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TOM TAT

Bai bdo nay trinh bay mét hé thong két noi nguén nang lwong mdt troi voi lwdi
dién. Ddc diém chinh ciia mé hinh la sir dung dang séng sin ciia nguon dién lam séng
diéu khién trong khdu diéu ché nén viéc bam sat tan so6, dién dp cia nguéon ludi tré nén
dé dang. Bén canh day trong co ché on dinh dong dién bom vao lwGi con xét dén sw thay
doi dzen dp cua nguon nang lwong mat tr0’z Két qua khdo sat trén mé hinh cho thay Kha
ndng on dinh dong dién bom vao lwéi rat tot, bat chdp thay doi cia dién dp va tan sé ledi
dién hay dién dp nguén mot chiéu cia hé thong inverter. Ngoai ra mé hinh con cé kha
nang giam thiéu lwong cong sudt khdang truyén vdao luéi dé nang cao hiéu qua lam viéc
ciia cdc khod dién tir ciia bg inverter khi truyén céng sudt tac dung

ABSTRACT

This paper presents a single-phase, grid-connected solar power system. The main
characteristic of the model is that sine waves of the power grid is used as controlling
waves in the modulation, allowing the frequency and voltage monitoring of the power
grid. Then the voltage fluctuation of the solar energy to the power grid to stabilize the
current is put into consideration. Experimental results on the model have revealed that the
ability to stabilize current injected into grid is good, regardless of the changes of voltage
and frequency on the grid or on the DC voltage of the inverter system. Additionally, the
model has the ability to reduce the transmission of reactive power to grid to improve work
efficiency of the electronic switching in inverters during the transmision of active power.

I. GIOI THIEU o
nghich Iuu c6 kha ndng két ndi vdi dién

Céc ngudn ning luong 16n cha yéu
c¢6 ngudn gbc hoa thach ludn gay 6 nhiém
mdi truong, dang can kiét dan va lam cho
trai dt am dan lén. Viéc tim ra ngudn ning
lugng sach, vo tan luén 1a uvu tién hang
dau. Ning luong mat troi, ning luong gio
dap mg dugc nhimg yéu cau nay, nhung
c6 cong suit khong 16n va rat phan tan, dé
tan dung c6 hi€u qua, cin phai két ndi cac
ngudn ning lugng nay thong qua hé thong
ludi dién phan phdi co sin bang cac bd

xoay chiéu.

D3 ¢6 nhiéu nghién ctru vé linh vuc
nay [1..4], nhung cac myc tiéu chu yéu tap
trung diéu khién dong cong suét tic dung
P v cong suét phan khang Q véi cac diéu
kién rang budc nhu tan sb, dién ap ludi
khong thay d6i hay dién ap DC cua bo
nghich luu khong thay doi, tuy nhién, thuc
té, cac gid tri nay thay do6i dang ké.

Bai bdo nay tap trung xay dung mot
giai thuat didu khién bo nghich luu két nbi
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ludi AC c6 khé nang tu dong 6n dinh dong
dién bom vao luoi voi hé sO cong suét &
muc cao khi dién ép, tan so ludi va dién 4 ap
DC dit vao bo nghich luu thay doi.

II. PHUONG PHAP TIEP CAN.

So @6 két ndi ngudn ning lugng
mat troi vao ludi dién phan phéi ha thé va
so d0 twong dwong dugc biéu dién 1an luot
tai hinh 1 va 2. Cong suét truyén qua cudn
khéang L bom vao ludi dugc mo ta tai cac
biéu thirc:

EU
P=—-sind (1
X (D

S

EU U?
=——C0S0——— 2
Q < X (2)

Trong do: & 1a goc léch gitta E

(dién ap dau ra cua Inverter) va U (dién ap
ludi).

Tir biéu thic (1) va (2) dé dang
nhan thay, viéc diéu khién cong suat P phu
thudc nhiéu vao goc 1éch & va diéu khién Q
bang cach thay doi dién ap E. Pé tan dung
t6i da kha nang mang tai cta cac khoa dién
tir, bién ap xung, cudn khang L, bo nghich
lwu ludn phai 1am viéc & ché do :

— Giit cong suat phan khang Q
truyén vao ludi gan bang 0 hay hé sd cong
suat PF = 1

— Gitr dong dién bom vao ludi
khong do1 ngay khi dién ap V, dién ap
ludi, tan sb ludi thay doi.

1. Xac dinh dién ap E dé hé so cong
suat cao

Néu bo qua cac loai ton thit cong
sut trén may bién ap nang ap, tir biéu thirc
(2) dé hé s6 cong suat PF dat mic cao hay
cong suat phan khang bom vao luéi Q =
0 thi:

Ecos6 = U hay E(t)cosd = U(t) 3)

Pé E(t)cosd = U(t) tin hi€u song
sin ciia ludi dién dugce hoi tiép lam séng
sin diéu khién. Diéu nay cho phép E ludn
bam sat theo U ludi ty 16 khong doi 1 cosd.
Khi d6, dong dién Inverter I, bom vao ludi

dugc diéu chinh ting hay giam hodc V
thay ddi va ngay ca khi tan s6 ludi b1en
dong thi PF van & muc cao.

2. Xic dinh géc 1éch & dé I = const

Tir bicu thie (1) va (3), khi Q =0,
dong dién I dugc tinh theo biéu thuc (4)

2 2
=S P PG @)

B U X,

U U

U U
3),(4) = 1= ind=—r1gd (5
(3), (4) X cosg o=t ()

Nhén xét: Theo biéu thire (3) va (5)
cho thay:

Dién ap dau cudn khang ludn phai
duy tri diéu kién E(t)cosd = U(t) dé dam
bao cho diéu kién Q=0 hay hé s6 cong suat
PF ¢ muc cao

pé dong dién I = const, khi U tang
k 1an, thi tgd phai giam di k 1an va nguoc
lai.

Khi tan s thay d6i va dién ap
khong d6i, néu giit nguyén goc 1éch & thi
I = const

3. Piéu khién géc léch & theo yéu
ciu

Pé diéu khién dong dién bom vao
ludi theo (5) va dung tin hiéu séng sin cua
dién ap ludi lam song diéu khién nhu da
néu tai IL.1, cAn phai lam tré tin hiéu song
sin nay mot khoang thoi gian t dugc tinh
theo (6)

5T [ 6}_360"—8

t=T-——=T|1-
360° 360° ) 360°f

Viéc lam tré tin hiéu séng sin mot
khoang thoi gian t nhu (6) ma khong lam
bién dang song la mat van dé kho khan, vi
vay, tin hi¢u song sin dugc dua ngay vao
bd diu ché dé thanh cac xung vudng, sau
d6 cac xung vuong nay duoc lam tré mot
thoi gian t (hinh 5), bang cach ndy mach
dién diéu khién sé tré nén don gian hon.
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4..;Inverter 1am viéc 6n dinh khi V 4 thay
doi

Céc thong s6 nhu dién ap ngd ra
cua inverter E hay goc 1éch & luén dugc
diéu chinh mdi khi c6 su thay ddi cua ludi
dién dé dam bao diéu kién I=const va Q=0.
Tuy nhién, khi V _cta bd pin mat troi thay
d6i, viéc thay d01 cac thong sd trén khong
con phu hop. Phuong phap diéu khién
bd nghich luu SPWM (Sinusoidal Pulse
Width Modulation) [5] dung bd tao séng
sin lam song diéu khién va duge tron voi
song mang tam giac tan sd cao, cho ra cac
d6 rong xung thay d6i dé diéu khién thoi
gian dong ngit cac khoa cta bo nghich luu.
Cong thue dugc tinh nhu sau:

E=mK\V, (7)
Trong do:
E : dién 4p ngod ra inverter dat vao
cudn khang L
V,.: dién 4 ap DC cua bd nghich luu
K : ty s6 may bién ap dong luc

1
nang ap
e A aih £ V.
m_: chi s6 di€u che. m, = 75 (8)
V6i V_1a dién ap dinh cua song sin
diéu khién va V, la dién ap dinh cua séng
mang tam giac.

Do ldy tin hi¢u dién ap ludi U(t)
lam song diéu khién nén V M=K U(t) VO’l
K,: ty s6 may bién ap lay t1n hiéu hoi tiép.
Nen biéu thirc (7) duogc viét lai nhu sau:

K, U(t)

E=—-2-Ygy O

t

B)va® = V=V, cosd

(10)

Trong d6 K, duogc chon dé KK, =1

Vay khi duy tri (10), E(t) s€ c6 gia
tri bién d dinh khong doi bat chap khi
nguon V _thay doi.
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5. So d6 khoi ciia by diéu khién

So do diéu khién va két noi dugc
dien giai trén hinh 3.

Hguén
Biznap nangap| E [ Cuin Khoa hoa U_| lui
1§ 56 K1 khang L déng b

| U
binghich | | Bé tan s ludi i
leu SPWM[— | tE =
Bién &p hdi tigp =

tj sé K2

Bi phat
xung tam giac

tan si ludi T

H3: so d6 nguyén 1¥ két néi diéu khién

Mgudn ML mat tréi Vde

Wi = Viptosh

6. So d6 mé phéng trong MatLab

St dung MatLab la cong cu mo
phong phuong phap hoa dong bo ngudn
nang lugng mat troi cling nhu khao sat cac
ché do lam viéc cua Inverter nhu: dong
dién bom vao ludi khi ngudn ning luong
mat troi, U va tan s ludi thay doi.

So d6 két ndi trén hinh 4 quan trong
nhit 13 b didu khién xung kich cho bd
nghich lyu. Hinh 5 dién giai bo diéu khién
xung kich. Tin hiéu V, duoc dua vao bo
diéu khién dé diéu chlnh gia tri dinh cua
xung tam giac V, theo biéu thire ( 10) Tin
hi¢u séng sin ducc lay tir bién ap hoi t1ep
cua ludi dién dugc dung lam song diéu
khién dé dam bao biéu thirc (3) nén dién
ap dau ra E(t) luén bam sat U va dam bao
dung tan f cua ludi dién. Cac bo tré nham
didu khién goc léch & theo biéu thirc (6)
sao cho dong dién I inverter bom vao ludi
khong d6i theo biéu thirc (5).
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. KET QUA MO PHONG.

Mo hinh bd inverter hoa ludi dién
c6 cong suat 7000VA, hoa vao ludi dién 1
pha 220V cho h¢ gia dinh, m6 hinh dugc
mo phong trén MatLab. Tién hanh khao sat
cac ndi dung nhu sau:

1. Khio siat quan hé PF va dong
inverter I,

Thay ddi goc 1éch & dé diéu khién
dong dién 1nverter I, borrn vao ludi, xac
dinh gia tri he sd cong suat PF bang cach
kiém tra ty s6 gitra dong cong sudt tac dung
P va Q do inverter bom vao ludi. Két qua
khao sat dugc trinh bay tai bang 1.

8§ | Dot | Cosd |I (A)|P(W)| Q(Var) | PF
1° | 0.019944 | 0.9998 | 1.41 | 200 10 | 0.998
301 0.019833 | 0.9986 | 2.96 | 650 | -20 | 0.999
15°(0.019167 | 0.9659 | 8.48 | 1950 | -270 | 0.990
3091 0.018333 | 0.8660 | 18.38 | 4200 | -750 | 0.984
45° 0.0175 |0.7071 | 31.11 | 7065 | -1460 | 0.979

Bang 1: Khao sat I va PF cua inverter

Két qua tai bang 1 cho thiy khi
dong ting tir 1.41A dn 31.11 A (gia tri
hi¢u dung), h¢ sb cong suét PF =~ 1, thé hién
qua gia tri cong suit phang khang Q cua
inverter rat nho so voi cong suét tac dung
P. Piéu nay cho thiy viéc hé sb cong suit
PF khong nhirng phu thudc vao goc 1éch o
gitra Eva Unhu két luan cua [2] ma con
phu thudc vao dd 16n cua 2 vector nay theo
biéu thire (3).

2. Khio sat 6n dinh dong I, theo V
Vﬁ Ulum
Khao sat tinh 6n dinh cua dong I

bom vao ludi khi dién 4 ap V, . thay doi hay
dién ap U luéi thay do6i duoc thuc hi¢n
bang 3 thi nghiém mé phong véi goc 1éch &
la 15°, 30° va 45° tuong tng voi dong dién
I,1a8.48A, 18.38A, 31.1A. Cac thi nghi¢m
c6 cung thoi diém hoa ludi luc 0,03s, luc
nay dignap V =48V, U, =220V, tai thoi
diém 0.2s gia tr1 dién ap cua pin mat troi
bi giam con V =40V, di¢n ap ludi khong
do6i va thoi dlem 0.4s, gia tri dién &p ngudn
tang U, .=260V. Két qua mo phong duoc
biéu dlen tai hinh 6(5 =15°), hinh 7(6=30°)

va hinh 8(6=45°).

Trong sudt thoi gian tir 0.03s dén
0.6s, dong hi¢u dung I, cua Inverter bom
vao ludi van khong d01 thoi gian qua do
dién ra nhanh chéng chi dién ra trong 1
chu ky va bién do dong dién khong thay
d6i dang ké. Tuy nhién, mic giao dong ciia
dong dién qua do s€ it hon khi goéc 1éch
16n (I 16n).

3. Khio st 6n dinh dong I, theo
tan s luéi

Dé khao sat tinh 6 on dinh cua dong L
bom vao ludi khi tan s6 ludi thay doi, t1en
hanh 3 thi nghiém mdé phong véi cac goc
1éch & 1a 15°, 30° va 45° ing véi dong dién
[,1a8.48A, 18.38A, 31.1A. Cling tuong tu
nhu khao sat tai myc I11.2, cac thi nghiém c6
cung thoi diém hoa ludi luc 0, 03s, luc nay
dignap V, =48V, U, =220V, tan s6 ludi la
f=50Hz, ta1 thoi dlem 0 2s tan s ludi g1am
dot ngot f=48Hz, V, =48V, U, =220V. Két
qua dugc biéu dlen ta1 hinh 9(6 15°), hinh
10(6=30°) va hinh 11(6=45°).

Céc két qua mo phong cho thiy
thoi gian qua do 1a 0.2s tir thoi diém 0.2s
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dén 0.4s, sau d6 gia tri dong dién tro lai
binh thu’O’ng, dong di¢n [, trong thoi ky qua
d6 bi bién dong manh so véi gia tri on dinh
nhét 1a khi Inverter 1am viéc véi goc 1éch
d bé.

4. Nhéan xét

— Qua cac khdo sat da trinh ba‘ly,
khi dong dién I | bO’m vao lu’orl to 1.4A dén
31.1A, gia tri he sO cong suat on dinh &
murc PF > 0.97, t6t hon han két qua cua [2].
Diédu nay cho thay tinh hiéu qua cta giai
thuat dé nghi.

— Gid tri dong dién I, c6 mirc 6n
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dinh 16n khi dién 4p V,_ va U, thay doi
20% quanh gia tri 1am viéc binh thuong.
Qua trinh ty dong diéu khién 6n dinh dién
ra nhanh chéng (1 chu ky) va bién do giao
dong cua dong I, 1a khong dang ké khi
cong suat bom vao ludi 16n. Didu nay tot
hon céach diéu khién trinh bay tai [1].

— Khi tan s6 giao dong ¢ mirc 50Hz
xufmg 48Hz thi thoi gian on dinh dong I,
dién ra cham (0,2s) voi muc giao dong lon.
Day ciing chinh 13 diéu can phai hiéu chinh
giai thuat diéu khién trong nhitng nghién
clru sau.

Uy = {' |
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o “' 0.3 et .o ___ni__.___na___ARA ‘-H_.__. B8, 2w

Hinh 8: 8 —-15° I=31. lkhﬂ é: Us: thay doi HO: § = 15° I; =8.48A khi tan s6 f thay doi

j|l._.

s '-*.‘ JI‘
a0 Y || : 7t
H10:d =30°,IL-=18.38Akhi‘ransoftha}-'doi HI11:d

IV. KET LUAN.

Bang ky thuat hoi tiép song sin ctia
dién ap ludi U 1am song diéu khién ctia bo
nghich luu va thay do6i dién 4p xung tam
gi4c theo gid tri dién ap mot chiéu ciia Pin
mat troi da giai quyét duoc:

On dinh dong dién [, Inverter bom
vao 11101 khi c6 sy thay d6i dlen ap luoi va
tan s6 ludi. Giai thuat ndy mang tinh kha
thi khi b tré (diéu khién goc 1éch) chi tac
dong 1én cac xung vudng ma khong truc
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tiép lam tré song sin hoi tiép.

Néng cao hé sb cong suit (PF~1)
dé tan dung toi da kha ning mang tai cua
khoa dién tir trong viéc truyén cong suat
tac dung vao ludi.

Tuy nhién, trong cdc nghién clru
tiép theo can giai quyét dong dién [, tang
cao trong qua trinh qua d¢ khi tan so thay
doi.
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