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Abstract - Hybrid Portable Universal Adapter is very 

efficient and new technology which has capable of 

taking DC and AC input both and can provide constant 

DC output. This paper presents renewable energy like 

Solar panels as DC source and normal AC (230V RMS) 

source. It has controlled circuit incorporated in it to 

step down AC voltage without using transformer. This 

model can give constant DC output of 5v. This circuit 

has parallel converter circuit which converts AC to DC 

and DC to DC as well. This adapter can be carried 

easily and we can use it to charge our mobile phones or 
any power bank. 

Keywords -  AC- Alternate current, DC- Direct Current, 

RMS- Root Mean Square, TRIAC-Triode for 

Alternating Current, PWM- Pulse Width Modulation, 

PI- Proportional Integral. 

 

I. INTRODUCTION 

Mobile is very important technology for every person 

presently. So powering it continuously and efficiently is 
very essential. People use to carry charger with them but 

power supply may not be available all the time at every 

place. So we can make use of renewable energy like solar 

panels to give supply to our mobile. The use of solar power 

system for generation of electricity nowadays it is widely 

used [1]. As the result of the increasing cost and 

environmental pollution concerns of the power generation 

from fossil fuels, nowadays the power generation is moved 

towards the renewable energy sources. Users always prefer 

mobile phones with advanced technology. However, 

charging our phone is a common problem during travelling 

because every time power sources are not available 
everywhere. Wind turbine can also be used as renewable 

energy source [2]. Then for that we need generator and 

propeller and the system will be bigger and it will be 

difficult to carry from one place to another. Peltier tiles can 

also be used as renewable energy source to convert heat 

energy to electrical energy [3]. It is difficult to get both AC 

and DC source every time and everywhere. Universal 

charging technique can take both AC and DC source. So 

we can get both options for charging. The mobile is 

powered from either the main grid or from the solar panel. 

It depends on the mode of charging selected [6]. The 
TRIAC conducts when it has been triggered and holds 

latching current, and shuts down when the current is less 

than the TRAIC hold current. The TRAIC poplar's reason is 

that it can be triggered at any time of the sinusoidal voltage 

and can be kept in conduction state until reaching zero line 

voltage [7]. So we can use TRIAC for AC power control, it 

is a power electronics device which controls AC power by 

triggering it. Transformer makes the system big in size and 

heavy. From grid we can omit transformer for stepping 

down the AC voltage using power electronics components 

like TRIAC. We can make use of DC-DC Power converters 

to convert variable dc input to stable DC voltage [4]. We 

can make wireless charger using inductive coupling method 
[5]. But then there will be no fast charging and lots of 

components required to make that system and power losses 

will be there. Rather than renewable energy 9V, 12V or 

24V battery can be used as DC source for this converter. 

  

II. METHODOLOGY 

Solar panel is used for DC source and there is 230V RMS 
backup system. If there is sufficient amount of power 

output from solar panel then DC supply will be 

encountered from Solar panels or else 230V RMS can be 

used as backup system. For DC source PI controlled DC-

DC buck converter is use to convert the variable DC input 

voltage to constant DC output. For AC source the voltage is 

regulated using TRIAC and then bridge rectifier is used to 

convert AC power to DC power. A common capacitor filter 

is used at the output to reduce the ripple voltage of the 

output for both the converter. A switch is implemented for 

switching to Mode1 when DC supply is available.  

2.1. AC-DC CONVERTER 

230V RMS AC can be provided to the system. TRIAC is 

use to step down the AC voltage. To rectify DC voltage 

from AC voltage bridge type rectifier is used and then it is 

connected to the load through a common filter circuit. This 
system is a transformer less circuit to convert high level AC 

voltage to low level AC voltage. Power Converters are very 

efficient technology in the field of Power electronics, so 

this whole model is based on power electronics switches. 

An inductor is there in the output of the AC-DC converter 

circuit to reduce the ripple from the output.  A Resistor and 

Capacitor control circuit has been used to create the PWM 

signal for the TRIAC. PWM signal is send to the gate 

terminal of the TRIAC through a DIAC. 
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2.2. DC TO DC CONVERTER 

Solar panels can be used to provide DC supply to the 

circuit. DC-DC Buck converter is incorporated in this 

adapter circuit. 12V to 24V DC can be supplied to this 

adapter by solar panels or by battery or by any other power 

source. PI controller controls this circuit for constant DC 
output. A common Capacitor filter is used to minimize the 

ripple output voltage. MOSFET has been used for 

switching in this model. PI controller has been tuned with 

the help of simulation. First set the I value to 0 and then by 

increasing the P value the output is set in such a way that it 

oscillates constantly. Then gradually increasing the I value 

will make the oscillation less.  

 

Fig.1. Block Diagram 

III. WORKING MODES 

 

3.1 MODE1 

When there is DC input DC Buck converter will be 

activated and load will be supplied by DC loop through a 

capacitor filter. PI controller will control the switching of 

the DC-DC converter, which will give constant DC output 

voltage as per requirements. 

 

Fig.2. Mode 1 Block Diagram  

3.2 MODE2 

When there is AC input is available then we can use AC 

loop and we can supply to the load. Bridge type rectifier is 

used to convert AC to DC and then the output of rectifier is 

connected to a common Capacitor filter to minimize the 

ripple of the rectified output.  

 

Fig.3. Mode 2 Block Diagram 

IV. CALCULATION 

Duty cycle of the DC-DC converter has been calculated 

using formula (𝐷 = 𝑉𝑜𝑢𝑡/𝑉𝑖𝑛) (1). Where D is duty 

cycle, 𝑉𝑜𝑢𝑡  is output voltage of the model and 𝑉𝑖𝑛  is input 

DC voltage of the model. Time period of PWM signal for 

the MOSFET switch is calculated by formula (𝑇 = 𝑇𝑂𝑁/ 𝐷) 

(2). Where T is the total time period of the switching PWM 

signal and 𝑇𝑂𝑁 is the switching ON time period. Inductor 

used in the DC-DC converter is calculated using formula 

(𝐿𝑚𝑖𝑛 = 𝐷𝑚𝑎𝑥 ∗
𝑉𝑖𝑛 𝑚𝑎𝑥 − 𝑉𝑜

∆𝑖𝐿 𝑝𝑝∗𝑓𝑠𝑤
) (3) [13]. Where 𝐿𝑚𝑖𝑛  is 

minimum inductor to be selected for the converter, 𝐷𝑚𝑎𝑥 is 

maximum duty cycle, 𝑉𝑖𝑛 𝑚𝑎𝑥  is maximum input DC 

voltage, 𝑉𝑜  is the output voltage of the converter, ∆𝑖𝐿 𝑝𝑝 is 

ripple inductor current and 𝑓𝑠𝑤  is switching frequency of 

the converter. Capacitor filter calculation has been done by 

the formula (𝐶 =
𝐼

2∗𝑓∗𝑉𝑝𝑝
) (4) [9]. Where C is Capacitor 

value, I is the output current, f is frequency of the 

waveform and 𝑉𝑝𝑝 is ripple output voltage. 

1. Calculation Results: 

 

 

 

 

V. SIMULATION 

Simulation for the whole system is done in Matlab 

Simulink. Components parameters are manually calculated 

by using desire formulas. Calculated components 

parameters are set to the Simulink model for simulation 

purpose. For simulation purpose two ideal switches has 
been used to select in which mode the model should work. 

In simulation Thyristors are used to make the equivalent 

circuit of the TRIAC. The output voltage and output current 

is measured using voltage and current measurement block 

and the graphs have been executed in scope. As the time 

period of the PWM signal for MOSFET switch is 12micro 

seconds, the repeating signal used for PI control is also 

made 12 micro seconds. Two diodes have been used to 

make the equivalent circuit of DIAC to provide the PWM 

signal to the TRIAC. For bridge type rectifier four diodes 

are used after TRIAC circuit. All simulation results is of 60 

Duty cycle (D)   41.66 % 

Time period (T)  12 mS 

Switching Frequency  83 K Hz 

Inductor (L1)  476.9 uH 

Capacitor(C3) 17.85 mF 
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seconds time. X – axis of every simulation results is of time 

in seconds. Y – axis of output voltages is in Volts and of 

output current is in Ampere.  

 

Fig.4. Simulation Diagram 

2. Simulation Values:    

                                                    

L1 500 uH 

L2 44 mH 

R1,R2 80 K Ohm 

C1,C2 12 uF 

C3 30 mF 

LOAD 1 Ohm 

P 0.05 

I 4 

 

 

Fig.5. Output Voltage and Output Current Waveform of 9V 

DC Input 

 

Fig.6. Output Voltage and Output Current Waveform of 

12V DC Input 

 

Fig.7. Output Voltage and Output Current Waveform of 

24V DC Input 

 

Fig.8. Output Voltage and Current Waveform of 230V 
RMS AC Input 

VI. CONCLUSION 

This system can be used for charging mobile and powering 

5V devices. It is very efficient and can be used for fast 
charging. It is easy to carry anywhere and can use both AC 

and DC supply. Rather than solar panel or any other means 

of renewable source we can also use 12V or 24 V batteries 

as DC source for this system. Constant 5V DC output has 

been executed in MATLAB software. 
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