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Abstract:

In recent years, electric vehicle has been gradually used everywhere. However, charging to large capacity
batteries is difficult. How to manage it has become an important issue. In this research, an intelligent lithium-
ion battery-charging management system is proposed. The system integrates the battery monitoring and
balance platform (BMBP) and charging station. According to the battery information of BMBP and the user
needs, A proposed dual charging method (DCM) is used to control the charging voltage or current of
charging station. The DCM contains the rapid and the smart multi-stage charging methods. In addition, the
smart multi-stage charging methods depress the temperature rising during charging to protect the batteries.
On the other hand, the system also provides a friendly graphic user interface on PC or smart devices for user
to select the charging method and monitoring the state of batteries. The system proposes a convenient
solution for both quickly or safely charging needs.
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Abstract

In recent years, electric vehicle has been gradually used
everywhere. However, charging to large capacity batteries is
difficult. How to manage it has become an important issue. In
this research, an intelligent lithium-ion battery-charging
management system is proposed. The system integrates the
battery monitoring and balance platform (BMBP) and
charging station. According to the battery mformation of
BMBP and the user needs, a proposed dual charging method
(DCM) is used to control the charging voltage or current of
charging station. The DCM contains the rapid and the smart
multi-stage  charging methods, In  addition, the smart
multi-stage charging methods depress the temperature rising
during charging to protect the batteries. On the other hand, the
system also provides a friendly graphic user interface on PC or
smart devices for user to select the charging method and
monitoring the state of batteries. The system proposes a
convenient solution for both quickly or safely charging needs.

Keyv words: Lithium-lon Battery, Electric Vehicle, Battery
Management System, Smart Charging Method

Introduction

Lithium-ion batteries, such as LiN10.8Co0.202, LiNi102,
LiMn204 and LiFePO4, are widely used due to their high
power density, large capacity, high operating voltage, low
self-discharge, small size, and freedom from memory effect
[1-2]. The life-span of a lithium-ion battery depends largely on
how it is charged [3-6]: increasing battery life-span requires
that batteries be charged to their maximum power in the least
amount of time without increasing the temperature. In this
study, we focused on LiFePO4 batteries.

Several charging methods have been proposed to achieve
this. The constant voltage method [7] is the simplest approach:
the voltage is kept constant while the current gradually
decreases over time. This means that as the battery approaches
saturation, charging slows down. However, attempts to
increase the voltage in order to reduce time spent charging can
damage the battery. Another approach is the constant current
method [8], in which the current is maintained at a constant
value by increasing the charge voltage, This method achieves
maximum charge rapidly. However, the unlimited charge
voltage can damage the battery, and determining when the
battery has reached saturation can be challenging. Moreover,
without taking into account the electrochemical reaction
balance of the battery, the voltage of the battery drops rapidly
when the charging process is halted.

The constant voltage and constant current methods are
combined in the constant voltage - constant current (CC-CV)
method [8], which is also referred to as the two-stage charge
method. In the first stage, the constant current method is used
to increase the charge speed. When the voltage reaches a given
threshold, the system switches to constant voltage. Despite the
fact that much of the total charging can be completed in the
[irst stage, the second stage is usually quite extended and the
threshold 1s sull difficult to define.

Some researchers have sought to increase the efficiency of
the charging process using the pulse charge method [9] and
RetlexTM charge method [10]. By starting and stopping the
charge repeatedly for short bursts of time, the pulse charge
method can be used to balance the electrochemical reaction
that occurs while charging. This largely resolves the problem
of voltage drop found in the constant voltage method; however,
this approach is unsuitable for aging batteries. In contrast, the
ReflexTM charge method is switch charge and discharge in a
rapid time to increase efficiency beyond what can be achieved
using the pulse charge method. Unfortunately, this approach
requires equipment capable of continuously switching
between charge and discharge states.

In this study, we developed a five-stage charging method
[10]. Unlike the CC-CV charge method, constant current is
used in all five stages with a specific current value defined for
each stage. When the voltage reaches a given threshold, the
charging process is halted to maintain electrochemical balance
and then switched to the following stage. This decreases the
charge time and protects the battery from being over-charged.
We employed the Taguchi method to determine the current
threshold in each stage [2,10,11]. We also took into account
the effects of temperature increasing on the charging process
and lifespan of the batteries.

On the other hand, prolonged charging and uncertainty
concerning the state of the battery are particularly problematic
when dealing with large capacity batteries. This study
employed wireless technology with advancements in
intelligent devices [12-13] in the development of a PIBMS to
check the status of batteries while being charged and eliminate
wail times. Battery usage is recorded to determine the SOH
and aging condition of the battery.

The rest of this paper 1s organized as follows. In Section 2,
we introduce the architecture of the PIBMS. In Section 3, we
outline the means by which design parameters were
determined for adaptive charging. Experiment results and a
brief discussion are presented in Section 4. Conclusions are
drawn in Section 5.



Description of PIBMS

A, Architecture

In Fig. 1, the PIBMS (comprising a programmable charger),
the portable BMS (containing a battery pack), and the user
device are illustrated. First, the programmable charger
includes a personal computer (PC), which controls the charger
according to the charging algorithm using information
provided by the portable BMS. Second, the portable BMS
comprises (1) a communications nterface, (1) a controller, (111)
a battery measurement unit (BMU), (iv) a data save unit
(DRU), and (v) a battery pack. The power of portable BMS is
provided by the battery pack. The BMU detects the state of the
battery pack and transmits this data to the controller to be
stored in the DRU. When the portable BMS is connected to the
charger, the controller transmits batterv-related data to the
charger via the communications interface for the configuration
of the charging algorithm. Finally, the controller can also send
battery-related information to the user device, such as a smart
phone or tablet, by using Bluetooth.

Churger Portable BMS User |
i BMS Device
| Chargheg | :
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Figure 1: Architecture of PIBMS

B. Functional Design of PIBMS

The PIBMS conducts three basic functions: (1) adaptive
charge mode, (11) wireless transmission and (ii1) data collection.
Suitable charge parameters for adaptive charge mode are set in
the PC as outlined in the following section. These parameters
are converted into control commands used to drive the charger
in providing power to the batteries. Battery temperature and
voltage data is transmitted back to the PC to enable in the
determination of whether to switch to the following stage of
charging, as shown in Fig. 2. This function can also be used to
transmit information between a portable BMS and the user
device wirelessly. The smart device first locates and connects
to the BMS Bluetooth device in order to obtain battery-related
information using the proposed application. The DRU then
records the battery mformation as a function of data collection.

Adaptive Charging

The selection of suitable charge parameters for the proposed
five-stage charging method was achieved using the Taguchi
method, as follows: (1) selection of quality characteristics (QC),
(11) selection of control factors (CF), (i) orthogonal table
arrangement, (iv) experiments based on selected control
factors, (v) comparison of quality characteristics and
determmation of convergence of control factors. The overall

process 1s illustrated in Fig. 3.

A. Selection of Quality Characteristics

Suitable charge current parameters were  determined
according to quality characteristics, which is composited by
three experiment conditions: charge power P, elapsed time t,
and increase in temperature . Symbol  refers to the average
temperature during the experiment, and is the initial
temperature of the battery at the start of the experiment. These
factors are used to determine the suitable charge quality
according to the following rules: (i) larger filled power, (i)
less elapsed time and (ii1) small elevated temperature. Quality
characteristics Q is defined using Eq. (1), wherein a larger
value for characteristics Q indicates charge parameters of
greater suitability.

PC Charger

Recelving Battery Information

Switching 1o Next Stage

Changing Charge Cament
Stop Charging

Stop Charging

&

Figure 2: Operation of adaptive charge mode
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Experiment Results and Discussion

A Implementation of Portable Intelligent BMS

In the portable BMS, a 15W. 16 series voltage input sensor
board (DCMax Power Tech.) connected to a 48V 50Ah battery
pack is used as a BMU, which obtains data related to the
temperature and voltage of the batteries to be sent to the
controller. We employed an Arduino Mega Board with
extended SD card module as a controller and DRU. The
communication interfaces were integrated to the 25 pins
D-type plug. Fig. 6 illustrates the structure of the portable
BMS. When the information of BMU is received, it is passed
to the DRU and saved as a text file, as shown in Fig. 7.

We also developed an application for smart devices to
receive the battery-related information wirelessly. On the left
of Fig. 8 is illustrates the initial screen of the application when
the smart device is connected to the BMS. Linking the
application to the controller makes it possible to download
temperature and voltage data to the smart device, as shown in
the middle image of Fig. 8. In the event of error wherein the
smart device is unable to receive data from the BMS, an alarm
is sounded to alert the user, as shown in the right image of Fig.
8.



B. Adaptive Charging Result

The programmable charger includes (i) a Chen Tech. 2 kW
ET-100A charger, and (i) a personal computer with an
Intel(R) Core(TM) i7-2600/3.4GHz CPU running the
Windows 7 64-bit operating system. To reduce the influence of
ambient temperature, the (iii) batteries were held within an (iv)
incubator during the experiments. The experiment setup is
presented in Fig. 9.

Table 3 presents the level table based on the CFs initialized
rules outlined in Section 111, which is used in the arrangement
of orthogonal tables for the first round of experiments. The
experiment results with the qualities obtained using Eq. (1) are
presented in Table 4. The charged power is measured by
discharge step for the sake of accuracy. From the results
obtained in Table 4, the 8th experiment shows which achieved
the largest quality result of 4.992. In which the CFs in the
orthogonal table were as follows: , and were used to modified
the level table for the second round experiment. Finally, the
Table 5 Dists the level table used in the third round of
experiments, in which  CFs in the orthogonal table were as
follows: . In the third experiment in table 6, the results from
the 5th experiment produced the highest quality value of 5.63.
The CFs between levels is equal to 0.025 C at each stage in
Table 5, the level table is no longer modified, and the suitable
charge current of five stage are 0.9 C, 0.825C, 0.65C, 0.525 C
and 0.425 C.

Fig. 10 presents a comparison of the proposed five-stage
charging method with the CC-CV charge method with regard
to inereases in temperature. As shown, the merease in
temperature assoctated with the five-stage charging method is
less than that of the CC-CV charging method.

Figure 9; Experiment setup of adaptive charging method: (1) 2
kW charger, (11) PC, (i11) battery and (iv) incubator

Conclusions

In this study. we developed an intelligent portable BMS
based on adaptive charging with a number of useful
management functions. Adaptive charging was designed as a
five-stage charging method to extend the charge time and
correspondingly moderate the increase in temperature. The
Taguchi method with orthogonal tables was used to determine
suitable charging parameters for each of the five stages: 0.9 C,
0.825 C, 0.65 C, 0.525 C and 0425 C. We also developed
functions for the collection and wireless transmission of data
to smart devices. Battery-related data can be saved in an SD
card or passed to a smart device using Bluetooth. An
application was also developed for the display of information
related to charging and the state of batteries. In the case of
error in the transmission of data, an alarm is sounded to alert

the user. This device represents an intelligent effective
approach to the management of battery systems.
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