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Abstract: Phosgene is highly toxic, and it plays a role in the depletion of the ozone layer. The ground state geometric structure
and spectral characteristic of phosgene in various external electric fields were calculated via the density-functional theory
(DFT) and time-dependent density-functional theory (TDDFT) with the B3LYP/6-31+G(d) basis set. With external electric
field, the structure of phosgene changed significantly. With increasing electric field, the bond lengths of 1C-3Cl and 1C-4Cl
increased; the total energy and energy gap initially increased and then decreased, whereas the dipole moment initially
decreased and then increased. Most of the IR vibrational frequencies were redshifted. The wavelength of the singlet excited
state increased, reflecting a red shift, and the oscillator strengths of most transitions belonged to forbidden transitions. These

results are of great significance for studying the dissociation of phosgene in external electric field.

Keywords: Density-functional theory; Phosgene; Spectrum characteristic; External electric field; Molecular dynamics
Online publication: March 11, 2022

1. Introduction

The ozone layer absorbs harmful ultraviolet solar radiation, and thus protects human and the environment.
In 1974, Molina’s team of American scientists reported that Freon has a destructive effect on the ozone
layer ). In 1985, Farman’s team confirmed this at an Antarctic station, but there was still controversy
concerning its mode of action 2. In 2009, Zhimin Lin’s team reported on the dissociation rate of CIOOC],
which provided clear evidence 1. Two-body dissociation generally occurs in the lower atmosphere, while
multi-body dissociation often occurs in the higher atmosphere, such as the stratosphere. In external electric
field, molecules undergo a series of physical and chemical changes ¢, such as molecular chemical bond
breaking, molecular orbital, crystallization, and changes in excitation spectra "), In order to study the
formation mechanism of chlorine free-radicals and to understand the effects of chlorinated compounds on
the atmosphere, it is necessary to study the ground state geometry and spectral characteristic of chloride
under external electric field.

Phosgene is widely used in the chemical industry as a reagent in the production of polyurethane, dyes,
rubber, plastics, pesticides, and so on; it is closely related to human lives. In 2021, Patrick Vossnacker’s
team searched for new synthesis methods of phosgene ['%); however, it is found susceptible to hydrolysis,
which generates chlorine free radicals that have a destructive chain reaction with the ozone layer (Cl + O3
— CIO + O, CIO + O3 — CI + 20,) 11, At present, the research on phosgene mainly includes phosgene
toxicity !>!*] treatment methods after phosgene poisoning [!*!3] and more on the detection methods of
phosgene [1*18] Scholars have neglected the harm caused by phosgene when in use; therefore, the problem
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of phosgene degradation needs to be solved urgently. At present, the only way to degrade phosgene is by
thermal decomposition '), Degradation via external electric field is a new idea that has been applied to the
study of halon molecules and methane derivatives ?°?2. The conditions required for electric field
degradation are minimal, which is convenient for industrial applications. Due to the toxicity of phosgene,
experimental research is inconvenient. Simultaneously, a theoretical study of phosgene in external electric
field can reveal its ground-state geometric properties and spectral characteristic, which provide basic data
for phosgene dissociation in external electric field. Therefore, it is of great significance to theoretically
study the ground-state geometry properties and spectral characteristic of phosgene under the action of an
external electric field. There have been few theoretical studies on the ground-state geometric properties and
spectral characteristic of phosgene in external electric field.

Here, density-functional theory (DFT) and time-dependent density functional (TDDFT) with
B3LYP/6-31+G(d) basis set were used to study the ground-state geometry properties and spectral
characteristic of phosgene, providing a theoretical basis for its degradation via external electric fields
(—0.05~0.05 a.u.). First, the ground-state geometry was optimized, including bond lengths, energy, dipole
moment, energy-level distribution, and other physical parameters. Then, its infrared (IR) spectra were
characterized. Those provided the basic parameters for the degradation of phosgene.

2. Theory and computational method
The Hamiltonian H of the phosgene molecular in applied electric field is given as follows:

H=H,+H_ (1)

H) is the Hamiltonian without the electric field, and H; is the Hamiltonian of the interaction between
the electric field and the molecular system. Based on the dipole approximation, the interaction Hamiltonian
between the molecular system and the electric field can be simplified as follows:

H =-ufF (2)

nt

w is the dipole moment of the molecule, and F is the electric field [¢. The convergence conditions were
self-consistent-field and Davidson iterative. Self-consistent-field convergence involved a maximum force
of < 0.00045, a root-mean-square force of < 0.0003, a maximum displacement of < 0.0018, and a root-
mean-square displacement of < 0.001200. The Davidson iteration converged to the wave function variation
of the n states, which was less than 0.001. All calculations were performed using the Gaussian 09 quantum
computing software (23],

3. Results and discussion

3.1. Ground-state stable structure of phosgene

The calculated ground-state molecular structure model of phosgene was obtained at the lowest energy, as
shown in Figure 1. Various methods and groups of phosgene molecules were optimized and calculated
without an external electric field. The optimized vibrational frequencies were compared with the
experimental values, as shown in Table 1. The vibrational frequencies obtained with the DFT B3LYP/6-
31+G(d) basis set were consistent with the experimental data. Therefore, the DFT/B3LYP method and 6-
31+G(d) basis set were also used for calculations of the molecule with an external electric field along the
direction shown by the arrow in Figure 1.
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Figure 1. Stable structure of phosgene molecule

Table 1. Vibrational frequencies of phosgene molecule obtained using various methods

§ . Calculated value/cm™! Experimental

Vibration .

. HF/6-31G B3LYP/ B3LYP/ B3LYP/ B3LYP/ value/cm™ 1241

description
3-21G 6-31G 6-31+G(d) 6-311+G(d)

CCl deform 303.96 264.99 279.58 303.44 302.09 285
CO deform 470.81 380.34 413.03 439.25 439.53 440
CCl s-str 560.16 468.77 505.73 561.56 555.54 567
C p-deform 605.04 530.79 542.64 583.43 585.56 580
CCl a-str 879.98 691.52 758.89 832.52 817.31 849
CO str 1961.88 1877.53 1819.36 1875.53 1879.37 1827

3.2. Geometric properties of phosgene in external electric field
The phosgene geometry structure was optimized for various external electric fields (—0.05~0.05 a.u.), which
had significant effects.

3.2.1. Bond length

The effect on the bond length of phosgene in various electric fields is shown in Figure 2. The bond lengths
of 1C-3Cl and 1C-4Cl increased with the electric field and were equivalent. In contrast, the 1C-20 bond
length decreased with increasing electric field. The changes in the bond-length with electric field were
attributed to the changes in the internal electric field [*°). With increasing external electric field, the charge
transfer decreased the electric field, and the Coulomb forces became weaker between the 1C and the 3C1
atoms as well as the 1C and 4Cl atoms, decreasing the bond energies. Therefore, the 1C-3Cl and 1C-4Cl
bond lengths increased, and their bond energies became weaker, easily breaking via the electric field. In
contrast, with the external field, the 1C-20 bond was completely opposite, in which the 1C-20 bond length
decreased and was less likely to break with increasing electric field.
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Figure 2. The bond length of phosgene molecule with external electric field

3.2.2. Total energy and dipole moment

The total energy and the dipole moment of phosgene were calculated with various external electric fields
as shown in Figure 3. The total energy of the molecule initially increased and then decreased with the
increase of electric field, while the dipole moment had changed oppositely. In view of the interaction
between the intramolecular electric field and the external electric field, electrons in the molecule exhibited
a directional shift. The negative charge moved along the opposite direction of the electric field, and the
phosgene molecule was stretched. In other words, the molecule was polarized by the electric field, and the
dipole moment decreased and then increased. On equation, H;, = —uF, the molecular dipole moment
decreased initially and then increased, so the Hamiltonian increased initially and then decreased, and the
total energy of the molecular increased initially and then decreased 2%,
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Figure 3. The total energy and the dipole moment of phosgene molecule with external electric field

3.2.3. Energy level distribution

Molecular frontier orbitals can determine many molecular properties, and thus they are important in physics
and chemistry ?%!. The lowest-unoccupied molecular orbital (LUMO) represents the molecular ability to
obtain electrons, and lower values make it easier to obtain electrons. The highest-occupied molecular orbital
(HOMO) is easily losing electrons, and higher values make it easier to lose electrons. This energy gap easily
participates in chemical reactions, and smaller energy gaps make it easier to promote the molecule to the
excited state and undergo chemical reactions.
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The LUMO energy (Er) and the HOMO energy (En) of the phosgene molecule were calculated for
various external electric fields. The energy gap is given as follows:

E.=(E, —E,)x272eV €)

With increasing electric field, the molecular orbital of LUMO and HOMO changed significantly as
shown in Figure 4. The LUMO and HOMO electrons were evenly distributed without electric field. With
increasing electric field, the LUMO and HOMO electrons were transferred, especially those of LUMO. As
the electrons were attracted to the external field, the HOMO electrons were almost distributed onto the 3C1
and 4Cl atoms. In Figure 5, Er initially increased and then decreased, while En decreased slowly, which
increased Eg initially and then decreased with the electric field. This shows that chemical reactions can
occur when excited electrons easily leave an orbit and form a hole *”), which is consistent with the above
conclusion.

o%s0mn 9 %'9’
e ‘e > g'a'e
S
o oy |

Figure 4. The frontier molecular orbital of phosgene molecule with external electric field
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Figure 5. The energy level distribution of phosgene molecule with external electric field
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3.3. Spectral characteristic of phosgene in external electric field

The spectral characteristic of a molecule is important for understanding its properties and structure. Various
external electric fields (—0.05~0.05 a.u.) were applied along the direction of the arrow, and the phosgene
molecular structure was optimized to calculate IR and Raman spectra. The spectral changed significantly
in the electric field. The vibrational changes of the C-Cl bonds are of great significance when examining
the dissociation mechanism of phosgene with external electric field. It is possible to speculate whether
chemical bonds will break based on frequency changes.

Changes in the IR spectrum in the electric field are shown in Figure 6. The phosgene molecule has 6
vibrations. As shown in Figure 6(a), the stretching vibration frequency of the 1C-20 bond (CO str)
increased (blueshifted) with increasing electric field. With increasing electric field, the asynchronism
stretching vibration frequency of the 1C-3Cl and 1C-4Cl bonds (CCl a-str) decreased (redshifted). The
range over 250~600 cm™' was expanded for a clearer visualization of the spectral shifts as shown in Figure
6(b). As the electric field increased, the plane deformation vibration frequency of the C atom (C p-deform),
the synchronism stretching vibration frequency of the 1C-3Cl and 1C-4ClI bonds (CCI s-str), the 1C-20
bond deformation vibration frequency (CO deform), and the deformation vibration frequency of the 1C-
3Cl and 1C-4Cl bonds (CCl deform) all decreased; this means that they were redshifted.

2500
(@)
CCl a-str —-0.05 a.u.
—-0.04 a.u.
2000 —-0.03 a.u.
= ——-0.02 a.u. CO str
= -0.01 a.u.
51500 i 0.00 a.u.
‘% 0.01 a.u.
g —— 0.02 2.0
= 1000 | —— 0.03 a.u.
=4 — 0.04 a.u.
- 0.05 a.u.
500 F
0k AA.A AM Mk‘ v - JUUU A
400 800 1200 1600 2000
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400 —-0.04 a.u. 16 (b)
——-0.03 a.u. "
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Figure 6. The IR spectrum of phosgene molecule with external electric field
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3.4. Excited state of phosgene in external electric field

In order to further study the properties of phosgene, the transition selection rule AS =0 the wavelengths
(M), and oscillator strengths (f) of the first 10 singlet excited states of the molecule with external electric
fields (0~0.05a.u.) were calculated using the TDDFT method B3LYP/6-31+G(D) basis set, as shown in
Table 2. It can be seen from the data that the oscillator strengths of most transitions were equal to 0 or close
to 0, thus belonging to forbidden transitions. The 1st and 5th excited states were in forbidden transitions
under zero electric field and became allowed transitions when an external electric field was applied 28],
However, the second excited state was the opposite. With the increased of the external electric field, the
wavelength basically increased (redshifted). Generally, the external electric field has a great influence on
the properties of the excited states.

Table 2. Wavelength and oscillator intensity of singlet excited state of phosgene molecule with external
electric field

Field/a.u.

State 0 0.01 0.02 0.03 0.04 0.05

A/nm f A/nm f A/nm f A/nm f A/nm f A/nm f
n=1 23230 0 227.14 0 236.36 0.0013 299.29 0.0071 469.34 0.0148 968.56 0.0297
n=2 202.38 0.0026 210.63 0.0080 231.31 0 277.14 0 423.26 0 867.27 0
n=3  200.39 0 194.73  0.0000 220.28 0 23990 0.0001 290.30 0.1725 38597 0.2074
n=4 186.87 0.0004 187.26 0.0288 206.14 0 226.03 0.1495 26491 0.0017 314.89 0.0048
n=5 180.34 0 186.01 0 198.76  0.0360 224.18 0.0205 252.87 0.0004 296.34 0.0002
n=6 177.66 0 184.71 0 188.25 0.0408 211.95 0 250.33 0 290.57 0..0094
n=7 17743 0 171.66 0.0091 18491 0.1983 205.53 0 236.34 0.0121 282.40 0.0471
n=8 172.32 0.0513 171.16 0 180.96 0.0033 203.49 0.0503 232.59 0.0332 265.14 0.0016
n=9 164.68 0.0083 167.82 0.0297 17549 0.0422 19937 0.0112 217.65 0.0003 259.74 0.0065
n=10 161.82 0.4332 165.51 0.3574 17540 0.0002 19530 0.0573 213.64 0.0706 245.26 0

4. Conclusion

The ground-state geometric structure, the spectral characteristic, and singlet excited state of phosgene in
various external electric fields (—0.05~0.05 a.u.) were calculated via DFT or TDDFT with the B3LYP/6—
31+G(d) basis set. The effect of electric field on the bond length, total energy, dipole moment, energy-level
orbital distribution, LUMO-HOMO energy gap, IR spectra, as well as the wavelength and oscillator
intensity of the singlet excited state was analyzed. The phosgene structure changed significantly in the
electric field. With increasing electric field, the 1C-20 bond length decreased, while the 1C-3Cl and 1C-
4ClI bond lengths increased. In the electric field, the total energy of the molecule first increased and then
decreased, while the dipole moment changes were opposite; the LUMO-HOMO gap first increased and
then decreased. With increasing electric field, most of the IR vibrational frequencies were redshifted. The
wavelength of the singlet excited state increased, reflecting a redshift. The oscillator strengths of most
transitions were equal to 0 or close to 0, thus belonging to forbidden transitions. The calculated ground-
state geometric data, spectral characteristic, and the singlet excited state of phosgene indicate that it can be
decomposed by external electric field. This will provide theoretical guidance for investigations of the
dissociation of phosgene.
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Abstract: Reviews and experimental verification have found that existing solution methods can be used to solve UAV path
planning problems, but each approximate solution has its own advantages and disadvantages. For example, ant colony
algorithm easily falls into the local optimum in the process of realizing path planning. In order to prevent too low pheromones
on the longer path and too high pheromones in the shorter path, the upper and lower limits of pheromones as well as their
volatile factors are set to avoid falling into the local optimum. Secondly, multi-heuristic factors are introduced, and the overall
length of the path serves as an adaptive heuristic function factor that determines the probability of state transition, which
affects the probability of ants choosing the corresponding path. The experimental results show that the path length planned by
the improved algorithm is 93.6% of the original algorithm, and the optimal path length variance is only 14.22% of the original
algorithm. The improved ant colony algorithm shortens the optimal path length and solves the UAV path planning problem in
terms of local optima. At the same time, multiple enlightening factors are introduced to increase the suitability of UAV for

complex environments and improve the performance of UAV.
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1. Introduction

With the advancement of modern science and technology, the tasks that UAV can perform are continually
increasing [, For example, UAV can undertake the task of transporting emergency materials, such as
medical rescue kits. In order to better apply UAV to practice, scholars have done a lot of research on UAV
path planning and have proposed numerous algorithms to increase the efficiency of path planning. The
algorithms include artificial potential field method ?, A* algorithm ), ant colony algorithm ), genetic
algorithm Pl particle swarm algorithm [®] bat algorithm [7), simulated annealing algorithm [ fast
expanding random tree algorithm ), D* algorithm (1% artificial fish swarm algorithm '], locust algorithm
(121 firefly algorithm, and so on 3], Genetic algorithm uses codes to represent the solution of the problem.
Following the operation of the codes such as selection, crossover, mutation, and so on, the fitness and
function values are used as the evolutionary assessment basis, and finally the optimal population, that is the
solution to the problems ¥, is obtained. Ant colony algorithm and genetic algorithm operate similarly
when selecting the optimal solution. The ant colony algorithm seeks the optimal solution through iteration,
but it has no crossover and mutation operations when searching for the optimal solution; therefore, the
solution is simpler.
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Ant colony algorithm is a heuristic search algorithm, which was proposed by DRIGO in the early 1990s
by simulating the foraging behavior of ants in the environment '3, The characteristics of ant colony
algorithm include positive feedback, parallel computing, good robustness, and so on 161, Many scholars
have applied the ant colony algorithm to path planning and have achieved successful results. The ant colony
algorithm can be used to solve discrete optimization problems since it has a wide search range and a fast
convergence speed ['7]. However, due to the positive feedback characteristics of the algorithm, pheromones
may accumulate on local paths, thus leading to problems, such as falling into the local optimum ['%!°1. The
ant colony algorithm takes the distance between the current position and the next position as heuristic
information. When faced with obstacles, there are still several problems in avoiding them in advance ['®.
Hence, many scholars have been working to improve the flaws in the algorithm. With the deepening of
research and the characteristics of path planning, the focus is on how to improve the search efficiency of
the algorithm 2],

Path smoothing can reduce the flight risk of UAV. Huang and other researchers have introduced the
degree smoothing method to generate a smooth path 2!, As the distance between the current node and
several neighboring nodes is equal, inspiration cannot play a role in the selection of the next node, so it has
been proposed that the shortest distance between the starting point and the target point should be taken as
the guide for path search [*?); by calculating the reciprocal of the weighted sum of the distance between the
current node and the next node to be left as well as the vertical distance from the next node to the shortest
path, the search of the algorithm can be accelerated. Sun Gongwu and others have designed an adaptive
heuristic function that takes into account the distance between the current grid and the grid to be walked as
well as the distance between the grid to be walked and the target grid to select better nodes, but the adaptive
heuristic function only considers the current grid as well as the distance between the grid to be walked and
the target grid [**). Based on the concept of multi-scale path search, Huang Xin and others have proposed
an improved guidance factor, which takes into account the distance from the node to the target point and
the distance from the node to the starting point; in addition, the flight of the UAV is determined by the
height of the terrain but only partially considers the guidance function of the heuristic function [**). In regard
to path smoothing, Li Li and others have introduced the number of turns into the heuristic function, which
influenced the improved heuristic function; they also improved the pheromone updating mechanism and
the path smoothness, providing good convergence and global searching ability; however, the transition
probability is only affected by pheromone and heuristic function, and the iteration times are large, which
makes it easy to fall into the local optimum %],

Huang and other researchers introduced the K-degree smoothing method to the path smoothing
problem '], while Li Li and other researchers did not only consider the smoothing problem in the heuristic
function, but also the number of turns of the path in the heuristic function [>*. Tao and others improved the
transition probability to enhance the convergence speed of the algorithm, thus improving the performance
of the algorithm; however, the obtained path length is not the shortest [>21. An adaptive heuristic function
has been designed in a study [**) according to the distance between the current grid and the target grid, but
it only considered the path length, whereas the heuristic function of in the study conducted by Li Li %!
considered many heuristic factors. In another study [>¥, the leading factor of nodes was introduced into the
transition probability; however, it did not improve the inspiring factor. Li Li and other researchers
considered the number of turns and the smoothness of the path while making the path as short as possible,
and they proposed a multi-heuristic ant colony algorithm that takes the distance correction function, safety
function, and smoothness function into account 2, When ants look for the best path, the path is chosen
based on multiple heuristic factors.

In a study %], the path factor only considers the distance from each adjacent grid of the current grid to
the target grid but does not consider the integrity of the path. In this study, under the influence of multiple

11 Volume 6; Issue 2



heuristic factors and considering the integrity of the path, the guiding factor mentioned in the study **
conducted by Huang Xin is introduced into the transition probability, and the heuristic function, pheromone,
and pheromone volatilization factor are processed to increase the accuracy of the algorithm. The results
reveal that this method improves the efficiency of path search, reduces the number of iterations, and
optimizes the path length.

2. Environmental modeling

In this study, a two-dimensional grid method >/ is used to model the path environment. Taking into account
the safety of drones, the distance between the drone’s path and the grid obstacles is set to be half of the grid
length. Each grid has eight adjacent grids [?) that can be walked, as shown in Figure 1. dis(i,j) represents
the distance from the current grid i to its j-th adjacent grid.

dis(i, /) 1, When ants go 2,4,6,8, 0
AR = V2, When ants go 1,3,5,7.
1 2 3
8 4
7 6 5

Figure 1. Eight adjacent grids, with the middle grid as the current grid

The process of ants selecting the next grid is discussed below.
(1) Step 1: Determine whether there is an obstacle in grid 1. If there is an obstacle, as shown in Figure
2, then dis(i,j) = oo; otherwise, proceed to Step 2.

2 3
8 4
g 6 5

Figure 2. Grid 1 is an obstacle and the distance from the current grid to grid 1 is infinite in this situation

(2) Step 2: Determine whether the adjacent grid 1 is out of bounds; that is, beyond the range of the
terrain. If it is out of bounds, as shown in Figure 3, grids 1, 2, 3, 7, and 8 are out of bounds; otherwise,
dis(i,j) = oo, proceed to Step 3.
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Figure 3. Part of the grids on the boundary

(3) Step 3: Determine whether the adjacent grid 1 is a grid in an even direction or in an odd direction. If it
is in an even direction, dis(i,j) = 1; otherwise, proceed to Step 4.

(4) Step 4: Determine whether one or both of the two even-numbered grids adjacent to the odd-numbered
direction grid are obstacle grids. If yes, dis(i,j) = oo; otherwise, dis(i,j) = V2.

3. Multiple heuristics

According to Li Li and others ?°!, based on the path planning requiring a short path length, only a few turns,
a smooth path, and the adaptability to the environment, three factors should be considered: distance
correction function, safety function, and smoothness function. The distance correction function increases
the distance difference between the adjacent grids of the current grid and the target grid. When selecting
the next grid to be walked on, increasing the path length is an inspiration to the ants. The safety function
has a certain guiding effect on the turning of the UAV in flight. When the current direction of the UAV is
the same as that of the previous moment, the safety function value of this direction will be larger. The
smoothness function will inspire the drone to choose a gentle path.

3.1. Distance correction function

dis (i)max - diS(i,j))
dis (1) max — dis (i)min + 0.001

p(,j) = X Y1 X g1 )
dis(i)maxis the maximum distance between the adjacent grids of the i-th grid and the center of the
target grid; dis(i),,;, is the adjacent grids of the i-th grid the minimum distance between the center of
the grid and the target grid; @(i,j) is the corrected distance between the center of the j-th grid and the
center of the target grid in the adjacent grids of the i-th grid; y and g are the correction parameters.

3.2. Safety function

If the projected course rotates more during the flight, it will not only increase the distance of the flight path,
but also the degree of hazard. Therefore, it is necessary to reduce the number of turns as much as possible
in path planning.

u B

J(allowed;)’ '

() = 0w dry(t) = dry;(¢), &)
(1-0)u

J(allowed;)’

= visited;,

dTvi (t) * drl](t)
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In the formula, J(allowed;); 7;;(t) is the safety function; u is the heuristic constant; 8 represents
the importance of safety; visited; is the t-th iteration, the k-th ant goes to the current set of grid numbers
that have been passed in grid i; v is the label of the previous grid of the current i-th grid, v =
visited;(end — 1); J(allowed;) represents the number of feasible adjacent grids of the current grid;
dr,;(t) represents the direction from the v-th to the i-th grid at the t-th iteration; dr;;(t) represents the
t-th iteration, the direction from the i-th grid to the j-th grid is turned. By comparing dr,;(t) and dr;;(t),
if the two are the same, it will increase the possibility of continuing in the same direction in the following
step, allowing the path to retain a straight line.

3.3. Smoothness function

hmax - |h(i) - h(])l
Romax — min + 0.001

h(i,j) = XYz + g2 “4)

hmax 18 the maximum value of the difference between the height of the current i-th grid and the height
of its adjacent grid; h,,;, is the minimum value of the difference between the height of the current i-th
grid and the height of its adjacent grid; h(i)Is the height of the grid.

4. Improved ant colony algorithm

The ant colony is required to select the next grid from the eight adjacent grids based on pheromone, heuristic
function, and transition probability as well as to determine the nearest path from the starting point to the
destination point. Before the ant colony begins to find a path, the pheromone of each grid is the same. The
ant selects the next grid to walk according to the transition probability. The pheromone of the path will be
left, and the pheromone of the path that has not been walked will be continuously reduced in the iteration.
Ants on the shorter path locate food quickly, while ants on the longer path take a longer time to locate food.
Therefore, the sum of pheromones left by ants on the shorter path is more, thus attracting more ants to take
this path. The shortest path can then be found.

4.1. Transition probability

The transition probability of the ant colony algorithm is affected by two factors: the heuristic function and
the pheromone left by ants. There are obstacles in the real environment. The multi-heuristic function
enables ants to avoid obstacles, choosing a shorter path and reducing the number of turns. The path with
more pheromones will attract ants to choose the path. When a large number of ants walk from the same
path and fail to find the optimal path, the current path is considered as the global optimum; in that case, the
ants fall into the local optimum.

4.1.1. Adaptive heuristic function factor

In order to improve the search efficiency of an optimal path and jump out of the local optimum, an adaptive
heuristic function factor is introduced into the transition probability, as shown in equation (5). The adaptive
heuristic function factor is the weighted reciprocal of the sum of the distance from the current grid to the
starting grid as well as the distance from the current grid to the destination grid. Based on the distance
between the grid to be walked and the target grid, add the distance from the grid to the starting grid; that is,
when considering whether the grid to be walked is the best, the adaptive heuristic function factor is taken
as one of the influencing factors of the transition probability to increase the overall consideration of the
environment.
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ij is the adaptive heuristic function factor; dy; represents the distance between the starting point
and the grid to walk in; A is the starting point; j is the label of the grid to walk in; d;z is the distance
between the grid to walk in and the destination point; E is the destination point; a and b are the weight
coefficients. The smaller the distance between the grid to walk in and the starting point as well as that
between the grid to walk in and the destination point, the larger the adaptive heuristic function factor and
the transition probability. In that case, a shorter path can be better selected.

By drawing an adaptive heuristic function factor into the transition probability, the ants can select the
shortest path and speed up the efficiency of searching the optimal path.

4.1.2. Improved transition probability
The transition probability has been improved as follows:

. [Tij(t)]a[nij(t)]ﬁllij
Pi(8) = Do atowear. [Tis (D1 Mis (O1P s
0,j ¢ allowed g,

,j € allowed , (6)

k 1is the label of ants; i is the current grid number; j is the following grid number; t is the current
number of iterations; T represents the pheromone strength; 7 represents the heuristic function; «
represents the degree factor of pheromone; fis the heuristic factor; allowed; is the grid that can be
selected next. The ants at the back will be guided according to the pheromones left by the ants in front. The
shorter the path is, the more pheromones will be left, but pheromones will evaporate at the same time. The
updated pheromone is determined as follows:

S() = XLi(©) + YF(8) + ZT,(©) Y
ATij (t) — m, l,] € ViSith tq (8)
0, othervise,
M
Tyt + 1) = (1= pry(© + ) Ary(® ©)
k=1

Sk (t) is the path comprehensive indicator in the #-th iterative of the k-th ant; the smaller the Sy (t) is,
the better the route; Ly (t) is the path length; F,(t) is the mean square deviation of the grid height the ant
has walked in; T (t) is the number of turns of the path when the ant is walking; X, Y, and Z are the
adjustment coefficients of the above three factors; M is the total number of ants; p represents the
pheromone volatilization factor; @ represents the pheromone constant; visited,, is an ordered collection
of grid labels passed of the k-th ant from the #-th iteration to the g-th grid.

In this study, the initial pheromone adopts a fixed value and sets the range of pheromone to prevent
ants from falling into the local optimum when searching for the optimal path.

735 (t) = Tij(Omin (10)

7 (1) < 73 (O max (1)
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At the same time, a bounded setting is formed for the pheromone volatilization factor, iop > pmin,
then op > p; otherwise, p = pmin-

4.2. Heuristic function

The Euclidean distance from the current grid to its adjacent grid is added to the heuristic function as one of
the factors affecting the heuristic function. Through the distance correction function, an adjacent grid
closest to the target grid is selected from the adjacent grids of the current grid. The distance from the current
grid to its adjacent grid is not exactly the same. In order to more accurately consider the influence of the
path length on the ant colony’s selection of the following grid, the Euclidean distance d(i,j) from the
current grid to its adjacent grid is added to the heuristic function. When the distance d(i,j) increases, the

value ﬁ,j) will decrease, making multiple heuristic function values 7;;(t) decrease; the value of the
transition probability is then influenced to form a closed-loop feedback. The heuristic function is shown in
equation (12).

1
d(i,j)

1i(t) = + o))+ h(j) + 7)) (12)

d(i,j) is the Euclidean distance between the i-th grid center and the j-th grid center; ¢@(i,j) is
distance correction function; r(i,j) is a security function; h(i,j) is the smoothness function.

5. Algorithm simulation

5.1. Algorithm flow

(1) Step 1: Build the grid map and set the coordinates of the starting point A and destination point E.

(2) Step 2: Initialize parameters, place all the ants on the starting point, and build a tabu table.

(3) Step 3: Calculate the heuristic function and transition probability according to equations (12) and (6),
respectively, to determine the next grid that the ant will walk in; fill in the number of the grid that has
been passed by the ant in the tabu table; when the ant reaches the destination, it completes a search and
records the optimal path of this iteration.

(4) Step 4: Update the pheromone according to equation (9).

(5) Step 5: Compare the optimal path of each iteration to determine the current optimal path.

(6) Step 6: Judge whether the number of iterations reaches the maximum; if it reaches the maximum, output
the result; otherwise, continue the iteration.

According to the above steps, the pseudocode of the improved ant colony algorithm is given as follows:

Algorithm: Improved Ant Colony

Tabu=[ ]

Tabu «— Start grid numter;
while ==t

for each ant do

L R N R

6 17;;(t)« each ant;

7 F:’J‘ (t) «— each ant;

8 jemy(t), PEO);

9 Tabu<«—j;

10 stpath+«—path;

11 update T ;

16 end

17 bestpath «— ChooseBestPath(stpath) ;
18 end
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The algorithm flow chart is shown in Figure 4.

Start

A4

Build the map and set the coordinates for the starting point and

destination point.

v

Initialize each parameter to determine the total number of iterations.

_
Cd

A

Place all the ants at the starting point.

>
rd

Determine the raster to go by the heuristic function and

the transition probability.

Does ant k reach the destination point?

Record the optimal path for this iteration and update the pheromone .

A4

Compare the optimal path of each iteration to determine the

current optimal path.

Figure 4. A flow chart of the improved ant colony algorithm

5.2. Parameter setting

In order to better compare the data, the parameters in this study are changed based on the parameters used
in the comparison algorithm. Continue to run and debug according to experience to find the appropriate
value. Table 1 shows the initialization parameters.
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Table 1. Initialization parameters

Algorithm Imax M p 0 i g 2 22 u 0
Literature [25] 30 50 0.3 100 10 1 10 1 10 0.5
Improved algorithm 30 50 0.3 100 10 1 10 1 10 0.5
in this study

Algorithm Tij (O min Tij (D max Pmin 7;;(0) X Y Z
Literature [25] 10 40 0.2 20 1 0.1 0.1
Improved algorithm 10 40 0.2 20 1 0.1 0.1

in this study

5.3. Simulation comparison

In order to improve the reliability of the transition probability, this study improves the transition probability,
introduces the adaptive heuristic function factor, and takes the Euclidean distance from the current grid to
its adjacent grid as one of the influencing factors of the heuristic function. As the technique employed in
this study is a heuristic random optimization method, this study employs MATLAB to simulate and
compare the improved algorithm to a literature ! — Path Planning Based on Improved Ant Colony
Algorithm with Multiple Inspired Factor — for 30 times, in order to evaluate its efficiency. The terrain
environment is studied in the 10 x 10 and the 30 x 30 grid obstacle maps.

5.3.1. Simulation in the 10 x 10 grid environment

As shown in Figure 5, the dotted line represents the optimal path in the aforementioned literature (>, and
the solid line is the optimal path of the improved ant colony algorithm in this study. It can be seen from the
figure that most of the paths overlap. However, from the overall effect of the path, the solid line has four
turns, while the dotted line has six turns. When the dotted line turns for the fourth time, the solid line
continues to move forward in the direction of the original path, which is smooth.

Optimal path

10

8

(§)

0 2 4 6 8 10

Figure 5. Graph of optimal path comparison in the 10 x 10 grid environment

Figure 6 shows the comparison of the optimal path length at different iterations. Initially, the solid line
has a longer path length than the dotted line, but after iteration, the solid line finds a shorter path, whereas
the dotted line does not even under the same number of iterations.
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Figure 6. Graph of optimal path length in the 10 % 10 grid environment

Figure 7 compares the mean square error of the optimal path with different iterations. The initial value
of the solid line is the same as that of the dotted line. With the increasing number of iterations, it can be
seen that the height mean square deviation of the solid line reaches a stable value within five iterations,
whereas the dotted line only reaches a stable value with more than five iterations.
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Figure 7. Comparing the mean square deviation of the optimal path height in the 10 % 10 grid environment

Figure 8 is a comparison of the number of turns of the optimal path at different iterations. It can be
seen from Figure 8 that the number of turns of the solid line and the dotted line is the same under the same
number of iterations. With the increasing number of iterations, the solid line with the adaptive heuristic
function factor is introduced to obtain lesser number of turns, whereas the dotted line maintains the original
number of turns, which shows that the improved ant colony algorithm increases the ant colony’s overall
consideration of the path environment and jumps out of the local optimum.
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Figure 8. Comparison of number of turns of the optimal path in the 10 x 10 grid environment
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Figure 9 shows a comparison of the comprehensive index and average comprehensive index of the
optimal path at different iteration times. The comprehensive index is the comprehensive evaluation of the
distance correction function, safety function, and smoothness function. The lower the index, the better the
algorithm. As can be seen from Figure 9, the comprehensive index of the optimal path of the improved
algorithm has a large value initially and converges to a stable value with increasing number of iterations.

30 — Literature [25] the best comprehensive index
of the path
—=—Literature [25] the average comprehensive
25F —The improved algorithm in this paper, the best

comprehensive index of the path
---This paper improves the average comprehensive

EBI2AE pUE Xopul QA}SUQLIQ.ICILUOD gL

yied pumdo jo xopur aaisusaya1dwod

20F index of the algorithm
Neos ~8anqg@faggeofopgagnapgogo
15F
l 0 1 1 1 1 1 ]
S 0 5 10 15 20 25 30

Number of iterations

Figure 9. Comparison of the comprehensive indicators of the optimal path in the 10 x 10 grid environment

It can be seen from Table 2 that the improved algorithm reduces the number of iterations, and the
comprehensive index is relatively small. In order to reduce the influence of the randomness of the algorithm
on the experimental results, the average value and variance of the optimal solution are calculated under the
condition of running 30 times, as shown in the average value and variance of the optimal path length in
Table 2.

Table 2. Simulation results of the 10 x 10 grid environment

Optimal path index Literature [25] algorithm Improved algorithm in this study
Path length / m 15.6 15.6

Height means square error / m 9.815 9.815

Number of turns 6 4

Comprehensive index 16.21 16.01

Number of iterations of path length 6 2

Optimal path length average 15.7000 15.6467

Optimal path length variance 0.050000 0.063156

5.3.2. Simulation in the 30 x 30 grid environment

As shown in Figure 10, the dotted line represents the optimal path in the aforementioned literature
whereas the solid line represents the optimal path of the improved algorithm in this study. From Figure 10,
it can be seen that in the second corner, the path of the dotted line is straight, while that of the solid line is
diagonal; in addition, the length of the solid line is shorter compared to the dotted line. From the overall
effect of the path, the solid line has 19 turns, whereas the dotted line has 16. Considering the integrity of
the path, although the number of turns increases, the length of the path decreases.

[25]
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Figure 10. Graph of optimal path comparison in the 30 x 30 grid environment

Figure 11 shows the comparison of the optimal path length at different iterations. As can be seen from
the figure, when the adaptive heuristic function factor is introduced, the path length of the improved
algorithm is short at the beginning of the iteration. After the iteration, the shorter path is found and reaches
a stable value. It can be concluded from the results that this algorithm increases the ability of ants to consider
the integrity of the path and improves the efficiency of ants in searching for the optimal path.
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Figure 11. Comparison of optimal path length in the 30 x 30 grid environment

Figure 12 is a comparison of the height mean square deviation of the optimal path at different iterations.
The initial value of the solid line is the same as that of the dotted line. With the increasing number of
iterations, it can be seen that the height mean square deviation of the solid line reaches a stable value within
10 iterations, whereas the dotted line reaches a stable value only after 10 iterations; thus, it can be concluded
that the solid line reaches a stable value at a faster rate. Figure 13 is a comparison of the number of turns
of the optimal path at different iterations.
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Figure 12. Comparison of mean square deviation of the optimal path height in the 30 x 30 grid environment

As can be seen from Figure 13,

due to the introduction of the adaptive heuristic function factor, the

ants consider the integrity of the path while choosing a path; hence, the solid line is relatively flat, and its

does not fluctuate excessively.
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Figure 13. Comparison of the number of turns of the optimal path in the 30 x 30 grid environment

Figure 14 is a comparison of the comprehensive index and average comprehensive index of the optimal

path at different iteration times. The

lower the index, the better the algorithm. As can be seen from the

figure below, the comprehensive index curve of the optimal path of the improved algorithm is relatively

flat and tends to a stable value earlier
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Figure 14. Comparison of the comprehensive indicators of the optimal path in the 30 x 30 grid environment
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Based on the results of the path length, height mean square deviation, number of turns, comprehensive
index, and iteration times, it can be seen from Table 3 that the path length found by the improved ant colony
algorithm is relatively short, and its iteration times are relatively few in regard to its path length.

Table 3. Simulation results of the 30 x 30 grid environment

Optimal path index Literature [25] algorithm Improved algorithm in this study
Path length / m 47.8 46.6

Height means square error / m 10.260 8.225

Number of turns 16 19

Comprehensive index 49.51 48.51

Number of iterations of path length 14 8

Optimal path length average 49.1867 46.0267

Optimal path length variance 40.040774327 5.693385127

6. Conclusion

When ants look for paths in the grid environment, the distance from the current grid to its adjacent grid is
not exactly the same. In order to accurately consider the influence of path length on the selection of the
following grid by the ant colony, the Euclidean distance from the current grid to its adjacent grid is added
to the heuristic function in this study; in addition, this study increases the influencing factors of the heuristic
function, forms a closed-loop feedback, and introduces the adaptive heuristic function factor into the
transition probability. The distance from the starting point to the grid and finally to the destination point is
taken as one of the factors affecting the transition probability of ants in their selection of the next grid,
which increases the consideration of the overall environment, improves the pheromone and the pheromone
volatilization factor, as well as reduces the impact of excessive or insufficient pheromones in their path
selection, thus preventing ants from falling into the local optimum in the search process.

In this study, the improved algorithm enhances the efficiency of search path. From the results, it can
be appreciated that the improved algorithm decreases the length of the path, reduces the number of iterations,
makes the path smoother, generates a more stable curve, and aids in reaching a stable value more rapidly.
Adaptive multi-heuristic ant colony algorithm reduces the comprehensive index and average
comprehensive index of UAV path planning.

In this study, the three-dimensional environment of UAV is projected as two-dimensional for research,
which simplifies the flight environment. In the future, the complexity of the flight environment needs to be
magnified to improve the practical application of the algorithm.
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1. Introduction

As a type of fluid transportation equipment, centrifugal pump units play an important role in pipeline oil
transportation production and the petrochemical industry’s power hub. The centrifugal pump unit is
distinguished by the following characteristics: large volume, with a weight of more than 100,000 tons; high
energy consumption; high cost, with a single unit costing more than 100,000 yuan. Therefore, the
management level of a centrifugal pump unit is directly related to the safety, stability, efficiency, and energy
consumption of oil transportation production. It is particularly important to gauge and understand the
common faults of centrifugal pump units [,

2. Structural composition and basic working principle of centrifugal pumps

2.1. Structure composition

Centrifugal pumps comprise of six parts.

(1) Impeller
As the core component of centrifugal pumps, it has remarkable characteristics, such as high speed and
large output. Based on the important role of blades on the impeller, the static balance test needs to be
carried out before assembly. The inner and outer surfaces of the impeller should be smooth to effectively
reduce the friction loss caused by water flow.

(2) Pump body
The pump body is also known as the “pump shell.” it is the main component of the water pump, which
mainly plays the role of support and fixation. It is closely connected to the support for installing the
bearing.

(3) Pump shaft
The primary function of the pump shaft is to effectively connect the coupling to the motor and transmit
the torque of the motor to the impeller. Therefore, it can be used as a key component to transfer
mechanical energy.
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(4) Seal ring
The seal ring is also known as the “leakage reducing ring.” It primarily serves as a sealant [2].

(5) Stuffing box
It is made of packing, which prevents water in the pump from leaking into the surrounding environment
and the outside air from entering the pump, thereby maintaining the vacuum state in the pump. The pump
shaft and packing generate heat under friction. A water seal tube must be used to inject water into the
water seal ring to cool the packing.

(6) Axial force balancing device
When the centrifugal pump is running, liquid is placed at the impeller position under low pressure and
flows out under high pressure, resulting in unequal pressure on the left and right sides of the impeller,
which effectively generates axial thrust pointing to the inlet position, causing the rotor to move axially
and resulting in wear and vibration [>*]. Therefore, it is necessary to set the axial thrust bearing to balance
the axial force.

2.2. Working principle

The rotation of the impeller in a centrifugal pump causes the centrifugal pump equipment to operate under
the condition of the centrifugal movement of water. Before turning on the water pump, it is necessary to
ensure that the water in the pump shell and suction pipe is full. Starting the motor will cause the pump shaft
to drive the impeller and water to rotate at high speed. Water is cast out by centrifugal force to the outer
edge of the impeller and flows into the water pressure pipe of the pump via the flow channel of the volute
pump housing -6,

3. Key points in the daily operation and maintenance of centrifugal pumps

3.1. Key points in the daily operation of centrifugal pumps

The key components of the pump body include the bottom valve, suction pipeline, and mechanical pressure
pipe in the mechanical system of a centrifugal pump. With long-term use, the mechanical pressure intensity
of the pump body will gradually weaken. Some mechanical operators do not operate and use the centrifugal
pump correctly, resulting in damage to the bearing connector, body valve, and body shell, thus affecting
the service efficiency of the centrifugal pump !, Therefore, in the entire operation of centrifugal pumps,
mechanical operators must accurately grasp the key points in the operation of centrifugal pumps. Operators
and users of centrifugal pumps must exercise reasonable control over the mechanical operation intensity,
prevent the mechanical body structure of centrifugal pumps from being damaged caused by excessive
mechanical operation intensity, and strengthen the protection of the mechanical system 1%/,

3.2. Key points in the maintenance of centrifugal pumps

Connecting bearings are found in the mechanical system of centrifugal pumps. The bearings of the pump
body should be lubricated and maintained on a regular basis; otherwise, the wear and corrosion of these
bearings will be accelerated. The working space environment of the centrifugal pump itself has high liquid
corrosivity due to the strong acidity of the petrochemical liquid transported by the centrifugal pump. In this
case, the maintenance personnel must pay full attention to the lubrication of the connecting bearings of the
centrifugal pump, the bottom plate of the pump body, and the shell of the pump body, so as to ensure the
operation flexibility of the mechanical parts of the centrifugal pump. In addition, the operation and
maintenance personnel should also pay attention to replacing the mechanical parts of the pump body that
have corroded. It is important to replace the mechanical parts of the pump body that have lost their normal

operative functions, in order to prevent mechanical failure [1!-14],
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Enterprise technicians should install network intelligent automatic monitoring devices at certain parts
of the mechanical infrastructure to monitor the operation in real time. If abnormal operations of the
centrifugal pump device and equipment can be timely detected by the technical personnel, it is critical to
immediately identify the inducing factors and carry out necessary treatment. The enterprise’s technical
personnel should perform all-around daily maintenance and supervision of the centrifugal pump facilities,
perform necessary lubrication treatment for the centrifugal pump facilities, and replace centrifugal pump
components with safety performance risks on a regular basis. Optimizing the start-up mode of centrifugal
pump is conducive to reducing the operation cost of mechanical start-up and stop, and it plays an important
role in promoting the smooth start-up and stop of the centrifugal pump device system. The centrifugal pump
operation control personnel should thoroughly test the centrifugal pump equipment’s lubricating oil device,
circulating water device, and pump body bottom plate to ensure that the vacuum state of the shaft seal meets
the qualified standard, as well as thoroughly optimize the centrifugal pump’s existing start and stop control
mode.

4. Maintenance of large centrifugal pump units
In order to effectively deal with the faults of large centrifugal pump units and ensure good operation, these
centrifugal pumps need to be overhauled. Relevant maintenance strategies are discussed in this section.

4.1. Mechanical seal

During the operation of large centrifugal pump units, if the sealing ring fails, the performance of the sealing

ring material in high-temperature medium will be potentially threatened, which will lead to the failure of

the mechanical seal and affect the application effect of centrifugal pumps in mechanical and chemical
production. For such faults, there are several maintenance measures that can be taken.

(1) Combined with the functional characteristics of the sealing ring, it is necessary to replace the damaged
materials on time and implement the troubleshooting of the centrifugal pump’s sealing ring in place, so
that the sealing ring can play its role in the operation of the large centrifugal pump unit and avoid
affecting the implementation effect of the corresponding production plan.

(2) In the troubleshooting of a large centrifugal pump unit’s sealing ring fault, measures such as using
inorganic pasting sealant, adjusting interference amount, and improving ring seat material can be taken
to eliminate the fault, ensuring more reliable sealing ring performance and providing support for the
efficient operation of the large centrifugal pump unit.

(3) During the maintenance of large centrifugal pump units, in regard to component failure caused by
welding heat treatment, corrosion-resistant and high-temperature resistant alloy materials should be used
by maintenance personnel to replace the failed components in time. After maintenance, the performance
of the components should be evaluated to gauge the operation of the centrifugal pump under the action
of the sealing ring, so as to improve the maintenance effect of petrochemical enterprises and avoid
potential safety hazards in the operation 5],

4.2. Abnormal noise

Noise or abnormal vibration of large centrifugal pump units during operation will threaten the safety

performance of centrifugal pumps and increase the incidence of operation failure ). For such faults,

petrochemical maintenance personnel are required to carry out corresponding maintenance work to

effectively deal with the abnormal sound faults. Several measures can be taken to deal with these faults.

(1) The centrifugal pump should be shut down immediately to ensure that the impeller is balanced, and the
pump shaft and motor shaft are concentric. At the same time, it is necessary to thoroughly inspect whether
the large centrifugal pump unit’s foundation is firm and whether the rotor rotates in balance. Effective
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response work should be implemented to avoid adverse impact on the working performance of large
centrifugal pump units.

(2) When dealing with abnormal sound faults during the operation of centrifugal pumps, petrochemical
maintenance personnel also need to consider whether the centrifugal pump inhales sundries and whether
cavitation occurs at the impeller inlet. In case of these occurrences, they should be eliminated in time
with the support of highly-targeted fault treatment, so as to ensure the effectiveness of the treatment in
the petrochemical industry and provide support for improving its operation level.

4.3. Other parts

(1) Maintenance for motor failure
If rotor overload and rotor eccentricity occur during the operation of large centrifugal pump units, the
failure rate of the centrifugal pump motor increases, and its working performance suffers, necessitating
treatment by maintenance personnel. Among them, when overhauling and dealing with the overload
operation fault of the rotor, it is necessary to consider whether the rotating parts have friction problems,
realize the disassembly of the pump body, and provide a reliable guarantee for the performance
optimization of the rotating parts. At the same time, with the support of the valve control mode, the
operation parameters of large centrifugal pump units should be controlled within the design range to
meet the requirements of a stable operation. When eliminating the eccentric operation fault of the rotor,
petrochemical maintenance personnel need to determine whether the pump has geometric eccentricity or
impeller blade vibration, actively adjust the rotor load, and timely eliminate the exciting force caused by
eccentricity with the support of comparative test, so as to realize the treatment of centrifugal pump motor
fault.

(2) Maintenance for centrifugal pump impeller fracture
During the use of large centrifugal pump units, if the material performance reliability of the impeller is
insufficient and the long-term operation exceeds the fatigue strength, coupled with the stress
concentration at the scratch caused by the friction between the impeller and the pump shell, the impeller
will be affected by additional stress during use, which indirectly increases the incidence of fracture ['7],
In light of this failure, petrochemical enterprise maintenance personnel must consider whether the
material performance is reliable and whether the stress conditions of high-speed operation are
satisfactory based on an understanding of the functional characteristics of centrifugal pump impellers.
They should then carry out effective response work to realize the timely treatment of centrifugal pump
impeller failure.

4.4. Balancing device

The most important operation of large centrifugal pump units is centrifugation. Its main function is to
separate liquid through centrifugal force, so as to extract useful parts, separate impurities, and maximize
the use of raw materials. If a large centrifugal pump unit is to function normally, it cannot rely solely on
the pump shaft and impeller. The balancing device is also an important component that plays a vital role in
the entire production process. If the balancing device fails, the large centrifugal pump unit will not function
normally. The balance disc is the most easily damaged part of the balancing device when the equipment is
running. The balance disc is often worn due to centrifugal force ['8). If the wear is serious, it will affect the
balance of the entire device. Therefore, it is necessary to maintain the balance of the device and replace the
balance disc regularly. In order to further reduce the wear of the balance disc, the frequency of replacement,
and the maintenance cost, gaskets can be added on the balance disc to prolong its service life.
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4.5. Pump shaft

The pump shaft is an important part of the large centrifugal pump unit, and it should be paid attention to
during maintenance. During the operation of large centrifugal pump units, the pump shaft rotates at high
speed, which produces strong centrifugal force through the cooperation between the pump shaft and the
rotor, relies on the engine, and provides power through the rotor. The impeller installed on the bearing is
rotated at high speed to separate the liquid [!*?%. The liquid of varying qualities is layered, and finally the
effective components and the impurities are separated. Due to the high-speed rotation, the pump shaft will
inevitably wear, and various faults will occur under the centrifugal force. Therefore, in order to ensure a
normal operation, it is necessary to carry out regular maintenance, focus on the inspection of the pump
shaft, and replace the damaged parts in time, so as not to disrupt the entire production process and jeopardize
the interests of enterprises.

5. Conclusion

In conclusion, the common faults of large centrifugal pump units involve the mechanical seal, balancing
device, pump shaft, abnormal noise, and other faults. Ensuring the proper operation of centrifugal pump
units can help the industry grow. The stable operation of centrifugal pump units can also improve
production efficiency, thereby driving the development of the industry and enterprises. It is particularly
important to strengthen the daily maintenance and inspection of centrifugal pump units as their service life
can be extended with regular maintenance and inspection.
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1. Introduction

The development of urban streets reflects the level of urbanization, whereas the development of urban street
lighting systems reflects the city’s overall construction level. The application of the smart lighting concept
and it corresponding systems to urban street lighting can promote the overall optimization of the urban
street lighting system, which will not only improve the lighting effect of urban streets and the level of
urbanization, but also realize the convenience of operation as well as the effect of environmental protection.
Therefore, the application effect of smart lighting in urban street lighting is favorable, and this field of
research is of great significance.

2. Design scheme of urban street lighting

2.1. Installation design

During the installation design of urban street lighting, if 70 W lamps are used, the distance between lamps
and poles should be 1.5 meters and 7 meters from the ground. If 150 W lamps are used, the distance between
lamps and poles should also be 1.5 meters, but 10 meters from the ground. At the same time, the distance
between two adjacent light poles should be fixed at 10 meters to improve the rationality of urban street
lighting and ensure that the environment for driving at night is safer and more comfortable.

2.2. Brightness uniformity

Brightness uniformity refers to the uniform effect of street lamps projected onto the ground within a lighting
range. With the help of an instrument, it can test up to 100 points. If the minimum brightness is 10 and the
average brightness is 20, the uniformity is 0.5. In assuming uniformity as an important basis for light
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distribution, the larger its value, the more scattered the light is, and the better the lighting effect.

3. Smart lighting system in urban street lighting

At present, China’s economic level is improving and the process of urbanization is accelerating. The city’s
development level, as an important environment for people’s living and life, has a significant impact on the
production as well as the living state and quality of the people. Therefore, the development of “smart cities”
and “green cities” has become the main trend in urban development. In terms of urban road traffic, it is
very important to fully optimize the lighting system, which requires the application of smart lighting
concepts and systems in line with the urban development trend. In fact, the smart lighting system is not a
single process, but a scientific system layout. It is necessary to elucidate the significance of urban street
lighting in relation to the city’s overall development needs in order to ensure people’s travel safety and
improve the overall road traffic operation effect. Moreover, the thorough implementation of the smart
lighting system in urban street lighting will not only effectively meet the aforementioned needs, but also
further promote the development of science and technology in China. At present, smart technology, network
technology, 4G technology, and 5G technology are all becoming increasingly popular. Applying them to
the development of smart cities and effectively implementing smart lighting systems can accelerate the
development of corresponding software and optimize the overall layout, so as to improve the application
effect of smart lighting system in urban street lighting and promote the development of smart cities [!].

4. Urban smart street lamp design

In line with smart city construction, the faster its development speed, the higher the requirements for smart
lighting in urban street lighting. Ensuring the rational application of smart lighting systems is not only
conducive to the further development of smart cities, but also provide a guarantee for the safety of people
driving at night. Therefore, it is important to pay attention to the design of smart lighting system in urban
street lighting.

4.1. Street lamp planning

Street lamp planning is the core component in the smart lighting system. In the process of street lamp
planning, it is necessary to first understand the requirements of urban street lighting for street lamps,
propose diversified design and planning schemes according to the requirements, establish a planning model
with the assistance of building information modeling (BIM), and modify the design and planning contents
in line with the actual situation of urban streets. BIM is used to simulate the actual application of the design
and planning contents to validify their rationality and avoid the waste of resources.

4.2. Design and implementation

On the basis of ensuring the scientificity and rationality of the design and planning scheme, the smart
lighting design can be applied. BIM is used to confirm the contents of the scheme and improve each aspect
in detail, optimize the control information to improve the convenience of smart lighting control, as well as
provide reasonable conditions for smart operations in accordance to the database, so as to improve the
application effect of smart lighting 1.

4.3. Detection technology
The main purpose of using the detection technology in the smart lighting system is to improve the rationality
of smart lighting.
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(1) It is necessary to inspect the working environment of the smart lighting system to understand the control
terminal equipment, host, controller software, and network conditions, so as to avoid adverse conditions
in the constituent system.

(2) Detecting the communication interface in the smart lighting system and confirming that the
communication state is normal can improve the performance and effect of the smart lighting system.
Generally, the application effect of the interface should be mastered through testing.

(3) The test is completed by testing the data processing ability and confirming that the applied software
meets the relevant standards B!,

5. System implementation

5.1. Mobile monitoring software

In urban street lighting, the use of mobile phone monitoring software is an important component of the
smart lighting system /. At present, mobile phones have become an indispensable part of people’s daily
life and production. They are not only functional, but also important. Some jobs even require that “mobile
phones do not leave hands.” It can be appreciated that the use of mobile phone monitoring software can
improve work efficiency and convenience . In the course of their work, employees, under the smart
lighting system of urban street lighting, can control the software by using their mobile phones to carry out
smart lighting monitoring. Upon discovering any sort of fault, they must promptly check and tend to the
working state of street lamps through the application management center and the remote intelligent network,
as well as promptly identify adverse conditions, in order to ensure the lighting effect of urban streets and
optimize the maintenance work, so that the application effect of the smart lighting system in urban street
lighting can be improved [®/,

5.2. Remote smart street lamp communication system

The current technical composition of remote smart street lamp communication system mainly includes 3G
technology, 4G technology, and ethernet technology; 5G technology has not been integrated into it. The
grid connection association operation of street lamps can be applied using the smart association control and
smart node controller to form a scientific and unified smart control layout [). On this basis, each street lamp
must be equipped with an smart node controller to collect and transmit data. At the same time, it can
comprehensively gauge the network situation and timely adjust the communication requirements, so as to
improve the stability of data reception and transmission as well as the application effect of remote smart
street lamp communication system in smart lighting [,

5.3. Remote smart data processing center

After completing the construction of the smart lighting system, the remote smart data processing center can
be used to carry out data processing, including the monitoring interface of street lamp status, the
comprehensive street lamp information prompt interface, and the setting interface of street lamp status. In
the work process, information processing can be carried out based on the actual state of street lamps and
lighting requirements in the surrounding area. For example, half off, fully off, one-by-one off, and other
operations can be implemented, and adjustments can also be made for single light intensity, double light
intensity, light color, and other aspects, so that the lighting effect can meet the requirements of street
lighting as much as possible in line with the actual situation and traffic status [*). At the same time, the
operation of street lamps in the city can be displayed in real time on screen at the control center. The remote
smart data processing center can store and manage relevant data using online technology and cloud
technology; these data can then be extracted and analyzed when necessary, so as to provide a basis for the
rational application and continuous optimization of urban road smart lighting system from a long-term

34 Volume 6; Issue 2



perspective 19,

6. Urban road lighting and energy-saving design

6.1. Light source selection

In order to effectively reduce the energy consumption of the urban road smart lighting system, it is crucial
to choose a light source wisely in the application process to ensure its rationality and environmental
protection effect. In fact, there are many types of lamps that can be used in urban street lighting, and
different lamps correspond to different light colors and brightness. At the same time, different lamps have
different specifications and parameters. Therefore, the selection of light source should be based on the
actual lighting requirements of streets in various urban environments ['!l. Based on the current lighting
requirements of most urban streets, it is necessary to use LED light sources to achieve a synchronous effect
of lighting and environmental protection. This type of light source does not only bring about good lighting
effects, but also meet the demand for high efficiency, energy saving, and environmental protection. In
general, when using LED lamps as the light source for urban streets and placing them under the same
lighting effect, the degree of electric energy savings is around 80%, which significantly reduces the cost

amounted in the process of urban street lighting while also reflecting good environmental protection
benefits 12/,

6.2. Lamp performance

The use of LED lamps as the primary light source for urban street lighting requires careful consideration
of its actual use effect while also improving environmental protection benefits. Currently, the effective
efficiency of LED lamps that are widely used in China is about 150-160 Im/W, but the effective efficiency
of traditional sodium lamps is about 70-75 Im/W over the same period of time. Therefore, it concludes that
the use effect of LED lamps is better ['’]. At the same time, the bat airfoil light distribution function in LED
lamps can realize the light intersection between two adjacent street lamps, thus preventing dark lighting
areas and further improving the lighting effect of urban streets. In addition to that, LED lamps also provide
a good level of protection. Under normal circumstances, their dust-proof and waterproof densities are
relatively high, allowing them to fully meet the requirements of urban street lighting %],

6.3. Energy-saving ballast

In the process of designing a smart lighting system for urban street lighting, the use of ballasts should be

fully considered. Generally, ballasts have several advantages.

(1) Energy saving
A ballast of about 60 Hz should be used as it can improve the lighting effect by about 10% and reduce
the power by about 20% 151,

(2) Stability
The use of ballast reduces the possibility of stroboscopic conditions in the lighting system, thus
improving the overall stability of urban street lighting. Drivers driving at night can benefit from a better
resolution environment and a lower risk of visual fatigue.

(3) Reliable
The operation process of the urban street lighting system is more stable with the use of ballast, and the
lamps can also be preheated to improve the lighting efficiency when the system is turned on [1¢],

(4) Design methods
In the process of designing the smart lighting system in urban street lighting, the design must be
optimized in order to improve its energy-saving effect !”. Designers are required to collect relevant and
comprehensive data from every aspect, understand the particularity of urban street lighting based on
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professional theories, and use it as the basis to refine the design scheme. At the same time, they should
also be able to grasp relevant information about urban street structure and plane conditions, so as to
reasonably control the spacing of lamps and improve the utilization rates of various resources while
ensuring the lighting effect. When designing the circuit, it is necessary to select the most suitable position
for the incoming line and power supply based on the surrounding environment, in order to provide a
guarantee for the safety of driving at night ['8]. In addition, it is also important for designers to implement
energy-saving designs based on the on and off times of street lamps, the amount of sunlight during the
day, and seasonal changes, in order to improve the lighting system’s energy-saving effect. Other than
that, there should be two control modes in the system — automatic control and manual control. The
automatic control mode should be applied on a daily basis, whereas the manual control mode should be
applied under certain circumstances, so as to fully meet the lighting requirements of urban streets and
control the energy consumption.

7. Urban street lighting maintenance

In order to ensure the lighting effect of urban streets, it is necessary to pay attention to the maintenance of
lamps. If a lamp fails to function and is not repaired in time, the light intensity will reduce, thus affecting
the lighting effect in the surrounding area ['. As a result, not only is it difficult to ensure the safety of
driving at night, but there is also a waste of electric energy. Therefore, relevant staffs must pay close
attention to the maintenance of lamps, regularly carry out urban street lighting system maintenance in a
comprehensive manner, as well as timely identify and address the errors 2% In addition, UV resistant
lampshade or impact resistant materials should be used to reduce the probability of failures and prolong the
service life of lamps, which can help with energy conservation, environmental protection, and cost
reduction.

8. Conclusion

Road traffic plays an important role in the process of urban construction and development, and urban street
lighting has been receiving much more attention. Under the background of sustainable social development,
the use of smart lighting in urban street lighting has emerged as the main development trend. Therefore, in
the construction of urban street lighting systems, the application of the smart lighting concept and system
is conducive to optimizing the development of urban streets. At the same time, it serves as an impetus for
promoting the development of smart city systems.
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1. Introduction

All kinds of library archives come from educational, scientific research, and management operations. By
gathering and exploring this information, readers are able to gauge a library’s general state. This is not only
to assist readers in comprehending a library’s materials, but also to carry out various public relations and
educational activities. Readers can comprehensively display the necessary information and the specific
situation of the library through the effective implementation of archives management, which is based on
comprehensively classifying various information data. This ensures that readers fully understand the
internal retrieval system of the library and make rational use of its resources. In addition, as these archives
deal with the specific contents and actual situation of various library activities, the research and analysis of
these data in the decision-making process is an important basis for library directors to make sound decisions
as well as effectively carry out the management work ">, With the continuous change and development of
the times, the contents of the library will also change. In the current environment, the library’s contents are
more vital than ever in order to provide readers with high-quality services. This should be based on the
effective implementation of archives management. The purpose of library archives management is to record
and properly archive the important documents and activities of the library. The management of these
materials and data information can improve the service operation of a library.

2. Library archives management requirements

2.1. Accuracy

Accuracy requirement implies that all documents must be obtained in a short period of time, and the
working documents must be able to professionally record specific parameters and information. For example,
book files are open to the public and must be accurate. The current storage location of books, including
warehouse information, bookshelf information, book type information, and other information, should be
recorded. All information must be keyed into the proprietary resource system after comprehensive
evaluation. Accuracy is a fundamental factor in library archives management. Even if the hardware and
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software systems do not meet the requirements, the accuracy can be improved at the expense of storage
efficiency and management norms.

2.2. Timeliness

On the other hand, timeliness requirement implies that all documents should be recorded, analyzed, and
stored within a short period of time, especially the need to fulfill these responsibilities and obligations ',
After entering the location of the library, such as the book type, the content of the first book must be merged
immediately, and a new file system should be created. The formed working system has higher reliability.
In the rapid demand stage, it is necessary to determine the shortcomings of the existing working mode and
upgrade both the hardware and software systems to ensure the stability of the existing working system, a
quality implementation, and that the current requirements are met in the task of file management.

2.3. Collaboration

Collaborative requirement implies that when new documents are added to the file management system, the
information must be stored in an accurate database and can be readily provided to the public. Considering
its actual use and operation, the archives management system can be divided into many forms: book
archives, human resource management archives, library operation financial system archives, and so on.
This forms a management system that can operate more efficiently. In addition, some management systems
deployed with cloud computing need to associate localized files with cloud archives following data storage,
in order for the entire file management system’s archives to be updated at the same time.

2.4. Improvement

Improvement requirement implies that whether it is a document management system or a task management
system, there must be corresponding improvement indicators, including a comprehensive innovation of the
existing management mechanism and the continued implementation of the management mode, which can
be used by other system users. According to an individual’s own needs, the individual can enter the relevant
keywords in the management system to obtain the desired file type. The work management system should
have high operational efficiency. In the operation and development phase, according to different input
instructions and working systems, information is retrieved from the corresponding working database to
prevent the database management system from working 1.

3. Library archives management mode based on electronic technology
3.1. Model structure
On the premise of using electronic technology to innovate the working mode of the internal archives
management in libraries, a certificate authority (CA) center issuing public key infrastructure (PKI)
certificate and an authoritative attribute authority (AA) center with privilege management infrastructure
(PMI) technical attribute should be first established. Thereafter, the roles of readers outside the library
should be strictly distinguished according to the actual needs of its business development and the readers’
access to various archives resources in the library. The scope of authorization for roles like readers is clearly
specified. At the same time, it is necessary to establish and improve the role specification and formulate
corresponding role specification certificates. Following that, it is important to formally configure the public
transport certificate and role assignment issued by the user on the server device and build the LDAP server
based on the actual needs of security applications. At the same time, a server for external user identity and
authorization verification, as well as a data resource server in the library, must be built.

When an external user has a demand for the application service offered by the library, the actual access
request and public key certificate of the external user must be submitted to the authentication server, and
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the authentication server must then submit the identity and public key certificate of the library. When
external library users visit the authentication server, only those who successfully pass the server
authentication task will be able to access the library’s data resources. The authentication request is
submitted by the authentication module. It should be noted that the reliability and authenticity of the digital
signature certificate require additional verification, which is mostly done through the public key certificate
library and the certificate revocation list (CRL) in the lightweight directory access protocol (LDAP) server.
After the certificate is verified, if the server determines that the content of the certificate does not meet the
relevant preset requirements, the verification server will send an access denial of service information to the
user port [5-91,
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Figure 1. Model structure

After the user has completely passed the identity audit, the next step is to enter the relevant links of
permission verification. The implementation of protocol adaptation requires the assistance of control
framework to analyze the acquisition instructions scientifically and comprehensively. After the session is
established, the obtained information should be converted accordingly. For example, the format should be
specified, and then an interface that meets its return requirements should be provided. Generally speaking,
the operation of alarm collection can be triggered through the control framework. The manufacturer’s
protocol can then be analyzed, followed by the completion of the protocol adaptation operation, realizing
it through the callback interface. As the system accepts warning data from a wide range of surroundings, it
provides a practical and effective guarantee to the entire operating system through scientific and automated
processing. The destroy callback method can be used to erase all the original information of the interface
if the system can no longer execute; for example, if it is in a halted state. As the NetFlow protocol does not
require polling, it is easy to use. Upon starting the main program, the NetFlow protocol can be automatically
collected. The program collects the received data and enters them into the database; then, they are converted
into alarm data, transmitted to the upper layer, and processed. Snmptrap will send trap packets without
polling. It can accurately analyze the alarm information and complete the writing operation of the database.
Under the SNMP protocol, the SNMP interface in the acquisition module will perform snmpget operation,
and the agent will quickly package the extracted effective data, convert them into external format, perform
the encapsulation operation, and send it to the manager in the form of SNMP package to realize the
implementation of protocol adaptation %),

40 Volume 6; Issue 2



3.2. Model application

The main contents of the secure sockets layer (SSL) protocol include handshake protocol, ciphertext
modification protocol, alarm protocol, and so on. The application of SSL protocol in computer
communication network can improve the security and reliability of information transmission.

First, the application of SSL protocol to wireless video surveillance in computer communication
technology is introduced. SSL protocol is widely used in the field of video surveillance, such as server, C/S
mode, and control system. Different structures play different roles. Server is the core of the communication
system. The wireless video monitoring system adopts SSL protocol for video acquisition and playback, and
the established information can be transmitted to the database. Using the SSL protocol, the client can select
the video path and transmit it to the server at the same time, so as to determine the video stream information.
For hardware acquisition, SSL protocol can be used to transmit the collected video stream to the server in
real time. Therefore, through the application of SSL protocol, the internal system of computer
communication network can be connected, so as to improve the reliability of data transmission !,

The second is the application content of SSL protocol in web network. The SSL protocol can ensure a
secure data transmission channel through coding technology and encryption technology to improve data
security. In addition, by using the SSL protocol to encrypt HTTP information transmission and using the
public key encryption technology to convert HTTP to HTTPS, it is possible to prevent data loss, omission,
and other problems. The data transmission process does not require the installation of any service software
when using the SSL protocol, but it does require the completion of the encryption processing of the web
browser through the application layer encryption to ensure the security and integrity of information
transmission.

4. Library archives management measures based on electronic technology

4.1. Resource management under digital technology

With the development and progress of digital library, various emerging technologies have been applied to
the service system of intelligent library. Libraries should use more advanced management systems to
manage and optimize library resources. By using servers such as electronic tags, users can set up unique ID
codes for themselves to borrow and download resources by using the account password. According to each
of their own reading preferences, recommendations will be suggested as big data is used to gauge their
preferences as well as carry out corresponding algorithms and processing. Following that, book resources
will be recommended based on their needs and various functions such as collection will be provided [®!.

4.2. Intelligent system management

In the process of electronic upgrading, the management system of the library should also be reformed and
upgraded at the same time. The traditional management system should not be used for modern library
management. According to the actual development of different regions, targeted solutions and work plans
conducive to the development of local libraries should be proposed. According to the actual work of the
library management system, it is crucial to strictly formulate a scientific and reasonable management
system, integrate information technology and big data into the management system, use advanced software
system to manage electronic library archives, and regularly maintain the software system. Based on
advanced technology, the management system can better promote the development and sustainable

operation of public libraries 12151,

4.3. Proper design of interactive functions
The design of interactive functions is one of the most needed functions in electronic library archives. The
use of interactive functions can enhance users’ interest in reading. The library is one of the most important
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places for knowledge transmission, dissemination, and preservation of information interaction. By
developing interactive functions, users can express their understanding of their readings, their satisfaction
with the contents related to the services offered by the library, and their feedback on the storage of books
and archives resources on the interactive platform. The interactive function in the library can better promote
the communication among people and the dissemination of knowledge. The password strengthening of
dynamic interaction can also promote the construction of electronic library archives [16-2],

5. Conclusion

In conclusion, the application of electronic technology in library archives management can improve the
security of electronic library resources, prevent the leakage of core data and information, as well as improve
the efficiency of library archives management. In conjunction with the intelligent management system, the
quality of library archives management can be substantially improved.
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1. Introduction

Toys are essential tools in the process of a child’s growth. Toys on the market today are more complex, and
the use types and product-based endeavors are diverse. Toys play an important role in children’s growth.
They help children learn about their surroundings and integrate into the society as they grow, which has a
significant enlightening effect. With the continuous development and progress of science and technology,
children’s toys are becoming more and more intelligent, but there are still various types of hidden dangers
in these toys that can affect children’s physical and mental health %1, For example, if toxic substances are
used in the selection of production materials and are used by children over time, there will be an effect on
their bodies. The implementation of the “Made in China 2025 plan clearly stipulated the improvement of
manufacturing to a high-quality level and the achievement of a high market demand and high supply goal.
At the same time, as the pillar of the future, it is the common responsibility of the state and all people to
protect children’s physical and mental health. Therefore, when manufacturing children’s toys, green and
high-quality production materials should be used. On the basis of ensuring the safety and quality level of
children’s toys, it is important to further improve the innovative design ability of children’s toys and
strengthen the craftsman spirit of the manufacturing industry. This puts forward higher requirements for
manufacturers and designers *!. Children’s toys have certain hidden dangers. Strengthening the design
and safety performance of children’s toys as well as realizing human-machine safety interaction will not
only engender a happy childhood and give full play to the educational role of toys in their growth stage, but
also prevent injuries caused by toys. Taking the human-machine safety design of children’s toys as the
starting point, this study focuses on changing the product performance and design method, so as to provide
children with high-quality and safe toys.

2. Types of toys and safety testing standards
2.1. Types of toys
Children’s toys are not only articles that bring happiness to children. At present, toys are also widely used
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in education to guide children to learn. From the perspective of education, toys can be divided into six
categories: cognitive toys, language toys, science toys, action toys, operation toys, and social toys 3131,
Table 1 describes the types of toys in detail.

Table 1. Types of toys for children

Category Effect Type

Toys that can help children learn and establish various basic concepts,
Cognitive toys  such as paired toys with shape, color, and relationship as clues, toys Jigsaw puzzle, stacking cups, etc.
with game rules, and so on.
Toys that help develop children’s hearing and promote language Story tapes, story cards, drawing
Language toys . . - . ... .
expression, organizational ability, as well as practice before writing. boards for painting, etc.
Toys that can attract children to observe, compare, collect, and analyze.
. In addition to arousing their enthusiastic curiosity, children may form Microscope, kaleidoscope,
Science toys the habit of observing, analyzing, collecting data, doing things, and various specimens, etc.
seeking truth from facts through these toys.

) L . Baby-crawling toys, all kinds of
Toys that can be used to train the coordination of muscles and various

Action toys carts,  bicycle-riding,  dart-
parts of the body. .
throwing, etc.
. Toys that can promote flexibility of finger muscles and coordination Clay, threading, beading,
Action toys .
between eyes and hands. stacking blocks, etc.

Toys that enable children to express their emotions and experience
. . . Dolls, stuffed toys, etc.; toys
) people as well as the world outside. Children have more opportunities ) ] o
Social toys . ) ) ] designed for life situations, such
to understand their surroundings and absorb relevant life experience .
as supermarkets and airports.
through these toys.

In addition to considering the educational nature of toys, parents will naturally consider the safety of
toys, and whether the toys will cause harm to their children. For example, a child’s live can be threatened
by accidentally swallowing parts that have fallen off from a toy. Aside from that, a damaged toy may be
sharp, causing harm to the child. In order to avoid these situations, it is necessary to strengthen the safety
detection of toys.

2.2. Safety testing standards for mechanical toys

The safety testing of toys is generally to test the physical properties of toys. Physical properties are the

contents and factors that mainly affect the safety of toys for children. In order to reduce the risk of toys

causing harm to children, it is necessary to test the physical properties of toys before they are sold. Toys

that fail to pass the performance test need to be returned to the factory for reconstruction or destruction.

The performance test of toys mainly includes tension test, torque test, bite force test, and so on.

(1) The bite force test is used to test the condition of a toy under the action of a normal bite force in
consideration that the toy will be bitten by children, resulting in swallowing. When testing the bite force,
a pulling force in pounds is mainly used for testing. At present, the test is carried out in accordance to
the United States’ test standard, as shown in Table 2.
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Table 2. Bite force test standard

Age Pounds
0-18 months 25 Ibs
18-36 months 50 lbs
36-96 months 100 1bs

(2) The tension test is also measured by weight. The tension test is different from country to country. The
specific standards are shown in Table 3.

Table 3. Tension test of toys in various countries

Age (month) US.A Europe Thailand China Japan Canada Australia

0-18 46.7 N If accessible size < 50N If accessible size 4.5kg 52kg

18-36 69.0 N 6 mm=50N 75N <6mm=>5.1kg 4.5kg 7.7 kg

36-96 69.0 N If accessible size > 90N If accessible size 4.5kg 9.3 kg
6 mm=90N > 6mm = 9.2kg

3. Analyzing the causes of injury from toys

3.1. Hazards caused by artificial intelligence

There are many kinds of artificial intelligence products. With the integration of artificial intelligence into
children’s toys, the product form and use mode are more intelligent. Manufacturers and designers place a
high value on the profitability %! and intelligence of toys when designing and producing them, but the
negative impact of artificial intelligence in these toys, as well as the safety issues brought about by artificial
intelligence itself, are ignored, increasing the risk of harm to children’s growth.

3.2. Hazards caused by cost and inferior materials

With the continuous expansion of international trade frictions and the sharp increase of resource
consumption, the price of producing materials for children’s toys is rising, resulting in an increase in the
manufacturing cost. Under the condition of limiting the pricing of children’s toys, the space for profit is
gradually reducing. In order to enhance the interests of enterprises, manufacturers are suspected of cutting
corners and using inferior products in the production of toys. As a result, the harmfulness of children’s toys
due to the use of inferior materials is increasing, and the toys produced do not meet the requirements of
international export standards, resulting in safety issues.

3.3. Hazards caused by inappropriate mechanical structure

Due to the deficiencies of some production enterprises in production capacity and equipment, there are
deficiencies in the details of the mechanical structure of toys, along with unreasonable structural design and
flawed production technology, thus affecting the quality of toys and the safety of children. At the same
time, in regard to the selection of toys, parents should consider their children’s individual needs and select
appropriate toys for them. For example, for children under the age of three, parents should select smaller
and lighter toys to avoid accidents. Children of this age are too frail to hold heavy and bulky toys, and as a
result, they may end up hitting themselves, thus causing physical injuries. Therefore, this is one of the most
important aspects that parents should look into.

3.4. Hazards caused by flawed testing standards
At present, the current testing standards for children’s toys in China are flawed. Only the mandatory safety
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risks are specified in the standards for testing the safety of children’s toys; there are no clear provisions on
the subject other than the mandatory safety standards, resulting in the lack of judgement when testing
unexpected safety issues and potentially leading to them.

4. Human-machine safety design optimization strategy for children’s mechanical toys

4.1. Environmental-friendly design

Children’s awareness of society is still insufficient as is their ability to avoid harm. Therefore, considering
these characteristics, it is important to consider the harm to children when designing children’s toys. When
selecting design materials, those that are environmental-friendly and do not cause physical harm to children
should be selected. In addition to ensuring that the toys are resistant to wear and wrestling, we it is also
important to ensure that they are environmental-friendly. Materials that are less polluting, non-toxic, and
recyclable should be prioritized in material selection [!*!%] so as to achieve the goal of human-machine
safety design and eliminate the risk of harm to children caused by these materials.

4.2. Structural optimization

In addition to children’s interest, the safety of toys must also be considered. When designing toys, it is
necessary to ensure the safety performance and firmness of toys. For instance, in the case of plastic toys,
we should not only simplify the structure of toys, but also avoid certain designs, such as holes and eyes, on
these toys. Children’s toys must meet stringent structural requirements. These toys should also be ensured
that they are fall resistant. It is crucial to ensure that the plastic shell does not disintegrate, and the toy parts
do not break off after sustaining a fall, leading to accidental consumption by children. When optimizing the
structural design of toys, designers and manufacturers should avoid shaping the external structure of toys
with sharp corners to ensure the stability of parts. At the same time, the toy parts should be specially
reinforced to avoid life-threatening hazards as a result of the fallen parts being consumed by children.

4.3. Shape optimization

Each child has different needs at different stages and different attraction for different toys. Toys of different
shapes may harm children in various ways. For example, non-bulbous toys are nearly 30% more harmful
to children than bulbous toys, but there are many non-bulbous toys on the market. When designing toys
based on age groups, designers and manufacturers must design different types of toys for different age
groups. In the selection of toys, parents should choose toys that conform to their children’s age group with
high safety features for their children to play with. The shape and structure of toys are very appealing to
children. Therefore, it is very important to optimize the shape of toys.

4.4. Emotional interaction

“Made in China 2025 has put forward new requirements for the manufacturing industry, clearly stipulating
that it is necessary to improve the quality of products while meeting the social needs of products, which
implies that toy manufacturers and designers should innovate the design concept and discard the traditional
one. While pursuing their own interests, manufacturers and designers also need to consider the design form
and pay more attention to the physical and mental health of children to design better toys from the
perspective of children’s growth 20211,

For example, in designing the shape, it is best to focus on creating a rounded overall impression. On
the whole, the structure is simple and has strong integrity, which reduces the use of parts, prevents parts
from falling off and being consumed by children by accident, as well as reflects the characteristics of a sun
in its overall form to attract their attention. Functional changes should be based on meeting the physical

and mental health needs of children, giving full play to the role of toys in their growth as well as the function
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of toys to inspire their intelligence and improve their hands-on skills. In the design, it is necessary to avoid
designing toys that seem like food or having food smell, so as to prevent children from mistaking toys as
real food and eating them by mistake. The improvement of the emotional interaction function of toys is
primarily intended to enrich children’s childhood, create a good living and learning environment for
children, as well as teach children through play.

5. Conclusion

In a nutshell, the hazards of mechanical toys affecting children’s safety include those caused by artificial
intelligence, cost, inferior materials, inappropriate mechanical structure, and flawed testing standards. In
order to avoid these hazards and strengthen the human-machine safety design of children’s toys, it is
necessary to optimize the design material and mechanism from the perspective of environmental protection,
structure, and human-machine interaction, so as to ensure the safe use of toys among children.
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