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Abstract. The structure of thenode shell on a container door was designed and
analyzed in this study. The model of the shell was developed with ANSYS. The grids
of the model were divided based on the Hex dominant method, and the stress
distribution and the temperature distribution of the shell were calculated based on FEA
(Finite Element Analysis) method.The analysis results indicated thatthe location of the
concave upward side has the highest stress which also lower than the strength limit of
the material. The temperature of the magnet installation location was highest,
therefore the glue for fixing the magnet must has high temperature resistance. The
results provide the basis for the further optimization of the shell.

1. Introduction
The container is an important component of vessels, trains and vehicles. The characteristics of the
container have important effects on the vessels or trains.

Cope taro et al. [1] analysed the thermal performance of PCM in refrigerated container based on
simulation and experiment. Zha et al. [2] analysed the mechanical performance of container structure.
Jiang et al. [3] analysed the effects of crosswind intensity on the cross stability of container trains
running on plain. Sun et al. [4] analysed the liquid sloshing process of a tank truck based on numerical
simulation. Furthermore, Wang et al. [5] analysed the heat transfer performance of a dangerous goods
container based the simulation method.

In this paper, the structure of thenode shell on a container doorwas designed and analysed. The
calculation model was developed with ANSYS. The stress distribution and the temperature
distribution of the shell were calculated based on simulations and analysed.

2. Simulation model of the node structure a container door

Fig.1 shows the model of the node structure of a container door. The length, the width and the height
were 94mm, 50mm and 157mm, respectively. It contains four batteries, a magnet, a circuit board and
an antenna. Another square shell which has a length of 56 mm, a width of 27 mm and a height of 25
mm. A hall sensor was installed in the square shell. Furthermore, all of the shells were made of ABS
(Acrylonitrile Butadiene Styrene) plastic.
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Figure 1. The model of the node structure of a container door

2.1. FEA calculation model

The calculation model of the container door node structure was meshed based on the Hex dominant
method. The cells were divided with hexahedral and tetrahedral grids. The shell has about one hundred
thousand of grids. Fig.2 shows the front and back view of the FEA calculation model of the container
door node.

The shell has acceleration due to its own weight. Furthermore, the batteries have higher gravity in
all components. The effects of other components’ gravity on the stress were very small and can be
neglected. Therefore, a downward equivalent stress was only applied on the installation surface of the
batteries. The shell back was tightly closed with the container door under the action of the suction
force of the magnet, therefore, the shell back was constrained.

(A) (B)

Figure 2. FEA calculation model of the container door node. (A): The front view, and (B): The back
view.

2.2. Calculation model of the temperature distribution

The back and the concave of the shell were respectively contacted with the container door and the
door handle according to the installation condition of the shell. The temperature of the metal parts of
the container door and handle can reach up to 50 C. So the temperature of the contact face was set as
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50 °C. The other surfaces were exposed in the air, and the temperature was set as 35°C. The heat
transfer coefficient, the specific heat capacity, the linear expansion coefficient of the shell materials
was set up in the model, and the temperature distribution was calculated and analysed.

3. Analysis of stress distribution and temperature distribution

3.1. Analysis of stress distribution of the shell
The stress distribution of the shell was calculated in this section. Fig.3 describes the stress distribution
from the front view, the back view and the upward view.

From Figure.3 (A) we can see that, the stress was very small, and lower than 3 MPa. As shown in
Figure.3(B), the location of the maximum stress was the concave upward side (As shown in Figure.3
(C)), due to the gravity of the batteries on the tress of the shell. The maximum stress was 11.36 MPa.
However, the maximum stress is far lower than the strength limit of the ABS resin, therefore, the
design of the shell meets the strength requirement.

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit:MPa

lll.36 MAX

10.10
1884

1 7-58

l 6.31
5.05

2,53
I 1.27
2.37e-5 MIN

Figure 3. The stress distribution of the container door note. (A): The back view of the stress
distribution, (B): The front view of the stress distribution, and (C): The upward view of the stress
distribution.

(A) (B} (©

From Figure.4 we can see that, there is a stress concentration area in the inner wall of the battery
installation, due to the gravity of the batteries on the tress of the inner wall of the shell. This part is
also the site in particular need to pay attention to during shell design and modification optimization. In
the shell optimization, the stress concentration can be reduced by thickening the wall or increasing the
ribs here.
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Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

11.363 MAX
10.101
8.8381

25252 ; ;

2.3674e-5 MIN

Figure 4. The stress distribution on the cross section of the container door note

From Figure.5(A) we can see that, the total deformation of the entire battery box is very small, due
to the stress in the box is small. However, there is a large deformation in the external wall of the
battery installation, because the gravity of the battery squeezes the walls of the shell. From the
downward view on the cross section of the total deformation in Figure.6 we can see that, there is also a
certain deformation in the inner wall near the battery location. In order to enhance the strength of the
position of the battery, it is necessary to thicken the position, or other ways of enhancing the strength
to prevent the deformation from being too large for damage.

Total Deformation
Type: Total Deformation
Unit: mm

0.0014664 MAX
0.0013035

0.0011405

[

0.0009776

0.0008147

= 0.0006517

—1 0.0004888

0.0003259

0.0001629
0 b,

Figure 5. The total deformation of the container door note. (A): The upward view of the total
deformation, and (B): The downward view on the cross section of the total deformation

3.2. Analysis of temperature distribution of the shell

The temperature distribution of the shell was calculated in this section, as shown in Fig.4. The
temperature of the shell was increased under the action of the heat transfer and convection heat
transfer when the shell was exposure under the sun. From the results we can see that, the temperature
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of the shell back was higher, and the maximum temperature at the location for installing the magnet
was higher than 50 °C. The temperatures at the locations for installing the hall sensor, the circuit board,
the antenna and the batteries were low, around 35°C. Therefore, the electron components can normally
operate. The temperature analysis of the shell has positive influence on the selection of the electron
components.

The results of the temperature distribution analysis indicated that: the temperature of the magnet
installation location was highest, therefore the glue for fixing the magnet must have high temperature
resistance. The other locations have lower temperature, so the other electron components can normally
work.

Steady-State Thermal
Type:Temperature
Unit: C

50 MAX

48.25

46.40

44.74
1 42.98

41.23

39.48

37.72

3597

34.22 MIN

Figure 6. The back view of the temperature distribution of the shell

From the temperature distribution on the cross section of the shell in Figure.7 we can see that, there
have the high temperature in the vicinity of the heating surface and near the internal material for the
thermal conductivity of ABS is not strong. For the corner position of the battery, the thermal stress of
the box may be affected due to the high temperature, so it is necessary to pay more attention to the
thermal stress in this area. The simulation is in the extreme assumption that the temperature of the
shell surface which contact with metal up to 50°C, and the temperature of the shell surface which
contact with air up to 35°C. Considering the thermal conductivity of ABS plastic is not strong, the
actual temperature should be lower than given temperature.

Steady-State Thermal
Type:Temperature
Unit:'C

I 50 MAX

48.246
1 46.492
I 44,738
= 42.984
H 4123

— 39.477

37.723
I 35.969
34,215 MIN

Figure 7. The temperature distribution on the cross section of the shell

Figure.8 is the total heat flux distribution on the cross section of the shell. As the heat transfer
coefficient of ABS plastic is small, the whole body internal heat flow is also very small, which can be
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basically negligible. And just on the edge of the box body angular position has a relatively large heat
flow, the maximum is 0.00458W / mm?>.

Total Heat Flux
Type:Total Heat Flux
Unit: W/mm?

I0.0045779 MAX
0.0040692

1 0.0035606

— 0.0030519

= 0.0025433

— 0.0020346

— 0.001526

L 0.001017
0.0005087
4,7071e-17 MIN

Figure 8. The total heat flux distribution on the cross section of the shell

4. Conclusion
The stress distribution, the total deformation distribution, the temperature distribution and the total
heat flux distribution of the shell of a container door node were analysed in this study. The results
indicated that:

The location of the concave upward side has the maximum stress, i.e. 11.36 MPa, due to the gravity
of the batteries on the tress of the shell. However, the maximum stress is far lower than the strength
limit of the ABS plastic. In the same place, there has the maximum total deformation.

The maximum temperature at the location for installing the magnet was higher than 50 C.
Therefore, the glue for fixing the magnet must have high temperature resistance. The other electron
components can normally work due to the low temperature at the other locations.
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