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hiét ké va phan tich phuong phap diéu khién

chia cong suat cho cac bo nghich luu trong
Microgrid doc lap

Pham Thij Xuin Hoa®, Tran Thi Nhu Ha

Tom tét—Trong bai nay, dé xuit mot phuong
phap chia cong sudt phan khang bang cich diéu
chinh d¢ déc dién ap droop, nhim lam ting do
chinh xac cho viéc chia cong suit phan khang. Sai
1éch vé tré khang dwong diy din dén sai 1éch vé do
sut ap trén dwong diy dwoc bu trir bang viée diéu
chinh d$ déc dién ap droop. P9 déc dién ap droop
dwgc diéu chinh thich ing theo sy thay ddi ciia tai,
phuong phap dé xuat sé cho két qua chia cong suit
phan khang chinh xic hon rit nhiéu so véi cac
phwong phap thong thwomg. Phwong phap diéu
Kkhién thi don gian va khong doi héi phai biét truéc
thong s ciia cic tré' khang dwong diy. Tinh kha
thi va hiéu qua ciia chién lwge dé xuét dwoc chimg
minh bang cac két qua mé phéng.

Tir khéa—Piéu Kkhién chia cong suit, luéi siéu
nhé, ket noi song song cac by nghich lwu, dieu
khién Droop, microgrid dgc 1ap, tré khang duong
day.

1 GIOI THIEU

H¢ théng phan phdi (distributed generation -
DG) gan day da dugc sy chi y nhu 1a mot giai
phap tiém niang dé dap ung nhu ciu gia tang
dién, dé giam bét sy qua tai trén hé thong dién
hién c6, va dé két hop niang lugng tai tao. Khai
niém Microgrid di noi 1én nhu mot cach tiép can
day htra hen dé phéi hop cac loai khac nhau cua
ngudn ning luong c6 hidu qua. Microgrid ciing
cho phép cac don vi DG lam viéc trong mot cau
hinh doc 1ap hodc két ludi [1 - 2]. Tuy nhién, vn
dé diéu khién Microgrid doc 1ap van 1a van dé
thach thiec, chéng han nhu khé khan trong viéc
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duy tri sy can bang cong sudt va chia s¢ cong
suat phan khang. Khi mot Microgrid dang hoat
dong o ché d6 doc lap, mdi don vi nguén phat
DG c6 thé cung cdp cong suit theo ty 1& cong
suit dinh mrc ctia nd. Pé dat dugc diéu nay, ky
thuat diéu khién tan sé va dién ap Droop duoc sir
dung. Ly do cho su phd bién cua k¥ thuat diéu
khién Droop 1a n6 cung cip mot kha niang didu
khién phan cap ma khong phu thudc vao cac lién
két truyen thong bén ngoai [3]. Co thé sir dung
truyén thong, nhung truyen thong dugc st dung
bén ngoai vong diéu khién Droop dé nang cao
hiéu suit hé théng ma khong 1am giam d¢ tin cay
[4 - 12]. Mic du k¥ thuat Droop tan sé (Droop
P/f) ¢co thé dat duge do chinh xac cho viéc chia
s¢ cong suat tac dung, nhung ky thuat Droop
dién ap (Droop Q/V) thudng cho két qua sai léch
trong viéc chia sé cong sudt phan khang do sai
Iéch Ve trd khang cua cac don vi DG, va cling c6
thé do su khac nhau vé cong suit dinh mtrc cua
cac don vi DG [13]. Do d6, van dé chia sé cong
sudt phan khang trong Microgrid doc 1ap da nhan
duge su chu y dang ké trong cac nghién ctru va
nhiéu ky thuat diéu khién da dugc phat trién dé
giai quyét van d& nay. Trong nghién ctru [14] st
dung phuong phap Droop két hop véi viée diéu
chinh dé bu sai léch dién 4 ap ¢ ngd ra cdia bd diéu
khién Droop truyén thdng, nhim khir di anh
hudng ciia sy mat can bang trd khang dudng day.
Tuy nhién, két qua chia cong suat ciia phuong
phap nay co do¢ chinh xac khong cao. Mot
phuong phap diéu khién Droop két hop véi tré
khang ao de giam thiéu sai léch trong viéc chia
s¢ cong suat phan khang duoc trinh bay trong cac
nghién ctru [15 - 18], phuong phap tré khang do
cho phép diéu chinh dién ap 1ngd ra tham chiéu
ctia bo nghich luu dya vao hoi tiép dong ngd ra
nhan véi trd khang do. Phuong phap nay co thé
giam sai 1éch trong viéc chia cong suat boi vi
phuong phép nay lam gidm sai 1é€ch cua trd
khéng ngd ra. Tuy nhién, su xuat hién ctia cac tro
khang a0 c6 thé dan dén su sut giam chét lugng
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dién ap hé théng, vi vay khong dam bao cho viéc
diéu chinh dién ap [4 - 5]. Mot phuong phéap
Droop méi duoc trinh bay dé giam 15i chia sé
cong sudt khang, 15i chia sé c6 thé dugc giam
xudng, nhung khong hoan toan loai bo va hi¢u
sudt cai thién la khong dang ké néu tai cuc bo
duoc két ndi tai dau ra ciia timg don vi ngudn
phat DG [19 - 21].

Nghién ctru [22 - 23] da trinh bay mot céu trac
diéu khién phan cap dé giai quyét ting yéu cau
cua hé thong theo cac cap khac nhau, gébm co 3
cip: cdp diéu khién thr 3 thyc hién diéu khlen
dong cong sut giita Microgrid va ludi dién, cip
didu khién tht 3 chiu trach nhiém cho viée t6i wu
hoa céac hoat ddng cua Microgrid; cap diéu khién
thtt 2 thuc hién diéu khién bu cho sy sai léch
dién 4p va tin sd gdy ra boi hoat dong cua cép
diéu khién thtr 1. Ngoai ra, diéu khién cap thir 2
chiu trach nhiém diéu khién phuc hoi bién do
dién ap va tan so tai thanh cai chung dé giir tin
s6 va dién ap cua Microgrid nam trong gi6i han
cho phép; cap dleu khién thtr 1 thye hién duy tri
dién 4p va tan sb Microgrid 6 6n dinh trong ché do
doc 1ap. Diéu nay rat can thiét ¢ dam bao didu
khién chia cong suit tac dung, cong suat phan
khang trong truong hop tai tuyen tinh va phi
tuyén. Ngoai ra, viéc diéu khién chia cong suit
s& tranh dugc dong dién can bang khong mong
mudn. Tuy nhién, cac két qua cua nghién ciru
nay chua khao sat chia cong suit cho cac bod
nghich luu trong truong hop mét can bang cia
trd khang duong day ndi tir cac bd nghich luu
dén diém chung. Nghién ctru [24] cho rang cac
yéu t6 anh hudng dén viéc chia sé cong suat phan
khang duoc phan tich trén co so 1y thuyét cua tir
thong 4o, nghién ctru nay da dua vao céac phép do
luong dién ap va dong dién & ngd ra cia bd
nghich luu dé uéc luong véc to tir thong o, tir
do thiét ké mot bo diéu khién chia cong suét
phan khang bao gom ba phan: diéu khién bu,
diéu khién phuc hoi dién ap va diéu khién tir
thong. Cac két qua mo phong chi ra ring hé
théng diéu khién duoc dé xuét co thé dat duge su
chia sé cong suidt phan khang chinh xac. Tuy
nhién, vé md hinh todn hoc ciia bd diéu khién
nay kha phure tap, viéc mo hinh toan hoc s€ kho
khan hon néu Microgrid c6 cac tai cuc bo & ngd
ra cia bo nghich luu hodc cac tai phi tuyén.

Trong bai nay, dé xudt mot phuong phap chia
cong sudt phan khang bang cach diéu chinh do
déc dién ap Droop, nham lam ting d chinh xac
cho viéc chia cong suat phan khang trong trudong
hop mét cin bing cua trd khang dudng day nbi
tir cac bd nghich lvu dén diém chung. D6 dbc

dién ap Droop dugc diéu chinh thich tmg theo su
thay doi cua tai.

CAu hinh cua Microgrid khao sat dugc hién thi
trong hinh 1. Cac bd nghich luu trong Microgrid
duogc két nbi song song v6i nhau thong qua diém
chung (PCC- Point of common coupling).
Microgrid gdm cé n hé théng (DG1,..DGn). Mbi
hé théng DG gdm cac ngudn phat dién nho
(microsource) la: nang luwgng mat troi, gio,
diesel,... ; hé théng tich trit nang lugng; va mot
bd nghich Iuu. Cau tric nay véi cac microsource
két nbi nhau trén bus DC cia bd nghich luu
nhim lam giam sO lugng bo nghich luu, nén
giam chi phi dau tu, thuén tién cho viéc didu
khién, 4c qui tich trit gitip on dinh dién ap & ngd
vao ctia bd nghich luu. Céau trac Microgrid nay
cho phép giam ton that trén duong déy, ning cao
hiéu suat ngudn phat va ning cao do tin cay.
Trong ché d6 doc 1ap, Microgrid ngay lap tic
phai thuc hién chia cong suit cho cac bd nghich
lwu dé 6n dinh tan sé va dién ap.

I 290)

4
=
>

y_ v

)
N
) _ a1 ‘ﬂ,
S -
=l 3=
™ v
s _>__'
=
2| 3=
=

b

=
~

Energy management

system (EMS) - Hé thong

quan Iy ning luong.

Vpu-
23% ET&H

AV,

Hinh 1. C4u hinh cta Microgrid doc lap v&i hé théng quan 1y
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2 PHUONG PHAP PIEU KHIEN BE XUAT

2.1 Co 6 1y thuyét cua phuong phap diéu khién
chia cong suat

Theo cac nghién ctu [1 - 32] thi co s 1y
thuyét cta phuong phap diéu khién dé xuét dugc
hinh thanh trén co sé cia phuong phap Droop
truyén thong, dugc thanh 1ap bang cach phén tich
mach twong duong ctia bd nghich luu két ndi voi
tai dugc thé hién & hinh 2.

T 1/-¢ R+jX=z.8  PCC
VediH | — — |
J'_ | — |

TS VvV
AR P4Q recl 0

B nghich Iru Tai

(@)
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b
Hinh 2. (a) So d6 ;Ehgu cong sut cua mot bd nghich luu, (b)
do thi vec to dong dién va dién ap

R va X lan luot 1a dién tré va dién khang cua
duong day (Q).
I 1a dong dién chay trén dudng day ndi tir bd
nghich luu dén diém chung (A).

Ttr hinh 2, cong suit cung cdp bai bo nghich
Iuu duoc tinh:

7

P= W[RU foccc0s6) +
‘“’PCC 51715] (l)
Q= m[—ﬁ"-’pccsinﬁ +
XV — Vopecos6)] (2)
Tu (1) va (2) suy ra:

XP —R

siné = TQ 3)
VVece

RP + XQ )
V —Vocccosé = v 4)

Truong hop duong day c6 X>>R va goc 6
nho. Khi d6 cong thirc (3) va (4) co thé viét:

~ 2 (5)

(6)

Cong thirc (5) va (6) lan 1u:0t cho thay do léch
tan s6 phu thudc vao cong suit tac dung P va d6
1éch dién 4p phu thudc vao cong suit phan khang
Q. Vi vay dién ap ngd ra bd nghich luu dugc
diéu khién boi Q, tan sb ngd ra bo nghich luu
dugc diéu khién boi P. Do d6, chung ta co dic
tinh ctia Droop P/f va Q/V duoc thé hién trong
cong thac (7) va (8):

w = wy — myP (7
=V, —m,Q (8)

Hé s6 Droop ‘my va mq duge chon theo d6 thay
d6i dién ap va tan sd cho phép so v6i dinh mirc:

m = (’00 - (’Omin , m V me (9)
” Pmax ? Omax

Trong do: P va Q lan luot 1a cong sut tac
dung va phan khang do bd nghich luu phat ra; V

va o 1an luot 13 dién ap dinh muc va tan sd goc
dinh muc cua ngué)n va tai; V va o lan luot 1a
dién ap va tan s6 goc ¢ ngd ra cia bo nghich luu,
Vmin VA Omin 1an luot 12 dién ap va tan s6 g0c cuc
tiéu cho phép ctia Microgrid.

Theo tiéu chuan EN 50160 thi d¢ léch tan s6
cho phép 1a 1% so véi tan s dinh mirc va do
léch dién ap cho phép la £10% so véi dién ap
dinh murc.

f
Puong droop P/f
fol— ! E—
AT ]
0 P. P
(@)
A%
Dudng droop
Qv
A/ = —— —
AV
hQ
0 Q Q
(b)

Hinh 3. D) thi bidu din duong dic tinh Droop (a) Dic tinh
Droop P/f, (b) Déc tinh Droop Q/V

Trong trudng hop tré khang duong diy ndi
giita cac bd nghich luu dén diém chung PCC
khac nhau thi ta ¢ thé thay rang viéc thuc hién
chia tai chinh xac theo ti 1¢ cong suét dinh miec,
cling nhu viéc diéu chinh sai 16ch cong suit va
sai l&ch dién ap so voi gia tri dinh muc la rat kho
khan boi vi né phu thudc vao cac thong sb cua hé
thong.

Theo nghién ctru [1 - 20] thi viéc chia cong
sudt tac dung theo phuong phap Droop khong bi
anh huong dang ké boi su sai 1éch vé tro khang
duong day ndi gitra cac bd nghich luu dén diém
chung PCC. Tuy nhién, su sai léch v& tré khang
duong ddy sé& anh huong rt 16n dén viée chia
cong sudt phan khang, dugc trinh bay nhu sau:

Cong thirc (6) c6 thé viét lai:



8 SCIENCE & TECHNOLOGY DEVELOPMENT JOURNAL -
ENGINEERING & TECHNOLOGY, VOL 1, ISSUE 3, 2018

Q.X

J — ——

/= Vo + v (10)

Puong dic tuyén cia (10) cho 2 bd nghich luu
¢o trd khang duong day khac nhau dugc thé hién
trong hinh 4.

\%

V:(Xz)

V;(Xl)

Vece

0 Q
Hinh 4. Duong dic tuyén dién ap theo cong suat khang
Theo hinh 4 ta thiy khi khang hai duong day
khéc nhau thi duong dic tuyén Q = f(V) cling
khéac nhau.

Pudng droop
v Qv

0 Q: Q Q
Hinh 5. Pudng dic tinh dién 4p theo cong suét khang va
duong déc tinh Droop Q/V

Hinh 5 cho thdy hai b nghich luu c6 cung
cong suit dinh muc nhung duoc két ndi dén cac
duong day c6 khang khac nhau thi sinh ra sai
léch trong viéc chia cong suat khang, vi X, >X|
nén din dén cong sudt duoc chia cho hai bd
nghich luu Q, <Q;

2.2 B6 diéu khién chia cong sudt dé xuét

Trong bai nay, d& xuat mot phuong phép chia
cong sudt phan khang bang cach diéu chinh d6
dbc dién ap Droop Q/V, nham lam ting d6 chinh
xac cho viéc chia cong suit phan khang. Do dbc
dién ap Droop duogc diéu chinh thich tmg theo su
thay ddi cta tai théng qua hé thong quan 1y ning
lugng EMS (energy management system).

So @6 khdi clia mé hinh diéu khién cong suit
cho mdt bd nghich luu duoc thé hién & hinh 6,
gdm co cac khoi:

Ve
i* i ; Didu
Diéu khién ché |
dong dién | V¥l pWM

B0 nghich lwu

Diéu khién| |
dién 4p Ve

V¥, Diéu P Tinhyto:’m cong
khién | [*7—] suatvaloc
Droop Q thong thap

Hinh 6. So d6 khéi cua bo diéu khién cong suat cho mot bo

nghich luu

e Vong diéu khién bén ngoai 1a vong didu
khién cong suét (Droop control), dé didu khién
cong suat phat cia cac ngudn (cac bd nghich luu-
inverter).

e Vong diéu khién bén trong 1a vong diéu
khién dong dién (current control), dé diéu khién
dong dién & ngd ra cia bd nghich lwu (i;) va
vong diéu khién dién ap (voltage control) dé diéu
khién dién ap & ngd ra cuia bd nghich luu sau khi
loc (v).

eBo diéu ché vec to khoéng gian
(modulator) dé tao ra dién ap 3 pha & ngd ra cia
bd nghich luu 3 pha (viny).

B(f)‘ diéu khién cong sudt cho mdt bd nghich
Iuu gom cac khoi sau:
2.2.1 Khoi tinh
calculation)

toan cong suat (power

Khdi tinh toan cong suit duoc tham khao theo
tai liéu [21]:

Cong suit 3 pha trén hinh 5 trong hé toa do
quay dq0 dugc tinh theo cac cong thirc sau:

3
P= 5 (logVeq + ‘;:ql"‘cq.) (11)
3 _ . §
=35 (T2gVeg — T2gVeg) (12)

Gia st rellrﬂec to dién ap v, trung véi truc d,
ta ¢6 veg = lv | va v, = 0, khi d6 cong suét tac
dung va cong suat phan khang s€ ti 1¢ voi cac
thanh phan dong dién iq va ig:

3 -
P=75t2dVed

(13)

3. e
4= —3t2qVed (14)
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Gia tri trung binh ciia cong suét tac dung va
cong suat phan khang twong tng voi cac thanh
phan co ban cé thé thu dugc bai loc thong thap:

We —

- s+ w, P (13)
We .
Q= L (16)

Trong d6 w. 14 tan sb cit.
Gia trj trung binh cua cong suit tic dung (P)
va cong sudt phan khang (Q) duoc dwa vao bd

didu khién cong suét (diéu khién Droop).

2.2.2 Khoi diéu khién Droop dé xudt

Sai léch vé tro khang duong day din dén sai
léch vé& do sut ap trén duong day duoc bu trir
bang viéc diéu chinh d6 dbc dién ap Droop Q/V,
d6 déc dién ap Droop dugc diéu chinh thich ung
theo sy thay doi cua tai.

Theo nghién ctu [1 - 20] thi viéc chia cong
sudt tac dung theo phuong phap Droop P/f sé
khong bi anh huéng dang ké boi sy sai léch vé
tro khang duong day ndi giira cac bd nghich luu
dén diém chung PCC. Tuy nhién, sy sai léch vé
tr& khang duong diy s& anh hudng rat 16n dén
viéc chia cong suit phan khang theo phuong
phap Droop Q/V. Vi véy trong bai nay thi bo
didu khién Droop d& xuit vin giit nguyén
phuong trinh Droop P/f trong cong thic (7). Tuy
nhién, phuong trinh Droop Q/V trong cong thurc
(8) duoc cai tién nhu sau:

V=V —(m; +Amy)Q
Trong do6:

(17)

Am, =k, J (Q-Q")dt (18)

Heé s6 d6 dbc mg dugc tinh theo cong thirc (9).

Phuong phap cai tién bd diéu khién Droop
dién ap (Droop Q/V) dé nang cao d6 chinh xac
trong viéc chia cong suat phan khang. Cu thé cia
phuong phap nay la diéu chinh d6 dbc cua
phuong trinh Droop dién ap theo cong suit
khang (Droop Q/V) dé bu dap cho do sut ap trén
duong day (do anh huong cua sai léch vé tro
khang dudng day) bang cach sir dung cac lién két
truyén thong qua hé thong quan 1y ning lugng
EMS. Bus truyén thong dé tao thuan loi cho viéc
hiéu chinh d6 déc dién ap Droop. P9 dbc cua
phuong trinh Droop dién 4ap duoc hi¢u chinh
thong qua hiéu chinh gia tri cong suit phan
khang & ngd ra ciia mdi bo nghich luu, cu thé
nhu sau:

Mbi DG giri cong sudt phan khang do luong Q
cta chinh n6 dén EMS, EMS sé tinh toan gia tri
tham chiéu Q" (i=1, 2,..n) cho mdi DG dua trén
cong suét dlnh mirc ciia DG va cong suit Q* cua
téng cong suit tai trong Microgrid. Theo d6, mdi
DG s& nhan phan gia tri tham chiéu cta minh
(Q/", Q... Qo) tir EMS tr& vé dé dua vao bo
diéu khién & cong thic (18) va thyc hién viéc
diéu chinh hé s6 d¢ déc dé bu trir cho sai léch vé
do sut ap trén dudng day.

Khi tong tai thay do6i, cac gia tri tham chiéu
Q;* s& dugc diéu chinh sao cho phu hop va bt
dau diéu khién. Do d6, mdi DG sé sir dung cong
sudt khang tham chiéu Qi* cua nd dé didu chinh
thich nghi hé s6 d6 déc cua chinh no, Q;* s& la
mot gia tri tham chiéu ¢6 dinh cho dén khi téng
cong suat phan khang ciia tai thay doi.

B di¢u khién Droop dé xuat dé diéu chinh h¢
s6 do doc mg dugc hién thi trong hinh 7.

Vy

mq,
Qj L l
. 0 - p 7 N ——
Yl Tinh todn *\)" J pon 9 Phit di

Y 4 ap tham
cong suat 0 i
—> walpc o o @ chieu
i ithong thap P 4
m,,T

Hinh 7. So d6 khdi cua bo didu khién Droop d& xuét cho mot
bo nghich luu

Bang cach diéu chinh cac hé sé do loi tich
phén k, cho cac bo diéu khién Droop dé xuit cua
cac DG ¢ cong thuc (18). Khi xdc 18p thi cac gia
trj cong suat Q cua cac DG phat ra s& tién dén
mot gia tri cong suit bang nhau theo ti 18 dinh
muec, diéu nay c6 nghia 1a loai bo duogc sai Iéch
vé sut ap trén duong ddy, hay néi cach khac la
loai bo dugc anh huong cua sy sai 1éch Ve tro
khang duong day. Cudi cing 1 bd didu khlen dé
xuét chia cong sudt dung theo ti 1é cong suat dinh
muc cua cac bg nghich luu.

Hé sb k,dugc chon va diéu chinh phu thudc
vao tbc d6 ma cong suat phan khang ngd ra cia
bd nghich luu dat dugc theo mong muén (chon
thoi gian qua do tee tir 1,5s dén 2s va sai sd xac
lap €=0,02) can nhic giira thoi gian qua do voi
d6 vot 16 cong suét (thoi gian tee chon cang nho
thi h¢ thdng dap ung cang nhanh, nhung d6 vot
16 cao).

EMS tham do dinh ky cho viéc do ludng cong
sudt phan khang ngd ra cta cac DG. Téc do cap
nhat cho cac dit liéu cong suat khang cia cac DG
¢6 thé duoc lua chon dua trén cac thong sb k¥
thuat cia cac lién két truyén thong. Do thyuc té

Dén bo didu

khién dién ap
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réng gia tri Q* tham chiéu duge cap nhat dinh
ky, thoi gian chdm cap nhat thong tin chdm tré sé
khong c¢6 anh hudng vao viéc chia sé cong suit
phan khang & trang thai 6n dinh. Hon nira, cac
vong lap didu chinh 14 du chim ma su tuong tac
l1a khong dang ké véi dong hoc Microgrid, dugc
khdng ché bai bo loc thong thap [25 - 26].

2.2.3Khéi diéu khién dién dp va dong dién

B0 diéu khién dién 4p va dong dién dugc thanh
lap dya vao so do hinh 6.

11 R L 12
‘T

) Vinv VCT - AQ}P—
[

Hinh 8. Mach dién tuong dupmg mot pha ctia bd nghich luu két
noi voi tai

Trong do:

R la dién tro cia duong day (QQ)
L 1a dién cam cta dudng day (H)
Rrla dién trd cua ty loc ()

Lrla dién cam cua tu loc (H)

C la dién dung cua bd loc (F).

i1 1a dong dién ¢ ngd ra cia bg nghich luu.
io1a dong dién chay trén duong day.

Vcl1a dién ap trén tu loc.
Vinv1a dién ap ¢ ngo ra ctiia bo nghich luu.

Tur hinh 8, ¢6 thé viét:

L 19
=i, + ot (19)
di,
Viny = Ly ‘T +R i)+ Vg (20)
Cong thire (19) va (20) c¢6 thé duoc viét:
v
iy g =isq+C d;d—wCch (21)
dl}q
ilq=i:q+C?+vacd (22)
_ i1d , .
Vinpd = Lf W‘ + szld — “’L}'zlq
FVcqg (23)
Vinvg = Ly d —2 1+ R; fl1g + whfiyg
+, (24)

o B¢ diéu khien dién ap:

Cong thire (21) va (22) c¢6 thé duoc viét:

) ) dvg
fd =tz dt
=Aig+i,g — wC Veq (25)
Aveq
i1g= i:q+Cw+vatd
=iy + iy + wCvgg (26)
Trong do:
(Aig= kpv(v;d - vea) +
Kiy f(vc'd —valdt  (27)
< - -
Aig = k_,,l,(ch — v,q) +
\ kflﬁf(V;q - ch)dt (28)

Céc hé s kpy, kiv 1an lugt 12 h¢ s6 khuéch dai va
hé s0 tich phan ctia bd di€u khién dién ap.

Bo diéu khién dién ap trong hinh 9a dugc
thanh 1ap tr cong thirc (25) dén (28).
e B¢ diéu khién dong dién:
Cong thirc (23) va (24) c6 thé dugc viét:

lyg
Vinvd = L dt + R Ild (A)Lfflq + Veg

=A1d wL-:lq+vcd (29)
Vinpg = Ly d —2 4+ R, zlq-i-wL g + Vg
= A, + wliyg + v (30)
Trong do:
(Avg = kyi(ijg —i0) +
kﬁJ‘(izd —i,z)dt (31)
{ " ;
Av, = kp,-(zlq — zlq) +
L Kii f(ilq —iyp)dt (32)

Céc hé s6 kpi, kii 1an lugt 1 hé s6 khuéch dai va
hé s tich phan cua bo diéu khién dong dién.

Bo diéu khién dong dién trong hinh 9b dugc
thanh 1ap tir cong thire (29) dén (32).
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Volrage .
‘ V*cd control l‘zd
Ved N [ 7N 1%1d
b kpv+ ki D

11

Khao sat tinh 6n dinh cua b diéu khién:

Tham khao theo tai liéu [27], v1et lai cac phuong
trinh tir (25) dén (32) trong mién tan sb:

Vi(S) = (k,, +
(33)

?)(vj(S) —VSN+LE)

V,.(S)=(k, +

in

(34) Tu cac phuo’ng trinh (33), (34) va mach hinh
8, ta co so dd khdi cua bo dleu khién dong dién
va dién 4p trong mién tan s6 nhu & hinh 10.

UURS—A@D+VA$

Ham truyén tuong dwong cta so @b hinh 10:

V.(S) R, C(S+k )
G(S)zvi(s)z , k .k 1 k Wk,
¢ R I

R, L.C L C
(35)

Cac hé sb kpi kpv kii kiv co thé duoc chon sao
cho tt ca cac cuc cta ham truyén (35) nim bén
trai mat phang phirc dé hé lun 6n dinh va c6 sai
sO xac lap tir 2% dén 5% so v6i gia tri tham
chiéu. Hinh 11 cho thdy dap ung budc cua bd
diéu khién dién ap tmg vai cac hé s6 kpi kpy ki kiy
da chon.

Tuy theo pham vi diéu khién cua tai va cac
thong s6 duong day ma ta c6 thé diéu chinh cac
hé sé Kpi kpv kii kiv sao cho cac cyc cua ham
truyen (35) ndm bén trai mat phang phuc, dé hé
ludn 6n dinh.

|1(s)

(a)
Current ved
1*1d control ¢
ild N TN Vi
—»{- j—>kpit % —»t ) =
OLf —— T
ﬁ OLf | i
e N V¥iavg
. - .—> kp| + l\Vill |
11 q o | S N
Current
1*1q control veq
(b)
Hinh 9. a) Bo diéu khién dién p,
b) Bo diéu khién dong dién
I(S)
Kpi + i
P S

Ii(S Ie(S
i ) 1) %_ Sy
L:S+R¢ CS

1:i(S)

V(S

Ve(S)

Ve(S)

Hinh 10. So db khéi cua bo diéu khién dong dién va dién ap trong mién tan sb

Step Response

Noévot lo& 8%

?

Anmy
© 0o ¢
N
T T T T 1

o
w
T

0.1 Thoi gian qua dd=1.5s —

i L ]

c c
1 Time (seconds) 1.5 2 2.5

Hinh 11. Dép tmg budc ciia b diéu khién dién ap khi chon cac hé s6 k,i=10; ky,=01; ki=1; ki,=005
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Céc h¢ s0 Droop tan s6 m, va Droop dién ap mq

3 KET QUANGHIEN CUU duoc chon theo cong thie (9).

Mot Microgrid véi ba ngudn phat cong sufit DG
duogc mo6 phong trong Matlab/simulink dé kiém

BANG 1
BANG CAC THONG SO MO PHONG

tra b didu khién d& xut, va dé chémg minh tinh Thong so cua bg nghich lwu Gid tri
. 1 Y LR A X . . va bo dieu khién
kha thi cta by dieu khién d€ xuat cho Microgrid Cong suit dinh mitc S AKVA
voi h(irn hai BNP. Céc thong 50 hé t%lor'lig du'c.yAc Bién ap dinh mitc VO 3LV
the hién trong Bang 1. Ba don vi DG 1a giong hét o L2mH
nhau va thong so bd loc cling giong nhau, thong Dién cam bg loc L |
s0 trd khang duong day khac nhau. D€ cho thay Dién tré bg loc Ry 0,2Q
t1.nAh ChlPh xdc ca bo dlgu lfhlin ae ).;Bat th} thgc Dién dung bo loc C 50uF
hién mé phong bang hai bd diéu khién (bg diéu o . 10kHz
[P A A 5 WA A2 - Tan so dong cat f;

khién Droop truyén thong va bd dicu khién
Droop dé xuat), sau d6 so sanh két qua cua Tén s6 lay mau fr SkHz
chu.ng. ) R " N . s Hé s6 Droop dién ap mq 0,0017V/Var
Ghi chu: B6 dicu khién dé xuat dugc thict ké , o

\ ~ . . \ A . Hg s6 Droop tan s6 mp 0,0001Rad/s.W
trong truong hop thong so cua cac duong day thi - .
khac nhau. Cac thong s6 dién tré va dién cam Tré khéang duong day tha 1 14j0.314 Q
cﬁ.a day dan duo’c‘ chf_)n theo céngisuét_(fﬁa phu Tré khang duomg day tha2 | 0-8+0.2513Q
tai, tham khdo tor sich “Cung cap dién” cua Tr6 khine dubme div i3 | 0-6+i0.1885 0
nhém tic gia Nguyén Xuan Phu, Nguyén Cong 1o khang duong day thu

Hién, Nguyén B6i Khué, nha xuit ban Khoa hoc
k¥ thuat TP. HCM, nam 1998.

From1

il

RCFRer

5———aA 3 p
o ejvaee v o5l s

Sources ThRephase iverer mererl 81

UNE

I A
.—.(?
(3

’

'-:’!
cos_sh_ihets
v va Al
vee f¢— P
orat
va
Puss
e M “
Ve 1a
t1
I—Vn et af .
i Power Cakulzn
L]
Proposed DRop
SVPWM Currnt control

Hinh 12. M6 hinh chi tiét ciia bo diéu khién chia cong sut cho mét bd nghich luu bang phuong phap dé xuét
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nwerer 1

nweger2

nwerer3

Ta:imL

Hinh 13. M6 hinh ctia bd didu khién chia cong suit cho 3 bd nghich luu song song bang phuong phap d& xuét

Mo hinh mé phong trén hinh 12 bao gém céac khi
chinh sau:

1. Ngudn DC (sources-Vdc)
2. B0 nghich luu 3 pha gdm 6 khoa (Three
phase inverter)
. B0 loc (filter)
. Tro khang duong day (line impedance)
5. Khbi tinh toan cong sut (power
calculation)
. Khéi Droop dé xuét (Proposed Droop)
7. Khéi diéu khién dién ap (voltage
control)
8. Khdi diéu khién dong dién (current
control)
9. Khdi diéu ché xung (SVPWM)

W

=)}

3.1. M6 phong chia cong sudt bang cdch sir dung
diéu khién Droop truyén thong

P(W)
2000
—P1
—P2
1500& o
1000/ "
500 -
0
=500, 5 10 15

t(s) @

Q(Var)
3000
—aQ1
—Q2
2000 — Q3]
w—-“‘
/—__
0 M —
"
-1000 5 10 15

1(s) (b)

Hinh 14. M6 phong chia cong suat voi bo diéu lghién Droop
truyén thong (a) Cong suat tdc dung, (b) Cong suat phan khang

Hinh 14 cho thdy trong truong hop tré khang
cac duong day khac nhau thi bo didu khién Droop
truyén thong cho két qua chia cong suit tic dung
tuong dbi chinh xac. Tuy nhién, kha ning chia
cong sudt phan khang 1a rat kém khi tro khang
duong day la khac nhau.

Sai 1éch khi chia cong suit tac dung dugc tinh:

-

L. 100%

P
P; 1a cong Sut tac dung dugc do tai dau ra cua
bd nghich luu i va P* 1a cong tac dung mong
mudn duoc chia cia bd nghich luu i.
Xét sai s6 chia cong suat tac dung khi xac lap
trong khoang thOl gian tir Os dén 6s:

ep% = .100%
11éo —1150
1150

B

04 =
e, %

.100% =2,6%
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Sai léch khi chia coéng suit phan khang duoc

tinh:

% = Qi — Q;
; e ‘

Qi 1a cong suat phan khang dugc do tai dau ra

ctia bo nghich luu i va Q*; 1a cong suit phan khang
mong mubn duoc chia cia bd nghich luu i

Xét sai s6 chia cong suat phan khang cua bod
nghich luu 1 khi xac lap trong khoang thoi gian tir
0s dén 6s:

Q; _,Q‘.1oo

1150 — 750 005 — S35
- 750 . 70 — 70

Ta thay sai léch khi chia cong sudt phan khang
1a rat 16n, c6 thé dan dén mat 6n dinh hé thong.

e .100%

€% =

3.2. M6 phong chia_cong sudt bang cdch sir dung
diéu khién Droop dé xuat

Hinh 15 cho thiy bo diéu khién d& xuat co tinh
chinh x4c cao trong viéc chia sé cong suat tic dung
va cong suat phan khang khi tré khang cac dudng
day khac nhau. c6 sai sb khong dang ké. Pam bao
chat luong dién 4p cung cip cho tai (Vecc
min=307,5V).

Xét sai s6 chia cong suit tic dung khi xac lap
trong khoang tpéri gian tir Os dén 6s:

i i

e, % = X .10
~ 1135 — 1150 1005 — 043
T 1150 T

Xét sai sb chia cong suit phan khang cua bod
nghich luu 1 khi xac lap trong khoang thoi gian tir
0Os dén 6s:

6% = u 100
752 — 750
=5 100% = 0.26%

Ta thiy sai léch khi chia cong sut tac dung va
phan khang la khong dang ke.

P(W)

2000 —
—P1
—P2

1500 —p3

1000 Nawe”

(ST
500

-500
(s) (a)

Q(Var)
1200
—at
1 I
000 \ o
800 /\\ \X\}nc —"
600 V/
400
200
0
200 5 10 15
t(s) (b)
Vpcee(V)
400
350
300
250
200
150
100
50
% 5 10 15

t(s) (O]
Hinh 15. M6 phong chia cong sudt véi bd diéu khién Droop dé
xuat (a) Cong suat tac dung, (b) Cong suat phan khang, (c) Pién
ap tai tai

Hinh 16 mo6 phéng dong dién chay trén céc
duong day pha a cua cac bd nghich luu khi trd
khang cac duong diy khac nhau. Hinh 16a cho
thiy v6i bo diéu khién Droop thong thuong thi
dong dién chay trén cac dudng day pha a cua céc
bd nghich luu 1éch pha nhau va bién d¢ khong
bang nhau. Diéu nay 1a do anh hudng cta sy sai
léch vé tré khang cua cac duong day, sai léch tro
khang dan dén sai léch vé sut ap trén duong day,
ma cac bg nghich luu lai két ndi chung voi nhau tai
diém PCC nén dan dén dién ap tai ddu duong day
khong bang nhau, theo nguyén Iy Droop & cong
thirc (8) thi s& din dén cong suat phat ra ctia cac bd
nghich luu khéng bang nhau nén dong dién trén
cac pha tuwong rng cling khéng trung nhau.

Hinh 16b cho thay voi bo diéu khién Droop dé
xuét thi dong dién chay trén cac duong day pha a
cua cac bd nghich Iuu cung pha nhau va bién d¢
bﬁng nhau, do cdc hé sb Droop dién ap duogc diéu
chinh dé bu trir sy sai léch vé sut ap trén duong
day nén loai bo dugc anh huong cia sy sai 1éch vé
tr¢ khang duong day.
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ia(A)

o

—ial
—ia2
—ia3

N

201 202 203 204 205 206 207 208 209 21
t(s) (a)
ia(A)

—ial

—ia2
/\ —ia3

A AN W A\ O A W
AR A N A N A W
.+ VvV V. NV V

2201 202 203 204 205 206 207 208 209 2
) (b)

Hinh 16. M6 phong dong dién trén 3 day pha a cua 3 bo nghich
luu, (a) St dung bo dicu khién Droop truyén thong, (b) St dung
b diu khién Droop de xuat

4. KET LUAN

Trong bai bao nay, mot chién luoc diéu khién dé
nang cao do chinh xéac trong viéc chia cong suat
phan khang trong Microgrid doc lap dugc dé xuét
va dugc chimg minh bang mé phong. Hé sé do doc
clia phuong trinh Droop dién ap dugc didu chinh
dé bu dap cho su sai 1éch vé dién ap roi trén duong
day. Két qua md phong cho thiy su chia sé¢ cong
suat phan khang bang cach st dung phwong phap
dé xuét thi cho sai léch khong déng ké, kha ning
chia cong suat cua bd diéu khién dé xuét thi tdt
hon rat nhiéu so véi phuong phap Droop truyén
thong.
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Abstract—In this paper, a reactive power sharing
method by adjusting the droop voltage slope is
proposed, in order to increase the accuracy of the
reactive power sharing. The mismatch of line
impedances lead to mismatch of voltage drop across
the line is compensated by adjusting the droop

voltage slope. The droop voltage slope is adjusted to
adaptive with the change of load, the results of
proposed method is more accurate reactive power
sharing than conventional methods. The feasibility
and effectiveness of the proposed strategy are
evidenced by the simulation results.

Index terms—Power sharing control, Microgrid, parallel inverter, droop control, islanded microgrid,

line impedance.



