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Abstract : Lithium-lon is the most widely used battery, compared to the other rechargeable batteries type such
as Nickel-Cadmium (Ni-Cd) and Nickel Metal-Hydride (Ni-MH). The 18650 battery is commonly used in
various portable electronic equipment manufacturer such as Samsung, LG, Sanyo, and Sony. The conventional
method for Lithium-ion battery charging use a constant current (CC / constant current), where a constant value
of current is selected according to a certain upper limit of voltage (Us/ upper voltage) and a constant voltage
(CV [ constant voltage). The drawback is unknown charging duration. In this paper, a mathematical model
graph of lithium ion battery is presented. By using the proposed mathematical model, the charging duration
with various value of initial battery capacity can be estimated. The current value is sampled every 30 seconds
on 180 minutes of duration. The resulting mathematical model is presented in a graph by using Visio Software.
Keywords - battery, sampling, lithium-ion, voltage, current.
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I. INTRODUCTION

Rechargeable battery has an advantages of re-cycle capabilities compared to the non-rechargeable
battery [1]. The re-charging process can be done easily by applying certain amount of direct current to its
terminal. Research on battery subject is often associated with the design of suitable battery charger [2]. Most of
the rechargeable battery use chemical material such as Nickel-Cadmium (Ni-Cd), Nickel Metal-Hydride (Ni-
MH), and Lithium-lon (Li-lon) (National Semiconductor, SNVVA533). The Lithium-lon battery has the lightest
weight among the rechargeable battery, at the same value of energy density. It is also has smallest value of
energy losses. A combination between constant current and constant voltage control is used as a charging plan
for Lithium-ion battery.

Based on its capability of energy storage, construction of battery is often associated with the
combination of series and parallel connection. Hence a specific amount of energy, voltage and current can be
achieved. Battery cells is defined as the smallest unit of a electrochemical process, which is consist of
electrodes, electrolyte, separator, and terminal. The most important component is anode, cathode, and its ion
conductor.

According to Linden (2002), a suitable material for anode and cathode must be carefully selected, so
that the voltages can be as high as possible. Not only ion-conductive but also high value of electron conductivity
is needed during building a battery cells. This cells has a different characteristic compared to the ion transfer
media. This cells only have ion conductivity properties. This properties is needed to avoid such a short circuit
problem that may occurred bet anode and cathode in battery cells. Hence, an additional losses in the form of
heat can be minimized.
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Fig.1. Battery cells component [1]
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Battery is divided into two types of categories, primary and secondary battery. Primary battery is one-
time usage. In other words, after its energy is completely depleted, should be thrown away. On other hand, a
secondary battery can be used in many cycles of charge and discharge. The charging process can be done easily
by inject a direct current into the battery pole. A lot of application uses secondary battery as the main energy
storage. The example are handphone, smartphone, and UPS. Secondary battery has a separated connection with
its electrolyte parts.

Fig. 2. Reserve Battery

According to Mariej Jozef Swierczynski [4] Fast charging method is used to speed up the charging
duration. But it also has some serious drawback such as an overheating process that can trigger some explosion.
Beside overheating problem, the amount of lifetime is also reduced if there is an excessive amount of heat
losses. A lot of battery manufacturer create a reference graph as a guide to charge or discharge the battery
product. In this paper Lithium-ion 18650 is chosen as the main research subject.

Sugiarto (2004) [7] stated that recharging batteries can be done by the use of the voltage is constant ,
the current value depends on the difference between voltage source and battery voltage. At the beginning of the
charging, the current value is high, because the battery is still on low capacity. The current flows will be small if
the battery voltage source approach full load condition. The most notorious weakness of this method is cannot
predict the charging duration. In addition recharging batteries can be done by a source of of the current which is
constant, where a source of a current does affected by voltage change which is with the battery.

Mariej Jozef Swierczynski (2015) stated that battery charging can be done by constant current method,
where the current magnitude is remain constant regardless of battery voltage. A fast charging method also can
be used as charging method, but has a high chance of reduced battery lifetime due to unknown charging
duration.

The most commonly used term of battery charging method, is controlled and uncontrolled. The
controlled method consist of constant current method, constant voltage and smart charging. Uncontrolled
methods is done with a large potential difference with high current flow. The purpose of this method is to
achieve short amount of charging time. The drawback of this method is lack of actual time controlling devices.
Thus, this method can make the battery quickly damaged. In this method, voltmeter or hydrometer is used to
determine the battery capacity when the predicted charging duration is complete.

Based on previous description, a sampling method to generate charging graph is carried out in this
paper. A mathematical model and charging circuit based on the manufacture reference is presented. The
charging method use a comparison between actual measured current and factory reference model. The output
current is measured corresponding to the changes of battery voltage based on factory reference. The output
current is adaptively changed in accordance to the voltage value. The proposed method is digitally implemented.
The hardware implementation is carried out in Electrical Engineering Department Laboratory

A Lithium-lon LIR 18650 6800 mAh is used in this research. The charging duration is 180 minutes
with 30 seconds of sampling time. The experimental results served in a voltage and current graph as a function
of charging time.

The experimental activity begins with defining the charging plan and the load type. The corresponding
battery voltage and current are measured. The measurement result is used as mathematical model to generate the
output signal. The generated voltage and current is always compared with the previous mathematical model. If
the battery charging current is still the same after the charging process occurred, then the battery is declared as
failure. On other hand, if there’s any change as a response due to charging current, the charging process will
continue with estimated charging time of 180 minutes. During charging process, the measured parameter is
compared with the mathematical model. Hence, the amount of the deviation can be calculated.
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The measured parameter is compared with the generated mathematical model. Thus, the amount of the
deviation can be calculated. The charging circuit is consist of power supply, voltage sensor, current sensor, and
a microcontroller. The output voltage is generated by PWM controller.

=

Fig. 4. Captured charging graph with 180 minutes of duration @ 30 seonds of time division

No Time (minutes) Current (A) Voltage (V) Capacity (%)
1 1 0,473684 3,377778 0
2 15 0,473684 3,411111 0,5263
3 2 0,473684 3,444444 1,0526
4 2,5 0,473684 3,522222 1,57895
5 3 0,473684 3,6 2,1053
6 3,5 0,473684 3,6333335 3,1579
7 4 0,473684 3,666667 4,2105
8 4,5 0,473684 3,688889 4,73685
9 5 0,473684 3,711111 5,2632
10 55 0,473684 3,722222 5,7895
11 6 0,473684 3,733333 6,3158
12 6,5 0,473684 3,733333 6,8421
13 7 0,473684 3,733333 7,3684
14 75 0,473684 3,733333 7,89475
15 8 0,473684 3,733333 8,4211
16 8,5 0,473684 3,7555555 8,9474
17 9 0,473684 3,777778 9,4737
18 9,5 0,473684 3,777778 10
19 10 0,473684 3,788889 11,0526
20 10,5 0,473684 3,8 12,10525
21 100,5 0,426316 4,177778 95,7895
22 101 0,421053 4,177778 95,7895
23 101,5 0,4157895 4,188889 96,3158
24 102 0,410526 4,2 96,8421
25 102,5 0,405263 4,2 96,8421
1. CONCLUSION

In this paper, a sampling method to generate the Lithium-lon battery charging graph is presented. By
using Visio method, a charging graph with 180 minutes of duration and 30 seconds time division is constructed.
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The proposed charging graph is verified with the experimental result. The results shown that sampling method
can used as a potential alternative to conventional charging method.
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