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Tém tit

Hiéu sudt cia hé thong quang dién PV
(Photovoltaics) bi anh huong hién tuong che bong,
khién cdc thudt toan do tim diém cong sudt cuc dai
MPPT (Maximum Power Point Tracker) truyén
thong khong thé xdc dinh dwoc diém cong sudt toan
cuc, gay lang phi nang lwong. Bai bdo trinh bay viéc
thiét ké va mé phéng mét bé diéu khién MPPT kép
(Dual-MPPT) sir dung MATLAB & Simulink. Cdu
triic nay cho phép hai chudi PV dwoc diéu khién djc
ldp, boi hai b6 MPPT riéng ré. Két qua mé phong
cho thdy trong diéu kién che béng mét phan, hé
théng MPPT kép khai théc dwoc cong sudt cao hon
ddang ké so véi hé thong MPPT don (Single-MPPT),
qua do chung minh tinh hiéu qua cua giai phdp cho
cdc hé thong ning lrong mdt troi.

Tur khéa: leal-M{DPT quang dién, luu trit nang
luong, bo dieu khién sac, MATLAB/Simulink.
Abstract

The performance of photovoltaic systems is
significantly affected by partial shading, which
prevents traditional Maximum Power Point
Tracking algorithms from identifying the global
maximum power point, leading to energy waste.
This paper presents the design and simulation of a
dual-MPPT charge controller based on MATLAB
& Simulink. This configuration allows two PV
strings to be controlled independently, each by its
own MPPT algorithm. Simulation results show that
under partial shading conditions, the dual-MPPT
system harvests significantly more power than a
single MPPT system, thereby demonstrating the
effectiveness of the solution for solar energy
storage charging systems.

Keywords: Dual- MPPT, Photovoltaic system,

energy storage, charge controller, MATLAB &
Simulink.

1. Mé diu

Trong bdi canh toan cau dang hudng t6i cac ngudn
ning luong sach va bén viing, nang luong mat troi da
va dang khang dinh vi thé 1a mot trong nhing giai
phap tiém nang nhét. Tuy nhién, hiéu suat chuyén doi
clia cac hé thdng quang dién phu thudc rat I6n vao cic
diéu kién van hanh, doi hoi cac giai phap k¥ thuat tién
tién dé tdi da hoa san luong dién. Bo diéu khién do
tim diém cong suit cuc dai MPPT d3 tré thanh mot
thanh phan khong thé thiéu, gitip tim pin hoat dong
tai diém hiéu suét cao nhat.

Mic du vy, cac thudt toan MPPT kinh dién nhu
Perturb & Observe (P&O) hay Incremental
Conductance (IC) boc 10 nhuoc diém 16n khi hoat
dong trong diéu kién che bong mot phin (partial
shading) gdy ra boi cac vat can nhu cy cdi, toa nha,
hay mdy, 1am cho dic tinh cong suat-dién ap cua gian
pin tr& nén phirc tap véi sy xuét hién cia nhiéu dinh
cong suit cuc bo. Nhiéu nghién ctru da chi ra ring cac
thudt toan truyén théng rat d& bi “ket” tai mot trong
cac dinh cuc bo nay, dan dén ton thét nang lugng co
thé 1én téi 70 % [1, 2].

Dé giai quyét vin dé nay, nhidu phuong phép cai
tién da duoc dé xuét, trong d6 cAu trac MPPT da kénh
dugc xem 1a mot trong nhitng giai phap phan cimg
hi€u qua va manh mé& nhét. Thay vi sir dung mot bd
MPPT duy nhat cho toan bd gian pin, ciu triic nay chia
gian pin thanh cac chudi nho hon, hoat dong doc lap
va dugc quan ly bdi cac kénh MPPT riéng biét. Cac
nghién ctru cua Patel [3] va S. B. Kjaer [4] da chung
minh rang phuong phap nay cho phép mdi kénh
MPPT do tim hiéu qué trén mot dudng cong don dinh,
qua do téng cong suit thu duogc tiém cén rat gﬁn voi
diém cong suit dinh toan cuc.

Trong bai béo nay, nhom tac gia dé xuét thiét ké va
xdy dung mo hinh mo phong cho mot bo diéu khién sac
v6i bd MPPT kép trén co s¢ MATLAB & Simulink.
Muc tiéu ctia nghién ciru 1a kiém chimg kha ning do
tim va bam theo diém cong sut cuc dai cla tung chudi
PV mét cach doc 1ap, dong thoi danh gia va dinh luong
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hiéu qua vuot trdi cua cau tric Dual-MPPT so véi ciu
trac MPPT don (Single-MPPT) truyén thong, ddc biét
1a trong kich ban che bong mot phan.

2. Co sé 1y thuyét nghién ciru

2.1. Thudat giai MPPT (P&0O)

Nguyén Iy MPPT 1a mot phuong phap diéu khién
thong minh dé dam bao tdm pin mat trdi luon hoat
dong tai diém c6 thé tao ra cong suat 16n nhét, bat chéap
su thay d6i cua diéu kién méi trudng.

Cong suat cia mot tAm pin mat troi khong phai 1a
hang s6. Mbi quan hé giira dién ap va cong suét cua
n6 c6 dang mot dudng cong véi mot dinh cao nhét duy
nhit. Dinh nay chinh 14 diém cong suét cuc dai MPP
(Maximum Power Point) nhu Hinh 1.
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Hinh 1. Puong cong mé ti méi quan hé giiva dién dp
va cong sudt ciia thm pin mt troi

Thuét giai phd bién nhéat dé thyc hién MPPT la
P&O [5,6]. Muc dich chinh cua thuét toan nay la lién
tuc diéu chinh diém lam viéc ctia tim pin quang dién
dé tim diém MPP, bit chip su thay dbi cua didu kién
moi truong nhu cuong do néng va nhiét d0. Thuat toan
MPPT la P&O dugc mo ta trong Hinh 2.

Xac dinh V(K), I(k) cua PV
Tinh P(K)=V(K) x I(k)

Giam Vier

Tang Ve Giam Ve Tang Vier

Ding

Két thic

Hinh 2. Lwu d6 gidi thugt MPPT (P&0)
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Thuat toan MPPT bt dau bang viéc x4c dinh dién
ap V(k) va dong dién I(k) cia PV tir d6 tinh ra cong
sudt P(k) tai thoi diém hién tai va so sanh véi gia tri
cong suat & budc tinh trude d6 1a Pik-1).

e Néu AP > 0: Diéu nay co6 nghia la sy thay doi
dién ap ¢ budc tinh trudc lam ting cong suit nhu vay
thuét toan sé tiép tuc thay ddi dién 4p theo cting hudng
v6i bude trude d6 bang cach diéu chinh dién ap tham
chiéu V..

e Néu AP < 0: Cong suat da giam, thudt toan sé
dao nguoc hudng thay d6i dién ap.

e Néu AP = 0: Thuat toan da tim thay diém MPP
va s& khong thay ddi V..

Vong ldp sé tiép tuc chay dé lién tuc do tim diém
cong suit cuc dai va chi dung lai khi c6 1énh tur nguoi
dung hodc hé thng.

Trén Hinh 3 13 so db trién khai giai thuat MPPT
(P&O) trén phan mém MATLAB & Simulink.

Vi),

Hinh 3. Ciu triic gidi thudt MPPT thuc thi trén
phin mém MATLAB & Simulink

Cong suét hién tai P(k) dugc tinh bang cach nhan
Ver voi Ipy. Cac khéi tré (1/z) st dung dé xac dinh
cong sudt P(k-1) tir vong 1ap truée. M6 hinh tinh toan
su thay dbi cong suat AP=P(k)—P(k—1)) d& quyét
dinh viéc tang hodc giam D (duty) di mot luong 1a dD.
Gia tri D cudi cung dugc dua vao khéi PWM
Generator (DC-DC). Khéi nay tao ra tin hiéu xung
PWM tuong tng dé didu MOSFET trong b bién ddi
bd chuyén d6i ha 4p (Buck Converter) (Hinh 4), dé
giam dién ap xudng mirc dién ap sac phu hop cho 4c
quy, qua d6 diéu chinh diém lam viéc cua tim pin mat
troi dé dat cong suat tdi da.

o e
=
L

Hinh 4. M6 hinh hoan chinh mé phong mgt hé

)

o Pet

thong sac dc quy véi thudt toan MPPT va b bién
déi Buck

2.2. Céu triic Dual-MPPT

Nguyén 1y ctia cau tric Dual-MPPT nhu Hinh 5,
thay vi két ndi tat ca cac tdm pin vao mot bo MPPT
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duy nhat, hé thdng dugc chia thanh hai chudi doc 1ap.
Mbi chudi dugc quan 1y béi mot kénh MPPT riéng.

>

5| MPPT
DC bus
| v D
PV DC-DC Converter
Module 1 \Y; (Buck)
> Batte
(Y Y
I v D
PV DC-DC Converter
Module 2 vV (Buck)

Hinh 5. M6 ti céu triic Dual-MPPT

Céch tiép can nay dam bao mdi bd diéu khién
MPPT chi phai lam viéc trén mot duong cong cong
sut-dién ap (P-V) don dinh cua chudi PV ma n6 quan
ly. Do d6, n6 ¢o thé dé dang va nhanh chong xac dinh
diém cong suat cyc dai ctia chudi do.

Ngoai ra, trong thiét ké nay & dau ra ciia mdi mot
bd chuyén d6i DC-DC (Buck Converter) can sir dung
thém mot diode & dau ra. Cac diode c6 nhiém vu téng
hop dong dién tir hai kénh da dugc tdi uu va ngin
dong ngugc, cho phép qua trinh do tim MPP dién ra
doc 1ap & ting kénh. Do viy tong cong suét cia toan
hé thong 1a tong cong sudt cuc dai ciia cac chudi thanh
phan, cho phép hé thong tiém can rat gin véi diém
cong suit cuc dai thuc su.

Mb hinh trong Hinh 6 trinh bay so d6 mé phong mot
hé théng sac dc quy sir dung ning lwong tir hai gian pin
mat troi riéng biét, hoat dong déng thot va doc lap.

Céng nghé sb, tw dong héa va trng dung hang hai

Hai khéi PV riéng biét, cho phép thiét 1ap cac gia
tri birc xa mat troi va nhiét 6 khac nhau dé mo phong
chinh xéc diéu kién van hanh doc 1ap. Khéi mach luc
g6m hai bo chuyén d6i DC-DC dau ra ciia chung duoc
dau song song (DC bus) va mot khdi Battery mo
phong hé thong ic quy luu tri ning luong.

Dé sac dugc cho ic quy, ca hai bo Buck déu phai
tao ra mot dién 4p & du ra cao hon dién ap cua ic quy
dé dong dién c6 thé chay vao. Thuat toan MPPT s& ty
ddng diéu chinh chu ky déng cit (duty cycle) ctia mdi
bd Buck dé dat dugc diéu nay. Khi ca hai kénh déu
hoat dong, chiing s& cuing tao ra dong dién day vao ic
quy. Cu trac ghép song song qua diode s& ti dong
can bang. Kénh nao c6 kha ning tao ra cong suét 16n
hon s& dong gop dong dién nhiéu hon.

Gia sir kénh 2 bi che bong dan téi co dién ap dau
ra thip hon kénh 1 khi d6 diode D6 ctia kénh 2 s&
khong bi khoa hoan toan. Thuat toan MPPT cua kénh
2 van s& lam viéc, n6 s€ diéu chinh bo Buck 2 dé day
cong suat tdi da co thé (du thip) vao 4c quy, diode D6
van s& mo va kénh 2 van déng gop cong sut vao hé
thdng. Ca hai kénh s& luén tich cuc diéu chinh dé dong
gop cong sudt vao tai chung, chir khéng cé tinh trang
mot kénh bi khda hoan toan.

3. Két qua mé phong

Muyc tiéu mé phong dé ching minh ring hé thong
sac sir dung bo Dual-MPPT cho hiéu suét thu nang
luong cao hon so véi hé thong sir dung bd Single-
MPPT trong diéu kién gian pin mit troi bi che bong.
Moi trudng md phong dung phin mém MATLAB
R2022, v6i thu vién Simscape Electrical™,

Hinh 6. So d6 mé phong trén MATLAB & Simulink cho mgt hé tho"ng sac dc quy s dung céu triic Dual-MPPT
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Mo hinh m6 phong s& bao gdm hé Dual-MPPT va
Single-MPPT chay song song dé so sanh truc tiép. Tai
ctia ca hai hé thong 1a mot khdi dc quy co dién ap danh
dinh 600V, dung luong 100Ah. Khdi PV bao gom 42
tam A10 Green Tech A10J-M60 [7] c6 cong suat
220W/tam, dugc chia thanh 2 diy (strings), cho cong
sut cyc dai 12 9,2kW & didu kién cudng do bic xa
1000W/m? va 5,5kW & diéu kién cudng do buc xa 1a
600W/m?2. Pic tinh cong suét - dién ap cua khdi PV
trong mo6 phong nhu trén Hinh 7.

10000 - 1 kWim?

0.6 kW/m'
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Voltage (V)

Hinh 7. Ddc tinh cong suit - dién dp ciia PV trong
mo phong

Trong kich ban thi nhat, mé phong & diéu kién cac
tam pin khong bi che bong, cuong do buc xa
1000W/m? sau d6 giam dan vé 600W/m?2 ¢ thoi diém
0,2 gidy. Két qua mo phong cong suit dau ra nhu trén
Hinh 8.
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Hinh 8. So sanh céng suit ra Dual-MPPT va Single-
MPPT trong diéu kién birc xa 1000W/m? va
600W/m?

Hé théng Dual-MPPT duy tri duoc mirc cong suat
cao hon mét cach rd rét. Cu thé, Dual-MPPT dat
9,11kW (hiéu suét 99%), trong khi Single-MPPT chi
dat 8,9kW (hiéu suit 96%).

Nguyén nhédn cta viéc hiéu sudt cia Dual-MPPT
cao hon 3% la do hé théng Single-MPPT phai lam
viéc v6i dong dién 16n hon dan t6i tén hao gia ting
trong MOSFET va Diode. Diéu nay c6 thé thdy thong
qua db thi dap tmg dong dién Hinh 9. Theo két qua mo
phong co thé thay rang dong lam viéc ciia hé Single-
MPPT luén cao hon gép 2 1an hé Dual-MPPT.

Tai chinh xéc thoi diém 0,2 gidy, cudong do buc xa
giam tir 1000W/m? xuéng 600W/m2. Ngay lap tirc,
cong suat clia ca hai hé thong déu giam manh tuong
ung voi su sut giam cua buc xa.

Trong giai doan nay, cong suat dau ra cua ca hai

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

hé¢ théng Dual-MPPT va Single-MPPT 14 gan nhu
gidng hét nhau, cing 6n dinh & muc khoang 5,45kW
tuong duong hiéu suit 99%. O mic buc xa thap hon,
su khac biét vé hi¢u suat giita hai hé théng tro nén
khong dang ké. Diéu nay 1a do ¢ cong suét thap, ton
hao dong cat giam di, khong con rd rét nhu ¢ cong
suat cao.

K]
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Hinh 9. So sinh dong dién ciia cdc tim PV trong

kich bén thir nhit

Trong kich ban thir 2, cic tAm pin bi che bong mot
phan, gia thiét 1/2 s6 lugng tAm pin bi che bong dan
t6i cudng d6 mirc xa ctia nhom nay bi giam xudng chi
con 600 W/m2. Trén Hinh 10 1a 1a do thi dic tinh cong
sudt-dién ap ctia hé théng pin mit troi dang trong diéu
kién bi che bong mot phan cia kich ban 2.

Khi mét phan cta PV bi che béng, chiing khong
thé tao ra di dong dién nhu phan con lai. Bé dong dién
ctia ca hé thong khong bi kéo xudng thi diode bypass
tich hop bén trong PV s& duoc kich hoat. Diéu nay cho
phép dong dién bé qua nhom dang bi yéu do. Viéc
kich hoat diode bypass nay tao ra mt béc thang trén
dd thi ddc tinh nhu Hinh 10.

Power (Wat)

ST ey
Hinh 10. Pdc tinh céng sudt - dign dp ciia tém pin
khi bi che bong mot phiin
Két qua mé phong cong suit ciia PV theo kich ban
thir hai chi ra nhu trén Hinh 11. Dac tinh cho th'?iy mot
cach ro rang su vuot troi cua cong ngh¢ Dual-MPPT
so voi Single-MPPT, déc biét 1a kha nang duy tri sdn
lwong dién khi xay ra hién tuong che bong mot phan
(Partial Shading).
Tai thoi diém 0,2 gidy hién twong che bong mot
phan bat dau tac dong 1én hé thong pin mat troi. Voi
hé thong Single-MPPT, cong suat sut giam mot cach
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d6t ngdt va nghiém trong, tir 8,9 kW xudng chi con
khoang 4,8kW. Mirc sut giam 1a hon 46%. Cong suat
clia h¢ théng Dual-MPPT ciing sut giam nhung it
nghiém trong hon rat nhiéu. Cong suat giam tir 9,1 kW
xudng khoang 7,5kW, mirc sut giam chi khoang 18 %.
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T
- Single-MPPT
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T T
- Dual-MPPT

8000

£ som0

]
]
& 4000 —

2000 Partial shading

| | |
1] 0.05 01 015 025 0.3 035 04

Tirumg [s]
Hinh 11. So sinh céng suit ciia Dual-MPPT va
Single-MPPT trong diéu kién bi che béng mjt phin

Hinh 12 cho thay hé théng Dual-MPPT duy tri
dugc dong dién cao hon khoang 61,6% so voi hé
thong Single-MPPT.
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o

Hinh 12. So sinh dong di¢n tong ciia PV trong
truwomg hop bi che béng mét phin

D6 thi Hinh 13, cho thdy hé thong sir dung Dual-
MPPT sac dc quy nhanh hon dang ké so voi hé thong
Single-MPPT khi tim pin mit troi bi che bong mot
phan.
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Hinh 13. Trang thdi sac SOC ciia dc quy trong
trwong hop PV bi che béng mjt phén siv dung
Single-MPPT va Dual-MPPT

V6i hé Dual-MPPT sau 8 gio, dc quy dat dén
khoang 96% SOC (state of charge). Didu ndy ching
to hé théng Dual-MPPT di khai thac dugc nhiéu ning
lwgng hon tir cac tAm pin bi che bong, tao ra dong sac
16n hon. Puong lién nét (cua Single-MPPT) c¢6 do doc
thép hon, thé hién tde d0 sac cham, sau 8 gio, 4c quy
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chi dat dugc khoang 60% SOC.

Nguyén nhan cta sy khac biét ndy 1a do Single-
MPPT chi c6 mét bd do tim diém cong suét cuc dai
cho toan bo cac chudi pin méc vao né. Khi mot phan
clia gian pin bi che bong, no s& kéo hiéu suat cia ca
chudi pin d6 xudng.

Vi Dual-MPPT c6 hai b MPPT hoat dong doc
lap. Diéu nay cho phép chia gian pin thanh hai phan.
Khi mot phan gian pin bi che bong, chi c6 mot MPPT
phai diéu chinh dé tim cong sut t6i wu cho phan bi
anh huong. Trong khi d6, MPPT con lai van tiép tuc
hoat dong vé&i cong suat tdi da cho phan gian pin
khong bi anh huéng. Tong cong suét cia hé thong 1a
tong ciia hai MPPT, do d6 mic sut giam thap hon rét
nhiéu.

Kich ban mé phong cho thdy wu diém ciia cu hinh
Dual-MPPT trong viéc t6i wu hoa cong suat, ngay ca
trong diéu kién Iy twong va didu kién bi che bong. No
¢6 kha ning khai thac dugc nhidu ning luong hon so
v6i Single-MPPT, dac biét 1a o diéu kién burc xa cao.
5. Két ludn

Bai bao da trinh bay thanh cong viéc thiét ké, xay
dung mé phong va danh gid hiéu qua ciia mét bo diéu
khién sac Dual-MPPT cho hé théng luu trit ning
luong mit troi thong. Két qua mo phong da chimg
minh mot cach rd rang nhiing wu diém vuot troi cia
céu trac Dual-MPPT so véi cdu triic Single-MPPT
truyén thng, dic biét trong khi cac hé théng quang
dién gdp phai hién tuwong che bong mot phén.
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