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Abstract

The present work is a study of effects of partial shading on the performance of a PV module
spatially on the maximum power point position. This paper clarifies the mechanism of partial PV
shading on a number of PV module connected in series parallel and total cross tide. In series
parallel connection the shading effects will be studied for deferent number of module. Also this
search was mainly devoted to investigate the performance comparison between series parallel and
total cross tide with bypass diode and without. A PSPICE simulation model that represents 36 cells
PV module has been used to test this study and results are presented.

Keyword: PV module, shading, PSPICE and bypass diode.

Introduction

Partial shading is a commonly encountered
mismatch problem in a PV system. It is caused
by snow, tree shadow or bird dung covering
PV module surface. In a large PV system
occupying a wide area of land, moving clouds
can also lead to this phenomenon.[1] all this
reasons creates non uniform illumination. If
part of photovoltaic cells was shaded, the
current which a shaded cell generates will be
less than the current which a non-shaded cell
does. According to Kirchhoff's voltage law,
the shaded PV cells will carry negative voltage
and become loads of the circuit. It also
consumes the power produced by other non-
shaded PV cells in the form of heat, (with the
continual) over a long period of time of heat
accumulation, the high temperature may
damage the packaging material of the
modules, or even destroy the internal physical
structure of photovoltaic cells, and cause
permanent damage, known as "hot spot"
phenomenon.[2] There have been several
studies on the effect of shadowing on the
performance of the PV module. Yaw-Juen
Wang and Po- Chun Hsu, 2009[1] presents an
equivalent circuit model based on piecewise
linear parallel branches to study solar cell
modules which are partially shaded. Xu
Qingshan etal. [3] described the configuration
of bypass and blocking diode to the PV cell
and mainly investigated the performance
comparison between diverse series / parallel
PV array patterns when mismatch exited.
Dezso Sera and Yahia Baghzouz, [4] clarifies
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the mechanism of partial PV shading on a
number of PV cells connected in series and/or
parallel with and without bypass diodes the
analysis is presented in simper terms and can
be useful to someone who wishes to determine
the impact of some shading geometry on a PV

system.
Different PV array models have been
developed to suit different simulation

programs. This paper starts with the PV panel
module part that is built into Simulation
Program for Integrated Circuits Emphasis
(PSPICE) from previous work[5]. The series
and parallel connection have been studied
previously.[6] This is followed by the
application of the proposed model of the
analysis of partial shading of a PV module.

The effects of partial shading on PV
module I-V and power curves with different
module connection configuration series—
parallel (SP) and total cross tied (TCT), will
be studied. Also this paper described the effect
of bypass diode to the performance of PV
module.

PV Module Mismatch

When PV panels are connected in series to
achieve the desired system operating voltage,
and the series strings are paralleled to achieve
higher system currents, the resulting system
voltage is wusually an ™average" of the
individual voltage maximum point (Vmp) of
the individual panels. The difference between
the new system voltage that is created when
the panels and sub-arrays are connected and



the voltage maximum point of the individual
panels is the "mismatch”. As the operating
point is moved away from the voltage
maximum point, the power is reduced by some
value. The sharper the" knee" of the I-V curve
of the panel, the greater the effect of moving
the Vmp. For example, if the operating voltage
is lower than Vmp, and the current does not
change proportionately, the actual power
output of the panel will be lower than its rated
power. If the I-V curve has a soft knee, where
the current is increased more significantly as
the operating voltage is decreased, there will
be less impact on the PV panel power output
[7]. Bypass diode are often used to prevent PV
cells from detrimental effects of partial
shading.

The PSPICE model for SP75 module
which consists of 36 cell connected in series
shown in Fig.(1a) is used to satisfy this study.
This model is very large so to minimize it an
integrated part (hierarchical block) has been
built into special library as shown in
Fig.(1b)[5].
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Fig.(1) (a) The electrical circuit of the PV
model
(b) The hierarchical block.

This part will be called from that library to
simulate the I-V and P-V characteristic of the
PV model shown in Fig.(2), as well as this part
is used as a source of energy to the power
circuits.
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Fig.(2) The PSPICE PV module model
(a) The I-V characteristics.
(b) The P-V characteristics.

Six from this module are connected
as series parallel three in each string.
The analysis is executed both in equally
and unequally radiated conditions. The
configurations are taken into account are
related to the following connection with six
modules:

a) One of the three modules of one PV strings
are shaded.

One of six module where represented as
electrical (in order to test mismatch effect) and
the others as hierarchical block as shown in

Fig.(3).



Journal of Al-Nahrain University

VPV

Vol.16 (4), December, 2013, pp.94-100

Science

u7
SP75H D47

1N4500

RVAL = .4

PARAMETERS:
s

ue

SP75H Das

1N4500

ua
SP75H
D1

DbreakX

D2
DbreakX

D3
DbreakX
2.6aD
DbreakX

D5

us
SP75H

DbreakX

D6

DbreakX

MW\
{Rval}

Z8 Dpas

1N4500

AMA
w{

Rbreak

=

Fig.(3) One of six module as electrical and the others as hierarchical block.

Mismatch was introduced in the simulation
by varying the value of single cell current in
the module. This causes the single cell to
operate at lower current. To extract mismatch
from PSPICE PV module, the current source
i1 in Fig.(3) will be varies from 4.0A to 4.8A
with an increment of 0.4. Simulation with this
technique will change the amount of cell
mismatch from 0% to 16.6%. Fig.(4) shows
the 1-V and P-V characteristics for this
configuration with bypass diode and Fig.(5)
shows the 1-V and P-V for the same
configuration but without bypass diode where,
the MPP reduced from 450W at 52V to 320W
at 36 V. These curves obtained from DC
analysis (secondary sweep) where the load is
defined as Rureak to cover all the values of the
current. Roreak changes from 108 to 2Q with an
increment of 10 in primary sweep.
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Fig.(4) The I-V &P-V characteristics with
bypass diode.
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Fig.(5) The I-V &P-V characteristics
without bypass diode.

b) Two of the three modules of one PV strings
are shaded

Mismatch was introduced into the
simulation by varying the value of a single cell
current in two PV module that is represented
as electrical circuit in Fig.(6).
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Fig.(6) T;vo of the three modules of one PV strings are shaded.

Curves that are shown in Figs. (7 and 8)
give the behavior of the 1-V and P-V for this
configuration with bypass diode. These curves
illustrated the simulation results with the same
arrangements of part a (DC sweep and
secondary sweep) and to study the effect of the
second module shading a parametric sweep
was added to this arrangement (i.e change 1182
from 4A to 4.6A with an increment of 0.2).

Fig.(9) gives effects of removing the
bypass diode on the maximum power point
where it is reduced from 450W at 52V to
about 170W at 23V.
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Fig.(7) The I-V &P-V characteristics with
bypass i18=4.6A, i181=4.2,4.4 & 4.6.
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Fig.(8) The I-V &P-V characteristics
with bypass diode i18=4.2A,

1181=4.2,4.4 & 4.6.
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Fig.(9) The I-V & P-V characteristics
without bypass diode i18=4.6A,
i1181=4.2,4.4 & 4.6.
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¢) One of the three modules of each PV strings As in part b two modules are shaded but
are shaded each one in separate strings as shown in
Fig.(10).

] 1 ;&
EEL D43 TE7 gus D47
vg | LLd L
sprsm | oo/ tveseo SPISH [ IN4s00
$\o ()
U7 X
g;gw il SPT5H vi8
PARAMETERS: 23 \ D4 o Nasoo
RVAL= 4 »oe\a
SR e PARAMETERS
R1 R12 ReAL= 4
\ " 1 ,
U
‘ VAL ‘ {RVAL)
Lo [0 1T .
¥ | 07 | o3 [l b9 [l o2s |1 pa ¥ | o2 || o1 (| b2 || p2s2 || Daw2
DbreakX ¥ ¥ ¥ ¥ DbreakX ¥ ¥ ¥ ¥ ¥
‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX
| | | | | | | | | | | | \W
| o2 |los [Low || o2 |l o0x |l Dn | p2za | oe2 [] ou2 | o2 || b2 || D32
YT T T ey YU T Tl e ly
‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX
| | | | | | 9 | | | | | |
| D03 | D9 | o5 || oo || oor (L obmm 2N pss | paa [ pe2 |l pis2 (| b2z || Doz || Dax
A A A A
‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX £theak>< ‘ DbreakX ‘ Dbreakx ‘ DbreakX ‘ DbreakX ‘ DbreakX 9
118 118 I pss
| | | | | | | | | | | | 500
447 * D4 * D10 * D16 * D22 * 028 * D34 445 D42 * D102 * D162 * D222 * D282 * D342 -
‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX
4 05 ¥‘ o1 ‘¥ o17 4 023 ¥‘ D29 ‘¥ D35 ‘¥ D52 4 D112 4 o172 ¥‘ 0232 ‘¥ D292 4 D352
DbreakX | | DbreakX | | DbreakX | | Dbreakx | | Dbreakx | | Dbreakx Dbreak | | DbreakX | | DbreakX | | DbreakX | | Dbreakx | | Dbreakx
* 06 ¥\ D12 \¥ D18 * D24 ¥\ D30 \¥ D36 \¥ D62 * D122 * D182 ¥\ D242 \¥ D302 * D362
‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX ‘ DbreakX | | DbreakX ‘ DbreakX ‘ DbreakX ‘ Dbreak ‘ DbreakX ‘ DbreakX | | Dbreak

Fig.(10) One of the three modules of each PV strings are shaded.

Fig.(11) and (12) explained the simulation Also, Fig.(13) explained the effects of
results of I-V and P-V characteristics for remove bypass diode from this configuration
different percent shaded with a same where the max. Power point reduced from
arrangement of part b. 445W at 52V to 300W at 34V.
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Fig.(11) The I-V &P-V\é_ﬁaracteristics with Fig.(13) The I-V & P-V characteristics
bypass diode i18=4.6A, i181=4.2,4.4 & 4.6. without bypass diode i18=4.6A,
1087, S — : i181= 42,44 & 4.6.
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Fig.(14) The total cross tied electrical circuit as represented in PSPICE.

The complete characteristics for TCT
structure with diode and without diode are
shown in Fig.(15) and (16) respectively. The
maximum power without diode was dropped
from 440W at 52V to 300W at 35V.
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Fig.(15) The I-V &P-V characteristics
with bypass diode i18=4.6A,
1181=4.2,4.4 & 4.6.
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Fig.(16) The I-V &P-V characteristics
without bypass diode 118=4.2A,
i181=4.2,4.4 & 4.6.
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From this four test configuration Table (1)
lists the maximum power and percent power
losses PLosses that are defined by:

PLosses= ((Pm -Pwmsh) / Pm) x100%
Where Pwm is the maximum power of the

un-shaded module and Pwsh IS the maximum
power of the shaded module

Table (1)
Maximum power and power losses for
four cases.

%Power Losses

Max. power/W

Fig.(17) compares the percent power losses
due to shaded defined by above equation for
the four configurations with diode but Fig.(18)
illustrates the percent power losses due to the
remove of diode.



Journal of Al-Nahrain University

power losses with diode
4 —
3 .
2
22
8
a. 1 -
O — T T T
1 2 3 4
Case

Fig. (17) Comparison of power losses
of four cases.
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Fig. (18) Comparison of power losses due to
remove diode of four cases.

Conclusion

Several problems associated with partial
shading have been simulated in this study.
First the effect of adding bypass diode to the
module with shading reduced the power
losses. All the cases under test gives
approximately the same maximum power
point but without diode the maximum power
dropped to less than its average value
especially in the case of shading two module
in the same strings. The second effects is the
number of modules that is shaded and there
location which has no effects on the maximum
power for the same connection (S-P) but the
maximum power for TCT gives a better results
than S-P connection. Finally the PSPICE PV
module has a great advantage to the workers in
this line.

References

[1] Yaw-Juen Wang and Po-Chun Hsu
"Analysis of partially shaded PV modules
using piecewise linear parallel branches

Vol.16 (4), December, 2013, pp.94-100

100

Science

model” Word academy of science,
Engineering and Technology 60,783-789,
2009.

[2] Yanli Liu, Zhichao pang and Ze Cheng
"Research on an adaptive solar photovoltaic
array using shading degree model based
reconfiguration algorithm" Chinese control
and DecisionConference,2356-2360, 2010.

[3] Qingshan, Song Jing, Bian Haihong,
Kazuto Yukita and Katsuhiro ichiynagi
"Analysis of photovoltaic array
performance under shaded conditions”
National Natural Science Foundation of
China IEEE 2010.

[4] Dezso Sera and Yahia Baghzouz "On the
impact of partial shading on PV output
power" 2" WSEAS/IASME International
Conference on Renewable Energy Sources
(RES"08) Corfu, Greece, October 26-28,
229-234, 2008.

[5] Zainab M. kubba and Zaid samair"
PSPICE model of the PV panel" Journal of
Al-Nahrain University-Science, 12 (3), 51-
55, 20009.

[6] Zainab M. Kubba "Measuring the effect of
cell mismatch on PSPICE module model
output™ Bagdad science journal 7 (3), 1244-
1249, 2010.

[7] Allan Gregg, Terence Parker and Ron
Swenson "A real world examination of PV
systems design and performance” IEEE
Photovoltaic specialist conference and
exhibition, January, Florida-USA, 2005.

Ll

Sle ol dal Ll Al s el Jaal)
o3 Lalae¥) 5yl pige o Auald asedll &gl Sl
I e me e (el QU 4l g Al
Ay 5P wlsil) - sl e iy ) Al
A0 Al d (g3l = (s e byl iyl 4 TCT
b Cndl s S DU Aalide adlgey Slacl il
s o S Alae (B Gaall GoSan (Y Anal
daase aasinl s sl agall gas ae TCT 5 g)l55 —
gralls sl e ddasie dpnald 4418 36 e sSh l
) g Al )l 538 (anil PSPICE gliy b



