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Abstract. Solar streetlights are new type of road lighting lamps, and are used on islands, rural, industries,
parks, schools and other public places. In consideration of which it was easy to drop and to damage in response
to wind vibration and transportation. Thus, in this paper, the drop positions of new power solar lamp battery

box were computed and force positions of battery box drop were analyzed by ABAQUS numerical simulation.

1 Introduction

Solar and wind are two types of clean energy sources
which are widely used on resources technology, especially
for solar energy, which are heavily invested by many
countries. Solar energy is one of the cleanest energy
resources whose development potential is enormous, and
plays an important role in future energy development
strategies [1]. It is easy to drop and damage in response to
wind vibration or during carrying. Thus, ABAQUS was
used to simulate the drop positions and force situations of
new power solar lamp battery box.

Tannous et al. used life cycle assessment
method( LCA) , two street lighting technologies in
Lebanon, traditional grid-connected and solar independent
systems, were assessed and compared from the
perspective of environment. It was found that solar
systems have much less impact on overall environment
when the landfill and recycling were considered[2].
Renato et al. took many vertical axis wind turbines into
the lamppost structures, the PV panels were jointed, and
energy was ensured by storage devices and power
conversion devices that lighting is available during
nighttime without wind, meanwhile, specialized safety
equipment in extreme wind conditions was designed, and
it can be automatically stopped to prevent turbine over-
speeding[3]. Shi X X et al. applied wireless senor
networks to wind-sight complementary street lamps, the

ZigBee technology was used on street lamps to
communicate and monitor wind-sight complementary
street lamps[4]. Shruti et al. designed a new type of solar
energy LED street lamps which has an energy
management algorithm and can automatically estimate
solar energy stored in cells. Meanwhile, the whole system
energy utilization was improved[5]. Li Y X, Yang Q S, et
al. derived the background response equivalent static wind
load of large-span buildings based on the equivalent strain
energy, the problems were solved, which multiple
structural response control objects should be considered
when the equivalent static wind load of large-span
buildings were computed[6]. Yan J et al. researched on the
disk solar thermal power system frame structures, and a
finite element modeling method on complex frame
structures was proposed[7]. Bin et al. studied on 1.5 MW
wind turbine tower tube. Linear filtering method was used
to simulate the instantaneous wind speed under storm
conditions, and the instantaneous wind speed was
simulated to analyze the wind-induced response of fan
tower[8]. Chen B et al. used numerical simulation to study
transient dynamic response of CFRP cable under strong
wind based on fluid-solid coupling theory[9].

2 Numerical Simulation
The material of battery box is Acrylonitrile- Butadience-

Styrene, (ABS), material properties are as shown in Table
1.

Table 1. Material properties

Elasticity Modulus Poisson Ratio Density Yield Strength
/E(MPa) N /p(kg/m?) /o5(MPa)
1. ABS 2.2000 3.0.394 4.1020 530

C3D8 linear hexahedron element and C3D4 linear
tetrahedron element were used in calculation model. As
drop collision is a transient dynamic change, the state of
the product greatly changed in a short time, thus,
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ABAQUS dominant nonlinear dynamic analysis solver,
Dynamic and Explicit, were used to analyze the transient
dynamic of battery box. Speed load method was used to
apply load, this model was simulated which dropped from
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the height of 1.2m and 1.5m, the impact surface was
assumed to be rigid. The drop displacement and impact
velocity were as shown in Equation(1) and Equation(2)[9,

10].
1
X=— gt2
2 (M)
V=gt

2
where gravity acceleration g equals to 9.8 kg/m?
The standard drop situations can be divided into
surface drop, edge drop and corner drop, thus, in order to

analyze the actual drop of the battery box during handling,
three different kinds of drop situations were simulated
after battery boxes hit the ground.

2.1 Surface Drop

The battery box drop was regarded as free fall, and hit
the ground which was taken as rigid. The whole battery
box fall vertically without inclination angle, and the drop
heights were set to 1.2 m and 1.5 m, the drop model were
shown in Figure 1.and Figure 2.

Figl. Bottom surface drop model

2.2 Edge Drop

The battery box drop was regarded as free fall, and the
edge hit the ground which was taken as rigid. Battery box

Fig2. Side surface drop model

flanked to ground with 45°inclination angle, the drop
heights were set to 1.2m and 1.5m, the drop model were
shown in Figure 3.

Fig3. Side edge drop model

2.3 Corner Drop

The battery box drop was regarded as free fall, the corner
impacted on the ground which was taken as rigid. Battery
box flanked to ground with 45°inclination angle, the drop
heights were set to 1.2m and 1.5m, the drop model were
shown in Figure 4.

3 Results and discussions

Table 2. Maximum Mises stress on different drop positions

6. Mises  7.Bottom 8. Side 9.Edge 10. Corner
Stress/MPa Drop Drop Drop Drop

11.1.2 12. 16 13.44 14.71 15.76

16. 1.5 17. 18 18.49 19.79 20. 87

Fig4. Corner drop model

Energy/J

o
T

0+

0.000 0.002 0.004 0.006 0.008 0.010
Time/s

Fig5. Energy changes of system in drop Different drop
positions were shown in Table 2, the max Mises stress of
battery box. It was found that the stress effect of corner
drop was biggest, next was edge drop, however, the
surface drop is safe due to large contact area.

As shown in Figure 5. the total system energy
(ETOTAL) held the line, but the total kinetic energy
(ALLKE) dropped off and the friction dissipative energy
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(ALLFD) gradually increased when battery box hit the
ground,and finally tend to stable.
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(a) 1.2m
Fig6. Bottom drop of battery box stress cloud map
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Fig7. Figure 7. Acceleration curve on the center of
bottom

The stress cloud map of battery box are as shown in
Figure 6, it can be found that the bottom surface had local
stress concentration, but the value of stress is small, the
max Mises stress is only 18MPa, though it was fall from
the height of 1.5m. Acceleration curve on the center of the
bottom during drop were shown in Figure 7, and it was
found that the acceleration increased rapidly and then
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Fig8. Displacement curve on the center of the bottom

decreased to zero. Displacement curve at the center of the
bottom surface during drop were as shown in Figure 8, and
it was found that the battery box bounced up after landing,
then fell, and finally landed.

(b) 1.5m

Fig9. Stress cloud map of edge surface drop
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Fig10. Acceleration curve at the center of bottom

The stress cloud map of battery box after dropping was
shown in Figure 9, it was found that there was obvious
stress concentration on the bottom surface, the max Mises
stress was bigger than bottom drop because of the small
side area. Acceleration curve at the center of the bottom
during drop was shown in Figure 10, it can be found that
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Figl3. Acceleration curve at the center of bottom

The edge drop cloud map was shown in Figure 12, it
can be found that there remained obvious stress
concentration, the max Mises stress was up to 79MPa
when dropped from the height of 1.5m. the yield stress of
battery box is SOMPa, thus, the shell was yielded in a small
range when battery box fall from the height of 1.5m.
Acceleration curve at the center point of the bottom box
during drop was shown in Figure 13, it can be found that
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Fig11. Displacement curve at the center of bottom

the acceleration increased around 0.003 s and then
decreased up and down around zero when the battery box
hit the ground. Displacement curve at the center of the
bottom surface during drop was shown in Figure 11, it can
be found that the battery box bounced up and down after
landing.
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(b) 1.5m

Figure 12. Side edge drop of battery box stress cloud map
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acceleration began to increase sharply when the time close
to 0.003s, then decreased gradually, and after 0.008s tend
to zero. Displacement curve at the center of bottom was
shown in Figure 14, it can be found that the battery hit the
ground, then quickly bounced off the ground for twice and
finally landing, but the range was very small, and can be
negligible.
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Figl15. Corner drop of battery box stress cloud
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Figle. Acceleration curve at the center of bottom Fig17. Displacement curve at the center of bottom
The Mises stress cloud map was shown in Figure 15,
it can be found that local stress concentration on the
bottom corner, the max stress was up to 87MPa when fall References
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