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Tém tit:

Nganh cong nghiép dién da san sang dé thuc hién viéc chuyén ddi tir mdt mang IuGi san xuét kiém
soat tap trung sang trang thai it tap trung hon va ngudi tiéu dung dugc tham gia tuong tac nhiéu
han. Mdt mang IuGi thdng minh han ¢d thé thay ddi dugc diéu dé bang cach dua cac triét ly, khai
niém va cong nghé mang truyén tin vao hé thdng dién. Bai bdo nghién cltu st dung giai phap két
hgp gilra cong tac do ludng (dong dién, dién ap, tan s6, séng hai...) va sir dung cac thiét bi thu thap
di liéu truyén thong tin lién lac trén co sd cau trdc cai ti€n cha hé théng SCADA (Supervisory
Control and Data Acquisition) (hg dung thuét todn théng minh dé gidm sat trang thai két ndi cac
ngudn dién phan tan cho Iugi dién phan phdi thong minh. Mot s6 két qua mo6 phong trén Matlab-
Simulink chirng minh tinh kha thi cla gidi phap dé xudt. Két qua mé phdng trén phan mém
Matlab/Simulink chirng minh hiéu qua cla gidi phap dé xuat.

T khoéa:
Ludi dién thong minh - Smart grid, Iugi dién phan phdi (LDPP), Iudi dién nho - microgrid, nguon dién
phan tan (DG), diém két ndi chung (PCC), tin nhdn SMS (Short text Message Service)

Abstract:

The electric industry is poised to make the transformation from a centralized, producer-controlled
network to one that is less centralized and more consumer-interactive. A smarter grid makes this
transformation possible by bringing the philosophies, concepts and technologies that enabled the
internet to the utility electric grid. In this study, proposing of a novel islanding detection method is
one of the most important features and offering a method of combining the measurement solution
and communication media based on the development of electronic communication devices that new
technology systems to detect the islanding state in point of common coupling (PCC) for power grid
connected to DGs; based on the structure of SCADA. The simulated results of test case on the
Matlab/Simulink enviroment has demonstrated the effectiveness of the proposed methods.

Keywords:

Distributed grid, multi-function device, Distributed Generation, photovoltaic system, SCADA
(Supervisory Control and Data Acquisition), Intelligent Electronic Divices (IED), SMS (Short text
Message Service).
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1. DAT VAN BE

Cung véi sy phat trién cua khoa hoc, ung
dung cua cach mang cong nghé lan thi tu,
hé thng dién truyén thdng dang dan duoc
nang cip quan 1y va diéu khién thong
minh hon hay con dugC goi la “smart
grid”. Hién nay, mot trong nhitng thach
thicc 16n nhat d6i véi hé thong dién
(HTDb) Viét Nam la viéc tich hgp hoan
toan cac DG vao ludi dién, nhat 1a & cip
phan phdi (tic 1a ¢ cac ludi dién trung va
ha 4p). Thuc té, viéc tich hop nhu vay cho
phép khai thac tét nhit cic ngudn ning
lugng tai tao san co tai cac vung lanh thd
va cac ngudn nang luong chua duoc khai
thac khac, bén canh do, can thay ddi cach
van hanh ngudn ning luong kiéu mot
chiéu hay viéc sir dung qua han ché cac
thiét bi dién - dién tr st dung cong nghé
hién dai co kha niang diéu khién va tu
dong hoa cao nhu trudc day. Ngugc lai,
“smart grid” khong chi 1a mdt khai niém
don thuan ma 1a sy két hop ciia cong nghé
va cac bién phap huong téi hién dai hoa
ludi dién hién hanh [1] nham néng cao:

e Tinh linh hoat (F-flexibility);

e Mtrc do san sang (A-availability);

e Hiéu suat (E-energy efficiency);

e Tinh kinh ké (C-costs).

Trong d6, cac trao luu nang luong 1a hai
chiéu nén can thiét phai c6 cac cong nghé
va kha nang do luong mai thong minh
hon, céc thiét bi dién - dién tir théng minh
(IEDs) va mang truyén tin hai chiéu dé
phuc vu cac nhiém vy giam sat, diéu
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khién, tu dong hoa va bao vé hé thdng
dién. Trong nhitng nim gin day, viéc
giam sat, thu thap cac thong sb dién va
sau d6 1a diéu khién dong ngit cac thiét bi
dién trong cac tram bién 4p phan phdi da
tré nén phd bién trong nghién ctu tng
dung. Tuy nhién, dé giam thiéu viéc phai
dau tu hé thong phan mém va thiét bj dat
tién tir cac nude phat trién, rat can thiét
dau tu cho viéc nghién ctru va ap dung
cac thiét bi giam sat va diéu khién ludi
dién phan phdi dap tmg céc tiéu chuan voi
muc chi phi hop ly. Bé md rong chic
ning cho cac thiét bi dién, gitip ich cho
véan hanh luéi dién phan phdi (LDPP), bai
bao dé xuat giai phap tich hop da chuc
ning cho hé théng giam sat va canh bao
su ¢ bt thuong.

2. POl TUONG NGHIEN Ccl’U VA GIAI
PHAP DE XUAT

Trong céc nghién ctru cong bd gan day tai
Viét Nam, cac giai phap dua ra thuong
dung lai & muc d6 chirc nang giam sat
thong sb dién. Cac thiét bi nay thuong
duoc két ndi voi trung tam diéu khién,
trung tam dir liéu qua mang di dong hoac
wifi internet va cung cap di liéu dén cho
nguoi dung nho giao dién phan mém tich
hop. Nghién ctru dé xuit mot giai phap
mai mang tinh kha thi cho viéc bao vé hé
thdng dién, sir dung két hop cac nguyén 1y
bao vé role va phuong phap truyén thong
tin trang thai két ndi gitta ngudn dién
phan tan (DG) ma phd bién 1a cac ngudn
di¢n s dung pin nang lugng mat troi
(PV) va luéi dién phan phdi (LDPP) dé
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bao vé cho hé théng 1am viéc & ca ché do
két ndi va tach lu6i caa DG. Cung véi su
dong gop tich cuc ciia DG vao sy 6n dinh,
linh hoat hon va tang d¢ tin cay cua
LDPP, giai phap dugc dé xuit nay ciing
c6 thé thuc hién cac chtc ning “thong
minh hon” - cho phép giam sat va diéu
khién tir xa cac DG & khia canh khong chi
tach ra ma con diéu chinh dién ap, cong
Suit va diéu tiét san luong dién nang. Khi
phat hién su ¢6 bat thuong, cac thiét bi s&
guri tin hiéu diéu khién dé dong ngat cac
thiét bi bao vé. Piéu gdy ngac nhién khi
biét rang nhiéu bai toan trong sd nhiing y
tuong nay da di vao hoat dong. Tuy
nhién, giai phap dot pha chi hiru ich khi
khach hang ciing duoc trao quyén boi
phuong tién truyén théng ky thuat s6 va
plug-and-play kha ning hai chiéu minh
hoa mot mang ludi thong minh hon.

2.1. B6i twong nghién clru

Thé hé phan phdi 1a viéc s dung cac
cong nghé san xuét dién quy mo nho nam
gan vai tai trong duoc phuc vu, c6 kha
nang giam chi phi, nang cao d¢ tin cay,
giam lugng khi thai va mo rong tuy chon
ning luong. Thiét bi giam sat, do dac
thong s6 s& duoc lip dat tai mot sé tram
bién 4p phan phdi 22/0,4 kV hoic céc til
phan phdi nhanh dé thu thap thong s6 gui
vé trung tam dit lidu. Cang nhiéu noi dugc
lip dat thiét bi, thuat toan xtr 1y cang co
kha ning thé hién dugc cac chirc ning
tinh toan chinh xac hon. Trong pham vi
bai bao nay, nhom tac gia gioi thiéu két
qua tir s6 lidu cia mé hinh nghién ciu.

Mo hinh cua LDPP duoc gigi thiéu trén
hinh 1.
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Hinh 1. M6 hinh lwéi dién phan phéi cé tich hop
nguén dién str dung nang lweng mit troi

2.2. Giai phap dé xuat

Cac thuat toan giam sat LDPP ¢6 sy tham
gia cua nguon dién phan tan da duoc
nghién ctru va phat trién bat dau tir nhirng
nim 2010 [1-7]. Trong d6, st dung két
hop 2 phuong phap do ludng va truyén
thong tin lién lac 1a gidi phap c6 hiéu qua
cao véi chi phi hop 1y ddi véi nhitng hé
thong dién chwa hoan toan dong bo hién
dai nhu Viét Nam (bang 1). Cac tiéu
chuan (IEC, IEEE...) duoc cong bd gan
day da 4n dinh mot s6 ngudng dé tach cac
nguon DG & diéu kién do léch dién ap
(85%<Vdm<110%) va tin s trong gioi
han cho phép (49,5 Hz<f<50,5 Hz). Ngoai
ra, diéu d6 cua dién lyc phat 1énh dua ra
kha nang cho phép tach cac DG tur xa
hodc diéu chinh cic ngudng ndi trén dé
tranh 1am viéc trong ché do tach ludi.
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Lw6i dién phan phdi
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May bién ap
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LDPP cTe = |
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Phu tai dién

Hinh 2. So d6 bao vé lwéi dién phan phai cé tich hop ngudn dién str dung ndng lwong mat troi

Bang 1. Phan tich cac phwong phap giam sat trang thai trén LDPP
c6 sw tham gia cia cac ngudn dién phan tan

Phuong Po ludng Thong tin lién lac
phap
bic diém Giam sat cuc bo tai PCC cac thong | Truyén théng tin, dit liéu gitta DG va
s0 ludi dién (f, V, THD,...); ludi dién va dugc DG st dung dé xac
Phan biét cac ché do chia tach va | dinh thoi diém ngat ket noi.
ndi ludi
Uu diém D2 trién khai va chi phi thap; Tin cay va dé trién khai;

Khong lam suy giam chat luong
dién nang.

Khong ¢o “ving chét” trén phuong
dién 1y thuyét ;

Khong phét sinh van d& xau vé chat
luwong dién nang;

Khéng bi anh huéng bai s6 luong DG
trén ludi.

Nhuoc diém

Ving khong phat hién trang thi két
noi tai PCC lon - “Vung chét 16n”
(NDZ: non-detection zone).

Viéc trién khai hé théng ciu trac
truyén thong hai chiéu phurc tap;

Can ha tang co so hién dai, chi phi
dau tu cao.

Kha nang tng
dung

Cac bién phap do luong cac thong
s6 co ban thudng duoc cho 1a chwa
du dbi vai bao vé chdng chia tach
ludi.

C6 thé tan dung cac hé thdng truyén
tin c6 mic dau tr nhé nham giam chi
phi cho hé théng truyén théng. VD:
tin nhan ngin (SMS), cap quang,...
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Ung dung Matlab Simulink mé phong
LDPP c6 sy tham gia ciia DG dé giam sat,
thu thap cac thong sé van hanh va trang
thai két ndi ciia DG tai PCC nhu hinh 3.

Hinh 3. M6 phéng Matlab/Simulink
cho hé théng do lwong tai diém PCC

So dd thuat toan bao vé cho DG khi dugc
két ndi vao LDPP duoc thiét ké nhu hinh 4.

[ Nhap dit liéu dau vao ]

k=1;cyc=0
———V
bo lvong
N2
V_avgt(k)
k=k+1

Co
V_avgt(k) >©

cyc=0

Tang buwdc lap

Khéng

cyc > cyc_max

DG Tach
lwéi

Hinh 4. So db thuat toan bao vé theo tin hiéu
dién ap cho DG khi dwoc két ndi vao LBDPP

M3 ngudn thuat toan dugc xay dung trén
moi truong Matlab nhu sau:

i=0;
t =0.02; % thoi gian 1 chu ky
f ref=50 % tan sb

%---Input Vpcce %

V_n =230;

V_t =vpcc_rms;

V_avgs =230; % trang thai binh thwong

V_Threshold = 230;
V_max_cyc_50=1; % deltaV <50%
V_max_cyc_50_85 =2; % 50% <= deltaV < 85%
V_max_cyc_110 135 =2; %110% <= deltaV < 135%
V_max_cyc_135=1; % deltaV >= 135%
V_cyc_50 =0;
V_cyc_50_85=0;
V_cyc_110 135=0;
V_cyc_135=0;
V_at=1; %
7 — Khéi tao gia tri ban dau -------- %
V_i=0; % mang Vpcct
V_err=0.1;
V_MaxVt = 0;
%BEGIN
%---Main
V_Sta =0;
V_sv=0;
V_i=V_i+1;
forV_i=V_iil:(V_i+V_n-1)
V_sv=V_sv+V_t(V_i,2);
V_avgt=V_sv/V_n;
if (V_avgt > V_MaxVt) V_MaxVt = V_avgt; end;
if (V_avgt < V_MinVt) V_MinVt = V_avgt; end;
V_deltaV = (V_avgt/ V_avgs) * 100;
V_pp =V_avgt/V_Threshold,;
if (V_deltaV < 135) V_cyc_135=0; end
if (V_deltaV < 50) %ki&m tra didu kién deltaV < 50%
V_cyc_50=V_cyc 50 + 1,
if (V_cyc_50>=V_max_cyc_50)
if (V_pp > 1.1) || (V_pp < 0.85))
V_Sta = 1;end end
else
V_cyc_50=0;
if (V_deltaV < 85) % kiém tra diéu kién deltaV >=50
and deltaV <85
V_cyc_50 _85=V_cyc 50_85+1;
if (V_cyc_50_85>=V_max_cyc_50_85)

- Vpcc %
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if (V_pp>1.1)]| (V_pp <0.85))
V_Sta=1;end end
else
V_cyc_50_85=0;
if (V_deltaV < 110) % kiém tra diéu kién deltaV
>=85 and deltaV <110
V_avgs = V_avgt; %cap nhat Vavgt
V_cyc_50 =0;
V_cyc_50_85=0;
V_cyc_110_135=0;
V_cyc_135=0;
else if (V_deltaV < 135) % kiém tra diéu kién
deltaV >=110 and deltaV < 135
V_cyc_110 135=V_cyc_110_135+1;
if (V_cyc_110 135>=V_max_cyc_110_135)
if (V_pp>1.1)]| (V_pp < 0.85))
V_Sta=1;end end
else % kiém tra diéu kién deltaV >=135
V_cyc_110 _135=0;
V_cyc_135=V_cyc_135+1;
if (V_cyc_135>=V_max_cyc_135)
if (V_pp>1.1)]| (V_pp<0.85)
V_Sta =1;end end end
end
end
End

Khi d6 16n cua dién ap nam trong gigi han
dat tru6C [Vmin; Vmax] cua phuong phap
dua trén gia tri dién ap (OUV), thi quan
hé giita dién ap va do léch cong suat dugc
xac dinh nhu sau:

(V,:ax)z —1= ATP s (V,:in)z -1

Khi sy thay doi cia tan s6 nam trong
ngudng cai dat trudC [fmin; fmax] cuQ
phuong phdp dua trén gid tri dién ap
(OUF), thi quan hé giira tan sé va do léch
cong suét duoc xac dinh nhu sau:

Q1 - (L)Z] = 2 Qr[1 = !

max p min

)%

Trong truong hop nday, mac bién dang
dién ap duoc gidm sat tai PCC va khi muc
bién dang vuot ngudng cho phép thi DG
s€ duogc tach ra nhu hinh 5.
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Time (s)

Time §5)

Hinh 5. Két qua mé phéng cua dién ap, tan s6
tai diém két néi chung PCC

2.3. Thuat toan truyén tin

Nghién cru nay dé xuat mot chién lugc
bao vé mé&i cho LDPP, ¢6 thé st dung kha
ning giao tiép thong minh hon dya trén
cong nghé GMS (hé théng toan cau cho
truyén thong di dong). Diéu d6 c6 mot s6
loi thé bao gom chi phi lap dat thap, trién
khai nhanh va tinh di dong cao cung vdi
cac cai tién truyén thong khong day, cac
cong nghé duogc tiéu chuan hoa cung cap
cho cac khu vuc dia phuong va mang khu
vuc ca nhan. Str dung SMS 1a mét dich vu
hiéu qua cho mang dién 4p thip trong do6
cac DG nho két ndi truc tiép voi ludi dién
[8-10] hoic 1a két qua cua cac nghién ciu
[11, 12].

STEVALIPPOO1V2

Hinh 6. Két qua mé phéng cua dién ap, tan sé
tai diém két ndi chung PCC
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V6i cac thong sb cai dat cua tirng phan tt van hanh co ban nhu bang 2.
trén ban mach, thiét bi c6 céc thong sb

Bang 2. Thong s6 k§ thuat ap dung cho don vi truyén tin |&p trong bé thiét bi giam sat va diéu khién

STT

Théng s6

Chi tiét

binh muc, quy cach
- Tan s6 [Hz]

- Pién ap ngudn  [V] 50+£5% i
- Phuong thic truyén tin | 220+£20% xoay chicu
1 | hiéu UMTS(3G)
Moi treong 40 ~85
-Nhigtdo [°C]
. 2 5~95
-boam [%]
- Ap suit khi quyén [kPa] | 80~ 110
o ﬂ Tién hanh gt tin nhén khi phét hién ra dién ngudn cia
Téc dong co ban bo didu khién bi hét do mét dién.
- Gui SMS (D) Tac dong khi phat hién mét dién: "Power Lost!”
Guri tin nhin khi phat sinh: sy ¢ cham dat , sy ¢6 ngan
2 mach, bat thuong tu kiém tra

- S6 may nhan SMS

(2) Phat sinh su ¢6 cham dat: “Ground Fault”

(3) Phat sinh su ¢6 ngan mach: “Short-circuit Fault”
() Phat sinh bat thuong tu kiém tra: “Selfcheck Fault”
Téi da “n” s6 dién thoai cua cac ca nhan, to chuc.

(1) Tac dong khi mét dién

Dién ngudn

Tin hiéu mat
dién dau ra

{Truong hop trong vong 15s khong c6 dién tré lai)

ha ap

Pl
l

Mat dién 15s tré 1én

3s * Truyén
<+—>

{Truong hop c6 dién trd lai trong vong 15s)
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VY Co dién tro lai

Diép ngudn
ha ap

Tin hiéu mat o don o ot S 15
R 6 dién trg lai trong von, S
dién dau ra - : g g

< A Khong truyén

(2)Tac dong cham dat
Diép ngudn
ha ap

Tin hiéu
cham dat

Tin hiéu cham
dat dau ra

A
»
-
=
c
<
(1}
=

3s

Tin hiéu mat
dién dau ra

3% Sau khi phét hién c6 tin hiéu cham dt  Ngoai ra, khi tac dong cham dat, du phat
30 ms tré 1én, s& bt diu dém thoi gian 3s.  hién dién ngudn bi mat nhung khong gui
tin hiéu mat dién dau ra.
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(3)T4c dong ngdn mach

Diép ngudn
ha ap

Tin hiéu ngan

mach

Tin hiéu ngén
mach dau ra

(Short Circuit)

Tin hiéu mat

) A Truyén

3s

dién dau ra
(Power Lost)
% Sau khi phat hién c6 tin hiéu ngin

mach 30 ms trd 1én, s& bat dau dém thoi
gian .

Ngoai ra, khi tac dong ngén mach, du phat
hién dién nguon bi mat nhung khong gui
tin hiéu mat dién dau ra.

(#) Tac dong bat thuong tu kiém tra

Tin hiéu bét
thuong tu
kiém tra

Tin hiéu bét
thuong tu kiém

tra dau ra

(Self check)

%}A Truyén

Hinh 7. Biéu db hién thi th&i gian tac déng co’ ban

2.4. Giao dién phan mém twong tac

Hinh 8 biéu thi két qua thu thap di liéu
guri vé trung tdm dir liéu thong qua phan
mém tich hop duoc lap trinh va viét giao
dién bang Matlab. Giam sat thong sé diém
do hién thi cac théng sd co ban nhu cong

suit (P, Q, S), cuong do dong dién hay
nhiét do, do 4m; sau do truy cap dir liéu tir
trung tam di ligu dé thuc hién cac thuét
toan tinh toan. Dua vao cac thudt toan xur
Iy dir liéu, bo xt 1y dir lidu s& cung cap
thong tin canh bao cho ngudi/don vi van
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hanh vé tinh trang bat thuong (néu co)
cua ludi dién tai diém dau ndi chung
(PCC). M6t sb kha niang bét thuong co thé
duoc canh bao nhu trén.

,,,,,,,,,,

L

L2
219.7

u 22413 21714  wwn 5079.84

' 137.6 148.8 184.8 wamn 1505.52
cos 0.97 0.93 0.93 KVAR 5443.84

r 30.08 3064 3768 vrroau 984 . 50.31
o 728 11.6 14.08 omotaL 3296 Tems  30.1
s 3152 3336 41.04 st 105.92 Hum 70

Hinh 8. Giao dién médun giam sat théng s6
diém do

4. KET LUAN
Bai bao dua ra mot hudng nghién cuu
méi, hoan toan kha thi duoc tién hanh ddi

VGi cac chién luge do luong va truyén tin
phuc vy phat trién mot thé hé moi cac
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thiét bi giao dién cho cac ngudn DG ciing
nhu tich hop ching vao ludi thong minh
SmartGrid. Nghién ctru da dugc thuc hién
dwa trén nhitng chuan hoa trong van dé
tich hop ngudon DG vao cac LPP. Giai
phap d& xuat 1a kién tric da ting ma co
thé khai thac cac cong nghé khac nhau &
nhiéu cip dé tao ra ha tang mang chi phi
thdp trén nén tang Kién traic SCADA, dic
biét quan tm viéc khai thac cong nghé
GMS do gi4 thanh thap va thuan lgi V6i
nganh dién. Két qua mé phong thu dugc
cho thay tinh kha thi cua giai phap dé
Xuit. V@& cac kha nang do ludng cua cic
IDs méi, su quan tim dugc danh cho bao
vé tach ludi cia nguon PV & trang thai
ludi dién si€u nho - microgrid 1a mot
trong nhiing van dé quan trong nhat cua
céc tiéu chuan hién nay trén linh vyc nay.
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