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Abstract

In order to improve the buffering performance of porous hydraulic buffer
effectively, the artificial fish swarm algorithm is improved to carry out
optimization analysis of porous hydraulic buffer. Firstly, theory model of
porous hydraulic buffer is studied, and the optimal model of porous hydraulic
buffer is established. Secondly, the improved artificial fish swarm algorithm
is put forward through improving step size and fish swarm behaviour. Finally,
the optimization simulation analysis of porous hydraulic buffer is carried
out, and results show that the proposed artificial fish swarm algorithm can
obtain better optimal effect, and improve the performance of porous hydraulic
buffer.
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1 Introduction

The porous hydraulic buffer is achieved by a series of specially arranging
throttling holes on the wall of sub oil of sub oil cylinder. The number of
throttle holes decreases with increase of buffer displacement to achieve the
uniform buffer, This kind of buffer has compact structure, big energy absorp-
tion and no rebound. It is mostly used on cranes with velocity higher than
2 m/s or large moving mass. The porous hydraulic buffer applies the damping
dissipation effect of the damping hole to convert the mechanical energy
during impact into pressure energy and heat energy, which effectively reduces
the vibration and impact. It has been more and more widely applied to the
fields of vehicles, construction, heavy machinery and military and so on. The
critical factor influencing the cushioning characteristics of porous hydraulic
buffer is the aperture and arrangement rule of damping hole, therefore it is
very necessary to optimize the parameters of porous hydraulic buffer. The
porous hydraulic buffer dissipates the impact energy through damping hole
at high speed, it has the advantages of large energy absorption density and the
damping area changing with the buffer displacement [1].

In recent years, there are many researches on porous hydraulic buffer.
The design method of damping hole and theory model of porous hydraulic
buffer are studied by many scholars. The AMEim and MATLAB software
are used to optimize the structural parameters of buffer, and the optimization
effect is very good. The hole spacing and hole diameter optimization of
porous hydraulic buffer is a research hot point. The distribution of damping
holes is also concerned by some scholars, and researches on the effect of
structures on performance of porous hydraulic buffer is few, the existing
optimization model cannot obtain an objective and comprehensive buffer
curve, therefore it is difficult to reflect the real performance of the porous
hydraulic buffer. The dynamical characteristics of porous hydraulic buffer
with different parameters are analysed [2].

Currently, the intelligent algorithms have applied to optimization of
parameters of porous hydraulic buffer, such as the particle swam algorithm,
genetic algorithm, however these algorithms have the disadvantages of pre-
mature problem and low optimization precision, therefore the artificial fish
algorithm is an advanced swarm intelligent algorithm that is established by
Doctor Li, but the traditional artificial fish algorithm has disadvantages, for
example, the convergence speed of it is fast in the early stage and is slow
in the later stage, it has poor analysis precision. Therefore, the artificial
fish algorithm should be improved, and the improved algorithm is applied
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in optimization of porous hydraulic buffer [3]. The paper aims to propose
an optimization model based on improved fish algorithm for optimizing the
structure of porous hydraulic buffer.

Optimization Analysis of Porous Hydraulic Buffer.

2 Design Theory of Porous Hydraulic Buffer

According to different damping forms of porous hydraulic buffer, the
hydraulic buffer can be divided into three types that are fixed damping
type, gradual damping type and adjustable damping type. The fixed damping
hydraulic buffer makes the damping area unchanged in the buffering stage,
and the large pressure peak will generate, the energy absorption is uneven.
The gradual damping hydraulic buffer gradually reduces the damping area in
the buffering process, and the energy absorption is relatively even, it can avoid
the disadvantages of fixed damping type. The adjustable damping hydraulic
buffer can be adjusted properly when the working parameters are changed,
and then the good cushioning effect can still be got under new conditions.
The gradual damping hole with even energy absorption and no peak pressure
is used in this research. The structural diagram of porous hydraulic buffer
is shown in Figure 1, where “1” represents head butting, “2” represents the
piston rod, “3” represents the return spring, “4” represents the return piston,
“5” represents the outer cylinder, “6” represents the piston, “7” represents the
damping hole, “8” represents the inner cylinder, “9” represents the rod less
cavity, “10” represents the reset cavity, “11” represents the rod cavity [4].
There are two drilling methods on the inner wall of oil cylinder, the first
method is to adopt equal distance and unequal diameter, the second method
is to adopt equal aperture and unequal distance. The first method has large
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Figure 1 Structure of porous hydraulic buffer.
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workload of design. The second method is easy to be implemented, and
can control performance easily. This research uses design method of porous
hydraulic buffer with equal aperture and unequal distance [5].

The assumptions are given as follows

Assumption 1: the mechanical friction force of moving part is ignored.

Assumption 2: the initial collision effect between the moving body and the
buffer is ignored.

The energy relationship at any time of the buffer stroke is expressed by

1 z 1 r
imvg —|—/ Fdx = §m712 + / pdz (D)
0 0

where the first item on the left of the Equation (1) represents the initial kinetic
energy, the second item on the left of the Equation (1) is work done by the
external force in the buffer stroke. The first item on the right is the kinetic
energy of system at current time, the second item on the right is the energy
absorbed by the buffer device.

When the movement stops, the Equation (1) can be converted to the
following form [6]:

1 9 max max
§mvo + ; Fdx = /0 pdx 2)
where fomax pdx represents the total absorption energy of buffer, obviously,
the absorption energy is decided by initial kinetics when there is no outer
force F'.
In case of speed impact, the differential equation of motion of the buffer
piston is expressed by [7]
mi = —py 3)

The velocity is calculated by

2 x
v—\/vg—m/ prdz 4
0

In the buffering process, the flow equation of oil flowing through the
orifice to the outer cylinder cavity of the buffer cylinder is calculated by

2py

= \gF
q1 d oA
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where Az denotes the flow coefficient, ' denotes the orifice area, A denotes
the effective piston area, p, denotes the piston position of buffer at any time,
which is calculated by [8]
B vA3v?
pr=5 Xgf?
where v represents the weight of oil, v represents the kinematic viscosity,
The orifice area at any position is calculated by

fyA3vg (1 — Xfﬂ)
QAZQ(P — Po)

(6)

f=

)

where X represents the position of piston in buffer stroke, P represents the
total buffering force of buffer.

The relationship between pressure difference and velocity of damping
hole is expressed by [9]

L 4pVinax
Ap= (L 8
Y (Du +H) - 8)

where Ap denotes the pressure difference; L denotes the length of damping
hole, D represents the diameter of damping hole, « denotes the local pres-
sure loss coefficient, us denotes the friction coefficient, V.« denotes the
maximum flow velocity.

The flow of annular clearance is calculated by [10]

7D§? wDSV
- 12ULAP 2

where g3 is the flow of annular clearance, A P represents the pressure differ-
ence between cavities with rod and without rod, L, represents the length of
annular clearance.
The continuous equation of working chamber is expressed by [11]
WPy

A X, = (@1 + @) At + R (10)

Vi = (Sp — X)A; (11)

72 €))

where V}, denotes the volume of compressed oil in buffering process, V;, rep-
resents the elastic module of compressed oil, X, represents the displacement
of piston, Sy represents the total stroke of buffer.
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Figure 2 Distribution diagram of damping hole of porous hydraulic buffer.

The intelligent optimization algorithm is a novel theory constructed by
researchers according to simulating the phenomenon existing in nature. The
intelligent optimization algorithm provides the novel solution method for
solving the engineering actual optimization problem. The optimization of
damping hole is the combination optimization problem.

The maximum buffering efficiency of buffer and the minimum peak
pressure in the buffering process are selected as optimal objective, and the
corresponding objective function is expressed by

min O = KNmax + FN,min (12)

where O denotes the objective function, k represents the weighted coefficient,
Nmax Tepresents the buffering efficiency of buffer, Fiy min represents the
minimum peak pressure in buffering process.

The distribution of damping holes is shown in Figure 2, the number,
diameter and spacing of damping holes are selected as the optimization
variables, the total throttling area of the porous hydraulic buffer is defined
by S, and the diameter of damping hole arranged on both sides of hydraulic
cylinder is defined by d;, and the following expression is obtained [12].

N 7Tdi 2 S
O

i=1

The number of variables of hole spacing is N — 1, and the following
equation is satisfied:

N
Y li=L (14)

1=0
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where [ represents the distance from the first damping hole to top end of
piston, l1,lo,...,l 1 are spacing of damping holes, L represents the total
stroke of buffer.

The top end of piston cylinder is used as reference, the location of any
damping hole is obtained by [13]

d:
l0+§z7 Z:].
Zz‘ = N N d (15)
l0+z;dzl+z;li1+21v 2<i1<n
i= i=

3 Theory Model of Improved Artificial Fish Swarm
Algorithm

The artificial fish swarm algorithm is an advanced swarm intelligence opti-
mization algorithm. It was proposed by Dr. Li in 2001 according to fish
foraging behaviour. The artificial fish swarm algorithm has some advantages,
such as strong robustness, quick convergence speed, and good global search-
ing ability. However, it has some disadvantages, such as low convergence
speed in the early stage, poor analysis accuracy. To overcome these disadvan-
tages of the artificial fish swarm algorithm, the improvement methods have
been put forward in recent years. The view range and step size are improved
through some methods, the variable step size adaptive algorithm can effec-
tively improve the ability of global searching, the dynamical adjustment
viewing factor and congestion factor are used to improve the convergence
efficiency of algorithm. The fish behaviour is improved through some new
strategies, a novel phagocytosis behaviour is proposed after foraging to
save the optimization time, the swallowing behaviour is also introduced
into the algorithm to reduce the complexity of algorithm. Integrating with
other intelligent algorithms is also concerned by some scientists, the hybrid
particle swarm algorithm is combined with the artificial fish algorithm to
avoid the defect of falling into local optimization and obtain the global
optimal solution. The ant swarm algorithm is also combined with artificial
fish algorithm to achieve the complementary advantages [14].

The improved algorithm improves the optimization performance of arti-
ficial fish swarm algorithm to a certain degree. However, the disadvantages
of slow convergence speed and low optimal precision in the later stage of
algorithm have not been solved effectively, therefore the novel improvement
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method of visual view and step size are established to improve the conver-
gence speed and global optimal ability.

Suppose there are N artificial fishes, the status of every artificial fish is
defined by X; = (1, 22,...,2y), where X;(i = 1,2,...,n) is the variable
to be optimized, the fitness function is defined by Y = f(X), the distance
between artificial fishes is defined by d;; = ||X; — Xj||, the visual view of
artificial fish is defined V/, and the step size of artificial fish is defined by S,
and the congestion factor of artificial fish is defined by (3, and the attempting
number is defined by 7, [15].

The artificial fish swarm algorithm is optimized based on three behaviours
that conclude foraging, clustering and tail chasing.

The first behaviour is foraging behaviour: the location of ¢th artificial fish
at t moment is X, a status X is selected randomly in visual view, which is
expressed by [16]

X;=X;+ Vi - Rand() (16)

The objective function values are calculated respectively and are com-
pared, if F'(X) is better than F'(X;), then X; moves to X;; otherwise X
continues to move one step to X; randomly within its range of visual view,
if the constraint condition is not reached after T, times trial, X; randomly
moves one step to reach a new status, and the corresponding mathematical
description is listed as follows [17]:

if F(X]) > F(XZ)

Xnest = Xi + Rand() “Sa - (XJ - XZ)/dZ] a7
it F(X;) < F(X;)
Xpest = Xi + Rand() - S, (18)

The second behaviour is clustering behaviour: the location of ¢th artificial
fish at £ moment is X;, the number of partners in X; neighbourhoods is
defined by N; is calculated based on distance function, and the centre
location X, of partners is found out, the objective function value Y, of this
location is calculated, if }\% < 0F(X;), the food in the partner centre is
more and not too crowded, and the artificial fish ¢ moves on step towards
the centre, and the Equation (19) is carried out, otherwise return to foraging
behavior [18],

Xnest = Xi + Rand() - Sy - (X — X;)/[| Xe — Xi| 19)
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The third behaviour is tail chasing behaviour. the location of ith artificial
fish at £ moment is X;, the partner with biggest food concentration in the
current neighbourhood is searched, and the location of it is defined by X, if

}\% < 0F(Xj;), the food concentration in X is large, and the surrounding is

not too crowded, then the artificial fish moves to X, and the Equation (20) is
carried out, otherwise return to foraging behaviour.

Xneat = Xi + Rand() - Sa - (X — X3) /[| X — Xi| (20)

The initialization of the basic artificial fish swarm algorithm is generated
randomly within the feasible region, and the possibility of uneven distribution
cannot be ruled out. The uneven distribution of artificial fish swarm is not
conducive to the global convergence of the algorithm. According to the char-
acteristics of chaotic Transformation: randomness, ergodicity and regularity,
chaotic transformation is used to initialize the individual position of artificial
fish school, which makes the initialized artificial fish have diversity and is
conducive to the global convergence of the algorithm, the corresponding
expression is listed as follows [19]:

Xiy1 =rX; - (1 — Xz),Xz S (O, 1) 20

where x represents the controlling coefficient.

The foraging behaviour is also improved in this research. Artificial fish
swarm algorithm mainly involves three behaviours: foraging, clustering and
tail chasing, and foraging behaviour is the basis of algorithm convergence.
Therefore, the improvement of foraging behaviour is also one of the impor-
tant factors to improve the performance of the algorithm. This paper mainly
aims at the problem of finding the maximum value of the function (the same
applies to the problem of finding the minimum value of the function). In the
process of optimization, the larger the function value is, the closer it is to the
optimal value, and the smaller the function value is, the farther it is from the
optimal value.

Assuming that the state matrix X of artificial fish at time ¢, firstly the
fitness values for all artificial fish swarm are calculated, and then arrange
them in descending order according to the fitness values (function values),
then the better fitness values will be the first and the worst will be the last.
Let the sequence number of the ¢th individual at time ¢t be m. if m = 1, it
means that the position of the ith individual at time ¢ is the best in the group,
that is, it is the closest to the optimal value; If m is equal to fish number, it
means that the position of the ith individual at time ¢ is the worst in the group,
that is, it is the farthest from the optimal value.
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The degree factor of being close to the optimal fish is defined by ¢, which
is calculated by [20]
© = m/FishNum (22)

where 0 < ¢ < 1, the less the value of it is, the closer to the optimal fish
it is, and the greater the value of it is, the farther from the optimal fish it
is. When ¢ € (0, 0.5], Equations (23) and (24) are executed, and adopt the
strategy of reducing the field of view for the fish group close to the optimal
individual, so as to effectively avoid the fish group falling into the local
optimum; when ¢ € (0.51], Equations (10) and (11) are executed, and adopt
the strategy of increasing the field of view for the fish swarm far away from
the optimal individual, which can effectively improve the optimization speed
of the algorithm [21].

Vi=m1-Vs (23)
X; =X;+ Vi - Rand() (24)
Vi=m-Vs (25)
X; =X; + Vi - Rand() (26)

where 71 and 7 are controlling coefficients.

Artificial fish swarm algorithm is an algorithm inspired by fish in nature,
and the physical fitness transformation model is adapted according to the law
between sports and physical fitness in nature. The consumption of physical
fitness directly affects the moving step of fish swarm. Therefore, when
improving the basic artificial fish swarm algorithm, the physical fitness of fish
swarm has also become one of the factors we should consider. In the later
stage of fish foraging, the physical energy is consumed to a certain extent,
which will reduce the step length in the behaviour of fish foraging, crowding
and tail chasing. If the fish continue to move with the previous step size, it is
easy to make the fish fall into local optimization. It is particularly important
to reduce the step size of the fish in time.

Physical fitness transformation model is introduced into the algorithm.
The threshold of physical fitness attenuation is defined by Y, the artificial fish
movement unit is defined by F,, and its initial value is equal to 0. With the
iteration of the algorithm, F, will gradually increase. When the value of E, is
greater than or equal to Y, it indicates that the physical fitness of artificial fish
begins to decline, which will affect the change of step size in the foraging,
clustering and tail chasing behaviour of artificial fish. Reduce the step size
in each behaviour according to Equation (27). Only when the fish find food
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and their physical fitness is supplemented, the moving step of the fish will
become larger [22].
E,=p E, 27

where p denotes the physical attenuation factor.

4 Optimization Analysis of Porous Hydraulic Buffer

In order to verify the effectiveness of the proposed model, the optimization
design of damping hole of porous hydraulic buffer is carried out based on the
proposed method. The working pressure of buffer is 15 MPa, the maximum
working pressure of buffer is 20 MPa, the impact velocity is 5.23 m/s, and
buffer stroke is 180 m. the diameter of piston ranges from 70-85 mm, and
the annular clearance ranges from 0.2 mm to 0.4 mm, and the maximum
buffering force is (1/10~1/3)F,, where Fj is the ideal buffering force. And
the stiffness of spring ranges from 8.2 to 26 N/mm. The pre-set parameters
of buffer is listed in Table 1.

Designing of damping hole decide the buffering performance of buffer to
a great degree. The initial distribution of damping hole is listed in Table 2.

The proposed artificial fish swarm algorithm is used to carry out the
optimization of damping hole, and the final optimal results are listed in
Table 3.

The structural parameters of buffer before and after optimization are listed
in Table 4.

The particle swarm algorithm and genetic algorithm are also used to
carry out optimization analysis of damping hole of buffer, and the buffering
performance of buffer are listed in Table 5.

As seen from Table 5, the impact conditions of buffer is same, the peak
pressure after optimization decreases relative to that before optimization, the
peak pressure after optimization obtained from improved artificial fish swarm
algorithm is less than that from other two algorithms. The pressure fluctuation
peak after optimization decreases relative to that before optimization, the

Table 1 Pre-set parameters of buffer

Parameter Pre-set Value Range
Diameter of piston/mm 64 58-69
Clearance width/mm 0.15 0.15-0.4
Spring stiffness/N/mm 22 8.2-26
Diameter of link/mm 38 -

Wall thickness/mm 5 -
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Table 2
Displacement/m  Number and Diameter of Damping Holes  Throttle Area/mm?
0.01 @3 198
0.02 @3 194
0.03 @3 188
0.04 d3, $3 185
0.05 3 176
0.06 ®2, 3 177
0.07 D2, 3 173
0.08 D2, P2.5 168
0.09 ®2, @2, @3, P3 160
0.10 D3, 3, 3 155
0.11 P2, 3, P3 152
0.12 P2.5, 2.5, 3, 3 146
0.13 ®3, 3, P4, P4 135
0.14 3.5, 3.5, 4, P4 126
0.15 @3, @3, P4, P4 85

Table 3 Optimal results of damping hole based on artificial fish swarm algorithm
Displacement/m  Number and Diameter of Damping Holes  Throttle Area/mm?

0.012 2.7 202.2
0.018 2.2 201

0.029 2.8 195.3
0.04 $2.9, 3 190.4
0.05 ®3.5 182.1
0.06 2.4, 3.2 180.2
0.07 $2.6, 3.2 179.4
0.08 2.6, 3 170.2
0.088 2.4, $2.6, $2.8, 3 166.7
0.099 $2.6, 2.8, 3 159.3
0.108 $2.3, 2.6, 3 156.2
0.12 $2.6, 2.8, ¢3, 3 149.5
0.13 D27, 2.8, &4, 4 138.3
0.143 $3.2, 3.2, $4.3, &4 132.6
0.158 $2.6, ®3, 4.2, 4.2 92.6

pressure fluctuation peak after optimization obtained from improved artificial
fish swarm algorithm is less than that from other two algorithms. The max-
imum impedance force after optimization decreases relative to that before
optimization, the maximum impedance force after optimization obtained
from improved artificial fish swarm algorithm is less than that from other
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Table 4 Structural parameters of buffer before and after optimization

Parameter Pre-set Value  After Optimization
Diameter of piston/mm 64 66
Clearance width/mm 0.15 0.30
Spring stiffness/N/mm 22 26

Table 5 Buffering performance of buffer before and after optimization

After Optimization

Performance Before Genetic  Particle Swarm  Artificial Fish
Parameter Optimization Algorithm Algorithm Algorithm
Peak pressure/MPa 4.7 4.6 4.5 4.2
Pressure fluctuation peak/MPa 2 1.75 1.64 1.25
Maximum impedance force/kN 14.5 13.2 12.0 11.4
Average impedance force/kN 8.6 8.7 8.8 9.0

two algorithms. The average impedance force after optimization decreases
relative to that before optimization, the average impedance force after opti-
mization obtained from improved artificial fish swarm algorithm is bigger
than that from other two algorithms. Results show that the buffering perfor-
mance after optimization is better than that before optimization. The proposed
improved artificial fish swarm algorithm can obtain the best optimization
effect of damping hole among the three algorithms.

5 Conclusions

The proper damping hole distribution and size of porous hydraulic buffer
can make the buffering process smooth, and reduce pressure fluctuation. The
artificial fish swarm algorithm is improved to optimize the porous hydraulic
buffer, and optimal simulation results show that the proposed algorithm
can get best optimal effect. The proposed algorithm provides favourable
theoretical basis for optimal design of porous hydraulic buffer. The detail
experiment analysis should be carried out further to verify the real effect of
optimization effect of porous hydraulic buffer based on artificial fish swarm
algorithm.
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