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Tom tét - Hién nay, viéc nghién ctru vé& hé théng nang lwong mét troi
dang tap trung vao viéc nang cao hiéu suét lam viéc, tudi tho ctia tAm pin.
Trong qua trinh hoat dong, yéu t anh hudng nghiém trong dén higu suét
Iam viéc, tudi tho d6 1a hién twong che khuét dang I3 chd @& duoc quan
tam nghién ctru nhiéu hién nay. Hé thong pin quang dién cd thé bi che
khuét bdi cac dam may, tdanha, cay coi... lam dac tinh P -V xuét hién nhidu
diém cuc dai khién cac thugt toan bat @iém cong suét cuc dai thdng thuomg
khéng lam viéc hiéu qua, dan dén giam cong suét dau ra clia hé thdng nay.
Bai bao nay tap trung vao mo hinh héa dac tinh |-V va P-V clia hé thong
pin duai diéu kién bi che khuét @& tir d6 phan tich danh gia anh huéng clia
n6 dén hiéu qua lam viéc clia cac thuat toan bét diém cong suét cuc dai
trong hé thdng PV dwa trén mé phéng Matlab — Simulink®.

Tir khoa - Hé thdng pin quang dién; hién twong che khuét; d&c tinh
I-V; d&c tinh P-V; cong suét dau ra

1. Gi6i thiéu

Thoi gian qua, cac hé thong dién sir dung nang luong
mat troi phat trién nhanh, do d6 cac yéu cau ve viée lap dat,
van hanh an toan, hiéu qua ciia hé thong pin ning luong
mit troi 13 rat quan trong. Tuy nhién, trong qué trinh van
hanh da phat sinh nhiéu van dé anh huéng nghiém trong
dén cong suét dau ra, tudi tho tAm pin trong dé dic biét 1a
hién tugng che khuat [1]-[3].

Che khuit 12 hién twong ngiu nhién va phic tap c6 thé
xay ra do bui ban, béng cay, c4c tda nha lan can hay bong
mdy... nén di c6 nhiéu nghién ciru vé nd trong thoi gian
qua vi anh huéng dén hiéu suit ciia hé thong pin quang
dién. Dé danh gia anh huong cua hién twong che khuat dén
1 module PV, ddy module PV [4]-[8] dd& md hinh hoa dic
tinh 1-V va dic tinh P-V khi bi che khuat, phan tich vai tro
va cac cach mic ciia diode bypass nham cai thién cong suét
dau ra ciing dugc dé cap. Tuy nhién, cac nghién ctru trén
chi tap trung vao viéc xay dung duong dac tinh I-V, P-V
khi bi che khuat ma chua khao sat vé cong suit dau ra khi
sit dung cac thudt toan bit diém cong sudt cuc dai
(Maximum Power Point Tracking - MPPT). Bai bao nay
tap trung xay dung dic tinh I-V, P-V khi bi che khuit, tiép
tuc d& cap giai phap st dung diode bypass va phan tich anh
huong cua nod dén hi€u qua lam viéc cua cac thuat toan
MPPT truyén théng P&O, INC va Hill Climbing bang phén
mém Matlab-Simulink.

2. Hién twgng che khuét
2.1. Bdn chit vit Iy

Nhim hiéu rd ban chat vat I cta hién tuong che khut
[1], [9], minh hoa n t& bao quang dién ndi tiép dang cap dong
dién | va dién 4p V qua tai dugc trinh bay trong Hinh 1.

Abstract - Currently, the research on solar power systems is
focused on improving the performance, PV panel life. In the
process of operation, one of the factors that have seriously affected
the performance of PV panel life is the shading that is a topic of
great research interest today. PV arrays get shadowed partially by
passing cloud, building, trees.etc which cause P-V characteristics
appear multi peaks, which makes conventional maximum power
point tracking algorithms do work not well, resulting in a decrease
in the output power of this system. This paper focuses on modeling
I-V and P-V characteristics of PV system under shading conditions
and analyzes its effect on performance of maximum power point
tracking algorithms based on Matlab — Simulink@ simulation.

Key words - photovotaic array; shading effect; |-V characteristic;
P-V characteristic; output power
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bi che khut

Hinh 1. M6 hinh ciia PV khi (a) troi ning, (b) bi che khudt
Hinh 1b cho thay, khi c6 mot té bao quang dién bi cach
ly do may che khuét, ngudn dong cua té bao quang dién bi
may che khuat khong hoat dong, 1am Vs ra sut giam. Dong
thoi dong dién I ciing suy giam do phai di qua thém dién
tré Rp ctia té bao quang dién dang bi che khuit. Dién 4p ra
Vsh lic nay duoc tinh boi:

n
VSH = (T)V— I(Rp +RS)

Dién ap AV bi that thoat do hién tuong che khuat té bao
guang dién dugc tinh boi:

)

4 )
AV =V - Vey = — + LR, +Ry)

Két qua 1a ca dong dién va dién ap ngd ra déu bi sut
giam nghiém trong.
Trong d6: V: 1a dién ap dau ra ciia PV[V].
Rs: 12 dién tre nbi tiép [Q].
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Rp: 1a dién tro song song [Q].
Ns: 12 s6 luong té bao quang dién ndi tiép.

Té bao quang dién binh thuong tao ra dién ap
Veen = 0,5 + 0,6 (V) khi két noi vao dién dp hé thong.
Nhung ¢ Hinh 1b, t€ bao quang dién bi mdy che khuat
khong nhitng bi v6 hi¢u ma c,(‘)no kéo theo sut ép 16n trén te
bao quang dién nay. Cong suét ton hao roi trén té€ bao quang
dién duoi dang nhiét gdy phat nong cuc b, tir d6 gay hu
hong tryc tiép dén ca tim pin mat troi [10]-[12].

2.2. Gidi phdp khic phuc

Dé khic phuc hién tuong trén, g1a1 phap don gian la
mic diode bypass song song véi té bao quang dién [13],
tinh hinh s& dugc cai thién nhu Hinh 2.

Ve O Ve O
+

g ik

\\ Bypass /
diode Bypass
Cell

khéng diode
_[t 4
o o

dong dong

]

hoat hoat

K chiéu simg T e
(C)] (b)
Hinh 2. Khdo sat van hanh ciia 1 1é bdo quang dién co
gan diode bypass khi (a) troi nang va (b) bi che khuat

Hinh 2a cho thiy, khi thém diode bypass song song, té
bao quang dién van hoat dong binh thuong khi nhan duoc
burc xa ddng déu, luc nay diode bypass hé mach do bi phan
cuc nguoc. Khi té bao quang dién bi che khuit nhu Hinh
2b, lac nay té bao quang dién khong tao ra dong dién, diode
bypass dan do duogc phan cyc thuan, tao sutap 0,6V roi trén
té bao quang di¢n nay [1], [14]. Nho do, té bao quang dién
bi che khuét khong bi sut ap trén R, do dong dién ro giy
ra, do dong dién luc nay di ndi tit qua diode bypass.

Thuc té, diode bypass thudng chi dugce gin song song
qua mot nhom té bao quang dién hay mé rong ra 1a mé dun
PV [6]. Trong h¢ thong mang PV gém nhiéu mé dun PV
ndi tiép thi diode bypass cling phat huy vai tro cai thién
dong dién, dién ap va cong suét nhu da phan tich. Phan tiép
theo s& mo phong hé thong PV bi che khuat bang Matlab-
Simulink dé thiy dwoc anh huong ciia che khuét dén dac
tinh va cong suat dau ra ciia hé thong PV.

3. Md hinh mo phéng.
3.1. Poi twogng mé phong

Mb dun quang dién Sun Power SPR-305E-WHT-D c6
thong s6 nhu Bang 1 dugc chon lam doi twong m6 phong
trén Matlab-Simulink dudi sy thay doi cua buc xa. Thong
s0 duogc kiém dinh dudi diéu kién chuan: Cuong do birc xa
1000 W/m? va nhiét o 25°C.

Bing 1. Théng s6 ciia Sun Power SPR-305E-WHT-D

Cbong suét tai diém cyc dai Pmpp 305,226(W)
Dién 4p tai diém cong suét cuc dai Vimpp 54,7(V)
Dong dién tai diém cong suit cuc dai Impp 5,58(A)
Dién ap ho mach Voc 64,2(V)
Dong dién ngin mach lsc 5,96(A)
S té bao trong module N 96

3.2. Xdy dung hé thong PV mé phong

_ Déy PV dugc xay dung bao gdm 4 mé dun PV méc ndi
tiép, moi moé dun dugc méc diode bypass song song nhu
Hinh 3 va cac kich ban che khuat nhu Bang 2:

+ [ + [ + [ +
+ 1000 [ 1000 WS
M1 A v I wi B
! [
L L 200 | —+
M2 A vl\z?r% A worm? | &
I I
M3 r N el B S el I N
[ [
400 | + 500 | =+ 800 -+
M4 wrme [ 4 wim? | 4 wim? | A
TH (a) TH (b) TH (¢) TH (d)
Hinh 3. Hé thong mé phong
Bing 2. CAc kich bdan che khudt mé phong
Truong hop N¢i dung mé phong

(a) Céc md dun déu nhan birc xa 1000 W/m?
(b) Mb dun M4 bj che khuét véi birc xa 400 W/m?2

© M6 dun M3 va M4 bj che khuét v6i birc xa tuong
ung 1a 300 W/m? va 500 W/m?,

(@ | MOdunM2, M3 va Md biche khuét véi birc xa
tuwong tmg 1a 200 W/m2, 400 W/m? va 800 W/m?.

Xay flu’ng hé théng PV hoat dong doc lap va dugc mo
phong bang Matlab-Simulink nhu Hinh 4.

VPP ool
sing Puricts

+ET]

Hinh 4. H¢é PV déc ldp mé phong bcfng Matlab-Simulink
Bing 3. Théng s6 ciia mé hinh mé phéng

Cong suét tai diém cuc dai Pmpp 1220,894 (W)
Dién ap tai diém cong suét cuc dai Vimpp 218,8 (V)
Dong dién tai diém cong sudt cuc dai Impp 5,58 (A)
Dong dién ngdn mach I 5,96 (A)
Dién ap hd mach Voc 256,8 (V)

4. M phéng hé thong PV khi bi che khuit
Mo phong cac dic tinh I-V va P-V khi c6 diode bypass
v6i cac truong hop bi che khuit (b), (c), (d) va so sanh voi
cac dac tinh truong hop binh thuong (a). Sau do, dya trén
két qua mo phong cong sut dau ra cta hé théng PV co st
dung cac thuat toan MPPT truyén théng véi cac dic tinh dé
danh gia anh huong cua che khuit dén hiéu qua lam viéc
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clia thuat toan MPPT. Xay dung hé théng PV doc lap bang
Matlab-Simulink, st d},mg cég thuét toan P&O, INC va Hill
Climbing [15]-[18] d¢é bat diém MPP cta h¢ thong PV.
4.1. Cac dgc tinh 1-V va P-V khi bi che khuit.

Khi bj che khuét, trén dc tinh P-V s& xuét hién nhiéu diém
cong suat cyc dai va chia lam 2 loai. Thir nhat Global MPP la
diém cong suat cuc dai toan cuc, 1a cong suat 16n nhat c6 thé
dat duoc va moy)dac tinh chl co duy nhat mot diém. Ihu hai,
Local MPP la diém cong suat cyc dai cyc b9, la cac diém cong
suat khac Global MPP va c6 thé c6 nhiéu diem.

4.1.1. Truong hop (a) va (b)

Pic tinh IV
8 T
——TH(a)
Global MPP —TH(b)
6
=
=
&
S 4
=3
£ Local MPP
[=]
2
° I I | I
o 50 100 150 200 250 300
Pién ap (V)

Dic tinh P-V

Pmpp=1220,894W.

' .
1200
1000 ——THE®)

P=908,6W

Local MPP
P=545W

Cong suat (W)

I I I I
° 50 100 150 200 250 300
Dién ap (V)

Hinh 5(a, b). Pdc tinh I-V va P-V ciia truong hop (a) va (b)
Truong hop nay, khi bi che khuét thi duong déc tinh
P-V xuat hién 2 diém MPP. Trong do, c6 1 diém cong suat
toan cuc Global MPP va 1 diém cong suat cuc dai cuc bd
Local MPP c¢¢ cac gia tri nhu trén Hinh 5(b).
4.1.2. Trieong hop (a) va (c)

Pic tinh IV
8 1
w=TH(a)
====TH(c)
6 Glohal MPP 4
<
c
&
T4
o
c
8 Local MPP
2 Local MPP
0 I |
0 50 100 150 200 250 300
Dién 4ap (V)

Pac tinh P-V
T

T
Pmpp=1220,894W.

r T
1200 p———
=—=TH(c)

1000

2 500

Bt Local MPP

3 600 P=498,7W Local MPP
o P=406,8W
«©

S 400

L I \
0 50 100 150 200 250 300
bién ap (V)

Hinh 6(a, b). Pdc tinh I-V va P-V cia truong hop (a) va (c)
Trudng hop nay, khi b che khuét thi duong dic tinh
P-V xuat hién 3 diém MPP. Trong d¢, ciing c6 duy nhat 1
diém cong suat cuc dai toan cuc Global MPP, nhung c6 2

diém cong sudt cuc dai cuc bo Local MPP ¢6 céc gié tri
nhu trén Hinh 6(b).

4.1.3. Truong hop (a) va (d)

Trudng hop nay, khi bj che khuét thi duong ddc tinh
(P-V) xuat hién 4 diém MPP. Trong d6, ciing c6 duy nhat

1 ’diém Cfmg suét cuc dai toan cuc Global MPP, nhung c6
dén 3 diém cong suat cuc dai cuc bd Local MPP ¢6 cac gia
tri nhu trén Hinh 7(b).

Déc tinh |-V
8 T T 7
—TH(a)
Local MPP
6
< Global MPP
=
@
B4 1
o
c Local MPP
©
a
2 Local MPP -
ol I I J
0 50 100 150 200 250 300
Pién ap (V)
Dic tinh P-V

Pmpp=1220,894W

1200 —Tha
—TH(d)

% 800
L Gbal MPP
? 00 P=502,5W Local MPP
o =,
5 "°;§'22":v5 P=408W ocal MPP
O 400 - P=270W
200
0 I ]
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Dién ap (V)

Hinh 7(a, b). Bdc tinh I-V va P-V cua truong hop (a) va (d)
4.2. M6 phéng hé théng PV khi bi che khudt véi cdc thugt
todn MPPT
4.2.1. Truong hop (b)
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Hinh 8. Birc xa cac module PV trieong hop (b)
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Hinh 9. Céng sudt dau ra ciia PV truong hop (b)
Bic tinh PV
1200 Pmpp=1220.894W
1000 1
S 800 =
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400 o
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Hinh 10. M6 ta qua trinh hoat déng thudt toan P&O, INC, HC
truong hop (b)
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Tir két qua cong sudt dau ra ciia PV Hinh 9 va Hinh 10, 1200] —reo
khi lam viéc & truong hop binh thuong (a) cac thuat toan ~ 1000 £ HC
MPPT bat dugc Pmpp =1220 (W) v61 Vimpp =218 (V) khi bi s o
che khuat theo duong dic tinh (P-V) Hinh 5b, diém lam E
viéc chuyén dén ving Local MPP céc thudt toon MPPT déu = ™ 260 W)
bat dugc diém MPP v6i Pioca = 545 (W). g
4.2.2. Truong hop (c)
1001 M1 00 0.5 1 1.5 2 2.5 3
1000 Thoi gian [s]
sool Hinh 15. Céng suat dau ra cuia PV truong hop (d)
" ‘ Déc tinh P-V
o0 I' ---------------------- - £ a0 ]
! ! ' Thit ian 5 ’ ’ . PP/ Global MPP | ocal mpp foeey |
Hinh 11. Birc xa cac module PV truong hop (c) | $L208w ' Peapew ol |
1200\ ::)lﬁ‘co 1 0 50 100 aié[:zop v 200 250 300
- --HC Hinh 16. M6 ta qua trinh hoat dong thudt toan P&O, INC, HC
§ truong hop (d)
P Tuwong ty, két qua Hinh 15 va Hinh 16, khi bi che khuat
E 600 S theo duong dic tinh P-V Hinh 7b, diém lam viéc chuyén
£

I
3
3

L

0 0.5 1 1.5 2 2.5 3
Thoi gian (s)

Hinh 12. Céng sudt dau ra ciia PV truong hop (c)

Dic tinh P-V
T T T T 1
Pmpp=1200.894W
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400 - Global MPP men 1
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ok’ I I I I |
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Hinh 13. M6 ta qua trinh hoat déng thudt toan P&O, INC, HC
truong hop (c)

Tir két qua cong sudt dau ra cia PV Hinh 12 va Hinh
13, khi bi che khuét theo dudng dic tinh P-V Hinh 6.b,
diém lam viéc chuyén dén ving Local MPP tuong (g voi
V = 233 (V) va cac thuat toan MPPT déu bét dugc diém
MPP v6i Pigca = 403 (W)

4.2.3. Truong hop (d)
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Hinh 14. Birc xg cdc module PV truong hop (d)

dén vung Local MPP tuong ung véi V = 233 (V) va
cac thuat toan MPPT déu bat duoc diém MPP véi
269 (W).

Vay trong cac truong hop bi che khuit, & cac Hinh 10,
Hinh 13, Hinh 16 cho théy, thuat toan MPPT truyén thdng
s& phat hién sai va bam tai diém Local MPP ma khong thé
leo 1én dinh Global MPP lam cong suit giam déng ké.
Cu thé, két qua so sanh Pgiobal, Piocal & CAC trudmg hop che
khuét v6i Pmpp nhur Bang 4 dugc tinh theo (3) va (4):

Plocal =

Ti 1€ giam = (1— Fooa 222 )%x100% (3)
Pmpp
214 o1d — PIocal
Ti 1€ giam = (1- 2) x100% 4
mpp

Bing 4. Dénh gid két qua mé phong

Didm cuc dai | Diém bit dwoe | Ti ¢ giam |Ti I¢ giam
TH cong sudt | cong sudt

Pglobal | Vglobal | Plocal | Viocal | ciia Pgiobal | ctia Piocal
(b) | 908,6W |163,4V|545W | 234,7V | 25,5% 44,6%
(c) | 600,5W | 108V |403W | 235,3V | 50,3% 66,9%
(d) | 502,5W |110,6V| 269W | 236,6V | 58,8% 77,9%

Qua két qua mo6 phong va phan tich cac két qua trong
cac Bang 4 ¢6 cac nhan xét nhu sau:

- Khi c6 nhiéu tim PV bi che khuét thi cong suit dau ra
cua hé thong PV cang giam.

- Diode bypass gitip céi thién cong sudt du ra cia hé
thong PV.

- Sy xuét hi¢n nhiéu diém MPP trén dic tinh P-V & céc
diéu kién bi che khuat lam giam déng‘ ke h’iéu suat cua hé
thong PV do cac thuét toan MPPT truyen thong khong phan
biét dugc cac diém cong suat cuc dai Local MPP va Global
MPP cua dac tinh P-V.
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5. Két luan

Nghién ciru da phat trién mé hinh hé théng PV doc 1ap
sir dung thuat toan MPPT truyén théng lam viéc trong diéu
kién che khuat véi cac kich ban che khuat dién hinh. Tir két
qué trén cho thay, hién tugng che khuat 1am giam cong suét
dau ra ciia PV va gy anh huong dén cac hé thdng ma PV
két ndi, dic biét Microgrid doc 1ap. Do d6, két qua nay co
thé 1am co s& dé nghién ciru dé xuét xdy dung, phét trién
mot thuat toan bat diém cong suat cuc dai cai tién c6 thé
phat hién dugc diém Global MPP nang cao hiéu qua cong
suit dau ra cua PV.

Loi cdm on: Xin gui 101 cam on dén truong Pai hoc Béch
khoa Ha Noi vi dad céap kinh phi cho nghién ciru dé tai
T2018-PC-061.
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