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Abstract: The exhaust emissions from ships is the most important issue faced by the shipbuilding industry. The
International Maritime Organization (IMO) which regulates international shipping came out with a ruling that the exhaust
emissions from ships by 2050 must be reduced by 50% of the total volume as compared to 2008 levels. Research on elec-
tric propulsion ships using batteries are being conducted. The battery is changed regularly, when the condition of the bat-
tery is deteriorated and the aging phenomenon becomes serious. Recently, several for measuring internal impedance using
electrochemical impedance spectroscopy have been used. In this study, we solved this adjust so that the period of
charge/discharge signal is injected to the same in the conventional circuit which improved the distortion by individually
controlling the Bipolar Junction Transistor (BJT) offset of Push-Pull circuit. We designed and simulated a circuit that can
control the charge and discharge cycles to one offset at the same time. The proposed current circuit designed an AC sens-
ing circuit suitable for the improved circuit. We concluded that the our proposed simulation of a circuit can be adjusted to
minimize distortion.
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energy density. Double universally used lithium batteries have

1. Introduction

The International Maritime Organization (IMO) which regu- a higher risk of explosion and fire than other batteries and

lates international shipping came out with a ruling that the ex- therefore it must be handled efficiently [1][2].

haust emissions from ships by 2050 must be reduced by 50% Batteries can either explode or non-normalized by deterio-

of the total volume as compared to 2008 levels.The amount of
CO2 emission is regulated according to the size of zen and
ships. Most merchant ships are propelled by the main engine
(M/E). In recent years, M/E of liquefied natural gas (LNG)
fuel has attracted attention to meet the environmental
regulations. If there is no M/E the electric propulsion method
is used as a propulsion motor for various functions such as
precise control of speed, distributed arrangement of engine
equipment, and so on. This applies to ships, cruise ships and
warships [1][2].

The power generation system of electric propulsion ships is
roughly divided into three parts: diesel/dual fuel generator, hy-
brid power generation using fuel cell, ESS, and power gen-
eration using fuel cell. The main power of the electric pro-
pulsion ship is composed of a fuel cell such as a battery, and

research is being conducted on the use of fuel cells with high

ration or aging. If the battery is continuously charged/dis-
charged, the battery performance will deteriorate. Therefore, it
is necessary to regularly check the battery and replace it to en-
sure safety. There are several methods for measuring batteries
performance. Recently, several studies have been conducted and
devices that analyze the aging and deterioration characteristics
of batteries by estimating the value of internal impedance using
impedance spectroscopy have been utilized [3].

Figure 1 shows a graph of distortion. It was difficult to in-
ject the charge and discharge signals in the same way in the
conventional circuits, which improved the distortion by con-
trolling the BJT offset of the push-pull circuit. In this paper,
to solve this problem, we designed and simulated a circuit that
can control charge and discharge cycles with one offset at the
same time. In addition, the AC current detection circuit for the

improved circuit is designed together.
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Figure 1: Crossover distortion of push-pull amplifier

2. Theory

2.1 Electrochemical Impedance Spectroscopy (EIS)

At a high frequency, the internal impedance is measured af-
ter measuring the changes in amplitude and phase according to
the response waveform generated by sequentially applying an

alternating waveform up to a low frequency [3][4].

2.2 Theory of EIS

As the reactance changes according to the frequency, the
impedance in the AC circuit is affected by the capacitor and
inductance. Therefore, to understand these characteristics ac-
cording to the frequency, it is necessary to express them in
complex numbers in complex plane.

When a smalling alternating current (I) is injected into the
battery, an alternating voltage (V) is generated. Depending on
the value of the internal impedance, a phase difference(,
Phase Shift) occurs. Equation (1) shows the internal im-
pedance [5][6].

1

Z=R+jX=R+j(XL—(Y
C

) (1
[R : Real part, jX : Imaginary part, X : Inductive reactance,

1/Xc : Capacitive reactance]

3. System configuration

3.1 Conventional EIS system

Figure 2 shows a modified version of the push-pull circuit
as a conventional minute current injection circuit. An alternat-
ing current is applied to the battery via PNP and NPN BIJT,
and use Offset adjustment circuit to adjust the input waveform
of Q1 and Q2 and design to be turn-on. This circuit is de-
signed so that an alternating current can be measured through
the resistances of Shl and Sh2 [3][5].

This method can minimizes the distortion, however, it is
likely that the charge/discharge amount is not equally pro-
portional(1:1). Therefore, the respective offset needs to be
adjusted that affects the battery charge/discharge, Hence an
improved circuit design that can minimize distortion is

needed.

.
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adjusting

circuit circuit

Figure 2: Conventional small AC injection circuit

3.2 Proposed EIS System

3.2.1 Circuits of EIS and Offset

Figure 3 shows an AC voltage injection circuit in which a
small charge/discharge alternating current of a battery is in-
jected and a shunt resistor for measuring the current is
connected. The AC voltage signal to be injected was reversely
injected into the charging NPN and the room-specific NPN,
and they were made to conduct in the same cycle so that the
offset could be adjusted by one.

Figure 4 shows an offset adjustment circuit that makes
charge/discharge the same at 1:1. The AC waveform input to
the V_Amp AC terminal is first converted into an AC signal
and then inverted via Op-Amp. The half cycle of these two
signals is higher than the turn-on voltage of each NPN shown
in Figure 3. The offset voltage is adjusted according to the in-
put, and a circuit that adds each emitter terminal voltage is
added to make one offset adjustment. The amount of

charge/discharge can be changed in the same cycle.
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Figure 3: Proposed small AC injection circuit

Figure 4: Offset adjustment circuit
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This method eliminates cross distortion by conducting AC
voltage in the same period, and at the same time that enables
1:1 charge/discharge, and uses the conventional NPN and PNP
BJT offset circuit circuits individually. This circuit was de-

signed to eliminate the asymmetrical distortion.

3.2.2 Sensing circuit of current

Figure 5 shows our proposed AC current detection circuit.
In the case of conventional offset circuit, current detection re-
sistor, a circuit is obtained which is obtained by alternating
current from the battery voltage potential and adjusted to
MCU voltage range. Therefore, we designed a circuit that con-

verts AC wavefroms.
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Figure 5: AC current sensing circuit

4. Simulation

4.1 Simulation of conventional circuit

Figure 6 shows the current waveform of charge/discharge as
the result of the simulation when two offset values were given
0 V and the current flowing through the BJT's base(B) and
emitter(E) terminal voltages and the currents in each BJT.
Figure 6 (a) shows the waveform during the charging of NPN
BJT. The charging current appears because the BJT conducts
only when the B terminal injection signal is 0.7V higher than
the E terminal. Figure 6 (b) shows the waveform of the dis-
charge part PNP BJT. BJT conducts only when the B-terminal
injection signal is 0.7 V lower than the E terminal, but if the
B-terminal injection signal is higher than the E terminal, no
discharge current flows.

Figure 7 shows the simulation result of waveforms when the
NPN BIJT offset is 0.4 V and the PNP BIJT offset is 1 V.
Figure 7 (a) shows the waveform during NPN charging and
the charging current cycle is greatly adjusted, and Figure 7
(b) is the waveform of the discharging unit PNP BJT when,

the discharge current is reduced.
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(b) Voltage and discharging current of Q2
Figure 6: Offset value: charging part 0V, discharge part 0V
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(b) Voltage and Discharging current of Q2
Figure 7: Offset value: 0.4V for charging part, 1V for
discharge part
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Figure 8 shows the waveform in which the current changes
according to the charging and discharging unit and offset is
detected. Figure 8 (a) when Offset was adjusted to the same
value of OV, the phenomenon that only the current of the
charging part flows appears. Figure 8 (b) is current flows in
both of the discharge but waveform distortion occurs. This is
the case when both currents are full rotor and waveform dis-
tortion is displayed. In the case of Figure 8 (c), the waveform
has no distortion, and charge/discharge currents do not flow in
the same direction. As in the case of Figure 8 (d), the offset is
injected such that it is 0.7 V from each emitter. In this case,
there is no waveform distortion, and a current with the same

amount of charge/discharge current can flow through the battery.
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(a) Offset value: charge part OV, discharge part 0V
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(d) Offset value: 0.2V charge part, 1.2V discharge part

Figure 8: The waveforms of sensing current

When offset is adjusted individually in the simulation result
of the conventional circuit, the amount of charge/discharge is
adjusted differently, and it is known that adjustment is neces-
sary to adjust charge/discharge in the same cycle. If the two
offsets are set to 1:1, there is no waveform distortion and the
same charge/discharge amount can be set. However, in a
board, it is difficult to set accurately because each is adjusted

with a variable resistor.

4.2 Simulation of proposed system

Figure 9 shows the charge/discharge current and current
sensing waveforms when the charge/discharge amount was
50% or less with one offset in the proposed circuit. Figure 11
(a) is a charge current and discharge current waveform, which
is adjusted by one offset circuit. Such that conduction cycle of
BJT is the same for both charge/discharge, and it is in-
sufficiently controlled and distortion occurs in the shape of the
current sensing waveform in Figure 9 (b).

Figure 10 shows the charge/discharge current amount and
current sensing waveform when the charge/discharge amounts
was controlled to 50%. Figure 10 (a) shows that the cycles of
charge and discharge are the same, and only 50% of the cy-
cles flow current. Figure 10 (b) was confirmed that the
amount of charge and discharge can be controlled in the same
manner without distortion occurring as in the current detection

waveform.
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(b) Current sensing waveform

Figure 9: Offset voltage value: 0.1V
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(b) Current sensing waveform
Figure 10: Offset voltage value: 0.2V
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Figure 11 (a) shows the discharge current amount and cur-
rent sensing waveform when the charge/discharge amounts
were adjusted to be 50% or more. The amount of charge/dis-
charge are the same, and the current flows continuously.
However, as shown in the waveform Figure 11 (b), the sine
wave has a distortion in the section where charge/discharge
occur simultaneously. Through the simulation results using the
proposed circuit, even if the offset is incorrectly set, the
charge/discharge cycles are injected equally.

The existing circuit uses a variable resistor that raises the
sine wave for NPN and a variable resistor that lowers the sine
wave for PNP, changing the waveform and sending the
charge/discharge waveforms respectively. The conduction size
is determined by each variable resistor, and it is difficult to
find an exactly 1: 1 matching interval.

The proposed circuit uses two NPN BJTs of the same size,
and are conducted and superposed at the same time. It is pos-
sible to measure the internal impedance with a zero base with-

out affecting the discharge.

(b) Current sensing waveform
Figure 11: Offset voltage value: 0.3V

4.3 Current measurement circuit
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(b) Waveform of charge/discharge current sensing circuit

Figure 12: Charge/discharge current sensing circuit

Figure 12 shows a waveform in which the voltage across
the shunt resistor is detected to measure the current injected
into the proposed EIS circuit. As both NPN BJTs are used for
the charge/discharge circuit, the charge/discharge current is
displayed in the same direction while the potential waveform
is different as shown in Figure 12 (a). The current waveform

is shown in Figure 12 (b).

Current_Out

Figure 13: Output waveform of current detection

Figure 13 is a circuit that is composed as shown in Figure
5 to output to the MCU in the form of alternating current. It
allows you to adjust the offset within 1.5 V to maintain the
waveforms within the 0 to 3 V of the MCU.

5. Conclusion

This study describeds an offset control circuit that can per-
formed charge/discharge adjustment in the same cycle. This is
an improvement over the previously proposed electrochemical
impedance spectroscopy (EIS). A current sensing circuit suit-
able for the proposed circuit was designed and simulated to
verify its validity.

As a result of simulating the possibility of applying the im-
proved circuit proposed in this paper, the following con-

clusions were obtained.

1) When using the existing two offset circuits that minimize
distortion generated in EIS equipment, adjust the value so
that the charge/discharge amount is matched 1: 1 in the
same cycle it was difficult. This point was improved, and a
good sinusoidal charge/discharge AC signal having the
same cycle as that of one offset circuit and having no dis-
tortion could be obtained.

2) Adjusting the point to eliminate cross distortion to make AC
voltage conduct in the same cycle through the proposed cir-
cuit, at the same time, charge/discharge amount can be 1:1,
for, each offset circuit of conventional NPN and PNP BJT
circuit It was confirmed that it was possible to eliminate the
amount of asymmetric distortion caused by the individual use.

3

~

The proposed equipment for minimizing distortion is easy
to grasp the graph of fuel cell at a glance. It is expected to
contribute to the safety of electric vehicles and electric pro-

pulsion ships.
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