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ABSTRACT

Power bank is any portable device design for charging electronic device like mobile phones or
tablet computers while on the move. Boost converter also known as a step-up converter (SC) is a
circuitry design aimed at stepping-up of applied DC input. SC is mostly used in applications
where a higher voltage level is required, such as in solar panels and LED lightening. For instance,
powering a 12-volt LED lamp using a 3.7-volt lithium ion battery. A power bank integrated with
boost converter was designed and implemented with the aim of being used as an alternative means
of powering a laptop. The power bank output was designed to be variable such that it can power
variety of laptops irrespective of its input supply, a feature not available in the commercial power
banks. The internal storage battery of the system used is lithium ion of potential difference (PD)
9.6 volt, while the output PD is targeted at the range of 9.6 to 20 volt. The storage battery and the
boost converter circuit were to be protected by deep discharge and reverse polarity protection
circuit. Moreover, the protection circuit can be bypassed while operating the system directly from
solar panel. Prior to construction, Proteus software was used for design and simulation. The
construction materials were obtained locally. Several laptops were used to test the system, and it
was discovered to be functioning well.

Keywords: Power bank, Boost Converter, Potential Difference (PD), Proteus, Software

INTRODUCTION per cell (Akankpo et al., 2023). Thus, the main
challenges are that the voltage supplied by the
PB’s battery is not enough to charge most
laptops and other USB-powered devices,
intermittency, and slow response (Almutairi et
al., 2021). A boost converter on the other hand
is a DC-to-DC converter that steps up applied
potential difference to higher values by using
carefully interconnected electronic
components such as inductors, MOSFETs,
diodes and capacitors (Sedaghati & Pourjafar,
2020). Thus, a strategic integration of boost
converter into PBs design could results in a
regulated and increased voltage suitable for
charging laptops and other similar gadgets.

Nowadays, the reliance on portable electronic
devices such as smartphones, tablets, laptops,
smartwatches, and even wireless earphones is
rising exponentially, however; the key
challenge is that of providing stable power
supply on the go. Power banks (PB) have
become essential in this regards due to their
ability to provide power in times of need
thereby maintaining connectivity, productivity,
and conveniency (Czerniak et al., 2021;
Kuncoro et al., 2023; Shukla et al., 2024). PB
is any portable device design for charging
electronic device like mobile phones or tablet
computers while on the move. While most
devices such as laptops require higher voltage SC inputs typically have a constant or
(up to 20V in some cases) for charging, typical ~ regulated voltage output and an uncontrolled
PB consists of one or more lithium-ion cell ~ voltage input. The two primary categories of
with a nominal voltage of approximately 3.7 V. regulators are switching and linear regulators.
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A power transfer stage and control circuitry
are features of all regulators that sense output
PD thereby modifying the power transfer stage
ensuring a steady output supply (Baby, 2015).
As DC-DC converters, switching converters
exhibits higher and noble efficiency compared
with linear regulators (D’Amico et al., 2006).
Output voltage of renewable energy systems or
rectifier converter is basically unregulated DC
voltage. A boost converter (BC) is a dc-dc
converter that changes the low unregulated
input voltage into higher and regulated output
voltage, it is being integrated in the prominent

'Joule thief' circuit as PD increment instrument.

The circuit is a topology utilized with reduced
power battery uses, and is purposed at the
capacity of a lift converter to 'take' the leftover
energy in a battery (B. Yang, W. Li, Y. Zhao,
2010; Norum, 2010)The role of the DC-DC
boost converter is to boost the photo voltaic
(PV) source voltage in order to extract
maximum power from the PV array. The SC is
mostly used in applications where a higher
voltage level is required, such as in solar
panels and LED lightening (Ghavipanjeh
Marangalu et al., 2021). The DC input is
normally supplied by solar panels and
therefore is fluctuating and uncontrolled,
however, the corresponding DC output voltage
must be regulated irrespective of the
fluctuating nature of the input (Hasaneen &
Mohammed, 2008).

In this paper, a power bank of variable output
was design and constructed. The design differs
from commercial PB by having two features, a
variable output supply and deep
discharge/reverse polarity, while that of the
commercial is having a battery level indicator,
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although some were having two fixed output
sources. Furthermore, it is designed to power
variety of laptops of input PD ranging from 12
to 20 volt. Reverse polarity and deep discharge
protections were added to the system design
which may be bypassed while connecting it
directly to the solar panel.

THEORY
Boost Converter

A boost converter is a circuit that increases
value of the DC input giving out steady and
stepped output voltage. This converter
encompasses components such as diodes,
transistors, and inductor coils. Capacitors are
integrated in the design to cushion the possible
rippling effect from the DC output as a result
of switching action. Figurel demonstrates the
basic boost switching circuit. It usually works
in two separate levels: when the switch is in
the ON position, its contacts are closed,
increasing the inductor current; when the
switch is in the OFF position, it opens,
providing the sole way for the coil’s current to
pass via the fly-back diode "D" and the side by
side connection of the capacitor and load, thus,
allowing the transfer of energy from the
capacitor while it is turned on. Once the switch
(S) is ON position (closed), the PD across the
inductor (L) is Vi= Vi- Vo, The current
flowing via the coil increases proportionately,
since there is a diode connected in a reverse-
biased the current cannot flow through. For
OFF state (the switch is in the off position),
the diode is forward biased, thus, the PD
applied to the coil is given by is Vi= - V,
(ignoring the voltage drop across diode) and
the inductor current is reduced.
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Figure 1: Basic Boost Circuit(Lopa et al., 2016)

Deep Discharge and Reverse

Protection

Voltage

Energy storage proved to be an important part
of renewable energy applications. The main
focus of the energy storage materials is on
batteries. However, the lifespan of batteries is
limited by the number of charge-discharge
cycles they can endure. Degradation over time
can reduce system efficiency and increase
maintenance costs. Therefore, deployment of
control techniques ensures optimal battery
efficiency. In this regards, the constant-current
constant-voltage technique is commonly used
(Edison et al., 2018)

As the combination of photovoltaic and hybrid
systems proliferate, solar batteries offer a
unique energy storage solution for these
systems to guarantee a supply of energy for
users. Control and management techniques are
crucial because of the sensitivity of solar

batteries and the erratic functioning of
photovoltaic systems that rely on solar
radiation (Ezzitouni et al., 2021). Avoiding
deep discharge or overcharging Li-Fe cells is
necessary to guarantee their adequate lifespan
and, occasionally, their operational safety.
Manufacturers of batteries forbid such
operations, and their datasheets don't explain
how batteries behave in certain circumstances.
(Prochazka et al., 2016)

MATERIALS AND METHODS
System Design

The basic system’s block diagram is exhibited
in Figure 2. The steps include reverse polarity
protection circuit, oscillator, boost converter
circuit, deep-charge control circuit and DC
voltmeter module. The circuit design prepared
and simulated in Proteus software. Table 1
presents the parameters of the boost converter.
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Figure 2: Block Diagram of the Design set up
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Table 1: Design Parameters of the Proposed Converter

S/N Variable Symbol Value
1 Input Voltage Vi 9.6 Volt
2 Output Voltage Vo 20 Volt
3 Output Power Po 65 Watt
4  Switching Frequency Fs 63.7 kHz
5 Output Voltage Ripple AVo% 1 %
6  Inductor Current Ripple  AlL.% 10%
7  Output Current Imey 325A

Converter Circuit Design

The basic power stage of a boost converter is shown in Figure 3. The switch is a MOSFET driven
by an integrated circuit (IC). Parameters needed for power stage calculations are input voltage
range Vin(min) and Vin(max), nominal output voltage (Vout), maximum output current (Iout) and
power switch. The oscillator frequency chosen is 63.7 kHz. Standard resistor and capacitor that
yield this value is 10 k€ and 2.7 nF.
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Figure 3: Boost Converter Power Stage

The frequency was deduced from equation 1 - 3

of the IC UC3843 data sheet (Compensation et A

al., 2017). Where, F = operating frequency and AlL =
172 change in inductor current. The capacitance of
- 1 the capacitor was predicted using equation 4

Considering Figure 3, the relationship between (Aika & Agbontaen, 2018):

the out and input voltage is expressed in = 4
equation 2 (Hasaneen & Mohammed, 2008): S
— = 2 Where, AVc is the change in capacitor voltage.

The efficiency n of the boost converter was
Where, V, = output voltage, Vs = input  calculated using equation 5. Rp is the load

voltage or supply voltage and D = duty cycle. resistance and R is the inductor resistance.
The circuit inductance (L) was evaluated from _
(3)(Roecker, 2022): - >
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Boost Circuit Design

The proposed DC
specification is as follows:

Out Power (P,) = 65W, input Voltage (Vin) =
(3.2 V x 3 Lithium-lon battery) = 9.6 V,
output Voltage (Vo) = 20 V, operating
Frequency F = 63.7 kHz. The Output Current
(Io) equation is given by equation 6 (Navas,
2018).

DC boost circuit

=— 6
__ 3.25
96 7
From equation 2, =1—-—
=1 (9'6) =053
B 20/
The relationship between the input power (Pin),
output power (Po) and power — transfer
efficiency is given by (Luo, et al,
2010)(Dominic, 2020).
= 7

7

Where, 1 = Efficiency and Ii» = Input current.
The maximum input current is also the
maximum current through the inductor, n was
assumed to be 90%.

_ 3.25x20
0.90x9.6

=752

The inductor sizes are chosen such that the
change in inductor current is no more than

10 % of the average inductor current.
A =01x 9

Applying 3, the ripple change in the inductor
current would require an inductor size of;
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_ 96x053
0.752x63.7

=107

The inductor chosen for this work is closer to
this is value = 100 pH. The variation in output
voltage is expected to be less than 0.1 x 20 =
2.0. However, a value of 1V was Chosen.
Output voltage variation (AV,) = 1V. thus,
from equation 4 the capacitance can be found
as follows:

)‘x =27 uF
A 33 uF capacitor being closer value was
selected. The switch chosen is IRF2807
MOSFET of high IDS current (82A)and low
drain source resistance of 13mQ(Vishay,
2002).The boost circuit was also simulated in
Proteus software, based on the calculated
parameters. The parameters were the duty
cycle, inductor, capacitor, and DC input
voltage source.

Rectifier Diode Selection

For loss minimization, Schottky diode was
incorporated. Moreover, the forward current
value needed is equal to the maximum output
current (Haukeat al., 2022).

= ()

Where Ir = average forward current of the
rectifier diode, and Io(max) = maximum
output current necessary in this work.

(International Rectifier, 2010)SB520 Schottky
diode have a much higher peak current (5A)
rating is therefore chosen.The next parameter
that was been checked is the power dissipation
of the diode given by equation 10.

x 10

Ir stands for the average forward current of the
rectifier diode and Vr represents forward
voltage of the rectifier diode.



Output Voltage Setting

Nearly the output voltage of all conventional
converters is with a resistive divider network
(which is an integrated part of the design for
fixed output voltage converters), the circuit
diagram of which is shown in Figure 4.
Through the given feedback voltage, Vrg, and
feedback bias current, Irs, the voltage divider
was calculated.

Figure 4: Resistive Divider for Output
Voltage Setting

At minimum, 100 times the size of the
feedback bias current must be present in the
resistive divider as related by equation 11
(Hauke et al., 2022.):

12 = 100 x 11
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Irs = feedback bias current (obtain from IC’s
data sheet)

The materials used in boost converter
construction were listed in Table 2. The circuit
diagram prepared with “Proteus software “, is
shown in Figure 5.

Deep Discharge and Reverse
Protection Circuit Design

Voltage

This module is expected to defend the storage
battery from being deeply discharge and also
protect the system from destruction when
battery polarities were interchanged. In this
operation a transistor is used as a switch. It
switches ON the coil relay when it is in
saturated state and OFF if it is unsaturated. A
coil relay is used as a circuit breaker to cut
OFF the battery supply when it PD has fallen
below 8.2V and switch it ON when it is 8.3 V
and above. Red and green LEDs were attached
to the relay circuit. The red LED is ON when
the battery PD is low while the green is ON
when the battery’s PD is within the normal
operation (Martell, 2014). To stop the
kickback voltage in the reverse polarity from
damaging the transistor while turning ON a
relay coil, it is essential to incorporate 1N4001
diode. The materials used in the circuit
construction were listed in Table 3.0. The
circuit diagram prepared with “Proteus” is
illustrated in Figure 6.

Table 2: Lists of Components Used on Boost Converter

S/N  Component Description Quantity
1 Resistor 10 kQ 4
2 Resistor 100 kQ 1
3 Resistor 10Q 1
4 Resistor 1 kQ 2
4 Variable Resistor 5kQ 1
5 Inductor 100 uH 1
6 Capacitor 2.7nF 1
7 Capacitor 1 nF 1
8 Capacitor 10 uF 2
9 Capacitor 47 uF 1
10 Capacitor 33 uF 1
11 Schottky Diode SB520 1
12 MOSFET IRF2807 1
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Figure 5: Boost Converter Circuit Design in Proteus
Table: 3.0 Components Used on Protection Circuit
S/N  Component Description Quantity

Resistor 2.2kQ 3

Resistor 1 kQ 2

Variable Resistor 20 kQ 1

Diode 1N4001 2

Coil Relay 12V 1

LED Red 1

LED Green 1

Shunt Regulator TL431 1

Transistor 2N2905 1

Vin

Q2

2N2905

RL1
12v

0

DIODE
RV2 -
R13 R14
@[] 4 % u2 2.2k 2.2k
° [.;lq_ S TL431 <= D3
. = DIODEm D5
20k D4 LED-RED
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-

Figure 6: Deep Discharge and Reverse Polarity Protection Circuits Design in Proteus
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System Construction

The components were independently verified
before soldering,while the Vero board surface
was clean to ensure good contact. The two
modules (boost converter and the protection
circuit) were constructed on a piece of Vero
board as shown in Plate 1. Alternative input

28vDC
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terminal that bypasses the battery deep
discharge protection was provided for
connection directly to the solar panel. The
photograph of the system is shown in plate
land plate 2 is the photograph of the system in
a plastic casing coupled together with a
voltmeter module.
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Plate 2: Photograph of the System in a plastic casing
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RESULTS AND DISCUSSION
Computer Simulations

After designing the circuit, it was implemented
on Proteus software. The control circuit was
simulated while input terminals were in the
reverse polarity. The result shows that no
conduction took place. Simulation test was
also carried out with different input voltages
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and found that the deep discharge protection
circuit is working properly. The oscillator
wave form was traced via an inductor and
found to be a square wave of higher frequency
as shown in figure 7.The output PD of the
boost converter was found to be a DC supply
as shows in Figure 8. The magnitude of the
output PD depends on the adjustment of the
variable resistor RV1.

Figure 7: Simulation Test across the Inductor

The simulation shows a square wave at high frequency. Ripple voltage was found to be within the

wave at some intervals.

Figure 8: Simulation of the converter output stage in Proteus
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System Tests

Test was conducted on the two modules after
the completion of the construction exercise. A
digital voltmeter was connected across the
output of the protection module. The meter
shows zero output when the input supply is
either in the reverse polarity or lower than 8.2
volt. For low input supply the red LED light is
ON. This shows that the module is working as
anticipated. The second module was tested by
supplying a PD of 8.3 volt and above on a
proper polarity. The voltmeter was also
connected to the output of the boost converter
module. The result shows an output PD greater
than that of an input supply. This is an
indication that the input PD is being boosted,
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and found that its magnitude depends on VR1
adjustment. To estimate the power delivered
by the system, a non-inductive/capacitive load
was connected across it output. A variable load
resistance (high power rheostat) connected

across was then varied betweenS - 8 Q.
Potential differences were measured in
accordance to resistances across. Results

obtained were represented graphically in

Figure 9. The result shows that the circuit can
2

deliver a peak power of around,

ZZX:O =645 While the projected

power was 65 watts and 90 % efficiency, the
overall efficiency after implementation was

found to be 89 %.

Scatterplot of V(v) vs R(Q)
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Figure 9: Plot of V against R

CONCLUSION

The designed and implemented laptop power
bank, operates on an inbuilt storage battery of
PD 9.6 volt and gives an output PD 12 to 20
volts that is suitable for charging most of the
laptops within the locality. The storage battery
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can be recharge via mains supply or solar
panel. It can deliver an output power of 64.5
watts and 89% efficiency. It was tested with
different laptops including mini systems that
operates on 12 volt PD and found to be
working satisfactory. For future improvement
in the functionality, efficiency and usability, it
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is recommended that a load-sharing circuit be
added to allow the power bank to charge
devices while simultaneously being charged.
Furthermore, a fast charging technology can
be integrated, thus ICs like the IP2716 or
TPS25740 can be added to enable fast
charging. Lastly, low-power components can
be used to minimize energy loss and improve
overall efficiency.
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