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Abstract— Battery is a very important necessity as electrical
energy storage for DC load type. However, as electric energy
storage, the battery has a limit storage capacity. The battery
must be recharged when the electrical energy stored in the
battery has been exhausted to keep the DC load in operation.
Unfortunately, batteries in different types of DC loads have
different voltages and capacities. So for charging the battery also
requires a different voltage while the existing battery charger is
generally static specifically for one type of batteries. From this
problem, the paper proposed an adaptive power charge system as
a system that can adaptively charge electrical energy on batteries
that have different voltages and capacities through one port. The
converter used in this paper is the buck converter to lower the
output voltage from the input voltage. The system uses tracking
duty cycle to know the type of DC load. After knowing the type of
dc load then the system determines the setting point voltage. To
keep the output voltage stable, the system uses PID control. With
this adaptive power charge, the charging process will be more
efficient and multifunction because it can be used for various
types of DC load. The system can provide an output voltage of 19
volts when connected to a laptop and provides an output voltage
of 5 volts when connected to a mobile phone on settling time of
10ms.
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I. Introduction

In this modern era, technology develops very rapidly.
More and more electronic equipment is made to
facilitate human life. Electronic equipment requires
electrical energy to operate. In this case the battery
becomes a very important necessity as electrical energy
storage for DC load type. If the electronic equipment is
used continuously, the electrical energy stored in the
battery will gradually deplete and consequently the
electronic equipment could not operate. The electronic
equipment in operation, the battery must be recharged.
Unfortunately batteries in different types of DC loads
have different voltages and capacities. The difference in
voltage and capacity of each battery makes the charging
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process require different voltages from each other while
the existing battery charger is generally equipped with a
special adapter. Commonly used battery chargers
nowadays tend to be static at voltage and current values
that have been adjusted to the voltage and battery
capacity so that can not be used for charging other
battery types. Departing from the matter, it takes an
adaptive power charge system, a system that can
adaptively charge electrical energy on batteries that have
different voltages and capacity through one port on the
output side. To do this, the system must be able to detect
the connected load, select what type of load is
connected, determine the setting point voltage according
to the type of load connected, and maintain the set point
voltage when charging process. In the adaptive power
charge system used in this paper, a source of 24 volt dc
bus is used. A buck type converter is used to reduce the
output voltage from the source voltage to provide the
right output voltage and according to load requirements.
The load selection process uses a tracking duty cycle
which will then be used to determine the setting point
voltage. The charging process uses the constant voltage
method with a PID control to keep the output voltage
stable at the setting point value [1]-[3]. With this
adaptive power charge, the charging system will be more
efficient and multifunctional because it can be used for
various types of dc loads. In this paper there are 2 types
of dc load used, namely Mobile and Laptop, each of
which has a battery with a different voltage and capacity.
Mobile phones require a 5 volt charging voltage while a
laptop requires a 19 volt charging voltage.

1. Research Methodology

This proposed system requires a converter that can be
charge mobile phone and laptop only with single output.
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Figure 1. Overall System of Adaptive Power Charge
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Figure 2. Flowchart Overall System of Adaptive Power Charge
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Figure 1 present a block diagram of adaptive power
charge system with dc bus 24 volt as energy source. The
energy from the dc bus is set from 0-24 volts using
regulation of buck converter (step down DC-DC
converter) as a charging supply of various DC Loads. If
the system is connected with DC load, the system will
recognize the type of DC load. Then the system will
determine the setting point voltage that corresponds to
the type of DC load. The current sensor and the voltage
sensor will transmit data to the microcontroller. And
then the microcontroller will give response to keep the
output voltage stable at the set point value through PID
control [4]-[6]. The control is used in this research is the
Pl controller. This Research goal is to evaluate the
performance Pl Controller to manage dynamic energy
from PV.

From the flowchart shown in Figure 2, it is explained
that the first thing to do is determine the variable
parameters needed. By initializing Vo is the output
voltage, lo is the output current, Vsp is the setting point
voltage. If the load is not connected, the system will set
a default voltage of 3 volts. If there is a load connected
and the current is less than 0.1 ampere, the system will
track the duty cycle. After reading the current
(10)>=0.1A, the program will select what type of load is
connected, whether Mobile or Laptop. If the voltage
reads 4 volt<VVo<5 volt, the load connected is Mobile.
Whereas if the voltage reads 17 volt <Vo<22 volt, the
load connected is Laptop. The system will determine the
set point voltage (Vsp) based on the type of load
connected. Vsp Mobile applied for 5 volts and Vsp
Laptop applied for 19 volts. After determining the value
of the next setting point it will be controlled by the PID
control to keep the buck converter output voltage
constant at the setting point value until the load is
released [7]-[10].

A. Design of Buck Converter

Buck converter is electronic circuit used to convert
dc voltage to dc voltage. Figure 3 present a circuit of
buck converter. Design of adaptive power charge with
buck converter circuit is need to know the biggest power
of dc load that will be connected. In this research,
Mobile and Laptop for dc load are used. Laptop need 65
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watt power and Mobile need 10 watt power for charging.
Therefore, to design a buck converter, it uses the
maximum power calculation of the Laptop.
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Figure 3. Buck Converter Circuit

Vo buck =Vinx D Q)

L=1/f x (Vin-Vo) x ((Vo+V1)/(Vin+Vf)) x 1/AiL
)

C=AiL/8 X AVo x f 3)

Note:

Vin : Input voltage
Vo : Output voltage
L :Inductor

C : Capacitor

AiL : Ripple current
AVo: Ripple voltage

Equation (1) is applied for output voltage of buck
converter design, (2) for inductor design, and (3) for
capacitor design, all equations are required to design a
buck converter. In this paper, buck converter used to
control input voltage of adaptive power charger for dc
load. Table 1 is present design value of buck converter.

Table 1. Design of Buck Converter

Parameter Symbol Value Unit
Input voltage Vin 24 Volt
Output voltage Vo 19 Volt
Ripple current Ail 20% Ampere
Ripple voltage AVo 0.1% Volt
Frekuensi switching fs 40 KHz
Inductor L 114.8 uH
Capacitor C 112.5 uF

The design value of buck converter above is used to
get the output wave response using software simulation.
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The simulation results below explain that the buck  B. Design of PID Control
converter is connected with a different load. PID control is a combined control system of
Figure 4 is simulation of buck converter connected to a Proportional, integral and derivative controls. P control
Laptop that gives 19.03 volt charging voltage. Figure 5  (Proportional) has an influence on the system, including
is simulation of buck converter connected to a Mobile  [11]-[13]:
that gives a 4.22 volt charging voltage.

0.008
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o002

Figure 4. Buck converter connected with a Laptop without control

0.008

0.002

Figure 5. Buck converter connected with a Mobilephone without control

In the wave simulation results above there are overshoot

From the buck converter formula, to get an output
and error steady state so that controls are needed.

voltage of 5 volts it takes a 20% duty cycle while to get
an output voltage of 19 volt it takes an 80% duty cycle.

DOI : http://dx.doi.org/10.31963/intek.v7i2.2652



http://dx.doi.org/10.31963/intek.v7i2.2652

INTEK Jurnal Penelitian. 2020, Volume 7 (2): 138-144

1. Add or reduce stability.

2. Can improve special rise time and setting time
transient responses.

3. Reducing steady state errors by increasing the
value of Kp which will make the system more unstable.

Control | (integral) has an influence on the system,
including [14]-[15]:

1. Eliminate steady state error.
2. Slower response (compared to controller P).

3. Can cause instability because it adds to the
system order.

The characteristics of D (differential) controls are as
follows [16], [17]:

1. This controller cannot produce output if there
are no changes to the input (in the form of an error
signal).

2. If the error signal changes with time, then the
output generated by the controller depends on the Td
value and the error signal change rate.

3. The differential controller has a character to
overtake, so this controller can produce a significant
correction before the generator error becomes very large.
So differential controllers can anticipate generating
errors, provide corrective actions, and tend to improve
system stability.

The PID control diagram block can be seen in Figure 6
below:

Setpoint k
z ~

142

Design of PID control for Mobile:

Kp = (3.045 x 10)* (7
Ki = Kp/ti = 1185 (8)
Kd = Kp td = (19.031 x 10)® 9)
Note:

Kp = Proportional gain
Ki = Integral gain
Kd = Derivative gain

The effects of each Proportional, Integral and Derivative
controller on a closed loop system are summarized in
Table 2.

Table 2. PID Controller Response

'I?ilr?fe Overshoot | Settling Time Sta?::aléjr¥or
Kp | Decrease | Increase | Small Change | Decrease
Ki | Decrease | Increase Increase Eliminate
Kd | Increase | Decrease Decrease No Chage

Output
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Design of PID control for Laptop:

Figure 6. PID Controller

Kp = (2.5657 x 10)-2 4)
Ki = Kp/ti = 998 (5)
Kd = Kp td = (16.035 x 10)-6 (6)
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Each of the disadvantages and advantages of each
controller P, I and D can cover each other by combining
all three in parallel into a proportional controller plus a
differential plus differential (P1D controller). The control
elements P, I and D respectively aim to [18]-[20]:

1. Speed up the reaction of a system reaching its set
point

2. Eliminate offset

3. Produce large initial changes and reduce overshoot.
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Figure 7. Comparison between Open Loop and Close Loop
Wave for Laptop as Dc Load
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Voltage (V)

Time (s)

Figure 8. Comparison between Open Loop and Close Loop
Wave for Mobile phone as Dc Load

Note:

== Open loop
== Close loop
- = Setting point

From Figure 7 and Figure 8 above it is known that the
results of the voltage wave when controlled are better
than before control. Blue line is an open loop voltage
wave, a red line is a close loop voltage wave, whereas a
black line is a voltage setting point value. Seen in close
loop waves with PID control there is no overshoot and
there is no steady state error on setting time 10ms.

. Results and Discussion

The purpose of this simulation is to test the performance
of the system produced by the PI controller.
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Figure 9. Adaptive Power Charge for Mobile phone
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Figure 10. Adaptive Power Charge for Laptop

The experimental results above show charging using
different types of dc loads. Figure 9 presents adaptive
power charge for Mobile and Figure 10 presents
adaptive power charge for Laptop. Through the graph
can be seen before the system determines the setting
point voltage, the system will tracking the duty cycle
until there is a current. If there is a current flowing from
the source to the load it indicates that the load has
entered the charging process.

The characteristics of the graph above it can be seen
that there is a voltage drop along with the increase in
current. From there the system will select the load to
determine the setting point voltage. After determining
the setting point voltage, the unstable output voltage will
be controlled using a PID control. From the
experimental results it shows that the system is working
properly because it uses Mobile, the system can provide
a constant voltage of 5 volts. While using a Laptop, the
system can provide a constant voltage of 19 volts for
charging process.

Iv. Conclusion

Adaptive power charge simulation that is controlled
using a PID controller has been presented.

1. Adaptive Power Charger is proven to be able to
charge mobile phones and laptops very well.

2. Adaptive power charger can detect mobile
phones and laptops with accuracy.

3. The battery charging current on mobile phones
and laptops is stable as specified.
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