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ABSTRACT

It is important to find the optimum point in terms of energy quality in the studies for electrical
energy conversions with the converter and inverter circuits. In such studies, it has been tried
to find the optimum operating point by using control systems such as PID and Fuzzy Logic in
closed-loop controls. When a large number of variables are involved in finding the optimum
point, closed-loop control methods such as these may be insufficient to find the optimum
point. Therefore, in this study, the Adaptive Taguchi Method (ATM) with the maximum-
minimum value is used for the estimation of variables providing the optimum point for energy
quality by using it in a multilevel inverter with a double dc-dc converter. While in traditional
Taguchi Methods, dependent variables predict the results by revealing their effects on
independent variables, in ATM, besides the effects of the independent variables, the effects of
different dependent variables on each other are also estimated. First, the system to which the
ATM will be applied is introduced. Then, the principles of applying the ATM are explained.
In the known Taguchi method, variable values to be found with 3* = 81 trials, variables are
estimated with 27 trials, while the values of two different dependent variables in the system
can be found with 54 trials instead of 2x3* = 2x81 trials. The resulting values to be estimated
with the proposed ATM method are estimated with 27 trials instead of 2x81 or 54 trials.
Finally, the observation results to be used for estimation are analyzed and evaluated. By
trying the prediction results, it is seen that the proposed system is quite effective because the
estimated result value that is %3.71 in the experiments gives a lesser distortion value than the
values used for prediction.
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1. INTRODUCTION

The use of classical experimental design methods, which require a lot of trials, to find
the optimum point of the system used is not efficient in many application areas. As the
number of factors affecting the system increases, the number of experiments required
increases considerably. Therefore, while the costs increase, there is a waste of time and
applications are getting harder. In such cases, the application of the Taguchi Method (T.M.)
will be more efficient and easy. In many situations that require decision making, T.M. can be
applied successfully. Again, in energy conversion systems, it is important to estimate variable
values in order to obtain suitable results. Converter and inverter circuits are very required
circuits for converting electric energy in power electronics applications (Kerem, A., et al.,
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2017;Liu, Huang, and Qiu,2020; Mondal, A., et al., 2020; Szymanski,et al., 2020; Kan, Ruan,
2020; Yilmaz, E.N., et al.,2018 )For the applications, closed-loop control systems such as PID
and Fuzzy Logic are applied in order to reach the most suitable operating point on the system
( Srinivas, Themozhi, and Nagarajan, 2020; Rijanto, Nugroho, and Ghani, 2020; Reddy,
Sharma, 2021, Bounab et al.,2020). So, the output current or output voltage values generated
on the load are compared with the reference values and the system is controlled according to
the rule tables previously determined. Since closed-loop control is performed in these
methods, it is not possible to include different variables such as the change in the amount of
load within the same experimental setup. In these methods, the system includes many
variables when the switching times, the current frequency generated at the load, and the
operating times of the converters are added to the number of variables. Hence, closed-loop
control methods may be insufficient for system decision-making methods. In this case, many
experiments are required. Therefore, the Adaptive Taguchi Method (ATM) is used for the
optimization of an inverter system. In general Taguchi method studies (Erbayrak, E., et.
al.,2020; Kavc1.,2021& Kaya.,2021), while independent variables affect the dependent
variable, When the dependent variables affected by the same independent variables affect
each other, known Taguchi methods may be insufficient or the number of trials to be reduced
for estimation increases considerably. It is an ideal method to estimate independent variables
with more than one dependent variable affecting each other without increasing the number of
experiments with the proposed method. In this method, the method of maximum and
minimum values are used. ATM is the first time in the literature for the optimization of a
power electronics system. Using the Minimum Distortion Maximum Efficiency Taguchi is a
suitable solution to find the optimum point of the circuit in which passive element effects and
effects of more than one variable will be investigated. Therefore, the effect and optimization
of the inverter with an inverted double dc-dc converter on the load are investigated by the
proposed method. Since one of the two dependent variables in this study is the rate of
distortion, when the ratio of distortion to noise is examined, traditional Taguchi methods will
not be able to make a correct estimate. The application of the proposed circuit's ATM is a
great innovation although the traditional Taguchi method has been used for some applications
of different electronics ( Lin, 2020; Hiner, 2020; Hannan, et al., 2019; Jiang et al.,2020 ).In
the Adaptive Taguchi Method, the decision phase consists of 3 layers. In the known Taguchi
methods, the effects of independent variables on dependent variables are revealed with their S
/ N and mean values, in this study, the effect of independent variables on dependent variables
as well as on each other is revealed in integrity. Therefore, the Adaptive Taguchi method is
also suggested in this study. This method has a three-layer decision-making stage as shown in
Figure 6. In the first two layers, as in the fuzzy logic method, max and min values are used for
the optimal results of the dependent variables. In this method, the effect of switching
frequency (Sf), a working ratio of converter switches (D), impedance (Z) in the load, current,
and voltage frequency (f) on the load are examined. Distortion is Y and Efficiency isE. In
the known taguchi method, four variable values to be found with 3* = 81 trials, variables are
estimated with 27 trials, while the values of two different dependent variables in the system
can be found with 54 trials instead of 2x3* = 2x81 trials. The resulting values to be estimated
with the proposed ATM method are estimated with 27 trials instead of 2x81 or 54 trials. Also,
while suggesting an optimum point about PWM widths used in fuzzy logic and other closed-
loop systems used for inverter and converter circuits (Zongo, 2021; Swami, Kumar, 2021), on
the same experimental setup; load quantity, switching frequency, frequency of voltage
generated and key operating ratios may be insufficient to find an optimum point for many
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variables at the same time. In the proposed method, it makes estimates for many variables
such as switching time, the current frequency at the load, the operating rate of converter
switches, and load impedance. After the studies conducted, the ATM gives the best variable
values affecting the system for the optimum operating point by obtaining a 3.71% of
distortion rate in the experiment with the predicted variables. In this case, it shows that the
Adaptive Taguchi Method is better than the known Taguchi method and closed-loop control
methods such as Fuzzy Logic and PID.

2. System and variables to optimization:

The general structure of a 3-phase inverter with dc-dc converter units is as shown in figure 1.
The system used contains 3 double converter units. There is pulse width modulation (PWM)
controlling these converters whose operating rates are to be predicted. There are PWMs for
which switching times control the complete inverter circuit are to be estimated. Again, there
are impedances (Z1, Z2, Z3) representing the optimum loads that the system can drive.

Z1
=3 —
Converter Unitl
Z2
|
——
Converter Unit 2
Z3
— L
Converter Unit 3

PWNMs | I I I

Figure 1 a 3-phase inverter with dc-dc converter units

The logic and layout of this 3-phase inverter structure and the effect of converter structures on
the system are given in a study (Can,2020). It is very important to find the optimum point and
obtain more efficient results in such inverter studies. Although the best operating point has
been tried to be achieved in closed-loop systems with control units until today.( Sundaram,
Romine, 2020; Srikanth, Venkatesan, and Rao, 2020; Rajeswari, Santhi,2020)., these systems
remain inadequate for the different values of the load and the differences in the frequency of
the current or voltage on the load. Different experimental setups and many trials should be
made again for the frequency of the load current and the changing value of the load. Therefore,
the Taguchi Method is a good suggestion to estimate the variables required for optimum
operation when a large number of variables are involved. In this study, the two variables that
affect the system are the switching frequency and the working ratio of the converter switches.
The unit of switching time is seconds. These two variables affect the double 3-piece converters
with inverter structure. The third variable is the frequency of the current and voltage on the
load. Its unit is Hz. The variable to be considered as the fourth is the impedance (Z) value of
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the load. Its unit is Ohm. The equation of the sinus current in the direction of these variables is
as in equation 1.

2-D 1
| 22D Ngine 2 )
(1-D) Z
In equation 1, | represents the current and its unit is A. V represents the input voltage and its

unit is Volt. o is the angular frequency and the unit is rad / s. The unwanted situation that
disrupts the sinus structure in the current is harmonic distortions.

The most important criterion for the nonlinear effect to cause away from the sine wave is
the Total Harmonic Distortion (THD) parameter, it indicates the amount of distortion. Total
harmonic distortion for current as below:

THDL= |2 ( S 1h2) 2
I1 n=2

I1 is the fundamental component, and I, represents the harmonic components. A function is
f (), butiff(t)="f(t+T)is satisfied, it is said to be "periodic”. Such a periodic function can
also be expressed in terms of the elements of a trigonometric sequence. The Fourier series of
the non-linear waveform in generally known usage is as follows.

f(t) = Ag +( § Ay, sinnt + B, Cosnt) 3

n=1
If the equation 3 is regulated for simplified, the following equation is obtained.
f(t) = Ay + Elcnsin(nw on) 4

n=

The mean value component in the Fourier series is as follows:
T

1
Ay = [T ©)

The coefficient An of the Fourier series can be explained as follows.
2T

== [f(t)Sinnt.d 6
Ay T(j) (t)Sinnt.dt (6)

The coefficient Bn of the Fourier series can also be explained as follows.

2T
Ag = T (f) f(t)Cosnt.dt (7

The effective value of the Fourier series Cn can be obtained as follows.

(An +Bp)

V2

3. DESIGN AND SYSTEM LOGIC OF THE TAGUCHI METHOD FOR ENERGY
OPTIMIZATION

(8)

Cn:

3.1. Selecting the Appropriate Orthogonal Array energy conversion system
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In order to reduce variation, Taguchi developed a set of statistics called signal-to-noise
ratio to be used as performance criteria in experimental design. Noise Factor (N), in order to
reduce the variability arising from ordinary or system causes, it is necessary to determine
these reasons or factors and to select their optimal values in terms of variability. These factors
that create variability are called noise factors. Taguchi divided the implementation problems
into three according to the type of target and defined a different signal/noise ratio for each.
First is the smaller - better. In such problems, the target value of the quality variable (Y) is

zero. Y is observation value, Y is average observation value, n is number of observations. In
this case, the signal/noise ratio is defined as follows:

S/N=-10.log (XY* I n) (9)

Second is Larger - Better. In this case, the target value of Y is infinite and the signal/noise
ratio is defined below:

SIN=-10.log [> (I/Y?)In] (10)

The third is Target Value - Best. In such problems, a certain target value for Y is given.
Equation as follow:

S/N=10.log (Y 2/%? (11)

The Taguchi method is the multivariate single target optimization method that will be
considered for minimum target value. The equation represented by the usual minimum
function using single goal optimization is as follows.

min  S1(w(x)) = s1((w(x1), w(x2)w(x3)........... w(xk)) (12)

X is the set of variables. x1,x2,x3.....xk e X, w is considered harmonic distortion value for the
system.

The ordinary maximum function with multiple independent variables using multipurpose
optimization is as follows:

max S2(v(x)) = s2((v(x1), v(X2)v(X3)........... v(xK)) (13)

Target functions of the real-value vector are W and V.
X—>Ye Rk , W(X) = (W(xL), w(x2)w(x3)......... Wi (xk))T X >Z¢€ Rk,v(x) = (V(xD),v(x2)v(x3)......... v (xk))T where v
(x1), v (x2), and v (xk) are values representing the main load current desired to maximize
efficiency respectively, Yi and ZieR. The integer k is the function number of targets.
E>Z eRk,E(x):(v(xl)—w(xl),v(xZ)—w(xS) ......... v (xk)w(xk))T, E represents efficiency and can be
expressed as follows.

max S3(E(X)) = s3((E(xD), E(X2)E(X3)....vcorn E(xK)  (14)

n represents the number of elements of the array. Yi is the i'th element number of the array.
Y is the number of elements in the array. The square of the difference of the i'th element from

the mean is as(vi-Y)? . o is the standard deviation. As a result, standard deviation is calculated
as in equation 15.
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n-1421

e
o =,——=( 2Yi-Y) (15)

The value used in another analysis is the coefficient of variation (CV). Sum of Squares (S;)
must be calculated to find the variance as in Eq.16. The Sum of Squares is the sum of the
squares of the differences of the variants from the mean. Variance is the sum of the squares
divided by the degrees of freedom as in Eq.17The degrees of freedom is one minus of the
number of variants (n) to ensure that the calculated statistic is an unbiased estimate.

L2
S =( 2Yi-Y) (16)
S =1
n w-?f -
oV —(X — )21y (17)
=1

It is used not only for a comparative assessment of the variation of the coefficient of
variation in practice but also to characterize the homogeneity of the population. If this
indicator does not exceed 0.333% or 33.3%, the trait change is considered weak, and if more
than 0.333, it is considered strong. When there is a strong variation, the statistical values
studied are considered irregular and the mean value is atypical, so it cannot be used as a
general indicator of these values. The lower limit of the coefficient of variation is zero, there
is no upper limit. However, its value increases with increasing property change.

After the definition of all statistical values, the optimum point of the system will be found
by examining the state of four variables affecting the inverter system in this study. Orthogonal
arrays suitable for the problem are determined according to their degrees of freedom. In this
study, the optimum point of the system will be found by examining the state of four variables
affecting the inverter system. these variables; The switching time of the switches of the
converters is St, the working rate of the converter switches is D, the load impedance is Z, and
the frequency of the current that will occur on the load is F. After that, the degrees of freedom
of each factor is one less than the factor level number. In this case, the total degree of freedom
is found in the tablel. The frequency views of the generated current from independent
variables affecting the system are given in figure 2. These values are 80 Hz, 100 Hz, and 160
Hz, respectively. Impedances of the driven loads, which are among the independent variables
affecting the system, are given in figure 2. These values are Z1, Z2, and Z3 respectively. L is
the inductance value of the coil in units of Henry. XL is the reactance value of the coil and its
unit is ohm. The equation is calculated as in Eq.18. Here f is the frequency in unit of Hz. @ is
the angular frequency unitisrad /s. w =24f R is the ohmic value in impedance and its unit is

ohm. After that, impedance values are calculated as in equation 19. Figure 4 shows the
working rates of dc-dc converters that provide multi-level voltage, one of the independent
variables affecting the system. The switching time of dc-dc converters that provide the
formation of multi-level voltage, one of the independent variables affecting the system, is
given in Figure 5.

XL = 2AfL (18)
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Z=(R2+jXL2)l/2 (19)

80 Hz
0.0125 100 Hz 0.01
0.00625 ' ' t 60 H: 0.00625
0.05 U | 0.0031w

Figure 2 The frequency views of the generated current

VA ' L .
XL=wL i
/ E Z2 XL=jwl. 73 'Y

E=0.1 ochm =02 ohm -
R=0.3 ohm

Figure 3 Impedances of the driven loads

D=0.5 D=0.6 D=07
Figure4. The working rates of dc-dc converters
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Figureb. The switching time of dc-dc converters

Table:1 Total degrees of freedom

symbol | Factor Degrees of
Freedom
A Frequency(F) 3-1
B Impedance(z) 3-1
C Switching Time (St) | 3-1
D Duty ratio(D) 3-1
Total degrees of | 2+2+2+2
freedom

The total degrees of freedom must be one less than the number of trials of the maximum
chosen orthogonal array. In this case, the smallest orthogonal index L9 (3*) is chosen. It is the
stage of determining the experiments to be performed after determining the factors and levels
to be examined during the experiments. The first data to be determined to determine the order
to be selected according to the Taguchi Method is the total degree of freedom. The degrees of
freedom is simply the number of comparisons that have to be made between design
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parameters to determine which level will work best. Since the degree of freedom is two for a
three-level factor, the degree of freedom provided by the design to be selected is the eight
degrees of freedom needed for four factors.

The nine-run Taguchi L9 experiment is one of the designs suitable for the study. The
greatest degree of freedom allowed by nine experiments is eight. The degrees of freedom
other than the eight degrees of freedom required within the framework of the study are used in
the calculation of the error value. The Taguchi L9 experiment design is shown in Table 2. The
values in the table are the values used for the three-phase inverter circuit made in Matlab
Simulink. The general scheme of this circuit is given in figure 1.

Table 2. Taguchi L9 experiment design

F z St D AF) | B@ | cisy | b
160 | 0.1+j0.002 | 0.001 0.5 1 1 1 1
160 | 0.2+j0.002 | 0.01 0.6 1 2 2 2
160 | 0.3+j0.002 | 0.0001 0.7 1 3 3 3
100 | 0.1+j0.002 | 0.001 0.5 2 1 2 3
100 | 0.2+j0.002 | 0.01 0.6 2 2 3 1
100 | 0.3+j0.002 | 0.0001 0.7 2 3 1 2
80 | 0.14j0.002 | 0.001 0.5 3 1 3 2
80 | 0.2+j0.002 | 0.01 0.6 3 2 1 3
80 | 0.3+j0.002 | 0.0001 0.7 3 3 2 1

3.2 Performing Tests

In the Adaptive Taguchi Method, the decision phase consists of 3 layers. In the known
Taguchi methods, the effects of independent variables on dependent variables are revealed
with their S / N and mean values, in this study, the effect of independent variables on
dependent variables as well as on each other is revealed in integrity. Therefore, the Adaptive
Taguchi method is suggested in this study. This method has a three-tier decision-making stage
as shown in Figure 6. In the first two layers, as in the fuzzy logic method, max and min values
are used for the optimal results of the dependent variables. After the dependent variables are
analyzed in detail, their interactions with each other are revealed, and the most optimal results
are selected with max and min methods. Since one of the dependent variables is total
harmonic distortion, optimum values for the distortion to noise ratio would be predicted.
Therefore, if the traditional TM method is applied to the Distortion value, which is one of the
dependent variables in the presented values, it will be difficult to obtain optimum values.
Therefore, a three-layer optimization method with maximum-minimum value-dependent
variables as in Fuzzy logic is recommended. In this case, the proposed method allows us to
find the values we also need to find in a shorter way and a correct way. In the final decision
stage, optimum results are determined by using S / N and average values together with the
max and min values. The criterion used in the method proposed to measure and evaluate the
quality characteristics together with the method of max and min values at the final decision
stage of the adaptive Taguchi Method is the ratio of the signal (S) to the noise factor (N). The
signal value represents the actual value given by the system and desired to be measured, and
the noise factor represents the share of unwanted factors in the measured value. The quality of
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the quality value that is aimed to be reached as a result of the experiments in the calculation of
the signal/noise ratio is also important.

In the known Taguchi method, 3* = 81 trials are obtained with 27 observations in a system

that is orthogonal, whereas, in the adjusted Taguchi method, the results to be obtained with
2x82 trials are obtained with 27 observations since the effect of independent variables on each
other is examined. In this case, it shows that the Adaptive Taguchi Method is better than the
known Taguchi method.

Independent variables

I Dependent variables I

I Decision 1 I

I Decision 2 I

I Decision 3 I

<---Entry layer

| Dependent variables

I <---Process layer-1

I Decision 4 I

I Decision 5 I

I Decision 6 I

Optimal Valuesl

I Decision 1 I

I Decision 2 I

N

I Optimal Values:

pd

N

v

| <---Optimal Value Layer- 2

I Decision 1 I

I Decision 2 I

AN

Optimal Results

Figure6. Adaptive Taguchi Method layers

Decision layer-1

I Decision 2 I <---Decision Layer-2

IDecision 3 I<---Decisjon Layer-3

The distortion values of the alternating currents obtained in the applications using four
independent variables are given in Table 3. For load currents transformed into 3-phases, 3
separate harmonic distortions are observed (THD). Four independent variables affect these
three observed deterioration values.

Table3. Measurement values

Y1 Y2 Y3(%THD3

A B C D (%THD1) |(%THD2) | %Y
1 1 1 1 3,9 37 38 3,85
1 2 2 2 4,36 4,42 43 4,36
1 3 3 3 44 47 46 4,566
2 1 2 3 4 4,2 3,9 4,033
2 2 3 1 5.4 52 5 5.2

2 3 1 2 4,9 48 5 4,9

3 1 3 2 5, 51 5,11 5,07
3 2 1 3 5,9 58 54 5.7

3 3 2 1 6.2 6,4 6,1 6,233
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F is the main harmonic and fundamental dependent variable. Since distortions are a noise
factor, it is calculated as a percentage of the main harmonic. In calculations, when the
distortion value is subtracted by taking the main harmonic value as 100%, an efficiency (E)
value can be obtained as in equation 20. While E is calculated briefly as in equation 21, the
algorithm of the optimization method is given in Figure 8. The algorithm of the traditional
Taguchi method is as given in Figure 7. If a decision is made for the ratio of distortion to
noise with the TM method, it would not be difficult and correct to achieve optimum results.
Therefore, as shown in figure 8, ATM is a correct method for optimization.

Indepented Variables

A B.C,D

Depented Variables

min( Y21, Y22.Y23)

S/N=10.log (E*/§?)

max(E__E E

max1” max2’ max3

Figure 7. The algorithm of the optimization method for TM
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Indepented Variables

A B.C.D

F F E

Imax’ 2max ~3max

max(max(® -V )max® V) gmax(E SV )

‘7
| |
LEuEnE e By EyyEss |
" ELE) 5
i-L£) 2
pr— _— / 2 2
cr (Ez — JE SIN=10.log (E*/ )

ifE,; is max else Ej, is... ifEQifS max else E), B ifESE is max else EgyiSe:

max(

)

E maxl‘Emaxf EmaxS

Emax

Figure 8. The algorithm of the optimization method for ATM

E = %F — %Y
E, = %F, - %Y,

(20)

E, = %F, %Y,

E, = %F, — %Y,

11
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Calculations for different measurement values of each efficiency are as follows;

En= %Fll - %Y11 Ey= %F21 - %Y21 E31 = %F3l - %Y31
B, =%k, %Y, || By =%F,, —%Y,, ;| By =%F;, —%Y,, (21)

E13 = %F13 —%Y13 E23 = %Fzs _%Y23 E33 = %F33 _%Y33

The variables to be used for predictions can be rearranged as in Table 4.

Table4. Efficiency (E) values

A B C D E1(%) E2(%) E3(%) |E (%)
1 1 1 1 96,1 96,3 96,2 96,10
1 2 2 2 95,7 95,6 95,7 95,65
1 3 3 3 95,6 95,7 95,4 95,44
2 1 2 3 96 95,8 96,1 95,07
2 2 3 1 94,6 94,8 95 94,8

2 3 1 2 95,1 95,2 95 95,2

3 1 3 2 95 94,9 94,89  |94,93
3 2 1 3 94,1 94,2 94,6 94,3

3 3 2 1 93,8 93,6 93,9 93,77

The values here are second stage dependent variables. 2x81 trials are required to find the
optimum conversion value for three different values of four independent variables such as
inverters. With this proposed method, it is possible to predict the optimum point with 9 trials.
E1, E2, E3 efficiency for every pleasure. E (%) is average efficiency Table 5 shows the results
obtained from the Minitab program. Table 6 gives the mean and S/ N ratios together with the
effect values.

Table 5. Minitab printouts of the observation values

A|B |C|D |E1(%)|E2(%)|E3(%) | E(%)|SNRA |LSTD |STDE |MEAN |CV
39,6612 |- 0,088641 | 96,1750 | 0,0009217
242317
1/1]1]1]91 |963 |962 |96,10
39,6148 |- 0,047871 | 95,6625 | 0,0005004
3,03924
1|2 (2 (2]957 |956 |957 |9565
39,6032 |- 0,139881 | 95,5350 | 0,0014642
1,96696
1/3(3[3|956 |957 |954 |9544
39,6219 |- 0,465358 | 95,7425 | 0,0048605
0,76495
201/2|3|9%6 [958 |961 |95,07
39,5361 |- 0,163299 | 94,8000 | 0,0017226
1,81217
2123|1946 |948 |95 |94,8
39,5659 |- 0,095743 | 95,1250 | 0,0010065
213|1]2]951 |952 |95 952

12
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2,34609
39,5481 |- 0,049666 | 94,9300 0,0005232
3,00244
3111|3295 94,9 194,89 (94,93
39,4902 |- 0,216025 | 94,3000 | 0,0022908
1,53236
31211 131(941 (942 |946 (94,3
39,4410 |- 0,124733 |93,7675|0,0013302
2,08158
31312111938 93,6 |939 93,77
Main Effects Plot for Means
Data Means
A B
96,0
95,5 \
95,0 \ \\-\ﬂ
& 04,5
-% 1 3 3 1 3 3
E" 96,0
95,5
- e
95,0 T —
94,5

1 2 3 1 2

Figure 9. Result curve for means
Table6: Taguchi analyses

Taguchi Orthogonal Array Design
L9(3**2)

Factors: 4

Runs: 9

Columns of L9(3**4) Array

123 4

Taguchi Analysis: E1; E2; E3; Y versus A; B; C; D

Response Table for Signal to Noise Ratios
Larger i1s better

Level A B C D
1 39,63 39,61 39,57 39,55
2 39,57 39,55 39,56 39,58
3 39,49 39,54 39,56 39,57
Delta 0,13 0,07 0,01 0,03
Rank 1 2 4 3
Response Table for Means

Level A B C D
1 95,79 95,62 95,20 94,91

13
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2 95,22 94,92 95,06 95,24

3 94,33 94,81 95,09 95,19

Delta 1,46 0,81 0,14 0,33

Rank 1 2 4 3
Response Table for Standard Deviations
Level A B C D
1 0,09213 0,20122 0,13347 0,12556
2 0,24147 0,14240 0,21265 0,06443
3 0,13014 0,12012 0,11762 0,27375
Delta 0,14934 0,08110 0,09504 0,20933
Rank 2 4 3 1

Figure 9 shows the resulting curves for the means. The frequency of the load to be exerted
the greatest effect on the system and the impedance of the load have an effect. It is observed
that the switching frequency and modulation index of converters have less effect. Figure 10
demonstrates curve of results for standard deviation while there is results for S / N ratio in
figure 11.

Main Effects Plot for StDevs
Data Means

A B
0,30 -
0,25 -
0,201 /\ \
0,15 -
- / a *1_________.
’8’ 0,10
- 1 3 3 1 3 3
[=]
c D
@ 0,30 -
3 0,25 -
0,20 - /A\
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Figure 10. Curve of results for standard deviation
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Signal-to-noise: Larger is better

Figure 11 demonstrates curve of results for S/N

Table 5 data analysis summarized according to Minitab results

Result for S / N Ratio Results for Means Result for Log (Std)
Impact Suitable Impact Suitable Impact Suitable
Degree Level Degree Level Degree Level

A 1 1 1 1 2 2

B 2 1 2 1 1 4

C 4 1 4 1 3 2

D 3 2 3 2 1 3

According to S/N ratio, it is also seen from the curves obtained as a result of the analysis
that variables A and B are highly effective on energy quality in high rate of energy
conversion. The first value of the A element has the highest mean level, while the lowest level
has the third value of the A element. Since biggest value are must be selected for the current,
the first value of the A element is the optimum value. Therefore, the 1st element value of A
becomes the predicted value. For C and B variables in Fig.10, the 3’st element values are the
independent variable values that will provide the optimum results, and the 3’st value for the D
variable is the recommended value to provide the optimum result. Table 5 shows data analysis

summarized according to Minitab results

A summary of the values obtained as a result of the analysis in the Minitab program is given

in table5. Appropriate variable values according to table5 are given in table 6.

Table 6 Estimated variables for optimization

F Z St D A (F) B(z) | C(Sst) | D(D)
First 160 |0.1+j0.002| 0.001 0.6 1 1 1 2
Second | 160 |0.1+j0.002| 0.0001 | 0.7 1 1 2 3
Third 60 |0.1+j0.002| 0.01 0.5 1 1 2 1
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As the frequency F of the current used in the calculations increases and the ohmic (R) value
in impedance decreases, the values obtained approach to the desired level. The working ratio
of the converters is 0.6 and the switching frequency (st) is brought to a medium value, which
positively affects the efficiency of the system. This is clearly visible in table 6. The system is
tested again with the predicted values. Load currents and distortion values obtained in the
study with estimated variable values are given in figure 12, figure 13, and figure 14.
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Fig.12 first phase current and harmonic value
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Fig. 14 third phase current and harmonic value

According to values of Al, B1, C1, D2 estimated, Inverter system is operated. Then, the
current value of the first phase is 268.9, while the THD value is 3.71%. The current value of
the second phase is 268.8 A while the THD value is 3.76%. For the third phase, while the load
current value is 268,8, the THD value is 3,81, it is seen that the data obtained in the study and
the estimation results match. There aren’t the estimated values at the experiment values. A
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2x81 experimented must be done in order to receive the values of Al, B1, C1, and D2 if
optimum values of variables are taken.
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Figure 15 the least deterioration in three percent terms.
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Figure 16 the highest efficiency with three observation of percentages.

Figure 15 shows the least deterioration in three observations of percent terms. These
deteriorations are the percentages obtained as a result of classical experiments and by using
the variables found by the proposed method. The results obtained with the proposed method,
shown with red lines, are seen to be better than the best results obtained with black lines
obtained with the traditional application. Figure 16 shows the highest efficiency with three
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percentages. These efficiencies are the efficiency percentages obtained as a result of classical
experiments and the productivity percentages obtained by using the variables found by the
proposed method. The results obtained with the proposed method, shown with red lines, are
seen to be better than the best results obtained with black lines obtained as the initial values.

These values are below 4% permitted for current in International IEEE standards. The
predictive results give an effective result to the value of the variables during the conversion to
alternating current. For the first time, it is shown that an inverter with a dual dc-dc converter
can be effectively optimized on the load with the ATM, thus saving time and money.

CONCLUSIONS:

One of the dependent variables in inverter circuits is main harmonic while the other is
harmonic distortion. If optimization is attempted on harmonic distortion by applying known
taguchi methods, the desired results cannot be obtained. Therefore, the adaptive taguchi
method using the maximum values of the main harmonic with double dependent variables and
the minimum point of the distortion harmonic was used. A different optimization and
decision-making method are presented by demonstrating that dependent variables affect each
other, as well as the independent variables, affect each other. In the study, 9 experiments were
done and since each experiment was repeated 3 times, a total of 27 experiments were
observed. Total degrees of freedom: Since N-1, the total degrees of freedom of the problem
was 26. The system was tried again with the estimation results obtained from the analysis
results. While 2 x 81 trials are required to find the effect of four independent variables on two
dependent variables with TM, it is found with 9 trials with the proposed method. According to
estimated values, when the switching frequency is 0.001 s, the least distortion occurs at 160
Hz of frequency and 0.1 + j0.002 of impedance. The optimum results were obtained in the
experiments with the estimated values. And with the ATM, it has been shown that the
optimum results can be obtained with the estimation results obtained without making many
experiments.
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