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Tom tat:

Viéc st dung hé thong dién mat trdi (PV) mai nha két ndi vdi Iugi dién mang lai rdt nhiéu Igi ich nhu
b3 sung ngudn cung c&p dién sach tai chd cho phu tai, gép phan 1am gidm phét thai khi CO2, thic
day phat trién ndng lugng bén vitng. Tuy nhién, khi tich hgp mét lugng I6n dién mat trdi vao 1uGi
dién phan phdi s& gdy anh hudng téi su’ vdn hanh an toan, tin cdy cla Iudi dién, trong d6 phai ké
dén tac dong tdi su lam viéc clia hé théng bao vé rd le. Bai bao tap trung nghién clru anh hudng
nguon dién mat trdi téi d6 nhay, tinh chon loc, va su phdi hgp clia bao vé qua dong dién trén luGi
dién trung ap cd két nGi ngudn dién mat trdi. Mot Iudi dién trung ap dién hinh dugc st dung dé tinh
toan va kiém tra su lam viéc clia cac bao V& ro le qua dong. K&t quéa tinh todn véi cac ty 1& tham
nhap cla ngudn dién mat trdi va vi tri ddu ndi khac nhau cho thdy cc bao vé rd le cd thé tac dong
cham, hodc tac dong sai, va mat su phoi hgp. Mdc do anh hudng phu thudc vao ty 1€ tham nhap, vi
tri dau ndi ngudn dién mat trdi.

T« khoa:
bién mat trai, bao vé ra le, bdo vé rd le qua dong, tac dong cham, tac déng sai, phoi hgp bao vé.
Abstract:

Rooftop solar power system (PV) connected to the distribution grid brings many benefits, such as
adding a clean, on-site power supply to the load, reducing CO2 emissions, promoting sustainable
energy development. However, when integrating a large amount of solar power into the distribution
grid, they will affect the safe, and reliable operation of the power grid, including the operation of the
relay protection system. This paper focuses on studying the influence of the solar power system on
the sensitivity, selectivity, and coordination of overcurrent protection devices in medium voltage
grids. A typical medium voltage line is used to calculate and verify the operation of overcurrent relay
protection. Calculation results with different PV penetration scenarios and connection points show
that integrating solar power sources can lead to nuisance tripping, mal-operation, loss of
coordination of protective devices. The degree of impaction depends on the penetration rate and
connection point location.
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1. GIOI THIEU CHUNG

Trong nhitng nim gan day, nha nudc co
nhiéu co ché, chinh sach khuyén khich
phét trién ning luong tai tao, dic biét 1a
dién mat troi, da tao ra ra sy phat trién
manh mé& ca vé quy md trang trai va dién
mat troi méi nha. Cac hé théng dién mat
troi di tao ra nguon cung cip dién dang
ké nham dép tng duoc nhu cau phuy tai
trong bdi canh cac nguon niang lugng hoa
thach dang can kiét, nguon thuy dién da
khai thac gan hét [1]. Mat khac, ngudn
dién mat troi 12 nguodn phén tan, thudng
dit gan ho tiéu thu nén s& giam duogc chi
phi xay dung hé théng truyén tai, giam
tén that dién nang trén ludi dién. Sy phat
trién cia dién mit troi cling gop phan
giam phat thai khi CO2, chong bién doi
khi hau, dam bao phét trién nang lugng
bén viing [1].

Bén canh nhiing loi ich thi viéc phat trién
nhanh chong cua dién mat troi cling gay
ra nhirng kho khan trong viéc quan ly, van
hanh ludi dién. Di véi ludi dién trung ap,
viéc tich hop dién mit troi co thé gay ra
cac hién tuong qué tai cac duong day
trung ap, qua dién ap, anh hudong dén chat
luong dién ning, giy ra cac van dé vé
séng hai, v.v [2]. Ludi dién phan phdi
thuong dugc thiét ké hinh tia véi dong
cong suat, dong dién ngan mach va cach
thizc phét hién su ¢ chi theo mét hudng
tir phia hé théng vé phia phu tai. Khi tich
hop cac hé théng dién mit troi vao lui
phan phdi s& lam thay d6i két cau cua luéi
dién, cong suét va dong dién trong ludi co
thé chay theo nhiéu huéng khac nhau. Boi
vay, viéc kiém tra hé théng bao vé ro le
dang dugc trang bi cho ludi phan phdi c6
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dam bao cac yéu cau khong la rat can
thiét. Trén ludi dién phan phéi thuong st
dung céc loai role bao vé qua dong dién
bao gom bao vé quéa dong c6 thoi gian,
bao vé qua dong cét nhanh, bao vé qua
dong c6 hudng. Cac ro le bao vé nay phai
dam bao yéu cau vé tac dong nhanh, do
nhay, tinh chon loc, d6 tin cay, va tinh
kinh té [3]. Theo quy dinh, v&i luéi dién
trung ap co6 dién ap 35 kV trg xudng,
dong ngin mach I6n nhat cho phép la 25
KA, thoi gian loai trir sy cd cua bao vé
chinh 12 500 ms, thoi gian chiu dung toi
thiéu caa thiét bi 1a 1s [4].

Ngudn dién PV la mot loai nguon phan
tan. Théng thuong, nguén PV duoc ndi
véi ludi thdng qua méot bo nghich luu DC-
AC, nén khi c6 ngan mach trén ludi
nguén PV dugc Xxem nhu mot ngudn
dong, cung cép dong dién bang 1,2 dén 2
lan dong dién dinh mic [5], [6]. Khi cong
suit ngudn PV 1a nho thi dong dién nay
khong dang ké, nhung khi tich hop mot
lwong I6n dién mat troi thi s& c¢6 anh
huong nhat dinh téi su 1am viéc cua hé
thong bao vé ro le. Nhiéu nghién cuu
danh gia tac dong cua hé théng PV lén
bao vé ludi dién phan phdi da duoc thyuc
hién [7]-[11]. Phén tich tac dong cua PV
Vi ty 18 tham nhap 16n toi hé théng bao
vé ro le trén ludi dién phan phdi, cac tac
gia da cho thay cac bao vé quéa dong co
thé tac dong sai (tac dong khi su cd ngoai
viing bao vé), khong tac dong khi c6 su ¢b
trong ving bao vé hoic mat su phdi hop
bao vé gitra recloser va cau chi [7]. Anh
hudng cia ngudn PV voéi ty 1& tham nhap
khoang 100% t&i bao vé qua dong dién
ctia mot ludi dién cu thé duoc tinh toan
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trong bai bao [8] cho thiy, mac du khéng
giy tac dong nham hay khong tac dong
nhung sy ¢6 mat caa PV lam keéo dai thoi
gian tac dong cua bao vé. Sy phdi hop cua
cac bao vé ro le dong dién trén duong day
trung &p hinh tia bi pha v& khi c6 két néi
ngudn phan tan dwoc trinh bay trong [9],
[10]. Anh huéng cua PV téi sy 1am viéc
cua bao vé c6 khoang cach duoc chi ra
trong [11].

Bai bdo nay s€ thuc hién danh gia tac
dong cua PV vai cac mac tham nhap va vi
tri dau ndi khac nhau téi su 1am viéc cua
cac bao vé ro le qua dong duong day
trung 4p. Cau tr(c cua bai bao nhu sau:
Phan 2 s& phan tich anh huong cua PV t6i
d6 nhay va tinh chon loc cua bao vé
duong day trung &p; Phan 3 mo ta ludi
dién nghién ctiu; Phan 4 trinh bay két qua
tinh toan ngan mach va danh gia su lam
viéc cua hé thdng bao vé ro le. Phan 5 1a
két luan.

2. ANH HUONG CUA PV TOI HE
THONG BAO VE ROLE CUA PUONG
DAY TRUNG AP

Pé tich hop véi luéi dién trung &p, ngudn
dién mat troi thuong dugc ndi lén cac 16
duong day trung &p ¢ gan. Véi cac 16
duong day hinh tia, bao vé cho céc 10
duong day nay thuong dung MCD hoac
recloser dat & dau duong day. Cac role
bao vé¢ (RLBV) thuong duogc cai dat chuc
ning bao vé qua dong cat nhanh, bao vé
qua dong c6 thoi gian lam viéc theo dac
tinh doc 1ap hoic phu thudc. Khi ndi
ngudn dién mat troi vao mot 16 duong day
trung &p thi ¢6 2 yéu té anh hudng toi su

lam viéc cua may cat dau duong day can
xem xét nhu sau:

2.1. Bao vé ro le tac dong cham hoac
khong tac dong

Pham vi bao vé cua role qua dong dugc
quyét dinh boi dong dién khoi dong da cai
dat truéc. Su xuat hién cua ngudn dién
PV trén lugi phan phéi s& lam giam pham
Vi bao vé cua ro le qua dong, theo do cac
su ¢d ¢6 téng tro 1on & cudi cac tuyén
duong day c6 nguon PV s& khong duoc
phét hign (Hinh 1).

MC2

Hinh 1. Bao vé ro le tadc dong cham hoac khéng
tac dong
Nguyén nhan la do dong di¢n ma role qua
dong do dugc ¢ dau duong day co gia tri
nho hon dong dién su ¢b thuc té vi dong
dién sy ¢6 Iic nay bao gom hai thanh
phan: dong tir ludi dién (IL) (ro le qua
dong dau duong diy do duoc) va dong
dién dén tir ngudn dién mit troi. Khi ngan
mach tai diém N, dong ngin mach I6n,
nhung dong dién chay qua thiét bi bao vé
& dau duong day MC1 lai giam lam cho
bao vé ro le khong tac dong, hoac tac
dong cham. Mirc d6 anh hudng cua nguon
dién mat troi phu thuéc vao quy mod
ngudn PV va vi tri dau néi ngudn PV so
véi nguon ludi hé théng.
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2.2. Bao vé ro le tac dgng sai

Khi ¢6 ngan mach trén duong day lan can
duong day co két ndi PV sé& c6 dong dién
chay nguoc qua bao vé dau duong day cé
ngudn PV, Néu dong dién nay 16n hon
dong khai dong cuaa ro le bao vé, thi MC1
s& tac dong, duong day 1 b cat ra mac du
n6 khong bi su ¢6 (Hinh 2). Truong hop
nguy hiém nhat 1a ngan mach ngay tai dau
duong day lan can khi @6 dong dién chay
nguoc qua MC1 s& 1a 16n nhat. Dé dang
nhan thiy, dong dién chay qua MC1 trong
trrong hop nay chinh la dong dién do PV
cung cap.

Hinh 2. Bao vé ro le tac dong sai

3. LUO1 BIEN NGHIEN ClU

Bai bao thuc hién nghién ctru cho 16
duong day 22 kV 475-E1.24 liy dién tir
tram bién ap 110 kV Hai bdi (Hinh 3).

Hinh 3. So’ d6 nguyén ly dwong day 475E1.24
Hai Béi

buong day truc chinh s dung loai day
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AC-240, kha nang mang tai cia duong
day la 23 MVA. Cong suat ngan mach
dau ngudn 1a 300 MVA. Pau duong day
su dung Recloser REF 615 cua nha san
xuit ABB (ky hiéu R trén hinh 3). Théng
sb cua recloser cho trong Phu luc. Bao vé
qua dong duoc cai dit cac chuc nang phdi
hop gom ba cdp nhu sau: Role qua dong
c6 dac tinh thoi gian phuy thugc (Inverse
Time Overcurrent Relay), Ro le qua dong
cd dac tinh thoi gian doc lap (Definite
Time Overcurrent Relay) va Role qua
dong cat nhanh (Instantaneous
Overcurrent relay). Phbi hop bao vé cua
duong day nhu Hinh 4.

t(s)

[ Diic tinh thori gian phu thudc |

‘ Pic tinh thoi gian doc lap |

Biic tinh thoi
gian cat nhanh

: :
‘ .
S S I

0 Lim 01y ylyy I(A)

Hinh 4. Phéi hop bao vé cla cac role qua dong
dwong day

Role qua dong dac tinh thoi gian phu

thude duoc cai dat theo tiéu chuan IEC

60255 véi dang dac tinh rat dc phu hop

v6i duong day co chiéu dai ngin. Thoi

gian cit duoc xac dinh theo cong thirc (1):

_ N 13.5

t=TM T (1)
——1
Is

Trong do:
t (s): thoi gian cat
TMS: Hé sb thoi gian
I (A): gia tri hiéu dung cua dong
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dién su ¢
Is (A): gia tri dong dién khai dong.

Dbi véi Recloser dau duong day 475-
E1.24 Hai Bi duogc cai dit véi dong dién
khoi dong Is bang gia tri dong dién dinh
muc cua recloser 1a 600 A, va hé sb thoi
gian TMS = 0,15. Ro le qua dong c6 dac
tinh thoi gian doc lap dugc cai dat véi gia
tri dong khoi dong bang 6 lan dong dién
dinh muc cua recloser (n;=6) va bang
3.600 A, thoi gian cat I t4=150 ms. Chirc
ning bao vé cat nhanh duogc cai dat voi
dong dién bang 14,5 lan dong dién danh
dinh (n2=14,5) va bang 8.700 A, thoi gian
cit ten=20 ms. Chirc nang déng 1ap lai cua
recloser va chic nang bao vé c6 hudng
khéng str dung nén bi khoa.

Gia thiét cac ngudn PV duogc dat tap trung
va ndi vao cing vi tri trén duong day truc
chinh. Bai bo s& tién hanh khao sat 3 vi
tri dau ndi: cudi duong day (diém C), giita
duong diy (diém B) va dau duong day
(diém A) nhu trén Hinh 2. Mtc d6 tham
nhap cua PV duoc xac dinh theo cong
thuc (2):

P
%PV = —X

.100 )

ptmax

Trong do:

%PV la ty 1é¢ thAm nhap cua PV
tinh theo phan tram,

Pev: Cong suat dau ra caa nguon
PV (kW)

Sptmax: CONQ suat phy tai cuc dai
cua 1o duong day.
Bai bao nay sé xet cac mirc thdm nhap cua
PV khac nhau theo kha nang tai cua
duong day. buong day c6 kha nang tai la
23 MVA nén c6 thé coi gan dung cong

suat ngudn PV 16n nhat c6 thé két ndi vao
duong day dé duong day khéng bi vuot
qua kha nang tai la 23MW. Céc kich ban
su cb duoc gia thiét va dong dién su ¢b
duoc tinh toan trong muc 4.

4. DANH GIA KET QUA

Bai bao sir dung phan mém Etap dé tinh
toan ngan mach. Khi chwa c6 két ndi
ngudn dién mat troi, dong ngdn mach ba
pha ¢ cudi duong day bang 3706 A chinh
1a dong dién chay qua recloser. Ung véi
dong ngin mach nady BVRL s& lam viéc
trong vung dac tinh thoi gian doc lap, thoi
gian cat caa recloser 1a 150 ms. Khi ngan
mach & 16 duwong day lan can, khdng co
dong dién chay qua may cit.

Pé danh gia anh huong cua nguodn dién
mat troi téi sy lam viéc cua recloser, ta sé
xét cac kich ban sau:

Kich bdn 1: Ngdn mach ba pha ¢ cudi
dwong day

Két qua tinh toan ngan mach vai céc vi tri
dau ndi va ty Ié tham nhap cua PV khac
nhau dugc thé hién trén Hinh 5.

4.600 -

4.400 A
4.200 A
< 4.000 A
=
W
s 3.800 4 ',__._-—-_._-"'
o [
5 3.600 4
o
3.400 —8— Chua c6 PV
—8— PV ¢ cudi duong diy
3.200 A PV o gifta dwong day
—8—DPV ¢ dau dudng day
3.000 - ——
0 20 40 60 80 100

Ty |& thdm nhap cta PV (%)

Hinh 5. Dong dién ngan mach 3 pha & cubi
dwéng day

Nhin trén biéu d6 ta thay, khi két ndi
ngudn dién PV vao duong diy dong dién
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ngan mach tai vi tri diém ngin mach ting
Ién rd rét. Mac d6 tang tuy thudc vao vi
tri dau ndi va mac d6 tham nhap cua PV.
Vi tri ddu ndi cang gan diém ngian mach
va mac d6 thdm nhap caa PV cang lon thi
gia tri dong ngan mach cang cao va nguoc
lai. DOng sw ¢ tai vi tri diém ngan mach
tang 1a do su tham gia cua ngudn PV vao
cung cap dong su cd. Gia tri dong dién
ngan mach do ngudén PV cung cép ting
theo mac do thdm nhap caa nguon PV.
Mat khac khi nguon PV dat cang gan vi
tri diém ngin mach thi dong ngan mach
do ngudn PV cung cap cang lén (Hinh 6).

1.000 -
900 4 —®—PV ¢ cudi dwong day
800 4 —®—PV o gitta duong day

700 4 PV o dau duong day

600 -+
500 -+
400 -+
300 4
200 A
100 o

Dong dién (A)

0 20 40 60 80 100
Ty 18 tham nhép cba PV (%)

Hinh 6. Dong dién ngan mach do PV cung cap

Nguoc lai, do anh huéng cia nguon PV,
gia tri dong dién chay qua recloser dau
duong day giam giam, muc do giam phu
thudc vao muc do tham nhap va vi tri dau
ndi ciia PV (Hinh 7 va Bang 1).

3.800 1
3.700 ¢
3.600 A
< 3500
=
@
o 3.400 A
o0
.5 3.300 A
[=1
3.200 A —8— Chua cO PV
—8—PV ¢ cuoi duong day
3.100 1 PV & gilta duirong day
—8—PV ¢ dau duong day
3.000 - =
0 20 40 60 80 100
Ty 1& tham nhdp cta PV (%)
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Hinh 7. Dong dién chay qua recloser khi ngan
mach cudi dwong day

Bédng 1. Gid trj dong dién ngdn mach qua
recloser khi ¢é su c6 cubi dudong ddy

Ponvi: A
Ty 1¢ tham nhip cia PV (%] 0 20 40 60 80 100
Chua c6 PV 3.706 | 3.706 | 3.706 | 3.706 | 3.706 | 3.706
PV 6 cudi dudng diy 3.706 | 3.706 | 3.706 | 3.706 | 3.706 | 3.706
PV & giita dudng day 3.706 | 3.664 | 3.622 | 3.581 | 3.540 | 3.499
PV ¢ diu dudng diy 3.706 | 3.632 | 3.560 | 3.490 | 3.422 | 3.357

Qua bang két qua cho thiy, khi PV dat &
cubi duong day dong dién su cb qua
Recloser khong thay ddi so véi khi chua
cd két ndi PV, nén khdng anh huong toi
su lam viéc caa hé thong RLBV, bao vé
van lam viéc trong ving 2 (dic tinh doc
lap) véi thoi gian cat sy ¢d 1a 150 ms
(Bang 2). Nhung khi PV dat ¢ gitra duong
day, va dau duong day, dong qua recloser
giam rd rét theo ty Ié tang cua ngudn PV
dau ndi vao ludi. Vé6i trudng hop PV ndi
O gitra duong day, khi ty 1€ tham nhap cua
PV vuot quéa 45%, dong dién sy cb giam
xudng dudi ngudng tac dong cia dic tinh
doc 1ap nén RLBV chuyén sang ving tac
dong 1 (dac tinh phu thuoc) vai thoi gian
tac dong nam trong khoang tir 405 ms tgi
419 ms. Khi PV nbi vao dau duong day
thi mac do giam xuét hién sém hon tng
véi ty 1€ thdm nhap vuot qua 25% va thoi
gian tac dong cd thé ting tGi gia tri 441
ms khi muac tham nhap caa PV la 100%
kha nang tai.
Bdng 2. Thoi gian tdc déng cua bdo vé ro le
khi ngdn mach & cudi duong déy

bon vi: ms
Ty 1§ tham nhép cia PV (%] 0 20 40 60 80 100
Chua ¢6 PV 150 150 | 150 | 150 | 150 | 150
PV & cubi dudng diy 150 150 | 150 | 150 | 150 | 150
PV § giira dudng diy 150 150 | 150 | 408 | 413 | 419
PV § diu duong diy 150 150 | 410 | 420 | 431 | 441

Vay trong trudng hop su ¢b nay, dong
ngan mach tai vi tri su ¢ 16n tuwong tng
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véi vang lam viéc theo dac tinh doc lap
cia RLBV. Tuy nhién, dong dién ma
RLBV & dau duong ddy do duoc lai nho
hon dong ngan mach, nén cé nhiéu trudng
hop RLBV s€ lam viéc theo dac tinh phu
thudc vai thoi gian loai trir su ¢6 ting 1én
dang ké.

Kich ban 2: Khi ¢4 ngin mach ba pha ¢
dau dwong day lan cdn

Truong hop nguy hiém nhat 1a vj tri diém
ngan mach nam ngay dau duong day lan
can. Trong truong hop nay dong ngin
mach chay qua recloser chinh la dong
dién do PV cung cip. Két qua tinh toan
ngan mach trong Bang 3

Bdng 3. Dong dién ngdn mach 3 pha qua

recloser va thoi gian tdc déng khi cé ngén
mach ba pha & déu dwéng déy Ian can

Ty 1¢ thim nhip ciia PV (% 0 20 40 60 80 100
Dong qua recloser (A) 0 -184 | -362 | -543 | -724 | -905
Thoi gian tac dong (s) - - - - 10 4

Dau (-) thé hién chiéu dong dién di tir phia
dwong day Vé phia thanh gép dau nguon.
Dé dang nhan thiy khi c6 su cd trén
duong day lan can duong day co két ndi
PV, xuét hién dong dién chay nguoc tir
phia duong day vé phia thanh gop dau
ngudn. Khi ty 1é tham nhap cua PV thép,
dong di¢n dién nay khong anh huong toi
su lam viéc cua recloser. Nhung khi ty 1¢
thdm nhap cua PV 16n hon 65% thi bao vé
role qua dong co thoi gian dac tinh phu
thudc tac dong, cat recloser vai thoi gian
cit nhu trong Bang 3. Nhu vay, trong
trrong hop nay bao vé ro le da tac dong
ngoai ving bao vé. Bé khic phuc, can
phai cai dat chic nang dinh hudng cong

suat dé dam bao tinh chon loc.

5. KET LUAN

Tir két qua nghién ctu c6 thé dua ra mot
sb két luan nhu sau:

Khi tich hgp hé thng dién mit troi voi
mic do thdm nhap khéng qua Ion thi
ngudn PV khéng anh huong téi sy lam
viéc cua hé théng RLBV, khéng can phai
chinh dinh théng s6 hay thay thé céc thiét
bi bao vé.

Khi mac d6 thdm nhap cua PV cao, dac
biét vi tri dau ndi gan phia ngudn ludi hé
théng, s& anh huéng téi do nhay va tinh
chon loc ciing nhu sy phdi hop cua cac
thiét bi bao vé. Bao vé ro le co thé tac
dong cham, tac dong sai, tac dong khong
dung vung cai dat. Vi tri ddu ndi cua
nguon PV ciing c6 anh huong rat Ién.
Piém dau ndi cang gan dau ngudn thi anh
huong cang 16n.

Bai bao ciing c6 thé phat trién thém theo
huéng danh gia anh huong cua chiéu dai
duong day toi sy lam viéc cua BVRL.
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PHU LUC

Bang phu luc. Théng so cua recloser

Tén thlét XUét Udm lam lcam

bi Xir (KV) [ (A) | (kA)

Recloser | ABB | 23 600 | 125
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