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Tom tat:

Véi su' phét trién manh mé cua Iudi dién ngay cang “thdng minh” hon, cadc ngudn dién phan tan
(DG) c6 thé tuang téc véi cac Iudi dién chinh trong viéc thuc thi khéng chi céc chlfc ndng bao vé ma
con tham gia vao viéc tu ddng hda Iudi dién. Cling véi su’ ddng gdp tich cuc ciia DG vao su’ 6n dinh,
linh hoat va dod tin cay cta IuGi dién phan phdi (LDPP), ché d6 van hanh tach Iudi tao nén mét IuGi
dién nhd (microgrid) cling la mét trong nhiing giai phap can dugc xem xét. Két qua mé phong trén
Matlab/Simulink chirng minh hiéu qua cuta giai phap dé xuét.

T khoéa:

Lugi dién phan phdi, Iugi dién thong minh, lugi dién nho, ngudn dién phan tan, bao vé trang thai
tach dao, diém két ndi chung (PCC), tin nhdn dang ngén SMS.

Abstract:

In this epoch, the Research and Development activities in “smart grid” for power supply are strongly
increasing, that makes the grid smarter and smarter. Distributed Generations (DG) can interact with
main grids by implement not only to protect function but also to automatic these grids. The novel
solution is proposed on the feasibility for the islanding protection which makes use of both protected
relay based on local measurements and communication technique using SMS between the DG and
the distribution network. DGs in this case distribute to the stability and flexibility, and also increase
the reliability of the distribution grid. The islanding operation is considered a micro-grid. In this
paper, the results that are simulated on Matlab/Simulink demonstrate the effect of the proposed
method.

Keywords:

Distributed grid, smart grid, microgrid, distributed generation (DG), islanding protection, point of
common coupling (PCC), Short text Message Service (SMS).

1. GIOI THIEU CHUNG c6 thé twong tac voi cac ludi dién chinh
Trén quan diém vé trién vong phat trién  trong viéc thuc thi khong chi cac chic
SmartGrid, cac ngudn dién phan tan (DG)  ning bao vé ma con tham gia vao viéc tu
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dong hoa ludi dién. Cung vai su dong gop
tich cuc cua DG vao su 6n dinh, linh hoat
hon va tang d6 tin cay cua ludi dién phan
phdi (LDPP) [1-3].
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Hinh 1. So’ d6 DG tich hop vao LDPP
tai diém két néi chung (PCC)

Bai bao nay tap trung nghién cuu tinh kha
thi cua mot giai phdp méi trong viéc bao
vé LDPP khi tich hop cac DG, bang cach
két hop gitta phuong phap do ludng cac
dai luong va truyén thong tin trang théi tai
PCC sir dung dich vy nhin tin dang ngan
SMS. Hiéu qua cua giai phap dé xuat s&
duoc thao luan qua két qua md phong
LPPP trén phan mém Matlab/Simulink.

2. DOl TWQNG NGHIEN ClU

2.1. Trang thai lam viéc tach dao trong
lwéi dién thdng minh

Khi nguon DG két ndi véi ludi dién
chinh, thuat ngir “tach dao” (“islanding”)
dé cap dén ché ¢6 ma ngudn DG tiép tuc
cung cip dién cho mot phan phu tai cho
dd khéng con ngudn cép dién tir LDPP,
cd thé ché do hoat dong doc lap nay la
khong mong muén do cac tac dong tiéu
cuc, do do, viéc phét hién ché do tach dao
la mot trong nhitng van dé quan trong
nhat trong ludi dién théng minh. Hién
nay, cac cong ty dién luc chua thé giam
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sat diéu khién tir xa tat ca nguon DG ¢
cong suat nho do thiéu phuong phap trao
d6i thong tin duoc chudn héa; chu yéu la
c4c nguodn pin st dung ning lwong mit
troi (PV) va ngudn dién gio (WT) duogc
tich hop rai rac trén ludi dién, c6 thé 1am
viéc & ché do tach dao véi md hinh cac
microgrid.
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Hinh 2. M6 hinh microgrid trong lwéi dién
théng minh sﬁ"dl_mg xcéc giai ppép giam sat
va dieu khién trung tam

2.2. Mot sé tiéu chuan quéc té dé bao
vé DG & trang thai tach dao trong lwéi
dién théng minh

Hién nay, c6 mot sb tiéu chuan qudc té &p
dung pho bién trén thé gisi quy dinh vé su
thay d6i dién ap tai PCC, téng song hai
dién ap va dong dién ciing nhu thoi gian
tach dao khi tich hgp DG vao LDPP
[4, 8]. Theo d6, ché do lam viéc cua hé
théng dién duoc cho 1a 6n dinh va lién
tuc khi dién ap tai PCC trong khoang
(85-110)%, tong d6 méo song hai (THD)
tai PCC phai nhé hon 5%, quy dinh chi
tiét trong bang 1.
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Bang 1. Tiéu chuan vé thoi gian ngat két néi khi
dién ap thay doi cua DG trong lwéi dién thong
minh (P<30kW)

IEEE 1547 IEC 61727
Dii dién 4p ; E‘Eat Dai dién 4p I; 2(’:at
O @) |9
(s) (s)
V<50 0.16 V<50 0,10
50<V<88 | 200 | 50<v<85 | 200
gs<v<110 | O | 85<v<110 | Ondinh
dinh
110<V<120 | 1,00 110?/ <B1 500
V=120 0.16 V>135 0,05
THDypee<5%

e Chi s6 Vims duoc dinh nghia 1a gia tri
binh phuong trung binh (rms) cua dién ap
trong mot khoang thoi gian [3, 7, 8].

1 —
Vimst = EZ?,:Ol Vi2—1 (1)
e Tong d6 méo hai cua dién ap (hoic
dong dién) tai thoi diém giam sat va gia
tri trung binh trong mét chu ki [3, 7, 8],
c6 thé duge xac dinh nhu sau:

THD, = 2%12 Vi .100 )
1 N-1
THDqyg, =5 > THD; 3)
i=0
Trong do:

Vi la dién &p tac thoi;
THD; 12 tong d6 méo hai cua dién ap
(hodc dong dién) tai thoi diém t;

THDayg 12 tong dd méo hai trung binh
trong mot chu ki;

N 1a s6 mau caa mot chu ky thoi gian;

h 1a thanh phan hai;

t 1a thoi gian giam sat.

2.3. Cac phwong phap bao vé DG
trong lwéi dién nhé théng minh

Trén thuc té, mot microgrid théng minh
c6 thé van hanh thuong xuyén ¢ hai trang
thai: cung cip dién doc lap hoic két ndi
truc tiép vao LDPP. Néu khdng sém phét
hién duoc trang thai tach dao “chu dinh”
hoac DG van tiép tuc cung cap dién lén
LPPP khi nguén luéi dién chinh da ct thi
c6 thé gay nguy hiém dén nguoi l1am viéc
trén ludi va cac thiét bj dién, tham chi co
thé gay hu hong DG. Do d6, can phai phat
hién nhanh trang thai va théng sb dién tai
PCC dé quyét dinh cat DG hay tach dao
lam viéc duéi dang microgrid.

3. THUAT TOAN VA GIAI PHAP DE
XUAT

3.1. Thuat toan mé&i bao vé DG khi phat
hién trang thai tach dao trong
microgrid

Hién nay, dé bao vé cho DG tich hop vao
LDPP, c6 thé dua trén viéc sir dung két
hop céc nguyén 1y bao vé role sé nhu quéa
dong dién (50,51N), chicc nang giam sat
tan s6 (81) va dién ap gom thap ap/qué ap
(27/59N) [9]. Bén canh d6, vai cong nghé
thong tin va dién tir hién dai, co thé su
dung kha ning giao tiép thong minh hon
theo phuong phap truyén tin hiru tuyén
(PLC) hoac cap quang dién luc hay cong
nghé vién thong GMS dé xac dinh trang
thai két ndi tai PCC [10-13]. Bai béo nay
trinh bay mét thuat todn méi, sir dung két
hop phuong phap bao vé role va phuong
phép truyén théng tin vé trang théai tai
PCC, so dd thuat toan dugc md ta nhu
hinh 3.
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Trung tam diéudo
Tin higu diéu khién
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Hinh 3. So d6 thuat toan giam sat va diéu khién
trong LDPP c6 tich hop PV

3.2. Giai phap dé xuat

Nghién ctru dé xuat mot giai phap bao vé
mai mang tinh kha thi cho LDPP dya trén
cac so liéu dong dién, dién ap c6 bo sung
chic ning do tong d6 méo séng hai tai
PCC nham loai trir trudng hop khong xac
dinh duoc trang thai PCC (“ving mat
gidm sét trang thai PCC”-NDZ) khi cdng
suat DG céan bang véi nhu cau phu tai dan
dén dién ap khong thay do6i, nguyén ly
dugc trinh bay nhu hinh 4.

Ma dun trang thdi tich dio

B¢ phén phat hi¢n sy cb tir
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Hinh 4. So’ db nguyén ly lam viéc cta bao vé
role s6 trong LDPP c6 tich hop cac ngudn PV
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Nguyén ly do luong va bao vé role dugc
két hop véi mot trong hai lua chon giai
phap truyén théng tin trang thai PCC nhu
sau:

1. Théng tin trang thai PCC theo phuong
phap hiru tuyén (PLC) hoic cap quang do
cac duong day dién luc san c6 va “khong
mat” chi phi dich vu. Thich hop cho cac
ngudn c6 cong suat 16n (P>30 kW) két
ndi truc tiép vao LBPP [3, 10, 11].

2. St dung kha ning giao tiép thong minh
hon dya trén cong nghé vién théng GMS
(mang khong day - wireless). St dung
dich vu tin nhian dang ngin (SMS) théng
bao trang thai két ndi tai PCC. Thich hop
cho céc nguén c6 cong suat nho, nhu cac
nguon PV (iPpy<30 kW). Nguyén 1y dugc
trinh bay nhu hinh 5.

Trung tam
didu do — LD trung ap
Tin hiéy vién thong TBAhaap

Tin hiu vién thérig
1 Tin higu PLCT
A.Cép quang
1= 22004k

ITT digu khién

TR |[Tinkieu PLC:
Tép trung Cap quang

Tinhigu PLC* Tinhigu PLC"
ﬁ

Nguén PV

Nguén PV
Phu1é\diéhr
Hinh 5. M hinh truyén théng tin trang thai PCC
trong LDPP théng minh
4. KET QUA MO PHONG
4.1. M6 hinh microgrid
Xét mot LPPP c6 su tich hop cac DG nho
két ndi truc tiép véi luoi dién chinh.
Trong d6, DG 1a dang ngudn dién PV
duoc didu khién boi bo bién doi DC/AC
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(inverter) mot cach tu dong ké ca khi ni
lu6i hay tach dao. Dya trén thdng sé cua
ludi dién duoc cho trong bang 2, mod
phong mot microgrid lam viéc ¢ dién ap
400/230 V va tan s6 1a 50 Hz. Cong suat
cua DG 1a ngudn pin quang dién va bo ic
quy mot chiéu dung dé luu trir ning

TRUGNG PAI HOC BIEN LUC

luong.

Bang 1. Thong s6 lwéi dién mé phéng

Thong s6 lwéi dién Giatri | Pon vi
Nguon dong mot chieu DG 8 A
(1)

T76ng d6 méo hai lon nhét 5 %
cua DG

Pién ap ludi dién chinh 400 Y
T9ng d6 méo hai lon nhat 8 %
cua LBPP

Dién tro day dan (R) le-2 | Q/pha
Cam khang cua day dan (L) | 300e-6 | H/pha

on Sralz

Sim:letion & p Case
W Edt Yew Sweliion Fomal Took Hep

Thong s6 lwéi dién Giatri | Pon vi
C;c_)ng suat tac dung cua phu 5000 W
tai (P)

Cong suat cam khang cua

ohu ti (QL) 2000 VAr
Cong suét dung khang cua

ohu tai Qg) 500 VAr
Cam khang dau ra diot

chinh luu (L,) le-3 H

bién dung dau ra diét chinh 1e-9 =

luu (Cy)

Tong tré phuy tai phi tuyén 285 Q

Tan sb (f) 50 Hz

Luéi dién dugc md phong trong moi
treong Matlab/Simulink nhu hinh 6. Cac
nguon soéng hai duge bom xép chong lén
ngudn dong co ban bac 1; cac thanh phan
hai bac 3, bac 5 va bac 7 véi bién do nho
hon 4%, theo tiéu chuan IEC61727,
IEEE929 va IEEE1547 [6-8, 14, 15].
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Hinh 6. So’ d6 lwéi dién mé phong trong Matlab/Simulink
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Kich ban van hanh duoc thiét 1ap nhu sau:
Tai thoi diém t=0,5 s, thiét bi ngat mach
(CB) md, luéi dién chinh nging cung cap
dién cho phu tai nhu bang 3.

Bang 3. Thiét lap cac thong s6 mé phéng
cho cac kich ban thir nghiém

Thiét 1ap thong sé6 mo phéng
Lb -
chinh DG Phu tai
Giatri
Ién nhat . Tai tuyén | Tai phi
cua P~ |THDibs | yip tuyén
THDv, | KW | % KVA KW
%
7.3 2*10| 5 2%(8+j3,87) | 20,8
Trang thai thiét bi ngat mach (CB)
Trang U
thaiban | CB & PCC CB - tai phi
A tuyén
dau
Open Mé 6 t=0,5s
Poéng
(hoic Pong lap lai g
donglip | ot=15s Dong o =1s
lai)

4.2. Két qua mo phéng va thao luan
Trén thyc té van hanh LDPP, dién &p va
tan s6 s& nhanh chong vuot khoi gisi han
cho phép khi mat trang thai cung cap dién
song song cua ludi dién chinh va DG[3].
Mo hinh cia LDPP mé phong da dugc
thuc hién va két qua thu duoc nhu hinh 7,
tir 6, c6 co so dé danh gia phuong phap
duoc st dung dé phét hién va bao vé tach
dao trong ludi dién thong minh.

Khi d6, trang thai tach dao xuét hién,
microgrid dugc hinh thanh, néu cong suat
cua PV van da dap ung theo nhu cau phu
tai thi bo bién doi diéu chinh ty dong dé
giit dién é&p, tan sb trong giéi han cho
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phép (A f< 1%, 85% < Vpcc < 110%,
THDitoag < 5%) [3-5]. Tuy nhién, néu
THDypcc tang vugt qua ngudng cho phép
(THDv = 8,22% > 5%), trong truong hop
nay, duy tri sy lam viéc cua DG la khéng
tdt, v& 1au dai c6 thé giam tudi tho cua bod
bién d6i DC/AC nhanh chéng [3-9, 14,
16]. Do d6, phuong phap do THDype Xac
dinh trang thai PCC rat hiéu qua.
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Hinh 7. Két qua cac thong sbé tai (phase A)
tai thoi diém mat két ndi t=0,5 s

Nguoc lai, néu DG bi ngit ra, mat dién &p
tai PCC, mach sim 3G dugc kich hoat va
giri tin nhan SMS cho nguoi van hanh
LDPP va quan ly DG nay biét. Nhu vay,
trang thai cua PCC luén dugc giam sat,
dam bao van hanh 6n dinh va linh hoat

2
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cho toan bo LDPP bsi phuong phap két
hop, dugc md ta nhu giao dién trong hinh
8. Dén thoi diém t=1.5s, thiét bi tu dong
dong tro lai duwong day dong CB, phuong
thac lam viéc co ban dugc khdi phuc,
dam bao chét luong dién niang. Thong sb
cua ludi dién tai PCC duoc thu thap két
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1 7| Vomex_oyc 110138 2 |3

hop voi ki thuat truyén thong s dung
SMS dé phét hién trang thai tach dao cua
PV hay mat két ni tir phia LDPP duoc
thé hién rd rang qua két qua mé phong. Vi
vay, hiéu qua cua viéc giam sat va diéu
khién PV dugc nang cao, bao vé an toan
cho toan bo LDPP c6 tich hgp DG.
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Hinh 8. Giao dién ctia phwong phap bao vé LDPP thong minh

5. KET LUAN

Giai phap d& xuit st dung dich vy tin
nhan SMS 1a mot phuong phap hiéu qua
va phi hop cho cac ngudn PV c6 cong
suat nho tham gia vao LDPP, boi vi dem
lai mot sé loi thé bao gom chi phi lap dit
thap, trién khai nhanh va tinh di d6ng cao

cling Vi céc cai tién truyén thong khong
day, cac céng nghé duoc tiéu chuan hoa.
Hon nita, c6 thé cai thién chat luong cung
cap dién ning vé phuong dién ting tinh
linh hoat, lién tuc cung cip dién, giam sb
luong khéch hang mat dién, giam sé lan
va giam thoi gian gian doan cap dién.
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Gigi thiéu tac gia:

Téc gid Nguyén Ngoc Trung t6t nghiép dai hoc nganh hé thong dién, nhan bang
Thac si nganh ky thuat dién tai TruGng Pai hoc Bach khoa Ha NG&i vao cac nam
2003 va 2006; nhan bang Tién si nganh k¥ thuét dién nam 2014 tai Trudng Dai hoc
Palermo, Cong hoa Italia.

Linh vuc nghién cfu: Iudi dién théng minh - SmartGrid, gidm sat diéu khién, bao vé
va tu dong hda trong hé thdng dién, 6n dinh hé thdng dién.

Tac gia Pham Manh Hai t6t nghiép Trudng Dai hoc Bach khoa Ha NOi nganh hé
théng dién ndm 2006; nhén bdng Thac si nganh ky thuat dién tai Dai hoc Paul
Sabatier, Toulouse, Phap nam 2008; bao vé Ludn an Tién si nganh hoa hiiu cd Ung
dung - Plasma cho nang lugng tai Dai hoc Poitiers (ENSIP), Poitiers, Phap nam
2011. Hién nay tac gia cong tac tai Khoa Ky thuat dién, Trudng Dai hoc Dién Iuc.

Linh vuc nghién ctu: thuat toan téi uu, du bdo phu tai dién, nang lugng tai tao, do
tin cay trong hé thong dién.

Tac gia Ngd Ngoc Thanh t6t nghiép Trutng Dai hoc Dién luc ndm 2011, nhan bang
Thac si nganh ky thuat dién tai Trudng Dai hoc Palermo - Céng hoa Italia nam
2014. Hién nay tac gia la nghién c(ru sinh tai Vién Han lam Khoa hoc va Céng nghé
Viét Nam.

Linh vuc nghién clu: cau trac dir liéu va giai thuat, cac bai toan t6i uu trong hé
thong dién, nang lugng tai tao.

Tac gid Dam Khanh Linh t6t nghiép dai hoc nganh hé théng dién nam 2008 tai
Trudng Dai hoc Bach khoa Ha Néi; nhan bang Thac si nganh quan ly céng nghiép
tai Hoc vién Cong nghiép Grenobe (INPGI), Cong hoa Phap ndm 2010; nhan bang
Tién si nganh ky thuat dién tai TruGng Dai hoc Palermo - Cong hoa Italia nam
2015.

Linh vuc nghién clu: hé théng dién thong minh, thi truGng dién, chinh sach
gia dién.

72

S6 18



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC PIEN LUC
(ISSIH: 1859 — 4557)

S6 18 73



