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Tém tit. Bong che mot phan 1a mot hién twong pho bién lam thay d6i higu suat cta cac hé théng PV
(Photovoltaic). Chung c6 thé ké dén nhur: dam may, bong cdy, cao oc...va cac diéu kién van hanh _phuc
tap. Bai viét nay voi myc tiéu so sanh hi¢u sut phat dién ciia cac ciu hinh lién két khac nhau nhu méc ndi
t1ep (SC), mac song song (PC) hay mac hdn hop (SPC) dudi anh huong cua hién tugng bong che mot
phan. Cac ciu hinh dugc dé xuat bao gdm sau md dun PV loai 72 té bao cong suat 200W duoc st dung dé
md phong thong qua phan mem PSIM. Viéc nghién ciru tap trung vao sy thay d6i dac tinh lam viée cia
céc hé thong khi thay d6i cac yéu t6 nhu: pham vi bong che, vi tri bong che. Cac két qua thu duoc thong
qua md phong di cho thiy nhitng anh hudéng khéac nhau dbi voi cac cau hinh khac nhau trong cung didu
kién vén hanh. N6 duoc giai thich mét cach chinh xac rang PC luén dat dugc cong suét phat 16n nhat v6i
s6 diém phat cong suét cyc dai it nhat. mic du dién 4 ap ngd ra cua dang céu hinh nay khong cao, cai ma co
thé gay kho khin cho viéc thiét ké cac bo chuyén doi DC -DC nhung lai cho thdy sy 6n dinh nhat. Diéu
nay c6 thé duoc tmg dung rong rii trong viée chon lwa kiéu cu hinh lién két sao cho phul hop voi cac yéu
cau dit ra trong cac nghién ctru sau nay dé dat duoc hiéu qua 16n nhat
Tir khéa: Bong che mot phan, tim pin quang dién (PV), hé thong pin mat troi, dic tinh P-V.

ASSESSING THE IMPACTS OF PARTIAL SHADING ON SOLAR
PHOTOVOLTAIC CONFIGURATIONS

Abstract: Partial shading is a commonly phenomenon which has changed the performance of PV
systems such as passing cloud, trees, building...and under complex operation conditions. The objective of
this paper is to compare the performance of different connection configurations of PV cells: series
connection (SC), parallel connection (PC) and series — parallel connection (SPC) under the influence of
partial shade. The proposed configurations comprise six PV modul which includes 72 PV cells with
200W is used to simulate using PSIM software. The study concentrates on output characteristics of PV
array under shading condition: varying location of shaded and different levels of shadow. The simulation
results are introduced showed the different influence on different configurations in the same of operation
condition. It is correctly explained that the parallel configuration always achieves the highest output
power with the least number of maximum power point (MPP) peaks. Although the output voltage of this
configuration is not high, which may make it difficult to design DC-DC converters, it shows the most
stability. This can be widely applied in selecting the type of link configuration to suit the requirements set
out in future studies to achieve the greatest effect.

Keywords: Partial shading, photovoltaic (PV) solar cell, solar system, P-V characteristic

1. GIOI THIEU

Trudc thyc té cic ngudn nhién liéu hoa thach ngdy cang tré nén can kiét, cac qudc gia trén thé gidi da va
dang chuyén hudng khai thac ngudn ning luong tai tao bén vitng, xanh, sach, than thién v6i moi truong
[1-3]. Nang lwong mat troi 1a mot trong nhimg ngudn ning luong dap g duoc nhu cau d6. Tuy nhién,
cong suat ctia mot PV voi kich thude bi gidi han 1a kha nhé so véi nhu cau cua ludi dién [4-7]. Dé gia
tang cong suét vat 1y ciia PV, mot hé thong gdm nhiéu moé dun dugce lién két voi nhau tao thanh nhimng
canh dong pin ning lugng mit troi nham giai quyét van dé nay [8, 9]. Van dé dat ra 1a, lién két cac md
dun lai v&i nhau nhu thé nao dé dat duoc hiéu suét cao nhat trong tinh trang lam viéc binh thuong cling
nhu khi xay ra su ¢4 [10, 11].
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Cac nghién ctru trude day da chi ra rang méic song song cac tim pin quang dién s& cho hiéu suét cao
hon khi mic ndi tiép trong diéu kién xay ra su cd (bong che mot phan, toan phan hodc su thay déi trong
diéu kién van hanh) [12]. B&i vi mdi mé dun dugc xac dinh dém phat cong suét cuc dai riéng va khi no bi
su cb s& khong gdy anh hudng téi cuc tri ciia cic md dun khac. Hay néi cach khac, né khong lam giam
hiéu suat cua cac mé dun lan cin dang trong diéu kién binh thuong. Hon nita, lién két song song ¢ ba
dac diém ndi bat nhu: dién ap cua MPP it phu thudc vao cudng do sang, nghia 13 gia tri ndy gan nhu
khong d6i ddi véi SC & cac mirc birc xa hong ngoai khac nhau. Bén canh d0, sy chénh 1éch khong dang
ké vé dién ap cua MPP ciing it anh hudng dén viéc phét ning lugng. Cudi cung 1a dién ap ctia cac MPP
chi nhay cam trong pham vi nhiét d¢ thong thuong [13, 14]. Tuy nhién, nhiing nghién ctru nay cling da
chting minh rang; SC chi pht hop véi cac img dyng yéu cau muc dién ap va cong suét thap.

Trong khi do, cac nghién ciru cling chi ra rang, PS s€ cho muc dién ap cao hon. Dang céu hinh nay
phu hop véi cac truong hop yéu Vau dién 4p va cong suit 16n dé nghich luu hoa ludi. Tuy nhién, diéu nay
phat sinh cac van dé can giai quyét nhu: Cac mé dun bi 15i trong chudi lién két s& phai chiu mot dong
tuong tu cac mo dun khéc trong trang thai binh thudng, khién né cé thé phai tiéu thy ning luong dan dén
phat néng gay hai cho hé thong néu khong dugc bao vé.

Dé khic phuc nhitng ton tai trén, mot s6 ciu hinh cai tién di dwgc d& xuit nhung no ciing doi hoi sd
luong 16n cac md dun dan dén chi phi gia taing khong phtt hop voi nhitng du 4n vira va nho nén ciing kém
kha thi.

Rt khé dé thuc hién mot thi nghiém thuc t€ v6i s6 luong 16n PV dudi tac dong cua cac diéu kién tu
nhién nhu: bui, #dm may, bong ciy, nha cao tang...(goi 1a bong che mot phan hoic toan phan). Trong ndi
dung bai viét nay str dung 6 mo dun PV loai 72 té bao quang dién dudi sy hd trg ctia phan mém PSIM mb
phong tac dong cua bong che 1én cac ciu hinh khac nhau trong diéu kién binh thudng va khi sy ¢6 nhim
dua ra d& xuat cau hinh phi hop nhét trong moi truong hop van hanh.

2. DPAC TiNH PIN QUANG DIEN VA CAU HINH HE THONG

2.1 Pin quang dién

So 6 mach dién tuong duong cta PV bao gdm mot diode song song voi mot ngudn dong duge diéu
khién boi anh sang va hai dién trd' RS, RP nhu hinh 1 véi hai théng s quan trong 1a dong ngin mach ISC
va dién ap hé mach VOC [15].

Dong qua diode:
ava
I,=1,(e*" =1 (1)
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Trong d6; s -dong dién qua diode (A); o - dong dién béo hoa cua diode (A); q - dién tich cua electron
(1,602.10°C); k - hang so Boltzman (1,381.10%J/K); T - nhiét d6 1op tiép xuc (K); V- dién ap diode
(V); 1-dong diénracuaPV (A).
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Hinh 1. Mach don gian c4u hinh pin quang dién

2.2 Céu hinh hé thong pin quang dién.

Ttr cac phuong trinh thong s6 dong va ap ctia PV nhu trén, mot mé hinh gdm 6 mé dun PV loai 72
té bao quang dién cong suit 200W, dién ap Vmer = 37V, Iwpe = 5.4A, dong ngin mach Isc = 5.79A, dién
ap ho mach Voc = 44.5V duoc st dung dé mo phong trong didu kién tiéu chuan (1000W/m? tai 25°C).

Céc cau hinh dugc mé phong thir nghiém trong moi trudng hop bao gom: SC (hinh 2a), PC (hinh 2b),

gﬁéé
oj)a

a b c

Hinh 2. C4u hinh lién két pin quang dién: a. SC, b. PC, c. SPC

= L

i
)

Céc cu hinh lién két d& xuét trén dugc van hanh thir nghiém trong diéu kién binh thuong hoac bi
bong che mot phan. Vi tri, s6 lugng va pham vi cdc mo6 dun bi bong che duogc trinh bay trong bang 1.

3. KET QUA THU'C NGHIEM
3.1 Cong suit cuc dai ciia cAu hinh thir nghiém.

Bang viéc ung dung phan mém mo phong PSIM, céc trang thai lam viéc ciia hé thong duoc mo
phong chung mot kich ban cho cac truong hop dé xuét trong bang 1. Két qua duogc trinh bay trong cac
hinh 3 va 5 thé hién mdi quan hé giita cac dai lugng dong dién, dién 4p va cong suét ciia hé thong PV tng
v6i cac cau hinh dé xuat khac nhau cho thay:

— O trang thi 1am viéc binh thuong khéng c6 bong che (hinh 3), tat ca cac cau hinh déu c6 két qua
nhu nhau (bang 2). Trong khi d6 dién ap va dong dién tai MPP c6 gia tri 16n nhét lan luot thuge vé SC va
PC. Diéu nay cho théy, khi thay d6i cAu hinh lién két, dong va 4p cta hé théng bi anh hudng, tuy nhién,
cong suit cua toan hé thong 1a khong doi trong didu kién 1am viéc binh thuong.

Bang 1. Céc truong hop (TH) nghién ctiru mo6 phong tac dong cua bong che

Truong hop Mo ta
1 Khong c6 md dun nao bi bong che (toan bd nhin birc xa 1000W/m?)
Hai md dun bi bong che 50% (Ir=500W/m?), hai md dun bi bong che 25%
2 (Ir=750W/m>), vi tri cac md dun bi bong che thay do6i tir 1 dén 6, cac mé dun khac

nhan 1000W/m?
Hai md dun bi bong che 50% (Ir=500W/m?), hai md dun bi bong che 75%
3 (Ir=250W/m>), vi tri cac md dun bi bong che thay ddi tir 1 dén 6, cac mé dun khac
nhan 1000W/m?
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Hai md dun bi bong che 25% (Ir=750W/m?), hai md dun bi bong che 50%
4 (Ir=500W/m?), mot md dun bi bong che 75% (Ir=250W/m?) md dun con lai nhan
1000W/m?.

Lan luot thtr nghiém véi cung mét kich ban cho nhitng truong hop con lai khi cac mé dun bi bong
che mot phén, két qua trong hinh 3 d chi ra ring.

—Kiéu PC ludn cho cong suat phat ciia hé théng 16n nhat.

— Céu hinh nay ciing chi ¢6 mot MPP duy nhat khi c6 nhiéu mé dun bi bong che.

—Kiéu SC va SPC cho két qua trong dwong nhau vé kha ning phat cong suat (bang 2).

—Khi bi béng che, hai cdu hinh nay c¢6 nhiéu MPP, dic biét SC cho nhiéu diém MPP nhit (trudng
hop 4 hinh 3d).
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3 s 300
c. d.
Hinh 3. So sanh dac tinh P-V trong 4 truong hgp: a. TH1, b. TH2, c. TH3, va d. TH4

Tir két qua trong bang 3 ciing cho thay: ,

—Véi PC, hé thong ludn c6 mirc dién ap 6n dinh nhat trong cic trudng hop bi su c¢d bong che. Tuy
nhién, gi4 tri dong dién thay d6i va ludn c6 gia tri 1on nhat trong cac truong hop thir nghiém.

—Nguoc lai, SC ludn cho mirc dién ap 16n nhat voi gia tri dong dién kha nho.

— Trong khi d6, voi SPC, gia tri dong va 4p khong 6n dinh va ¢6 xu hudng & muc giita so v6i hai
truong hop ké trén.

Béng 2. Cong sut cuc dai tmg voi cac trudng hop thir nghiém.

Truwong S6 dinh cong suat cue dai (W)
hop SC PC SPC
1 1211.7 1213.86 1213.63
2 642.301; 642.28; 404.62. 903.722 667.637; 642.267; 404.595.
3 434.899; 403.683; 335.619. 696.047 | 435.161; 403.904; 335.537.
4 543.813; 470.92; 349.29; 202.23. 748.012 534.12; 500.587; 352.587.
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Béng 3. Dién 4p va dong dién mg véi cong suat cuc dai trong cac truong hop

Truwong Pién ap (V)/dong dién (A) wng voi Prax
hop SC PC SPC
1 222.795/5.448 37.1372/32.939 111.395/10.893
2 235.636/2.8367 36.8484/24.428 117.808/5.670
3 155.024/2.8097 36.5574/19.079 77.5099/5.6226
4 193.862/2.8245 36.6547/20.337 77.5099/7.0086

3.2 Dap ung cia cAu hinh véi phu'(mg phap do MPP toan cuc

Dé kiém tra tinh hiéu qua ctia cic cdu hinh dé xuét trong truong hop bong che, giai thuat ti wu bay
dan phién ban diéu chinh (MPSO) dugc chon dé xac dinh diém phat cong suét cuc dai toan cuc (GMPP)
trong diéu kién méi trudng van hanh thay d6i [16]. Luu d0 giai thudt st dung cho mé phong trong bai viét
nay dugc trinh bay nhu hinh 4 theo céc budc nhu sau:

— Khoi tao: O giai doan dau, khai tao cac théng sb cho giai thuat. Hé sb chu ky D 1a thong sb diéu
khién dugc khéi tao nhu sb bdy dan. Tat ca cac bay dan dang tim kiém déu 1a cuc tri dia phuong tot nhat
(Pbesti) va mot trong sb chung dugc chon ra lam cyc tri toan cuc tot nhat (Goest)- Khoi tao s6 b'ély dan (hé
s6 chu ky D) theo cong thirc (4)

xi(k)=di(k)=[d,, d>, ds, ...dn] (@)

v6i n 13 s bay dan.

— Daénh gia diéu kién rang budc: V&i mdi hé sb chu ky d; xuét ra s& xac dinh duoc gia tri dong dién
va dién ap tir d6 tinh gia tri cong suét.

—  Lua chon hé s chu ky tdt nhét toan cuc (Goest) va tdt nhét cho ca thé (Poest): dua vao diéu kién
ham muc tiéu P(d) > P(d/™") tir d6 s& cap nhat gia tri Poest VA Goes.

— Cap nhét vi tri va van tdc cua cac ca thé: Danh gia vi tri va toc do moi cua ting ca thé béng cach
su dung cong thurc (5) va (6):

ik +1) =WV, (k) + ¢ (P = 3,(K)) +,73(Gp = 3,(5) 5)
x,(k+1)=x(k)+V.(k+1) (6)
i=1, 2, 3,..., n (s6 bay dan)
Trong do, x;, Vl - dai dién cho vi tri va vén toc cua bﬁy thtr 1; k - s6 1an lap; w - trong sb quén tinh;
11, 2 - bién ngau nhién; c1, ¢z - hé s6 nhan thirc ¢4 thé va xa hoi
— Quyét dinh hoi tu: Néu diéu kién hoi tu duoc thoa min thi chdm dat qua trinh, néu khong s&
tang s6 1an lap va khoi dong lai qua trinh tim kiém.
Sau khi ap dung giai thuat MPSO dé xuét vao viéc MPPT ung véi cac truong hop da liét ke trong
bang 1 thi nhiing két qua mo phong khach quan duoc trinh bay trong hinh 5 cho thay
— Cac cau hinh dap ung tot voi giai thut trong viée xac dinh cong sudt t6i vu GMPP.
— (Cong suét thu dugc tir cdu hinh PC ludn 16n hon cac kéu cau hinh khac trong cting diéu kién van
hanh (hinh 3 va 5)
Céc két qua trong bang 4 cling da cho théy su vuot troi cua cAu hinh PC khi van hanh hé théng
dudi diéu kién bong che it nhat 1a 35% trong truong hop 2 va khoang 60% trong truong hop 3.
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Hinh 5. Cong suat GMPP truong cac trudong hop tim kiém véi PSO: a. SC; b. PC va c. SPC.
Bang 4. Cong suat hé thong khi dung PSO tim GMPP trong cac truong hop

Cong suat (W)

TH SC PC SPC
1 | 1211.7 1213.86 | 1213.63
2 | 642.301 903.722 | 667.637
3 | 434.899 696.047 | 435.161
4 | 543.813 748.012 | 534.12

4. KET LUAN

Mo hinh mé phéng duoc xdy dung trén nén PSIM nham nghién ciru anh hudng ciia bong che mot
phan dén cac dang céu hinh ctia hé théng PV. N6 s& gitp cho viéc quyét dinh chon lya kiéu c4u hinh lién
két sao cho phul hop vai cac yéu cau dit ra trong cac nghién ctru sau nay dé dat dwoc hiéu qua 16n nhét.
Vi két qua thu duogc ké trén, nghién ctru da chi ra rang.
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- Cau hinh PC thu dugc cong suat 1a lon nhat voi murc dién ap ngd ra cua h¢ thdng 6n dinh nhat mic
du gia tri khong lon. Diéu nay cho thiy, cdu hinh nay rat phu hop véi nhiing Gmg dung trén cac phuong
tién dich chuyen c6 st dung nang luong mét troi voi yéu cau veé muc dién ap va cong suat tuong dbi nho.

- Kiéu SC mic du ¢6 hiéu suat thap hon nhung cho mirc dién 4p 16n nhét trong tat ca cac truong hop
thir nghiém. No ciing cho thdy mirc do vuot troi vé gia tri dién ap thu dwoc trong cung diéu kién thu
nghiém.

- Trong khi 0, kiéu SPC cho thiy hiéu suat khong cao (twong duong SC trong cac truong hop thu
nghiém, bang 2) vdi dién ap va dong dién cling khong may on dinh.

Ngoal ra, két qua ciing cho thay nhirng anh huéng ctia bong che 1én cac cdu hinh PV khéac nhau. Khi
cang nhiéu mé dun bi bong che, s6 dinh MPP trong hai truong hop SC va SPC s€ tang 1én gy kho khan
cho viéc x4c dinh diém phat cong suat t6i wru. Tlr 46 mé ra cac hudng nghién ctru tiép can méi nhu:

- Xac dinh diém phat cong sut tdi wu ciia hé thdng pin mit trdi trong didu kién bong che.

- C4u hinh PC c6 it MPP nhét s& don gian hon trong viéc chon giai thuat xac dinh GMPP.

- Cac sb lidu dung dé tham khao khi chon cu hinh lién két voi cac muc dich st dung khac nhau
nhim dat dwoc hiéu suat tbi wu.

- Tim giai phap quan 1y va khic phuc hé thong khi cé su ¢d bong che hodc 151 mot phan cua hé thong,
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