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In this paper, a smart control circuit with breakdown and charging completion detection to
implement a power-off function for a lithium-iron phosphate battery charger is proposed. The
smart control circuit of the lithium-iron phosphate battery charger has a simple structure and its
advantages are as follows. (1) When the lithium-iron phosphate battery is fully charged during
charging, the control circuit can implement the power-off function of the lithium-iron phosphate
battery charger. Therefore, it can effectively increase the life of the lithium-iron phosphate
battery. (2) In the event of a short circuit or under a low voltage condition, the control circuit can
rapidly turn off the power source of the lithium-iron phosphate battery. (3) By incorporating a
simple sensing circuit, the fault conditions in the lithium-iron phosphate battery during charging
can be easily detected. Therefore, it can effectively decrease the probability of electrical
accidents. Additionally, the charging status of the lithium-iron phosphate battery is shown by
LED indictors, which allow users to easily determine fault conditions. Finally, a 51.7 V4. and 150
W prototype of the lithium-iron phosphate battery charger is built and implemented.
Experimental results are presented to verify the performance and feasibility of the smart control
circuit with breakdown and charging completion detection to implement the power-off function
for the lithium-iron phosphate battery charger.

1. Introduction

Large amounts of fossil fuels are used, and thus global carbon monoxide emissions have
increased significantly, leading to rapid global warming. According to data records, more than
24% of global carbon monoxide and particulate matter emissions come from fuel-powered
vehicles.(2) In Taiwan, fuel-powered motorcycles are generally popular. Because these
motorcycles are suitable for riding in the streets and alleys of cities, people are not delayed by
traffic jams. To reduce the carbon monoxide and particulate matter emissions by fuel powered
motorcycles, which cause serious air pollution, the government provides a subsidy to people who
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buy electric motorcycles or electric bicycles for personal transportation. These vehicles have the
advantages of nonpolluting, high energy efficiency, and low noise. They are a type of convenient
transportation in urban areas and can effectively solve the problem of air pollution.®>)

The electric motorcycles or electric bicycles require a high-performance battery. The high-
performance lithium-iron phosphate battery used as the power sources of these vehicles is
widely accepted because of its many advantages. (1) It belongs to the category of green energy
and does not cause air pollution. (2) Charging and discharging temperatures do not easily
rise. (3) It can provide a high discharging power (large current can be generated instantly) and
long cycle lives. However, the price of the lithium-iron phosphate battery determines its quality.
The inside of a low-quality lithium-iron phosphate battery has many impurities, which induce
the crystallization of the negative electrode. This phenomenon causes internal short circuits of
the lithium-iron phosphate battery during charging, which can cause explosion and other serious
electrical accidents.©~® Therefore, when breakdown conditions are detected during the charging
of the lithium-iron phosphate battery via an AC-to-DC charger, the charging power of the
lithium-iron phosphate battery must be effectively and quickly shut down. The chargers of the
lithium-iron phosphate battery mainly use AC-to-DC isolated high-efficiency switching power
converters for electric vehicles or electric bicycles.*"!") The advantages of these converters are
the safety of electrical isolation and high conversion efficiency.12-!3 However, their main
disadvantage is that they cannot detect breakdown or charging completion to implement the
power-off function for the lithium-iron phosphate battery.(14-16) Therefore, electrical accidents
frequently happen.

To overcome the above problems, a smart control circuit for the lithium-iron phosphate
battery interconnecting an AC-to-DC charger is proposed, as shown in Fig. 1. The AC-to-DC
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Fig. 1. (Color online) A smart control circuit with breakdown and charging completion interconnects with the
AC-to-DC charger to implement power-off function.
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charger consists of two circuits. The front circuit is an AC-to-DC isolated high-efficiency
switching power converter and the rear circuit is a smart control circuit. The proposed smart
control circuit has a simple structure, which has the following advantages. When the lithium-
iron phosphate battery is fully charged or induces breakdown (short circuit and low voltage)
during charging processes, the control circuit can rapidly implement the power-off function of
the AC-to-DC charger. Therefore, it can effectively increase the life of the lithium-iron phosphate
battery and decrease the probability of electrical accidents.

2. Structure Analysis of Smart Control Circuit

Figure 1 shows that the proposed smart control circuit with breakdown and charging
completion detection to implement the power-off function has a simple structure. It consists of
Darlington circuits, power relays, and LED displays. To effectively drive the power relay, a
simple and low-cost Darlington circuit is selected, as shown in Fig. 2. The Darlington circuit
consists of two transistors with a type number of 2N551 to drive a 48 V. power relay. The
following equations are used to calculate the base current (/) and collecting current (/) of the

transistors.
Iy = Vi =VaE1 —VpEs) (1)
Ry,
Io=p1, )
Here, 7, =( R Wy R, =( RiR ), and f3 is the current gain of transistors.
TR AR T R 4Ry

To correctly design and select the values of the resistors (R; and R,), an accurate /- of the

2N5551

Fig. 2. (Color online) Structure of a Darlington circuit to drive a power relay.
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transistor can be obtained from the Darlington circuit. Therefore, the power relay can be easily
turned on.

3. Operational Principles of Smart Control Circuit

The operational principles of the smart control circuit are divided into four major operating
modes. The equivalent circuit of each operating mode is shown in Fig. 3. The following is a brief
description of the operating modes of the smart control circuit.

Mode 1: The voltage polarity of the lithium-iron phosphate battery and the charging power
source is inversely connected.

When the lithium-iron phosphate battery is connected to the charging power source, the
control circuit will detect the voltage polarity correctness of the lithium-iron phosphate battery
and the charging power source. If the voltage polarity of the lithium-iron phosphate battery and
the charging power source is reversely connected, the currents (/) of the first-set Darlington
circuit (Darlington-1) are equal to zero. Therefore, the first-set power relay (Relay-1) is turned
off and the indicator LED-5 is turned on. In this operating mode, the lithium-iron phosphate
battery cannot charge, causing the reverse connection of the voltage polarity. The equivalent
circuit is shown in Fig. 3(a).

Mode 2: The internal cells of the lithium-iron phosphate battery have a short current.

When the internal cells of the lithium-iron phosphate battery have a short current, a zero
voltage (Vpasery = 0) of the lithium-iron phosphate battery is detected via the smart control
circuit. The currents (/) of the first-set Darlington circuit (Darlington-1) are equal to zero,
resulting in the first-set power relay (Relay-1) being turned off and the indicator LED-4 being
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Fig. 3. (Color online) Equivalent circuits of smart control circuit with breakdown and charging completion
detection to implement power-off function. (a) Mode 1.



Sensors and Materials, Vol. 34, No. 5 (2022) 1701

turned on. During this interval, when the internal cells of the lithium-iron phosphate battery
have a short current, the charging power source can be turned off immediately. Therefore, it can
protect the lithium-iron phosphate battery and avoid electrical accidents. The equivalent circuit
is shown in Fig. 3(b).
Mode 3: The lithium-iron phosphate battery is operated in the charging processes.

If the lithium-iron phosphate battery does not have reversely connected or short circuits, the
currents (/) of the first-set Darlington circuit (Darlington-1) are other than zero, resulting in the
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Fig. 3. (Continued) (b) Mode 2. (c) Mode 3.
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Fig. 3. (Continued) (d) Mode 4.

first-set power relay (Relay-1) being turned on and the indicator LED-2 also being turned on.
During this interval, the lithium-iron phosphate battery enters a normal charging process. The
equivalent circuit is shown in Fig. 3(c).

Mode 4: The charging of the lithium-iron phosphate battery is completed.

When the lithium-iron phosphate battery is completely charged, the currents (/) of the
second-set Darlington circuit (Darlington-2) are other than zero, resulting in the second-set
power relay (Relay-2) being turned on, the indicator LED-3 also being turned on, and the
indicator LED-2 being turned off. During this interval, the charging power source is turned off
and overcharging, which decreases the life of the lithium-iron phosphate battery, is avoided. The
equivalent circuit is shown in Fig. 3(d).

4. Experimental Results

To verify the feasibility of the proposed smart control circuit with breakdown and charging
completion detection to implement the power-off function, a 150 W prototype of the AC-to-DC
charger interconnecting a smart control circuit is built, as shown in Fig. 1. The specifications of
the AC-to-DC charger with a smart control circuit are as follows:

* input voltage: V;,= 90-265 V,,
* output voltage: V,,,= 51.7 Vg,
* output current: /,=2.85 A,

* output power: P, =150 W.

Figure 4 shows the measured voltage waveforms of the voltage reversely connected to the
lithium-iron phosphate battery and the charging power source. It can be seen that the voltage is
reversely connected to the lithium-iron phosphate battery, the charging power source is turned
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(Color online) Measured waveforms of voltage reversely connected to the lithium-iron phosphate battery
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phosphate battery.

(Color online) Measured voltage waveforms of Relay-1 and Relay-2 under short circuit of lithium-iron

off, and the indicator LED-5 is turned on. Figure 5 shows the measured voltage waveforms of
Relay-1 and Relay-2 when the internal cells of the lithium-iron phosphate battery have short
circuits. It can be seen that Relay-1 and Relay-2 are turned off and the indicator LED-4 is turned
on under short-circuit conditions. Figure 6 shows the measured voltage waveforms of Relay-1
and Relay-2 during the charging process of the lithium-iron phosphate battery. It can be seen that
Relay-1 is turned on, Relay-2 is turned off, and the indicator LED-2 is turned on. Figure 7 shows
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Fig. 6. (Color online) Measured voltage waveforms of Relay-1 and Relay-2 under charging process of lithium-iron
phosphate battery.

il DS0-X 3014T, MYSS032086, 07.20.2017102614: Thu Sep 23 12:29:04 22
S0V 2 SV 3 20V 4 5000ms/ _ 40.00ms sev [}
14,0V k- - -
e e =
1%

Relay-1 is turned on under /
charging completion

VRelayz X

Relay-1 is turned pn under
.00 charging completion

10.0

8,00

V \ indicator
ho  VLED3 LED-3 is
1 L . turned on

-580n 40.0n

ooy 6.0000V 155350k 1228PM
S0 Sep3, 202

;m'loc :mnlnc

Fig. 7. (Color online) Measured voltage waveforms of lithium-iron phosphate battery at charging completion.

the measured voltage waveforms of Relay-1 and Relay-2 during the charging completion of the
lithium-iron phosphate battery. It can be seen that Relay-1 and Relay-2 are turned on and the
indicator LED-3 is also turned on. Figure 8 shows the proposed smart control circuit with
breakout and charging completion detection to implement power-off function for the lithium-

iron phosphate battery charger.
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Fig. 8. (Color online) Proposed smart control circuit with breakout and charging completion detection to
implement power-off function for lithium-iron phosphate battery charger.

5. Conclusions

In this paper, a proposed smart control circuit with breakout and charging completion
detection to implement the power-off function for lithium-iron chargers has been built and
implemented. It uses a simple structure to implement the power-off function when the breakout
and charging completion of the lithium-iron phosphate battery have occurred. Therefore, it can
effectively increase the life of the lithium-iron phosphate battery and decrease the probability of
electrical accidents. Experimental results have confirmed that the proposed smart control circuit
with breakout and charging completion detection to the implement power-off function is suitable
for the lithium-iron phosphate battery charger.
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