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XAY DUNG PHUGNG PHAP DIEU KHIEN
CHO BO BIEN DGI NGHICH LUU HOA LUGI DIEN PIN MAT TROI

SU' DUNG THUAT TOAN DPC

BUILDING A CONTROL SYSTEM FOR A SOLAR PANEL GRID-CONNECTED INVERTER USING DPC ALGORITHM
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TOM TAT

Bai bdo nay trinh bay viéc st dung thudt toan diéu khién cong sudt truc tiép
(DPC) dé diéu khién b bién ddi cong suat trong hé thong Pin mat troi hoa ludi
dién. Muc tiéu chinh ctia bai béo la diéu khién b bién doi nghich luu 3 pha ndi ludi
nhdm dap ting dugc yéu cdu diéu khién cong sudt phan khang vé gia tr khong tai
mét niit cda ludi phan phdi ha dp dé€ dam bao can bang dién ap, dong thdi phat
huy t6i da cong suat tac dung tir Pin mat trdi lén vao ludi. Két qua nghién ctiu dugc
chiing tdi kiém chiing trén mé hinh mé phong bang phan mém Matlab simulink
da cho két qua t6t va t r6 kha ndng san sang cho cac tng dung thuc té.

Tir khéa: Nghich luu ndi lugi, diéu khién can bing cong sudt (DPC), can béng
dién dp.

ABSTRACT

This paper presents the development of the Direct Power Control (DPC) control
algorithm for the power electronic converter in a grid-connected solar energy
system. The main objective of the paper is to control the three-phase grid-connected
inverter in order to meet the requirements of reactive power control at a specific
node of the low-voltage distribution grid, ensuring voltage balance while
maximizing the power output from solar panels to the grid. The research results were
validated through simulation using Matlab Simulink software, which yielded
promising outcomes and clearly show their readiness for practical applications.

Keywords: Grid-connected inverter, Direct power control (DPQ), voltage balanced.
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1. GIGI THIEU

Trong cac hé théng Pin mat trgi két noi ludi dién, bd
bién ddi cdng suat gil vai trd rat quan trong trong cac hé
théng diéu khién, bai dic tinh ctia hé théng Pin mat trai la
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c6 cbéng suat phat luén bién di do phu thudc diéu kién
thai tiét. Su thay d6i cong sudt phét ctia ching c6 thé gay
anh hudng tiéu cuc dén chat lugng dién nang cta lugi dién,
nhu gay dao dong dién ap, thay déi hé sé céng suat, dao
déng tan s6, tang dd6 méo séng hai dong dién,... P& dap
Uing yéu cau ngay cang cao vé chat lugng dién nang da dat
ra yéu cau thuc té€ 1a: can thiét phai c6 nhirng bo bién déi
dién tl cong suat dap ung kha nang két néi linh hoat, trao
déi cong suat va ddm bdo dudc cac chi tiéu vé chat lugng
dién nang. Yéu cau clQa bo bién déi la phai diéu khién duoc
dong céng sudt gitra cac thanh phan cua lugi dé phat huy
hét cong suat cla cac ngudn phat trong khi phai tranh
dugc cac xung dong dét ngodt do mat tai hay do chinh cac
nguon phat bién dong [11.

Véi hai phuong phép diéu khién 1a VOC va DPC, phucng
phap VOC dua trén phép chuyén d8i hé toa dd quay abc
sang hé toa d6 dqg. SU dung vong khoa pha PLL dé déng bd
véi goc pha clia ludi tir d6 xay dung lén cac vong diéu khién
dong dién, dién ap. Con phuang phap DPC diéu khién trén
nén tang diéu khién cong suat tadc dung va cdng suat phan
khang tuic thai, khong cé vong diéu khién dong dién bén
trong, khéng can vong khéa pha PLL [7, 8]. Noi dung cla
nghién ctiu nay la xay dung giai thuat DPC nham dam bao
diéu khién hé sé cong suat bang 1 va phat huy t6i da cong
suat tac dung tir nguodn dién mat trai vao ludi. Cac thuat toan
va cac vong diéu khién ciing dugc phan tich mét cach ky
ludng, két qua nghién cliu dugc minh ching bang mé
phdng trén Matlab va simulink.

2. CAU TRUC PIEU KHIEN HE THONG

Hé théng dién mat trdi ndi ludi téng quan vdi hai bd cong
suat DC/DC va DC/AC cho nhu hinh 1. B& DC/DC c6 nhiém
vu bam céng suat cuc dai thong qua cac giai thuat MPPT. B
DC/AC c6 nhiém vu néi ludi va tao dién ap va dong dién
dang sin thoa man cac yéu cau chat lugng hoa luédi. Ngoai ra
hé théng c6 phai c6 kha nang trao d&i cong suat tac dung va
phan khang hai chiéu gitra luéi va pin.
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Hinh 1. Nguyén Iy hé thong dién mat trgi ndi ludi khong du phong [1]
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Hinh 2. Nguyén Iy thuc hién khau bam cong sudt cyc dai cho hé thong Pin mat
tri

Véi bd bién d6i DC/DC st dung la bo bién d6i tang ap.
Nguyén ly lam viéc ctia bo bién d6i (hinh 2) nay nhu sau: tin
hiéu dau vao la dong dién va dién ap dugc do tir dan pin mat
troi dugc dua dén khau bam cong suat cuc dai MPPT, vGi giai
thuat dugc st dung la giai thuat bam céng suat cuc dai
nhiéu loan va quan sai P&O nhu [1]. Day la mét phuong phap
don gian va dé st dung.

Thuét toan khao sat va tim ra diém lam viéc c6 cong suit
I6n nhat nhu sau:

NE&u AP.AV > 0 thi tang gid tri dién ap tham chiéu Vier.

NE&u AP.AV < 0 thi gidm gia tri dién ap tham chiéu V.

Véi cac gid tri AV va Al ta tién hanh sai phan va bién déi Z
nhu (1).

AV:V(k)—V(k—1)—Z>AV(Z):V(z)—z’1V 1)

Al=I(k) -1k — 1)—Z>AI(Z) =l(z)-z"I(z)

B& bién d6i DC/AC c6 cau tric mach luc nhu hinh 3 13 bd
bién d6i ndi lugi c6 chiic nang bién déi ngudn dién mot chiéu
DC thanh nguén dién xoay chiéu tan sé 50Hz. Dién ap xoay
chiéu sau bé bién déi dugc di qua bo loc c6 chiic nang gidm
d6 dap mach dong dién hoa ludi. Ngoai ra con cé tac dung
génh dién &p chénh léch gitia bd bién ddi va ludi. B6 bién ddi
hoat ddng & hai ché do, ché d6 chinh luu lugi sé truyén nang
lugng vao bo bién déi. Khi nang lugng tir bd bién déi vao luéi
thi hé thong hoat déng 6 ché d6 nghich luu.
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Hinh 3. Cau trdc bd nghich luu ndi ludi
3. PHUONG PHAP PIEU KHIEN DPC CHO BO BIEN DI NOI
LUGI

DPC la mét phuang phép diéu khién gian tiép. Bdng cach
so sanh coéng suat tdc dung va cong suat phan khang ps, gs

vy
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véi lugng dat ps*, gs* qua bd so sanh ¢6 ngudng, sau doé
chon vecto dién ap cda nghich luu mét cach hop ly [4, 5, 8,
9]. Cau tric hé théng diéu khién DPC Ung dung trong hé
thong dién ma trgi cho nhu hinh 4.

DC/DC boost
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Hinh 4. Cdu triic hé thdng diéu khién DPC véi pin mét troi
Cong suat tac dung va céng suat phan khang dugc tinh
dua vao dién ap va dong dién cta ludi nhu (2) ([5]).

{P:tia‘ + Vi @
Q= Vi, -V,

B6 diéu khién tré vai tin hiéu dau vao la sai s6 gilta cdng
suat tac dung S, va cdng sudt phan khang S, ti dé ta xac
dinh trang thai chuyén déi ctia bd DC/AC. Nguyén ly bd so
sanh cé ngudng cho nhu hinh 5.

d
1

p*s-Ps

Hinh 5. B so sénh ¢ nguéng

Ta dua vao hai bién |6gic sau day:

dp=1 khi Sp > H,

dp=0khi S, < Hp

dq=1khi Sq > Hq

dq= 0 khi Sq < Hq

Sp=Ps - Ps Sq= s - s

Trong d6, H,, Hq la d0 rong cla ving ngudng kém nhay
cta khau so sanh cong suat tdc dung, cong suat phan khang.
Tac ddng cla bd so sénh c6 ngudng clia cong suat tdc dung
b6 so sdnh cong suat phan khang ciing hoat dong tuong tu.

Xac dinh goc theta() nhu (3). Hinh 6 m6 ta viéc phan chia
cac goc trong khéng gian.

it
f=wt=tan"'| = 3)
Vv

a
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Hinh 6. Phén chia cdc géc trong khdng gian E = ——
Céc goc theta(B) dugc phan chia theo cong thic sau: Hinh 8. Dién dp mdt chiéu trung binh Ug
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VGi: V1(100), V2(110), V3(010), VA(011), V5(001), V6(101), V0(000), V7(111) Hinh 9, Két qus md phéng, dang dong xoay chidu divio i

4. MO PHONG VA BiNH LUAN e
Mé hinh mé phéng bd bién ddi nghich luu néi lugi trén
hinh 7, gém khéi nguén xoay chiéu 220VAC, 50Hz, dién cdm
loc L =2,5mH. Tu loc trén khau DC trung gian C = 1000pF.
Phu tdi mot chiéu: Ry = 30Q. Pién ap dat moét chiéu
Ugc = 700V. Mach vong diéu chinh dién ap dung bé diéu
khién Pl théng thudng giéng nhu cac tai liéu [1-3], cac tham
s6 xac dinh nham dam bao bang théng va dé du tri pha can

thiét. Tham s8 bo diéu khién dién ap nhu sau:

B6 diéu khién dién &p: K, = 0 1;Ki=10. H|nh 10. Dién &p va dong dlen bdm vao |UGI trén cling mot truc toa do

DC bus

wepar oo

BO DIEU KHIEN

Hinh 7. M@ hinh mé phong b bién ddi nghich luu ndi lugi
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Trong qua trinh khai dong dé han ché dong dién, 3 dién
tré dugc mac vao phia trudc mach nghich luu AC/DC. Dién
ap ban dau cap cho tai la 380V sau 0,08s ta ngat dién trd han
dong ra dién ap tang lén 490V. Tai thai diém 0,12s ta cap tin
hiéu cho bé diéu DPC hoat dong dién ap dugc diéu khién lén
700V. Sau d6 dién ap dugc dugc diéu chinh 6n dinh tai 700V
vGi d6 qua diéu chinh POT =1 4%, do dap mach 0,1V.

Paol, 0o

Hinh 11. Cong sudt cta dan pin mat troi phat vao lugi

Selocted signal: 100 cycles. FFT window (i red): 2 cycles
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Hinh 12. Phén tich song hai dang dong trong khoang 0,2 - 0,75

Selscted signal: 100 cycles. FFT window (in red): 2 cycles
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Hinh 13. Phén tich song hai dang dong dién trong khoang 1 - 1,5s

Pién &p dau ra bd ting ap dudc diéu khién ting lén dan
dan tai 0,74s dién ap dat 700V, dién ap trén trén khau DC trung
gian van én dinh va dong dién lugi bat dau gidm. Tai 1,5s ta
gidm cudng do chiéu sang lam cong suat bom voa ludi giam
b6 diéu khién DPC van 6n dinh dugc dién 4p mot chiéu.
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K&t qua mod phong hinh 8 cho thay dién ap trén tu DC
dugc diéu khién én dinh & muc 700V, diéu nay cho thay qua
trinh trao d6i nang lugng dugc can bang. Hinh 11 mo6 t&
cdng suat dan Pin mat troi phat vao luéi.

Nhin vao két qua mé phong trén cac hinh 12, 13 ta thay
chét lugng song hai dong dién dam bao, THD nho hon 5%
dam bao yéu cau néi ludi.

5. KET LUAN

Trong bai bao nay, chung t6i da dé xuat iing dung thuat
toan diéu khién DPC cho hé théng dién tU Pin mat trgi ndi
lugi nham kiém soéat cong suat tac dung va phan khang tuc
thai, thuat toan diéu khién cho phép khéng can thuc hién
vong khéa pha PLL va céc vong diéu khién dong dién bén
trong. TU két qua xay dung va mé phéng hé théng nang
lugng mat trai nghich luu hoa luédi ba pha, ddm bao dugc
yéu cau hoa lugi. K&t qua moé phong da chiing minh qua
trinh trao d6i céng sudt la can bang va 8n dinh. Chat lugng
song hai ctia dong dién bom vao lugi ti ngudn phat dién Pin
mat troi cing ddm bao.
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