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TOM TAT

Bai bao d& xuat phuong phap diéu khién chia cong suét cho céac b nghich luu két ndi
song song trong microgrid doc 1ap. Phuong phép dé xuat bao gdm bo diéu khién droop két hop
VGi tré khang ao va dong thoi wdc tinh sut ap do tre khang duong day, nham cai thién dang ké
d6 chinh xac cho viéc chia sé cong sut phan khang. Anh huéng cua tai cuc bo dén viéc chia sé
cong suat phan khang ciing duoc xem xét trong bai bao. Tinh kha thi va hiéu qua cta phuong
phap dé xuat dugc ching minh bang cac két qua mé phong trén Matlab/Simulink.

Tir khéa. Didu khién chia cong suat, ludi sidu nho, két ndi song song cac bd nghich luu, diéu
khién droop, tro khang ao.

1. GIOI THIEU

Viéc chia tai cho cac bo nghich luu trong microgrid doc lap dang 1a van dé duoc quan
tam hién nay. Pé dat duoc diéu nay, ky thuat chia tai droop 1a mot trong nhirng phuong phap
chia cong suat phd bién vi n6 khéng can hé thong giam sat, linh hoat va dap tng dé dang khi
ma rong microgrid [1]. Twong ty nhu ludi dién, microgrid c6 duong day truyen tai va phan
phdi riéng, cap dién 4p trong microgrid la cap trung thé va cap ha thé. Cong sut truyén tai
trong hé théng thudng 14 nhé nén tré khang duong day s& anh huéng nhiéu dén hiéu qua cua
bo didu khién droop truyén thong va c6 thé dan dén mit on dinh [2]. Trong cac nghién ciru
ciia Molderink et al. cho thiy su khong can bang cua tré khang duong day va tré khang dau
ra cua cac bo nghich luu anh huong dang ké dén do chinh xac trong chia sé cong suat khang
vi mét can bang vé sut ap [3]. Hon nita, cac tai cuc b tai dau ra cua bd nghich luu ciing lam
anh huong dén do chinh xac trong viéc chia sé cong suat khang. Dé cai thién tinh chinh xéac
cho viéc chia s¢ cong suat khang, mot phuong phap diéu khién droop két hop véi bom tin
hiéu dién ap xoay chidu nhé vao hé théng duoc dé xuat [4, 5]. ]. Tuy nhién, phuong phap nay
$& ¢6 cac nhugc diém nhu: 1am phic tap viée diéu khién va c6 thé lam bién dang dong dién &
ngd ra. Mot phuong phap tré khang do dé giam thiéu sai léch trong viéc chia sé cong suét
phan khang dugc trinh bay trong cac nghién ciru cua Lasseter et al., Katiraei et al., Haichuan
Niu et al., do su sai léch vé tré khang ngd ra cua cac DG (Distributed generation), tré khang
4o dé khir di su sai léch trong viéc chia sé cong suét khang [6-8]. Tuy nhién, sy xuat hién cua
cac tré khang 4o c6 thé dan dén sy sut giam dién 4p ciia hé thong, vi vay khong dam bao cho
viéc diu chinh dién ap. Mot phuong phap droop mdi duoc trinh bay trong cac nghién ctu
cua Abusara & Guerrero et al., dé giam 15i chia s¢ cong suat khang, 18i chia s¢ c6 thé dugc
giam Xuong, nhung khong hoan toan loai bo va hiéu suét cai thién khong dang ké néu tai cuc
bo duoc két noi tai dau ra cua ting don vi ngudn phat DG [9]. Chién luoc diéu khién co st
dung bus truyén théng dugc trinh bay trong cac nghién ctu cua Lasseter et al., két qua c6 thé
dat dugc d9 chinh xac trong Viéc chia sé cong suat phan khang. Tuy nhién, truong hop bus
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truyén thong bi gian doan va anh huéng cia né dén viéc chia sé cong suit phan khang thi
khong dugce xem xét [6].

Bai bao nay dé xuat phuong phap diéu khién droop két hop tré khang 4o, dong thoi wéc
tinh sut ap do trd khang dudng day nham nang cao d6 chinh xac trong viéc chia sé cong suat
phan khang cho cac bo nghich luu két néi song song trong microgrid doc lap trong truong
hop tré khang duong day khong can bang va microgrid c6 tai cuc bd.

Céu hinh cua microgrid khao sat duoc thé hién trong Hinh 1. Cac bo nghich luu trong
microgrid duoc két ndi song song Vi nhau thong qua diém chung (PCC- Point of common
coupling). Microgrid gom cé n hé théng (DG1,..DGn). M&i hé thong DG gém cac ngudn
phat dién nhé (microsource) la: nang lwogng mat troi, gio, diesel,... ; hé thong tich trir nang
luong; va mot bo nghich luu giao dién véi ludi. Cau triic ndy c6 cac microsource két ndi voi
nhau trén bus DC cua bd nghich luu nham lam giam sé lwong bo nghich Iuu, nén giam chi
phi dau tu, thuan tién cho viéc diéu khién, 4c quy tich trit gitp 6n dinh dién 4p & ngd vao cua
bo nghich luu. Cau trac microgrid nay cho phép giam ton that trén duong day, nang cao hiéu
suat nguon phat va nang cao do tin cay. Microgrid bao gom céc tai cuc bg (local loads) dat
tai khu vuc gan cac nguon nang lugng va cac tai tap trung (public loads) dat ¢ trung tdm phy
tai cach xa nguén nang lugng vai tram met. Khi hé thong luéi cdng cong co sy cb, microgrid
bi ngat két ndi tir ludi va hoat dong trong ché @6 doc lap. O ché do doc l1ap, microgrid ngay
lap tc phai thuc hién chia céng suat cho cac bd nghich Iuu dé 6n dinh tan sé va dién ap.

Fm————————————
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Hinh 1. Cau hinh cua microgrid doc lap
2. PHUONG PHAP PIEU KHIEN PE XUAT
Co sé 1y thuyét caa phuong phap diéu khién @& xuat dugc hinh thanh trén co sé cua

phuong phap dr(’)op'truyén théng, dugc thanh 14p bang cach phan tich mach tuong duong ctia
b6 nghich Iuu két ndi voi tai dugc thé hién ¢ Hinh 2.
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Hinh 2.(a) So db phat cong suat cua mot bo nghich luu, (b) do thi vec to dong dién va dién ap
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Tur Hinh 2, c6ng sudt cung cap bai bo nghich luu duoc tinh:

V
P = RZ + X2 [R(V - VPCCCOS(S) + XVPCCSin(S] (1)
Q= BT x2 [—RVpcesing + X(V — Vpeccosd)] (2)
Tu (1) va (2) suy ra:
s _XP—RQ )
S WWee
RP + XQ
V - VPCCC056 - T (4)
Trudng hop duong day c6 X>>R va goc § nhé. Khi d6 cong thie (3) va (4) ¢ thé viét:
5o XP ]
~ Ve (5)
XQ
\V = Vece =~ 6)

Cong thirc (5) va (6) lan luot cho thay do léch tan sé phu thude vao cong suit tac dung
P va @6 léch dién ap phu thudc vao cong suit phan khang Q. Vi vay, dién ap ngd ra bo
nghich Iuu duge diéu khién boi Q, tin sé ngd ra bd nghich luu duoc didu khién bai P. Do do,
dic tinh cua droop P/f va Q/V duoc thé hién trong cong thirc (7) va (8):

w = wy —m,(Py — P) 7
V=V,—my(Q— Q) ®

Trong d6: P va Q lan lugt 13 cong sudt tac dung va phan khang do bo nghich luu phat
ra; Po va Qo Ian luot 14 cong suat tac dung va phdn khang dinh mtc; Vo va o 1a dién ép dinh
muc va tan sé goc dinh mirc cua ngudn va tai; V va o 1a dién ap va tan sé goc ¢ ngd ra cua
b6 nghich Iuu.

Hé sb droop m, va m, dugc chon theo d9 thay ddi dién ap va tan s cho phép so voi
dinh muc:

Wo — Wnin

M = Pmax_PO (9)
VO - Vmin

m, = — M (10)
1 Qmax - QO

0 Plmn Plmin Plma P L 0 Qimin Qmin Qimas Qmax. 2
(a) (b)

Hinh 3. D4 thi biéu dién duong dac tinh droop,
(a) Bic tinh droop tan s6 P/f, (b) Péac tinh droop dién ap Q/V
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2.1. Phan tich anh hwéng cua tré khang dwong day va tai cuc bd dén viéc chia
cong suat

Theo nghién ctru cia Mao et al., Kim et al., Rangasamy et al. va Made & Farhad, viéc
chia cong suét tac dung theo phuwong phap droop khong bi anh huong dang ké boi tai cuc bo
[10-13]. Tuy nhién, céc tai cuc b s& anh huong rat 16n dén viéc chia cong suat phan khang,
duoc thé hién & Hinh 4.

BudmngV/(Zkhi )
v khéng cé ti Buing ViZ)khi

iccal ) co tai local

Vo Budng droop
Vigy— — — —— =" - an
Vpec
Viden— —— —T — | —

Quecal | Chnayda i

Vimig —

0 Qoecaz Qiz Q Quez @
Hinh 4. Budng dic tinh cua dién 4p theo cong sut khang vai cac tai cuc b giéng nhau

V, 12 dién 4p tai diém chung PCC hay dién ap dinh muc chung caa microgrid.

Vo 1214 dién 4p dinh muc cia b nghich luu 1va bo nghich luu 2.

Qo 1214 cong sudt phan khang dinh muc caa bo nghich lwu 1va bo nghich leu 2.

Qo cuc bo12 12 cOng sudt phan khang dinh muc coa tai cuc bo 1va cuc bo 2.

Hinh 4 biéu din db thi chia cong suat khang cua hai bo nghich luu gidng nhau va

khang duong day gidng nhau, hai tai cuc b gidng nhau mac & ngd ra caa hai bo nghich luu.
Theo Hinh 4, ta cé:

Khi khong c6 tai cuc bo thi hé sb d6 déc cua duong dic tinh dién ap theo cong suit

khang cta b nghich Ivu 1 va 2 la:
V. -V
kqr2 = o1z 70 (11)
QO_lZ

Khi ¢6 tai cuc bo thi hé s6 6 ddc cua duong dic tinh dién ap theo cong suét khang cua

b6 nghich Ivu 1 va 2 la:
V0_12 - VO

koo = (12)
a2 Q0_12 - QO_locallZ

Vay, tai cuc bo da lam thay do6i dién ap & ngd ra ctia bd nghich luu, dién ap cua tai cuc
b bang véi dién ap dinh mtc chung cia microgrid hay dién 4p tai diém chung Vpc, tai cuc
bo 1am offset dién ap ngd ra cua cac b nghich luu dan dén lam thay d6i do6 déc duong dic
tinh dién ap theo cong suat khang va thay doi dién ap phat ra ca bo nghich luu. Cubi cing 1a
gdy ra sai léch cho viéc chia cong sut khang.

Trong trudng hop céc tai cuc bo khac nhau hodc cac bo nghich luu khac nhau, thi tai
cuc b s€ lam sai 1éch trong viéc chia cong suat khang.

130



Piéu khién chia cong suét trong microgrid doc |ap bdng phuwong phap droop cai tién

2.2. Phwong phap diéu khién dé xuit

v Vv2(X2)

Voo vi(X1)

Vo
Vo b=
V2
Vi
Vamin ‘*-
Vpee

Droop dién ap
Qa2

Vimin— +————|\g

Vmin - Droop dién ap

QN1

Vpee | ‘
0 QoiQo2 Qe Q: Qe

Q
Hinh 5. Pudng dic tinh cua dién ap theo cong suat khang vai hé sb o doc Kqi -

Thuat toan udce tinh sut ap dugc thanh 1ap dya vao cac duong dac tinh cua dién ap theo
cong suit khang thé hién & Hinh 5. Hinh 5 trinh bay db thj chia cong suat phan khang cua
mot microgrid trong trudng hop tong quat, microgrid véi hai bo nghich luu khac nhau va tro
khéang duong day khac nhau. Tt Hinh 5, ta c6:

Néu dién ap tai diém chung Vece < Vimin (dién ap cuc tiéu cho phép cua hé théng) thi
cong suét & ngod ra cua cac by nghich luu 16n hon cac gia tri cuc dai ctia nd: Q1> Qqmax Va
Q: > Qomax, trong truong hop nay cé thé dan dén cic bo nghich luu bi qua tai. Hon nita,
Vpce < Vinin thi khéng dam bao chat lugng dién cung cap cho tai.

Néu dién ép tai diém chung Vece > Vimin thi cong suét & ngd ra cua cac by nghich luu sé
nhé hon céc gla tri cuc dai cia nd: Q1 < Qmax va Q2 < Qomax trong truong hop nay thi viéc
chia cong suat duoc thyc hién tét va dam bao chat luong dién cung cip cho tai.

Néu dién ap tai diém chung Vpce = V thi cong suét & ngd ra cua cac bo nghich luu
bang Voi cong suat dinh mic cia né: Q; = Qo va Q, = Qpa, trong truong hop nay thi viéc
chia cong suat duoc thyuc hién tét va dam bao chat luong dién cung cap cho tai.

Mt khac, do chinh x4c cua chia cong suit khang trong micrgrid doc lap c6 thé duoc cai
tien bang cach thém vao hé so do doc cua duong dac tinh dién ap theo cong suat khang
A P s A JA L £ A A 2 A A -2 ,
kqi = Q—V va dieu chinh d¢ doc cua droop Q/V. Néu h¢ so do doc kg khong dugc diéu chinh
i

thi do doc duong dic tinh droop dién ap Q/V s& ¢b dinh. Piéu nay s& dan dén mot hoac nhiéu
bd nghich luu phét cong sudt vuot qua cong sut gigi han cuc dai. Trong khi Kqi €O thé dugc
xem xét dé quyét dinh d6 déc mong mudn cua dudng dic tinh droop Q/V cho mdi bd nghich
Iy, nham han ché nhiing rai ro bo nghich luu phai hoat dong vuot qua cong suat gisi han va
dién ap microgrid dudi gia tri toi thiéu cho phép, dong thoi nang cao d6 chinh xéc trong viéc
chia cong suat khang. Diéu nay c6 thé dwoc thuc hién bang cach két hop hé sb d6 déc Kqi vao
b6 diéu khién droop dién ap (Droop Q/V), duoc trinh bay nhu sau:

Néu dién ap tai diém chung Vpcc bang voi dién ap dinh mac caa microgrid, theo Hinh 5,
dién 4p ngd ra ctia mdi bo nghich luu twong tmg 1a: Vo Vo, khi d6 hé s6 do déc kg co dang:

Voi—Vo

ky = 13
qi 00 (13)
Hoic ta c6 thé viét:
Vo,i =V + kqi- Qo,i (14)
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Néu dién 4p tai diém chung Vpcc bang véi dién ap cuc tiéu caa microgrid, theo Hinh 5,
dién ap ngd ra cua moi b nghich luu twong ung 1a: Vimin Vamin, hé€ $0 d6 doc cua duong dac
tinh dién ap theo cong suat khang cé dang nhu sau:

k. = Vimin = Vimin

.= 15
“ Qimax ( )
Hoic co thé viét:
Vimin = Vinin + kqi- Qimax (16)
Hé s d6 dbc cua duong dic tinh droop Q/V tuwong g voi phuong trinh (14) va (16) la:
Voi = Vimin
my; = ——— 17
“ Qo_i - Qimax ( )
Phuong trinh droop Q/V tuong ung:
Vi=Vo;— mqi(QOi - Qi) (18)

ﬂ Thuat toan uéc tinh sut ap do tré khang bang cach két hop hé sb do déc Kqi vao ’bc} diéu
khién droop dién ap (droop Q/V) dé cai thi¢n do chinh xdc trong viée chia cong suét, duoc
thuc hién theo cac phuong trinh tir (13) den (18). Tuy nhién, thudt todn can phai xem xét va
diéu chinh lai trong truong hop microgrid c6 chura tai cuc bo.

He s6 do doc cua dudng dic tinh dién ap theo cong sut khang c6 thé dwoc viét mot
cach tong quat nhu sau:
Vi - VPCC Av
kg = ——2C = 19
1 Q; Q; (19
Trong d6: AV 1a do léch dién ap cho phép; Vi la dién ap tai ngo ra cta bo nghich luu i;
Qi 1a cong suat khang tai ngd ra ciia bo nghich luu i.

e Trong truwong hop microgrid c6 chira tai cuc b thi cac hé sé d9 doc dwoge didu chinh
theo cac cong thirc sau:
Hé sb do dbc cua duong dic tinh dién 4p theo cong suit khang khi c6 tai cuc bd c6 thé
duoc viét nhu sau:
Vi—=V, AV
kg = i PCC_ _ (20)
Qi - Qlocal_i Qi - Qlocal_i

Trong d6: Qiecar i 12 cOng sut khang cuia tai cuc bo.

Néu dién ap tai diém chung Vecc bang vé6i dién ap dinh mic cua microgrid, hé sé do
déc cta duong dic tinh dién ap theo cong sudt khang co dang nhu sau:

Voi = Vo
= —t 0 21)
a Qo,i - Qo,locali
Hoic c6 thé viét:
VO_i = VO + kqi' (QOi - Qolocali ) (22)

Néu dién ap tai diém chung Vpec bang véi dién ap cuc tiéu caa microgrid, hé sé do dc
cua duong ddc tinh dién 4p theo cong suat khang c6 dang nhu sau:

Vimin - Vmin
k.= (23)
« Qimax - QO_locali
Hoic ¢6 thé viét:
Vimin = Vinin + kqi- (Qimax - QO_locali) (24)
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Hé s6 do dbc cua phuong trinh droop Q/V tuwong tng véi phuong trinh (22) va (24) 1a:

Voi = Vimin (25)
My = ——————
? QO_i - Qimax
Phuong trinh droop Q/V tuong ung:
Vi = Vo.i — mgi(Qo, — Q) (26)

Trong trudng hop téng quat (co hay khong co tai cuc bg), thuat toan ude tinh sut ap do
tré khang dugc thyuc hién theo cac phuong trinh tir (20) dén (26).

So dd khoi cua bo diéu khién droop tré khang ao d& xuat dugc trinh bay ¢ Hinh 6.

- - - Y Y " /"
| r . | i
| | Pidu khién |
- | dong P — L¢ R¢ L R 1 PCC
| 4 ! Vong diéu khién PWM A ~
- | bén trong | C(~
[ [ r— Tai public
| ! Dlel,;lp(luen | Bo nghich luu 1 Ve }Tal locall
e h | |
_______________ -
[~ ———— = v |
| | Vong diéu khién
I e bén ngoai |
Tro khing do |
I B diéu khién i | | |
Ilrcr khang Ao d& 1 2
| xuit - |P/Q Tinh toan cong sudt va
, | Thust todn use tiah st | oc thong thip | |
ap
- - T -—-—-—_-_— Y Y Y " /"
r i
| | pidu khién |
S ,I dong L
—(+ _)‘" Vong didukhién Lol pym
~ | bén trong |
A

| [ bidu khién l
|L_*

Vong diéu khién
bén ngoai

I
Tré khang ao I
|

| I Bo diéu khién |
o khang o dé&
Ik EEe—
inh toan cong suat va
i Thuat loz’mruéc tinh sut I foc thong thp |
ap
d o . |

Hinh 6. So d6 khéi ciia bo diéu khién droop tré khang ao dé xuat

So dd khoi cuia bo diéu khien droop tré khang a0 dé xuét dugc trinh bay ¢ Hinh 6 gom
cac khoi sau:
2.2.1. Khai tré khdng o

Theo cac nghién cfry cua Anil Tuladhar, Guerrero & Vasquez et al., Guerrero & Loh et
al.,[14-16], tir Hinh 6 khoi tré khang ao dugc tinh nhu sau:

. . di,
Vio = Z30-1p = Ryiy + L,,E 27)
Chiéu cong thirc (27) 1én hé toa do dqO:

di,
Vgy = IqRy + Ly

d — ipqwL, (28)

di,
Vgp = lzqRy + L,

T 14 iyqwL, (29)
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Do dién cam L, nhé nén bo qua thanh phan L, % va L, L2q an cong thirc (28) va (29)

. L, dt
c6 thé viet:
Vap = l2aRy — i2¢Xy (30)
Vgy = l2qRy + 124Xy BD
Trong do: Ry 1a dién tré o (), X,= oL, la dién khang 4o ()
Khéi tré khang 4o duoc thanh 1ap gom 2 cong thirc (30) va (31).

Dién ap ngd ra cua khdi tro khang do va dién dp ngd ra cta khoi u6C tinh sut dp &
phuong trinh (26) s€ dugc dua dén bo tong trude khi dua vao bo dicu khién dién ap nhu &
Hinh 6.

2.2.2. Khai diéu khién dién dp va dong dién
Bo diéu khién dién ap va dong dién dugc thanh 14p dira vao so d6 Hinh 6.

Rf Lt 1 R L 12

i~

+ +

Vinv Ve=—C V1 Load

Hinh 7. Mach dién twong dwong mét pha ciia bo nghich Iuu két ndi véi tai

Trong do:
R la dién tro cta duong day ()
L la dién cam cta duong day (H)
Ry la dién tro cua tu loc ()
L¢1a dién cam cua tu loc (H)
Tir Hinh 7, ¢6 thé viét:

o dv,
diy .
Viny = Lf _dt + Rfll + Vea (33)

Cong thuc (32) va (33) co thé duogc viét:

. . dvcd

l1g = lyq + CW — wCvg, (34)

. . dch

g = lq + CW + wCvyy (35)
dig ) )

vim,d = Lf W + Rf"ld - wallq + de (36)
dilq . .

Vinvg = Ly ar + Rplg + whplig + vgq (37)

2.2.2.1. Bo diéu khién dién ap:

Cong thic (34) va (35) ¢6 thé dugc viét:
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. . dvcd . .

l1g = izq + CW —wCveg = Aig + izq — W€V (38)

, . dch . .

l1qg = lzq + C? + wCveq = Aig + iz + WCV 4 (39)
Trong do:

Aig = kpi(veq — Vea) + ki f(vé‘d — Veq)dt (40)

Aig = kpi(vc*q - ch) + ki f(vc*q — ch)dt (41)

Bo diéu khién dién ap trong Hinh 8a duoc thanh 1ap tir cong thirc (38) dén (41).
2.2.2.2. Bo diéu khién dong dién:

Cong thire (36) va (37) c¢6 thé duoc viét:

diig

Vinvd = Lf F + Rfild — wailq + veq

= Avd - wailq + Ved (42)
< dig | .

Vinvg = wa + Rigg + wleiyg + veq

= Avy + wlfiig + Vg (43)
Trong do:

B = ey ida = 1) + ki [ (g = el (44)
Avy = kpy(i5q — i1q) + ki f (ifq — i1q)dt (45)

Bo diéu khién dong dién trong Hinh 8b duoc thanh 13p tir cong thirc (42) dén (45).

ild i
— kpi+ ki

oLf

s V*mv:q
,7 kpi+ ki
1lq S

i*1q veq

(b)
Hinh 8. a) Bo diéu khién dién 4p, b) B diéu khién dong dién
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3. KET QUA VA THAO LUAN

Su dung phan mém Matlab/Simulink dé’ thyc hién m6 phong chia cong ‘suétrchg
microgrid géom c6 hai, ba b nghich luu ket noi song song bang bo di€u khién de xuat dé
chirng minh su phu hop cua bo diéu khién.

Thong sé diéu khién cua bo diéu khién dé xuat duoc trinh bay & Bang 1.

Bang 1. Thong s6 cho cac bo diéu khién

Thong sb Gia tri Thong sb Gia tri
Dién ap nguon Ve (V) 620 Tan sb dinh mac f (Hz) 50
bién cam bo loc Ls (mH) 1,2 Tan sb cuc tiéu fomin (Hz) 49,5
bién tro bo loc Rs (Q) 0,2 Hé s6 droop m,, (rad/s/\W) 0,0001
Dién dung b loc C (uF) 6 He¢ s6 droop m, (V/Var) 0,0017
Tan s6 déng cit f, (kHz) 5 Tré khang duong day 1 0,7Q;1mH
Cong suat dinh mic S (KVA) 4 Tro khang dudng day 2 0,5Q:0,7 mH
Dién ap pha dinh muc V (V) 311 Tré khang ao 1 3Q;3mH
Dién 4ap pha cuc tiéu Vi, (V) 296 Tro khang ao 2 20Q:2mH

~ Truong hep 1: Mo phong cho truong hop tré khang 2 duong déy khac nhau, tai thay
doi, thong so cua bo diéu khién dugc trinh bay ¢ Bang 2.

Bdng 2. Bang thong sb tro khang duong day

Thong sd B nghich luu 1 B nghich luu 2
Dién tré dudng day R (Q) 1 0,8
bién cam duong day L (mH) 0,8 0,6
Ty Ié cong suat dinh mac Py, (pu) 1 1

Tai tap trung va cuc bo thay ddi trong gigi han dinh mirc, va c6 hé s cong suat trong
khoang tir 0 dén 1.

Ptag trung (W) Qtéap trung(Var)
2500 . i 1600 : —
2250 —Ptap trung1! 1400 —gza? Irungi,
—Pt3 I —Qtag trung
ZOOOV Ptap trung2 1200}¢
1750 1000 »
1500
L
1250 ~ 800
1000 600
750
400 ~—
500 ’\'
250 200
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
t(s) (a) t(s) (b)

Hinh 9. Cong suélt cép cho tai tap trung cua 2 bo nghich luu,
(a) Cong suat tac dung, (b) Cong suat phan khang
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Hinh 9 cho thy b diéu khién droop tré khang do dé xuat cho két qua chia cong suét
cho tai tap trung dat yéu cau. Tong cong suit cua tai (tai tap trung va tai cuc bo) s¢ dugce diéu
khién chia theo ty 1& dinh mirc (1:1) cho 2 bg nghich luu, mdi bd nghich luu cip cong suat
cho tai cuc bo cuia minh, phan cong suat con lai cung cap cho tai tap trung.

Pcuc bd (W)

2000 1000 Qcuc bd (W)
—Pcuc bo1 ‘ .
; : —Qcuc bd1
1500 Peyc bg2 800 —Qcuc bo2§
600
1000
400
500
200
0 o)
0 2 4 6 8 10 12 0 2 4 6 8 10 12

t(s) @ 1(s) (b)
Hinh10. Cong sgét cép cho tai cuc bo cla 2 bd nghich luu,
(a) Cong suat tac dung, (b) Cong suat phan khang
Hinh 10 cho thay bo diéu khién droop tré khang ao dé xuét cho két qua chia cong suat
cho tai cuc bo dat yéu cau.

P t6ng (W) Qténg (Var)
3000 . 2000 -
—PténgH1 —Qténg1
2500 —pté‘ngz fl —Qtong2
1500
2000 b. b
1500 1000
1000
500
500
o)
0 2 4 6 8 10 12 Oy > 2 5 8 10 1o
t(s) @ t(s) ()
P téng (W) Qténg (Var)
3000 2000 .
—Qténg1
2500 = — Qténg2
V — 1500
2000 — Pténg1
—Pt6ng2
1500 1000 ——
W .
1000
500 ‘
500 }
|
o L
o 0.05 0.1 0.15 o2 9o 3.95 ) 4.05
t(s) (b) t(s) (b)
P t6ng (W) Qténg (Var)
3000 . 2000
2500 —Ptng1
N |— Pténg2 1500
2000 ( A —————
1500 1000
1000
500
500
%9 7.95 8 8.05 81 9% 0.05 0.1 0.15 0.2
t(s) (©) t(s) ©

Hinh I1. Cong suat phat ra cta 2 bo nghich luu, Cong suat tic dung (cot bén trai), Cong suat phan
khang (cot bén phai), Hinh b va ¢ thé hién dap tng qua d6 ctua Hinh a.
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Hinh 11 cho thdy bo didu khién droop tro khang ao dé xuét cho két qua chia cong suat
dat yéu cau tét. Nhu duoc thé hién ¢ Hinh 11 (cot bén tréi), trong truong hop tai tap trung va
tai cuc bo thay doi trong gidi han dinh mic, cong suét tac dung do duoc tién téi trang thai
xéc 1ap t6i da sau 0,2s va do vot 16 cta cong suét tac dung I6n nhat dat duoc 1a 8%. Trong
khi 6, thoi gian xac lap va do vot 16 cua cong suat phan khang nhu trong Hinh 11 (c6t bén
phai) nho hon nhiéu so vai cua cong suat tac dung. Thoi gian xéc 1ap va do vot 16 cta cong
suat phan khang 1an luot 13 0,05s va 3,3%. Nhu vay, ca cong suat tic dung va cong suat phan
khang do duoc déu co thoi gian xac 1ap nho hon 2s va d6 vot 16 nho hon 30%. Theo nghién
ctu ciia Remus Teodorescu et al., Hisham Mahmood et al., va Tran Quang Khanh, dong
dién tai s€ khong du l6n dé co thé 1am thiét bi bao vé qua dong tac dong [17-19]. Do dé, voi
tong cong suat cua tai dugc chia theo ty 1€ dinh muc (1:1) cho 2 b nghich luu, bo diéu khién
droop tro khang 4o dé xuat da cho két qua van hanh tot hon.

Vpcc(V)
400 Vpee) 400 [—Vpoo]|
—\Vpcc
——Vpcc|| 350 A\r,\ P
200 300 Pz
250
200 200
150
100 100
50
o0 2 4 6 8 10 12 0O 0.02 0.04 0.06 0.08 0.1

t(s) @ t(s) (b)
Hinh 12. Dién ap tai diém chung Vpcc

Hinh 12 cho thdy bo diéu khién droop tro' khang a0 dé xuat dam bao yéu cau vé chat
luong dién cap cho tai trong sudt qua trinh tai tap trung va cuc bo thay doi theo cac hé s6
cos@ khac nhau. Do dao dong dién ap khi cac tai thay doi khong lam anh hudng dén céc thiét
bi bao vé microgrid, khi cong suét tai dat cuc dai P = 2500 W, Q = 1500 Var thi dién 4p tai
tai la Vpcc = 308,5 V.

Truong hop 2: M6 phong chia cong sudt cho 2 bd nghich luu v6i cung céc thong 5O
duong déy va tai trong truong hop 1 (trong khodng thoi gian 8-12s) bang phuong phéap droop
truyen thong. Két qua moé phong cho ¢ Hinh 13.

Q(var)

—01
—Q2

Hinh 13. Chia cong suit cho 2 b6 nghich luu bang b(f)’diéu khién droop truyén thong,
(a) Cong suat tac dung, (b) Cong suat phan khang
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Bang 3 thé hién su so sanh két qua chia cong sudt caa phuong phap droop truyén théng
va phuong phap droop tré khang do dé xuat.

Bang 3. So sanh két qua vé do chinh xé4c trong viéc chia cong suat

Sai s6 chia cong suat tic dung ep (%) | Sai s6 chia cong sudt phan khang eq (%)

Droop’truyén Droop tro khang 40 Droop’truyén Droop tro khang a0
thong de xuat thong de xuat
5,4 0,5 34,61 0,38

Hinh 13 va Bang 3 cho thdy, su khong can bang cua tré khang duong day ndi tir cac bo
nghich luu dén diém chung PCC khong anh huong dang ké dén do chinh xac trong viéc chia
cong suat tac dung, nhung anh huong dang ké dén do chinh xéac trong Vviéc chia cong suét
khang. Vi sy khong cén bang cua tro khang duong day s€ gay ra mat can bang Vé sut ap trén
duong day, cudi cung 1a dan dén sai léch trong viéc chia cong suat khang. Néu sy sai léch vé
tro khang ducng day cang nhiéu thi phuong phap droop truyen thdng cho két qua chia cong
Suét co sai léch cang 16n va ¢o thé dan dén hé thong mat 6n dinh. Tuy nhién, phuong phap
droop tr& khang ao dé xuat thi cho két qua chia cong suét tt hon rat nhidu so véi phuong
phap droop truyén thong, sai léch khong dang ké.

Truong hep 3: Truong hop microgrid c6 3 bo nghich luu, tré khang duong day khac
nhau, tai thay doi. Thong sé mo phong cho ¢ Bang 4.

Bang 4. Bang thong so trg khang duong day

Thong sb Bo nghich luu 1 Bo nghich luu 2 B6 nghich Iuu 3
bién tro duong day R(Q) 1 0,8 0,7
bién cam duong day L(mH) 0,8 0,6 0,5
Ty Ié cong sudt dinh mic Py, (pu) 1 1 1

Tai tép trung va cuc bo thay ddi trong giéi han dinh mirc va c6 hé sb cong suét trong
khoang tir 0 dén 1.

Hinh 14 cho thiy bo diéu khién droop tré khang ao dé xuét cho két qua chia cong suat
dat yéu cau tét. Nhu dwoc thé hién & Hinh 14 (cot bén trai), trong trudng hop tai tap trung va
tai cuc bo thay déi trong gigi han dinh mirc, cong suét tac dung do duoc tién t6i trang thai
xac 1ap toi da sau 0,3s va do vot 16 Cla cong suat tac dung I6n nhat dat dugc 1a 9%. Thoi
gian xac lap va do vot 16 cua cong sut phan khang 1an luot 1a 0,2s va 5,6% nhu trong Hinh
14 (cot bén phai). Nhu vay, ca cong suit tac dung va cong sudt phan khang do dugc déu co
thoi gian xac 1ap nho hon 2s va d6 vot 16 nho hon 30%. Theo cic nghién ciru cua Remus
Teodorescu et al., Hisham Mahmood et al., va Tran Quang Khanh, dong dién tai s€ khong du
I6n dé co thé lam thiét bi bao vé qua dong tac dong [17-19]. Do do, voi tong cong suit cua
tai dugc chia theo ty & dinh murc (1:1:1) cho 3 bo nghich luu, bo diéu khién droop tré khang
4o dé xuat da cho két qua van hanh t6t hon.
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2500 Pténg(W) Qténg(Var)
S ———— 2000 T
—Qténg1
2000 —Qténg2
B0, —Qténg3||
1500 |remsmeessnmeg
1000
1000 P
m
500 500
0 0
[0] 2 4 6 8 10 12 0 2 4 6 8 10 12
t(s) (a) t(s) (b)
Pcuc b6 (W) Qcuc b (Var)
2000 ; : 1000
—Pcuc bd1 — Qouc b1
1500 —Pcuc bo3H] —Qcuc b 3
600
1000 400
200
500
0
-200
% 2 4 6 8 10 12 0 2 4 6 8 10 12
t(s) (c) t(s) )
Ptap trung (W) Qtap trung (Var)
2000 1500 ; :
_Ptap trung1 —Qtéap trung1
1500 —Ptap trung 2| - —Qtéap trung 2
fPtap trung 3| 1000k —Qtép trung 3
1000 ‘ }
'* L "
500
I 500
° ¢
.
_5000 2 4 6 8 10 12 00 2 4 6 8 10 12
t(s) (e) t(s) ®
Hinh 14. Cong suat phat ra cta 3 b nghich luu, Cong suét tac dung (cot bén trai), Cong sudt phan
khang (cft bén phai)
4. KET LUAN

Tir cac két qua mé phong cho thay bo diéu khién droop tré khang 4o dé xuét da thuc
hién chia cong suat dung theo ty 1 cong suat dinh muc cia cac bo nghich Iuu, ma khong bi
anh huong bai sy sai 1éch cua tré khang duong day va tai cuc bo. Po chinh xac cua viéc chia
cong suat phan khang duoc cai thién dang ké so véi phuong phép droop thong thuong. Cac
két qua m6 phong ciing cho thay phuong phap dé xuat cho két qua dam bao yéu cau Ve do
vot 16 va chat luong dién ap cung cap cho phu tai. By diéu khién nay ciing khong can sir
dung bus truyén thong.
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ABSTRACT

POWER SHARING CONTROL IN ISLANDED MICROGRID
BY IMPROVED DROOP CONTROL

Pham Thi Xuan Hoa*, Le Thanh Toi
Ho Chi Minh City University of Food Industry
*Email: hoaptx@cntp.edu.vn

This paper proposes a power sharing method for inverters in parallel in the islanded
microgrid. The proposed method included the droop control with virtual impedance and the
algorithm for estimating the voltage drop due to the line impedance to increase the accuracy
of reactive power sharing in the islanded microgrid. The effect of local loads on reactive
power sharing was also considered in this paper. The feasibility and effectiveness of the
proposed method was demonstrated by simulation results on Matlab/Simulink.

Keywords: Power sharing control, microgrid, parallel inverter, droop control, virtual impedance.
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