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1. Introduction

One of the most important subjects in numerical methods is solving nonlinear equations of the functions. More
attention has offered to improve many iterative methods for solving nonlinear equations of the functions for
example PV cell on single diode. Rasheed et al. have suggested and studied many techniques for solving nonlinear
equations with order of convergence using decomposition technique of the Two-Point Bracketing technique and
other standard and classical methods. They used one of the first order derivatives of the functions, which is not a
serious drawback. Therefore, we propose and study an algorithm for solving nonlinear equations which does not
been included the derivative with the higher order of the function [1-115].

TPBM requires 8 evaluations of the function while the other technique (DM) needs 6 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 TPBM and DM algorithms respectively while; section five and six indicate the
numerical problems, discussion and conclusion results respectively.

2. - PV Model's Formula

KCL Kirchhoff's law is employed in order to depict the electrical parameters of PV cell scheme [30-50]

I'=1Iph = Ipiodes Ipiode = To [exp (_HVTPT") - 1] "

where:

Ip is diode reverse saturation current measured in (A), I, is light current, nis diode ideality factor (unitless),
k = (1.38 x 101:23]/1() is Boltzmann constant, q = (1.602 X 1071? C) is elementary charge, Vyis thermal voltage
given by Vr = —, [,,is the light generated current in the cell, Tis 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) — 1072 (e1.2*o.026 - 1) =V/R (2)
3. Two-Point Bracketing Method (TPBM)
Step 1: for a given [ay, by]

ax+b .
kz k ¢y is between ay and by. (3)

Step 2: compute cy as follows ¢, =
Step 3: If [xp41 — Xn| < & |[f(xp)| < & &€ = 1072 as a tolerance; stop else go to Step 2.

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

f(xn)—f(xn-1
m otherwise

oy = {xn S (%) i f(xno1) # f(xn) @

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

_apt+b,

m 2
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Step 3: If|f(ay)| = |f(by)], If(xn)| < & € = 1077 as a tolerance; stop else go to Step 1. (5)
where: a,: the "contrapoint” this means that f(x,) and f(by) have opposite signs, so the interval [a,, b, ] consist of
the solution.

5. Results and Discussion

The estimate for the root of Eq. 2, two numerical iterations is applied to introduce the performance of the
algebraic expression (TPBM)-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 other algebraic expression (DM)-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 have been applied in Eq. 2 for numerical testing, R-values (1-5) ohm-(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 TPBM algorithm needs 8 iterations while DM technique need 6
iterations to reach to the convergence which proves that DM is faster than TPBM.

Table 1 - Analysis of two iterative methods (TPBM and DM).

lterations | V,,-TPBM | 1I.-TPBM | P,,-TPBM V,,-DM I,,-DM P,.-DM &-TPBM DM
1 0.959074734 | 0.959074734 | 0.919824345 | 0.929559074 | 0.929559074 | 0.864080071 | 0.036651599 | 0.007135939
2 0.938299156 | 0.938299156 | 0.880405306 | 0.923372033 | 0.923372033 | 0.852615911 | 0.015876021 | 0.000948898
3 0.926556800 | 0.926556800 | 0.858507503 | 0.922450286 | 0.922450286 | 0.850914530 | 0.004133665 | 2.71513e-05
4 0.922840947 | 0.922840947 | 0.851635413 | 0.922423171 | 0.922423171 | 0.850864506 | 0.000417812 | 3.65052e-08
5 0.922428568 | 0.922428568 | 0.850874463 | 0.922423135 | 0.922423135 | 0.850864439 | 5.43368e-06 | 8.33777e-14
6 0.922423135 | 0.922423135 | 0.850864441 | 0.922423135 | 0.922423135 | 0.850864439 9.5125e-10 0
7 0.922423135 | 0.922423135 | 0.850864439 0
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Fig. 1 - Analysis problems / examples of non-linear equation based on (TPBM and DM) models.
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Table 2 - Analysis of two iterative methods (TPBM and DM).

Iterations | V,,-TPBM | I,-TPBM | P,,-TPBM V,,-DM 1,,-DM P,,-DM £ TPBM £-DM
1 0.958226219 | 0.479113110 | 0.459098744 | 0.926358271 | 0.463179136 | 0.429069824 | 0.041190837 | 0.009322889
2 0.936128222 | 0.468064111 | 0.438168024 | 0.918551846 | 0.459275923 | 0.421868747 | 0.019092839 | 0.001516463
3 0.922636611 | 0.461318306 | 0.425629158 | 0.917098401 | 0.458549201 | 0.420534739 | 0.005601229 | 6.30186e-05
4 0.917752815 | 0.458876408 | 0.421135115 | 0.917035565 | 0.458517783 | 0.420477114 | 0.000717433 | 1.82939e-07
5 0.917051142 | 0.458525571 | 0.420491398 | 0.917035382 | 0.458517691 | 0.420476946 | 1.57593e-05 | 2.06313e-12
6 0.917035390 | 0.458517695 | 0.420476954 | 0.917035382 | 0.458517691 | 0.420476946 8.0588e-09 0
7 0.917035382 | 0.458517691 | 0.420476946 2.10942e-15
8 0.917035382 | 0.458517691 | 0.420476946 0
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Table 3 - Analysis of two iterative methods (TPBM and DM).

Fig. 2 - Analysis problems / examples of non-linear equation based on (TPBM and DM) models.

Iterations | V,,-TPBM | 1,,-TPBM | P,-TPBM V,,-DM 1,,-DM P,,-DM e-TPBM &-DM
1 0.957364012 | 0.319121337 | 0.305515284 | 0.922895710 | 0.307631903 | 0.283912164 | 0.046960638 | 0.012492336
2 0.933839237 | 0.311279746 | 0.290685240 | 0.912935524 | 0.304311841 | 0.277817090 | 0.023435863 | 0.00253215
3 0.918236042 | 0.306078681 | 0.281052476 | 0.910560544 | 0.303520181 | 0.276373502 | 0.007832668 | 0.00015717
4 0.911689551 | 0.303896517 | 0.277059279 | 0.910404403 | 0.303468134 | 0.276278726 | 0.001286177 | 1.02901e-06
5 0.910452397 | 0.303484132 | 0.276307856 | 0.910403374 | 0.303467791 | 0.276278101 | 4.90229e-05 | 6.34423e-11
6 0.910403453 | 0.303467818 | 0.276278149 | 0.910403374 | 0.303467791 | 0.276278101 | 7.87086e-08 0
7 0.910403374 | 0.303467791 | 0.276278101 2.03837e-13
8 0.910403374 | 0.303467791 | 0.276278101 0
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Fig. 3 - Analysis problems / examples of non-linear equation based on (TPBM and DM) models.
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Table 4 - Analysis of two iterative methods (TPBM and DM).

lterations | V,,-TPBM | I,-TPBM | P,,-TPBM V,,-DM 1,,-DM P,,-DM - TPBM £-DM
1 0.956487771 | 0.239121943 | 0.228717214 | 0.919134840 | 0.229783710 | 0.211202213 | 0.054747169 | 0.017394238
2 0.931420865 | 0.232855216 | 0.216886207 | 0.906254198 | 0.226563549 | 0.205324168 | 0.029680263 | 0.004513596
3 0.913234752 | 0.228308688 | 0.208499428 | 0.902178866 | 0.225544717 | 0.203481677 | 0.011494150 | 0.000438264
4 0.904212100 | 0.226053025 | 0.204399881 | 0.901747525 | 0.225436881 | 0.203287150 | 0.002471498 | 6.92307e-06
5 0.901910105 | 0.225477526 | 0.203360459 | 0.901740605 | 0.225435151 | 0.203284030 | 0.000169503 | 2.70324e-09
6 0.901741552 | 0.225435388 | 0.203284457 | 0.901740602 | 0.225435150 | 0.203284028 | 9.50472e-07 | 5.55112e-16
7 0.901740602 | 0.225435151 | 0.203284028 | 0.901740602 | 0.225435150 | 0.203284028 | 3.03456e-11 0
8 0.901740602 | 0.225435150 | 0.203284028 0
0% —m—Vpv- 1PBM] 0.24 —m—pu-TPBM 0233 —a—Ppy-TPBM| oo —m— e TPBM
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Table 5 - Analysis of two iterative methods (TPBM and DM).

Fig. 4 - Analysis problems / examples of non-linear equation based on (TPBM and DM) models.

Iterations | V,,-TPBM | 1,-TPBM | P, -TPBM V,,-DM 1,,-DM P,,-DM - TPBM &-DM
1 0.955597145 | 0.191119429 | 0.182633181 | 0.915032139 | 0.183006428 | 0.167456763 | 0.066504431 | 0.025939425
2 0.928860287 | 0.185772057 | 0.172556287 | 0.898096686 | 0.179619337 | 0.161315531 | 0.039767572 | 0.009003971
3 0.907465744 | 0.181493149 | 0.164698815 | 0.890585280 | 0.178117056 | 0.158628428 | 0.018373029 | 0.001492565
4 0.894506327 | 0.178901265 | 0.160028314 | 0.889157358 | 0.177831472 | 0.158120161 | 0.005413612 6.4643e-05
5 0.889801386 | 0.177960277 | 0.158349301 | 0.889092920 | 0.177818584 | 0.158097244 | 0.000708671 2.04935e-07
6 0.889109249 0.17782185 0.158103051 | 0.889092715 | 0.177818543 | 0.158097171 1.65338e-05 2.78855e-12
7 0.889092724 | 0.177818545 | 0.158097174 | 0.889092715 | 0.177818543 | 0.158097171 | 9.59538e-09 0
8 0.889092715 | 0.177818543 | 0.158097171 3.21965e-15
9 0.889092715 | 0.177818543 | 0.158097171 0
gl | ] | e I I o]
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Fig. 5 - Analysis problems / examples of non-linear equation based on (TPBM and DM) models.

6. Conclusion

We suggested and analyzed new two-step iterative methods for solving nonlinear equations in the science and
engineering field such as PV cell based on equivalent circuit of a single diode model. The new proposed iterative
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method DM has good efficient, some numerical experiments clarify the accuracy and performance of the proposed
method is better than Two-Point Bracketing algorithm which has sixth iterations.
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