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Toém tit

Bai bdo nghién ciru t6i wu héa hiéu sudt bam diém
cong sudt cuc dai MPPT (Maximum Power Point
Tracking) cho hé thong quang dién néi ludi thong
qua viéc phat trién giai phap diéu khién duw bdo
mo hinh MPC (Model Predictive Control) voi tap
dién ap hitu han FVS (Finite Voltage Set) dva trén
logic mo FLC (Fuzzy Logic Controller). Mot ciu
triic diéu khién lai ghép (Fuzzy-FVS-MPC) duoc
thiét ké dé khdc phuc nhuoc diém cia cdc bé diéu
khién tuyén tinh. Bé diéu khién logic mo dwoc tich
hop nham tu dong tinh toan va diéu chinh lién tuc
do lon bucc nhay dién ap cua FVS-MPC, tudn
theo cdc bién thién tirc thoi ciia dong nang hrong
tir gian pin.

M3 hinh todn hoc va cau tric diéu khién dwoc mé
phong, danh gia trén nén tang MATLAB/Simulink.

Két qua cho thdy gidi phdp dé xudt thé hién tinh
wu viét trong qua trinh dap uwng dong hoc, dat thoi
gian xdc ldp dwoi 0,1 gidy duoi cdc thay doi birc
xa khdc nghiét nhanh hon 29% so véi phirong
phép truyén thong. O trang thdi tinh, gidi phdp
ddam bdo hiéu sudt bam cuwc dai dat trén 98,9% va
logi bo hoan toan cdc dao dong cong sudt cé hai.

Tw khéa: Bam cong sudt cue dai, diéu khién du
bao mé hinh, tdp dién ap hitu han, diéeu khién mo,

nghich leu néi ludi.

Abstract

This paper investigates the optimization of
Tracking (MPPT)
efficiency for grid-tied photovoltaic systems by

Maximum Power Point

developing a Finite Voltage Set Model Predictive
Control (FVS-MPC) strategy based on a Fuzzy
Logic Controller (FLC) with an adaptive step-
size. A hybrid control structure (Fuzzy-FVS-MPC)

is designed to overcome the limitations of
conventional linear controllers. The fuzzy logic
controller is integrated to automatically calculate
and continuously adjust the voltage prediction
step size of the FVS-MPC, in response to
instantaneous variations in the power flow from
the PV array. The mathematical model and
control structure are simulated and evaluated
using the MATLAB/Simulink platform. The results
demonstrate the superiority of the proposed
solution in dynamic response, achieving a settling
time of under 0.1 seconds under severe irradiance
changes, which is 29% faster than traditional
methods. Furthermore, in the steady state, the
proposed strategy ensures a tracking efficiency of
over 98.9% and completely eliminates harmful
power oscillations.

Keywords: Maximum power point tracking,

predictive control model, finite voltage set, fuzzy
logic controller, grid-tied System.

1. Mé dau

Birc tranh ning lugng toan cau dang trai qua sy
chuyén dich manh mé& hudng tdi cic ngudn ning
lugng tai tao, trong do6 hé théng quang dién PV
(Photovoltaic) khang dinh vai trd tru cot nho tiém
nang khai thac 16n [1]. Mac du vay, viéc tich hop quy
md 16n ning luong mit troi vao ludi dién vap phai rao
can ky thuat chinh 1a dic tinh phi tuyén cua gian PV
chiu sy chi phdi boi cac yéu t6 tir méi truong, dién
hinh 1a cuong do birc xa va nhiét d6 bé mat [2,3]. Do
do, viéc nghién ctu va tng dung céac thuat toan bam
diém cong suit cuc dai MPPT nham tdi wu héa hiéu
sudt chuyén d6i ning lwong da tré thanh mot yéu cau
ky thuat bat budc, quyét dinh truc tiép dén tinh kha thi
va hiéu qua kinh té ctia cic nha may dién mat troi.

Ky thuat MPPT ghi nhan su phd bién cta cac
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phuong phap kinh dién nhu quan sat va nhidu loan
P&O (Perturb and Observe) hay dién dan gia ting
INC (Incremental Conductance), vén dwoc thuong
mai hoa rong rdi nho cdu tric diéu khién don gian [4].
Dau véy, cic phan tich chuyén siu gan day [5, 6] da
vach 13 nhugc diém c6 hitu cua nhém giai phap nay
d6 1a sy ton tai cia mot mau thudn gitta tdc do dap
ung dong hoc va do chinh xac & trang thai xac lap. Vé
ban chét, viée ung dung mdt budc nhay dién ap khong
dbi trong phuwong phap P&O va INC budc hé thdng
phai chép nhan sy danh ddi v& mat hiéu nang. Mot
bude nhay 16n wu tién toc do tiép can ving cong suat
cuc dai MPP (Maximum Power Point) nhung lai gay
dao dong cong suit 16n giy ton hao ning lugng;
ngugc lai, viéc thu hep budc nhay giip triét ti€u dao
dong nhung lai [am suy giam do nhay cua thuét toan
trude cac bién thién nhanh cua bire xa [6].

Céc k¥ thuat thong minh nhan tao dién hinh nhu
mang no-ron nhan tao ANN (Artificial Neural
Network) da duoc tng dung cho bai toAn MPPT phi
tuyén nho kha ning 4nh xa t6i wu va tdc do hoi tu
nhanh [7, 8]. Mac du mang lai hiéu sudt dong hoc cao,
giai phap dua trén ANN lai vap phai rao can 16n do
phu thudc vao tap dir liéu huan luyén khong 16 va doi
hoi tai nguyén tinh toan lon.

Nhiam thao g& nhiing giéi han cia cac bo diéu
khién tuyén tinh c6 dién va bo diéu khién ANN, diéu
khién du bao mo hinh MPC d tro thanh huéng nghién
ctru chu dao trong linh vyc dién tir cong suat [9]. MPC
sir dung mo hinh toan hoc cho phép xir Iy truc tiép cac
rang budc phi tuyén va du bao hanh vi dong hoc cta
hé thdng trong twong lai do vady MPC mang lai budc
tién 16n v& hiéu suat dong hoc. Gan déy, bién thé MPC
dya trén tap dién ap hiru han (FVS-MPC) danh cho
MPPT da duoc Hassan va cong su [1] gidi thiéu, cung
cip co ché ti wu hoa tryc tiép hé sb dong cét cta van
ban dan thong qua viéc tinh toan cong suét du béo trén
mot tdp hop cac mirc dién ap roi rac. Cac minh chiing
thuc nghiém trong [1, 10] khéng dinh tinh vuot troi
cua FVS-MPC so voi P&O, déc biét ¢ kha nang giam
d6 méo hai tong THD (Total Harmonic Distortion) va
6n dinh dién ap DC-link.

Tuy nhién, hau hét cac kién trac FVS-MPC hién
nay, bao gdm ca cac nghién ctru [1, 10, 11], van bi giéi
han boi viéc khai thac mot tap dién ap du bao co
khoang cach budc cd dinh. Dudi cac diéu kién buc xa
mat troi thay ddi dot ngot, viéc duy tri bude du bao cd
dinh khién bo diéu khién mat nhiéu chu ky lay mau dé
xéc 1ap lai diém cong suit cuc dai méi, dan dén ton
that nang lugng nghiém trong trong giai doan qua do
[12]. Mic du khai niém budc nhay bién thién da dwoc
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thtr nghiém ddi v6i thuat toan P&O [5, 13], viée tich
hop co ché thich nghi nay vao ciu trac du béo cua
MPC van la mdt vin dé chua duoc khai thac triét dé.

Théch thirc ¢t 18i trong viée thiét ké co ché bude
nhay thich nghi nim ¢ ban chat phi tuyén cao va tinh
bét dinh cua hé thdng quang dién. Mdi quan hé giira
bién thién cong suat, bién thién dién ap va d¢ 16n bude
nhay t6i wu khong thé dwoc biéu dién bang mot ham
toan hoc giai tich tuyén tinh don gian, dic biét khi
duong cong dic tinh thay dbi lién tuc dudi tic dong
ngiu nhién cta thoi tiét. Bén canh d6 bo diéu khién
logic m¢ da chung minh dugce tinh wu viét trong viéc
xtt 1y cac rang budc phi tuyén phirc hop va tham sb
bat dinh [14, 15]. Hon nita, cdc phan tich tong hop
m&i nhit [15, 16] d@)ng thuén chi ra ré‘lng, viéc dinh vi
logic m& & vai tro bo didu khién giam sat dang 12 mot
huéng di day tiém nang. Thong qua co ché suy ludn
mo, hé thong tu dong tinh chinh tham s6 cho cac b
diéu khién kinh dién, qua d6 bao dam d6 6n dinh va
nang cao chit luong diéu khién trong cac diéu kién
lam viéc bién thién lién tuc.

Xuét phat tir nhitng phan tich trén, bai bao nay dé
xudt mot kién trac diéu khién lai ghép méi: thuat toan
FVS-MPC véi bude nhay thich nghi dya trén logic mo.
Diém méi so v6i cac tiép can tinh trude ddy nim &
viéc nghién ctru da thiét ké thanh cong mot b didu
khién mo thyc hién nhiém vu gidm sat su thay doi
cong sut tirc thoi, tir d6 tu dong tinh chinh d¢ rong
cua tap dién ap dy bao bén trong thuat toan MPC. Muc
tidu cua kién tric nay 1a hién thuc héa co ché thich
nghi kép: Bién do budc nhay duoc mé rong dé gia toc
qué trinh hoi ty trong giai doan quéa do; Pong thoi ty
d6ng thu hep nham triét tiéu hoan toan dao dong cong
sudt khi hé théng budc vao giai doan xac 1ap.

2. M6 hinh toan hoc b nghich lru ngudn ap

Trude khi di sdu vao md hinh toan hoc chi tiét, cu
tric tong thé clia hé thong quang dién ndi ludi duge
dinh hinh véi ba phan hé co ban: (1) gian pin quang
dién (PV), (2) bd bién d6i DC-DC Boost, va (3) bd
nghich luu ba pha. V& mit ludng ning lugng, dong
dién mot chiéu tur gian PV dugc dua qua b DC-DC
Boost nhim ning 4p 1én mirc tiéu chuan cho tu DC-
link, truée khi duoc chuyén d6i thanh dong xoay
chiéu thong qua nghich luu dé hoa ludi. Qué trinh bién
ddi nang lugng nay dwoc dit dudi sy diéu khién cua
bd didu khién trung tdm; trong do, thuét toan Fuzzy-
FVS-MPC chiu trach nhiém bam diém cong sut cuc
dai va Xuét xung cho van ban din ciia mach Boost,
hoat dong dong bd cing vong diéu khién phia nghich
lwu dé giam sat va didu chinh cong suat day ludi.
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2.1. M6 hinh pin quang dién

Pin quang dién 13 thiét bi ban din c6 kha ning
chuyén dbi tryc tiép nang lugng birc xa 4nh sang thanh
dién nang dya trén hiéu tng quang dién. PV duoc cau
tao tir hai 16p ban dan loai N va P nhu minh hoa trong
Hinh 1a.

Dy két ndi

/'-- P %

WL %,
Timnén +ve %  Dangtuong duong

(a) Céu tao vt Iy

(b) So d6 tiwong dwong
Hinh 1. Céu tgo va so d6 twong dwong ciia pin

quang dién

Dé thuan tién cho viéc phan tich va mo phong toan
hoc trong cac hé théng diéu khién, PV duoc mé hinh
hoa thanh mot mach dién twong duong ciia mot diode
nhu Hinh 1b. Dong dién do PV tao ra (i) dugc mo ta
nhu sau [1]:

q(vaipvRs)] .

i =i —i e( ANGKT, _ va + IpvRs

pv 7 Tph o )]
Rsh

Trong d6: i, 1a dong quang dién; iy 1a dong bao
hoa nguoc ciia diode D; (v, i) 1an luot 1a dién ap va
dong dién dau ra ciia PV; (Rs, Ry) 14 cac dién tré tuong
dwong ndi tiép va song song ciia PV; 4,14 hé sb 1y
tuong cua diode; N; 1a sb lwong PV; k 1a hing sb
Boltzmann; ¢ 14 dién tich electron; 7. 1a nhiét d lam
viéc cua PV.

Dong quang dién iy, dién ap hd mach v,.va dong
dién bao hoa iy phu thudc vao cuong do bic xa E, va
su chénh 1éch nhiét 40 AT so vé6i didu kién theo cac
cong thic sau [1]:

. E,
Iph(Ea’AT):E_ISC_STC(1+aTAT) 2)

STC
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Voo (Bar AT) =V _src 1+ B AT)V: (E,) 3)

i (E,, AT)
(qvoc(Ea,AT)] 4
e 1

A’\ NSkTC

i,(E,,AT) =

Tir cac phuong trinh dic tinh (1)-(4), c6 thé thiy
quan hé giira cong suét va dién ap ciia PV 1a mot ham
phi tuyén don dinh nhu Hinh 2.

15000 [ 1 KWim?

2
_ oo \08Kkwm

— P!

10000 [ . Y

Power (W
AY
AY

5000 P

0 100 200 300 400 500
Voltage (V)
Hinh 2. Moi quan hé giita dién dap va cong sudt cia
PV dwoi cac dieu kién birc xa khdc nhau

Tai mdi diéu kién birc xa va nhiét do cu thé, ton tai
duy nhit mot diém van hanh t6i wu MPP ma tai d6
cong suit phat ra dat gié tri cuc dai.

Tuy nhién, vi tri cia MPP thay dbi lién tuc theo
diéu kién méi truong. Néu két nbi truc tiép PV vao
nghich Iuu hodc tai tinh, diém lam viéc thuc té s& bi
khoa béi dién ap tai va it khi tring khép voi diém MPP,
dan dén hiéu suit khai thac nang luong thip. Do do,
dé t8i wu hoa hiéu suét, can thiét phai ¢c6 mét co ché
bam diém cong sult cuc dai dé lién tuc diéu chinh
diém lam viéc vé diém MPP. Yéu cau nay dan dén viéc
phai sir dung mot bo bién DC-DC dang ting ap (bd
Boost). Bo DC-DC Boost dong vai tro nhu mot khau
phéi hop tré khang dong giita PV va tai dong thoi 1a
co céu chap hanh cho thuat toan didu khién.

2.2. Mé hinh b bién déi DC-DC Boost

B bién d6i DC-DC Boost dugce sir dung nhu mot
khau trung gian dé nang dién ap va thyc hién chiic
nang bam diém cong suét cuc dai. CAu tric mach dong
luc cta bd bién ddi Boost bao gSm cudn cam dau vao
Ly, tu dién du vao C,v, khoa ban dan S, diode chin D
va ty dién lién két mot chiéu Cye & ddu ra nhu Hinh 3.

Trang thai S dong (ON), cudn cam tich liiy nang
luong tir nguén, dong dién cudn cam iz tang dén theo
phuong trinh:

dip Vv,
dt L, )

Khi S ngit (OFF), ning luong tir ngudn PV cong
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v6i nang lugng tich liy trong cudn cam dugc giai
phong sang tu Cy. va tai, phuong trinh dong dién luc
nay la:
ﬂ _ va _Vdc 6

Phuong trinh (5) va (6) dugc su dung trong viéc
thiét ké bo didu khién dy bao. Dua trén cac phuong
trinh nay, thuat toan MPC c6 thé tinh toan trudc giatri
dong dién tai thoi diém thir (k+1), tir 46 lwa chon ti s6
diéu ché t6i wu dé dua dién ap PV vé gi tri tham chiéu
mong mubn.

ipv iL Lb D

Hinh 3. Céu tric ciia mach DC-DC Boost
2.3. M6 hinh bé nghich lwu néi lwdi

Dé thyc hién qua trinh chuyén doi nang lugng tir
dong mot chiéu sang dong xoay chiéu va hoa vao ludi
dién, hé théng nghich luu ndi ludi sir dung mot bd
nghich luu ngudn dong ba pha. So d6 nguyén Iy céu
trac mach dong luc, phuong thie ghép nbi ludi duogc
mo ta chi tiét trong Hinh 4.

Three-phase Voltage
Source Inverter

RL filter

3-Phase
AC Grid

VOC
Controller

Hinh 4. So dé ciu triic bp nghich lwu néi lwgi

V& mit cAu trac, bd nghich luu bao gém: Mach ciu
ba pha gdm sau khoa ban dan (S1+S6); B loc dau ra
(L, Ry) nham loai bo cac thanh phan hai bac cao.

Trong nghién ctru nay, trong tadm tap trung vao
thuat toan MPPT phia DC-DC, do d6 bd nghich luu
duoc thiét ké theo cdu triic dinh hudng dién ap VOC
(Voltage-Oriented Control) kinh dién [17]. Cong suat
tac dung (P) va cong suit phan khang (Q) trao d6i voi
ludi duoc tinh toan dua trén cac gia tri dong ap trén
truc dg theo cong thirc sau [17]:
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3, . .
PZE(EdId +E,i,) @)

Q=§<Eqid “E,i) ®)

Bing cach sir dung vong khoa pha PLL (Phase-
Locked Loop) dé dong b hoa theo dién ap ludi,
ching ta c6 thé gia thiét (Eq=0) va Ed bang bién do
dién ap ludi. Khi d6, viéc diéu khién cong suit tac
dung P va phan khang Q cé thé duoc thuc hién doc
lap thong qua viéc didu khién dong dién iy va i,.

3. Phuong phap diéu khién dé xuit
3.1. Bam diém céng suit cwc dai theo nguyén ly
FVS-MPC

Khac voi cac bo diéu khién tuyén tinh truyén
théng (nhu P&O) st dung d6 rong xung lam bién didu
khién lién tuc. FVS-MPC dung mo hinh toan hoc roi
rac cua hé théng dé du bao cong sut tai mot sé diém
dién ap gia dinh trong tap dién ap, tir d6 lya chon ra
diém lam viéc tbi wu nhét.

Dé han ché viéc gia ting khdi lugng tinh toan, thay
vi quét toan bd dai dién ap hoat dong, thuat toan chi
xét mot tap hop hitu han cac gia tri dién ap (Vi) trudce
va sau diém lam viéc hién tai. Tap hop nay thuong bao
gdm 3 phin tir co ban:

Ve ={v,,, (K)—Av, v, (K), v, (k) + AV} 9)

Trong d6 Av 1a bude nhay dién ap. Trong phuong
phap FVS-MPC truyén thong [1, 8] thi AV 1a mdt hang
s0 c0 dinh.

V6i mdi gid tri dién apv, (k +1) eV, , tir cong thic
(1) dong dién va cong suat & chu ky ké tiép (k+1) cua
PV dugc xé4c dinh boi biéu thirc:

i (K+D) =1, () —1,(Kk)| e ANGKT, 1
(10)

(kD) i, (R,
Rsh

Po.j(k+)=v;(k+1)-i,, ;(K+1) (11)

Khi duoc thuc thi, thuat toan FVS-MPC s€ so sanh
cac cong suét du bao v&i nhau va chon ra dién ap vpu
ma tai d6 mang lai cong sudt 16n nhit dé 1am dién ap
tham chiéu t6i wu ¥, cho DC -DC Boost, noi cach
khac:

Vou (k+1) =arg max{ppv,j (k+1D} (12)
V) Vg

Uu diém ciia FVS-MPC 1a kha ning dy béo chinh
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xéc va loai bo sai s6 tinh tét hon so v6i P&O truyén
thong. Tuy nhién, hiéu suit cua thuat toan phu thudc
truc tiép vao viéc lya chon budc nhay Av . Pay la
dong luc dé bai bao phat trién giai phap budc nhay
thich nghi dwoc trinh bay trong phan tiép theo.

3.2. Tich hop logic mo vao chu trinh FVS-MPC

Pé khic phuc nhugc diém vé bude nhay ¢d dinh
clia thudt toan FVS-MPC truyén thdng, nghién ctru
nay d& xuit mot co ché phdi hop giita bd diéu khién
mo va khoi diéu khién du béo dé hinh thanh cau tric
Fuzzy-FVS-MPC nhu trén Hinh 5.

DC/DC Boost

PV (12x5) Converter

M\‘ TP250MBZ

Ea s ™D i

ij_ T Cdc

Te T\f’ 4 &s VT-

Td

FVS-MPC

Vos AV
"AVsiep

FLC

L

E—

CE—

Hinh 5. Céu triic diéu khién Fuzzy-FVS-MPC cho
thudt giai MPPT

Trong cau trac nay, b diéu khién logic mo dong
vai trd 14 khéi tinh toan tham s thich nghi, cung cip
gi4 tri bude nhay AV t6i wu cho timg chu ky 1dy mau,
trong khi khdi FVS-MPC thuc hién chirc nang dy bao
va t6i uu hoa diém lam vige. Bo diéu khién md dugc
thiét ké voi hai dau vao 1a do déc cong suit E
( E=AP,/AV,, ) va bién thién sai léch CE
(CE=dE/dt), cang mot dau ra Av,,, 1a 6 1on budce
nhay dién ap.

Ca 2 bién vao (E, CE) déu dugc chia thanh 5 tap
mo voi cac ham thudc gidng nhau, dugc gan nhéin
ngdn ngir: NB (Am 16n), NS (Am nho), ZE (Khong),
PS (Duong nho), va PB (Duong 16n). Bién diu ra
dugc chia thanh 5 tip mo voi cac nhan: VS (Rét nho),
S (Nho), M (Trung binh), B (Lén), va VB (Rat 16n).

Dé can bang gitra do chinh xac va khéi lwong tinh toan,

nghién ctru st dung két hop ham thudc dang hinh
thang va hinh tam giéc nhu trong Hinh 6.

NS ZE

Wi it

(a) (b)
Hinh 6. Mé héa diu vao/ra ciia bé diéu khién mo:
(a) Piu vio; (b) Péu ra

Cong nghé s6, tw dong hoéa va trng dung hang hai

Ham hinh thang dugc st dung cho cac tap bién
nhidm bdo hoa cic gia tri vuot ngudng, dam bao hé
thong phan ¢mg manh nhat khi diém lam viéc & xa
MPP. Ham tam giac dugc str dung cho cac tap trung
gian (NS, ZE, PS; S, M, B) dé dam bao dé nhay cao
va chuyén tiép mém gitra cac ving diéu khién lan can.

Bing 1. Bing quy tic diéu khién mé cho FLC
E/CE NB NS ZE PS PB

NB VB VB VB B M

NS VB B M S A
ZE VB M VS M VB
PS VS S M B VB
PB M B VB VB VB

Luét mo dugc hinh thanh dya trén cac nguyén tic
khi d¢ dbc AP, / AV, (d4u vao E) c6 gié tri tuyét dbi rt
16n (dang & xa diém MPP) thi budc nhay Av,,, phéi rét
16n dé nhanh chong tiép can MPP.Khi diém lam viéc
tién g?ln MPP, d6 dbc giam dan vé 0 thi budc nhay
Av Step
céc nguyén tac trén, luat mo gdm 25 quy tic duoc thiét
1ap nhu Bang 1.

Dé hé thong hoa quy trinh diéu khién thich nghi da
phan tich, toan bo trinh tu thyc thi cta giai phap dé
xuit dwoc tom tit chi tiét dudi dang ma gia
(pseudocode). Thuat giai nay minh hoa cu thé su phdi
hop gitra co ché suy luan bude nhay ctia bo didu khién
mo va qué trinh du bao t6i wru cia FVS-MPC.

can glam dé tranh gay qua diéu chinh. Dya trén

Thuit giai Fuzzy-FVS-MPC dé xuét véi buée nhay
thich nghi

1 Khoi tao cac trj ban dau:
Vi (k=1), p,, (k—1), E(k -1)

2 Po v, va i,détinh p,va AP:

P (K) <=V, (K)xi,, (K);AP <= p, (k) - p,, (k—1);
AV v, (K)-V,, (k-1)

3 1If |AV |> e Then E(k) < AP/ AV
Else E(k) < E(k-1)
Tinh bién thién d6 déc: CE(K) « E(k)—E(k -1)
Chuén hoa ngd vao:
Xg <~ E(K)x K, ;X < CE(K)xK_
Suy luan va giai mo:

AV, < FuzzyBlock(x:, X )x K,

step

4 Xac dinh tap dién ap theo (9):
Vset <« {va (k) - AVstep ' Vv (k)' pv (k) + AVstep}
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5 Du bao cong suét theo (10)(11):

ppred,j (_Vj X Ipred.j

Panh gia ham muyc tiéu (/2):

<V,

If Pored.j > Prax Then P <« Pored. 3 Vo i

pt

4.2. Cdc kich ban mé phéng va thdo lugn
4.2.1. Kich ban 1: Danh gia kha nang thu nang luong
O trang thdi tinh

Dé so sanh kha ning thu nang lugng cuc dai cia
Fuzzy-FVS-MPC so v4i FVS-MPC va P&O, ca 3 bd

6 Tinh d cho mach DC Boost theoV,, va luu két qua

diéu khién duoc thiét 1ap voi tai tro thuan co gia tri

7 Tra vé két quad(k+1)

bang nhau trong diéu kién cudng do birc xa mit troi

4. Két qua md phong
4.1. Thiét lap thong sé moé phéng

Dé kiém chimg thudt toan Fuzzy-FVS-MPC, mot
mo hinh hé théng PV ndi ludi di dugc xdy dung va
moé phong trén MATLAB/Simulink. So d6 cdu triic
ctia hé théng duoc mo ta nhu trong Hinh 7.

Hinh 7. So d6 mé phéng bé nghich lwu néi lwéi véi
b diéu khién Fuzzy-FVS-MPC cho phin DC

Khdi pin quang dién trong mdé phong l1a Tata
Power TP250MBZ [18] véi ciu tric gdm 5 chudi song
song, mdi chudi ghép ndi tiép 12 tim dé dat cong suat
dinh muc xap xi 14,9 kW. Ning luong tir PV dugc dua
qua bo bién d6i DC-DC Boost, dong vai tro 1a khau
chap hanh cho thuét toan Fuzzy-FVS-MPC. Cudi
cung, ning lugng dugc chuyén ddi sang dang xoay
chiéu va hoa vao ludi.

Biing 2. Théng sé kj thudt ciia hé théng mé phéng

N Ky ... Don
Thong so . Gia tri .
hi¢u vi

Cudn cam dau vao Lo 5,0 mH
Tu dién ddu vao PV Cpv 470 uF
Tu dién DC-Link Cac 1200 uF

Tan s6 PWM fow 20 kHz
Dién ap tham chiéu Ve 700 \%
Dién ap ludi (day) Vrid 400 A%
Tén s6 lu6i foria 50 Hz

Cudn cam loc Le 10 mH
Chu ky liy mau MPC Ts 50 1S
Budce dién ap khai tao Vo 0,15 \%
Budc mo phong T 1 us

thay d6i dot ngot tir S00W/m? 1én 1000W/m? ¢ 0,4
gidy. Két qua mo phong cong suit mot chidu thu duge
(phia DC) nhu trén Hinh 8.

16000/——P&0 ——FVS-MPC Fuzzy-FVS-MPC
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Hinh 8. So sanh cong sudt PV véi Fuzzy-FVS-MPC,
FVS-MPC vi P&O khi birc xa thay doi

Két qua mo phong cho thay nhom gidi phap dua
trén MPC thu duoc 14782,5W (hiéu suét 98,9%) 16n
hon so véi P&O (14588,1W).

Quan sat phan phéng to cho thdy P&O bj dao
dong manh quanh diém 1am viéc. Céu tric diéu khién
Fuzzy-FVS-MPC ¢6 téc d6 hoi tu nhanh nhét (0,1
gidy), nhanh hon P&O (0,14 gidy), twong duong
nhanh hon 29%. FVS-MPC dat dugc cung mirc cong
suat nhu Fuzzy-FVS-MPC nhung téc d6 chdm hon
(0,22 gidy) do str dung budc do tim ¢d dinh.

Cong suét Puye va Ouse (phia AC) duoc bd nghich
lwu ddy vao ludi dién nhu Hinh 9.

x10* ¥

byt

§0.5 H (
g0 O'WVWW#M - A
o5 MRl “J\ 144 |
’ ® 1 0.46 0.48
0.3 0.35
-1 —P,.(P80) P (FuzzyFVSMPC) —Q__(FVSMPC)
5 P, (FVSMPC) ——Q_, _(P&O) 9 (Fuzy FYS PO |
0 0.1 0.2 Time (8)0'3 0.4 0.5

Hinh 9. Do thi céng suit Pabc va Qabe diy luéi
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Tai giai doan khoi dong (00,05 gidy), cong sut bi
am, day 1a qua trinh nap khaoi dong ctia tu DC-link Cpc
(ludi cép cho ty). Két thuc qué trinh qué do, cong suat
day lu6i cua Fuzzy-FVS-MPC 6n dinh tai mirc cong suét
14495,4W sau 0,35 gidy. P&O cham hon (0,4 gidy),
duong P&O van con dao dong nhe & cubi giai doan mo
phong. Cong suét phan khang Q.. duge duy tri ¢ mirc
xap xi 0, viéc nay dam bao hé s6 cong suat dat xap xi 1
tai diém hoa ludi.

Mtc nang lugng cao hon cua Fuzzy-FVS-MPC
duoc 1y giai thong qua db thi budc nhay dién ap AV,
nhu trén Hinh 10.

(FVS-MPC)
step
—AV,,, (Fuzzy-FVSMPC)

Hinh 10. Dé thi budc nhdy dién dap thich nghi ciia
céu triic Fuzzy-FVS-MPC so véi FVS-MPC

Puong nét diit mé ta bude nhay dién ap cb dinh
clia FVS-MPC (AVi,=0,15V) con nét lién 1a buédc
nhay thich nghi ctia Fuzzy-FVS-MPC. Tai thoi diém
xay ra qua do ( =0 va t=0,4 gidy), sai léch cong suat
tang manh, bo diéu khién mo thyc hién ting budc
nhay dién ap theo co ché thich nghi da trinh bay trong
muc 3.2. Diéu nay cho phép diém lam viéc nhay bac
dé tiép can MPP nhanh hon. Khi hé thdng di vao trang
thai 6n dinh, A Viiep tu d0ng suy gidm theo ham mi va
duy tri & mirc thap (0,15V). Co ché nay giup triét tiéu
dao dong, dam bao tbc d6 nhanh trong giai doan qué
d6 va tinh chinh xac cao trong giai doan 6n dinh nhu
da quan sat thdy trong do thi cong suét.

4.2.2. Kich bdan 2: Danh gia kha dap g dong trudc
nhiéu logn méi trweong

Dé danh gia kha nang dap tmg dong ctia hé thong
trude cac nhidu loan moi truong, chung toi thiét lap
kich ban cuong do buc xa giam dot ngot tai thoi diém
0,3 giay va phuc hoi lai dinh murc tai 0,4 gidy. Kich
ban nay mo phong viéc xuat hién mot ddm may bay
ngang qua PV trong diéu kién van hanh thyc té. Két
qua mo phong cong suét dau ra cua ba thuat toan dugce
thé hién trong Hinh 11.

Quan st phan phéng to tai thoi diém ngay trudc
khi cuong do birc xa phuc hoi (0,4 gidy), Fuzzy-FVS-

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

MPC duy tri cong suat on dinh tai mic 7600,5W, day
1a mirc thu ning lwong cao nhit trong ba phuong phap.
P&O mat nhiéu thoi gian hon dé hoi tu vé diém lam
viéc méi, ddng thoi xuat hién dao dong 16n quanh
diém cuc dai. Gia trj trung binh ciia P&O khoang
7352,3W, thip hon Fuzzy-FVS-MPC khoang 248W.
béi véi FVS-MPC, mic du khong bi dao dong nhu
P&O, nhung do han ché coa tap dién ap dy bao cd
dinh, thuat toan nay khong thé tim chinh xac dinh
MPP méi, din dén sai sb tinh, cong suét chi dat
7287W. Nhu vdy co ché budc nhay thich nghi cua
Fuzzy-FVS-MPC da cho phép thuat toan ty dong tinh
chinh do phan giai tim kiém khi birc xa thap, giup thu
dugc thém xép xi 313W so véi FVS-MPC trong diéu
kién thtr nghiém.

4.2.3. Kich ban 3: Pénh gia kha nang tim diém MPP

16000 - ! ! I [—Pao —FvsMrC —Fuz
14000
12000 |
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8
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038 039 04 041
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Hinh 11. Céng sudt thu dwoc ciia cdc by diéu khién

dwdi didu kién cuwong dp birc xa thay doi nhanh
khi cuwong do burc xa thay doi chdm

Dé kiém chung kha ning bam dudi diém MPP ciia
céc thuat toan trong diéu kién thoi tiét thay doi lién
tuc nhung khong dot ngot (nhu budi sang sém mat troi
moc hodc khi may tan tir tir), mot kich ban tang dan
cuong do birc xa tir 0 1én 1000W/m? trong khoang thoi
gian 0+0,7 gidy duoc thiét 1ap, két qua md phong thu
duoc nhu trén Hinh 12.

16000 F[—Pa0 —Fvs-MPC —— Fuzzy-Fusmpc] |

14000
12000 -
10000
=8000 -
3
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2000

0
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Hinh 12. Phan tich ddp trng cong suit PV dwdi diéu

kién cuwong do birc xa ting dan
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Dbi véi thuat toan P&O, khi tc do ting cua birc
xa 16m hon tdc d6 hoi tu cia thuat toan thi P&O bj 16i
tim MPP.Cong suét dau ra bi bio hoa & mirc khoang

5,5kW, trong khi cong sut thuc té co thé 18n tGi 15kW.

Duéi didu kién birc xa ting lién tuc, bién thién cong
suét luon duong (AP>0), khién P&O khong thé phan
lap sy gia ting cong suit do nhidu loan méi truong
hay do két qua cua tac dong diéu khién. Diéu nay gay
ra sai s6 tin hiéu va din dén hién tuong troi diém lam
viée ra xa khoi cuc dai thyc té.

Ca hai thuat toan Fuzzy-FVS-MPC (duong mau
d6) va FVS-MPC (dudong mau xanh luc) déu c6 cong
sudt ting tuyén tinh va bam sat gii han cong suét cuc
dai 1y thuyét ctia gian PV. Tuy nhién, thuat toan FVS-
MPC xuét hién sai s6 tinh khién duong dic tinh ludn
duy tri mirc coéng suit thip hon so véi Fuzzy-FVS-
MPC. Uu diém chung ctia nhom giai phap diéu khién
dya trén mo hinh nay la kha nang cép nhat tirc thoi
dién ap t6i wu thong qua cic phuong trinh trang thai
ngay khi c6 su thay dbi cua bién sé méi truong (birc
xa, nhiét do). Nho do, hé thdng dat duge toc do dap
g dong hoc nhanh va duy tri kha ning bam diém
cuc dai chinh x4c hon P&O, bat chap diéu kién birc
xa bién thién lién tuc.

4.2.4. Kich ban 4: Pdnh gid chat heong dién nang ddy
luci khi sir dung Fuzzy-FVS-MPC

D6 thi Hinh 13 13 dong dién day ludi cua nghich
luu, khi dang sur dung bd diéu khién Fuzzy-FVS-MPC
¢ phia DC. Cuong d¢ birc xa mat troi dugc thiét lap
tir 500W/m? tang 1én 1000W/m? tai thoi diém 0,2 gidy
trong thtr nghi¢ém nay.

1l '\-/.M

1l \ ‘ '\ il \
W

¥ I U v “I‘ H II

00— W L W 'J' H}' l‘;i' l.‘l.f "‘Jﬁ.."
30 v b.'.‘ Liiany

0.05 0.1 0.15 0.2 0.25 0.3

Hinh 13. Dong dién tirc thoi 3 pha va dong dién hiéu
dung dwoc by nghich lwu dwa lén luoi

Quan sat trong giai doan xac lap, dong dién ba pha
dua vao ludi c6 dang hinh sin gan 1y tuong. Két qua
phan tich phd bang FFT Analyzer (Hinh 14) cho thiy
dong dién hoa ludi co chat luong cao vai chi s6 méo
hai tong rét thip (THD=2,68%) dudi ngudng gidi han
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6,5% cta Bo Cong thuong cho cip dién 4p trung ap
va ha ap [16].

Két qua nay 1a su két hop gitra thuat toan Fuzzy-
FVS-MPC va vong diéu khién dong dién phia ludi
trong viéc triét tiéu cac thanh phan séng hai bac cao.
Nho kha ning giam thiéu ti da dao dong dién ap trén
tu DC, dang song dong dién dau ra duoc cai thién dang
ké va tiém can duong hinh sin 1y tuong. Sy cai thién
chat lugng dién nang nay khic phuc dwoc nhugc diém
ctia thuét toan P&O, noi ma dao dong cong suét quanh
diém MPP thuong lan truyén sang phia DC, giy mét
6n dinh dién ap dau vao nghich luu va lam gia ting do
méo dang dong dién phat ludi.

< Tan sb co ban (50Hz) = 475.2, THD= 2.68%
S 04 i i T
©
<03
(o))
c
? 02
«©Or
ko]
c 0.1
@
@
0 50 100 150 200
Tan s6 (Hz)

Hinh 14. Phan tich phé dong dién pha A cho thiy
lwong séng méo hai téng thip chi 2,68%

4.2.5. Kich ban 5: Panh gid tinh bén ving ciia gidi
phdp d@é xudt

Dé kiém chimng tinh bén viing cua thut toan
Fuzzy-FVS-MPC trudc sy bién d6i tham sb vat 1y
theo thoi gian, nghién ctru da thiét 1ap cac kich ban
mo phong 140 héa trong tng véi thoi gian van hanh 1
nam, 5 nam va 10 nam. Hinh 15 1a dap tmg cong suét
dau ra cua hé thng tai cac mdc thoi gian nay.

15000 EEe.
E
10000 m/\/\
s TN T e LT
3 T Nam tho nhat e
o 1474
5000 : !
1z Namthes L
e R 10—, L
0 1.468 ’
0 0.05 0.1 0.15
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Hinh 15. Cong suét PV khi siv dung Fuzzy-FVS-MPC
duwdi diéu kign sai léch tham s6 mé hinh do lio héa

Trong céc kich ban nay, dién tré ndi tiép R cia PV
duoc gia tang theo md hinh suy hao thuc té (=0,28%
hiéu sudt/ndm)[ 19]. Trong khi tham s6 mo hinh noi tai
ctia bo diéu khién duoc giit nguyén dé tao ra su sai
léch md hinh.
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Phan phong to trén d0 thi ¢ giai doan xéac 1ap cho
thdy rd su sut giam nhe vé muc cong suit do su gia
tang ton hao noi tai va sy dich chuyén diém lam viéc
t6i wu, tuy nhién hé thong van duy tri trang thai 6n
dinh ma khong xay ra hién tugng méat bam.

Béng 3 tom tit dir 1iéu mo phong qué trinh 1o hoa
cua gian pin quang dién sau 1 ndm, 5 ndm va 10 nam
cho thay méi twong quan rd rét giita sy thay ddi thong
s6 vat 1y va hiéu suat chuyén d6i niang lugng cia bd
diéu khién MPC.

Theo bang s6 ligu co thé thay, higu suit bam cong
suét cuc dai cua bo diéu khién Fuzzy-FVS-MPC giam
dén sau cac nam theo do 130 hoa cua PV. Sau 10 nam,
dién tré noi thyc t& cta tim pin tang tir 0,2914Q 1én
0,4121Q. Diéu nay dan dén viéc diém cong suit cuc
dai du béo bi léch mot khoang nho (0,6%) so véi diém
cuc dai thuc té coa gian pin da lao hoa.

Bing 3. Téng hop cong sudt vin hanh ciia hg théng
PV tgi cdc moc théi gian lio héa (1, 5 va 10 nim) khi
diing tim pin Tata Power TP250MBZ

Cong
Mbc Dién Cong suit Hiéu
thoi tré' Rs suét ciia thu suat
gian Q) PV (W) dwge (%)
(W)
Nam 0 0,2914 14940,2  14782,5 98,9
Nam 1 0,3017 14897,7  14768,6 98,8
Nam 5 0,3465 14938,9  14714,8 98,5
Nam 10 0,4121 14950,9  14696,7 98,3

Pay 1a han ché cua cac phuong phap MPC, chat
lugng diéu khién phu thudc vao d chinh xac cuia mé
hinh. Khi ddi tugng diéu khién thay d6i ma mé hinh
khong dugc cap nhat thi sai s6 tinh s& xudt hién. Su
sut giam nhé nay mic du khéng anh hudng quéa nhidu
dén hiéu qua cia hé théng nhung hoan toan co thé
dugc khic phuc trong thuc té bang cac phuong phép
nhu: cip nhat lai tham sd Ry trong phan mém diéu
khién sau mdi 2-3 nam bao tri hodc tich hop thém cac
thudt toan nhu RLS (Recursive Least Squares) hoac
MRAS (Model Reference Adaptive System) dé tu
dong ude luong R, theo thai gian thuec.

5. Két luan

Bai bao da dé xuét va kiém chung giai phap diéu
khién du bao mé hinh tap dién ap hiru han tich hop co
ché budc nhay thich nghi Fuzzy-FVS-MPC cho hé
thong pin mit trdi nbi ludi. Giai phap nay khic phuc
dugc nhuoc diém ¢ hiru v& méu thudn giita tbe do
dap ung va d¢ chinh xac cua céac thuat toan MPPT

Cong nghé s6, tw dong hoéa va trng dung hang hai

truyén thong thong qua viéc sir dung bd diéu khién
logic mo dé giam sat va tinh chinh d6 16n bude du bao
theo thoi gian thuc.

Két qua md phong trén phin mém
MATLAB/Simulink d4 cho thiy wu diém cua giai
phép dé xuét trén ba khia canh chinh: Giam thoi gian
xac 1ap xudng dudi 0,1 gidy; Cai thién toc do dap ung
khoang 29% so v6i phuong phap P&O va nhanh hon
dang ké so v6i FVS-MPC budc cb dinh; Loai bo hién
tuong troi diém lam viéc trong diéu kién buc xa tang
nhanh.

Heé thong duy tri hiéu sudt bam tinh dat 98,9%
v6i cong sudt ra tai 6n dinh, khong dao dong. Két qua
phan tich d6 nhay tham s6 cho thiy giai phap dé xuat
¢6 kha nang chiu dung t6t su sai léch md hinh do qua
trinh 130 hoa thiét bi. Sau 10 nim vén hanh gia dinh
hé théng van duy tri hiéu sudt chuyén d6i niang luong
trén 98,3%, ching to tinh 6n dinh va do tin cay cao
cua bd diéu khién.

Bén canh nhing wu diém, nghién ciru cling nhin
nhan mot s6 han ché con ton tai cua giai phap. Mic du
co ché thich nghi md di cai thién dang ké tinh bén
vimg, nhung thuat toan MPC vé ban chat van phu
thudc vao do chinh xac cua cac thong sb vat ly dau
vao. Trong cac diéu kién van hanh khic nghiét 1am
thay d6i tham s6 qua 16n (I6n hon ngudng bu cua
FLC), sai s6 tinh c6 thé gia tang. Ngoai ra viéc két hop
hai khéi thuét toan (Fuzzy Logic va MPC) lam gia
tang khéi lugng tinh toan trong mdi chu ky 1dy mau,
dit ra yéu cu cao hon vé toc do xtur 1y cua vi didu
khién so voi phuong phéap P&O don gian.
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