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 

Abstract: Total-Cross-Tied (TCT) solar array configuration 

has more output power under uniform irradiance condition 

(un-shade case) among all conventional solar photovoltaic 

(SPV) array configurations but reduced array power under 

non-uniform irradiance cases (shading cases). To improve the 

performance of TCT array configuration under shading cases by 

using rearrangement or repositioning of existing photovoltaic 

(PV) modules in TCT configuration to new optimal locations 

within a TCT array configuration with shade dispersion 

technique. In this rearranged method, repositioning the modules 

based on puzzle pattern without altering the electrical 

connections among modules in an SPV array. The shading on 

PV modules are dispersed by changing the position of PV 

modules to optimal locations within SPV array so the 

performance of conventional TCT configuration will be 

improved. In this paper proposed an optimal TCT 

configurations, it requires a minimum number of electrical 

connections or ties between array modules and it depends on the 

shaded modules location in SPV array and also the proposed 

method reduces the wiring losses, mismatch losses. For this 

analysis, MATLAB/Simulink software is used for modeling and 

simulation of 6x6 size different rearrangement based TCT and 

proposed optimal SPV array configurations under one 

un-shaded case and fourteen different shading cases. 

 

Keywords- PV modules, array power, optimal 

interconnections, wiring losses, Partial shading cases, shaded 

modules.  

I. INTRODUCTION 

The Sun light  consists of photons falls on a solar 

photovoltaic cells converts into electricity by photovoltaic 

effect. The number of series connected PV cells are formed to 

a single PV module and it produces a small amount of 

energy. The modules are connected in series and/ or parallel 

connection has produces higher amounts of energy as a solar 

array. The direct current (DC) generated from solar modules 

are converted to alternating current (AC) by using inverters 

and these converted AC electricity from the inverter is used 

for our applications and or sent to the electrical grid for use 

elsewhere[1-2]. 
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The performance of Solar PV system mainly depends on 

shading, soiling, faulty strings, bypassed modules, 

degradation of modules, operating temperature [3-4]. The 

efficiency of PV modules is less than 21% under un-shaded 

case with full irradiance of 1000 W/m2. The SPV array power 

is reduced due to partial shading effect. To improve the array 

power under partial shading (non-uniform irradiances), new 

TCT configurations or topology are proposed in this paper. 

The proposed configurations are developed by changing the 

location of SPV modules without altering the electrical 

interconnections among modules in array configurations. 

The proposed new TCT array topologies are mainly Optimal 

TCT, Modified TCT, new re-arranged TCT, Zig-Zag TCT, 

Modified Magic Square(MS) TCT, Half reconfigure TCT, 

Full reconfigure TCT, Tom-Tom puzzle based TCT, New 

cross- diagonal TCT and Ken-Do-Ku puzzle based TCT 

array configurations [5-10] are developed in this paper. The 

proposed new TCT configurations are developed based on 

puzzle number arrangement by shaded dispersion technique 

without altering the module to module connections in SPV 

array. The every PV module in array are re-positioning to 

optimal location and this optimal location is determined 

based on shadow pattern within the array. 

As compared to other configurations the TCT has minimum 

mismatch losses under various shading scenarios as 

presented in different literature research work [10-15]. This 

paper proposes an optimal interconnections (or ties) for a 6x6 

size TCT array configurations and analyze the performance 

under 14 different possible partial shading conditions. The 

proposed optimal connection method improves the 

performance of different configurations as compared to 

series-parallel configuration and new puzzle number 

arrangement based TCT configurations. The proposed 

optimal method creates an alternative path for current 

distribution between modules under un-shaded and partial 

shaded conditions with minimum number of 

interconnections or ties in the 6x6 size solar photovoltaic 

array system. The proposed method minimizes the wiring 

time during installation, installation cost of PV system and 

complexity of interconnections among modules as compared 

to TCT configuration. 
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II.  MATHEMATICAL MODELING 

2.1. Formation of Solar photovoltaic arrays: 

Solar PV cells directly converts sun light into electricity by 

photovoltaic effect [1]. The number of Photoivoltaic cells 

connected in series to form single PV module and number 

of PV modules connected in series and or parallel to form 

solar PV array as shown in fig-1. 

 
Figure-1: Solar PV Cell to Array formation 

2.2 Mathematical modeling of PV cell and Array 

The single diode equivalent circuit and symbol of a PV cell 

as shown in figure-2(a) and 2(b). 

 
Figure-2 (a) Solar PV cell (b) Symbol 

The mathematical representation of solar photovoltaic cell 

(PV cell) is given by in equation-a [11]. 

 

 
IL is module light generated current, represented as 

 

2.3 Photovoltaic Array modeling: 

The solar PV array with number of series connected modules 

(NS) and number of parallel connected modules (NP) are 

represent in figure-3. 

 
Figure-3: Solar PV Array with number of modules  

The SPV array represented in mathematically as given in 

equation-1. 

 
Where Ia : array output current[A],Vb: array voltage[V], IL: 

module light generated current [A], I0: reverse saturation 

current of diode [A],RS: series resistance,[Ω],RSH: Shunt 

resistance[Ω], A: Ideality factor of P-N junction solar cell 

diode (value 1-5), VTh: Cell thermal voltage[V] as VTh= ka 

TC/q, where ka: Boltzmann's constant[ 1.380658e-23 J/K][4], 

TC: operating temperature[K], q:Electron charge 

[1.60217733e-19 Cb],  

III. SYSTEM DESIGN 

3.1 Simple 6x6 size photovoltaic system 

The figure-4 shows the M x N size (M = 6 number of modules 

connected in one string and N =6 number of parallel 

connected strings) PV system with series-parallel(S-P) 

configuration with grid integration through power 

electronics interface devices. In this paper, only different 

types of SPV array configurations are considered for 

analyzing optimal connections in different configurations. 

 

Figure-4. 6x6 size Series-Parallel PV Plant 

3.2 Specifications of PV model: 

For modeling of 6x6 size SPV array system in MATLAB/ 

Simulink environment, Vikram Solar ELDORA 270 PV 

module under STC (1000 W/m2 and 250C) parameters are 

used for the designing of different proposed new TCT array 

topologies are tabulated in 

table1. 
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3.3 Solar PV Array configurations or topologies 

The main conventional configurations are,  

 a. Parallel (P) connection  

 b. Series(S) connection   

 c. Series-Parallel (S-P) connection 

 d. Honey-Comb (H-C) connection  

 e. Bridge-Linked (B-L) connection and  

 f. Total-Cross-Tied (T-C-T) connection. 

 

Modules are connected in series named as series connection 

and modules are connected in parallel named as parallel 

connection topology. In SP connection, first modules are 

connected in series and then connected to parallel [5-6]. In 

TCT type of connection, ties are connected among modules 

to get more power. The BL type is formed by bridge shape of 

connection and HC is the hexagon shape of architecture. 

Different types of SPV topologies are presented in figure-5. 

 
Figure-5: Connection diagram of SPV Array Topologies 

3.4: The Proposed new TCT topologies are mainly: 

i. Optimal TCT 

ii. Modified TCT 

iii. New re-arranged TCT 

iv. Zig-Zag TCT 

v. Modified magic square (MS) TCT 

vi. Half Reconfigure TCT 

vii. Full Reconfigure TCT 

viii. Tom-tom puzzle based TCT 

ix. New diagonal based TCT 

x. Ken Do Ku puzzle TCT 
 

The above proposed new configurations are based on puzzle 

pattern arrangement. In each type of arrangement, the 

modules present in each row and columns are re positioning 

to new row or column in an array based on puzzle number 

method. In this method, the electrical connections between 

module to module in SPV array configuration are 

un-changed and repositioning the existing modules to new 

optimal location according to puzzle numbers [5-7]. In the 

proposed configurations, the performance of conventional 

TCT configuration under partial shading conditions are 

improved. 

2.6: Proposed Optimal Configuration 

The proposed optimal configuration is formed by 

development of optimal number of interconnections in TCT 

connection with connection switch (CS) technique as 

discussed in section 4.1 and tabulated the results in Table-2. 

IV.  PROPOSED OPTIMAL  TCT  CONFIGURATION 

4.1 Methodology 

In the proposed optimal interconnections among modules, 

the entire PV array (any PV plant from few KW to MW) is 

sub divided into a small 2x2 size sub arrays. The simulation 

results of a 2x2 sub array with connection switch (CS=0/1) 

analysis [10] i.e., if tie/connection is present (CS=1), absent 

(CS=0) among the modules under seven possible shading 

cases for irradiances 500 W/m2 and 700 W/m2 are tabulated 

in Table-2. The possible seven cases of a 2x2 sub array with 

PV modules S1, S2, S3 and S4 are shown in figure-6[10]. In 

Case-I, all modules in the array receives uniform irradiance 

of 1000 W/m2. The maximum power obtained under uniform 

case with and without tie/connection is equal to 6676W, in 

this case a tie or interconnection not required in between 

modules. In Case II, shaded module S1 receives irradiance of 

500 W/m2 and remaining three modules receives full 

irradiance of 1000 W/m2. The power obtained without tie is 

less than with tie, so in this case a tie is required among the 

modules. 

 
Figure-6. 2x2 PV Array with possible shading cases  

 

In Case-III, IV and V: two modules are shaded in vertical 

position (S1, S3), diagonally (S1, S4) and horizontal position 

(S1, S2) as shown in figure-4. If two modules are shaded 

horizontal or vertical position out of four, in this case the 

output power is same, so a tie 

may be omitted.  
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If the diagonally opposite connected shaded modules are 

present, a tie among the modules is required to get more 

maximum power. 

In Case VI: modules S1, S2 and S3are shaded and module S4 

is un-shaded. The obtained output power of array is more 

with tie, so that a tie is required in between the modules. In 

Case-VII: all four modules are shaded. The obtained 

maximum power of array with and without tie are same, so a 

tie is not required among the modules in an array. 

Out of seven possible shading cases: in cases I, III, V and VII 

only tie is not required due to the maximum power obtained 

is equal with and without tie and in cases-II, IV, VI, the 

maximum power output is less without tie so that a tie 

required in between modules. It is observed that the obtained 

maximum power from array is depends on position of 

number of shaded modules. In proposed method, most of the 

cases a tie is not required and number of interconnections 

among the modules are reduced in the PV Array. From the 

Table-2, it is concluded that if one module shaded or two 

diagonally shaded modules or three module shaded case the 

tie is required and for other cases interconnections or ties is 

not necessary in between modules in an array. 

 

Table-2. Maximum power of different irradiance level 

cases 

 

4.2 Modeling of optimal interconnection TCT array 

configuration for shading cases 4 and 6: 

The modeling of 6×6 size proposed optimal TCT 

configuration for cases 4 and 6 are presented in this section.  

The required number of ties or interconnections between 

array modules for SP, TCT and optimal TCT configurations 

for cases 4 and 6 are tabulated in Table-3 and for all cases 1 to 

14 are tabulated in Table-4. 

In this proposed method, the entire 6x6 array is separated 

into 2x2 size PV arrays and optimize the required number of 

interconnections or ties with proposed connection switch 

(CS) method as discussed in section 4.1. CS=1 means tie 

present and CS=0 means tie absent between modules. Where 

a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p, q, r, s, t, u, v, w, x and 

y are the proposed interconnections or ties among the 

modules in 6x6 size PV system as shown in figure-7. The 

number of ties required in SP configuration is 0 and in TCT 

configurations is 25. In the proposed optimal array 

configuration, the number of ties required depends upon the 

shaded modules. If the shaded modules in 2x2 SPV array are 

one or diagonal shaded two modules or three modules shaded 

then tie or interconnection required and in other cases i.e., 

two shaded modules either horizontal shaded or vertical 

shaded, all four modules shaded or un-shaded conditions in 

this case the ties are not required in an array and reduces the 

wiring losses, wiring cost at the time of installation [12]. 

 
Figure-7: 6x6 size PV Array interconnections among 

modules 

 

Table-3. Optimal interconnection results for case-2 

 
The power output of proposed optimal SPV array topology is 

more than SP configuration and less than TCT topology. By 

considering wiring losses of rearranged based TCT 

configurations, the power output of proposed optimal method 

of configuration is almost equal to that of TCT configuration. 

The proposed partial shading cases (1 to 14) of different 

topologies are shown in figure-8. 

Table-4. Optimal interconnection results for different 

cases 

 
 

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-5S, February 2020 

72 

Retrieval Number: E10180285S20/2020©BEIESP 

DOI:10.35940/ijrte.E1018.0285S20 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

 
Figure-8. Proposed different partial shading cases 

 

The irradiance received by an array is less than 1000 W/m2 

due to the shading of modules. The main reason for shading 

is due to changes in tilt angles of modules, shading nearby 

buildings, clouds, bird litters, falling tree leaves on modules, 

dust formed on modules because of pollution [5-7]. In this 

work, for performance analysis of 6x6 size re-arrangement 

based TCT array configurations and proposed optimal TCT 

configurations, total fourteen number of proposed shading 

cases and one un-shaded case (case-U)  are considered and 

the results i.e., global maximum peak array power, shading 

losses, Fill-Factor, efficiency and number of ties among 

modules are tabulated in Table-5. In un-shaded case-U, all 

array modules received full irradiance (S) of 1000 W/m2. 

Figure-8 shows the different irradiance values of solar partial 

shaded photovoltaic array for cases 1 to 14. 

V. MODELING AND SIMULATION OF 

REARRANGEMENT OF MODULES-BASED TCT 

CONFIGURATIONS: 

 5.1 Rearrangement of modules in 6x6 TCT PV Array 

The Photovoltaic modules in conventional TCT 

configurations are arranged in row and column wise for a 

6x6 size array as shown in figure-9(a). The numbers 11 

indicates 1st row and 1st column, 12 indicates 1st row and 2nd 

column etc., In SP and TCT, Optimal TCT configurations 

the modules in an array are doesn’t change the positions 

whereas in remaining configurations the position of modules 

is rearranged based on number puzzle pattern. In this 

rearrangement modules-based configurations the modules in 

every column, row is changed to other column or rows in 

entire 6x6 size array depends on type of puzzle used. The 

rearrangement of modules is based on the puzzle analysis 

there are mainly proposed optimal TCT, modified TCT, new 

rearranged TCT, Zig-zag TCT, modified magic square TCT, 

half reconfigure TCT, full reconfigure TCT, Tom-tom TCT, 

new diagonal TCT and Ken-Do-Ku puzzle type TCT 

array-based method of repositioning of modules in an array 

[8-10]. In this method, only modules are rearranged in a 

different rows or columns without altering the electrical 

connection of PV configurations. So, the shade will be 

dispersed to a new row or column in array. It improves the 

performance of photovoltaic array compared to other 

conventional configurations without altering the module to 

module connections of array configuration. In this 

rearrangement-based configuration, the performance will be 

improved but it requires more wires for repositioning of 

modules to a new row or column in an array. It leads to 

wiring losses and increase the installation cost of the solar 

plant. The proposed rearrangement of modules based on 

puzzle pattern in new re-arranged TCT configuration are 

shown in figure-9. Similar way rearranged the modules to 

optimal location based on puzzle pattern for remaining array 

configurations. 

In S-P configurations, strings (series connected modules) are 

connected in parallel as shown in figure-5(c). 

In TCT type, all modules are connected with ties as shown in 

figure-5(d).  In optimal TCT, interconnections are connected 

based on location of number of shaded modules in an array. 

In modified TCT type, 1st column are remains same and 2nd, 

3rd, 4th, 5th, 6th column modules are changed their positions as 

shown in figure-10. 

In new re-arranged TCT type, 1st column is unchanged and 

remaining all column modules are changed their position. In 

zigzag type, all modules are placed in zig-zag type as shown 

in figure-10. In modified MS type, magic square pattern is re- 

arranged to new optimal location as shown in figure-10. In 

half re-configure type 1st, 3rd and 5th column modules are 

changed their positions and 2nd, 4th, 6th column modules are 

un changed their positions. Full reconfigure type, all shaded 

modules in array are changed to new positions within same 

column or rows. In Tom-Tom, Kendoku type, the modules in 

an array are arranged based on puzzle pattern arrangement 

as shown in figure-10. In new diagonal based TCT type, 

Modules in 1st row and 6th row are changed to cross diagonal 

type as shown in figure-10. 

 
Figure-9: Proposed Re-arrangement of TCT 

configurations 
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Figure-10: Proposed new TCT photovoltaic array 

re-configurations based on puzzle pattern 

5.2 Shade dispersion analysis of puzzle based modified 

TCT Configuration: 

 
Figure-11:  Shaded dispersion technique for proposed 

modified TCT configuration 

 

The figure-11 shows the shade dispersion analysis for the 

proposed puzzle based TCT configuration. For a 6x6 size 

TCT PV array consists of 6 rows and 6 columns of modules 

as shown figure-9(a). In this method, positioning of modules 

in optimal location based on puzzle patterns but its electrical 

connections are same as TCT configuration. The modules 

arrangement in modified TCT pattern are shown in 

figure-9(b). In this pattern, 1st column modules are remains 

unchanged and remaining five column modules are changed 

their positions as shown in figure-9(c). The diagonal 

modules in the TCT configuration are shaded, the modules 

are repositioning to new optimal location in same column by 

rearrangement of modules based on puzzle number analysis 

as shown in figure-9(c). In this arrangement, the shaded 

modules are changed their positions and shade will be 

dispersed to a new location in array configuration as shown 

in figure-9(d) shade dispersion with modified TCT 

configuration. By this shade dispersion technique, without 

altering the electrical connections the shade will be 

dispersion by simply re-positioning of existing modules in an 

array and it will improve the array power as compared to 

conventional TCT configuration [10-12]. The losses due to 

shading effect on SPV array topologies are shown in 

figure-12 

 

 
Figure-12:  Different shading losses in PV Array 

 

5.3. Performance of Re-arrangement modules based TCT 

array Configurations:  

The performance of Re-arrangement of modules based TCT 

configuration is better as compared to SP, BL, HC type of 

conventional configurations with respect to global maximum 

power, power loss, Fill-Factor [8-9, 15-16]. In this paper, 

new type of TCT array configurations are developed based on 

puzzle patterns and investigated the performance of these 

configurations. In the proposed puzzle-based shade 

dispersion arrangement of modules in an array distribute the 

shaded modules to optimal location and enhance the array 

power of different configurations. The SPV array current 

depends on solar irradiation (G) given as, 

 

 

Where Im is maximum module current at STC (irradiation of 

1000 W/m2 and temperature of 250 C). The Solar PV array 

voltage is given as, 

 

Where Vmi is the i
th

 row of array voltage.  

This section describes the comprehensive analysis of SP, 

TCT, proposed optimal and puzzle-based rearrangement 

TCT array configurations [6-17] under one un shaded case-U 

and 14 different proposed partial shading cases (cases 1 to 

14).  
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The proposed optimal interconnection method is applied to 

any size of PV system and improves the array power, requires 

minimum number of ties, less shading losses as compared to 

SP configuration and rearranged TCT configurations. The 

implementation of proposed optimal method is simple 

because it doesn't require any switches or sensors [10-12].  

The interconnections or ties between modules are a, b, c, d, e, 

f, g, h, i, j, k, l, m, n, o, p, q, r, s, t, u, v, w, x and y are shown 

in figure-5. For SP configurations there is no ties are required 

and in puzzle based rearranged TCT array configurations 

total 25 ties are required among modules and in case of 

proposed optimal configuration only a smaller number of 

interconnections or ties required depends upon shading 

pattern. In this proposed optimal method, the mismatch 

losses given in equation (4) are reduced as compared to 

series-parallel (SP) configuration and number of ties are less 

as compared to TCT SPV array configuration. The global 

maximum power is improved compared to SP and less than 

rearranged puzzle based TCT array configurations. Due to 

optimal ties the wiring required for installation of PV system 

and wiring losses are reduced [14-17]. 

 

Mismatch power loss            -- 

(4)      

% Power loss =                                             --(5)     

Fill-Factor =                                            --(6) 

Efficiency, η =                                                           --(7) 

Where Pin = Number of module x Area of Module 

 Area of module = 1952x982 mm (given in data sheet of 

Vikram solar ELDORA 270W Module) 

Where  is global maximum peak power under unshaded 

case of full irradiation 1000 W/m2 and  is global 

maximum power under different shading cases. Vmp, Imp, Voc, 

Isc  are the voltage at maximum peak power (mpp), current at 

mpp, open circuit voltage, short circuit currents of module 

respectively. 

5.4 Wiring Losses in PV array configurations 

The repositioning of modules to optimal location within an 

array increases the length of wires required for 

interconnection of modules and results the wire resistance is 

increased, causes a wire loss and also increases voltage drop 

in an array. The extra lengths of wires required for 

rearrangement of every module within an array. It increases 

the wiring losses in a rearrangement based TCT array 

configurations as compared to optimal interconnections of 

TCT configuration in proposed different partial shading 

conditions. If the connections between modules in an array 

are less, the wiring requirement for installations of PV 

system is reduced but in TCT array configuration the number 

of ties or interconnections among modules are more so the 

wiring requirement is more. In TCT type of SPV array 

topologies the cost of the installation for PV system is 

increased and also wiring losses are more due to more length 

of wires used for interconnection of modules in the PV array. 

VI.  RESULTS AND DISCUSSION 

The output P-V (Power-Voltage) characteristics of SP, 

rearrangement of modules based on puzzle pattern TCT 

array configurations and proposed optimal topologies under 

14 shading cases and one un-shaded case-U are shown in 

figures- 13 to 24. The obtained global maximum output array 

power of SP, rearranged TCT and proposed optimal TCT 

topologies are shown in figures-25. Under un-shaded case-U, 

the power obtained in SP, rearranged modules based TCT 

and proposed optimal configurations are equal i.e., 9620W 

and power changes in different shading cases shown in 

figure-6. The array global maximum peak power (GMMP) 

and mismatch or shading losses, fill-factor, efficiency of 

proposed TCT array configurations under 14 different 

proposed partial shading cases (case:1-14) are shown in 

figure-6 are tabulated in Table-5. 

From the simulation results it can be summarized that, 

 In partial shading case-1: New re-arranged TCT, 

modified MS-TCT, Tom-Tom puzzle based TCT, New 

x-diagonal TCT and Kendoku puzzle type TCT has 

maximum global peak power of 8834 W.   

 In partial shading case-2: All PV configurations has 

maximum global peak power of 8834 W. 

 In partial shading case-3: Zig-Zag type TCT and 

Kendoku puzzle based TCT has maximum power of 

7097 W. 

 In partial shading case-4: TCT, proposed optimal TCT, 

modified MS, half and full re-configure TCT 

configurations has maximum power of 8834 W. 

 In partial shading case-5: New rearranged TCT and 

modified MS-TCT configurations has maximum power 

of 8916 W. 

 In partial shading case-6: New re-arranged TCT, 

Zig-zag type TCT, modified MS-TCT, Kendoku, half 

and full re-configure TCT configurations have 

maximum power of 7790 W. 

 In partial shading case-7: New re-arranged TCT, 

Zig-zag type TCT, puzzle-based Tom-Tom and 

Kendoku type of configurations has maximum power of 

7618 W. 

 In partial shading case-8: New re-arranged TCT and 

half reconfigure TCT configurations has maximum 

power of 6480W. 

 In partial shading case-9: Half re-configure type of TCT 

configuration has maximum power of 7422 W. 

 In partial shading case-10: New re-arranged TCT type of 

configuration has maximum power of 7313 W. 

 In partial shading case-11: all configurations except SP, 

optimal TCT and modified TCT has maximum global 

power of 5704 W. 

 In partial shading case-12: all configurations except SP, 

new rearranged, zig-zag, tom-tom, new diagonal TCT 

con figuration s has maximum power of 8049 W. 

 In partial shading case-13: all configurations except SP, 

optimal TCT and modified TCT has maximum global 

power of 9352 W. 
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 In partial shading case-14: New re-arranged TCT, 

modified MS and Tom-Tom puzzle based TCT 

configurations has maximum power of 6716 W.  

 Under partial shading conditions, rearrangement based 

Total- Cross-Tied (TCT) configurations has improved 

results than conventional array topologies. 

 The proposed optimal array TCT configuration requires 

a smaller number of ties among array modules and 

getting more power as compared to Series-parallel array 

configuration but lesser output power as compared to 

re-arranged based TCT array configurations. 

 Depending upon shading pattern occurs in an array 

module, the number of interconnections is increase or 

decrease.  In proposed method of configuration, the ties 

or interconnection for connection of modules in an array 

are based on shading pattern in the array. 

 For considering wiring losses in TCT and rearranged 

based TCT configurations due to extra requirement of 

wiring for installation of PV system, the proposed 

optimal TCT array configuration has the better results 

compared to other rearranged based TCT 

configurations. 

Among all 14 proposed partial shading cases, it can be 

concluded that new re-arranged type of puzzle pattern 

based TCT array configuration has highest GMPP least 

mismatch power losses as compared to other type of TCT 

solar array configurations are given in Taale-5. 

 

Table-5: The performance of different proposed PV 

array configurations 

 
 

 

 

6.1 Simulation Results: 

The output power P-V (Power-Voltage) characteristics of 

6x6 size solar PV configurations for different cases are 

shown in below figures 10 to 21. The global maximum peak 

powers for different configurations are shown in chart-22. 

a. Series(S)-Parallel (P) Configuration: 
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Figure-13. 6 x 6 S-P array configuration Output 

characteristics 
 

b. Total (T)-Cross(C)-Tied (T) Configuration: 

 

Figure-14. TCT topology Output characteristics 

c. Proposed optimal TCT configuration: 

 
Figure-15. P-V characteristics for proposed optimal 

topology 

d. Modified T-C-T configuration: 

 
Figure-16. Modified-TCT configuration characteristics 

e. New re-arranged TCT configuration: 

 

Figure-17. New TCT configuration characteristics 

f. Modified MS- TCT configuration: 

 
Figure-18. Modified MS-TCT topology characteristics 

g. Zig-Zag TCT configuration: 
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Figure-19. Zig-Zag TCT topology characteristics 

h. Half Re-arrangement TCT configuration: 

  
Figure-20. Half TCT Re-configuration characteristics 

i. Full Re-arrangement TCT configuration: 

 
Figure-21. Full TCT Re-configuration characteristics 

j. New Tom-Tom based TCT configuration: 

  

Figure-22. New Tom-Tom topology characteristics  

k. Cross- Diagonal TCT configuration: 

 
Figure-23. New diagonal configuration characteristics 

l. New Kendoku TCT configuration: 

 
Figure-24. New Kendoko puzzle type topology 

characteristics 
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Figure-25: Maximum Powers for different 

Configurations 

VII. CONCLUSIONS 

The rearrangement of array modules configurations based on 

puzzle pattern arrangements such as TCT, optimal TCT, 

modified TCT, new re-arranged TCT, Zig-Zag TCT, 

modified MS TCT, Half and Full re-configure TCT, 

Tom-Tom puzzle based TCT, new diagonal TCT, Ken-do-ku 

puzzle based TCT topologies and the proposed optimal TCT 

configuration are presented in this paper and compare the 

performance of each configuration with respect to global 

maximum peak power, Fill-factor, mismatch losses and 

efficiency under fourteen different partial shading cases and 

one un-shaded case. The optimal position of modules in 

different proposed TCT array configurations are developed 

by puzzle number based arrangement method with the help 

of re-positioning the modules but electrical connections are 

unchanged. The requirement of wires for interconnection 

among modules and wiring losses are more due to 

repositioning of modules to new optimal position in the array 

without altering the module to module interconnections in 

the SPV array configuration. The proposed optimal location 

method improves the performance of conventional TCT and 

re-arranged TCT array configurations and also minimize the 

number of ties, installation time and installation cost of 

photovoltaic system. 
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