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ARTICLE ABSTRACT

INFORMATION This paper presents a transistorized bi-controlled based utility-connected battery

Submitced 17 July, 2021 charger to adfjress the proPIem of erratic public powgr supply ip underfjevelopgd
Revised 3 December, 2021 nations. In this study, a utility battery charger was built by the integration of grid
Accepted 10 December, 2021  power supply, line frequency transformer, power electronic switches, alternating
current-direct current bridge converter, regulator, and resistor-inductor-capacitor.
The excess-voltage protection and battery monitoring were obtained by the bi-
controlled technique. In contrast to other charging systems in underdeveloped
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Battery nations, the proposed system is very simple, rugged, reliable and cheap to
Charger maintain due to simplicity and un-programmed nature of the system. The results
Codeless showed that the proposed system is craggy and robust to resist voltage stress,
Nations highly reliable and relatively free from leakage currents due to the presence of a
Underdeveloped double controlled scheme using a common point of action and a line frequency

transformer. In addition, the system can be used to charge batteries ranging from
50uA and above. The system can be utilized in communication companies,
electric vehicles, drilling machines.
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1.0 Introduction

Communication and medical industries, navigating devices, transportable poly-media players,
cable-less deployed remotes, and movable drilling machine needs rechargeable batteries to boost
their working efficiencies (Tar and Fayed, 2016). Apart from the aforementioned fields of life,
erratic public power supply in underdeveloped nations generally has forced these nations to
utilize rechargeable batteries. The impression is to use the charged batteries to support the
continuation of the services in those areas in the absence of grid power supply.

There are currently not less than 144 underdeveloped nations globally. The erratic power supply
in these countries has triggered the use of rechargeable batteries. However, inappropriate
charging and over-discharging of secondary batteries, especially in mechanical and electric
workshops, are the main causes of battery damages (Esther et al, 2013). Additional cause of
battery damage in underdeveloped nations is the inability to repair the micro-controller based
battery chargers locally due to lack of innovative technical know-how. Essentially, underdeveloped
nations repair faulty foreign battery chargers by replacing the faulty panel with a new panel. This
increases the cost of maintenance, littering the environment, increasing the rate of pollution, and
in extreme cases, poses health challenges to the public. The reason is that the majority of the
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battery charger repairers in underdeveloped nations do not have the technical expertise about

the coded integrated circuit parts in the damaged chargers. Secondly, instructions on panel repair
are mostly hidden by the manufacturers. The secondary battery charging, on the other hand,
needs good controllers to obtain a good state of charge (SOC) and a long-lasting life span of the
battery (Woo et al., 201 |). Due to their broad working temperature array, stumpy self-discharge,
extensive service life and maintenance free operations, lead acid batteries are commonly utilized.
Secondary batteries can be charged either by renewable or non-renewable power sources.
Renewable energy such as solar energy from the sun has the problem of decreasing the efficiency
of charging batteries due to fluctuations in solar irradiations and varying environmental
temperatures (Eya and Agu, 2015). Fossil fuel based charging source is a good option of the
battery charging sources due to its relative constant supply, even though it has its own problems
of environmental pollutions and oil spillage.

Utility battery charging systems (UBCS) can be unidirectional or bidirectional converters (Yilmaz
and Krein, 2013., Hart, 201 1). Under unidirectional condition, the UBCS make use of power
diodes to rectify alternating current (AC) power to direct current (DC) power but utilizes IGBTs
and MOSFETs under bidirectional process. Utility battery charging systems are often found in
telecommunication industrial storage systems, ministry of transportations, electrical home
inverter backup systems, hospital battery-based equipment (Agu, 2019).

There are various approaches in the charging system of a battery. These approaches include
steady voltage (SV) or constant voltage (CV), constant current (CC), constant current constant
voltage (CCCV), and pulse charging (Lee at al., 2013, Tar and fayed, 2016). The easiest method
is the steady voltage charging scheme (Lee et al.,, 2013, Copea and Podrazhansky, 1999, Hua and
Lin, 2000). The SV charging current depends on the voltage source. The charging current of the
battery decreases once the voltage of the battery starts rising. In addition, the current might be
excessively rated at the onset charging level if the battery is at a small capacity before charging.
The CC method utilizes a steady current to charge the battery so that it can trim down the
duration of charging efficiently (Hart, 201 1). However, this could possibly lead to overcharging
and hence, the temperature of the battery could rise rapidly after it is completely charged.

The mode of CCCV charging is realized by joining both CC and CV charging schemes (Hua and
Lin, 2000, Hart, 2011, Chen and Lai, 2012). At the onset charging phase, the steady current is
utilized to charge the battery until it gets to an excessively charged point or an initially defined
voltage. This charging type then switches to CV phase to uphold the battery capacity. The merit
is that the duration of charging could be drastically minimized. However, a more complicated
regulatory circuit is needed, and a holding current could not be practically controlled efficiently.
In pulse charging schemes, each charging cycle is engaged in “ON” and “OFF” per frequency for
better charging effectiveness (Karami et al., 2007, Dhar et al., 2001, Chen, 2007, Eya et al., 2019).
However, the systems and their control techniques are complex, possess high power losses,
advanced technical know-how, and high maintenance.

Meanwhile, considering the epileptic state of the economy of underdeveloped countries, low level
of technical know-how, poor maintenance practice, intermittent lockdown due to the covid-19
pandemic, and the negative effects of the damaged rechargeable batteries in these nations as well
as the complex controls of the aforementioned schemes, this study presents a codeless bi-
controlled based utility-connected battery charger for underdeveloped nations. In particular, the
objective of this study is to investigate the design of a power circuit and the codeless bi-controlled
relay-based battery control scheme.
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The proposed system possesses a simplified power charging circuit, uncomplicated control
circuit, rugged isolated power transformer, transistorized circuit components, and a reliable over-
voltage and excess charging protections. Therefore, the system can easily be implemented by a
user once the circuit configurations are followed unlike other charger systems that are very
complicated, coded with several hidden procedures for implementation. Furthermore, the
proposed system is user friendly in terms of maintenance. Accordingly, even under seriously
covid-19 pandemic lockdown, it can be locally repaired without removing the entire panel in case
of any fault.

2. Materials and Methods

The method adopted in this study is the design-and-implementation scheme. Figure | consists of
a power AC source, step-down transformer, H-bridge, uncontrolled AC-DC converter, filter and
charger circuits. The charger circuit is sub-divided into LM317 section, and transistor-transistor
coupled circuit. The LM317 part takes care of charging the battery of 12 V with current ranging
from 50pA to 2.5A while transistor-transistor coupled circuit charges above 2.5A to 20.5A.

2.1. System Component Design
2.1.1. Transformer Design
The primary turns Np of the transformer is derived as shown in (Kirchev et al., 2007)

(1

The electrical power in the primary side of the transformer is transferred to the secondary side
due to magnetic coupling between them. Accordingly, f = frequency = 50Hz, B = Magnetic flux
density and A = Cross-sectional area of the transformer.

N, o 064 _ 06940y
1 1o fBA

The cross-section area of the transformer is given as (Kirchev et al., 2007)
A=LxW, (2)

where L = length,and W = width of the transformer. With the aid of the measuring rule, [ =
5.7cm = 0.057m, and w = 4.2cm = 0.042m. Inserting the values of L and W in equation 2, the
cross-section A becomes 2.394 X 1073m?.

Given that B = 1.210Wb /A , supply voltage 1},=230V, and f = 50Hz, then equation | is used to
compute the primary coil of the transformer to be 358 turns. The secondary coil number N, is
obtained by using equation 3 as shown in (Kirchev et al., 2007).

Ny =N, X V,7" x V; (3)
From equation 3, N, =28 turn.

Vs = secondary voltage of the step-down transformer

2.1.2. Single Phase AC -DC Circuit Design

The DC output voltage and current of the H-bridge rectifier are expressed as shown in (Chen,
2009, Charles and Sadiku, 2009).

Vye = 0.637 X VV/2 (4)
2x1\2
lge = =22 )

Corresponding author’s e-mail address: aokandeji@unilag.edu.ng 137


http://www.azojete.com.ng/
mailto:candidus.eya@unn.edu.ng

Arid Zone Journal of Engineering, Technology and Environment, March, 2022; Vol. 18(1):135-142. ISSN 1596-2490; e-ISSN 2545-5818;
www.dazojete.com.ng
16.2V and 21.6A are realized by inserting the secondary voltage of the transformer Vs = |8V and

secondary current |;= 24A into equation 4.

The power output of the AC-DC converter as given in (Charles and Sadiku, 2009) becomes

Py = Vaclac (6)

P, is computed by inserting 16.2V and 21.6A into equation 6 which yielded 349W. Under
lossless conditions, the power output of the rectifier is equal to the power input to the charger
section. Hence, the power of the charger can be approximated to be 349W.

2.1.3. LM 317 Design Circuit
The LM 317 section is regulated using equation 7 as in (Charles and Sadiku, 2009).

Yac _Rs _ 4 (7)

Vref Ry
Vief, R3 and R, are reference voltage and resistances, respectively.

Riand R, are calculated using the expression in equation 8 and equation 9, respectively, (Charles
and Sadiku, 2009).

kVac
R, = ﬁ (8)
R2 - 5R1, (9)

where k is the constant (0.7< k <0.74)

2.1.4. Determination of Inductance, Resistance and Capacitance Design
The inductance of the inductor Ls is determined using the expression in equation 0.

_ Vac=Vr2=Ve2
Ls = T (|0)
At

Where V., ,Vg,, At and Al}, respectively, represents the voltage across C2, voltage across R2,
change in time duration, and current flowing through the inductor

The resistances of the resistors R;, Rg and Rq in Figure 2 are, respectively, expressed in
equations 13, 14 and I5.

270k < R < 300k (n
10k < Ry < 20k (12)
9.1k < R, < 10.2k0 (13)
1k < Rg < 2.2k0) (14)
1.1k < Ry < 2.2k (15)
10.2k2 < Ry = Ry; < 15.2kN (16)
3.1k < Ry, < 4.2k (17)
2.1k < Ri3 = Ry < 5kN (18)
51kQ < R;s = R, < 10k (19)
470pF < c3 < 500pF (20)
47uF < c3 =c, < 50uF (21)

The input and output capacitances of the capacitors C, and C, are related as shown in equation
22:
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c, =2 (22)

2
Where C, is in the range of 250uF < C1< < 500pF.

The proposed circuit diagram shown in Figure | is made up of di-charging modes, viz: RI-LM317-
R3-R4 charging mode, and T1-R2-T2-T3-Ls charging mode. The dual charging modes do not
supply the battery current simultaneously. If the current capacity to charge a battery is greater
than what the R1-LM317-R3-R4 charging mode can carry out, it transfers the charging action to
T1-R2-T2-T3-Ls charging mode to handle.

R2 T2
ACRLS =\

NC
— DA Ls
NO 11
T3 Ds

DCHR Le | mnl
R1
AAA <
Yyy Rd lBK1:
V. p Ns e §C2
s =152 S00pF %

== 2501F
3 4 .
ﬁs DE ?DB R.3 by

Figure |: Proposed Circuit diagram

2.2  Working Principle of the Proposed System

An isolated |2V biasing voltage is supplied to VI, V2, V3, V4, V5 and V6 points as shown in Figure
2. Then, current flows from point V3 via R13 to the base terminal of transistor T5. The transistor
T5 drives the current from V4 to the base terminal transistor Té which spontaneously drives the
current from point V5 to ground. This action drops zero voltage at the base terminal of transistor
T4. Then, transistor T7 conducts current from V6 to close the relay switch at normally open
(NO) point. As soon as the relay is put in the active condition (that connecting the source and
load), the system starts charging the battery.

The charging of the battery connected to the proposed charger depends on the current drawn
by the connected battery to the charging system. If the current drawn by the battery ranges from
50pA to 2.5A, the RI-LM317-R3-R4 charging mode circuit charges that battery but if the current
required for charging the battery is more than 2.5A, the internal pass transistor of the LM317
dispels more energy than the allowable limit, and the LM3|7charger section gets shut down. At
this point, the LM317 regulator section is protected against overloads and short-circuits. Under
the condition of the current being above 2.5A, the voltage-drop across RI increases and
transistors T2 and T3 bypasses the excess battery current LM317 cannot handle, and then the
RI-LM317-R3-R4 charging mode takes over the charging process. The circuit components R2,
T2 and T3 protect T| from current above 2.5A and then charge the battery.

2.3 Transistorized Bi-Controlled Technique

The transistorized bi-controlled technique is shown in Figure 2. It consists of two arm sub-circuits
joined together with aid of 407 |B for controlling the over-voltage conditions in the system. One
arm sub-circuit produces Vso. The Vso is activated to disconnect the AC relay (ACRLS) from
the load line when the AC input voltage is more than 230Vrms. The second arm sub-circuit
produces VBo. VBo is produced when the battery voltage is more than 14.40V. The second arm
sub-circuit of Figure 2 shows the circuit diagram for charging and regulating over-charged state
of the battery that is, having above 14.4V. As the battery continues to charge, the zener diode
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Zd monitors the level of the battery voltage. Once the battery voltage is above 14.4V, Zd breaks

down and acts as a resistive load. Then, current flows from the battery terminal and enters the
base terminal of transistor T 1. This scenario drives T4 to conduct current from point V3 through
R13 to ground. Immediately, a zero voltage is placed at the base terminal of T5. Then, T5 and T6
stops conducting. Subsequently, 12V is placed at the base terminal of T7 through R14 and it
blocks T7 from conducting. The resultant effect is that the Relay switch RLS disconnects and
remains open, and the charging action stops. When the Zd recovers from the break down effect
and the battery voltage becomes less than 14.4V, the charging process repeats itself. By so doing,
the battery cannot be excessively charged.

Figure 2: Codeless bi-controlled technique

3. Results and Discussion

The experimental set-up and results are shown in Figures 3-6. An un-energized set-up and zero
voltage waveform on both analog oscilloscope and digital multimeter are shown in Figure 3. The
battery, digital multi-meter, and oscilloscopic display is shown in Figure 3. It is observed that the
level of the battery voltage, as displayed by the digital multi-meter, was |1.7VDC under active
operation of the system as well as the commencement of battery charging.

Figure 3: 11.7 VDC battery voltage from the Figure 4: 12.23VDC battery voltage from
digital meter with the proposed system digital meter with the proposed system

The progressive battery charging is shown from Figures 4 to 6. It is observed that Figure 4, 5 and
6 recorded 12.23V, 14.36V and 14.40V at time durations of 9:00am, 9:47am and 10:12pm,
respectively. Finally, the charging of the battery stopped immediately the battery voltage reached
14.40V and that is exactly when there was zener diode break down which is shown in Figure 6.
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Figure 5: 14.36VDC battery voltage from Figure 6: 14.40VDC battery voltage from
digital meter with the proposed system digital meter with the proposed system

Analytically, for the first forty minutes, as shown in Figures 4 and 5 the rate at which the battery
was charged was very fast.

4., Conclusion

In this study, a transistorized bi-controlled based utility-connected battery charger for
underdeveloped nations was investigated. The proposed system was designed, developed and
validated with pictorial displays. The proposed system was observed to be fast with peak charging
time of lhr I2minutes being the time taken to fully charge the battery to 14.40V. The charging
of the battery stopped immediately the battery voltage reached 14.40V and this is as a result of
the zener diode break down. The charger has a capacity of 349W. The system can be utilized in
electric vehicles, storage systems for telecommunication base stations, and home inverter system.
A major disadvantage of the proposed system is itsheavy weight, with relative power loss due to
the line frequency transformer. Minimizing these drawbacks should be the focus of future
research.
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