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TOM TAT

Bai béo trinh bay gidi thudr diéu khién céc bé
nghich Leu két noi song song chia cong sudt P va
Q trong hé thong nang lwong hoat déng déc lap
Véi tai phi tuyén. Trong nhing hé thong nay, dé
nang cao thém trong viéc chia tai cong sudt P va
Q ciing nhir chat lwong dién ap, mét vong lap tre
khang do diroc thém vao trong hé théng dieu
khién trieot (droop control). Bai bdo dé xudt mét
dang trd khang do dwdi dang giai thugt tich phan

chung bdc hai (second-order general-integrator
- SOGI). Két qua mbé phong bang Matlab
Simulink cho thay kha ndng chia céng sudt P, Q
tot ciia mo hinh diéu khién dé xuat khi két noi véi
tai khong can bang va tdi phi tuyén, vdi viéc ap
dung gidi thudr dé xuat cho phép giam THD dién
dp dén 1.9% khi tai phi tuyén va 1.2% khi tai
khéng can bang so véi trirong hop sir dung so do
diéu khién truyen thang.

Tar khod: Cac bé nghich luu song song, Droop control, SOGIs, tré khang do, chia tdi.

1. GIOI THIEU

Hién nay, trén thé gisi nguoi ta da st dung
nhiéu cach dé cung cip ning lwong mot cach lién
tuc. Mét trong nhitng phuong phap doé la ding hé
thdng microgrid (Iudi siéu nho) hoat dong mot
cach doc 1ap hay két ndi lui ty vao nhu cau si
dung. Thém vao d6, dua trén cac tng dung dién tu
c6ng suit, microgrid thuong duoc sir dung khi két
hop cac ngudn nang luong téi tao, hé théng luu trir
ning luong. Hinh 1 thé hién mé hinh ludi dang

microgrid dic trung véi c&c ngudn ning luong
khac nhau.

Gia str, & mot khu vue ma ludi dién quéc gia
khong kéo téi duoc, can phai cung cip dién cho
khu vuc bi cach ly hay co dién nhung khong on
dinh, ta c6 hai hay nhiéu bé nghich Iuu ba pha
cong suat nhu nhau, két ndi song song véi nhau va
hoat dong nhue moét microgrid doéc lap. Cac bo
nghich Ivu dit cach xa nhau va cach xa ho tiéu thy,
can phai c6 bién phap dé hai bo nghich luu hoat
dong song song véi nhau dé bao dam tinh 6n dinh
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cua hé théng va gidp cho cac bd nghich luu khong
bi qué tai. Can c6 phuong phap diéu khién dé giai
quyét bai toan nay.

AC Bus

1

Hinh 1. M6 hinh luéi Microgrid véi cc ngudn nang
luong khac nhau.

Trén thé gisi, mot vai phuong phéap diéu khién
d4 duoc thyc hién dé dat dugc didu nay, nhu la
phuong phap diéu khién tap trung [1], phuong
phap diéu khién chinh-phu (master-slave) [2]-[4],
phuong phap didu khién sai léch cong suét [5],[6],
phuong phap didu khién mang ludi két ndi chung
[7], va phuong phap diéu khién truot tan sb va dién
ap [8]-[13]. Trong phuong phép cudi ciing, bo diéu
khién chi dua trén thong tin do luong tai cac bo
nghich luu, khéng can sy lién lac hay trao ddi
thong tin giita cac bd nghich luu ma van c6 thé
chia sé¢ dwoc cong suat P va Q déu nhau gitra cac
b6 nghich luu. Cong suét P va Q gitra cac bo déu
nhau, dan téi viéc kéo dai tudi tho cho céc thiét bi
khi chay tai nhe ciing nhu gitip cho hé thdng 6n
dinh. Do d6 tiét kiém duoc chi phi bao dudng thiét
bi va chi phi phét sinh khi can ting cong suat tiéu
thu, chi can b sung thém céc bo nghich luu co
cong suit twong twong, khong phai dau tur lai toan
bo hé thong.

Phuong phép diéu khién truot khong sir dung
giao tiép to ra phd hop trong truong hop nay khi
khong can sy lién lac hay trao d6i thong tin giira
céc bo nghich Ivu ma van ¢ thé chia sé dugc cong
suit P va Q déu nhau gitta cac bo nghich luu khi
ta du doan trude duoc cong suét tiéu thu cua cac
b6 nghich luu. Tuy nhién, mét trong nhiing nhugc
diém cua phuong phap diéu khién truot truyén
thong l1a kha ning chia cong suit s& kém di néu
téng cua trg khang ngd ra va tro khang dwong day
khong bang nhau. Dé giai quyét vin d& nay, cac
cudn cam cé thé dwoc thém vao gitra cac bo nghich
lru va tai, nhung chung kha nang va cong kénh
[14]. Nhu mét phuong phép thay thé, mét vong lap
tré khang ao dwoc cong vao dé cai thién do chinh
X4&c trong viéc chia tai [15], [16]. Nhung van dung
lai & dang cac bo nghich luu mét pha hay néu 1a
ba pha thi cdng suit van con thap, ding cudn cam
loc kha 16n, va tré khang duong day khéa nho khi
két ndi voi tai phi tuyén. Bai bao dé xuat md hinh
hai by nghich luu ba pha két néi song song véi mot
dang tr& khang ap dung giai thuat tich phan chung
bac hai (second-order general-integrator — SOGI)
nham giai quyét tot dé chia cong suat P, Q, THD%
ap khi str dung cuén loc nho va tré khang duong
day két ndi tai 16n hon. Hinh 2 thé hién mé hinh
nghién ciru cac bo nghich Tuu két ndi song song
v6i nhau trong bai bao nay.

DC { B}én
Tan 1

Tai

DC C{ B}én
Tan 2

Hinh 2. So d khdi md hinh nghién ctru
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2. PHUONG PHAP PIEU KHIEN TRUQT
(DROOP CONTROL)

Nguyén tic cia phuong phap diéu khién truot
truyén thdng cé thé giai thich bang cach xem xét
mot mach tuong duong cua mét VSI (Voltage
Source Inverter) [15] két ndi véi AC bus, dugc thé
hién ¢ hinh 3:

U0

I S=P+jQ

Hinh 3. M6 hinh don gian ciia b nghich luu két ndi
ludi

Nhu ¢ hinh 3, néu bé qua gon séng chuyén
mach va cé4c thanh phan hai bac cao, VSI c6 thé
dugc md hinh héa nhu mot ngudn AC, véi dién ap
EZ¢. Ngoai ra, gia dinh rang dién 4p AC cua bus
la U0 va tong tré dau ra caa bo chuyén ddi va
téng tro duong day dwoc gop nhu mot dong tro
khéang hiéu qua duy nhat Z£0. Khi d6 cong suat
AC chuyén dén bus duoc tinh nhu sau:

. UE u?
S=Ul =—/0-¢——~L0 1
7 ¢ 7 1)
UE u?

P=—cos(0 — ¢) ———cosb 2
5 (0 -9¢) 7 ()
UE . u? .

=—sin(0 — @) ——sino 3

Q 7 (60-9) 7 ®3)

Do dé, cong suit va cong suat phan khang
ciia bd nghich lwu cé thé biéu dién dwéi dang
sau:

UE U? UE . .
P =(—cos¢——)cos@ +—singsing
(—-cosgp-—) —-sing

(4)

UE u?, . UE .
=(——cos¢ ———)sin@ ———sin¢cosH
Q=( 5 ¢ 5 ) Z ¢
()

Phuong phap diéu khién truot dya trén hai gia
sur sau [17]:

Gia st 1: Néu tré khang duong day 1a thuan
tra, 6=0°. Thi:

P=%(Ecos¢—U) (6)

Q:—%Esingb (7

Gia sir 2: Véi ¢ la goc léch pha giira dién ap
dau ra bién tan va bus chung. Khi ¢ nho:

U
~—(E —
P Z( U) (8)

U
Q~ 3 = (9)

Suy ra, P~ E, Q = ¢. Do d6, chién lugc diéu
khién truot c6 dang:

E=E"-nP (10)
o=0"+mQ (11)
V6i E v o 1a bién d6 va tan sb dién ap ngd ra
cua bd nghich luu E'va ©* 13 bién d6 va tan sé
danh dinh cua dién ap ngd ra khi khong tai, va n
va m 1a hé sb truot bién do va tan s twrong Gng.

3. PIEU KHIEN CHIA CONG SUAT P VAQ
TRONG HE THONG MICROGRID

Hinh 4 thé hién duong dic trung phuong phap
diéu khién truot theo duong day két néi tai thuan
trg voi cong suat tic dung, va cong suat phan
khang dugc diéu khién doc lap bang hai duong
truot P va Q, vai m va n 1a hé s truot. Bo diéu
khién truot doc thdng tin tir diém két ndi va yéu
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cau cong suat tir hé théng dua vao dudng truot tinh
ra gia tri dat cho bo diéu khién zero [17].

o =0)*+mQ

B E=Enp
E ) ,
P Q
Hinh 4. Puong dic trung phuong phap didu khién
truot theo dudng day thuan tro.

Céac hé s6 m va n va duge xac dinh dua trén
cong suat dinh mirc va sai léch tbi da cho phép cua
tan s strc va dién &p. Vi duy, trong mot microgrid
v6i N nguon, m va n phai thoa man cac rang bugc
sau day [17]:

{ n1P1 = n2P2 =...=Ny PN = AEmax (12)

m1Q1 = szz == Mmy QN = Aa)max

Trong d6, Aomax VA AEmax 12 d6 léch toc do
goc va dién &p tdi da cho phép, Pi va Q; la cong
suit tac dung, cong sudt phan khang dinh muc
nguon thr i.

Trong quéa trinh hoat dong gan lién véi ludi
dién cua microgird, dién &p va tan s goc cua
nguon phai tuan theo ludi. Cong suat tac dung va
phan khang ngd ra tham chiéu cua nguon, cé thé
dugc diéu chinh théng qua E* va .

(13)

Microgrid bao gém nhiéu ngudn phat khac
nhau va mdi ngudn phat cung cap cong suat twong
g dua trén cong suat cuc dai cua né. Bo qua ton
hao cua tiéu thu, biéu thie phuong phap diéu
khién truot caa cac ngudn phat dua theo nguyén
tac:

S|_oad :SGl+SGZ +"'+SGi (14)

Trong do:
Sioad : €ONQ SUAL YBU cau.
Sei :cOng suat cua nguon phat thi i.

Tir biéu thuc (10) va (11) ta c6 thé khai trién:

VLl _Vrefl VLZ _Vrefz VLi _Vrefi
 oad = + ot

n, n, n,

(15)
Va
Qu = Wpery — WOy + Drerr — O _— Operi — W

m, m, m;

(16)

Céc nguon phat hoat dong trong microgrid
phai hoat dong & cling tam tan sb va dién ap truot
(Af va AV) dé dam bao 6n dinh va hoat dong &
cling tan s trong trang thai x4c 1ap (wref). Do d6
tir biéu thic (15) va (16) c6 thé két luan ring
phuong phap diéu khién truot c6 thé quyét dinh
phan cua cong suat cung cip bai cac ngudn phat
ra microgrid.

4.PHAN TICH THIET KE TRO KHANG AO
CHO THUAT TOAN SOGI PE XUAT

Tré khang ao la mot vong lap didu khién
nhanh, n6 tao ra mot dién ap roi ma khong giy ra
t6n hao cong suat P va Q. Tro khéang 4o thuong
duoc st dung cho viée diéu khién tro khéang ngd
ra bo nghich Iuu dé cai thién tinh 6n dinh, gisi han
dong, ting kha nang chia tai P, Q. Trong bai bao
nay, moét mé hinh tré khang ao duéi dang thuat
toan SOGI duoc trinh bay.

Ta s& xem xét mé hinh tich phan chung bac
hai (second-order general-integrator — SOGI) duéi
dang mot hé théng mot pha. Mé hinh SOGI dua
trén su cong huong tan sé c6 thé didu chinh, dugc
thuc hién boi bo tich phan ghép tang lam viéc
trong mot vong kin, nhu ¢ hinh 5. Cau tric nay
thuong dugc sir dung véi mot thuat toan FLL véi
dic tuyén ludi dé cung cip chinh xéac bién do va

Trang 19



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.K2 - 2015

g6c pha trong hé théng. Thém vao dé, né co thé
dugc thyuc hién dé dang va c6 uu diém vé kha nang
theo ddi tin hiéu nhanh chéng va chinh xac véi
viéc loai bo tin hiéu nhidu dau vao.

Hinh 5. So db khéi tich phan chung bac hai (second-
order general-integrator — SOGI).

i input

Hinh 6. Hai thanh phan dong ngd rais, ip cia SOGI vé6i
mot dong dién ngd vao cé nhiéu.

Nhu thé hién trong hinh 5-6, SOGI doi hoi
mét tin hiéu (i) va mét gié tri tin s6 (o) nhu dau
Vao va tao ra hai tin hiéu sin ¢ ngd ra (i, ig), Vi
cung bién dd dién ap (i), nhung 1é&ch nhau mat géc
90°. Ta lai c6, tin hiéu (i,) cing pha vai thanh phan
co ban cua tin hiéu ngd vao (i).

Ngoai ra, biéu thuc cua SOGI ¢6 dang la

i ks

* i( s? + kws + @* )
i kw?

F i( s? + ks + »° (18)

Bode Diagram

Frequency (rad/s)

Hinh 7. Biéu d6 bode ctia ham Hq(s) va Hy(s) voi
k=1

Trong cong thirc (17, 18), k 1a hé s cua hé
thdng vong lap kin. Biéu d6 Bode cua cac ham
chuyén d6i SOGI dugc biéu thi & hinh 7 véi
©=2m50 rad/s va k=1. Tir hinh ndy c6 thé thay rang
Ha(s) nhu mot bo loc théng dai, véi bang thong
duogc xac dinh bang k, trong khi Hs(s) nhu 1a b
loc théng thap. Cha v rang (i«(s)/ip(s) = w/s). Do
do, gia sir rang ngd vao (i) ¢ dang i(t)=Asin(wt)
ma (i,) theo thanh co ban cta ngd vao (i), ching
ta cd thé nai rang:

i, (t) = Asin(wt) (19)
i (t) =—Acos(wt) (20)

Véi A va o 12 bién do va tan s cua tin hiéu
ng0 vao tuong tng.

Do tré khang ao thuong cé dang néi tiép voi
tr& khang thyc duong day nén khi xem xét cong
thue (19, 20), tin hiéu ngd vao la dong dién i(t).
Do d6 dién ap roi tao boi tré khang ao sé co dang:

% 0= 2 Ri0 =1, W rjy )
=L, Acos(wt) + R, Asin(wt)
(21)
Hay
W () =-oLi; () +R, (1) (22)
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Trong do, Ry, Ly va Vy 1a dién tré ao, cudn
cam ao va dién ap tao bai tré khang ao.

Dua vao cong thuc (21, 22), do hé théng cua
ching ta 1a hé théng ba pha nén khi phan tich dang
af thi dién ap roi tao bai tré khang ao sé co6 2 gia
dién 4p roi tao boi 1, va I, ma trong mdi I, va lg
lai ¢d sy phan héa thanh a va B nhd, suy ra cdng
thiec mo ta dién ap roi trén tré khang 4o ba pha s&
c6 dang:

Vi (8) =V . (8)+ 1V, 4 (5))
=(R, + jaoL, ) (1,(s)+ jl,(5))
=(R, + jo, L, )[(1, () + jl, s (8)) + [ 5, () + jl 5 5 (S))]
(23)

5. MO HINH PIEU KHIEN

Hinh 8 minh hoa so d6 khdi bo diéu khién cho
céc bo nghich luu két ndi song song vai nhau trong
cling mét hé théng. Trong bd diéu khién bao gom
céc khdi:

ol L1

ES f\ 1 1 Puong day két
L¢ noi tai
L Y Y'Y Fal O "W\(\—} ..
oc () o Fomooon— | T
= = = v l I v A\ A\ A\ l I
I abc Vabc I abc_0
| SVPWM |
Vm,abc #
Kh61 (f) Iref'abc £ Vref,abc Kh61 (b)! (C)! (d) As
B6 Diéu Khoi (¢) Khoi (2) Vane

Khién

Dong Khién Ap

!

A A Droop Control . ;
B6 Dieu l_ & Virtual ‘Tmh Toan_

Impedance P&Q

r |

I abc

Hinh 8. So db khdi md hinh diéu khién chung va cac khéi nho bén trong, cho cac bo nghich Iuu két néi song song

trong hé thng ning luong.

+ Khdéi (a) tinh toan cong suit P, Q dang ba pha,
dién ap ngd ra (Vanc) sau tu loc va dong dién ngd
ra phia tai (lanc o) dugc st dung dé xac dinh cong
suét thuc va phan khang tirc thoi qua cong thirc:

P, =VI,

(24)
Q, = —VI,(-90°)

V6i Pi va Q; 1a cong suét thuc va phan khang
tirc thoi twong ung cua tung pha. Dich pha dong

dién (lane o) Mot g6c -90° trong yéu cau tinh cong
suit phan khang. Sau d¢, Pi va Q; duoc dua qua
mét bo loc thdng thap dé loai thanh phan dao dong.

Ed = Qu
Iabc_O

Vi LPF Pane
(a) Khéi tinh P va Q.
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+ Khéi (b) diéu khién tao dién ap roi Vy tir tro
khéng ao trong phwong phap dé xuit, dua vao

cbng thac (23) ta co dién ap roi dang off sau do
qua bo bién dbi ap/abe dé tao dién ap roi dang ba

v
'
e
=

<
v

:I-/F\’V »> OtB

d — VV,abc

pha Vv abc;
SOGI
abc Iu Iu
labc o — ™
af I
SOGI
Ig lg
N

abc
> 2 Vvg

v
Py
<

v

(b) Khéi tinh dién 4p roi tao bai tré khang ao theo md hinh tich phan chung bac hai (second-order

general-integrator — SOGI).

+ Khéi (c) diéu khién truot truyén théng dia trén + Khdi (d) két hop giita dién ap tham khao

cong thire (10, 11):

*

E

diéu khién truot va dién ap roi trén tré khéng 40
dé xuét tao dién &p tham khao Vet abe cho khdi didu
khién &p qua cong thuc (25):

Pa +
P + E ;
PS b ° m Vi a E, sin(ot) -V, ,

*

+

(O]
Q. 4t
Q b ®
Qi + °

Vi |= | Ensin(ot =120°) =V, , [ (25)
Vi o E, sin(wt +120°) -V,

(c) Khéi droop control truyén thing.
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Tro khang ao_SOGI

I abc_0

Tao
dién ap
® —> 3pha *

Em —
Vref,abc

(d) Khéi tinh dién &p tham khao cho b diéu
khién ép.
+ Khéi (e) diéu khién dién ap bang bo diéu
khién PI cho ba pha tao dong dién tham khao lref.anc
cho khéi diéu khién dong:

Vabc I abc_0

Vref abc *0O Pl Control O lrefanc

(e) Khéi diéu khién ap.

+ Khéi (f) diéu khién dong bang bo diéu khién
PI cho ba pha, tao dién ap diéu ché Vinapc cho bd
bién ddi SVPWM.

I abc Vabc

PI Control ©,

() Khéi diéu khién dong.

I refabc T 7 O Vm,abc

6. KET QUA MO PHONG

M6 hinh diéu khién dugc md phong bang
phan mém Matlab/Simulink, trong d6 thuc hién
diéu khién 2 bo nghich Iuu cong suat 4kVA voi
thong sé mo hinh dwoc trinh bay trong bang 1 theo
hai phuong phap: truyén théng va phuwong phap dé
Xuit trong 3 truong hop. Két qua mé phong dugc
so sanh danh gia va két luan.

Bang 1. Cac théng s6 co ban cua c4c bién tan.

w* | Tan s danh dinh 2n50rad/s 2n50rad/s
no|Heso dég"p bien | 1y 105vw 1X105V/W
m HE 50 2%00[) tan 1x10°Hz/Var | 1x10%Hz/Var
We Tan s cat 2n300rad/s 2n300rad/s
k H¢ sb SOGI 0.01 0.01
Vpoc | Dién &p ngd vao 600V 600V
L¢ Cudn loc ngdra 1mH 1mH
Cs Tu loc ngod ra 25uF 25uF
. Tré khang duong 1.1088+ 0.9240+
o day j0.029880 j0.024900
f; | Tansé dong ngat 10kHz 10kHz

Ky hiéu Tham sé Bién tan 1 Bién tan 2
N bién ap ngdra
E danh dinh 311V 311V

a) Trwong hep 1- Tdi tuyén tinh va can bang.
Két qua cho thay cong suat tac dung P, Q
dugc chia déu va d6 méo dang dién ap tai
hoan toan giéng nhau cho ca 2 mé hinh diéu
khién truyén théng va mé hinh dé xuat.

b) Truwong hep 2- Tai ba pha khong can bang.
Thong sé tai ba pha dugc trinh bay trong bang
2. Két qua mo phong chia cong sut P, Q duoc
trinh bay trén hinh (9, 10); dang dién ap tai va
phéan tich THD dién 4p dwoc trinh bay trén
hinh (11-14).

Bang 2. Cac théng s cua tai.

' Tai ba pha
h}i((i khong cé: bing Tl phi tuyén
A B c Diode
R 300Q 20Q 30Q 800
L 5mH 0 5mH 5mH
¢ 0 0 0 235UF
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Hinh 9. Cong suét P, Q tai phia tai cua hai bd nghich

luu theo phuong phap truyén théng.

Hinh 10. Céng suét P, Q tai phia tai ciia hai bo nghich
luu theo phuong phap dé xuit.

Hinh 11. bién ap pha va dong dién tai phia tai cta hai
b6 nghich luu theo phuwong phap truyén théng.

Hinh 12. bién ap pha va dong dién tai phia tai cta hai
b6 nghich lwu theo phwong phap dé xuét.

— FFT analysi

Fundamental (80Hz) = 304.5 , THD= 4.05%

-
in

=

Mag (% of Fundamental)

o
n

ahd L

0 1000 2000 3000 4000 5000
Frequency (Hz)

Hinh 13. THD% cua 4p pha tai phia tai cia mot bo
nghich lwu theo phwong phép truyén théng.
FFT analysis

Fundamental (50Hz) = 304.3 , THD=3.06%

=3 - o s -
™ = M B @3 @ N
T T T T T T

Mag (% of Fundameantal)

o
o

=
=

=
B

=

0 1000 2000 3000 4000 5000
Frequency (Hz)

Hinh 14. THD% cua ap pha tai phia tai caa mét bo
nghich lwu theo phwong phap dé xuét.

Nhéan xét: Truong hop tai ba pha khéng céan
bang, bién do dién ap ngd ra cua phuong phap
truyén thdng va dé xuit lan luot 1a 303.8V va
304.2V nam trong khoang sai s6 5% so véi dién
ap dat 311V - sut 4p trén duong day truyén tai;
THD% dién 4p phuong phap dé xuit (3.06%)
giam so voi phuong phéap truyén thong (4.05%);
cong suat P, Q ngd ra cua phwong phap truyén
thdng xét tai t=1.8s 12 P;=2400W, P,=2830W =>
IAP=430W, Q.=-120Var, Q,=-40Var =>
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|AQ=80Var; cong sudt P, Q ngd ra cua phuwong
phap dé& xudt xét tai t=1.8s la P;=2640W,
P,=2660W => |AP|=20W, Q:=-95Var, Q.=-85Var
=> |AQ[=10Var. Suy ra phuong phap dé xuét cho
két qua tét hon so véi phuong phap truyén thong
viéc chia tai P, Q va THD% dién ap tai .

¢) Trwong hep 3- Tdi ba pha khong can bang
va phi tuyén. Thong sb tai ba pha duoc trinh bay
trong bang 2. Tai duoc sir dung la bd chinh luu 3
pha khong diéu khién. Két qua mo phong chia
cong suat P, Q duoc trinh bay trén hinh (15, 16);
dang dién ap tai va phan tich THD dién ap duoc
trinh bay trén hinh (17-20).

Hinh 15. Céng suét P, Q tai phia tai ciia hai bo nghich
luu theo phuong phap truyén théng.

Hinh 16. Cong suét P, Q tai phia tai ciia hai bo nghich
luu theo phuong phap dé xuit.

iﬁ“% K FRK S AT
AN ARV
T \w [ 7 \ wf SRS ,\\w/‘w;

J\ﬂ M AV
ﬂv\ﬁ U N f '?._” M”w

Y JJ/

ﬂ:ﬂ_
Hinh 17. bién ap pha va dong dién tai phia tai cta hai
b6 nghich lwu theo phwong phép truyén théng.
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Hinh 18. bién ap pha va dong dién tai phia tai cta hai
b6 nghich lwu theo phwong phap dé xuét.

— FFT
Fundamental (50Hz) = 305.6 , THD= 6.42%
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Hinh 19. THD% cua 4p pha tai phia tai cia mot bo
nghich luu theo phwong phép truyén théng.
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— FFT analysi

Fundamental (50Hz) = 303.7 , THD=4.75%
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Hinh 20. THD% cua 4p pha tai phia tai cia mot bo
nghich luwu theo phwong phap dé xuét.

Nhén xét: Truong hop tai phi tuyén, bién do
dién 4p ngd ra cua phuong phap truyén théng va
dé xuat lan luot I 305.2V va 303.6V nam trong
khoang sai s6 +5% so véi dién ap dat 311V - sut
4p trén duong day truyén tai; THD% dién ap
phwong phap dé xuat (4.75%) giam twong ddi so
v6i phuong phap truyén thong (6.42%); cong sut
P, Q ngd ra cua phuong phap truyén thong xét tai
t=1.8s la P;=1450W, P,=1700W => |AP|=250W,
Q1=-200Var, Q,=-120Var => |AQ|=80Var; ; cong
suit P, Q ngd ra ciia phuong phap dé xuat xét tai

t=1.8s la P;=1570W, P,=1600W => |AP|=30W,
Q1=-200Var, Q,=-150Var => |AQ[=50Var. Suy ra
phuong phap dé xuét cho két qua tét hon so voi
phuong phap truyén thdng viéc chia tai P, Q va
THD% dién ap tai.

7.KET LUAN

Bai bao d4 trinh bay hé thong diéu khién truot
(Droop control) ¢ két néi véi mét tra khang ao
duoc tao SOGI. Bai bao m6 phong hai bo nghich
lru cing cong suat két ndi song song chay ciing
mét loai tai cho thay dung phwong phéap diéu khién
dé xuat, droop control c6 vong lap tré khang 4o
dang SOGI cho két qua tdt trong viéc chia tai cong
suit P, Q, cai thién dang ké d6 méo dang dién ap
tai THD% so v6i phuong phép truyén thong.

Theo két qua méd phong véi phuong phap diéu
khién dé xuit dién ap ba pha trudc tai chi bj sut
giam khoang 7V (=2.1%) trén duong ddy nam
trong khoang tiéu chuan cho cho phép +5%, cho
thdy uu diém vuot troi cua giai thuat diéu khién
dé xut.
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The new power sharing method for three-

phase parallel inverters with nonlinear

loads

e Le Minh Phuong
e Le Tan Dai
¢ Pham Thi Xuan Hoa

Ho Chi Minh City University of Technology, VNU-HCM

ABSTRACT

This paper presents a new method for
controling parallel inverters to share active
power and reactive power in the energy system
with non-linear loads. In these systems, the
virtual output impedance is usually added to the
control loop of each inverter to improve the
active power and reactive power sharing as well
as the quality of the voltage system. Paper also
proposes a kind of virtual impedance as a

second-order general-integrator (SOGI) scheme.
The simulation results in Matlab Simulink show
the ability of the proposed controller to good
share power P-Q, when connected with
unbalanced and nonlinear loads. By using the
proposed algorithm allows to reduce the voltage
THD to 1.9% and 1.2% for unbalanced and
nonlinear loads according by comparision with
traditional control scheme.

Keywords: parallel inverters, Droop control, second-order generalintegrators (SOGIs), virtual

output impedance, sharing power.
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