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In this article, the power generation of a concentrated space solar power station
(SSPS) is enhanced by current-injected total-cross-tied (TCT-CI) photovoltaic (PV)
array. First, a mathematical model of the TCT-CI–connected PV array is
established. Second, PV arrays with several common topologies and TCT-CI
topology are simulated and analyzed using MATLAB/Simulink. At last,
comparative experiments are conducted for TCT and TCT-CI–connected PV
arrays under the condition of non-uniform light intensity distribution. The results
of the above indicate the following: 1) TCT-CI–connected PV arrays reduce the
difficulty of MPPT in concentrated SSPS, 2) TCT-CI–connected PV arrays increase
the power generated in concentrated SSPS, and 3) TCT-CI–connected PV arrays
are applicable for concentrated SSPS.
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1 Introduction

Energy resources in the world are becoming increasingly scarce with the development of
world economy and increase in population. In this scenario, new energy has received
extensive attention. Solar energy has a broader application prospect because it is pollution
free, is inexhaustible, and has inexhaustible characteristics. Photovoltaic (PV) arrays at the
ground are affected by climatic changes, day and night, geographical environment, and other
factors, resulting in reduced power generation. In order to solve the disadvantages of PV
power generation at ground level, researchers are beginning to focus on power generation
from space—the space solar power station (SSPS) (Xja et al., 2021).

At present, researchers have proposed a variety of conceptual schemes of SSPS. These
schemes can be divided into two types according to the form of sunlight collection by SSPS.
The first type is the non-concentrated type, that is, sunlight directly shines on the
photovoltaic array. This type includes the 1979 SPS Reference Concept, the “SunTower”
SPS system (Mankins, 2002), Tethered-SPS (Sasaki et al., 2007), and such others. The second
type is the concentrated type (Jin et al., 2016); due to the high cost of PV cells, researchers
have proposed the concentrated type to reduce the area of the PV arrays. In the
concentrated-type SSPS, sunlight shines on the photovoltaic array after the concentrator.
This type includes SPS-ALPHA (MANKINS, 2013), integrated symmetrical concentrated
architecture (ISC) (Jin and Huang, 2018), and SSPS-OMEGA (Fan et al., 2020).

Due to the structural characteristics and manufacturing errors of the concentrated SSPS,
the light intensity distribution on the solar receiver is not uniform. The non-uniform light
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intensity distribution can cause mismatch losses, reduce power
generation, cause hot spot problems, and even cause damage to
the PV array (Alanazi et al., 2022). Uneven light intensity
distribution reduces the performance of PV arrays, which affects
the power generation of SSPS. Now, we have to find a method
suitable for SSPS to improve the performance of photovoltaic arrays
under non-uniform light intensity distribution.

To reduce the impact of non-uniform light intensity distribution
on PV arrays, many methods have been proposed.

The first method uses a different PV array topology. Instead of
the traditional series–parallel (SP) configuration, new structures
such as BL, HC, and TCT are adopted. In Jazayeri et al. (2014),
under the SP, BL, and TCT configurations, PSCs were simulated
usingMATLAB/Simulink. In ElyaqoutiIzbaimBouhouch (2021), the
electrical behavior of S, parallel (P), SP, TCT, BL, and HC connected
PV arrays under different PSCs. The aforementioned literature
shows that TCT PV array performs the best among several
common configurations under non-uniform irradiation.

The second method is PV array reconfiguration (PVAR), which
is based on the TCT topology (Qi, 2022). This method can be
divided into two types, namely, static PVAR (SPVAR) and dynamic
PVAR (DPVAR) (Krishna and Moger, 2018; Storey et al., 2014).
DPVAR changes the electrical connection between PV modules to
adapt to non-uniform light intensity distribution (Bularka and
Gontean, 2017; Wang et al., 2012; Matam and Barry, 2018),
whereas SPVAR changes the physical position of PV panels to
create a uniform light intensity distribution (RaniIlango and
Nagamani, 2013; Sahu and Nayak, 2016).

SPVAR requires rearranging the positions of the PV panels,
which consumes a large number of transmission wires. DPVAR does
not change the physical positions of the PV panels but relies on the
switch matrix to change the electrical connection relationship until
the optimal connection mode is found (NahidanNiroomand and
Dehkordi, 2021).

In the concentrated SSPS, the physical position of the PV
modules is fixed. Therefore, SPVAR cannot be applied here.
Because DPVAR makes the system more expensive and complex
(Belhachat and Larbes, 2021), this method is also unsuitable for
concentrated SSPS.

In order to maximize the power generated, the maximum power
point tracking (MPPT) method is required. The non-uniform light
intensity distribution causes multiple peaks in the power–voltage
(PV) curve of the PV array (Ahmad et al., 2017; Awan et al., 2022).
Conventional MPPT algorithms, such as P&O (Salameh and Taylor,
1990; SantosAntunes et al., 2006) and conductance increment
method (INC) (ElgendyZahawi and Atkinson, 2013; Liu et al.,
2008), can usually only find the first peak close to the starting
point of the PV curve. When light intensity distribution is non-
uniform, it is possible that the first peak is the local MPP but not
global MPP (GMPP) (Titri et al., 2017). To make the MPPT
algorithm more accurate, smarter but complex MPPT control
algorithms have been proposed, such as the gray wolf algorithm
improved by the Levy flight (WangCai and Zeng, 2021), ant colony
algorithm (ACO) (Chao and Rizal, 2021), hybrid global MPPT
searching method (Rizzo and Giacomo, 2021), and genetic
algorithm (GA) (Mohammad et al., 2015). Although the GMPP
can be tracked using the aforementioned algorithm, this increases
the difficulty and time of MPPT.

To increase the output power of PV arrays in concentrated SSPS
and reduce the difficulty of MPPT, the current injection TCT (TCT-
CI) topology has been applied in this study. In the TCT-
CI–connected PV array, each row is parallel with a controllable
current source.Without considering the effect of light intensity from
the PV module output voltage, each PV module can be operated at
its GMPP.

In this article, Section 2 performs mathematical modeling on the
PV cell and TCT-CI–connected PV array. Section 3 describes the
evaluation method of PV array performance. Section 4 discusses and
compares simulation results of the TCT-CI–connected PV array and
other PV array configurations. In Section 5, comparative
experiments are conducted for TCT and TCT-CI–connected PV
arrays. Finally, Section 6 summarizes this whole article.

2 Mathematical modeling

PV arrays are connected by many PV cells. Commonly used PV
cell models are single-diode models (Hasan and Parida, 2016).

As shown in Figure 1, the relationship between Ipv and Vpv

(Mehta et al., 2019; Sai Krishna and Moger, 2019) is defined as

Ipv � Iph − I0 exp
q Vpv + IpvRs( )

nKT
− 1⎡⎣ ⎤⎦ − Vpv + IpvRs

Rsh
, (1)

where Iph is the light generated current; I0 is the diode’s reverse
saturation current; q is the electric charge on an electron, which is

FIGURE 1
Model of a PV cell.

TABLE 1 Parameters of the PV model using Simulink.

Parameter Value

Pm (W) 83.2848

Ncell (cells per module) 20

Voc (V) 12.64

Isc (A) 8.62

Vm (V) 10.32

Im (A) 8.07

Rsh (ohms) 82.1161

Rs (ohms) 0.098625

Frontiers in Energy Research frontiersin.org02

Li et al. 10.3389/fenrg.2023.1140537

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1140537


equal to 1.602176487*10−19; n is the ideality factor;K is the Boltzmann’s
constant, which is equal to 1.3806504*10−23; T is temperature in Kelvin,
Rs is series resistance, and Rsh is shunt resistance. Isc is the short-circuit
current at the standard test condition (STC).

Iph is proportional to solar irradiation(G) and temperature (T),
which is defined as

Iph � G

Go
Isc + Kisc T − TSTC( )[ ], (2)

where Kisc is the temperature coefficient of Isc ; G0 is the light
intensity under STC; TSTC is temperature under STC.

Parameters of the PV model used in Section 3/Simulink are
shown in Table 1 and the PV curves are shown in Figure 2.

According to the Ipv and Vpv relationship, under constant
temperature, Ipv is approximately proportional to the light
intensity G and Vpv is approximately logarithmic to G. In
concentrated SSPS, when PV modules are deployed, the same
row of PV modules in the TCT-CI connected PV array are on
the same horizontal line of the solar receiver. The light intensity
distribution and temperature of PV modules in the same row is
approximately the same, therefore the output voltages of PV
modules in the same row are assumed to be the same.

When the temperature is constant, Ipv and Vpv are functions of
G. In anm × n PV array (Figure 3), the light intensity on the module
ij is Gij, and then Ipv and Vpv at the GMPP of the module are
expressed as follows:

Iij � I Gij( )
Vij � V Gij( )

⎧⎨⎩ . (3)

In the TCT-CI topology, the output current in row k at GMPP is

Ir k � ∑n
j�1
I Gkj( ), (4)

and the output voltage in row k at GMPP is

Vr k � V Gky( ) y is any integer between 1 and n( ). (5)

When the photoelectric effect of the PV modules in row k is weaker
than that in other rows, the relative Ir k is smaller. The parallel
controlled current source operates in row k and injects current into
it, such that its output current is equal to that in the other rows.

Under the action of controllable current sources, the output
current of the array (Io) is

Io � max Ir 1, Ir 2, . . . , Ir m[ ]. (6)
and the output voltage (Vo) is

Vo � ∑m
i�1
Vr i. (7)

FIGURE 3
PV arrays with TCT-CI topology.

FIGURE 2
Characteristic curves for different irradiance levels. (A) I-V Curves, (B) P-V Curves.
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FIGURE 4
Several topologies of simulation. (A) SP, (B) BL, (C) HC, (D) TCT, (E) TCT-CI.

FIGURE 5
Flux density distribution of the hemisphere receiver with rotating parabolic concentrators (Liu et al., 2007).
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TABLE 2 Six irradiative conditions (units: W/m2).

Column 1 Column 2 Column 3 Column 4 Column 5

(a) Case 1

Row 1 1840 1904 2060 1834 2120

Row 2 2000 2164 2000 2132 2180

Row 3 1920 2140 2060 2186 1820

Row 4 1940 1898 1840 2140 1900

Row 5 2180 2194 2160 1956 2040

(b) Case 2

Row 1 2320 1956 2380 2162 1700

Row 2 1700 1730 2380 2028 1740

Row 3 2240 2248 1700 2260 1820

Row 4 2000 1698 2140 2116 2000

Row 5 2260 1620 1660 2154 1660

(c) Case 3

Row 1 2010 1924 1870 1876 2172

Row 2 1798 1789 1643 1757 1926

Row 3 1486 1573 1696 1755 1485

Row 4 1309 1431 1380 1498 1466

Row 5 1225 1105 1120 1288 1141

(d) Case 4

Row 1 1640 2400 2268 2320 2036

Row 2 1822 1973 1739 1987 2128

Row 3 1514 1536 1293 1325 1616

Row 4 1310 1168 1282 1372 1235

Row 5 1099 1198 1130 991 1440

(e) Case 5

Row 1 973 928 970 1017 934

Row 2 754 736 877 762 874

Row 3 607 564 613 564 554

Row 4 430 417 380 364 408

Row 5 212 211 202 192 210

(e) Case 6

Row 1 1192 875 974 852 992

Row 2 797 868 701 682 666

Row 3 507 549 507 694 676

Row 4 435 374 399 435 458

Row 5 227 164 195 200 198
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The output current of the controllable current source in row k
(ICI k) is

ICI k � max Ir 1, Ir 2, . . . , Ir m[ ] − Ir k. (8)
The total output power of m controllable current sources is

PCI � ∑m
i�1

Vr i × ICI i( )

� ∑m
i�1

Vr i × max Ir 1, Ir 2, . . . , Ir m[ ] − Ir i( )( ). (9)

The output power of the array is

PTCT−CI � Vo × Io − PTCT CI � ∑m
k�1

∑n
j�1
I Gkj( ) · Vr k

⎛⎝ ⎞⎠. (10)

In practical applications, max[Ir 1, Ir 2, . . . , Ir m] is obtained by
measuring the currents of the bypass diodes and the output current
of the array when the current injection section is not started.

According to Eqs 8–10, when the PV array has a TCT-CI
topology, the working current of each row is the current at the
GMPP, and there is no mismatch loss.

3 Evaluation of the PV array

When the irradiation is not uniform, the performance of the PV
array can be evaluated from GMPP, mismatch power loss (MPL),
power loss (PL), filling factor (FF), and efficiency (η).

3.1 Mismatch power loss

MPL refers to the difference between the sumof themaximumpower
of all PV modules in the PV array and the maximum power of the PV
array under non-uniform light intensity. MPL can be determined as

MPL � sumof all modules atMPPmodule−GMPPnon−uni. (11)
The larger the MPL, the greater is the influence of the output

power of the PV array with non-uniform irradiation.

3.2 Power loss

PL represents the difference between the global maximum
power of the PV array under STC (1,000 W/m2, AM1.5, 25°C)
and that under non-uniform light intensity distribution. PL can
be determined as

PL � Power atMPPuni − Power at GMPPnon−uni. (12)
Because the irradiation on the PV array in concentrated SSPS is

not uniform, MPL is used in this study to measure the effectiveness
of various configurations.

3.3 Filling factor

The product of Isc andVoc is the limit of the output power of the
PV module. The ratio of the product of Isc and Voc to the global
maximum power (Pm) is defined as the filling factor (FF).

FF � Pm

Voc · Isc �
Vm · Im
Voc · Isc. (13)

The larger the FF, the higher is the output power and efficiency
of the photovoltaic module. FF affects the output efficiency of the PV
module.

3.4 Photoelectric conversion efficiency (η)

When the photovoltaic module is exposed to light, the ratio of
the output electric power to incident optical power is the
photovoltaic conversion efficiency (η) of the photovoltaic module.

η � Pm

Pin
� Vm · Im

Pin
� FF · Voc · Isc

Pin
, (14)

where Pin is the incident optical power.

4 Simulation and analysis using
MATLAB/Simulink

To prove the advantage of the TCT-CI–connected PV array in
concentrated SSPS, this section simulates PV arrays with several
common topologies and the TCT-CI topology (Figure 4). The PV
array consists of 5 × 5 PV cells. The characteristic curves of the PV
modules are shown in Figure 2.

The flux density distribution of the hemisphere receiver when
the concentrator is a rotating paraboloid is shown in Figure 5. When
the PV array is uniformly attached to the surface of the receiver, the
light intensity distribution on the same row is approximately equal
but different between the rows.

The six light intensity distributions used in the simulation are
shown in Table 2, which are based on the light concentration
characteristics of the abovementioned rotating parabolic
concentrator. Cases 1, 2, and 3 had errors of 10%, and some
others had errors of 20%. The PV array was evaluated in three

TABLE 3 Estimation of the TCT PV array.

Case 1 2 3 4 5 6

ITCT out (A) 78.424 75.487 47.442 47.277 23.411 23.668

PTCT (W) 4046 3895 2448 2439 725 733

Short-circuited part None None None None Rows 4 and 5 Rows 4 and 5
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ways: global maximum power (GMP), mismatch loss (MPL), and
filling factor (FF).

4.1 Estimation of power generation form
TCT and TCT-CI–connected PV arrays

4.1 1TCT-connected PV arrays
In the PV array, if the output current of the array (ITCT out) is

greater than the short-circuit current of a row (Ir i sc), the parallel
bypass diode will be turned on and the row will be short-circuited.
When estimating the GMP of the TCT-connected PV array, we
should pay attention to whether a row is short-circuited by the
bypass diode.

According to Eqs 1, 2 and Figure 2, when the temperature is at
the standard test condition (STC), the output current at the GMPP is
almost proportional to the light intensity, and the output voltage
almost does not change with the change in light intensity.

Im represents the current at the GMPP of the module under
STC. Ir i m is used to represent the current at the GMPP of row i
under the existing irradiative condition. Ir i sc is used to represent
the short-circuit current of row i under the existing irradiative
condition. In Case 1, Ir 1 m and Ir i sc are,

Ir 1 m � 1840
1000

( )Im + 1904
1000

( )Im + 2060
1000

( )Im + 1834
1000

( )Im
+ 2120

1000
( )Im � 9.758Im,

(15)

Ir 1 sc � 1840
1000

( )Isc + 1904
1000

( )Isc + 2060
1000

( )Isc + 1834
1000

( )Isc
+ 2120

1000
( )Isc � 9.758Isc.

(16)

Same as the above, get row currents in the other cases, and
substitute the values in Table 1 into Eqs 15, 16 to obtain Ir i m and
Ir i sc.

If ITCT out > Ir i sc, row i will be short-circuited, and the PV
modules in row i will not generate electricity.

In Case 1 and Case 2, the difference between the Ir i m is not
large, so no PV module will be short-circuited. The minimum of the
row current values is chosen as ITCT out.

In Case 1,

ITCT out � Ir 4 m � 78.424A, (17)
PTCT out � ITCT out × 5Vm � 4046W. (18)

In Case 2,

ITCT out � Ir 5 m � 75.487A, (19)
PTCT out � ITCT out × 5Vm � 3895W. (20)

In Case 3,

a) If ITCT out � Ir 1 m, rows 2, 3,4, and 5 will be short-circuited, and
in this situation,

ITCT out � Ir 1 m � 79.506A, (21)
PTCT out � ITCT out × Vm � 820W. (22)

b) If ITCT out � Ir 2 m, rows 3, 4, and 5 will be short-circuited, and
in this situation,

ITCT out � Ir 2 m � 71.933A, (23)
PTCT out � ITCT out × 2Vm � 1485W. (24)

c) If ITCT out � Ir 3 m, rows 4 and 5 will be short-circuited, and in
this situation,

ITCT out � Ir 3 m � 64.521A, (25)
PTCT out � ITCT out × 3Vm � 1998W. (26)

TABLE 5 Estimation of the TCT-CI PV array.

Case 1 2 3 4 5 6

PTCT CI (W) 4214.88 4136.92 3308.37 3316.47 1199.21 1188.12

TABLE 6 Parameters of the PV module for this experiment (STC).

Parameter Valve

Pmppt (W) 3.6

Voc (V) 6.6

Isc (mA) 713

Vm (V) 5.6

Im (mA) 642

TABLE 4 Current values (units: A).

Row 1 Row 2 Row 3 Row 4 Row 5

(a) In Case 1

Ir i m 78.747 84.541 81.717 78.424 84.977

Ir i sc 84.114 90.303 87.286 83.769 90.769

(b) In Case 2

Ir i m 84.880 77.294 82.863 80.329 75.487

Ir i sc 90.665 82.562 88.510 85.803 80.631

(c) In Case 3

Ir i m 79.506 71.933 64.521 57.168 47.442

Ir i sc 84.924 76.835 68.919 61.064 50.675

(d) In Case 4

Ir i m 86.058 77.859 58.775 51.383 47.277

Ir i sc 91.924 83.166 62.781 54.885 50.499

(e) In Case 5

Ir i m 38.914 32.312 23.411 16.137 8.285

Ir i sc 41.566 34.514 25.007 17.237 8.849

(f) In Case 6

Ir i m 39.422 29.962 23.668 16.957 7.949

Ir i sc 42.109 32.004 25.281 18.112 8.491
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d) If ITCT out � Ir 4 m, row 5 will be short-circuited, and in this
situation,

ITCT out � Ir 4 m � 57.168A, (27)
PTCT out � ITCT out × 4Vm � 2360W. (28)

FIGURE 6
PV characteristic curves obtained by the simulation.
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e) If ITCT out � Ir 5 m, no PV model will be short-circuited, and in
this situation,

ITCT out � Ir 4 m � 47.442A, (29)
PTCT out � ITCT out × 4Vm � 2448W. (30)

From a) to e), the value that makes PTCT out maximum is
selected as ITCT out. So ITCT out � Ir 5 m, and no PV model will
be short-circuited.

Same as the above, PTCT from the other cases is obtained. Results
are shown in Table 3.

When Ir i m < ITCT out < Ir i sc, the output voltage in row i is
actually less than Vm. When ITCT out < Ir i m, the output voltage
in row i is actually greater than Vm and less than Voc. Therefore,
this subsection has some errors in estimating the generation of
PV arrays but can correctly calculate whether PV modules are
short-circuited.

FIGURE 7
GMPP, MPL, and FF.
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4.1.2TCT-CI–connected PV arrays
Because of the controlled current source of the TCT-

CI–connected PV array, each PV module can operate at the GMPP.
According to Table 4, in Case 1, the global maximum power of

TCT-CI–connected PV array is defined as

PTCT CI � 9.758Im + 10.476Im + 10.126Im + 9.718Im + 10.53( )Vm

� 50.608Pm � 4214.88W.

(31)
Same as the above, PTCT CI from the other cases is obtained. Results
are shown in Table 5.

4.2 PV arrays’ performance

The models were simulated using MATLAB/Simulink. The PV
curves under the light intensity distribution are shown in Figure 6,
and the MPL and filling factor are shown in Figure 7.

In Case 5 and Case 6, the output voltage at GMPP of the TCT-CI
PV array is significantly greater than that of the others, indicating
that some modules of the others are short-circuited by the bypass
diode. This is consistent with the estimate in Section 4.1.

As shown in Figure 6, simulation results show that TCT-CI
connected PV arrays have higher output power compared to
other PV arrays. PV curves of TCT-CI connected PV arrays show
a single peak. So conventional MPPT algorithms can be used
here. PV curves of others PV arrays show multiple peaks.
Conventional MPPT algorithms cannot track to GMPP, so
more complex algorithm is required. Therefore, TCT-CI
connected PV arrays reduce the difficulty of MPPT under
non-uniform light intensity distribution. As shown by the
polyline in Figure 7, the FF of TCT-CI connected PV arrays
are slightly larger than that of others, and the MPL of TCT-CI
connected PV arrays is 0.

In conclusion, TCT-CI–connected PV arrays have the following
advantages under non-uniform illumination intensities:

FIGURE 8
Schematic diagram.

FIGURE 9
Real shooting of experiment.
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i. no mismatch loss,
ii. maximum GMPP,
iii. maximum photoelectric conversion efficiency,
iv. maximum filling factor and best performance, and
v. PV curve showing a single peak value, which reduces the

difficulty of MPPT.

5 Experiment and analysis

To further verify that the TCT-CI–connected PV arrays are
more suitable for concentrated SSPS, a comparative experiment
between the TCT-CI and TCT-CI topologies was carried out. The
experimental schematic is shown in Figure 8. The real shooting is
shown in Figure 9. In the experiment, 30 photovoltaic models
constituting 5*6 photovoltaic arrays were analyzed. Parameters

of the PV module for this experiment at STC are shown in
Table 6.

In Figure 8, the dashed line represents parallel controlled current
sources. When the PV array is in the TCT topology, the controllable
current source is not connected to the PV module. When the PV
array is in the TCT-CI topology, the controllable current source is
connected to the PV module as shown in Figure 8. During the
experiment, the PV array was oriented toward the sun in such a way
that sunlight was perpendicular to the PV module.

A pure resistive load was used in the experiment. In the TCT
topology experiment, when the line loss was not considered, with the
MPPT controller, the power consumed by the load (Pload) was the
global maximum power (Pm) of the PV array. Therefore, Pm can be
calculated by directly measuring the voltage across the load.

In the TCT-CI topology experiment, the external power supply
was used as a controllable current source. Because the energy of the

FIGURE 10
Shaded part.

TABLE 7 Comparison of experimental Data.

Shadow form Voc (V) Vmpp (V) Vload (V) PCI (W) Pm (W)

TCT TCT-CI TCT TCT-CI TCT TCT-CI TCT-CI TCT TCT-CI

(1) 31.99 31.99 28.05 26.87 31.34 36.56 8.24 80.51 101.32

(2) 31.97 31.8 29.57 24.97 23.16 36.96 16.36 43.97 95.61

(3) 31.37 31.22 26.92 24.19 1.63 36.1 24.67 0.22 82.15

(4) 31.56 31.49 28.63 21.71 22.78 33.84 9.75 42.54 68.52

(5) 29.3 29.3 24.59 24.44 1.08 29.54 17.24 0.1 46.06
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external power supply is an external input, to obtain the global
maximum power (Pm) of the PV array, the power of the external
power supply (PCI) has to be subtracted from the power consumed
by the load (Pload). Then, the expression of Pm becomes

Pm � Pload − PCI. (32)
In the experiment, some photovoltaic modules were covered

with a shading cloth to create a non-uniform light intensity
distribution. Five groups of experiments were conducted, and the
numbers and positions of the shading cloths are shown in Figure 10.

Because the basic light intensity did not change significantly
during the experiment, the experimental results were not
normalized; Pm of the PV arrays with TCT and TCT-CI
topologies obtained in the experiment is shown in Table 7. It can
be seen that under a non-uniform light intensity distribution, the
global maximum power of the PV array with the TCT-CI topology is
significantly larger than that with the TCT topology.

6 Conclusion

This study shows that the TCT-CI–connected PV array is suitable
for concentrated SSPS. In the future, the following research has to be
carried out: the existing TCT-CI–connected PV array uses a large
number of controllable current sources, therefore the number of
controllable current sources can be reduced in the next step.

This study analyzes and compares the performance of SP, BL, HC,
TCT, and TCT-CI–connected PV arrays under non-uniform light
intensity. Several PV arrays with different topologies were simulated
by considering light intensity distribution in concentrated SSPS with
rotating paraboloids as an example. Finally, comparative experiments
on PV arrays with TCT and TCT-CI topologies were carried out. Both
simulation and experimental results show that the PV array with TCT-
CI topology has the best performance, and the difficulty of MPPT is
reduced in non-uniform light intensity distribution.

In other words, PV arrays with TCT-CI topology are more suitable
for concentrated SSPS, which can reduce the influence of non-uniform
light intensity distribution on the performance of PV arrays.
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