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PIEU KHIEN NGHICH LUU NOI LUGI BA PHA
KHI MAT CAN BANG DIEN AP

CONTROL OF THREE-PHASE GRID-CONNECTED INVERTERS UNDER
UNBALANCED VOLTAGE FAULTS
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Truong Dai hoc Su pham Ky thugt Tp. HCM, Viét Nam
Ngay toa sogn nhdn bai 29/11/2018, ngay phan bién danh gia 5/12/2018, ngay chdp nhdn ding 24/12/2018
TOM TAT
Cac bg nghich luu néi i sir dung nang lwong tai tao nhur gié va mat troi hién nay dwoc
ung dung rat pho bién véi cong suat ngay cang lén. Do dé, chung bi anh hwong dang ké khi
nguon dién luwGi Xay ra sy €6 nhw mat can bang dién ap Khi dién &p nguon lwdi mdt can bang
lam xudt hién thanh phan the tu ngh;gh Céac bg diéu khién dong dién thong thirong Ighong
xem xét cac thanh phan nay nén c6 thé gay ra viéc qua dong di¢n cua bg nghich luu noi ludi
va lam cho cac linh ki¢n ban dan cong sudt bi hw hong. Bai bdo nay dé xudat mét phwong phap
diéu khién bo nghich luu néi ludi c6 kiém sodt dong dién trong pham vi dinh mic trong diéu
kién dién &p nguon lwdi mat can b‘ang’ Cac két qua khdo sat trén Matlab/Simulink dé cho thay
tinh hi¢u qua cua phuong phap dé xuat so Voi phwong phdap thong thirong hién nay.
Tir khoa: nghich leu néi lwéi; dién &p mdt can bang; gidi han dong dién; b cdng suat phan
khang; dién ap thir tir nghich.
ABSTRACT

Grid-connected inverters using renewable energies such as wind and photovoltaic
powers are adopted very popularly with increasing capacity. Therefore, they are significantly
affected when the unbalanced grid voltages occur. At that time, the negative sequences appeat,
traditional current controllers in grid-connected inverters usually do not consider these
components. Thus, they can cause over-current of the inverters and make the power
semiconductor components damage. This paper proposes a method for controlling
grid-connected inverters with over-current protection under unbalanced grid voltages. The
simulated results have validated the performance of the proposed method compared with that
of the traditional one.

Keywords: grid-connected inverters; unbalanced voltages; current limitation; reactive power
compensation; negative sequences.

1 GIGI THIEU [1], [2] &é blen dbi cac nguon nang luong tai

. : tao thanh nQUOn dién xoay chiéu c6 thong s6

Nhu cau str dung di¢n tir ndng luong tai  phi hop dé két ndi voi ludi dién.

tao nhu dién gi6 va dién mat troi ngay cang
phd bién do tinh bén viing va than thién véi
moi truong. Tuy nhién, ngudén dién ning
lwong tai tao nay lai c6 dic diém khéng 6n
dinh do phu thudc nhiéu vao thoi tiét. Do do,
dé c6 mot ngudn dién hiéu qua cé chit lwong
cao, C4c ngudn nang luong nay can dugc noi
Vi luéi dién. Khi dé, cac bd nghich luu ndi
lugi ban dan cong suat thuong duoc str dung

Trong diéu kién van hanh binh thuong,
cac bo nghich luu ndi udi chi yéu phét cong
Suit tac dung vao ludi dién. Tuy nhién, cac
bo nghich Iuu ndi ludi con phai cé kha ning
bl cong suét phan khang dé hd trg hé thdng
dién khi c6 sy ¢d sut 4p hay mat can bang
dién ap cua ngudn ludi [3], [4] theo tiéu
chuan néi luéi [5]-[7]. Khi c6 sy cb sut ap
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hay mit can bang cua dién ap ludi s& lam
xuat hién thanh phan tht tu nghich [8]-[10].
Chinh céc thanh phan nay lam suy giam kha
nang phat dién cua thiét bi. Khi dién ap
nguon suy giam, néu giit nguyén cong suit
dinh mac sé lam tang dong dién. Chinh su
tang dong dién nay gy ra hu hong linh kién
cdng suat. Véi cac phuong phap diéu khién
thong thuong khong c6 kha nang gidi han
dong dién co thé 1am cho bd nghich luu bi
qua dong dién dinh muc cho phép.

C6 nhiéu ky thuat da dugc cong bd dé
diéu khién nghich luu ndi ludi trong diéu
kién mat can bang dién ap [11], [12]. Tuy
nhién, cac phuong phap nay chu yeu quan
tam dén can bang dong di¢n cac pha dé giam
dao dong cdng suat tac dung phia mot chiéu
cht chua xem xét dén kha niang bi qué dong
dién cua bo bién doi, dong thoi cac phuong
phap nay ciing sir dung nhiéu linh kién hon
nén lam tang chi phi va diéu khién phuc tap.

Ky thuat diéu khién b&o hoa trong [13]
dua vao bang trang thai cong suat dé diéu
khién nghich luu, nhung viéc giai quyét van
dé qua do caa thanh phan thir tu khéng van
con qua phic tap do ban chit dao dong cua
cong suat thi tu khong [14]. Piéu nay anh
hudng dén viéc phan bd cong suit cua ca ba
pha. Thong thuong, viéc ndi tam giac may
bién ap dugc st dung dé khéa thanh phan
dong dién thtr ty khong, tuy nhién, kiéu ndi
day quan nay c6 thé dan dén qua dién é&p khi
c6 sw ¢6 1 pha [15]. D¢ giai quyét van dé nay,
cong bé trong [16] dé nghi phuong phap diéu
khién thdng qua phep bién d6i cong suat tac
thoi nham cai thién kha ning truyén cong
suat cia bo nghich luu ndi ludi ddng thoi loai
bo cac dao dong cdng suat. Tuy nhién, viéc bi
qua dong dién caa bd bién ddi van chua dugc
xem xét. Trong khi vin dé qué dong dién cua
linh kién la mét trong nhirng nguyén nhan
quan trong nhét gay hu hong bo bién doi.

Bai bao nay dé nghi mot phuong phap
diéu khién dé gigi han dong dién cua nghich
lwu nbi ludi trong didu kién mat can bang
dién &p bang cach st dung vong khoa pha c6
xem xét anh huséng caa thanh phan dién ap
thir tw nghich.

2. PHUONG PHAP PIEU KHIEN
TRUYEN THONG

2.1 Do dién ap luéi sir dung vong khoa pha

Trong cac phuong phap thong thuong,
bién do dién ap ludi dugc nhan biét thong
qua cac cam bién dién ap nho phép tinh cua
vong khoa pha PLL (phase-locked loop) nhu
hinh 1.
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Hinh 1. Nguyén Iy tinh dién ap Vmax cua PLL

Trong do, Vs, Vsn, Vg 1a dién &p cua ba
pha ngmn ludi. Cac dién ap V, va Vg dugc
bién d6i theo Clark nhu céng thuc sau:

V
V.| 211 -1/2 -1/2 Vsa M
V| 3|0 —3/2 BI2 V“’
Bién d¢ dién ap dugc xac dinh nhu (2):
Vmax = '\’ “0:2 +V/32 (2)

Trong diéu kién van hanh binh thuong véi
dién 4p 3 pha can bang thi khdng co thanh
phan thr tu nghich va tha tu khdng nén bién
do dién ap Vmax xac dinh dang trang thai dinh
muc cia hé théng. Tuy nhién, khi mat can
bang dién 4p tai thoi diém 0.3s thi bién do
di¢n ap V., va Vp bi chénh léch nhu hinh 2.
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Hinh 2. Di¢n ap khi md’t‘cén bang tai 0.3s
(pha B va C co bién dé bang 60% dinh muc)
Diéu nay 1am cho céc thdng sb cua vong
khéa pha uéc lugng duoc nhu: goc pha 6,
bién d0 Vmax, tan so f bi dao dong nhu hinh 3.
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Hinh 3. Thong s wéc heong cua PLL thong
thuwong

2.2 Piéu khién cong suat

Trong diéu kién van hanh binh thuong,
cdng suit tac dung P ludn duoc trich xuat cuc
dai tir cac ngudn ning lugng tai tao. Khi co
su ¢d sut giam dién ap nho hon 90% dinh
muc thi bo nghich lwu ndi ludi phai ¢ nhiém
vu uu tién phat cong suat phan khang Q dé
hd tro hé thong dién theo tiéu chuan ni ludi
nhu (3) va hinh 4, véi rang budc dinh muc
cong suit nhu (4) va dugc thé hién trén hinh
5. Trong do, S 1a cdng suat dinh muc cua bo
bién d6i, AV(%) 1a d6 sut &4p, Vinaxn 12 bién d6
dién ap dinh muc va Vyax 1a bién d6 dién ap
udce lugng dugc bai vong khda pha PLL.

AV (%) = Vinsn ~Vimex 1 000 (3)

maxn

Q=1/s?-P? @)

Dong dién dat khi do dugc tinh nhu sau:

ia_ref _ 1 Va _V/f P (5)
iﬁ_ref _Vaz +V/;2 V/} Va Q

AV(pu)
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Hinh 4. Tiéu chudn cua cong suat phan
khang nén bom vao ludi dién khi ¢ su o sut
giam dién ap
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S(pU \\\\
0 T Qpy)

Hinh 5. Hinh mizc cdng suat
3. PHUONG PHAP PE XUAT
3.1 Téch thanh phan thir tw nghich

Phuong phép dé xuét sir dung nghich luu
ndi ludi 3 pha 3 day. Do do, trong hé thong 3
pha 3 day s& khéng cé thanh phan tha tu
khong. Tuy nhién, khi c6 sy mat can bang
dién 4p thi van xuit hién thanh phan vector
dién ap thir tu nghich V" nhu (6). Piéu nay
lam cho bién do vector dién ap V dao dong
theo hinh elip véi ban truc 16n V'+V" va ban
truc nhé V-V trén hinh 6.

Va V+l2 Vi(l
v Ty [Fly- (6)

sl Vsl Vs
Voi V' va V7, 1a cac dién ap tha tu
thuan va thtr tu nghich theo truc thuc o, V'

va V' la cac dién ap thu tu thuan va tha tu
nghich theo truc ao p.

Viéc tach thanh phan tha tu thuan va the
tu nghich sir dung bo loc phuc [17] sé gitp cho
viéc xac dinh lai cong suat dinh muc caa bo
bién d6i dé giam dong dién dat cuia nghich luu.

b

C

Hinh 6. Dién dp luéi khi ¢d thanh phan thi
tur nghich
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Thanh phan the te thuan va thi tu
nghich duoc xac dinh thdng qua bo loc phac
nhu hinh 7. Trong d6, o, la tan sb cit, wp la
tan s goc ude lugng dwoc va n 1a bac hai
can tach.

]

Vap(S) —
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Hinh 7. B4 loc tach cac thanh phan dién 4p
3.2 Xac dinh cdng suat dinh mic

Trong diéu kién mat can bang, bién do
dién &p that su bi suy giam nén cong suat
cling bi suy giam va nén dugc xac dinh lai
nhu sau:

+2 AN -2 -2
Snewzs\/(va +vﬂv) (V.2 +V,2) -

maxn

Trong d6: Spew la cONg suét dinh mac méi khi
c6 thanh phan thir tu nghich.

(%) =

S ARG

\Y

maxn

neW

100%

V6i AVpey 12 d0 sut 4p c6 xem xét dén anh
huong caa thanh phan thir ty nghich.

Cong suat phan khang dat can duoc xac
dinh lai nhu (9).
0 if AV,,,, (%) <10%
ref — . (9)
V28, if AV, (%) >10%

Cong suat tac dung dit ciing duoc Xéac
dinh lai nhu (10).

2 2
Snew - Qref

Khi d6, dong dién dat maéi duoc xac dinh
lai nhu sau:

i P Vv
.afrefn _ . 1 . ref Qref B (11)

Iﬂ_refn Va+ +Vﬁ+ _Qref Pref V;
Do dinh mac cua cong suit duoc diéu
chinh theo d0 sut ap nén dong dién cling

P <

ref —

(10)

duoc diéu chinh lai && dam bao khong bi qua
dong.
So d6 khdi nguyén 1y diéu khién cua

phuong phap dé xuit ciing dwoc thé hién trén
hinh 8.
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Hinh 8. So @6 khoi nguyén 1y diéu khién
4. KET QUA KHAO SAT
4.1 Phuwong phap thong thwong

Két qua khao sét ciia phuong phap thong
thuong khi chua xem xét dén thanh phan thir
tu nghich duoc thé hién trén hinh 9 dén hinh
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Hinh 9. Di¢n ap va dong dién 3 pha ngo ra
nghich luu khi khéng tach thanh phan ther te
nghich
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Hinh 11. S6ng hai dong di¢n
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Hinh 12. Dong dién dat cuia phuwong phap
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4.2 Phwong phap dé xuat
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Hinh 13. Cac tham s¢ wéc long khi tach
thanh phan thi: tir nghjch
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Hinh 14. Dong dat ciia phirong phdp dé xudt
SV G vAvAY

M&W&W&W&Wwfxfxfxfxﬂ

0.35

Vabc (V)

Iabc (A)

(b)
Time (s)

Hinh 15. Di¢n ap va dong di¢n ngo ra
nghich luu Cia phwong phap de xuat
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Hlnh 17. SOng hai dong dzen
4.3 Nhan xét

Cong suat dinh mac S caa bo nghich luu
duogc cai dat trong bai bao nay bing 20kVA
twong (ing Vi dong dién dinh dinh mic moi
pha bang 41A.

Khi xay ra su ¢6 mat can bang dién &p
tai thoi diém 0.3s, trong phuong phap truyén
thdng, vi xuat hién thanh phan tha tu nghich
nén cac dai lugng udc lugng duoc ¢ hinh 3
chtra thanh phan dao dong dang ké. Piéu nay
lam cho viéc tinh toan dong dién chuan &
hinh 12 ¢6 dinh bi vuot qua dinh muc 1én d&én
70A nén sé lam hong linh kién cua nghich
lvu. Thém vao do, dong dién ngd ra cua
nghich luu ndi lugi ¢ hinh 9(b) sau thoi diém
0.3s bi méo dang dang ké c6 THD Ién téi
26.38% ¢ hinh 11, mic du c6 thé phat cong
suat tac dung ¢ mue cao nhu hinh 10. biéu
nay that sy khong can thiét, vi su ¢b dién ap
méat can bang thuong chi dién ra trong ngan
han.

Trong khi d6, két qua khao sat cua
phuong phap dé xuat ¢ hinh 13 dén 17 cho
thiy dong dién ciia nghich luu ndi ludi khéng
vuot qua gia tri dinh mic nén dam bao cac
linh kién ban dan cong suat khéng bi hu hong.
Diéu nay c6 duoc la nhd vao viéc tach cac
thanh phan dién ap thu tu thuan va nghich
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ctia phuong phap dé xuat gidp cho cac tham
s6 woc luong dugc cua vong khéa pha & hinh
13 c6 d6 chinh xac cao do khong chwra céc
thanh phan dao dong. Hon nira, phuong phap
tinh lai cong suat dinh muc dé xuat da giam
theo bién d6 dién ap udc luong dugc khi co
su ¢b mat can bang. Viéc nay lam cho dong
dién dat ¢ hinh 14 c6 do can bang va khéng
vuot qua dinh muc. Vi vay, dong dién dinh 3
pha ngd ra cua by nghich Ivu ¢ hinh 15(b)
sau thoi diém 0.3s chi xap xi dinh muc, gidp
dam bao an toan cho linh kién ban dan cong
suat bén bi trong van hanh.

Ngoai ra, cong suat phat vao ludi ciing
dugc thé hién ¢ hinh 16 va THD dong dién ¢
hinh 17 cho thiay d6 méo dang rat thap ¢ muc
4.5% va nho hon tiéu chuan ndi ludi qui dinh
cua qubc té (thuong bing 5%).

5. KET LUAN

Trong van hanh nghich luu ndi ludi, khi
O sy €O mat can bang di¢n ap xay ra, cac
phuong phap diéu khién truyen thong khdng

nhan biét sy xuét hién caa thanh phan dién ap
th tu nghich 1am cho cac tham sé wdc luong
dugc cua vong khoa pha bi sai léch do co
chtra céc thanh phan dao dong.

Bai b4o nay dd dé& xuit mot phuong phap
xac dinh cbng suit dinh mac cua cac bod
nghich Iuu ndi ludi van hanh trong didu kién
mat can bang dién ap ludi sir dung ky thuat
tach thanh phan thir tw nghich bang bé loc hé
s6 phtc. Piéu nay giup cho dong dién cua
c4c linh kién ban dan cong suat caa nghich
luu khong vuot qué gidi han dong dién dinh
mtrc dé linh kién khong bi hu hong.

Két qua khao sat da khang dinh tinh higu
qua cua phuong phap dé xuat so voi phuong
phap thong thuong hién nay.

LO1 CAM ON

Téc gia xin cam on sy hd tro thiét bi cua
phong Thi nghiém néng Iugng tai tao va hé
thong dién C201 Clua truong Pai hoc Su
pham Ky thuat Tp. Ho6 Chi Minh - Viét Nam.
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