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1. Introduction

Per iterative methods; Let the given equation be f(x) = 0 and the value of x to be calculated. Using the Iteration
method, one can obtain the zeros of the linear or nonlinear equations. In order to get the zeros of the equation first
we have to write the equation in the form of x = p(x); then Let x = x, be a starting approximation of the required
root a, then the first approximation x, is obtained by the formula x;, = p(x,).using the same procedure for second,
thrid and so on. The approximation is expressed as follows x, = p(x; ), X3 = p(X2), X4 = p(X3),Xn = p(x, — 1).
Solving nonlinear equations is a case very often performed in variant areas of engineering and physical sciences. In
all cases, Newton's method also called as Newton-Raphson technique is most popularly employed for approximating
the numerical solutions of nonlinear equations [1-115].

The suggested algorithm IM requires 6 evaluations of the function while the other technique (DM) needs 5
evaluation of the function. The following steps are investigate the procedure of this work: section two, three and
four investigating the modelling and the root finding of IM and DM algorithms respectively while; section five and
six indicate the numerical problems, discussion and conclusion results respectively.

2. Introduction and Characteristics of a Nonlinear Equation
KCL Kirchhoff's law is employed in order to depict the electrical parameters of PV cell scheme [21-31]
~Vyy
1= Tpn = Iiode Ipiode = Io [exp (52*) — 1] &)
where:

Ip is diode reverse saturation current measured in (A), I, is light current, nis diode ideality factor (unitless),
k = (1.38 x 10723]/K) is Boltzmann constant, q = (1.602 x 1071° C) is elementary charge, V;is thermal voltage

given by Vi = %T, I nis the light generated current in the cell, T is temperature (p-n junction), I is the voltage

dependent current lost to recombination.

The current I, and power Py of the cell is given by I,, = %; Poy = Iy X Vi
The final equation from the circuit is given by
-V
(Isource) — 10712 (e1.2*o.026 - 1) =V/R (2)

3. Implicit Method (IM)
The following points suggestion for solving this method
Step 1: approximate solution x, = 1

Step 2: compute first derivative of the function f

f(xp1) = xp — ;g:; forn=0,1,2, ...

Step 3: determine x from the following expression

2% ()
f(Xn+1) + f(Xn)

Xn+1 = Xn

Step 4: compute

2xf(xp)

X=X T i +e0]

(3)
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4. Dekker's Algorithm (DM)
This method obtain when we combine the Bisection and Secant Methods achieved by Dekker in 1969.

Step 1: The first one called linear interpolation secant method using the following formula

__Xn~¥n .
Xn+1 = {Xn f(Xn)—f(Xn—1) f(Xn) 1f f(Xl’l—l) * f(Xn)

m otherwise

(4)

Step 2: the second one can be obtained by bisection method

a, + b,

m 2

where: a,: the "contrapoint” this means that f(x,) and f(by) have opposite signs, so the interval [a,, b, ] consist of
the solution.

For the two algorithms, the tolerance is If|f(a,)| = |f(by)], [f(xy)] < & &= 107°.
5. Results and Discussion

Two numerical iterations is suggested to introduce the performance of the Implicit algorithm (IM) represented
in Eq. 3 acquired in the present paper in order to solve non-linear equation with the initial value x, =1 and we
compare it with Dekker's Algorithm (DM) represented in Eq. 4 with two initial values x, and x;. For convergence
criteria, the distance between two consecutive iterates is based on Eq. 5, less than 10-°. Five examples in Eq. 2 are
used for numerical testing with the R values from 1-5 ohm, represents (load resistance) of the circuit. All
determinations are carried out with the algorithm precision introduced in Tables and Figures 1 to 5 and the number
of function evaluations needed are extracted from the Eq. 2. The numerical examples and the approximate solutions
produced by two techniques for solving Eq. 2.

The following Tables and Figs. indicate that IM algorithm needs 6 iterations while DM technique need 5
iterations to reach to the convergence which proves that IM is faster than DM.

Table 1 - Study numerical techniques of PV model.

Iterations Vo' IM I,,-IM P,-IM V,y-DM I,,-DM P,,-DM &-IM &-DM

1 0.959161639 | 0.959161639 | 0.919991049 | 0.929205321 | 0.929205321 | 0.863422529 | 0.036738504 | 0.006782187
2 0.937433385 | 0.937433385 | 0.878781352 | 0.923075930 | 0.923075930 | 0.852069173 | 0.015010251 | 0.000652796
3 0.925400246 | 0.925400246 | 0.856365615 | 0.922428894 | 0.922428894 | 0.850875065 | 0.002977111 | 5.75989e-06
4 0.922545230 | 0.922545230 | 0.851089702 | 0.922423135 | 0.922423135 | 0.850864440 | 0.000122096 | 3.7516e-10
5 0.922423325 | 0.922423325 | 0.850864791 | 0.922423135 | 0.922423135 | 0.850864439 | 1.90776e-07 0

6 0.922423135 | 0.922423135 | 0.850864439 0
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Fig. 1 - Numerical algorithms for Examples based on Eq. 2.

Table 2 - Study numerical techniques of PV model.

lterations |  V,,-IM I,- IM P,,-IM V,,-DM I,,-DM P,,-DM &IM £DM
1 0.958455962 | 0.479227981 | 0.459318916 | 0.926081935 | 0.463040967 | 0.428813875 | 0.041420580 | 0.009046553
2 0.935434541 | 0.467717270 | 0.437518890 | 0.918190084 | 0.459095042 | 0.421536515 | 0.018399158 | 0.001154702
3 0.921419097 | 0.460709549 | 0.424506576 | 0.917053969 | 0.458526984 | 0.420493991 | 0.004383715 | 1.85863e-05
4 0.917303249 | 0.458651625 | 0.420722626 | 0.917035387 | 0.458517693 | 0.420476950 | 0.000267867 | 4.09031e-09
5 0.917036324 | 0.458518162 | 0.420477809 | 0.917035382 | 0.458517691 | 0.420476946 | 9.41287e-07 | 1.11022e-16
6 0.917035382 | 0.458517691 | 0.420476946 | 0.917035382 | 0.458517691 | 0.420476946 | 1.09556e-11 0
7 0.917035382 | 0.458517691 | 0.420476946 0
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Fig. 2 - Numerical algorithms for Examples based on Eq. 2.
Table 3 - Study numerical techniques of PV model.
Iterations V- IM I,-IM P,,-IM V,y-DM I,,-DM P,,-DM &-IM &-DM
1 0.957746206 | 0.319248735 | 0.305759265 | 0.922738669 | 0.307579556 | 0.283815551 | 0.047342832 | 0.012335295
2 0.933365579 | 0.311121860 | 0.290390434 | 0.912518452 | 0.304172817 | 0.277563308 | 0.022962205 | 0.002115078
3 0.917026204 | 0.305675401 | 0.280312353 | 0.910467712 | 0.303489237 | 0.276317152 | 0.006622830 | 6.43381e-05
4 0.911019434 | 0.303673145 | 0.276652136 | 0.910403426 | 0.303467809 | 0.276278133 | 0.000616060 | 5.19576e-08
5 0.910408520 | 0.303469507 | 0.276281225 | 0.910403374 | 0.303467791 | 0.276278101 | 5.14644e-06 | 2.83107e-14
6 0.910403374 | 0.303467791 | 0.276278101 | 0.910403374 | 0.303467791 | 0.276278101 3.3528e-10 0
7 0.910403374 | 0.303467791 | 0.276278101 0
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Fig. 3 - Numerical algorithms for Examples based on Eq. 2.
Table 4 - Study numerical techniques of PV model.
lterations | Vp,-IM Iy~ IM P,,-IM V- IM 1,,-DM P,,-DM &M £DM
1 0.957032389 | 0.239258097 | 0.228977749 | 0.919152679 | 0.229788170 | 0.211210412 | 0.055291787 | 0.017412077
2 0.931223659 | 0.232805915 | 0.216794376 | 0.905827604 | 0.226456901 | 0.205130912 | 0.029483057 | 0.004087002
3 0.912156127 | 0.228039032 | 0.208007200 | 0.901987653 | 0.225496913 | 0.203395431 | 0.010415525 | 0.000247051
4 0.903260003 | 0.225815001 | 0.203969658 | 0.901741429 | 0.225435357 | 0.203284401 | 0.001519401 8.2711e-07
5 0.901773322 | 0.225443331 | 0.203298781 | 0.901740602 | 0.225435150 | 0.203284028 | 3.27204e-05 | 7.76279e-12
6 0.901740616 | 0.225435154 | 0.203284035 | 0.901740602 | 0.225435150 | 0.203284028 | 1.41273e-08 0
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7 0.901740602 | 0.225435150 | 0.203284028 2.66454e-15
8 0.901740602 | 0.225435150 | 0.203284028 0
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Fig. 4 - Numerical algorithms for Examples based on Eq. 2.
Table 5 - Study numerical techniques of PV model.
Iterations V- IM Ipy- IM P,,-IM V,,-DM I,,-DM P,,-DM eIM DM
1 0.956314529 | 0.191262906 | 0.182907496 | 0.915298242 | 0.183059648 | 0.167554174 | 0.067221814 | 0.026205527
2 0.929005850 | 0.185801170 | 0.172610374 | 0.897787926 | 0.179557585 | 0.161204632 | 0.039913135 | 0.008695211
3 0.906731314 | 0.181346263 | 0.164432335 | 0.890225065 | 0.178045013 | 0.158500133 | 0.017638599 | 0.00113235
4 0.893322342 | 0.178664468 | 0.159604961 | 0.889112026 | 0.177822405 | 0.158104039 | 0.004229627 | 1.93113e-05
5 0.889360692 | 0.177872138 | 0.158192488 | 0.889092720 | 0.177818544 | 0.158097173 | 0.000267978 | 4.84981e-09
6 0.889093746 | 0.177818749 | 0.158097538 | 0.889092715 | 0.177818543 | 0.158097171 | 1.03145e-06 | 3.33067e-16
7 0.889092715 | 0.177818543 | 0.158097171 | 0.889092715 | 0.177818543 | 0.158097171 | 1.45102e-11 0
8 0.889092715 | 0.177818543 | 0.158097171 0
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6. Conclusion

Fig. 5 - Numerical algorithms for Examples based on Eq. 2.

A new iterative numerical method for approximating the solutions of nonlinear equation of PV cell is
investigated in this paper. Based on an iterative procedure improved in a study, we suggest here a type of the
numerical algorithm involving the employ of an iterative procedure to solve a nonlinear equation of a solar cell for
electronic applications. A detective numerical analysis deals with this suggested method for producing a more
accurate approximate solution for nonlinear equations is examined, estimated and explained specific experiments.
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