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TOM TAT

Diéu khién droop dé chia cong suat tai cho cac bo nghich luu két ndi song song 1a mot
trong nhimg phwong phap phd bién hién nay vi nhimg wu diém ciia né so voi cac phuong
phap khac. Mot s6 nghién ctru da trinh bay phuong phap diéu khién droop truyen thong va
droop cai tién, tuy nhién, hau hét cac nghién ctru chi nham muc dich chia deu cong suét tai
cho céc bd nghich lIuu ma chwa c6 muc dich giam thiéu d6 1éch dién ap va tan s dé nang cao
chat luong dién nang. Vi vdy, bai bao nay trinh bay mét phuong phap diéu chinh dién ap va
tan s6 dwa vao diéu khién mo véi muc dich lam giam thiéu do Iéch dién ap va tan s6, nham
nang cao chat luong dién cho microgrid. Bo diéu khién nay bao gom bo diéu khién droop két
hop véi logic mo dé diéu khién thay ddi do doc cua dudng dic tinh cong suét khi tai thay
dbi, tir 46 d6 1éch dién ap va tan sb ciing dugc didu chinh. Phuong phap diéu khién dé xuét
nay duoc goi 1a phuong phap droop-fuzzy logic. Cac két qua mo phong s& ching minh cho
su phi hop ctia phuwong phap diéu khién nay.

Tuwr khoa: Picu khién cong suat, logic mo, bd nghich luu, ludi siéu nho, chia cong suat.

1. GIOI THIEU

Két ndi song song cac b nghich luu trong hé théng ngudn niang lugng mit troi dé ning
cao hiéu suit ngudn phat, ning cao do tin cdy. Tuy nhién, phai diéu khién chia cong suat cho
cac bd nghich luu. Tai phi tuyén lam méo dang dong dién ngudn ciia by nghich luu, dong tai
ludn c6 thanh phan song hai. Néu thanh phan hai nay khong phan déu gitta cac b nghich luu
s€ lam nong bo nghich luu va lam cho tudi tho cta ching giam di rat nhiéu. Dya vio cic
dudng dac tinh cong suét cua nguon phat, cac nghién ctru trude ddy da dua ra mo hinh toan
hoc ctia b diéu khién droop. B6 diéu khién nay thuc hién didu khién chia cong suit giira cac
bo nghich luu hoat dong song song theo ty 1¢ cong suat dinh mirc cta chiing. Moi quan hé giita
cong suit dinh muc va cong suét thuc duoc thé hién b?ing do déc [1-15]. Vi vay, cac nghién
clru nay di dua vao cac hé sé do doc dé thyc hién chia cong suat cho cac bo nghich luu song
song. Tuy nhién, cac nghién ctru trude day thuong c¢b dinh cac hé s6 do doc nay [1-15], cho
nén khi thong s tai thay doi thi cac bo diéu khién droop nay s€ cho tan sb va dién ap ngd ra
ctia bo nghich luu 1éch di nhiéu so vé6i gia tri dinh muc. BO diéu khlen droop dién ap va tan sb
trong nghién ctru cua Jie Fung Hu et al. 1a by diéu khién droop truyén thong nén khong didu
chinh dugc do 1éch dién ap va tan so khi phy tai thay ddi trong qua trinh diéu khién chia cong
suat [4]. BO diéu khién chia cong suat cua Saleh Ahmadi et al. cling dya vao phuong phap diéu
khién droop di¢n ap va tan sb, bo didu khién droop nay ¢o6 thé diéu khlen thich nghi theo sy
thay dobi thong sb cua phu tai, nén n6 cod thé diéu chinh duoc do léch tan s6 va dién ap so voi
dinh murc [8]. Tuy nhién, bo diéu khién nay lai phu thuéc manh vio thong sé trg khang ciia
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dudng dy. Vi vy, nghién ctru nay dé xuit bo diéu khién droop- fuzzy logic nhdm khéc phuc
nhuoc diém cia cac bd diéu khién droop trudc day. Bo diéu khién droop-fuzzy logic s& co su
tu dong diéu chinh céc hé s6 d6 doc cua cac duong déc tinh cong sudt khi tai thay ddi, hé sb do
dbc duoc chon theo d6 1éch dién ap va tan s so voi dinh mirc. Do d6, by diéu khién nay thich
nghi dugc sy thay dobi thong s6 cua tai, lam giam thiéu d6 1éch tan sb va dién ap, tir do cai thién
dugc chét luong dién ning trong microgrid. So d6 diéu khién ctia mét microgrid doc 1ap gdbm
cac b nghich luu hoat dong song song duoc thé hién & Hinh 1.
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Hinh 1. So @6 diéu khién cua microgrid hoat ddng doc lap

Trong ché d6 hoat dong doc 1ap, microgrid phai tw 6n dinh dwoc dién ap va tan s trong
diéu kién tai thay doi theo thoi gian thyc. Hé thong diéu khién gdm cé: bd diéu khién bén
ngoai 1a bo diéu khién cong sut droop-fuzzy logic dé diéu khién chia cong suat cho cic bd
nghich luu, bd diéu khién bén trong 14 bo diéu khién dong dién va dién ap dé diéu khién
dong dién va dién ap & ngo ra bo nghich luu.

2. PHUONG PHAP PIEU KHIEN
2.1. Phuong phap diéu khién droop-fuzzy logic

Theo cac nghién ctru [1-8], co so 1y thuyét ciia phuong phéap diéu khién trugt duge giai
thich bépg cach xem xét mot mach tuong duong cia mot b nghich luu két ndi véi bus AC
duogc thé hién ¢ Hinh 2.
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_ Hinh 2. Mach dién tuong duong ciia bd nghich luu két ni voi tai
(a) So do phat cong suat ciia mot bd nghich luu, (b) do thi vec to dong dién va dién ap
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Tu Hinh 2, cong suét phat ra boi bo nghich luu duoc tinh:

%4
P = _RZ + XZ [R(V - VPCCCOSS) + XVPCCSin8] (1)
|4
Q = w5z [T RVpecsind + X(V = Vpcceosd)] @)
Tu (1) va (2) suy ra:
s _XP—RQ "
e = VVPCC
RP + XQ
V - VPCCCOS5 == T (4)

Trong duong day p}lﬁn’phéi, néu X>>R va & nho, thi sind~8 va cosd~1 [1-15], khi d6
cong thtrc (3) va (4) co thé viét:

5 = XP )
~ VVpcc
XQ
\V = Vb = A (6)

Cong thirc (5) va (6) cho thdy tan sé phu thudc vao cong suit tac dung P, do léch dién
ap phu thudc vao cong suét khang Q. Vi vay, dién ap ng6 ra bd nghich luu duoc diéu khién
boi Q, tan sb dugc didu khién boi P. Tir cong thirc (5) va (6) c6 thé cho cong thire diéu khién
droop P/fva Q/V:

f=fo—mu(P—P) (7
V=V, —mg(Q — Qo) ®
Trong do:

P, Q 1a cong suat tac dung va phan khang do b nghich luu phat ra.

Vo, fy 1a dién ap dinh muac va tan s6 dinh mirc cta nguén va tai.

V, f1a dién 4p va tin sé & ngd ra ciia bd nghich luu.

Py, Qola cong suét tac dung va phan khang dinh muc cua bd nghich luu.

Hé s6 do doc m, va m, dugc chon theo do thay ddi dién ap va tan sd goc cho phép so
v6i dinh mue [1-12]:

m. = fo = fmin . = Vo = Vinin 9)
P Pmax_PO T Qmax_QO
f U
Puong dac tinh P/f buwéng dac tinh QN
o N
I 5 i | — >{\ U %[\
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Hinh 3. D6 thi biéu dién dudng ddc tinh droop (a) Pac tinh droop P/f, (b) Pac tinh droop Q/V
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Tur phuong trinh (7) va (8) c6 thé thay:

V=V, =
{f fo chi c6 duoc khi {IQJ _ IQJ:))

Khi cong suit tac dung cua tai ting P > P, thi f < f, va khi cong suat tic dung cia tai
giam P < P, thi f> ;. Khi cong suat phan khéng ciia tai ting Q > Qo thi V < V, va khi cong
suat phan khang cua tai giam Q < Q, thi V > V. Nghia 13, Gmg véi d6 thay ddi cong suat
khang AQ cua phu tai thi s€ giy ra do léch dién ap AV va ung voi d6 thay d6i cong suat tac
dung AP cua phu tai thi s€ gay ra d6 1éch tan sb Af. Véi mong mudn 13 khi phu tai thay doi
thi d6 1éch tan s6 Af va do 1éch dién ap AV cang nho cang t6t. Nghia 14, mudn gitr tan sb va
dién ap gan véi gia tri dinh mirc. P& lam dugc diéu nay, tac gia dya vao phuong trinh (7), (8)
va dudng dic tinh droop ¢ Hinh 3, chi c6 thé diéu khién cac hé sb trugt m, va m,, hay noi
cach khéc 1a diéu khién thay d6i d6 ddc ciia duong dic tinh cong suat. Khi tai thay doi, can
diéu khién m, va my sao cho cac duong dac tinh P/f va Q/V cang it ddc thi khi d6 do 1éch tan
sO Af va d6 léch dién ap AV cang nho.

2.2. Thiét ké bo diéu khién droop-fuzzy logic

Muc tiéu ctia droop-fuzzy logic 1a diéu khién sao cho V tién gan dén V, va f tién gan
dén f, trong khi cac thong so tai thay d6i, nghia 1a diéu khién sao cho tin hiéu dién ap V va
tan s6 f do bo nghich luu phat ra bam theo tin hi¢u dat. Piéu nay duoc thyc hién bang cach
thay dbi cac hé sd goc cua duong dac tinh P/f va Q/V thong qua bd diéu khién mo. So dd
khdi cho b diéu khién bao gom vong diéu khién cong suat droop-fuzzy logic & bén ngoai dé
diéu khién chia cong suét va vong diéu khién dong dién, dién ap bén trong nhu ¢ Hinh 4.
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Hinh 4. So d6 diéu khién cho bo diéu khién droop-fuzzy logic
va bd dicéu khién dong dién, dién ap cho bg nghich luu

Tin hié¢u ngd vao ciia hai by diéu khién mo:
Tin hiéu ngé vao ciia b diéu khién mo droop-fuzzy logic Q/V:
Tin hiéu vao thir nhét 14 sai 1éch giita cong suét khang thuc té va cong suit khang dinh muc:
e =Q-Qo
Tin hiéu vao tht hai 13 téc d6 bién thién cua cong suat khang thuc té theo thoi gian: Z—f
Tin hiéu ngé vdo ciia bg diéu khién mo droop-fuzzy logic P/f-
Tin hiéu vao thtr nhét 14 sai 1éch giita cong tac dung thuc té va cong suét tac dung dinh mirc:
e, =P—P
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S LA T T UV SRy A oA Ky oz £ .. . ar
Tin hi¢u vao thr hai 1a toc d0 bién thi€n cua cong suat tac dung thyc t€ theo thoi gian: o

Tin hi€u ng6 ra cua hai by di€u khién mo:
Tin hi€u ngd ra cua by di€u khién mo droop-fuzzy logic Q/V 1a h¢ s6 goc my

Tin hi¢u ngd ra ciia bo diéu khién md droop-fuzzy logic P/f 1a hé s6 goc m,,

Xac dinh cac bién ngdn ngir cho ngo vao, ngo ra:

~ Vie,va e la cac sai Iéch gilta cong suat thuc t€ va cong suat dinh mirc, nén e, va e, co
thé c6 cac truong hop sau:

Néu: P=P,thie,=0,Q=Q,thie,=0

Néu: P <P, thie,<0,Q<Q,thie,<0

Néu: P>P,thie,>0,Q>Q,thie,>0

Néu: P <<P, thi e,<<0, Q << Q, thi e,<<0

Néu: P >> P, thi e,>> 0, Q >> Q, thi g,>> 0

Chon 5 bién ngén ngit cho cac bién ngd vao tht nhat: e,= €= {NB, NS, ZE, PS, PB}
NB: am rét nhiéu; NS: am it; ZE: b?mg 0; PS: duong it; PB: duong nhiéu.

(O day chi can chon 5 bién ngdn ngir 1a du, néu chon cang nhiéu bién ngdén ngir thi bo
di€u khién fuzzy s€ cho k&t qua co6 do chinh xac cang cao, nhung khi do6 bg diéu khién nay sé
c6 nhieu ludt diéu khién hon, dan dén viéc thiét ke bo diéu khién mat nhiéu thoi gian hon).

Chon 3 bién ngon ngit cho cac bién ngd vao thir hai: Z—f = % ={N, Z, P}
N: 4m; Z: bang 0; P: duong.

Chon 9 bién ngon ngir cho cac bién ngd ra:

m,=mg= {Al, A2, A3; B1, B2, B3; C1, C2, C3}

Al, A2, A3: rat nho; B1, B2, B3: nho vira; C1, C2, C3: trung binh.

Chon mién gia tri cho ngé vao va ngé ra:
Dua vao phuong trinh (7), (8) va (9) ta chon mién gia tri cho cac ngd vio va ngd ra:
Mién gi tri cho cic ngd vao thir nhét:
e, = [-3500; 3500], e, = [-50; 50]
Mién gia tri cho cac ngd vao thir hai:

2P [-100; 100], 22 = [50; 50]
dt dt

Mién gia tri cho cac ngd ra: m,=mg= [0; 2,5¢-4]
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Xac dinh cac ham lién thugc cho ngo vao, ngo ra:

u(eq)
B _ - NS _ _ _ _ - _PB5 _ _ _
-3500 -1750 0 1750 3500 ep -50 -25 0 25 50 eq
(a) (b)
H B
N P

-0 -40 30 -20 -10 O 10 20 30 40 50 dQ 0 05 1 15 2 25:(10-4)
(c) (d)

100 -80 -60 -40 -20 0 20 40 o0 80 100 C}jﬁ
© '
Hinh 5. Ham lién thudc cho cac ngd vao va ngd ra

Xac dinh cac luat diéu Khién:

Ttr phuong trinh (7), (8) va Hinh 3 cho théy:

Néu Q > Q, thi V < V,, dé V tién dén gan V, thi ta phai diéu khién giam hé sé goc m,
tire la tang goc a.

Néu Q < Qy thi V >V, dé V tién dén gin V,, thi ta phai diéu khién giam h¢ s6 goc my
tire la tang goc a.

Néu P > P, thi f < f,, dé f tién dén gin f, thi ta phai diéu khién giam hé s goc m, tic 1a ting .

Néu P < P, thi f> f,, dé f'tién dén gan £, thi ta phai diéu khién giam hé sb goc m, tc 1a ting ar.

Mit khéc, dua vao cac bién ngdn ngir, mién gia tri, ham lién thudc cua ngd vao va ngd
ra, ta co thé thiét 1ap cac luat diéu khién & Bang 1.

. . d .
Neéu e, = NB (P rat nho hon Py) va d—I: =N (P dang giam) thi ta chon ngd ra m, la A1.
‘ d .
Neéu e, = NS (P nho hon Py) va d—’: = N (P dang giam) thi ta chon ngd ra m, la B1.
Néu e, =ZE (P=Py) va Z—I; = N (P dang giam) thi ta chon ngd ra m, la C1.

Bang 1. Céc luat diéu khién trong bo diéu khién mo

€ps €

daQ dr NB NS ZE PS PB
dt’ dt

N Al B1 Cl B3 A3

Z A2 B2 C2 B2 A2

P A3 B3 C3 B1 Al
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Chon luét hop thanh theo nguyén tic Sum-Prod.
Giai mo theo phuong phap trong tam.
Két qua cua diéu khién droop-fuzzy logic cho ra biéu thire tirc thoi cia dién ap, gia tri
dién ap nay dugc lam tham chiéu cho vong diéu khién dién ap cua bd nghich luu.
2.3. Thiét ké bp diéu khién di¢n 4p va dong di¢n
_ Theo nghién ciru cua Joan Rocabert et al., by di‘éu khién dién ap va dong dién dung bd
dicu khién PI, thuc hién trong hé toa d¢ dq0, so d6 diéu khién dugc the hién & Hinh 6 [6].

i2d

% .
V*cd i*1d ved
Ved kiv i*1d : %
_ k]JV‘l‘i 11d Koi kii V Tinv.d
— l+ =
S P S
[oles OLE
OCE
WLf
kiv i*1 = * o
— kpvt+-—— o, ki V7invg
s - I+ it
Veq 11q P S
* 12
V cq q i*lq veq
(a) (b)

Hinh 6. So d6 khdi cho bo diéu khién dién 4p va b diéu khién dong di¢n
(a) BO diéu khién dién 4p, (b) bo diéu khién dong dién

3. KET QUA NGHIEN CcUU

Mo hinh diéu khién chia cong sudt droop-fuzzy logic d& xuit dugc mo phong bing
phan mém Matlab/Simulink, m6 phong cho microgrid doc lap (lu6i nho doc 1ap) gdém 2 bd
nghich luu két n01 song song, thong s6 md phong duoc trinh bay trong Bang 2. Hai b
nghich Iuu két ndi song song cung cap cong suét cho tai chung. Gia sur tai chung mang tinh
tr& cao va cb gia tri tong tro tai thay doi tir Z; = 30 + j0,1256 (Q) dén Z,=15 +]0,06283 (Q2)
(tai t = 6 s). Mo phong theo 2 phuong phap: phuong phap droop truyén théng va phuong
phap droop-fuzzy logic dé xuét dé so sanh, danh gia va két luén két qua mé phong.

Bdng 2. Bang cac thong sb cho cac bo didu khién

Théng sb Gia tri Thong sb Gia trj
Dién ap ngudn Vq (V) 600 Tan s6 dinh mirc f, (Hz) 50
bién cam bg loc L; (mH) 1,2 Cong suit dinh muc P kW) 3,5
bién cam duong day L, (mH) 04 Dién 4p dinh mirc V¢, , (V) 310
bién dung bo loc C (uF) 50 kp 5
Tan s6 dong cit f, (kHz) 5 ki 2500
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A Aa
B Bb
Cc

Inverter 1 BUsS Tdi

Alp—]
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Inverter 2

P&QAV

Hinh 7. M6 hinh m6 phong ctia by diéu khién chia cong suit cho 2 bo nghich luu song song

m

Three prase weRer =Tl B1

"@ vmca |_26
y v v
T T
2 : ¢ B
2 5 s = ]
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Hinh 8. M hinh mo phong chi tiét ciia bo diéu khién chia cong suat cho 1 by nghich luu

o HA0

Fuzzy Logic n
a Derivative Controller

w HA0

Fuzzy Logic
Derivative1 Controller?

Product1 Gaini

Hinh 9. M6 hinh mé phong chi tiét cta bo didu khién droop fuzzy-logic cho 1 bd nghich luu
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3.1. Két qua mé phoéng chia cong suit theo phwong phap droop truyén thong:

P(W) Q(Var)
5000 40 — a1
—P1 50
4000 — P2 — Q2
20
3000
10
2000 o
1000 -10
-20
o)
0 2 a 6 8 10 ° 2 »? 6 % we) |
(a) t(s)
f(Hz) Vcref(Voltage)
0 HhE
49.98 310.1
49.96 309.9
309.7
49.94 3095
49.92 309.3
309.1
49.9 308.9
49.88 308.7
308.5
49.86 3082
49.84 308.1
49.82 307.9
198 307.7
o 2 4 6 8 10  307.5; > 4 6 P
(c) t(s) (d) t?&
VL(Voltage) IL(A)
; : 30
300 N-AAAANA ADAAADRNA A L

oA T iy
-100 i 1o MAMAAMAMAMN | Wv W V] W v
2o MAMAMAAMA WA WAL

5.9 5.95 6 6.05 6.1 3gl 595 6 G_Ls 6.1

(e) t(s) f t(s)

Hinh 10. Két qua chia cong sut bang bo diéu khlen droop truyen thdng
(a) Cong suét tac dung, (b) Cong suat phan khang, (c) Tan sb tham chiéu ¢ ngd ra ctia bo didu
khién, (d) Pién 4p tham chiéu & ngd ra cua bd diéu khién, (e) Dién ap tai tai, (f) Dong dién qua tai

Hinh 10a va 10b cho thiy phuong phéap diéu khién droop trl}yén thdng c6 kha ning chia
cong suat chinh xac trong luc binh thuong va trong luc tai thay doi.

Hinh 10c va 10d cho théy dd 1éch tan s6 va do 1éch dién ap tham chiéu & ngo ra cua bo
diéu khién droop truyén théng so véi gia tri dinh mic 1a tvong d6i nhiéu. Boi vi phuong
phap diéu khién droop truyén thdng véi cac hé sé trugt duoc chon ¢ dinh theo cong thirc (9)
nén khi tai tang (P va Q tang) thi dién 4p va tan s6 tham chiéu & ngd ra cua bo diéu khién nay
s€ giam va ngugc lai. Diéu nay hoan toan phu hop véi biéu thirc droop truyén thong (7), (8)
va so do droop truyén théng & Hinh 3.

3.2. Két qua mé phoéng chia cong suét biang phwong phap droop-fuzzy logic:

Hinh 11a va 11b cho thdy, mg v6i mot dg 16n cua sai 1éch cong suét tac dung e, thi s&
cho mot gia tri ctia hé so truot m, nam trong mién gia tri da chon (mién gié tri dugc chon theo
cong thire (7), (8) va (9)). Khi d6 16n sai 1éch e giam thi hé sb truot m, tang (tdng trong mién
gia tri dugc chon) va nguoc lai, khi d¢ 16n sai 1¢ch e, tang (tir 6 s tré di) thi hé so truot m,
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giam. Diéu ndy hoan toan phu hop voi luét diéu khién m& d3 thanh 1ap ¢ Bang 1. Hinh 11c cho
thay, khi hé so trugt m, thay 601 thi cling lam thay dbi twong ung tan sb & ngd ra cla bo didu
khién droop- fuzzy logic hay tan s6 ngd ra clia bd nghich lwu. Puong dic tinh tan sé cho théy,
khi tai tang thi tan sO giam, diéu nay ciing hoan toan phii hop véi cong thic trugt (7) va duong
déc tinh cong suat & Hinh 3a. Gia tri f ciing duoc tinh theo m, va ¢, ¢ cong thirc (7). DY 1éch
tan s so véi dinh murc dugc tinh ¢ Bang 3 cho thiy sai 1éch tan s6 1a rat nho, didu nay c6 duoc
1a do bo diéu khién d& xuét c6 thé didu khién thay doi o doc duong dic tinh cong suat khi tai
thay d6i. Theo Hinh 3a, néu khéng thay d6i do doc cta dudng dic tinh cong suét khi tai thay
dbi thi tng v6i mot do 1éch cong sudt AP s& cho mot do 1éch tan sé tuong tng Af, va khi tai
thay d6i nhiéu thi Af s& 16n.
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05
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0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
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18 310002
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Hinh 11. Db thi biéu dién su thay ddi vé hé sb truot va su thay ddi vé tan s va dién ap
khi tai thay d6i

Tuong tu, Hinh 11d va 11le cho thay Umg v6i mot d6 16n cua sai 1éch cong suat phan
khang e thi s& cho mot gia tri cua h¢ s truot my nam trong mién gi4 tri d chon. Khi do 16n sai
1éch e, gidm thi hé s trugt mg tang va nguoc lai, tai t = 6 s thi d¢ 1on sai 1éch e, lai tiép tuc
giam so vdi trude do nén hé so trugt m, tai tiép tuc tang. Diéu nay hoan toan phu hop voi luat
diéu khién mo di thanh 1ap & Bang 1. Hinh 11f cho thay khi hé sb truot m, thay d6i thi ciing
lam thay ddi twong tng dién 4p & ngd ra cta bd diéu khién droop-fuzzy loglc hay dién 4p ngd
ra cua bg nghich luu. Bu'()’ng dac tinh dién ap cho thay, khi tai tang thi dién ap giam, diéu nay
cling hoan toan phu hop véi cong thire truot (8) va dudng dic tinh cong sudt ¢ Hinh 3b. Gia trj
V ciing dugc tinh theo m, va eq ¢ cong thire (8), d6 1éch dién ap so v6i dinh mirc duge tinh &
Bang 3, ta thay sai léch dién 4p 1a rét nho. Diéu nay co6 duoc la do bo diéu khién dé xuat c6 thé
diéu khién thay ddi do doc duong dic tinh cong suat khi tai thay d6i. Theo Hinh 3b, néu khong
thay dbi do doc ctia dudng dic tinh cong suit khi tai thay ddi thi img v6i mot d 1éch cong suét
AQ s& cho mdt do 16ch dién 4p twong img AV, va khi tai thay d6i nhiéu thi AV s& 16n.
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Hinh 12. Dang song va phd cua dién 4p va dong dién qua tai

Hinh 12 cho thiy phuong phap diéu khién droop-fuzzy logic d& xuit cho dap tng dong
hoc t6t ngay khi tai thay ddi, dong va 4p on dinh tét trd lai ngay sau khi tai thay déi. Tong do
méo dang song hai (THD) ctuia dong dién qua tai va dién ap dat 1én tai 1a 0,39%.
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Hinh 13. Cong suat ngd ra cua 2 bd nghich luu
Hinh 13 cho thiy phuong phap diéu khién droop - fuzzy logic dé xut co kha ning chia
cong suat chinh xac ngay ca khi tai thay doi dot ngot.

_ Bang3 thé hién sy so sanh vé két qua chia cong suat ciia phuong phap droop truyén
thong va droop—fuzzy logic.

Bang 3. Két qua cho do léch tin s6 va dién ap so véi gia tri dinh muc

D0 1éch tan so6 tham chiéu ¢ ngd ra cua| BJ 1€ch dién ap tham chi€u ¢ ngd ra
bd dicu khién so véi tan s6 dinh mirec | cua bd diéu khién so vdi dién ap dinh

Théng sb tai (Hz) mirc (V)
Droop-fuzzy logic Dro:)é) 6Lrgyen Droop-fuzzy logic Drogf) 6 ;rgyen
Z,=30+j0,1256 (€2) Af=50-50,0276 | Af=50-49,9 |AV=310-310,0016/AV =310 -309,9
(tr 0 s dén 6 s) =-0,0276 =0,1 =-0,0016 =0,1
7,=15+j0,06283(Q)| Af=50-49,9686 | Af=50-49,804 | AV=310-309,98 | AV=310-308
(tr 6 s tro di) =0,0314 =0,196 =0,002 =2
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4. KET LUAN

Nghién ctru nay da dé xuat phuong phép diéu khlén droop-fuzzy logic, bo diéu khién nay
da diéu khién duoc 2 hodc nhiéu bd nghich luu két nbi song song trong microgrid doc 1ap. Cac
két qua md phong cho thiy phuong phdp nay da giam thiéu duoc do 1éch dién 4 ap va tan so so
voi dinh muc khi tai thay dbi dot ngodt, cai thién dugc chit luong dién cung cap cho tai, cho
dap tmg dong hoc t6t va dam bao chia déu cong suét tai cho cac bd  nghich luu. Phuong phap
nay da khic phuc duge nhuoc diém cua cac phuong phap droop truyén théng hay cai tién trudc
day o chd: d9 ddc ctia duong dic tinh cong suat ludn giir ¢b dinh, nén khi tai thay doi thi khong
diéu chinh duoc do 1éch dién 4p va tin sb dé ning cao chét lwong dién ning.
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ABSTRACT

ADJUSTING THE VOLTAGE AND FREQUENCY BASED ON DROOP CONTROL

FOR PARALLEL INVERTERS IN MICROGRIDS

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

Droop control for load sharing between parallel inverters is one of the power sharing
methods popular today because of its advantages compared with other methods. Some
articles have presented traditional and improved droop control method. However, most
studies aim at only load sharing for the inverters but not reducing the voltage and frequency
deviation to improve power quality. Therefore, this paper shows the adjustment of the
voltage and frequency method based on fuzzy logic with the aim to minimize the voltage and
frequency deviation for improvement of power quality in microgrids. This controller consists
of a droop combined with fuzzy logic to control changes of the slope of the power curve
when the load changes, thereby the voltage and frequency deviation could be adjusted. This
proposed control method is called the droop-fuzzy logic control method. Experimental

results confirm the validity of the proposed control.

Keywords: Droop control, fuzzy logic, inverters, microgrid, power sharing.
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