas are formulated, as shown in Figure 1.

2.2 Design of Hydraulic System for ZL.50 Loader

According to Figure 1, the hydraulic system of the
7150 loader is analysed and the schematic diagram of the
hydraulic system is designed. The ZL50 loader is a wheel
loader. Its basic actions include inserting the bucket into
the material, turning the bucket backwards, holding the
load and raising it to a certain height, conveying the load
to the designated place for dumping and returning to the
loading place, and so on[6-9]. At present, all wheel load-
ers adopt hydraulic steering. Design the hydraulic system
according to the functional requirements, as shown in fig-
ure 2.

1.Left steering cylinder; 2. Right steer hydraulic cylinder, 3.
Two-position four-way directional valve; 4. One-way throttle
valve; 5. Three-position four-way directional valve; 6. Over-
flowvalve; 7, 8, 22. One-way valve; 9, 10. Throttle valve, 11.
Three-position three-way reversing valve; 12. Filt; 13. Mail-
box; 14. Left boom hydraulic cylinder, 15. Right boom hydrau-
lic cylinder, 16. Four-position six-way reversing valve; 17.
Three-position six-way reversing valve; 18. Overflow valve,
19. Left bucket hydraulic cylinder; 20. Right bucket hydraulic
cylinder; 21. Overflow valve; 23, 24. Solenoid valve; 25. Gas
storage tank; A. Main pump; B. Auxiliary pump, C. Steering
pump; E. Flow control valve; F. Sequential single-action loop

Fig. 2 Hydraulic System Schematic Diagram of ZL50
Loader

As shown in figure. 2, this hydraulic system is com-
pose of a hydraulic oil source circuit/working device cir-
cuit and a steering circuit. The hydraulic oil source circuit
is composed of three quantitative hydraulic pumps and a
flow control valve. The pump A is the main pump driving
the working device, the pump C is the steering pump and
the pump B is the auxiliary pump. The B pump can supply
oil to both the working device and the steering circuit.
When the engine speed is at the low speed-the designed
speed-the highest speed, the main spool spring preload of
the flow control valve E is driven by the pressure diffe-
rence of the throttle holes 9 and 10, so that the main spool

is in the right, middle and left positions, respectively. Be-
cause the flow control valve E is adopted in the hydraulic
oil source circuit, the flow rate of the steering system is
not affected by the change of the engine speed, and the
requirement of flexible and stable steering is ensured.

The working device circuit adopts the sequential sin-
gle-action circuit F, the bucket hydraulic cylinder is in the
front and the boom hydraulic cylinder is in the rear, which
constitutes the sequential interlock. The bucket hydraulic
cylinder is controlled by a manual three-position six-way
one-way valve 17, and has three actions of up-turning,
locking and down-turning, and a limited position mecha-
nism is provided. When the bucket is finished tipping and
unloading at elevation and the reversing valve 17 is ope-
rated to rotate the bucket to a certain position, the two-
position three-way solenoid valves 23 and 24 of the pne-
umatic system are operated to connect the air path, the
compressed air enters the three-position six-way manual
reversing valve 17 to push the bouncing positioning steel
ball, and the valve core returns to the middle position un-
der the spring force to automatically limit the bucket. The
four-position six-way reversing valve 16 in this circuit is
raised, lowered, and floated when the spool is in different
positions.

The ZL50 hydraulic system uses a time-combined
steering circuit. The main purpose of the invention is to
connect the working circuit and the steering circuit with
the auxiliary pump B through the flow control valve E, so
as to obtain relatively perfect specific performance and
meet the performance requirements of the working device
at the same time.

3 Simulation analysis
3.1 Establishment of AMESim Simulation Model

Aiming at the above analysis of hydraulic system, the
hydraulic system of ZL50 loader is simulated and mo-
delled by using AMESim hydraulic simulation software
and relevant parameters are set [10-12]. The AMESim
model is shown in Figure 3, and the main parameters and

0

settings are shown in table 1.

i}

0
]

T8

Fig. 3 AMESim Model of Hydraulic System of ZL50 Lo-
ader
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Tab. 1 Main Parameters and Settings of Hydraulic System of ZL50 Loader

Component Control quantity Value Unit
Motor Revolutions 1500 rev/min
Displacement 100 cc/rev
Pump A Revolutions 1000 rev/min
Pump B Displacement 100 cc/rev
Revolutions 1000 rev/min
Pump C Displacement 100 cc/rev
Revolutions 1000 rev/min
Reversing valve Frequency 80 Hz
Overflow valve Opening pressure 150 bar
Piston diameter 25 mm
Hydraulic cylinder Rod diameter 12 mm
Total mass 1000 Kg
3.2 Analysis of simulation results 40
As shown in that model and parameter setting table 1 3 ———
of figure 1, the simulation result of the hydraulic system = 2 — Hyiazhh.c cyhunnjm‘ !
of'the ZL50 loader are analysed. The output displacement g — W ‘a i m‘ 2
curves of the hydraulic cylinders 1, 2, 14, 15, 19, 20 are ﬂ 0 Hydl_auh.c Cyh.ndﬁ_ H
shown in figure 4. The output pressure curves of the hyd- g :; o Hydl_mm_c Cyh_ndm_ B
raulic cylinders 1, 2, 14, 15, 19, 20 are shown in figure 5. - e eree
The output flow curves of the hydraulic cylinders 1,2, 14, “© —— Hydraulic cylinder 20
15, 19, 20 are shown in figure 6. The piston speed curves S0
of the hydraulic cylinders 1, 2, 14, 15, 19, 20 are shown 0] ‘ : : ‘ |
0 2 4 Time / S i1 3 10

in figure 7.
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Fig. 4 Output displacement curve of hydraulic cylinders
1,2, 14,15, 19, 20
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Fig. 5 Output pressure curve of hydraulic cylinders 1, 2,
14,15, 19, 20
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Fig. 6 Output flow curve of hydraulic cylinders 1, 2, 14,

15,19, 20
2.5
2.0 —
15

E E = Hydraulic cylinder 1

- Lo = Hydraulic cylinder 2

2 0-5 5 Hydraulic cylinder 14 |

———

w 0.0 1/ ~— Hydraulic cylinder 15
fD-S—E —— Hydraulic cylinder 19
71.0—5 =~ Hydraulic cylinder 20
1.5
2.0 ] T T T T !

0 2 4 Time/s © 8 10

Fig. 7 Piston Speed Curves of Cylinders 1, 2, 14, 15, 19,

20

According to the simulation figures 4, 5, 6 and 7, the
output displacement, output pressure, output flow rate
and piston rod speed of the hydraulic cylinders 1, 2, 14,
15, 19 and 20 can be analysed macroscopically and stabi-
lized after 2.5 or so. This is mainly due to loader hydraulic
system start-up will produce a certain period of time
fluctuations. From the microscopic point of view, the out-
put pressure rises steadily from 0.2 s to 2.1 s when the
displacement of the left steering cylinder 1 begins to sta-
bilize after about 0.2 s, and remains stable until 2.2 s,
while the output flow rate is in a state of flow quiescence
after 2.5 s. This is mainly because the job is already at rest
at some point; and the piston speed is at rest at about 0.2
s, the value is 0 m/s. Although from the above simulation
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results, the system has met the requirements of ZL50 lo-
ader, but with the national proposed energy conservation,
emission reduction, and benefit maximization to analyze.
We can also optimize the algorithm to study this, so as to
maximize the benefit of construction machinery. At the
same time, for this hydraulic system, it is only necessary
to use this method to analyze a single hydraulic system.
As such, that hydraulic system shown in FIG. 8 is propose
separately for optimal analysis.

[RE]
Fig. 8 Algorithm optimization of hydraulic system

4 Analysis of Genetic Algorithm and Esta-
blishment of Mathematical Model

In view of the above analysis, this case uses genetic
algorithm and neural network to compare the two algo-
rithms, take the optimal value for simulation research.

4.1 Theoretical analysis of algorithm

A) Genetic Algorithm (GA) is based on parallel
search of chromosome group, rotation operation with
guessing property, exchange operation and mutation ope-
ration [13]. This particular combination distinguishes ge-
netic algorithm from other search algorithms. A GA
flowchart of that application of genetic algorithm to this
feed component optimization is shown in figure 9.

As can be seen from figure 9, the multi-objective mo-
delling of the loading and unloading system of the turret
chuck is carried out at first, the variables corresponding
to the objective functions are searched, a new set of GA
data is obtained, and the generated data is corrected at the
same time.

‘ Hydraulic system of loader ‘

| Producing initial population |

‘ Enter a multi-objective function: F(x)= fi(x)+ f,(x)+ s £,(x) ‘

’ Calculate the value of each objective function {

Meet the gt
i ok Terminating
termination .
criteria? population
1. Function value to e
fitness mapping Adaptive Output Optimal
2. Adjustment of . Framework
allocation

appropriate value

Selection and
inheritance

Insert parent tape

Fig.9 GA Algorithm Flowchart

1. Selection operator
2. Cross operator
3, Mutation operator

B) BP (Back Propagation Network) neural network is
a multi-layer feedforward neural network, which is com-
posed of input layer, hidden layer and output layer [14-
15]. The input layer neuron receives the external input,
the hidden layer and the output layer neuron process the
signal, and the final result is output by the output layer
neuron. The structure is shown in figure 10.

Cutputlayer

Hidden layer

—

Input layer
—_—

Fig. 10 BP Algorithm Structure Diagram

According to figure 10, the structure is a multi-layer
feedforward network structure with d input neurons, g
output neurons and g hidden layer neurons, in which the
threshold of the j-th neuron of the output layer is denoted

by 6 g and the threshold of the h-th neuron of the hidden

layer is denoted by }, . The connection weight between

the i-th neuron of input layer and the h-th neuron of hid-
den layer is v,, , and the connection weight between the

h-th neuron of hidden layer and the j-th neuron of output
layer is @,; . Note that the input received by the h-th neu-

ron in the hidden layer is a, = z:_l VX, s and the input

received by the j-th neuron in the output layer is
B,=>" wb, where b, is the output of the h-th neuron

in the hidden layer.
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4.2 Establishment of mathematical model of hydrau-
lic system

A Multi-objective Mathematical Model of Hydraulic
System Optimization Frame.
According to the most important parameters in the hyd-
raulic system of ZL50 loader, the mathematical model is
established. Contains multi-objective functions, design
variables, and constraint functions. According to the
actual parameters of the system and working conditions,
the optimal design of the hydraulic system of the loader
can be expressed as:

min M :i Fm={F m+F (m+- s F (m)} |
max N = F(N) ={ [/ (N4 [ ,(N)+-+-+ [ ()} M
N—(npnza ...... ’nn)
g,(0)>0;i=A4,B,P
A(N) > 0; B(N) > 0; P(N) > 0;
Where: A;B; P -design variable; min M;

max N -objective function, i =1, 2., n;
A(N); B(N); P -constraint function and equality con-
straint function; A(N)>0; B(N)>0; P >0 -the

lower limit of the design variable;
B Optimized multi-objective function

min M =Z Fm)={F (m+ F (e f (m)}

Where M is the total mass; N is the total efficiency

C Constraint condition

When setting constraints, we need to consider the ra-
tionality and difference of the parameters in the previous
simulation analysis. Therefore, the displacement and ro-
tational speed of the hydraulic pump A in the hydraulic

system are represented by A, and A, respectively, and
the displacement and rotational speed of the hydraulic
pump B are represented by B, and B, respectively. The

overflow valve opening pressure is expressed in P . Take
these five parameters as design parameters and list the
initial value, change range and the corresponding table of
setting allocation parameter codes and design variables
according to actual working conditions and experience, as
shown in table 2.

After all the function expressions are normalized, the
data in table 2 are brought into the model to obtain the
multi-objective mathematical model for the optimal de-
sign of the hydraulic system, and the constraint conditi-

In the optimization design of hydraulic system, all g9(X) = 0
kinds of parameters change will affect the stability and 9(X) >0
construction efficiency of the hydraulic system. As a re-
sult, under the condition of satisfying the requirement of ons are satisfied at the same time: 80 < X; <130
the hydraulic system of the ZL50 loader, the stability pa- ' 850 < X. < 1500
rameters of the hydraulic system can be transformed into Tz
the multi-objective that the average change value of each 80 < X, <130
point is the minimum and the hydraulic transmission effi- 850 < X, < 1500
ciency is the highest, which can be expressed as: 110 < X5 < 210
Tab. 2 Mapping Table of Hydraulic System Design Variables

Design Variables Parameter code Initial value Range of change
A Xi 100 80—130
A Xo 1000 850—1500
B X; 100 80—130
B; Xy 1000 850—1500
P X 150 110—210

4.3 Algorithm analysis result

According to the optimization model of hydraulic sys-
tem of ZL50 loader, combined with MATLAB software,

Tab. 3 GA and Neural Network Algorithm Data Results

genetic algorithm and neural network algorithm were
used to optimize the hydraulic system, and the final com-
parison results were verified [10]. The corresponding va-
lues of the two optimization results are shown in Table 3.

Algorithm value Number of iterations
GA 108 1200 108 1200 158 107
BP 119 1194 119 1194 154 113

5 Comparative study

Loading and simulating the optimized data results of
the two algorithms in Table 3, two sets of data analysis
and comparison graphs are obtained, as shown in figure
11, figure 12, figure 13, and figure 14.

Figurell and figure 12, that GA parameter is simula-
ted in the output pressure of the hydraulic cylinder 1 to be
less than the "corner" of the original parameter, and the
output pressure smoothness is better; Also in the hydrau-
lic cylinder 1 output flow simulation curve, also reflects
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the characteristics of "corner" less. Figure 13 and figure
14: similar to that comparison between the GA parameter
and the original parameters, there are less "turning point"
and bet stability of the output pressure. The results show
that the parameters optimized by GA or BP algorithm are
better than the original parameters. However, from a ma-
cro perspective, GA and BP can be seen from figure 11,
the simulation graphics contrast is more obvious, that is
to say, the stability of the optimization results of GA pa-
rameters is higher than that of BP optimization parame-
ters.
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Fig.11 Hydraulic Cylinder 1 Output Pressure GA Com-
parison Diagram
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Fig.12 Hydraulic Cylinder 1 Output Flow GA Contrast
Diagram
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Fig.13 Output Pressure BP Comparison Diagram of
Hydraulic Cylinder 1
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Fig.14 Output Pressure BP Comparison Diagram of
Hydraulic Cylinder 1

6 Conclusion

(1) The hydraulic system of ZL50 loader is studied in
this paper. Firstly, the research framework is established,
and the schematic diagram of hydraulic system is desig-
ned, and the simulation analysis is carried out by using
AMESim. At the same time, we get the correlation curve
and put forward that we can use the optimization algo-
rithm to optimize the hydraulic system parameters and
compare and analyse.

(2) Then, GA and BP neural network algorithm are
used to optimize and compare the parameters of hydraulic
system. Secondly, the mathematical model of hydraulic
system of ZL50 loader is established, and the two optimi-
zed parameters are substituted into the model and simula-
ted by AMESim again, and the comparison curves
between GA and BP are output. Through comparative
analysis: for this case, the parameters optimized by GA
and BP algorithm are better than the original parameters.
Further analysis shows that the parameters optimized by
GA algorithm are better than BP algorithm in stationarity.
At the same time, this method is used to put forward re-
search ideas and lay a theoretical foundation for similar
studies.
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