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Abstract

Under non-homogeneous solar irradiation, photovoltaic panels receive different solar irradiance, resulting in a
decrease in efficiency of the PV generation system. There are some technical solutions for mismatch problems.
One of them is to reconfigurate of the PV panels, namely changing the connections of the PV panels from the

initial configuration to the optimal configuration.
In this paper,

a mathematical model for reconfiguration strategies of photovoltaic panels under non-

homogeneous solar irradiation using Total-Cross-Tied topology is proposed. The general mathematical model
provides researchers better understanding of the problem and is also the basis for evaluating the accuracy of the

proposed algorithms.
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Tém tat'

Trong diéu kién burc xa khong dong nhat, cic tAm pin
quang dién (TPQD) nhan dugc blrc xa mat troi khac
nhau, dan d&én sy sut giam hi¢u suit cia toan bd hé
thdng. Viéc thay do6i két ndi ctia cac TPQD tir mach
két nbi ban dau dén mach két ndi t6i wu s& giup ting
hiéu suét lam viéc cua toan hé théng.

Trong bai bao nay tic gia dé xuat mo hinh toan tong
quat cho chién lugc tai cau tric két ndi cac tim pin
quang dién cho mach két ndi Total-Cross-Tied (TCT).
Viéc xay dung mé hinh toan tong quat giup cac nha
nghién ciru c6 thé hiéu 15 hon vé bai toan, ngoai ra
con 1a co s danh gia do chinh xac cua cac thuat toan
da dé xuat.

Ky hi¢u

Kyhiéu Ponvi Y nghia

m S6 hang

n; S6 tim pin quang dién hang
thur i

i Chi sb hang

i Chi sb cot

n Tong s6 tdm pin quang dién

Gi w/m? Tong birc xa mit troi hang
thr i

Gjj W/m? Buc xa mat troi tim pin
quang dién hang i va cét j

El Chi s6 can bang

Y Ngay nhdn bai: 10/10/2018; Ngdy nhdn ban sita:
07/02/2019; Ngay chdp nhdn: 10/02/2019; Phan bién:
Lé Tién Diing, Nguyén Quang Hiing.
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G Ma tran buc xa mat troi clu
hinh ban dau

G_OP Ma tran birc xa mat trdi clu
hinh cén bang btc xa

Q Mang gi tri s6 lan dong mo
khoa cac khoa don

S Ma tran gia tri s6 lan dong
mé khoa cac khoa kép

Sjj S6 lan déng mo khoa cua
tam pin quang dién j hang i

Mgep k S6 1an dong mo khoa lan tai

cAu trac thir k
SO lan déng mo khoa it nhat
lan tai cau trac thir k

(M Imin)step k

Chir viét tit

TPQD T4m pin quang dién

TCT Total-Cross-Tied

NLMT Nang lugng mat troi

SP Series-Parallel

DES Dynamic Electrical Scheme

1. Phin mé dau
Cong suit tao ra boi cac TPQD trong didu kién thuc té
thudng thip hon so véi didu kién lam viéc tiéu chuan
[1-6]. Mot sb 1y do chinh lam giam hiéu suit hoat
dong ctia TPQD la do buc xa mat troi, nhiét d6 hodc
do chinh sy 130 héa cta cac TPQD [7-10].

Céc anh hudng cua blc xa mit troi dén qua trinh
lam viéc cua hé thong nang lu(mg mat troi (NLMT)
va chién lugc tai céu tric nhim tang hidu suat lam
viéc cho hé thong NLMT trong diéu kién burc xa
khong ddng nhit da dwoc tac gia nghién ciru va cong



CONG TRINH KHOA HQOC

bb tai [11-15]. Vé ban chit, tai cdu trac hé thong
chinh 1a thay d6i két ndi ctia cac tdm pin quang dién
dé dat duoc ciu hinh két ndi tdi wu, cho ra cong suit
ctia hé théng 1a 16n nhit. Hién nay, bai toan tai ciu
trac duoc ap dung cho 2 md hinh két ndi chinh cia
TPQD la Series-Parallel (SP) va TCT. Trong [11-15],
tac gia dd dé xudt phuong phap nang cao hiéu suit
lam viéc cta hé théng NLMT cho mach két ndi TCT.

DONG HO DIEN

H.1 Hé thong NLMT va bg tdi cdu tric

Hé théng NLMT can ban ndi ludi hién nay dugc
moé ta trong H. 1 bao gdm cac thanh phan co ban:
TPQD, bd chuyén ddi nang lugng, bd tich dién, phu
tai va hoa ludi. Cac TPQD khi nhan dugc buc xa mat
troi, tao ra dong dién 1 chiéu DC, qua Inverter ¢
chirc ning tich dién vao bo tich dién, chuyén dbi
DC/AC phuc vu phu tai trong gia dinh hoéc hoa ludi.

Bo tai cau triic (reconfiguration system) 1a thiét bi
tang hiéu suat lam viéc ciia hé thong NLMT trong
diéu kién birc xa khong ddng nhit, duoc ldp trude bd
chuyén dbi dién, vi tri mo ta vi tri trong H. 1.

Trong bai bao nay, tic gia trinh bay chién lugc tai
cAu tric cho hé théng NLMT dua trén cdu hinh két
nbi TCT, tir d6 dé xuidt mo hinh toan hoc tong quat
cho hai bai toan t6i wru trong chién lugc tai cau trac.

2. Chién lwgc tai ciu tric cho mach két
nbéi TCT
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H. 2 Mach két néi TCT
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Chién luoc tai cdu trac két ndi cac TPQD cho
mach két ndi TCT dé duoc tac gia trinh bay trong cac
cong trinh nghién ctru tai [11-15], tom tat chién lugc
tai cdu trac nhu sau:

Mach két ndi TCT bao gdbm cac TPQD két ndi
song song, cac mach song song dugc két ndi ndi tiép
(H. 2) va co cac dic diém:

e Dién 4ap cuc dai cia cac mach két ndi song song
(trong mach TCT) khong bi anh huéng bdi muc
d6 chiéu sang nhan duoc cua timg tim pin quang
dién (TPQD).

Dong dién tao ra béi chudi cac mach két ndi song
song s€ ty 1¢ thuan véi muc 4o chiéu sang nhan
dugc cua ting TPQD.

Trong qua trinh lam viéc, cac TPQD bi anh huong
boi van dé che phu mot phan, co thé do bong ciia cac
toa nha, may che phu, tuyét, bong cia cac vt bén
canh dan dén buc xa mit troi nhan béi mdi TPQD
khac khac nhau. Phuong phap can bang birc xa cho
mach két ndi TCT chinh 1a sip xép lai vi tri két ndi
cac TPQP nhim muc dich cin bang téng mirc d6 birc
xa mit troi tai cac két ndi song song trong mach TCT
nhu vi du trong H. 3 [11]. Trong H. 3, trudc khi can
béng birc xa, mach TCT véi téng blrc xa tai cac hang
lan luot 14 2300W/m?, 1800W/m?, 1300W/m? (H. 3a).
Sau khi thay d6i vi tri tim pin nhu trong hinh (tim pin
1 chuyén tir hang 1 xudng hang 3), tong mirc d6 chiéu
sang can bang 1a 1800W/m? tai cac hang (H. 3b).
Cong suit cuc dai trude khi can bang 1a 811,9W voi
hién tuong misleading (H. 3¢), sau khi can bang, cong
suat cyc dai cua hé théng ting 1én 1041W (ting
28.2% hiéu suit) vé6i duy nhét mot diém cuc dai, tranh
dugc hién tugng misleading (H. 3d).
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H. 3 Vidy can bang birc xa: (a) triede khi cdn bang, (b)
sau khi cdn bang. Biéu do cong sudt: (c) truwde khi can
bang véi hién twong misleading, (d) sau khi cdn bang
khong con hién twong misleading

(d)
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Chién luoc tai ciu truc, nang cao hi¢u sudt lam
viéc cua hé thong NLMT c6 thé tong quat theo Iuu do
tai H. 4.

[ Céu triic ban diu ]:
|
4

DBo dong dién va dién ap

v
U tinh mire dé birc xa

¥

Cin bing Bire xa Ciu tric tdi

ru

»

B diéu khién
dong mé Khoa

Lia chon phuong phap chuyén
mach téi ru

H. 4 Luu dé chién luoc tai cdu tric

Chién lugce tai cau trac bao gdm cac budc:

e Buoc 1: Do dong dién va dién ap tung TPQD.

e Buoc 2: Can cu va dong dién, dién ap uwdce tinh buc
xa mat trdi nhdn dugce boi tiing TPQD.

e Budc 3: Ap dung thuat toan cén bang birc xa, tim
cAu hinh két ndi toi vu cua cac TPQD.

e Budc 4: Kiém tra cau hinh két ndi méi so véi cau
hinh két nbi ban ddu. Néu 1a cdu hinh két ndi ban
dau thi quay lai buéc 1. Néu 1a ciu hinh két ndi
mdi so voi cdu hinh ban dau thi sang budc 5.

e Budc 5: Ap dung thuét toan tim kiém phuong
phap chuyen mach t6i vu. Phuong phap chuyén
mach t6i wu 1a phuong phap sir dung it 6 lan dong
mé khoa nhit, giup kéo dai tudi tho cta ma tran
chuyén mach.

e Budc 6: Didu khién ma tran chuyén mach dong
m¢ khéa theo phuwong phap da tim kiém ¢ budc 5,
¢6 dugc cdu hinh két ndi méi cho hiéu suit lam
viéc cua hé théng 1a ot nhat.

Nhu vay, trong chién Iuge tai cdu trac két ndi cac
TPQD bao gdm 2 bai toan chinh: Bai toan cin bing
birc xa va bai toan lya chon phuong phip chuyén
mach tdi wu. Trong phdn sau, tac gia s& trinh bay chi
tiét va tir 46 d& xuat mo hinh toan cho hai bai toan tdi
uu trén.

3. P¢ xuat md hinh toan
3.1 M hinh to&n bai toan cin bing birc xa
Xét chu tric hé thong NLMT mach TCT tong quat
nhu H. 5 bao gdm m hang két ndi nbi tiép, mdi hang
1a mach cac TPQD két ndi song song, hang thtr i bao
gom n; TPQD két ndi song song.
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H.5 Mach két n6i TCT tong qudt

Néu ta coi Gjj 1a gia tri buc xa cia TPQD thudc
hang i va cdt j trong mach TCT. Tong mirc d§ birc xa
cta hang i 1a G; dugc xac dinh theo cong thic:

G = ieij @)

Chi sb can bang (EI) [16] cho mdi cu hinh két ndi
duogc tinh theo cong thirc:
El = max(G,) - min(G,) @
i=1,m i=1L,m
Cau hinh nao c6 chi s El nho nhét 1a céu hinh téi
uwu sé duoc lua chon.
Tong quat ham muc tiéu cta phuong phap:
El =max(G;) -min(G;) -0 (€))
Diéu kién rang budc:
n+n,+n,+..+n, =n
G, +G, +G,, +...+Gini =G,

Trong do:

El Chi sb can bang

n Téng sb TPQD

m S6 hang trong mach TCT

n; S6 tim pin quang dién hang i
Gj Gia tri blrc xa tai tam pin quang dién hang
i, cotj.

Gi Tong bic xa tai hang i

Chu hinh théa man ham muc tiéu cia phwong
phép Can bang birc xa chinh 1a cdu hinh cho hi¢u suat
hoat dong ctia hé théng NLMT 1a 16n nhit. Goi G la
ma tran birc xa v6i cau hinh két ndi ban dau thi G_OP
la ma tran buc xa véi cAu hinh két ndi t6i wu. Trong
phén tiép theo, tac gia s& trinh bay bai toan lya chon
phuong phap chuyén mach tir cdu hinh ban dau (ma
tran G) dén cu hinh t6i wvu (ma tran G_OP).



CONG TRINH KHOA HQOC

3.2 Mo hinh toan bai toan lua chon phwong phap
chuyén mach tdi uvu

Trong qua trinh nghién ciru tac gia nhan thdy c6 rat it
cong trinh nghién ctru vé viée lya chon phuong phap
chuyen mach tdi wu, nham ting tudi tho clia ma tran
chuyen mach, bai toan Iya chon cu hinh chuyén
mach téi vu da duoc tic gia dé xuat tai [11], duge mod
ta va xay dung mo hinh toan trong phén tiép theo sau
day.

3.2.1 Ma trdn chuyén mach Dynamic Electrical
Scheme (DES)

Trén thuc té, trong cac hé thong NLMT hién nay, cac
TPQD duoc két ndi cb dinh, tirc 1a cac TPQD duge
két nbi vat Iy v6i nhau véi sb lugng cac TPQD ndi
tiép hodc song song c¢d dinh theo thiét ké, trong qua
trinh lam viéc khong thé thay doi két ndi, tirc 1a khong
thay ddi vi tri két ndi cua cac TPQD trong mach két
ndi mot cach tu dong duoc. Dé cac TPQD co thé thay
ddi céu trac két ndi mot cach tu dong, cin dén Ma
tran chuyén mach DES.

Ma tran chuyén mach DES (H. 6) di dugc dé xuit
trong [17] nham muc dich thay d6i tuy bién két nbi
clia hé thong NLMT, tir cdu hinh mach két ndi ban
dau, thong qua cac thao tic dong mo khoa s& ¢ duoc
mach két néi mai véi cau tric bat ky.
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CONTROL
H. 6 Ma trdn chuyén mach Dynamic Electrical Scheme

(DES) [17]

Vidu vé hoat dong cua ma tran chuyén mach DES

trong H. 7:

e Dé co6 dugc mach két ndi nhu H. 7a: Ma trén
chuyén mach H. 7b khéa ctia TPQD sb 1 va s6 2
dong ¢ hang 1, khéa TPQD s6 3 va sb 4 dong &
hang 2, cac khéa khac mo ra.
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e Dé co duge mach két ndi nhu H. 7c: Ma tran
chuyén mach H.7d khoa TPQD s6 1, s6 2 va s6 3
déng ¢ hang 1, khéa TPQD s6 4 déng & hang 2,
cac khoa khac mo ra.
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H.7 Ma trdn chuyén mach Dynamic Electrical Scheme (b-
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Nhu vay, thong qua ma tran chuyén mach DES, tir
mach két ndi TCT bt ky ban dau co thé thay ddi két
nbi thanh mach TCT tong quat nhu H. 5.

Xét ma tran chuyén mach tong quat DES cho n
TPQD nhu H. 8.

1 2 3 n
B[ [B[E[E[EEED
1 i E AR e 7 T 71
p e
s ‘|/ 7 7 7 7 7 7 7 7
\ o
TT A 4 A_a r‘A A 4 &

CONTROL

H. 8 Ma trgn chuyén mach DES t6ng qudt cho n tam pin
quang dién, M mach néi tiép

Ma tran chuyén mach DES duoc thiét k& gdm cac
khoa dong mé mach, gom 2 phan chinh:

e Phin thir nhit bao gdm m khoa don ngoai cing
bén trai cd tdc dung phan céch ting hang trong
mach TCT. Goi mang gia tri Q gdm m phan tur
tuong ng vé6i s6 1an dong mé khoa cia cac khoa
don nay, khoa don déng mé theo nguyén tic hang
nao co khoa kép dong thi khoa don bén trai mo,
hang nao tat ca khoa kép m¢ thi khoa don bén trai
dong.

e Phan tht 2 bao gdm m x n khéa kép nam & giira
ma tran chuyén mach DES ¢6 tac dung thay ddi vi
tri két nbi cac TPQD trong cac mach song song.
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Goi ma tran gia tri S gdm m hang va n cot twong

tmg v6i s6 1an dong md khoa cua cac khoa kép

nay.

Toéng quat s lan dong mé khoa cia ma trn
chuyén mach thé hién trong H. 9.

Chi s6 Chi s6 cot
hang 1 2 n
1 Q: | Suu | Sp Sin
2 Q2 Sa | Sp Son
m QOnm Smi | Sme S

H.9 Mdng Q va ma tran S thé hién s lan déng mé Khéa
cua ma tran chuyén mach

Trong qua trinh hoat dong ctia hé thong NLMT va
bo tai cAu trc, sau mdi 14n tai cdu trac, sb 1an dong
m¢ khéa ctia ma trdn chuyén mach thay ddi. Trong
nghién ciru nay, tac gia quan tdm dén viéc tdi thiéu s6
lan déng mo khoa ciia cac khoa kép.

Quy wdc vé sb 1an dong mad khoa:

e Tai thoi diém ban dau:
S; =0 Yi=1Lm;j=1n (@)

e Trong qua trinh hoat dong, khi thay ddi vi tri mot
TPQD p tir hang i chuyén sang hang j, thi s6 lan
dong mé khoa cta ma tran S thay ddi nhu sau:

Sip =S, +1

S, =95, +1
Nhu vdy goi s6 TPQD chuyén vi tri 1a z thi s6 lan
dong mé khoa cta Ma tran chuyén mach 14 2 x z.

e Trong qua trinh hoat dong, khi phat hién cdu hinh
két nbéi mai tét hon hon cdu hinh két ndi cii, hé
thdng tu dong thay doi cau hinh két nbi.

©®)

3.2.2 Bai todn phwong phdp lwa chon cau hinh chuyén
mach toi wu

X H E

'aIEIm

H. 10Vi du ?vé‘ cdu hinh cdn bang bikc xa nhung c6 s6 lan
chuyén mach khac nhau

(1)an chuyén)

(3 1an chuyén)

Bai toan phuong phap lya chon cau hinh chuyén mach
t6i wu dugc ap dung sau khi co két qua cua bai toan
can bé'mg birc xa, tirc 1a ¢6 ma tran birc xa mat troi G
ban diu va ma tran blrc xa mat troi G_OP sau khi can
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bé'mg blrc xa. Muc dich diéu khién ma tran chuyén
mach chuyén tir ciu hinh ban dau G dén cdu hinh can
bang birc xa G_OP sao cho s6 lan dong md khoa cua
ma tran chuyén mach S 14 it nhét.

O cac nghién ctru cia tic gia Quesada [18],
Romano [17], Wilson [19] d4 dé xuét cac thudt toan
can bang buc xa, song déu chua dé cap dén viéc tim
phuong phap chuyén mach t6i vu ma phuong phap
chuyén mach duoc su dung hoan toan dya trén he qua
cuia bai toan tim cAu trac két ndi tdi wu, din dén sb 1an
chuyén mach 16n, chua quan tim dén tudi tho ciia ma
tran chuyén mach.

100 [ 100 1000
800 [ 1000 100 [ 100 | 800
(@) (b)

H. 11Ma tran G (a) va ma trdgn G_OP (b)

H. 10 1a vi du vé viéc phuong phéap tim kiém cau
hinh chuyén mach t6i wu. H. 10a 1 cdu trac két ndi
ban diu cua hé thong (ma tran G twong tng véi H.
11a). H. 10b va H. 10c 1a 2 c4u trac khac nhau cua
cing 1 ma tran G_OP (H. 11b) - két qua cua bai toan
tim céu tric can bang buc xa.

D& dang nhan thay dé chuyén mach tir cdu tric
ban dau H. 10a dén cau tric can bang birc xa H. 10b
chi mét 1 lan chuyén vi tri TPQD (chuyén tdm pin 3
ting hang 2 1én hang 1), s6 lan dong md khéa bang 2.
Mit khac tir cu tric ban ddu dén ciu trac can bang
btc xa H. 10c mét 3 l1an chuyén vi tri TPQD khoa
(chuyén tim pin 1, 2 tir hang 1 xudng hang 2; chuyén
tam pin 4 tir hang 2 1én hang 1), trong trudng hop nay
s6 1an dong mé khoa bang 6.

Nhan thdy, sb 1an déng mé khéa phu thude vao
thir tu cac hang trong ma tran G_OP, viy c4u hinh
G_OP nao véi sb 1an dong mo khoa it nhat s& duoc
Iua chon.

GOoi Mlggep 12 s6 lan d()ng mé khoéa cua lan tai cau
truc thir kK, (S,,)Step « 1a tong s6 1an dong mo khoa cua
khoa co chi so hang i va cotj trong ma tran chuyén
mach, tinh dén hét 1an tai ciu trac tha k. Mlsiepr duoc
tinh theo cong thuc:

i=m

i=n j=n
Mlstepk = Z (Sij )stepk - Z (Sij )stepk—l
i=1 i=1

i=1

i=m

(6)

j=1
Trong d6:
m

n

M Istepk

S6 hang trong mach TCT
S6 tAm pin quang dién
S6 1an doéng mé khoa cho lan tai ciu
trac thu k

Trong qué trinh hoat dong, c6 thé tim pin hay bi
che phu nhat s& chuyén mach nhiéu nhét, din dén su
mét can bing trong sd khoa chuyén mach toan ma
trén, lac nay, tudi tho cia ma tran s€ phu thudc vao
khoa chuyén mach nhiéu nhéat. Vay bai toan dat ra:
trong nhiéu truong hop, cau hinh véi s6 1an dong mo
khoa it nhit chwa chic dd duoc lwa chon, phai lga
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chon céu hinh két ndi khac, sao cho tbi thiéu hoa sd
lan dong mé ctia khoa ¢6 tan suat dong mo 16n nhat.
(Mliin)step « 12 86 1an dong mé khoa it nhat cia lan tai
cAu tric the k. Ta c6 ham muc tiéu cua bai toan lua
chon phuong phap chuyén mach tdi wu:

max(s, )
i_:lﬂ

J

- mix(sij)
i=Lm

j=1n

,—0

stepk stepk —

I
I
E]

i
i j=n

Mlstepk = Z(Sij)stepk _Z(Sij)stepk—l - (Mlmin)stepk
i=1 i=1

I
3

i=m

Il
>

j=t j=t

U]

Rang bude:

S, =20

i=m

j=n
Z (Sij )stepO = O
i=1
j=1
Trong do:
(Mlin)sepc SO 1an dong ma khod it nhat cho lan
tai cau trac thir k

Sau khi lya chon duge ciu hinh két ndi va phuong
phap chuyén mach t6i wu theo hai bai toan di xay
dung moé hinh toan & trén, bo diéu khién duogc thiét ké
diéu khién cac khoa trong ma tran chuyén mach dong
m& mot cach hop 1y, chuyén tir ciu hinh két ndi ban
dau dén céu hinh két ndi t5i wu.

4. Két luin
Trong cic cong bd nghién ctru gan day [11-15], tac
gia da tap trung nghién ciru, d& xuét cac giai phap
nang cao hi¢u suét lam viéc cho hé théng NLMT dua
trén phuong phap cin bang biic xa, sir dung mach két
ndi TCT.

Trong bai bao nay, tac gia tap trung phan tich, dé
xudt mo hinh toan cho hai bai toan chinh trong céac
nghién ctru trude d6, xay dung cac ham muc ti€u va
cac rang budc rd rang, 14 co so 1y luan dé danh gia
chét luong, dd chinh xac cua cac thuat toan da dé
xudt, tir d6 xdy dung cac thuat toan tdi wu hon cac
thuét toan trude do.
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