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Abstract

The increasing use of electrical energy in homes has resulted in the use of fuel being very
depleted, to overcome this problem there must be savings in electrical energy by using an inverter.
The inverter is able to convert 12V DC (unidirectional) electricity into 220V 50Hz AC (alternating)
electricity. The evaluation of the best inverter and having input and output power efficiency for
various types of loads can be seen from the wave output generated. For resistive loads, the average
efficiency of the Type A inverter is 38.7%, the Type B inverter has an average of 45.4% and the
inductive load on the Type A inverter is 32.8%, for the Type B inverter, it is 81.1 % and the
capacitive load on the Type A inverter is 5.3% and the Type B is 62.8%.

Keywords: Inverter, Efficiency, Power input and output.

1.INTRODUCTION

Currently around the world the use of inverters as power electronics equipment is quite
extensive, because it can convert DC (unidirectional) electricity into AC (alternating) electricity
quantities. The inverter output can be in the form of a sine wave, square wave, and modified sine
wave, for now it is still using a conventional inverter which has low efficiency and the shape is not
close to a sinusoidal wave. Inverters are needed as a backup of electricity when the use of
electricity at home goes out. In the use of this inverter, it can be used on electronic devices in the
household such as computers/laptops, refrigerators, televisions, fans, and other electronic goods.
This tool is widely used in DC energy sources produced by solar panels.

2. LITERATURE REVIEW

2.1. Electrical power
The amount of electrical energy absorbed in a circuit transfers charge per unit time, or the

amount of electrical energy used every second. Can also be defined as flow rateenergy. Energy

sources such as electric voltage can produce electrical power while the load connected to it will
absorb the electrical power.The unit for electrical power is generally the Watt.

2.2. INVERTER
Inverter is an electronic device that functions to convert direct current (DC) into alternating

current (AC) with adjustable voltage and frequency. There are several types of inverters that are

divided based on their criteria, including:

a. Based on the number of phases: namely single-phase and multi-phase inverters, for example
three-phase which so far is the type of inverter used to interconnect the output to the grid of the
electric power system.

b. Based on the DC input source: the voltage source inverter (VSI — Voltage Source Inverter), and
the current source inverter (CSI — Current Source Inverter).

c. Based on the method of setting the signal shape: namely square wave, pulse amplitude
modulation (PAM) and pulse width modulation (PWM).

d. Based on the output waveform: i.e. square wave, stepped square and sinusoidal (Alifia, 2021).
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2.3.0NE PHASE INVERTER
1. 1 Phase Half Wave Inverter

The single-phase half-wave inverter will be explained in the figure below. Switch K1 and K2,
ON-OFF alternately. When switch K1 is ON, current flows from E/2 (+) to switch K2, to load BA,
to E/2 (-), while K2 is open.(Electricity & Renewable Energy, 2020)

€3] .
Figure 1. 1 Phase Half-Wave Circuit.

2. 1 Phase Full Wave Inverter

The basic circuit of a full wave inverter and an output waveform with a resistive load is shown
in the figure above. When transistors Q1 and Q2 are working (ON), the voltage Vs will flow to the
load but Q3 and Q4 are not working (OFF). Furthermore, transistors Q3 and Q4 work (ON) while
Q1 and Q2 do not work (OFF), then the load will generate a voltage of —\Vs(Battery, 2019).

Figure 2. 1 Phase Full Wave Circuit

2.4. FULL-BRIDGE CONVERTER THEORY
S1 and S4 must not close at the same time, as well as S2 and S3, which will cause a short
circuit in the DC source. Real switches cannot be on or off instantly. The output voltage of the
switch pair condition in the full bridge converter circuit(Fadhli MR, 2010).

51 \ N3

M 82
Figure 3. Full Brid'ge Converter Circuit.

2.5. PULSE WIDTH MODULATION
Pulse Width Modulation(PWM) is a method used to manipulate the signal width which will
later be expressed as a pulse in a period, in order to get a different average voltage value.
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Figure 4. PWM signal.
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The known PWM signals generally have a fixed amplitude and fundamental frequency but
have varying pulse width values. The value of the PWM pulse width is generally proportional to
the amplitude of the unmodulated signal. Where the PWM signal has a constant wave frequency,
but the duty cycle varies (between 0% to 100%).

Vour = Duty Cycle X Viy.veeene. (2.4)

3.RESULTS AND DISCUSSION
Inverter testing is carried out to find out whether 2 types of inverters namely Type A and
Type B which have good efficiency to convert DC voltage into AC voltage as expected. The test
results of Type A and Type B inverters can be seen in the table below.
Table 1. Test Results of Type A. Inverter

Input(V) Output (V) Current (1) Frt;t)quency(H
12.50 177 0.58 57
Table 2 Test Results for Type B. Inverter
Input(V) Output (V) Current (1) Fric)quency(H
12.50 230 0.74 50

Testing 2 Types of inverters with a load is a test carried out to see which one has better
efficiency. In testing these 2 types of inverters, it is carried out using variations in the type of load.
The results of testing on the inverter using various types of loads can be seen in the table below.

Table 3. Test Results of Type A Inverter with Variation of Load Type

E-ISSN: 2827-766X | WWW.IJSET.ORG
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Load Condition Ol:l) (Irz gui ch)t Cos Phi
15-Watt lamp 12.60 1.24 173 0.22 0.9
20-Watt lamp 12.55 1.37 169.5 0.22 0.15
40 Watt lamp 12.50 1.50 170 0.24 0.23
Soldering 60 Watt 12.45 1.88 168 0.12 0.91
50 Watt Fan 12.35 2.58 159.1 0.14 0.94
CT transformer 12.45 2.56 0 0 0
Capacitor 1 F 12.50 1.08 175.5 0.21 0.02
Capacitor 2.5 F 12.38 1.85 172 0.47 0.02
3.5 F . Capacitor 12.25 2.40 167.6 0.64 0.01
Table 4. Test Results of Type B Inverter with Variation of Load Type
Load Condition (V) (1 (V) (N Cos Phi
In In out out
15-Watt lamp 12.27 1.95 227.6 0.28 0.06
20-Watt lamp 12.30 1.80 227.1 0.29 0.10
40 Watt lamp 12.28 1.94 228.1 0.28 0.20
Soldering 60 Watt 12.13 3.05 230 0.14 0.95
50 Watt Fan 12.03 4.07 220 0.21 0.95
CT transformer 4.49 12.21 228.3 0.19 0.92
Capacitor 1 F 12.37 0.96 228.6 15 0.02
Capacitor 2.5 F 12.25 2.04 225 2.3 0.03
3.5 F . Capacitor 12.03 4.5 223.2 55 0.03
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3.1. Calculation of Resistive Load
¢ Load Capacity 15 Watt on Inverter Type A
Vin =12.60 Volts
lin = 1.24 Ampere
Vout =173 Volts
lout  =0.22 Ampere
coS =0.09
In the Type A inverter, first find the input power. The results of the calculations are
below.
Pin =Vin X Ilin
=12,60V x 1,24 A
= 15,6 Watt
Then calculate the output power on the Type A inverter. The calculation results are
below.
Pout =V X1IXx Cos@
=173 x 0,22 x 0,09
= 3,4 Watt
After getting the results on the input and output power, it will calculate the

efficiency of the Type A inverter.
Pout

n=—5—x100
_ 34 X 100 = 21,7%
1= 156 T AL
e Load Capacity 15 Watt on Inverter Type B
Vin =12.27 Volts
lin =1.95 Ampere

Vout =227.6 Volts
lout  =0.28 Ampere
cos = 0.06
In the Type B inverter, first find the input power. The results of the calculations are
below.
Pin =Vin X lIin
=12,27V x1954
= 23,9 Watt
Then calculate the output power on the Type B inverter. The calculation results are
below.
Pout =V X1 X Cos @
= 227,6 X 0,28 X 0,06
= 3,8 Watt
After getting the results on the input and output power, it will calculate the
efficiency of the Type B inverter.
Pout

Pin

n= X 100

)

= > %100 = 15,89
=739 8%

TablelAnalysis of the calculation results of the Efficiency value of the Resistive load on the Type
A and B. Inverters

| Burden | Efficiency Value Type | Efficiency Value Type |
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A B
15 Watt 21% 15.8%
20 Watt 32.16% 29.8%
40 Watt 50% 53.6%
60 Watt 51.9% 82.6%

Based on the calculation results, the average value of efficiency in resistive loads with Type
A inverters is 38.7% and with Type B inverters is 45.4%, this can be seen in Figure 4.1 below.

100%
80%
60%
40%
20%

0%
15Watt 20Watt 40 Watt 60 Watt

Figure 4.1Resistive Load Efficiency Graph

3.2. Calculation of Inductive Load

¢ Load Capacity 50 Watt on Inverter Type A
Vin =12.35 Volts

lin = 2.58 Ampere
Vout  =159.1 Volts
lout =0.14 Ampere

Cos @ =0.94 Watt
In the Type A inverter, first find the input power. The results of the calculations are
below.
Pin =Vin Xlin
=12,35V x 2,584
= 31,86 Watt
Then calculate the output power on the Type A inverter. The calculation results are
below.
Pout =V X1X Cos @
=159,1 x 0,14 x 0,94
= 20,9 Watt
After getting the results on the input and output power, it will calculate the
efficiency of the Type A inverter.
Pout 100
Pin %
1= 3186
e 50 Watt Capacity Load On Type B . Inverter

Il:

x 100 = 65,7%

Vin =12.03 Volts

lin =4.07 Ampere

Vout =220 Volts

lout =0.21 Ampere

Cosp =0.95

In the Type B inverter, first find the input power. The results of the calculations are

below.
Pin =Vin XlIin
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=12,03V x 4,074
= 48,96 Watt
Then calculate the output power on the Type B inverter. The calculation results are
below.
Pout =V X1Xx Cos @
=220 x 0,21 x 0,95
= 43,89 Watt
After getting the results on the input and output power, it will calculate the
efficiency of the Type B inverter.

= Pout % 100
Pin 43,89
n =50 % 100 = 89,6%
n= % X 100 = 72,7%

Table2Analysis of the calculation results of the Efficiency value of the Inductive load on the Type
A and B. Inverters

Burden Efficiency Value Efficiency Value
Type A Type B
50 Watt 65.7% 89.6%
CT transformer 0% 72.7%

Based on the results of the calculation, the average efficiency value for the inductive load
with the Type A inverter is 32.8% and the Type B inverter is 81.15%, this can be seen in Figure 4.2
below.

100,00%
80,00% \
60,00%

40,00%
20,00%

0,00%

50 Watt Trafo CT

Figure 4.2Inductive Load Efficiency Graph

3.3. Calculation of Capacitive Load
e Load Capacity 1 F On Inverter Type A
Vin =12.50 Volts

lin =1.08 Ampere

Vout  =175.5 Volts

lout =0.21 Ampere

Cos =0.02

In the Type A inverter, first find the input power. The results of the calculations are

below.

Pin =Vin X Iin
=12,50V x 1,084
= 13,5 Watt
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Then calculate the output power on the Type A inverter. The calculation results are
below.
Pout =V X I X Cos
=175,5% 0,21 x 0,02
= 0,73 Watt
After getting the results on the input and output power, it will calculate the
efficiency of the Type A inverter.

_ Pout % 100
= Pin
_97 X 100 = 5,4%
=135 =
e Load Capacity 1 F On Type B . Inverter
Vin =12.37 Volts
lin =0.96 Ampere
Vout  =228.6 Volts
lout =1.5 Ampere
Cos =0.02
In the Type B inverter, first find the input power. The results of the calculations are
below.

Pin =Vin XlIin
=12,37V x 096 A
= 11,8 Watt
Then calculate the output power on the Type B inverter. The calculation results are
below.
Pout =V X1X Cos @
=228,6 x 1,5x 0,02
= 6,8 Watt
After getting the results on the input power, it will calculate the efficiency of the
Type B inverter.

_ Pout % 100
= Pin

_ 58 x 100 = 58,11%
1= 7118 TSR

Table3Analysis of the calculation results of the Efficiency value of the Capacitive load on the
Type A and Type B inverter inverters

Burden Efficiency Value Efficiency Value
Type A Type B
1F 5.4% 58.4%
25F 7% 62.1%
35F 3.6% 68%

Based on the calculation results obtained the average value of efficiency on a capacitive load
with a Type A inverter is 5.3% and a Type B inverter is 62.83%, this can be seen in Figure 4.3

below.
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Figure 4.3Capacitive Load Efficiency Graph

4.CONCLUSION

Based on the results of measurements and calculations as well as data collection from research
conducted on 2 types of inverters, namely Type A and Type B inverters with variations in the type
of load, it can be concluded as follows:

1. Inverter is a series of electronic devices that can convert direct current (DC) voltage into
alternating current (AC) voltage. To determine the input and output of 2 types of inverters,
namely Type A and Type B inverters, measurements of voltage, current, and power were carried
out in order to determine the efficiency of the inverter by using variations in the type of load so
that the inverter selection parameters get the energy obtained can be channeled to the load,
because the energy used less than the maximum affects the components in the inverter circuit
when given a load.

2. Based on the results of measurements and calculations of 2 types of inverters, namely Type A
and Type B inverters, it can be concluded that Type B inverters have high efficiency with an
average resistive load of 45.4%, and Type A inverters have an average efficiency. 38.7%, then
on the inductive load the Type B inverter has an average of 81.1% and the Type A inverter has
an average efficiency of 32.8%, and at the capacitive load it is very clear that the efficiency of
the Type A inverter is much lower by 5.3% compared to Type B inverter which far has a very
high efficiency with an average of 62.8%.
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