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Toém tat:

Bai bao nghién ciru thiét ké va mé phong hé thong quang dién (PV) ba pha néi hedi cdu tric hai tang
VO  phan mém MATLAB/Simulink. Trong tam cua nghién ciu la danh gia hiéu nang thudt toan MPPT P&O
két hop cing ky thudt diéu ché vecto khong gian (SVP WM) Két qud mé phong dudi tac dong cua bién doi
bire xa cho thay thudt toan P&O phan hoi nhanh, dién ap DC-link duoc duy tri on dinh ¢ 800 V. Bdc biét,
cdu triic diéu khién nay téi wu héa chdt hrong dong dién hoa ludi voi tong do méo hai (THD) dao dong tir
1,89% dén 4,17%, dap irng nghiém ngat tiéu chuan IEEE Std. 519-2022. Nghzen cutu nay khang dinh tinh
hiéu qua gitta sw ket hop giita P&O va SVPWM trong viéc nang cao do tin cdy va hiéu suat cho cac hé

thong PV cong sudt 1om.

Tir khéa: Hé quang dién ba pha, Thudt toan P&O, Bé nghich luu VSI, Diéu ché SVPWM.

1. bat vén dé

Trudc xu thé chuyen dich nang luong, hé
thong quang dién (PV) noi ludi ba pha da tr¢ thanh
giai phap chién luge nho kha ning cung cdp cong
sut 16n va on dinh, Tuy nhié€n, do phy thudc vao
diéu kién thoi tiét bat dinh, hé thong doi hoi sy ket
hop t6i wu giita thuat toan MPPT va chién luoc didu
khién nghich lru. Bai todn trong tdm hién nay la
dam bao hiéu suét trich xuat nang luong dong thoi
giit chi s6 méo hai (THD) trong ngudng cho phép
cua ludi dién. Trong cac hé thong hai giai doan,
phéi hop gnra bo blen doi DC-DC va bo nghlch luu
ba pha 1a yéu t6 cdt 15i. Cau tric nay vura giup duy
tri dién ap DC trung gian 6n dinh, vira nang cao chat
lugng dién ndng xoay chiéu trude khi cung cap cho
hé thong dién [1-3], [12].

Trong sb céc giai phap MPPT, nhitng phuong
phap nhu P&O (Perturb & Observe), INC (In-
cremental Conductance), diéu khién mo (FLC) va
cac thuat toan metaheuristic (PSO, ABC) da duoc
nghién ctru sdu rong. Theo nhan dinh cua Jain
(2018) va Sabor §2022) [4], [S], mdc du P&O s¢
hiru vu diém v€ cau tric tinh gon cung toc d6 hdi ty
nhanh, song k¥ thuét nay van ton tai mot so han ché
¢b hiru 12 hién tugng dao dong cong suét tai ‘trang
thai xac lap va nguy co bam sai diém cong suat cuc
dai (MPP) khi cuong dd birc xa bién dong dot ngot.
Du nhiéu bién thé cai tién da dugc dé xuat nham
khéc phuc cac nhuoc dlem trén, chiing thuong dan
dén sy gia ting dang ké vé do phirc tap trong tinh
toan cling nhu doi hoi nang lyc xur 1y cao cua h¢
thong dleu khién.

Tai tang nghich luu, viéc lya chon ky thuft
diéu ché 1a yéu té then chét quyet dinh hiéu suat
chuyén dbi ciia toan hé théng. Nhiéu nghién ctru da
thuc hién phan tich so sanh gitra dleu ché do rong
xung hinh sin (SPWM) va didu ché vecto ‘khong
gian (SVPWM). Céc két qua dugc cong bd trong
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[6]-8] khang dinh SVPWM s6 hiru nhiing wu diém
vuot trdi, dac biét 1a kha ning toi wu hoa bién do
dién ap DC-link (cao hon khoang 15%), giam thiéu
chi s6 THD va cai thién dang ké chat luong dong
dién hoa ludi. Tuy nhién, cac céng bd hién nay
thuong tap trung vao bo nghlch luu hoac chlen luoc
didu khién  dong doc lap, ma chwa dit trong bdi canh
mot hé théng PV hai giai doan hoan chinh €0 tich
hop MPPT. Bén canh d6, kha niang duy tri 6n dinh
dién ap DC trung gian dudi tac dong cua cdc kich
ban moi truong bién thién van chua dugc khao sat
mot cach toan dién.

Mic di vu thé cua ky thuat SVPWM trong
viée cai thién chit luong dién ndng da duogc ghi
nhén tai [6]-[8], song cac cong bd nay thuong chi
tap trung cyc bd vao tang nghich luu hodc phén tich
cac phuo‘ng phap diéu che thuan tay. Viéc dat cac
ky thudt nay trong mot ciu tric hé thong PV hai
giai doan hoan chinh c¢6 tich hop MPPT van chua
dugc xem xét ddy du. Pic biét, sy twong tac dong
giita thuat toan P&O va chién lugc SVPWM nhidm
duy tri 6n dinh dién ap DC trung gian, dong thoi
dam bao cac chi s6 hoa ludi dudi tic dong cua birc
xa bién thién van 14 khia canh can dugc danh gia hé
thong va toan dién hon.

Dé giai quyét nhimg han ché trén, bai bao xiy
dung m6 hinh m6 phong toan dién hé thong PV ba
pha no6i Iudi hai giai doan. Cau hinh dé xuat bao
gom: (i) bd Boost DC-DC tich hgp thuét toan MPPT
P&O nham t6i uu viéc trich xuat nang lugng; va (ii)
bd nghich luu céu ba pha trién khai chién luoc diéu
khién dong dién trén hé toa do quay (dq) két hop
vong khoa pha (PLL) va k§ thuat SVPWM. .

Trong tam cua nghién ctru la thi€t 1dp mot cau
tric thong nhét, cho phép danh gi4 dinh luong hi¢u
nang tong thé: tir kha nang bam MPP, tinh 6n dinh
cua dién ap DC trung gian dén chat lugng dién nang
hoa ludi dudi cac kich ban birc xa bién thién. Khac
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Hinh 1. So do khoi hé thong PV néi luéi nghién ciiu

v&inhitng cong b trude day [6]-[8], cong trinh nay
1am 13 co ché tuong tac dong gilta khdu MPPT va
k¥ thuat SVPWM. Két qua thu dugc cung cap mot
md hinh tham chiéu chuén hoa, co gla tri thue tién
cao cho Vlec tdi wu hoa va thiét ké cac hé thong PV
ndi luéi cAu truc hai giai doan
2. Mo ta hé thong PV nbi luéi nghién ciru

Hé thong PV nghlen ctru dugc thiét ke theo
cau hinh hai tang nham toi vu hoda hiéu suét tI'lCh
xuat nang luong va chét luwong dién nang. Tai tang
tién bién ddi, b6 Boost DC— DC tich hop thuat toan
MPPT glup duy tri MPP. Tlep do, bo nghlch Iuu
ngudn 4p ba pha thyc hién nhiém vu chuyen dbi
nang lugng va dong bo hda voi ludi dién. Tang nay
van hanh dua trén chién lwoc diéu khién dong trong
hé toa do quay dq tua theo dién ap, luon két hop
vong PLL va k¥ thuat SVPWM nham tdi wu dac
tinh chuyen mach clng | nhu glam thiéu song hai. So
dd tong quat cua hé thong V0‘1 cong suat dinh muc
20 kW duoc minh hoa chi tiét tai Hinh 1.
2.1. M hinh toan hoc va khao sat dic tuyén ciia
tAm pin PV

Vé mit ciu tao, pin PV gom céc té bao quang
dién tur vat liéu ban dan dugc ghép nbi tiép va song
song v6i nhau. Dé phan tich dac tinh van hanh, hanh
vi dién dong hoc cua thiét bi nay thuong duge mod
hinh héa bai so dd mach twong duong. Hinh 2 thé
hién so d6 mach dién twong duong cua mot t&€ bao
PV [9].

C+—"o®
R
lll) s
Cf) Iph SZD []RP Upv
o
Hinh 2. So do mach dién tuwong dwong cua mot té

bao PV
Dong dién dau ra cua té bao PV duoc x4c dinh
dua trén biéu thirc toan hoc sau:

q.(Um+1p\,»R<)
AKT,
-1 <e

ph s

(U, +1, R

R

p

[ =1

pv

(1)

Trong dé: I,,va U, la d(‘)ng dién va dién 4p dau
ra, I, la dong quang dién; I, 1a dong dién bao hoa;

K 14 hing s6 Boltzmann bang 1,381-10 2 J/K; q 1a
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dién tich electron bang 1,602-107°C:; T, la nhiét
d6 & 16p tiép giap voi don vi tinh 1a Kelvm

Dong dién I phu thudc vao nhiét do T xung
quanh tam PV va cuorng d0 chiéu sang ctia mit troi S.
N6 duogc tinh boi cong thie sau:

L, = [Tsc +K, - (T- Tef)] )
ref
' 1a nhiét do moi trudng tiéu chuan bing
25°C; S, la cuong do chléu sang tiéu chuan bang
1000 W/m2 K, 1a h¢ s6 nhiét do va I . la dong
dién ngén mach
Vi g1a tri dién tré R rat nho va nguoc lai dién

Véi T

tro R, gia tri tuong dbi lon dodo I, co thé duoc
Xap xi nhu sau:
{q-(upvupv-m)}
AKT,
Ipv = Iph —IS ‘5€ -1 (3)

Duya trén cac hé thirc toan hoc tur (1) dén (3),
mé hinh mé phong tdm PV cong sudt 230 W da
dugc thiét 1ap trong méi truong Matlab/Simulink,
nhu minh hoa tai Hinh 3.

powergui
El—. T
S
PV Module

Hinh 3. M6 hinh khdo sdt dic tuyén cia tam PV
Bang 1 cung cip céc thong sb k¥ thuat ciia tim
PV ma hi¢u RS-P630-230. )
Bang 1. Thong so ky thudt cua tam pin ma hiéu

PV-230W

:;4, PV+ Ipv

Ppv

d +
"

)
2

Upv

RS-P630-230

Théng s6 Gia tri
Dién ap cuc dai 29,6 V
Dién ap hé mach 37,02V
Dong dién ngin mach 8,34 A
Dong dién cuc dai 7,79 A
Cong suét cuc dai 230 W
Hiéu suit ciia md dun 14,17
Hé s6 a 0,0004 Arc
Hé s6 8 0,09
Hé 56y -0,0035
Mang cell 6x10
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Hinh 4 va Hinh 5 lan luot thé hién céc dic
tuyén clia tim pin PV mi hiéu RS-P630-230 trong
hai truong hop: khi T =25°C va S thay doi, va khi
S=1000 W/m? va T thay dbi. Tir cac cac dic tuyén
nay, c6 thé rit ra rang ) )

- Khi S thay d6i thi cong suét cua tim PV ciing
thay doi theo.

- Dong dién ngd ra cua tam PV thay doi gan
nhu ty 1€ thuan véi S.

S@200Wim2) |
——— S@400(W/m2)

f‘l“ S@600(W/m2)

E | e 5@800(W/M2)

Ek w0 - | w— S@ 1000(W/m2)

A

Z

B

&

£

O,

Pign ap Upy (V)
(a)

<l

B

=

8

9,

&

=l

S8

A

Dién ap l‘Jpv )
(b)
Hinh 4. Ho dac tuyén tam PV khi
S thay doi va nhiét do T bang 25°C
(a) Ddc tuyén P-V: (b) Pdc tuyén I-V

T@19 i \

i T@22 \
z T@25 7 \
B > \
& T@28 L \
= T@|

2

<

(%

DPién dp Upv (V)
(@
T i

% T@19

3 |—Te22

=3

= T@25

Z T@28

® T@31

=}

Dién dp Upv (V)

(b)

Hinh 5. Ho dac tuyén tadm PV khi
T thay doi va S bang 1000 W/m?
a. Bdc tuyén P-V b. Pdc tuyén I-V
2.2. Mach bién d6i Boost DC-DC
B¢ Boost DC-DC dong vai tro tang trung
gian, dam nhan nhiém vy bam diém MPP va néng
dién ap DC lén ngu’ong phi hop cho tang phia sau.
Céu trac mach gom céc thanh phin co ban: cudn
cam L, khoa chuyén mach H, diode D va tu loc dau
ra C_ . Tai ddy, thudt toan MPPT duoc tién hanh
thong qua diéu chinh ti s6 chu ky D dé diéu khién
khoa ban dan Qué trinh nay gitip t6i wu hoa cong
suét trich xuét tir gian pin PV trude khi truyén tai
dén tang bién do6i thtr hai. Hinh 6 trinh bay so do
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nguyén 1y chi tiét ciia mach Boost.

ety B

Hinh 6. So d6 mach Boost DC-DC.

Theo [10], & ché d¢ dén lién tuc (CCM), giita
dién 4 ap ngd ra V. vangd V  cta by Boost DC-
-DC c6 quan hé duoc xac dlnh b0’1 biéu thirc:

VOUT =(1 ’D) Vi 4
Trong d6: D=T, /T latiso chu k}‘/

Cudn cam T dam nhén vai tr0 luu trit ndng
luong va han ché d6 gon dong dién ngd vao. Dé
dam bao bo Boost van hanh & che do CCM, gia tri
dién cam dugc xac dinh theo biéu thirc [14]:

= VlN '(VOUT _VIN) (5)
AI f sw OUT
Trong do: Al la do gon dong dién cua cudn cam
theo yéu cau thlet ké; fow 12 tan s0 dong cat cua bo
bién doi. .
Duya trén gidi han d6 gon song cia dién ap dau
raA ., gia tri dign dung cua tu loc dugc tinh nhu sau:
c=_tor D ©)
fsw “AVour
2.3. Mach nghich luu ba pha

Trong cac hé thong PV noi lugi quy mo vira va
nho, bd nghich luu ngudn ap ba pha la ciu hinh phd
bién nho sy van hanh linh hoat. Khau nay dam nhén
nhiém vu bién do6i nang lugng tir dién ap DC-link
thanh dién ap xoay chiéu ba pha ddng bo voi ludi
dién. Bang cach kiém soat dong dién va cong suét
bom 1€n ludi, b nghich luu giap 6n dinh chat luong
dién nang. Nghién cltu nay trién khai chién lugc
diéu khién dong trén hé toa do quay dq tua theo
vecto dién ap ludi, két hop véi PLL dé dat duoc sy
ddng bo hoa chinh xac.

So v&i ky thuat SPWM truyén thong thuong
c6 ham luong séng hai cao va hi¢u sudt st dung
dién ap DC thap, ky thudt SVPWM dugc ap dung
nhu la giai phap toi vu. SVPWM khong chi tao ra
dién ap ngd ra tiém cén sin chuan ma con glam thiéu
tén hao chuyén mach va cai thién dap umg dong.
Viée tich hop SVPWM vao céu trac diéu khién
dong dién cho phép hé thong duy tri qua trinh phat
cong suat 6n dinh voi chat lwong dién ning cao.

Céu trac chi tiét cua by nghich luu ba pha dua
trén k¥ thuat SVPWM duoc minh hoa tai Hinh 7.
3. Cac thuit toan dleu khlen trong hé thong
3.1. Thuat toan diéu khién bam MPP

Trong sb cac phuwong phap MPPT, thuat toan
P&O duoc sir dung rong rai nho cau trac don gian
va kha nang trién khai linh hoat. Nguyén ly cdt 16i
cua thudt toan dya trén vi€c quan sat sy bién thién
cong suat AP theo sy thay doi dién ap AV dé xéc
dinh huong dleu chinh, nhdm dua diém van hanh
cua gian pin vé MPP. .

Hinh 8 trinh bay luu do cua thuat toan P&O.
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Hinh 7. So' do cau triic ciia hé thong nghich luu ba pha néi heéi si dung thudt todn diéu ché SVPWM

Duya vao viéc phan tich hudng thay dc;)i7 cong suit,
thuat toan s€ thict 1ap tin hiéu di€u khién phu hop
d€ hi¢u chinh ti s6 chu ky D, dam bdo h¢ thong ludn
khai thac toi da cong suat tir nguon PV.

Po Vpv va Ipv
Tinh Ppv = Vpv*Ipv

| d(k) - deltaD | ’d(k) +deltaD | |d(k)+deltaD | | d(k) — deltaD |

v, (k-1) =V, (k)
PL(k-1)=P, (k)
d(k-1) = d(k)

T

Hinh 8. Luu do thudt toan bam diém P&O

3.2. Co s6' Iy thuyét vé SVPWM

_ Trong ky thuat SVPWM, vecto dién ap tham
chiéu Vref trén h¢ truc toa d§ o—f dugc tong hop tu
cac vecto khong gian dac trung. Ung véi tam trang
thai dong cat, ¢6 tam vecto dién ap co ban duge
thiét 1ap trong khong gian vecto. Nhu trén Hinh 9,
trong sO tam trang thai chuy€n mach, séu trang thai
tao ra cac vector hoat dong (V, dén V) c6 cung do
16n bang % V,e va cach nhau 60° trong khong

gian vector. Hai trang thai q(‘)n lai tao ra cac vector
Zero (V va V) c6 do 16n bang khong.
Ham chuyén mach S_(x = a, b, ¢) dugc dinh
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nghia nhu sau: )

-NéuS =1, khoa trén dong va khoa dudi ngat.

-Néu S =0, khoa trén ngat va khoa dudi dong.
Téam vecto khong gian dugc trinh bay ¢ Bang 2.

V,(010) V,(110)

V,(011)

V,(001)

V,(101)

Hinh 9. Biéu dién vecto khéng gian cia dién dp
Bang 2. Trang thdi chuyén mach SVPWM cua
nghich luu nguon ap ba pha

Vecto | S, |'S, | S, v, \A Ve
vV, [o0lolo] o 0 0
v, (100 %Vdc %lVdc %Vdc
v, |1 ]1]o %Vdc éVdc _?zvdc
v, o |1]o %Vdc %Vdc %Vdc
v, o] 1|1 %Vdc %Vdc %Vdc
v, o]0 1 _?IVdC _?IVdc %Vdc

1ol %Vdc _?2\’@ %Vdc
v, |11 1] o0 0 0

Nguyén Iy cia SVPWM la xép xi V_, bang
cach xac dinh thoi gian duy tri (T, T,, T) can thiét
de kich hoat cac vector co ban cia bd nghich luu.
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LRV

[
B

MPPT CONTROLLER

Scope 2

Hinh 10. M6 hinh mé phéng hé thong véi phan mém Matlab/Simulink

Dau tién V.. duoc tinh todn va xac dinh vi tri 6 mot
trong sau khu vuc. Sau do, cac khoang thoi gian
duy tri ctia hai vector hoat dong lién ké (V,V,) va
vector Zero dugc tinh toan dya trén d§ 16n va goc
pha cua Vref theo cong thirc tong hop vector sau:

Vi T.=V, - T+V, -T,+V, T, (7
voi T =T, +T, +T,.

Cubi cung cac th01 gianT, T, va T dugc sdp
xép thanh mot trinh tw chuyén mach dbi xu’ng trong
chu ky chuyén mach T, dam bdo giam thiéu ton hao
va duy tri can bang dlen ap.

4. Mo phong va théo luin

MBS hinh hé thong quang dién ba pha ndi ludi
duoc thiét 1ap trén nén tang MATLAB/Simulink,
tich hop thuat toan MPPT P&O va k¥ thuat diéu ché
SVPWM nhu minh hoa tai Hinh 10. H¢ thong van
hanh véi by nghlch luu cong suat dinh murc 20 kW,
ket ndi voi glan p1n PV gom 98 tim RS- P630-230.
Dé dap ¢ g céc yéu cau vé dién ap va cong suat ngd
ra, cac tam pin dugc cau hinh thanh 7 day song song,
mdi day gom 14 m6-dun n01 tiép. Bang 3 trinh bay
cac thong so ky thuat chi tlet cua hé thong.

Bdng 3. Céc théng s6 mé phong hé thong

Théng sd Gia tri
Pmpp =22540W
Dan PV V_ =518,28V; 1 =58,38A
V_ =4144V;1 =5453A
mpp mpp
. L, =4 1mH; C  =330uF
Khoi Boost oot ot
fy, =S kHz
Thuét toan P&O delta_ D =0,0002
Vdc ref = SOOV
Khdi phat xung K, =0,11; K, =85
cho nghich luu K, ,=0005K, =1
Ky .= 0,01; anq: 1
Bd loc L =L =L, ,=0,0172mH
Thong s6 ludi dign| V__=380Vrms; f=50Hz
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Dé dénh gia hidu suat van hanh va dic tinh dap
ung dong cua bo bién doi, mot kich ban mé phong
voi su thay d6i dot ngot cua diéu kién moi truong da
dugc thiét 14p. Nhiét 6 luén duoc duy tri tai 25°C,
trong khi cuong do blrc xa S duogc dicu chinh theo
ba giai doan: )

02 s: Buc xa dat mirc tiéu chuan 1000 W/m?;

2 —4s: Birc xa giam dot ngot xuong 500 W/m?;

% 4—6's: Birc xa ting va on dinh & mirc 800 W/m2

4.1. Két qua md phéng & ting thir nhat

Al - , Ppv : .
2 -]
1 %
0 L . L c
10* Pinv

Qinv
T

o |
L) S —

1 2 3 4 5 6

Hinh 11. Pdc tinh céng sudt gian pin PV va ngé ra
bo nghich luu.
Bdng 4. Bang két qua tong hop cia thudt todn
MPPT véi triweong hop S thay doi

S MPP cua Cong suat Diém
dan PV dao dong MPP
W/m2 N
W2 1wy (W) (W)
1000 | 22562,93 954 22508
800 17735,16 1156 17706
400 8537,76 1255 8501

Hinh 11 1a két qua déc tinh cong suat, bao gdm
cong suat trich xudt tir gian pin P, cong suat phan
khang Q,  va tac dung P,  tai ngo ra bd nghich luu.
Nhim dé danh gia do tin' cay cua hé thong, Bang 4
dbi chiéu két qua tinh toan ly thuyet Vgl cac gid tri
mo phong Tu ket qua co the ket luén rang h¢ thong
lam vi€c 6n dinh, cong suat tac dung bam sat diém
MPP bét chap su bién doi dot ngodt cta birc xa tai
cac thoi diém 2 s va 4 s. Dic biét, Q,,, duoc duy
tri xap xi bang 0, khang dinh kha ning "diéu khién
hé sb cong suat 1y twong cua chién luoc dq két hop
SVPWM. Nhiing dit liéu nay minh ching cho hi¢u
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suét chuyén dbi cao va déc tinh dap tmg dong nhanh
chong cua toan hé thong.
4.2. Két qua mo phéng & tang thir hai

1000

800

600

400

200~

s L s s L
o 1 2 3 4 5 L]

Hinh 12. Dang song dién ap DC-link

300

-3

T
AT

Hinh 13 Dang song dong dlen va d‘len dp ngo ra
pha A

Pha A

200

-3
T

104

3

8

g

Pha B

Hinh 14. Dang song dién ap pha cia ba pha

bic tinh dién ap trén bus DC trung glan duogc
minh hoa tai Hinh 12. Ket qua cho thay gla tri dién
ap DC-link ludn duy tri 6n dinh quanh gia tri dat
800 V v&i bién do dao dong nho (trong khodng
785 — 815 V). Tai cac thoi diém birc xa bién ddi
do6t ngot, hé thong thé hién kha niang dap tng dong
nhanh chéng phuc hdi va xéc 1ap lai trang thai on
dinh chi sau khoang 0,05 s. Thoi gian qua d¢ ngan
nay khing dinh tinh hiéu qua gitra sy phdi horp gitra
thuat toan MPPT va khau diéu khién dién ap bus
DC, gitp duy tri can bang ning lugng tbi vu gitra
hai tang bién doi.

Trong Hinh 11, khi cuong d6 chiéu sang S dat
1000W/m? thi cong suat P , do dugc 1a 22450W va
Q,,, do dugc la 450VAr. Ket qua nay cho thay nang
luong phat 1én ludi cha yéu la cong suét hitu cong.
Ddng thoi, dang song dién ap va dong dién pha A
tai Hinh 13 thé hién sy dong nhit hoan toan vé pha,
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khang dinh hé théng van hanh véi hé sé cong suat

Iy tuong. . .
DPién 4p dau ra ¢ cac pha A B va C gom nam
2 2
muc dién ap: =V, ;Vdc 0, V va — 3 V,., nhu

trinh bay trén Hmh 14.

Selected signal with FFT window (in red)

50_

0

50

0 1 5 6

3
Time (s)

Magnitude

(50Hz) = 46.34 , THD= 1.89%

Mag (% of Fundamental)
°

(]

) 200 400 600 800 1000
Frequency (Hz)

Hinh 15. Dang song dong dién ngo ra nghich luu va
két qua phan tich THD khi S = 1000W/m?

Selected signal with FFT window (in red)

50_

0

50

[ 1 5 6

3
Time (s)
Fundamental (50Hz) = 36.86 , THD= 2.38%

Feq ency mz)
Hinh 16. Dang song dong dién ngé ra nghich luu va

két qua phan tich THD khi S = 800W/m?

Selected signal with FFT window (in red)

mi

o

-50

0 1 5 6

3
Time (s)

(50Hz) = 17.1 , THD= 4.17%
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Mag (% of Fundamental)

Magnitude

Mag (% of Fundamental)
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°
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Hinh 17. Dang song dong dién ngé ra nghich luu va
ket qua phan tich THD khi S = 400W/m’
Dang soéng dong dién ng6 ra va két qua phan

tich phé hai THD tai cdc muc birc xa 1000 W/m?,

800 W/m? va 400 W/m? dugc minh hoa lan luogt tir

Hinh 15 den Hinh 17.

Tir két qua co6 thé thy rang khi S glarn cong
suat phat va bién do dong dién hoa ludi cé xu huorng
giam twong tmg. Khi thanh phan co ban suy giam
trong khi céc hai bac cao tir qué trinh dong cat it
bién doi, ti ¢ THD c6 xu hudng gia tang. Cu the, gia
tri THD dugc ghi nhan tdng dan tir 1,89%, 2,38%
dén 4,17% ti 1¢ thudn véi mure sut giam cua burc xa.
Du vay, cac chi s6 nay van thap hon gidi han 5%,
dap tmg nghiém ngat tiéu chuan IEEE Std. 519-
2022 vé chat luvgng dién nang.
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5. Két luan

Nghién ctru da xdy dung thanh cong mo hinh
mo phong hé thong PV ba pha noi ludi véi cau tric
bién d6i hai tang va ky thuat dicu ché SVPWM. Keét
qua cho thay thudt toan P&O bam sat MPP va duy
tri dién ap DC-link 6n dinh tai gia tri dat 800 V, bat
chép su bién thién cua bu:c xa mdt troi. Viéc ung
dung ky thuat SVPWM ket hop diéu khién dong
dién khong chi cai thién chat luong dién nang vodi
chi s6 THD luon dudi 5%, ma con dap Umg nghiém
ngit tiéu chudn IEEE Std. 519. Sy phdi hop giita

thuat toan P&O va chién lugc didu ché SVPWM da
t6i uu hoa cong suat chuyen doi, dong thoi dam bdo
su On dinh cung cap dién cua he thong PV ndi ludi.

Cam két vé mau thuin lgi ich
Céc tac gia tuyén bo khong cd xung dot 1oi ich.

Loi cdm on

Nghién ctru nay dugc tai trg béi Truong Dai
hoc Su pham K§ thuat Hung Yén trong dé tai ma
s0: UTEHY.L.2025.
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SIMULATION STUDY OF A THREE-PHASE GRID-CONNECTED PHOTOVOLTAIC
SYSTEM USING SVPWM TECHNIQUE FOR THE INVERTER

Abstract:

This paper presents the design and simulation of a two-stage grid-connected three-phase photovoltaic
(PV) system using the MATLAB/Simulink platform. The research focuses on evaluating the performance of
the Perturb and Observe (P&O) MPPT algorithm integrated with Space Vector Pulse Width Modulation
(SVPWM). Simulation results under varying irradiance conditions demonstrate that the P&O algorithm
provides a fast dynamic response while maintaining a stable DC-link voltage at 800 V. Furthermore, the
proposed control scheme optimizes the quality of the grid-injected current, achieving a Total Harmonic
Distortion (THD) range of 1.89% to 4.17%, which strictly complies with the IEEE Std. 519-2022
requirements. The study confirms that the synergy between P&O and SVPWM effectively enhances the
efficiency and reliability of high-power PV systems.
Keywords: Three-phase PV system, P&O algorithm, Three-phase VSI, SVPWM technique.

44 Khoa hoc va Cong nghé Ung dung - S5 48/Thang 12-2025  Journal of Applied Science and Technology



