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Abstract— The charging of DC accumulator that
experiences a lack of electric charge energy, usually
utilizes an AC input power from the PLN network. When
the AC input power from the PLN network is unavailable,
a DC power source is used from the backup DC
accumulator as a substitute. The research objective is to
design an internal DC accumulator charging using a
backup DC accumulator equipment based on inverter
and converter equipment. The charging system will use
input power from the backup DC accumulator to replace
the AC input power from the PLN network. The electric
voltage of the internal DC accumulator that is filled
(charged) is the initial condition of Vbcacu.int) = 8.76 Volts
until it reaches the normal condition of 12.05 Volts with a
capacity of charging current of 5 Ah (Ampere.hours)
absorbs electrical energy of Wacuint) = 16.45 Wh
(Watt.hours). The results show that the equipment supply
a DC charger of 13.0 volts and Ppc of 21.32 watts to the
internal DC accumulator. The comparison of Wacu.int) to
Poc produces time charging, tcharging) 0f 46.29 minutes.

Keywords— backup DC accumulator, DC inverter, DC
converter, charging energy and internal DC accumulator.

I. INTRODUCTION

Electric motors are selected as the driving force for the
automotive vehicles offering comfortable and easier
operation than internal combustion-powered vehicles. The
electrical energy sources as the driving force for the
automotive engines uses a DC power from the
battery/accumulator. The internal DC accumulator supplies
power to the electric motor machine and to the other electrical
load such as lamps. The battery will experience a decrease in
stored energy while driving the electric motor, so it is
necessary to recharge the accumulator energy. Generally,
recharging the internal DC accumulator utilizes AC electrical
energy from the PLN AC power generation network. If the
availability of PLN electrical energy network is not available,
then it needs other electrical source equipment for recharging
the internal DC accumulator to replace the availability of
PLN networks. The backup DC accumulator is used as a
substitute for AC electrical energy sources from PLN [1],[2].

The DC inverter equipment is expected as a solution to the
problem of the unavailability of 220-volt AC electrical
energy sources of PLN network. The input of DC inverter
power comes from a backup DC accumulator to produce an
output voltage of 220 volts AC. Furthermore, the output
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voltage of 220 volts AC is connected to the input of the AC
converter to be converted into a DC voltage for charging the
internal DC accumulator.

The purpose of this study is to charge internal DC
accumulators by utilizing the input power source from a
backup DC accumulator, when the input power source from
the PLN AC power network is not available.

Il. METHODS

The DC battery/accumulator has a shortage of electrical
energy, it can be charged by DC electric sources. In the
battery charging, the positive pole is connected to the positive
electric current source and the negative pole is connected to
the negative electric current source. The voltage of DC
accumulator which has a shortage of electric charge capacity
is smaller than normal conditions. For example, the electric
voltage level is less than 12 volts DC or about 10.0 to 11.0
volts DC. Charging process is supplied by a DC voltage
source that is greater than 12 volts DC, which is about [12
volts DC + (10% x 12 volts DC)] = 13.2 volts DC. Thus, the
source voltage can supply electric current to the DC
accumulator electrical load. The parameter specifications for
the current capacity of the DC accumulator are in ampere
hours (Ah). The duration of electric current charging to reach
the full electrical capacity in Ah (amperes.hours) is
formulated in equation (1).[3]

t= 1 €y
Where:
t = Duration of charging (hours)
C =The old capacity of the charger, (Ah)
| = Current supply, amperes (A).

The duration is proportional to the supply of electric voltage
and the capacity of charging electric current as shown in
equation (2). [3], [7]

W= V.Il.t 2
Where:
W =Charging capacity, Watt.hour (W.h)
V = Supply voltage, volts.
| = Charging current, Amperes.
t = Duration, hours (h).

The electric power is proportional to the electric voltage and
the electric current as formulated in equation (3). [3]
P=V.I (3)



Where:

P = Electric power capacity, watt
V = DC voltage source, volts

| = current supply, amperes.

In this study, the Vpcacucady from the backup DC
accumulator power supply as the main input source is
connected to the input of DC inverter device to generate AC
power voltage. The voltage is adjusted to have similar
characteristic with the PLN AC power supply voltage level,
at the ranges from 200 volts to 230 volts. Then, it is connected
to the input of AC converter device to be converted into a DC
mains voltage, Vocsupply)- The Viocsupply) 1S Used to charge the
internal DC accumulator that has a low energy level. The
block diagram of the internal DC accumulator charging
method using the main input from a backup DC accumulator
based on the DC inverter and AC converter as shown in
Figure 1.
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Fig. 1. Block diagram
The flow chart of this methodology is shown in Figure 2.
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Fig. 2. Flow chart
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2.1 Backup DC accumulator

The main input power in this comes from the backup
DC accumulator, Vpc(acu.backup)- The backup DC accumulator
has voltage level of 12.53 volts DC with electric capacity of
25 Ah.
2.2 DC inverter and AC converter

The DC inverter produces an AC output voltage,
Vac(inwt) at the range of 200 volts to 230 volts, as a substitute
for the AC power source from PLN. The AC converter
converts it into the DC voltage, Vbc(convt) at the range of 12.0-
13.0 Volts DC. The measurement results of the backup DC
accumulator based on the DC inverter and AC converter are
shown in the table 1.

Table 1. Measurement results of Vpc(acubackup), VAcant) and

Vbc(cont)
iacfjﬁ:gl;; DC Inverter AC converter
Vbc(Acu.backup) Vac(invt,) Vbe(conwt)
(volt DC) (volt AC) (volt DC)
12.53 2185 13.0

I1l. RESULTS AND DISCUSSIONS
The overall design of the internal DC accumulator charging

equipment are shown in Figure 3.

Fig. 3. The equipment designs

Source: original picture
The output voltage of AC converter produces a DC voltage
output, Vpconvyy 10 be used as the supply voltage for the
DC The

measurement of Vpcsupply) IS 13.0 volts DC with the charging

internal accumulator  charger,  Vopcsupply)-
current, Ipcesupply) OF 1.64 amperes (A). In this case, the DC
power capacity of the internal DC accumulator charger,
Poceupply) 1S calculated using the equation of Ppcgsupply) =
Vocsupply) X Ioceupptyy = 13.0 X 1.64 = 21.32 Watts. The
electrical parameter for the internal DC accumulator charger
are shown in Table 2.

Table 2. The Ppcsupply) Of internal DC accumulator

Vbc(supply) Ioc(suppty) Poc(supply)
(Volt) (Ampere) (Watt)
13.0 1.64 21.32




In the charging process, the initial condition of Vpcacu.int) iS
8.76 volts and it reaches the final condition of the normal
electric voltage, which is presented in Figure 4. The charging
results of the internal DC accumulator to normal condition,
Vbcormary 18 12.05 volts DC with the electrical capacity of 5
Ah. The increasing of DC voltage, AVpc = [Vbc(mormaly —
Vocacuint)] = (12.05 volts — 8.76 volts) = 3.29 volts. The
electrical charging energy to reaches normal condition is
Wnormaty = Ve X Ceany = 3.29 volts x 5.0 Ah = 16.45 Wh
(Watt.hour). The charging results of the internal DC
accumulator has is shown in the table 3.

Fig. 4. Internal DC mains voltage at initial condition and

after charging process
Source: original picture
Table 3. The charging results of the internal DC

accumulator

Voltage charging Electrical energy

VDC(Acu.Int.) VDC(normaI) AVpc C(Ah-) W(Ah)
(volt) (volt) (volt) (Ah) (Wh)
8,76 12,05 3,29 5 16,45

The duration of the charging time from the initial condition
to the normal electric voltage condition is expressed as
follow:

- _Wany
t(charging) - W

By using the data of W(Ah) = 16.45 watt.hour (W.h) and the
electric power, Pocgupply) = 21.32 watts (data in the table 2),
the duration time to charge the dc accumulator. internal units

in minutes, as follows:

o _  Wun) _ 1645 _ .
t(charging) = Pocomry | 2132 0,772 (hour) x 60 minutes/1

hour = 46,29 minutes

t(charging) = 46,29 mlnutes
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The data recapitulation of the Ppcsupply)y, W(AD) and techarge)
parameters for charging process of the internal DC
accumulator is shown in table 4.

Table 4. Charging parameter of the internal DC accumulator

charger electric charging energy  lenath of time

Ve Pde(Suplai) W(AcuInt) t{pengisian)
13 Volt 21,32 Watt 16,45 Wh 46:2.9
Menit

IVV. CONCLUSIONS

When the input of 220 volt AC power from the PLN network
is unavailable, it can use the power source from a backup DC
accumulator as an alternative. The DC inverter device
converts a backup DC accumulator to produce an AC voltage
source as a substitute of AC power source from PLN network.
To charge the internal DC accumulator, the AC voltage from
the DC inverter output must be converted to DC electric
voltage. The AC converter device converts the electrical
voltage output from the DC inverter output to DC electrical
voltage to supply the internal DC accumulator with low
voltage at condition of 8.76 volt DC. The DC output voltage
produced by the AC converter device can be used to supply
electrical energy to the internal DC accumulator until it
achieves the normal voltage. The results show that it need the
duration of 46.29 minutes to charge the internal DC
accumulator starting from a condition of 8.76 volts DC to the
12.05 volts DC.
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