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Tém tat:

Tich hgp mét lugng I6n nguén dién mat trsi (PV) vao ludi dién phan phéi sé lam thay déi dang ké gia triva
chiéu clia dong dién ngan mach, gay anh hudng tai su lam viéc clia cac thiét bi bao vé ra le. Bai bao trinh
bay phuong phap phéi hgp bao vé thich nghi gitta recloser va cau chi trong luéi dién phan phéi hinh tia
c6 két ndi ngudn PV, dac biét khi cé su c6 thoang qua. Trudc hét, phan tich chi tiét dugc thuc hién nham
danh gia tac dong ctia nguon dién mat trdi téi su phoi hop lam viéc clia recloser va cau chi trong so d6
bao vé clia ludi dién. Su anh hudng clia cdc nguén dién mat troi theo ty 1&é tham nhap va vi tri dat trong
lugi dién da dugc xét dén. Tiép theo, phuong phap diéu chinh thich nghi dac tinh lam viéc ctia bao vé qua
dong c6 thai gian cla ro le ky thuat s6 dugc dé xuat nham dam bao su phoi hgp clia cac thiét bi bao vé.
Két qua mé phdng luéi dién phan phéi 22 kV trén phan mém Etap xac nhan tinh hiéu qua cta phuong
phép da dé xuat.

Tu khoéa:

Bao vé qua dong dién, Bao vé thich nghi, Dién mat troi, Phéi hgp bao vé gilra recloser va cau chi.

Abstract:

Integrating a large amount of solar power into the distribution grid significantly alters the values and
directions of short-circuit currents, affecting the operation of relay protection. This article presents a
method for adaptive protection coordinating between reclosers and fuses in a radial distribution grid
with PV power integration, especially in the condition of intermittent faults. First of all, the impact of
solar power on the working coordination of the recloser and fuse is analyzed in detail. The influence of
solar power sources according to their location in the power grid has been taken into account. Next, a
method to adaptively adjust the working characteristics of timed overcurrent protection in digital relays
is proposed to ensure the coordination of protective devices. Simulation results of the 22 kV distribution

grid on Etap software confirm the effectiveness of the proposed method.
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1. GIGI THIEU CHUNG

Cung v6i xu thé toan cau chuyén dich sang s
dung ning luong sach, ty trong cac ngudn dién
phan tan nhu dién mat troi, dién gidé tham nhép
vao ludi dién ngay cang tang. Tich hop mot lugng
16n ngudn dién phan tan vao ludi phan phdi s& lam
thay d6i két cau cua ludi dién ciing nhu sy phan
b6 dong cong sudt trong ludi & ca ché do 1am viée
binh thudng cling nhu ché do su cb. Sy thay do6i
gia tri va chiéu cua dong dién su ¢ lam cho céc
bao vé qua dong dién co thé tac dong sai, tic dong
cham, hodc 1am mét sy phéi hop lam vi¢c gitta cac
thiét bi bao vé [1], [2].

Ludi dién phan phdi ¢ khu vire néng thon thuong
duoc thiét ké dudi dang hinh tia. Cac recloser dugc
ding dé bao vé cho cac duong ddy truc chinh két
hop v6i cau chi bao vé cho cac mach nhanh. Vi
phan 16n sy ¢ trén ludi dién nay & dang thoang qua
(khoang 80%), nén cac cau chi thuong phdi hop
voi recloser theo ché do van hanh tiét kiém (fuse-
saving) nham han ché viéc gian doan cung cép dién
[3]. Trong ludi co tich hop ngudn dién phan tan,
nguyén tic phéi hop bao vé gitra recloser va cau
chi ¢6 thé bi pha v& [4]. Nhidu giai phap nham dam
bao sy phdi hop 1am viéce giita recloser va cau chi
dad duoc nghién ciru, dé xuit trong cac nghién ciru
da qua. Gidi han cong suat ciia ngudn phén tan dau
ndi vao ludi dién dugc dé cap t6i trong nghién ciru
[5]. Nhuoc diém chinh cua giai phap nay 1a khong
tan dung dugc hét cong suét ciia ngudn dién phéan
tan. Str dung cac thiét bi han ché dong ngén mach
(fault current limitter) dé diéu chinh han ché dong
dién sy cb cung cip tir ngudn phan tan da duogc
trinh bay trong cac bai bao [6], [7]. Han ché cua
phuong phap nay 1a chi phi cao va can tinh toan lya
chon k¥ vi tri dat thiét bi han ché dong dién ngfm
mach dé khong anh hudng t6i sy lam viée cua ludi

dién khi cac ngudn phan tan dimg hoat dong. Diéu

chinh thich tng thong s6 cai dit cua thiét bi bao vé
role theo trang thai lam viéc cua hé théng la mot
trong nhitng bién phap hiru hiéu. Theo do6, c6 thé
thyuc hién thay ddi dic tinh lam viéc cua bao vé qua
dong theo thoi gian bang cach diéu chinh hé s thoi
gian, diéu chinh dong dién khoi dong, diéu chinh
ty sb gitra gia tri dong dién su c¢b va dong dién khoi
dong (I/Is), diéu chinh theo sy thay d6i dong dién
va dién ap hoac thay ddi ddc tinh 1am viéc theo su
thay d6i cau trc lu6i [8]-[11]. v.v.. Trong luéi dién
thong minh, tmg dung hé thong da tac tar (Multi-
agent system - MAS) vao hé thong diéu khién, bao
vé cua ludi dién co tich hop cac ngudn phan tan
dugc xem 1a giai phap c6 hiéu qua cao. Hé thong
nay cho phép tu dong didu chinh dic tinh lam viéc
ctia recloser [12] ph6i hop phit hop véi cau chi.

Bai bao nay sé€ thuc hién danh gia tac dong cua
nguén dién mat troi toi su phéi hop lam viéc cua
recloser vi cau chi va dé xuat giai phap han ché
anh huong d6 bang phuong phéap diéu chinh dic
tinh Iam viéc ctia bao vé qua dong co thoi gian.

Phan tiép theo ctia bai bao duoc céu tric nhu sau:
muc 2 phan tich chi tiét anh huong cua PV t6i su
phéi hop cuia recloser va cau chi. Tir d6, phuong
phap diéu chinh dic tinh ciia recloser va tinh toan
dugc trinh bay trong muc 3. Cudi cing, cac két

luan dugc dua ra trong muyc 4.

2. ANH HUGNG CUA NGUON PIEN MAT
TRGI TG1 SU PHOI HOP LAM VIEC GIUA
RECLOSER VA CAU CHi

2.1. Su phéi hop lam viéc gilta recloser va cau chi

Recloser 1 thiét bi hop bo gdm may cét va mach
diéu khién c6 kha nang do dong di¢n, xac dinh thoi
gian cat va ty dong dong 1ap lai dé cung cip dién
cho duong day. Recloser thuong dugc trang bi voi
céc thiét bi bao vé qua dong co thoi gian dic tinh

doc lap hodc phu thude. Thoi gian tac dong cua
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bao v¢ qua dong c6 thoi gian ddc tinh phu thudc

duogc xac dinh theo cong thic (1):
A
(2] -1
trong do: t (s) 1a thoi gian cit; TMS 1a hé s6 thoi
gian; I (A) 1a gié tri hiéu dung cta dong dién su cd;

t=TMS. +L

(1)

I (A)la gia tri dong dién khoi dong; m, L 1a cac hé
sb phu thudc vao tiéu chuin ap dung va dang dac
tinh ctia bao vé. Cac dic tinh cit nhanh, chdm cua
recloser c6 dang nhu trén Hinh 1.

t
Pac tinh cua cau chi

Pham vi phéi hop bao vé

\ Dic tinh cit cham
tee \\
R Dic tinh cit nhanh
INmin— In INmax I

Hinh 1. Dac tinh phéi hop lam viéc giiia
recloser va cau chi
Cau chi thuong dugc trang bi trén cac r& nhanh

phu tai, dat phia sau cua recloser va méy cét. Chuc
nang chinh ciia cau chi 12 bao vé mach trong tinh
trang qua dong dién do qué tai hodc ngin mach
trong pham vi bdo v¢. Pac tinh tdc dong cua cu
chi c6 dang (2):

log(¢) = a.log (I) +b (2)

trong do, t (s) 1a thoi gian chay cta cau chi, I (A)

la dong dién chay qua cau chi, a va b la cac h¢ so.

Xét so @6 duong ddy trung ap hinh tia dién hinh co
recloser (R) dat & dau duong déy truc chinh va cau
chi (CC) dat ¢ dau duong day nhanh nhu Hinh 2.
Nguyén tic phéi hop 1am viéc ciia recloser va cau
chi nhu sau. Trong pham vi phdi hop bao vé (dong

dién ngan mach bién thién trong gidi han tir gi tri
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nho nhat I t6i gid tri lonnhat T ), khi c6 su cd
phia sau cau chi, recloser s& tac dong trude va tu
dong dong lai sau mot khoang thoi gian dat trude
(khoang vai gidy). Néu sy ¢b 1a thoang qua va tu
giai tru, sau khi recloser dong lai duong day lai
lam viéc binh thuong. Nguogc lai néu su ¢ 1a duy
tri, cAu chi s& chay dé tach nhanh duong day bi sy
cd ra khoi lu6i. Nho su phdi hop giita recloser va
cAu chi, khi ¢6 su cb thoang qua cac ho tiéu thu chi
bi mit dién tam thoi trong thoi gian rit ngin. Dé
dam bao sy phdi hop lam viéc giira recloser va cau
chi, thoi gian tdc dong cua recloser (t,) phai luon
nho hon thoi gian chay cua cau chi (t..) nhu trén
Hinh 1. Trong thuc té, dé dam bao an toan, thoi
gian tac dong cua recloser dugc cai dat nho hon

25% so v6i thoi gian chay cia cau chi [12].

2.2. Anh huéng ctia PV t6i su phéi hop bao vé
cua recloser va cau chi

Xét ludi dién nhu Hinh 2, véi vi tri diém su ¢co &

mach nhanh phia sau cau chi.

Khi chua c6 ngudn phan tan, dong dién su cb qua
recloser va ciu chi 1a nhu nhau va nam trong pham
vi phéi hop bao vé (Hinh 1). Bé don gian, ta gia
thiét cac nguon PV dugc dit tap trung.

Khi ngudén phin tin ddu ndi vao phia truéc
recloser (PV1): (ing voi truong hop cac duong
day lan can duong ddy dang xét c6 két nbi ngudn
phan tan, hoac truong hgp duong day truc chinh co
dit nhiéu recloser), khi sy ¢6 phia sau ciu chi dong
ngan mach qua recloser va cau chi bang nhau va
déu ting do c6 thém phan dong dién ngin mach do

nguon phan tan cung cap.

€)

la dong dién chay qua recloser

Inn=Icc =1y =Iu+ %INPV

Trong do: 1

R1? ICCl

va cu chi, I 1a dong ngdn mach tai diém sy co,

I, dong ngan mach do luéi dién cung cap, [, 18
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St a4 8
SR

Hinh 2. So d6 luéi hinh tia c6 phéi hop recloser va cau chi

dong ngin mach do ngudn PV cung cap, Z1 1a tong
tré tinh tir ludi dién t6i vi tri ddu ndi ngué)n PV, 72
la téng tro tir lugi dién téi vi tri diém ngfm mach.
Néu dong ngin mach I, tang toi gia tri 1on hon
L. thi cau chi s€ lam vigc trudce recloser va mat
su phdi hop bao vé (Hinh 3).

Khi ngudn phén tan dwgc diu ndi & khu vuc
giira recloser va ciu chi (PV2) dong dién qua ciu
chil..,
giam (5) nén ciing c6 thé gdy ra mat sy phdi hop
bao vé (Hinh 3).

tang (4), nhung dong qua recloser I, lai

Ieco = Iy = Iy, + %INPV (4)

Zs
Iny=1Inw=1Ivn— ZINPV (5)
trong d6 Z3 1 tong tro tinh tir vi tri ddu ndi ngudn

PV t6i diém ngan mach.

Khi ngudn phan tin dwoc dau ndi ¢ phia ngoai
recloser va cau chi (PV3) dong dién qua cau chi
tang va dugc xac dinh nhu (6), nhung dong qua
recloser van giir nguyén khong doi (7). Recloser
va cau chi ciing c6 kha ning mat phdi hop bao vé
khi dong qua cau chi vuot qua gia tri | -

t
Pic tinh cua cau chi

Pham vi phéi hop bao vé

¢ tinh cat chdm cla recloser

.

\

2 & Pac tinh ¢t nhanh cia recloser
tees | 4

el

hnin Igy Irs Ioca Imaslecs =leer 1

Hinh 3. Sumat phdi hop lam viéc cia
recloser va cau chi khi luéi cé tich hgp

nguén PV
Iec;=1vw=1Iu+ %INPV (6)
Ips=Inw=1un (7)

3. PHUONG PHAP PHOI HOP BAO VE
THICH NGHI RECLOSER VA CAU CHI

3.1. Phuong phap hiéu chinh dac tinh cda
recloser theo kha nang diéu khién thich nghi
charolesé

Dbi v6i cac hé théng bao vé thong thudng, cac
thong sb cai dat cua role thuong dat ¢ dinh. Véi
su phat trién ctia ro le s6 cho phép cai dit cac thong
s6 ctia ro le thay doi theo sy thay d6i cua ludi hé
thong. Dé dam bao yéu cau du ndi ludi, khi co
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su ¢b trén ludi cac ngudn PV phai tach ra trude
khi recloser dong lai nén anh hudng ciia ngudn PV
chu yéu t6i duong dic tinh cit nhanh cia recloser.
Theo phén tich & Muyc 2, dé dam bao phdi hop
bao v¢ gilra recloser va cau chi, thoi gian cit cua
recloser phai luén nho hon thoi gian chay cia ciu
chi. Bé khic phuc anh huong cua PV téi su phdi
hop bdo v¢ cua recloser va cau chi, st dung kha
ning diéu chinh thich nghi cua ro le sé dé diéu
chinh thoi gian lam viéc cua recloser theo dong
dién qua ro le nhu sau:

TMS.+
I
(7)1
t=
0751,' tcc (INmax)khZ INmin S Icc S INmax
O kh/l I(,‘(} > INmnx

+ L k:hZ ICC < INmin

(8)

Cu thé:

- Khi dong qua cau chi ICC nho hon dong ngan
mach I . recloser s€ lam vi¢c nhu dac tinh da cai
dat trudc.

- Khi dong qua cau chi nho hon dong 16n nhat qua
cau chi thoi gian tic dong cua recloser tinh bang
0,75 lan dong chay cua cau chi tai L

- Khi dong qua cau chi vuot qua gia tri I, dat
thoi gian tac dong cua recloser gan nhu bang 0.

t
Pic tinh cua cau chi
x

Pham vi phéi hop bao vé
—

Dic tinh cit cham cua recloser

Pic tinh cit nhanh cia recloser
trude khi dicu chinh

- . z .
~--Bjc tinh cat nhanh cua recloser
sau khi diéu chinh

Hinh 4. Dic tinh cit nhanh cha recloser sau
khi diéu chinh
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Dic tinh cit nhanh cta recloser sau khi diéu chinh
s€ c6 dang nhu Hinh 4.

3.2.Tinh toan va danh gia két qua

Dé kiém nghiém phuong phéap da trinh bay & trén,
bai béo sir dung phan mém Etap dé tinh toan cho
mot ludi dién phan phdi trung ap 22 kV hinh tia
nhu Hinh 1. Théng sb cua cac phan tir dugc cho
trong phan Phuy luc. O dau xuat tuyén sir dung ro le
REF 615 ciia haing ABB voi dic tinh rat doc theo
tiéu chuan IEC dé diéu khién recloser. Cau chi
dit & dau nhanh 1@ tai nut 6. St dung loai cAu chi
Bussmann125. Phy tai tong ctia 10 duong day 1a 10
MVA. Dong ngén mach qua cau chi dat gia tri 16n
nhit khi ngan mach xay ra ngay vi tri phia sau ciu
chi. Khi chua c6 PV, dong ngan mach qua ro le va
cau chi 12 nhu nhau va bang 1405 A, thoi gian cit
ctia recloser 14 297 s, thoi gian chay nhé nhit cta
cau chi 1a 405 s, recloser va cau chi phdi hop t6t
(Hinh 5). Piém giao nhau giita 2 dudng dic tinh
g v6i dong dién 1a 1588A, thoi gian cat 14 257s.

Tinh toan phdi hop lam viéc giita recloser va cau
chi véi ba truong hop ngudn PV dit lan luot trude
recloser (PV1), giita recloser va cau chi (PV2) va
ngoai recloser va cau chi (PV3) véi ty trong cong
suat PV tiang dan. Két qua tinh toan nhu Béng 1,
Bang 2 va Bang 3.

Bang 1. Phéi hop giira recloser va cau chi khi

c6 nguén PV dat trudc recloser

P,,(MW) | 0 10 | 14 | 18 | 20

I, I (A) | 1405 | 1514 | 1551 | 1585 | 1601
I (A) 1405 | 1514 | 1551 | 1585 | 1601
t .. (ms) 405 | 307 | 280 | 258 | 249
t, (ms) 297 | 270 | 263 | 256 | 253
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Bang 2. Phéi hop giira recloser va cau chi khi
c6 nguén PV dit giira recloser va cau chi

P,,(MW) | 0 2 4 6
I L (A) | 1405 | 1477 | 1489 | 1530
I, (A) 1405 | 1383 | 1361 | 1340
t,. (ms) 405 362 | 326 | 295
t, (ms) 297 | 303 309 | 315

Bang 3. Phdéi hgp giira recloser va cau chi khi
¢6 ngudn PV dat phia ngoai recloser va cau chi

P,,(MW) | 0 2 4 6

LI (A) | 1405 | 1480 | 1554 | 1628
I, (A) 1405 | 1405 | 1405 | 1405
t.. (ms) 405 334 | 278 | 234
t, (ms) 297 | 297 | 297 | 297

Theo két qua tinh toan ¢ Bang 1 ta thay khi nguén
PV dit trude recloser, dong qua recloser va ciu
chi bang nhau va ting khi ting ty trong ngudn PV.
Thoi gian cét cta recloser ting, trong khi thoi gian
chay cua ciu chi giam va khi ¢6 20 MW ngudn PV
két ndi thi recloser va cAu chi mét sy phbi hop bao
vé (Hinh 6).

Trong truong hop PV dat gitta recloser va ciu
chi, dong qua ciu chi ting dan t6i thoi gian chay
cta cau chi giam, nguoc lai, dong qua recloser lai
giam, nén thoi gian lam viéc cua recloser tang 1én,
khi cong suat két ndi ngudén PV 1a 6 MW thi thoi
gian chay ctia cu chi 12 295 s nho hon thoi gian
lam viéc cua recloser 315 s (xem Bang 2, Hinh 7).

Khi PV dit ngoai recloser va cau chi (Bang 3), thoi
gian lam viéc ctia recloser khong d6i (297 s) trong
khi thoi gian chay cua cu chi giam dan va dan toi
mat phéi hop bao vé (Hinh 8).

Thuc hién diéu chinh dic tinh cta recloser theo
cong thic (7) nhu sau: Khi dong dién qua ciu
chi nhé hon 1588 A, dat thoi gian cit nhanh cta
recloser 1a 0,75x257=193 ms. Khi dong dién qua
cau chi 16n hon hodc bang 1588 A thoi gian cit
cua recloser bang 20 ms. Nhu vdy, luén dam bao

recloser va cau chi phoi hop tot.

o ferunt PR

Normalized (shifted) TCC
3-Phase (Sym) fault

g =

1.405KA @22V |0

Hinh 5. Phéi hop giirta recloser va cau chi
khi chua c6 PV

Fast
1601 KA @ 22K/
02535

T Rerunt

Hinh 6. Mat su phdi hop giira recloser va
cau chi khi c6 PV dat trudc recloser
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Per Unit
Bkt » %

Normalized (shifted) TCC

\ 3-Phase (Sym) fault: 1.53KA @ 22KV

1

\\ s

3 RECLOSER-P {3
N\ Fast

N Fest
\ 136 kA @ 22KV
1:0315s

EU:
153 KA @ 22KV
11:02955

Hinh 7. Mat su phdi hop giira recloser va cau
chi khi c6 PV dat gilia recloser va cau chi

Per Unit
o s 3 5 1 w

s 0 @
\ Normalized (shifted) TCC IS
3-Phase (Sym) fault: 1.6284

P

Seconds
SpUodeg

RECLOSER-P |7
FUSE Fast
1.628 kA @ 22 kV
1:02345

=
1.405 kA @ 22 k|
1:0297s

| o
5 Ber ol ER ] E - —)

Hinh 8. Mat su phdi hop giiia recloser va cau

chi khi c6 PV dat phia ngoai recloser va cau chi
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4. KET LUAN

Bai bao da thyc hién danh gia anh huong cta viéc
dau nbi ngu(‘?)n dién mat troi voi cac vi tri va ty
trong tham nhap khac nhau t&i sy phdi hop lam
viéc cua recloser va ciu chi trén lugi dién phan
phdi trung ap.

PHU LUC

Duong day truc chinh: AC-120,

Chiéu dai cac doan duwong dady:

l, ,=4.5km; [, =4km, |_ =4km, |_=2km, [, =2km.

Phan mém Etap duoc sir dung dé mo phong va
tinh toan phéi hop bao v¢ cho mdt ludi dién hinh
tia cAp dién ap 22 kV. Két qua tinh toan cho thiy
su xuét hién cua nguén PV lam thu hep pham vi
an toan gitra thoi gian tdc dong cua recloser va
thoi gian chay ciia cau chi tham chi mat sy phdi
hop gifra recloser va cau chi. Trén co so nhing
phan tich d6 bai bao da dé xuét giai phap dicu
chinh duong dic tinh cit nhanh cua recloser nhim
luén dam bao sy phdi hop lam viée giira recloser
va cau chi.
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