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TOM TAT

Trong bai nay da dé xuat mot phuong phép nham tiang d6 chinh xac cia viéc chia sé cong suat
phan khéng cho cac bo nghich luu mac song song trong microgrid, phuong phép nay dwoc thuc hién
bang cach tu dong diéu chinh cac gia tri cua tro khang do dé diéu chinh dién ap dau ra cua bo nghich
lwu. Cac tro khang 4o duoc tu dong diéu chinh dé bl cho sy khac biét vé dién ap dau ra cua cac bo
nghich lwu do anh huéng cua tré khang duong day. Dién ap dau ra cia bo nghich luu s& duge didu chinh
thich ung theo sy thay ddi cua tai, phwong phap nay giup cai thién dang ké do chinh xéc trong viéc chia
sé cong suit phan khang cho cac bo nghich lwu, dam bao sy 6n dinh cua dién &p va tan sb trong
microgrid. Phwong phap didu khién don gian va khdng can biét thong so tro khang duong day. Tinh kha
thi va hiéu qua ciia phuong phap dé xuat dwoc chitng minh bang céc két qua mé phong.

Tur khoa: Tro khéng 4o, chia sé cong suat, diéu khién dién &p, bo nghich luu két néi song song.

1. PAT VAN PE

Microgrid bao gom mét h¢ thong cac ngudn phat dién phan tan (distributed generation -DG), sir
dung céc ngudn ning luong tai tao nhu nang lugng mit troi, nang lwong gio va éc quy luu trir. Microgrid
cho phép cac DG hoat dong & ché d6 doc lap hodc dugc chia thanh lugi. Tuy nhién, vin d& diéu khién
céc Microgrids doc 1ap van con nhiéu thach thirc, chiang han nhu khé khén trong viéc duy tri can bang
cong suét va chia sé cong sut phan khang. Khi mot Microgrid dang hoat dong ¢ ché do doc 1ap, mdi
thiét bi DG c6 thé cung cp nang lwong twong (ng véi cong suit dinh mic cua no, dé dat duge diéu
nay, cac ki thuat didu khién droop tan sb va droop dién ap giam duoc st dung. Mic du ky thuat droop
tan s P/f 6 thé dat duoc sy chia sé cong suat chinh xac, nhung ky thuat dién ap droop Q/V thuong cho
két qua khdng chinh xac trong viéc chia s¢ cong suat phan khang do su khéc biét vé tro khang cua cac
don vi DG va ciing do su khéc biét vé cong suat dinh mirc caa cac don vi DG. Da c6 mot s6 nghién ciu
cai tién phuong phap droop dé loai bo anh huong cua tro khang duong day dbi vai viéc chia sé ning
lwong cho céac bo bo nghich luu dwoc két ndi song song trong Microgrid [1-7].

Trong trudng hop tong quét (tro khang dudng day co ca X va R), ¢6 cac nghién ciru vé droop tong
quat, cac nghién ciru ndy sir dung phuong phap bién di hé truc toa d6 ao dé chuyén ddi vé mét trong
hai dang: Droop P'/f va Q'/V hoic Droop P /V va Q'/f. Phuong phap nay c6 uu diém Ia thyc hién don
gian, linh hoat, diéu chinh di¢n 4p va tan s thong qua dieu chinh ca cng suat tac dung va phan khang
nén thyuc té hon va cho dap mg dong tét hon so véi phuong phap Droop truyen thong Nhugc diém
chlnh ctia phuong phap nay 1a bi anh huéng boi cac tham s6 dong va tham sé can biét dau tién 1a tham
sé dong [1, 2].

Mot s6 nghién ctru da dé xut diéu khién Droop két hop véi tro khang do dé cai thién viéc chia sé cong
suét tac dung va phan khéang [3-6], tré khang ao cho phép diéu chinh dién 4p dau ra tham chiéu cua bién tin
dua trén dong dién dau ra phan hdi nhan véi tré khang 0. Tuy nhién, trong phuong phap nay can phai biét
truéc thong sé tro khang dudng day dé chon tré khéng o.

~ Mot nghién ciru gan day da dugc trinh bay trong bai béo [8], trong do trinh bay tong quan vé cac
chién lugc dieu khién chia s¢ cong suat phan khang khac nhau cho cac DG trong Microgrid doc lap.
Nhiing uu diém va nhugce diém cua c&c chién lugc diéu khién chia sé cong suat da duoc so sanh dé danh
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gi4 uu va nhuoc diém cua ching. Két qua phan tich so sanh nay cho thay rang tat ca cac phuong phép
méi déu cai thién ky thuat cé dién, hiéu suat cia cac phuong phap ndy thay dbi dang ké. Tuy nhién, két
qua md phong cho thdy cac phuong phap nay gap phai mot s6 van dé nhu do nhay cao dbi véi cac tham
s6 tro khang duong truyen trong microgrid. Ngoai ra, qué trinh diéu chinh va d6 6n dinh cua hé théng
bi anh huong rat nhiéu boi tham sé cua bo diéu khién. Két qua chinh cia sy so sanh nay la cac phuong
phap mai déu 1a nhiing cai tién so véi ky thuat droop truyén théng, nhung cac thong sé co tac dong Ion
dén hiéu suit cua phuong phap. Trong s6 d6, phuong phap diéu khién dua trén k§ thuat droop da duoc
sir dung rong rai dé diéu khién P/f trong céc tng dung thuc té nho hiéu qua tét caa né. Tuy nhién, viéc
&p dung k§ thuat droop dé chia sé cong suat phan khang c6 mot sé nhuoc diém nhu chia sé cong sut
phan khang khdng chinh xac, tiém an mat 6n dinh do tuan hoan cang sut phan khang. Do do, van dé
thiét ké bo dleu khién Q/V hiéu qua dé diéu chinh dién &p va chia sé cong suat phan khang cho luéi dién
siéu nho van 1a mot bai toan mé can duoc tiép tuc nghién ctu va tim hiéu.

Trong bai ndy, mot bo didu khién droop két hop vai tré khéng 4o thich ung duoc dé xuat, trong
d6 cac gia tri dién tro va dién khang cua khdi trg khang 4o thich tmg dwoc tu dong didu chinh dé thich
g voi do léch cua trg khang dwong truyén tir b nghich luu dén diém ghép ndi chung (Point of
common coupling - PCC). Khi d6 dién 4p dau ra cua cac bo nghich luu ciing duge didu chinh twong
tng dé bu lai sy sai léch d6. Phuong phap diéu khién don gian va khdng can biét cac tham sé cua tré
khang dudng day, phuong phap nay gilp cai thién dang ké do chinh xéac cua viéc chia sé cong suit phan
khang. Viéc chia s¢ cong suét chinh xac cho cac bd nghich luu s& dam bao su 6n dinh cua dién ap va
tan so trong microgrid.

Phuong phap dé xuit trong bai ndy c6 thé loai bo nhirg nhuoc diém cua phuwong phép tré khang
4o thong thuong.

Trong tam cua bai viét nay 1a cai thién d6 chinh xac cua viéc chia s¢ cong suat va chi cac tai tuyén
tinh dugc xem Xét.

Point of Common
Coupling (PCC)

B0 nghich luu
(DG1)

B¢ nghich luun Vece

(DGn)

Hinh1. Microgrid bao gdm n b nghich luu dugc két ndi song song théng qua mét bus AC chung
2. BO PIEU KHIEN PE XUAT

2.1. Phwong phap droop truyén théng

Hinh 2. So d trong dwong ctia bd nghich luu két ndi vai tai

Theo Hinh 2, cdng suat tac dung va phan khang do bg nghich luu cung cip dugc tinh nhu sau:
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v
P= R2 X2 [R(V VPCCCOSS)-FXVPCCSIHS] (1)
\'%

Q R2 X2 [ RVPCCSIHS+X(V VPCCCOSS)] (2)

Khi gdc & nho va X>>R, phuong trinh (1) va (2) dwgc viét lai nhu sau:
- XP 3)

~ VVeee

V-Vpcc=— 4

pecE 4)

Biéu thuc (3) va (4) cho thay rang tan s phu thudc vao cong suat tac dung P va do léch dién ap
phu thugc vao cong suat phan khang Q. Tir biéu thuc (3) va (4), chung ta c6 thé két luan rang dién &p
dugc dicu khién bai Q va tan s6 1a do P diéu khién. Do d6, dic tinh droop P/f va Q/V dugc st dung theo
biéu thuc (5), (6):

® = 0g-m,P ©)
V=V,-m,Q (6)

Theo tai ligu [2], hé s6 do doc my va mq duoc chon theo do léch dién &p va tan s6 cho phép so véi
dinh muec:

m.= ®0-Omin . _ VO'Vmin
P > g
Pmax q Qmax

Phwong trinh (1) va (2) chi ra rang mot sy thay doi rt nho trong tré khang duong dy sé co tac
dong rat 16n dén cong suat phét ra cia bo nghich Iuu. Két qua phén tich va md phong trong nghién ctu
[5] cho thay tro khang cua duong day cap hay tro khang cua duong day trén khong it anh huong dén
cong suat truyén caa mot bo nghich luu riéng biét nhung lai c6 tac dong I6n dén nhiéu bo nghich luu
két ndi song song trong microgrid. Trong thuc té, microgrid bao gom cac bo nghich Iuu dugc két ndi
song song va két ndi véi tai théng qua mot dudng day dai, rd rang tré khang duong day anh hudng dang
ké dén chat lugng diéu khién ciia hé thong va co thé dan dén mat on dinh hé thng, sut &p boi cac tro
khéng gay ra sai léch trong diéu khién cong suat dau ra cia bo nghich lwu. Cac nghién ciu [1-15] da
cho thiy khi tat ca cac bo nghich luu két ndi song song dang hoat dong ¢ ciing tan sé & trang thai on
dinh, tr¢ khang duong day khong anh huéng dang ké dén viéc chia sé cong suat tac dung, nhung tré
khang duong day anh huong dang ké dén viéc chia s¢ cong suat phan khéang gitra cac bo nghich luu.
Diéu quan trong 1a néu céc bo nghich luu co cong suat dinh muc khéc nhau, thi tré khang duong day
phai duoc diéu chinh ty 16 nghich véi cong suat dinh mie trong tng cua cac bd nghich luu, khi dé viéc
chia sé cong suat méi dat dugc chinh xac. Nhung han ché cua ky thuat nay 1a can phai biét thong sé tro
khang duong day, ma thong sb tro khang dudng day thuong khong cé sin.

)

_ Vivay, bai nay s& dé xuét giai phap bd sai léch tong tré duong day bang céch sir dung mot tong tré do
gom Xv va Ry, trong d6 Xv va Rv ¢6 thé dicu chinh dugc, khi d6 d6 Iéch tong tre duong day sé dugce dicu
chinh cho sy chia sé¢ cdng suat tré nén chinh xac. Phuong phap nay khong can biét tré khang duong day.

Gia str ¢6 hai bo nghich Iuu duoc két ndi song song va chiing c6 so dd mach nhu trong Hinh 3.

Pi+jQ
X, R,
I ’W\—(\/\/\/
Vi v
B§ nghich luu AVy
1(DG1)
P+jQ, .
. Tai chung
X, R
N\ AN r
I \% - >
2
AV,
B nghich luu Vece
2 (DG2)

Hinh 3. Mach tuong dwong cia microgrid vai hai bo nghich luu mic song song
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Tir Hinh 3, dién 4p roi trén tré khang duong day 1va 2 c6 thé dugc viét nhu sau:

Avlz—PlRl\tleXl ®)
AV~ P,R,+Q, X, ©)
Vo
V=V, +AV, (10)
Vo=V, tAV, (11)
Céc phuong trinh (8) dén (11) da chi ra diéu kién chia sé cong suat ding cho cac bo nghich luu la:
AV,=AV,
Hay noi cach khac, diéu kién chia sé cong suit dung cho cac bd nghich luu 1a:
P, Ry
PR=P,R, |P, R,
lox-ox.=>10, x, (12)
Q X
Gia str rang, ta goi su khéc biét vé tro khang dudng day gitra hai bo nghich luu 1a:
AX=X,-X,
AR=R,-R,

Trwong hop 1:
Néu bo nghich luu 1 va bd nghich luu 2 ¢6 cling ¢6ng suat dinh mirc
P1am = Paam thi diéu kién chia sé cong suat diing cho hai bo nghich luu la:

{R1:R2

X=X

Diéu d6 ¢6 nghia 1a tro khang cua hai duong phai gidng nhau va AR = 0, AX=0
Trwong hop 2:
Néu bo nghich Iuu 1 va bd nghich luu 2 ¢6 ¢éng suat dinh mirc khéc nhau (Hinh 4)

Pi+jQ
AN X, Ry
/
AN — Y e AN
AX AR Xz R,
\% -
B6 nghich luu ' AV,
1(DG1)
PAQ
2_11 Tai chung
Xz Rz
I Y A A7 r
-
V2 AVZ
B¢ nghich luu Vecc
2 (DG2)

Hinh 4. Mach twong duong ctia microgrid véi hai b nghich luu khac nhau

Padm = 2P14m thi diéu kién chia sé cong suat dung cho cac b nghich luu la:
{RIZZRZ {AR:Rz
X,=2X, — |AX=X,
Va ddng thoi cac hé sb droop my va mg phai dwoc chon sao cho:
{mp1:2mp2
mq1=2mq2

Khi d6 thi s& cho két qua chia cong suit nhu sau:
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AVIZAVZ = Vl:VZ = Q2:2Q1 va P2:2P1
Diéu d6 c6 nghia la diéu kién dé chia s¢ cong suét chinh xc giira cac bo nghich luu 1a tror khang
duong day phai ty 1€ nghich véi cong suat dinh mac caa cac bo nghich luu twong ng.

Truwong hop tong quat:
Néu bo nghich Iuu 1 va bd nghich luu 2 ¢6 ¢éng suit dinh mirc khéc nhau
Padm = NP1am thi diéu kién chia s¢ cong suat ding cho cac bo nghich luu Ia:

{Rlanz AR=(n-1)R,

X;=nX, 7 |AX=(n-1)X,

Va dong thoi cac hé sb droop my va mg phai duoc chon sao cho:
{mplz n mp2
mq1= n qu
Khi d6 thi s& cho két qua chia cong suat nhu sau:
AVIZAVZ = V1:V2 = szan va P2=nP1
Dé xay dung h¢ théng diéu khién chia cong suat cho cac b nghich luu két ndi song song trong
microgrid, truac tién can phai xay dung mo hinh diéu khién cong suat cho mét bd nghich luwu trong
microgrid.

Bo nghich luu C C PCC
Rm Ln | Tal [ L Ri i

. e e Téi chung
o e

5 U Vel
Bj diéu v B} diéu
khién dong <_@‘_ khién dién e—

dién ap

Virer B4 diéu khién

droop két hop Tinh toan

3 A - A A i

Phat dlghl;éa:lp tham | _ V6i tré khing co:,laglil:at - 12
2 P 0 -V,
4o thich img thong thip cl

A A
deé xuat

Hinh 5. So d6 khéi cua b diéu khién d& xuit cho mot bo nghich luu

So dd khdi ciia mé hinh diéu khién cong suat cho mot bo nghich luu dwoc thé hién & Hinh 5 gom c6:

e Vong diéu khién bén ngoai 1 vong diéu khién cong suét droop két hgp vai trer khang 4o thich
ung dugc dé xuat dé dieu khién cdng suat phat cia cac nguon (cac bo nghich Iwu-inverter).

e Vong diéu khién bén trong 1a vong diéu khién dong dién (current control) aé diéuwkhi‘én dong
dién ¢ ngd ra cua bo nghich luu (i) va vong dieu khién dién ap (voltage control) dé diéu khién
dién &p ¢ ngd ra cua bd nghich luu sau khi loc (Ve).

e B diéu ché vec to khong gian (modulator) dé tao ra dién &p 3 pha & ngd ra caa bo nghich luu
3 pha (Vin\/).

2.2. B diéu khién droop két hgp véi tré khang 4o thich &ng dé xuit

Gia str ring chang ta goi su khac biét vé tré khang duong day gita hai bo bién tan 1a:
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{ARZRrR2 {RI:RZ-FAR
AX=X,-X, 7 X=X, TAX

P,R+Q, X, P R,+Q. X, P,AR+Q,AX __ __
AV1: 1™ Q1 1: 182 Q1 2+ 1 Q1 :AV1+5V1 (13)
Vo Vo Vo
Mt khac, dién &p tham chiéu & dau ra caa bo diéu khién droop c6 thé duoc viét:
Vier=VpectAV = Vi AV 48V (14)
Varer=VpcctAV, (15)

_ Gia sir chiing ta chon giai phap sir dung tro khang do dé loai bo sai s6 cia tré khang duong day
nham phan chia céng suat chinh xac cho cac bo nghich luu, khi d6 s& cé cac truong hop:
Néu P2dm=P1dm thi ta phai chon tré khang 4o sao cho Rv+AR=0 va Xv+AX=0 nhu Hinh 6.
Trong d6: Rv 1a dién tro do (Q), Xv= oLv 1a dién khang ao (Q)
{RV+AR:O {RV:-AR
X, +AX=0 ~ X, =-AX
Gia sir goi XZ va RE 14 tong tro trong duong cua cac dudng day sau khi thém vao cac tré khang
a0, theo Hinh 6 ta co:
Riz=Ryx {AV1=AV2 _
{X12=X22 = Vi=V, = QI_QZ
Vecc

Pi+jQq
—_—

Tai chung

B6 nghich luu Ve AV,
2 (DG2)

Hinh 6. M6 hinh microgrid véi hai bo nghich Iuu két ndi song song sir dung tré khang 4o

Néu P4m=2P14m thi chling ta phai chon tré khang 40 sao cho Ry+AR=R; va X,+AX=X, nhu trinh
bay trong hinh 6.
R,+AR=R, (R,=2R,-R,
{XV+AX=X2 = {XV=2X2—X1
R,;s=2R. AV ,=AV
b ={ v = e
Trong truong hop tong quét, néu P2dm= nP1dm thi ching ta phai chon trg khang ao sao cho:
R, =nR, — R,
{Xv =nX; — X,
. ~A L N mplznmpZ
Va céc hé s6 droop mp va mq duoc chon: {mqlznqu
Gia str rang chon dugc cac tro khang a0 théa mén cac truong hop da phan tich & trén, khi d6 ta s&
c6 két qua:
Vlref = Vpcc+AV
V2ref = Ve tAV

pee

AV 1 :AV2 =AV= {

Diéu d6 c6 nghia la do lech sut ap do do léch cua tré khang duong day da duoc bu, khi d6 dién ap
¢ dau ra cia b nghich luu 1a V,=V,=V . +AV va cong suat phan khang ctia by nghich luu dugc phan
chia chinh xac theo ty 1¢ cong suat dinh mirc cua chdng.
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Tuy nhién, viéc lya chon tré khang ao dap (g céc truong hop da phén tich ¢ trén la rat kho khan.
Boi vi gia tri chinh xac cta tham s6 duong day la khong co san. Mt khéc, cac thong s6 duong day co
thé thay doi tuy theo nhiét o va cau trdc cua microgrid. Nguyén nhan khién thdng so tré khang duong
day trong microgrid bi thay doi:

Thay déi cau trdc microgrid:

Khi ching ta thay doi cau triic cua microgrid dé dap (ing nhu cau sir dung di¢n hogc khi tam phu
tai thay doi, ching ta co the di chuyén diém dau noi chung (PCC) ve gan tam phu tai; hodc khi chung
ta mo rong hodc sap xep lai nguon nang luong tai tao, chung ta thay doi vi tri cua cac bo nghich luu gan
hon v6i bus DC chung. Khi d6 tré khdng ctia cac duong day sé thay doi dang ke.

Anh huéng caa nhiét do dén dién tré day dan:

Dién tro dudng day luon thay doi theo nhigt d moi truong. Sy thay doi trj s6 cua dién tre tuyén
tinh va&i sy thay doi caa nhiét dg, khi nhiét d6 tang thi tri s6 cta dién tré tang va nguoc lai.

Vi vy, dé giai quyét cac vin dé kho khan trong viéc lya chon céc gié tri trg khang éo, bai nay da
de xuat mot phuong phap dieu chinh thich nghi cac gia tri tro khang do nhu thé hi¢n trong Hinh 7. Bo
diéu khién trong Hinh 7 bao gom bo diéu khién droop két hgp vai bo diéu khién thich tng céc tré khang
ao dugc dé xuat.

B¢ diéu khién droop két hep véi tré khang 4o thich g dwee dé xuat

Khéi diéu khién droop thuc hién chia sé cong sut giita cac bo nghich Iuu, khéi ndy hoat dong dya
trén phuong trinh (5) va (6).

Khoi tro khang o thich nghi 1a dé bl chénh léch dién ap roi cuia cac dudng day, khdi nay gitip
cho viéc chia sé cong suat chinh xac hon. Khoi nay dugc thiét 1ap nhu sau:

Dau tién, chiing ta chon cAc gid tri ban dau cho tré khang a0 Rv va Xv. CAc trer khang do nay dugc
chon theo cac yeu to nhu cong suat dinh mic cua by nghich luu, cdng suat tai, khoang cach truyen tai,
vat liéu day dan, v.v. C4c tro khang 4o nay sé tao ra dién ap roi trén duong day theo biéu thuc:

PR,+QX,
= 16
- (16)
Khéi tré khang 4o dé xuit:
Khéi tré khang ao dugc biéu dién theo cong thirc:
di,
Vao™ Z 12 =R 12+LV d (17)
Chiéu cong thuc (17) 1én hé toa do dqo:
ding
Vav=lpgRy+tL, —— e -iqoL (18)
. di,
quzlzquJ"Lv d +12d(DL (19)
Do dién cam Lv nhé nén bo qua thanh phan L, dlzc‘ va LV% nén cong thuc (18) va (19) cé thé
viét:
VdV:iZde'iZqu (20)
VqV:iZq Rv +i2dXV (2 1 )

Trong d6: Rv 1a dién tré do (Q) Xv= wLv la dién kh&ng ao (Q)
Khéi tro khang 4o dwoc thanh 1ap gom 2 cong thic (20) va (21).

Do céc thong sé chinh xéc cua tré khéang duong ddy khong dwoc biét. Do d6, viéc lua chon cac
gid tri ban dau cho tré khang 4o cling khong chinh xéc.
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Vi véy, dé bl sut 4p trén dwong day mot céch chinh xéc, budc tiép theo Ia thiét 1ap mot bién tro
(AZ), AZ nay nham muc dich diéu chinh gia tri tr¢ khadng ao da chon & trén.

AZ dugc thiét 1ap boi khau tich phan nhu trong phuong trinh (22). Phuong trinh (22) cho thiy AZ
duoc diéu chinh théng qua viéc diéu chinh cong suat phan 7khé}ng Q theo Q*, &tng véi mot gid tri Q va
Q* nao do thi mot gia tri “AZ” tuwong ng s& dugce dua ra dé diéu chinh bu cho sut ap trén duong day.

AZ=k, f (Q-Q")dt (22)

Trong d6: kp 1a hang s6 tich phan
p 0
o () N

Clarke |
Vref-q To the Voltage
Transform
i2a i2q | controller
—
iz | 30C
2, |
i dqo
I | i2d J
Vref-d /
&/
Q" AZ
S
mq
Q

I 'vo
Hinh 7. Bo diéu khién droop két hop vei tre khang ao thich tmg dwoc dé xuét

Bién AZ duoc diéu chinh dé thay ddi gia tri tro khang do nhu dé xuat trong bai nay. Dé dat dugc
diéu nay, mai bo nghich luu s& giri cong suat phan khang do duoc (Q) ciia né dén hé théng quan 1y nang
luong (energy management system -EMS). EMS tinh toan gia tri cong suat phan khang tham chiéu
(Qi*) (i = 1, 2,..n) cho mdi bg nghich luu dya trén cng suat dinh mirc cua b nghich luu va tong cong
sut tai (Q*) trong Microgrid. Theo d6, mdi bo nghich luu s& nhan gia tri cong suat phan khang tham
chiéu caa n6 (Q1*, Q2*, Qn*) tir EMS trd lai bo diéu khién trong Hinh 7 va diéu chinh cac tré khang
40 dé bu cho su chénh léch cua céc tro khang duong day. Khi phu tai thay d6i, gié tri cong suat phan
khang tham chiéu (Qi*) s& duoc diéu chinh twong tmg. Do d6, mdi DG s& sir dung cdng suat phan khang
tham chiéu (Qi*) dé diéu chinh cac tré khang 4o cua n6, Qi* s& 1a mot gia tri cong suat phan khang tham
chiéu ¢d dinh cho dén khi tong cong suat phan khéng cua phu tai thay doi. Do d6, mdi bo nghich luu s&
st dung cong suat tham chiéu Q* cua né dé diéu chinh thich ung AZ, sau d6 do léch cua tré khang
dudng day s& dugc didu chinh dé viéc chia sé cong suit tré nén chinh xac.

Truyén thdng khong duoc sir dung trong vong kin cua bo diéu khién chia sé cong suat, nhung
truyén théng duoc sir dung dé 1am gia tri tham chiéu cho cong suat phan khang Qi*. Do d6, do chinh
x4c trong viéc chia sé cong suat & trang thai xac lap s& khong bi anh husng bai do tré thoi gian trong
céc kénh truyén thong.

Muc tiéu cua b diéu khién khong phai la diéu chinh tryc tiép cong suat phan khang ma la diéu
chinh tr¢ khang do dé bu cho anh huong cua sy chénh léch ve tré khang duong day doi vai viee chia s¢
cdng suat phan khang.

2.3. Khdi tinh cong suit va lgc théng thap

Cong suét tac dung va phan khang do bo nghich luu tao ra dugc tinh toan trong hé toa do o tinh [8]:

3
p= E(iZaVca + iZBVCB) (23)
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3 .
q= E (12aVcB - IZBVccx) (24)
Cong suét tac dung va phan khang ¢ dau ra caa bo loc théng thap (LPF):
COC
P= 25
Sto, P (25)
S 26
“Ste, 9 (26)

2.4. Thiét ké bp diéu khién dién ap va dong di¢n

Inverter
Rf Lf iy iy L R
,_/\/v\/_/\ v w\/
+ C + +
J * Vinv ic Ve Vpec

Hinh 8. So 6 tuong duong ciia mot bo nghich luu duoc két ndi véi tai

Theo tai liéu [10-12], tir Hinh 8, ta c¢6 cac phuong trinh:

. . dVcd Al
11¢=gtC——-0Cv Hg=
dt
Aid+i2d—wCch+id (27)

s +Cchq+ C +.'_
llq_12q T WLV lq—

Al Hipg o CvgH, (28)
Trong do6:

Aid:kpv (V:d'Vcd)+kiv f(V:d'Vcd)dt (29)

O G ) [ 60)

Phuong trinh (27) dén (30) danh cho bo diéu khién dién ap.
ijq . .
Vinvd=L¢ a +Rlg-0L¢l g HVeg
:AVd-(OLfilq+VCd (3 1)

dll
_ q . .
Vinvg=L¢ O TRl tOL gtV

:AVq+OJLfi 1 d+ch (3 2)

Trong do6:
Avk (i grina) ke j (i} g-ing)dt (33)
Av=kpi (i1gi1g)+ki J (i1q-i1g)dt (34)

Phuong trinh (31) dén (34) danh cho bo diéu khién dong dién.
3. KET QUA MO PHONG

B¢ diéu khién dé xuét duge mo phong bing Matlab/Simulink, bo diéu khién nay thuc hién chia
cdng suat cho 2 bo nghich Iuu 4kVA, cac thong s6 cua bo diéu khién dugc trinh bay trong Bang 1.
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Bang 1. Bang théng sé md phong

Thong sé Gia tri Thong sé Gia tri
Ved (V) 600 fo (Hz) 50
Lt (mH) 42 S(kVA) 4
Rt (Q) 0,1 Vacp (V) 310
C (uF) 2,2 f,(kHz) 10
Tré khang cac duong day
Ly(mH) 2 R1(Q) 2
La(mH) 1 R:Q) 08

Tro khang ao

Lv(mH) 0.1 R/Q) 0.1

3.1. Trwong hep 1- Ti s6 cong suit dinh mic 1:1

~ Truong hop nay thyc hién chia s¢ cong suét cho 2 bo nghich luu véi ty 18 1:1 bang bé diéu khién
dé xuat. Két qua md phong chia sé cong suat va dién ap tai PCC duoc trinh bay trong Hinh 9.

P(W
3000 W)

—P1
2500 —P2

r

2000

1500

1000

500

0O 0.5 1 15 2 2.5 3 3.5 4 4.5 5

t(s) @
Q(Var)

2500

2000 — Q2]

1500

1000

500

OO 0.5 1 15

2 25 3 35 4 4.5 5
t(s) (b)
Vpcc(Voltage)

400
—Vpcce-d
—Vpce-q

300 [

200

100

0

100 0.5 1 1.

5 2 2.5 3 35 4 45 5
t(s) ©

Hinh 9. (a) Chia s¢ cong suét tac dung, (b) Chia s¢ cong suét phan khang,
(c) bién ap tai diém két ndi chung-VPCC
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3.2. Truong hep 2- Ti s6 cong suét dinh mirc 2:1

_ Trudng hop nay thuc hién chia s¢ cong suat cho 2 bo nghich luu véi ty 1¢ 2:1 bang bo diéu khién
dé xuat. Két qua mo phong chia sé cong suat va dién ap tai PCC duoc trinh bay trong Hinh 10.

P(W)
3500 :

3000 —P1f]
—P2

2500 ~ ~ A~

2000

1500

1000

500

qD 0.5 1 15 2 25 3

. 35
t(s) (@)
Q(var)

3000

2500

2000 —o1
. —Q

1500

1000

500

0 05 1 15 2 25 3 35 4 45 5
1(s) (b)

Vpcc(Voltage)

400
—Vpcc-d
—Vpcce-q

300 {

200

100

-1
000 0.5 1 1.

5 2 25 3 35 4 45 5
t(s) (©

Hinh 10. (a) Chia s¢ cong suat tac dung, (b) Chia s¢ cong suét phan khéng, (c) Dién ap tai
diém ket noi chung-VPCC

3.3. Truong hep 3- Ti s6 cong suit dinh mirc 1:1:1

_ Trudng hop nay thyc hién chia s¢ cong suét cho 3 bo nghich luu vai ty 16 1:1:1 bang bg diu khien
dé xuat. Két qua md phong chia sé cdng suat va dién ap tai PCC duoc trinh bay trong Hinh 11.

P(W)
2000 :
—P1
—P2
1500 — —P3]
1000
500
0
o 05 1 15 2 25 3 35 4 45 5
t(s) (@
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Q(var)

1600 —o
1400 —Q2
1200 — Q3
1000 S SRR TR
800
600
400
200

0 o5 1 15 2 25 3 35 4 45 5
t(s) (b)

Vpcc(Voltage)

400

—Vpcc-d
—Vpce-qy

300

200

100

0

1% 05 1 15

2.5 3.5 4 4.5 5

2 3
t(s) (c)
Hinh 11. (a) Chia s¢ cong suét tac dung, (b) Chia s¢ cong suét phan khang, (c) Bién 4p tai diém két ndi chung-Vecc

3.4. Trwong hop 4
Dé cho thdy hi¢u suét chia s¢ cong suat phan khang dugc cai thién, mot sé md phong da dugc thyc
hién véi cung tham s6 tré khang duong day cho bo diéu khién dé xuat va bo droop truyén thong.

Truong hop ndy thuc hién chia cong suat cho 2 b nghich luu véi ty 1€ 1:1 sir dung bo diéu khién
droop truyen thong. Thong so tro khang dudng déy trong truong hop nay giong nhu thong so tro khang
duong day trong cac truong hop trén. Cac két qua mé phong dugc thé hién trong Hinh 12.

P(W)

2500

2000

1500

1000

500

GO 1 2 3 4 5 6 7 8

2500

— Ql
2000 — Q2

1500

1000

500

0 1 2 3 4 5 6 7 8
1(s) (b)

Hinh 12. (a) Chia sé¢ cong suit tac dung, (b) Chia sé cong suét phan khang
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Hinh 9a, 9b, 10a, 10b, 11a va 11b cho thiy bo diéu khién dugc dé xuat cho két qua chia sé cong
suét chinh xéc véi ty 1¢ cong suat dinh muc ngay ca khi tai thay ddi, dap tng qua do va dap ung xac lap
clia n6 ciing rat tét va thoi gian trang théi 6n dinh duoc thiét lap som.

Nhur thé hién trong Hinh 12, khi tré khang ctia hai duong day khac nhau nhu trong bang 1, Hinh
12a cho thay viéc chia s¢ cong suat tac dung khong bi anh huong béi tro khang dwong day. Tuy nhién,
Hinh 12b cho thay viéc chia sé¢ cong suat phan khang khong dung vai ty 1¢ cdng suat dinh mirc cua cac
bo nghich Tuu. Néi cach khac, tro khang dudng day khong anh hudng dén viéc chia sé cong suit tac
dung nhung lai anh huéng rat I6n dén viéc chia sé cong suat phan khang, né ciing anh hudng dén sy 6n
dinh cua hé thong.

Hjnh 9¢, 10c va 11c cho thay bién d6 dién &p & tai nam trong giéi han cho phép so vai gid tri dién
ap chuan dinh mic la 310 V.

Hiéu suét ctia cc bo dieu khién dugc dénh gia bang ty 1¢ phan tram sai 1¢ch. D9 léch khi chia s¢
cbng suat phan khang dugc danh gia bang:

*

eqi%:Q % 00%
Q

Qi la cong suat phan khang do dugc ¢ dau ra cua bién tan i, Q. 1a cong suat phan khang mong
muén chia cho bién tan i.
Hiéu suat cia bd diéu khién droop truyén théng:

Hinh 12b cho thdy d¢ chinh xéc khi chia s¢ cdng suét phan khang ctia bo diéu khién droop théng
thuong 1a 19% d6i vaéi bo nghich luu 1 va -19% doi vai b nghich luu 2:

. Q- Q1 ., 17251450

eq% = 1 X 100% = — == x100% = 19%
1175-1450

g% = % Q2 x100% = —=0—x100% = -19%

2

Hiéu suat cia bd diéu khién dwoc dé xuit:

Hinh 9b cho thay d chinh xéc dé chia s¢ cong suat phan khang cia b¢ diéu khién dugc dé xuat 1a
0,24% d6i véi bo nghich luu 1 va -0,24% d6i véi bo nghich luu 2:

. Q- Q1 1243-1240

eq1 %= 1 X100%=——2=—x100% = 0,24%
Q,- Q2 1237-1240

eq%= X100%=—7-—x100% = -0,24%

2

Két qua md phong trén cho thy phuong phap diéu khlen dé xuét cho két qua tét trong viéc chia
sé cong suat cho phu tai va dam bao chét luong dién ap cung cap cho phu tai.

4. KET LUAN

Phuong phap diéu khién droop két hop véi tré khang do thich tng dé xuét da diéu khién chia cong
suét cho 3 bd bo nghich luu méc song song trong microgrid, phuong phéap diéu khién nay cho két qua
chia cong suit chinh xac cho cac b nghich luu két ndi song song trong microgrid doc 1ap, dam bao sy
6n dinh cua dién &p va tan sb trong microgrid. Phwong phap diéu khién don gian, dé thyc hién va khong
can biét thong sb tré khang duong day. Bo didu khién dugce dé xuit da cai thién nhirng thiéu sét cua bo
didu khién droop truyén théng, dap wng viéc ddng bo hda cac bo nghich luu trong microgrid doc lap.
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ABSTRACT

POWER CONTROL IN MICROGRID USING IMPROVED VIRTUAL
IMPEDANCE METHOD

Luong Tan Nhat, Le Khac Sinh, Pham Thi Xuan Hoa*
Ho Chi Minh City University of Industry and Trade
*Email: hoaptx@huit.edu.vn

In this article, a method is proposed to increase the accuracy of reactive power-sharing for parallel-
connected inverters in Microgrid, this method is done by automatically adjusting the values of the virtual
impedance to adjusting the output voltage of the inverters. The virtual impedances are automatically
adjusted to compensate for the difference in the output voltage of the inverters due to the influence of the
line impedances. The output voltage of the inverters will be adaptively adjusted according to the change
of the load, this method greatly improves the accuracy in the reactive power sharing the correct power
sharing for the inverters will ensure the stability of voltage and frequency in the Microgrid. The control
method is simple and does not need to know the line impedance parameter. The feasibility and
effectiveness of the proposed strategy are proven by simulation and experimental results.

Keywords: Virtual impedance, droop control, power sharing, voltage control, parallel inverter.
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