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ABSTRACT: This work presents research on Intelligent Monitoring of Li-lon batteries by
analyzing their behavior under the influence of temperature in order to optimally maintain their
functional parameters. The strategy for implementing an integrated temperature monitoring system is
presented, in particular, if the permissible critical value is exceeded. The system consists of a structure
that has the role of protecting and supporting the battery and an electronic monitoring equipment. Their
purpose is to bring the temperature inside the operating system to a normal level, which does not affect
the parameters of the battery. It is intended to prevent the risk of explosion or ignition, given that the
structure of the battery contains chemicals that promote combustion and whose temperatures can reach
up to 500 ° C. An important element of the intelligent system is the heating source which has the role of
maintaining the battery temperature above a lower critical temperature under special operating
conditions.

1. Introduction

The system for monitoring the temperature of the Li-ion battery consists of several elements such
as: cooling source (fan), heating source, elements for mounting the system, the lower part of the housing
and the housing cover, which is removably assembled from the lower part to allows you to change or check
the battery later. The housing is made of a plastic with very good resistance to high temperatures (over 100
degrees Celsius) to withstand and operate in extreme environments. The dimensions are made according to
the dimensions of the battery, so that the space between it and the inner surfaces of the housing is large
enough to allow air to pass through (> 10-30 mm). The thickness is considered to be between 3 and 4 mm,
which leads to a high strength of the system. There are also openings in the housing to allow the output of
positive and negative terminals and a slot for mounting the fan, as well as an opening to remove air from
inside. The devices for cooling and heating the battery are of the electric type and are connected directly to
the battery, no need for an external source to power them. The fan used is chosen so that the volume of air
supplied by it is more than sufficient for cooling and thus for the normal operation of the battery. It is also
taken into account that its voltage value does not exceed 12V, and the number of rotations and the number
of decibels (dB) it generates should not exceed a maximum value.

3. Materials for making products
The components of the device are made mostly of high temperature resistant plastics and have a

good resistance against shocks and vibrations given the environment in which it operates, namely the engine
compartment of a vehicle. The product design diagram is shown in figure 1.
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Fig.1. Product design scheme

The fixing of the casing will be done using a screw and a metal insert inserted in the plastic material,
in the 3 areas it will be taken over all degrees of freedom. The thickness of the piece is about 3-4 mm to be
resistant to shocks, vibrations, etc. and rib thickness 1-3 mm. The product is equipped with a simple
temperature sensor that will signal when the battery temperature is critical. The removable cover (left side)
is required so that the operator can see the details of the battery inscribed on its label.

The components of the device are:

1. bracket (bottom of the case)

2. cover (top of the case)

3. removable cover (side) - necessary for the operator to see the details of the battery marked on its label
4. metal inserts x3 (bottom) - required for assembling the product

5. X3 screws

6. main pipe (made of 2 components - the lower part and the upper part)

7. fan

8. temperature sensor

9. 12V battery

4. Assisted design
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5. Modeling - simulation

Modern engineering is so specialized and products so complex that it is difficult for a single person
or team to design a product. Designers are increasingly using computers and software applications, with
software being the catalyst that has revolutionized this process.

Initially, the computer was used to make drawings, a technology that later became computer-aided
design (CAD) -based design. Subsequently, 3D representations of the parts that are part of the products
were created. The next step was to take these models and run them on numerically controlled machines,
and finally to process them on computer-aided machines. The methods used during product design involve
software specific to mechanics, electronics, or design control methods and involve the ability to convert the
model from one type of software to another. Standards have been developed to allow this, but sometimes
the results have not been as expected, so the next step in the process is to unify the design, manufacture of
components and management with the physical behavior of the product.

The process gives engineers the opportunity to be involved not only in the design and execution of
the product, but also in the management of systems capable of simulating their performance, the result
being the so-called virtual prototyping. Increasingly, simulation has taken the place of physical product
testing, so more and more software packages specific to engineering design have included modules that
allow the application of simulation tehniques.

Simulation of air flow and temperature

Initial data

The own contribution is the simulation of the air flow inside the housing, the definition of the
parameters necessary for the simulation, as well as the realization of short presentations containing the
simulation results and their interpretation. We have made sure that the battery temperature does not exceed
70 degrees Celsius in order to operate normally.

The simulation of the air flow inside the product (housing) was done in a software that contains a
special module for its realization. For this study to be correct, it is necessary to define all the necessary
parameters to be able to achieve air flow, such as: initial solid temperature, ambient temperature, type of
fan used, pressure inside the housing, areas through which air is evacuated from inside as well as the area
through which it enters the air duct. At the same time, we considered that the housing type product should
be completely sealed, without air leaks.

His own contribution to this work is the simulation of the air flow inside the housing and the
interpretation of the results.

The results of the simulation are presented below.

Surface Plot 1 Minimum
Temperature (Solid) | 20.08 *C

Temperature (Solid) [*C]

Surface Plot 1: contours

Surface Plot 1 Maximum
Temperature (Solid) | 71.44 °C

e

Fig. 3 - Battery temperature after simulation with fan on
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A maximum temperature of approximately 71.5 °C (on the bottom surface of the battery) is
observed following the simulation with the fan on and a minimum battery temperature of 20 °C, a
temperature present on the surface in the immediate vicinity of the fan. The metal support on which the
battery rests has a great influence on the temperature, being made of a metal, it has a much higher thermal
conductivity.

9.210
8.188
7.163
6.140
5118
4.003
3.070
2,047
1023
0
Velocity [mis]

Flow Trajectories 1

Temperature (Solid)

Fig. 4 - Simulation of the air flow inside the housing and the temperature of the
battery with the fan on
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Fig. 5 - Flow directions and air velocity inside the housing (fan on)
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Figure 6 - Distribution of air velocity inside the housing (fan on)

The above figures show, as expected, a higher air speed in the fan area and a higher temperature of
the fluid inside in the area where its speed is very low (bottom). The metal support is necessary to raise the
battery to a certain height to allow the air to reach all surfaces, especially those in the lower area, where the
temperature has the highest value.

The following study refers to checking the battery temperature when the fan is switched off and
the airflow is generated only by the speed of the moving vehicle through an air duct, as shown in the figures
below:

A very high value of the battery temperature is observed, of approximately 89°C in its lower area,
a value that influences its life and possible danger of explosion. This is the main reason why | chose to use
a fan, as small and efficient as possible, which does not involve high costs and which reduces the battery
temperature by a considerable amount.

Fig. 7 - Battery temperature resulting from simulation with fan off
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Fig. 8 - Air flow through the duct and then inside the housing (fan off)

From these simulations results the obligation to use a fan that considerably reduces the temperature
of the Li-lon battery, a temperature that resulted in approximately 71.5 °C. The volume of air supplied by
the fan is the same as that which enters it, which is why the volume of air entering the duct must be equal
to them.

6. Future research directions

Based on this study, a multitude of applications can be made, such as replacing the fan with a larger
one that provides a much larger volume of air, increasing the height of the metal support on which the
battery is placed so as to penetrate as much air as necessary for cooling, use a temperature sensor
(thermocouple) at the point where it turned out to be the highest temperature, etc.
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