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THU NGHIEM VA PANH GIA CAC YEU TO ANH HUONG PEN MUC PO

BAO HOA CUA BIEN DONG PIEN

TOM TAT

Lé Kim Hing?, Vii Phan Huan®"
T ruong DH Bdch khoa, Dai hoc Dd Nang;
2Céng ty TNHH MTV Thi nghiém dién Mién Trung

Muc dich cua bai bao 1a d& xuat cach xdy dung md hinh toan hoc bién dong dién (CT) trong phan
mém Matlab Simulink dya trén co s khoa hoc dugc trinh bay boi Uy ban role bao vé hé thong
dién ciia IEEE (PSRC) va két qua thir nghiém thyc té CT 22 kV loai 200/1A 5P20 20 VA tai Nha
méy thily dién Tién Thuan bang thiét bi Vanguard EZCT-2000. Bén canh d6, nhom tac gia da thyc
hién md phong, danh gia anh huéng cta cac yéu té nhu thanh phan DC, tong trd tai, va do 1on
dong dién sy cb dén sai s6, mirc d6 bao hoa ctia CT nham khuyén nghi dung loai CT phu hop, dic
biét trong linh vuc role bao vé. Két qua bai bao s& gilip cac nha nghién ciru, van hanh c6 duoc
thong tin dong dién su ¢ truc quan nham phuc vu cong tac phén tich, bio cdo va xac dinh ding
nguyén nhéan bao hoa CT vé mit 1y thuyét va thuc nghiém.

Tw khéa: Puong day truyén tai dién;bién dong dién; ddc tinh tiv héa V-A; thanh phan DC;

Matlab Simulink

MO DAU

Do tin cay cia hé théng role bao vé (RLBV)
phu thudc vao su lam vi€c chinh xac cta thiét
bi do ludng. Trong d6, phan tir bién dong dién
(CT) 1a thiét bi dong vai trd quan trong trong
viéc ding dé chuyén doi dong dién nhat thir co
gia tri 16n sang dong dién nhi thu (dinh muc
1A, hodc 5A) phit hop cho cong dong dau vao
ctia ddng hd do ludng va RLBV. Cac CT ngin
16 duogc lya chon dya trén thong ) k¥ thuat co
ban cta hing san xuit ghi trén nhin, vi dy nhu
hinh 1. Ngoai ra, CT con c6 tai liéu k¥ thuat vé
thong s6 dic tinh bdo hoa V-A clia timg cudn
day di kém dé don vi quan 1y van hanh thi
nghiém dinh ky trong sudt thoi gian lam viéc
cta thiét bi. Hau hét cac CT dugc thiét ké 1am
viée & diéu kién mang tai binh thuong, diém
lam viéc nam thap hon diém gdy ctia ddc tinh
V-A. Néu su ¢b c6 su tham gia cia thanh phin
DC trong dong dién nhit thir cang 16n thi s&
lam tang nhanh qua trinh bao hoa. Khi CT béo
hoa, diém lam viéc nam trén duong cong phi
tuyén ciia dic tinh (cao hon diém giy), lam
cho dong dién thtr cAp bi méo dang va c6 sai sd
lon [1].

“ Tel: 0983 421980, Email: vuphanhuan@gmail.com

Trong thuc té van hanh, khi phén tich va doc
ban _ghi sy co tor RLBV thi cau hoi dit ra la
gia tri dong nhét thir chinh x4c bang bao
nhiéu thi CT bi bio hoa. Van d& nay, cho dén
nay van chua dugc cac chuyén gia thi nghiém
giai dap thoa dang, do con han ché vé mat
thiét bi thir nghiém bom dong dién nhat thir
cO gia tri 16n ngay tai cong truong la tram
bién 4p, nha may. Vi du CT 200/1 loai 5P20
thi yéu cau thiét bi bom kiém tra gia tri dong
dién nhat thir > 4KA sé& cho sai s6 > 5%.

bic tinh dién ap ludi:

- Dién ap cach dién dinh mire: 17.5kV

- Dién ap tan so luai chiu dwge: 38kV 1phat S0Hz

- Dién ap xung chiu duoc: 95kV

86 ché tao CT
cita nha san xuat /
o
anstorma

Kiéu CT

Tiéu chuan ap
dung ctia CT

Dic tinh dong dién 1s Hg sa 81; toan
cua ludi dién _/ L £ Y B L e— (SF)
In-25KA/A s 15005 251-252 1 5p__10
— [ <
Tayn : 62.5 kA peak 1 \\ ~ H‘e: so gioi han
i o 1 LY cap chinh xac
T s6 bién dong } (ALF)
CT ¢6 hai cuén dong:
Cuén do luimg: 181-182  Céng sudt tai lon Chn chinh xhc
Cugn bao v¢: 281-282 nhit cho phép S EURER HAE

Hinh 1. Théng sé bién dong dién MERLIN GERIN
Bén canh do, cac tai liéu mo phong khdi CT
bao hoa (Saturable Transformer) trong thu
vién “Simulink Library/Simscape/Simpower
System/Element” chua dwoc hing phin mém
Matlab giai thich rd rang va cu thé vé cach tinh
chon thong sb cai dat nhu “Saturation
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characteristic”, va “Core loss_resistance and
initial flux”. Cho nén hau hét cac nghién cuu
d3 cong bd trong [2-3] chi dung lai & viée thay
d6i ty s6 bién hoic sir dung lai chinh CT trong
vi du dién hinh ma Matlab dua ra nén chua
phtt hop vé6i yéu cau ap dung vao thuc té.

Dé giai quyét van dé nay, bai bao dya trén két
qua thtr nghiém dac tinh V-A cua tung loai
CT trong thuc té dé xay duyng mé hinh toan
hoc CT bang phin mém Matlab Simulink.
Sau d6, danh gia anh huéng cua cic yéu td
(phu tai, thanh phan DC, d6 16n dong dién sy
¢b) dén cép chinh xac, ty sb bién dong va tir
hoéa cua CT.

THU NGHIEM BIEN DONG DIEN

Dong dién Ip = 1000A

Hinh 2. So @6 dau noi thir nghiém CT

Trude khi dong dién dua vao van hanh, CT
can duoc tién hanh thir nghiém danh gia chit
lwong dé xem dat yéu cau ky thuét theo chuén
thiét ké hay khong. Do d6, cac thiét bi duoc
Cong ty TNHH MTV Thi nghiém dién Mién
Trung (CPC ETC) chuan bi gom c6 Mégom
Kyoritsu 3121, May do V-A EZCT-2000,
May do 1 chiéu OM16, va may thir cao thé
AID70 nham phuc vu cho viéc thyc hién cac
hang muc nhu do dién tré cach dién & 2,5
KVpc cho cudn so cép va 500Vpc cho cudn

130

th cép, kiém tra dic tinh tir hoa, kiém tra cuc
tinh, do dién trd mot chidu cudn day thu cap,
do ty s bién dong, thir cao thé xoay chiéu tin
s0 50Hz cho cudn so cap....

Gia sir v6i so d6 dau ndi cac dau ra nhi thir va
dau vao nhét thir ctia CT 5P20 200/1A 20VA
cho bd EZCT-2000 tai xudt tuyén 22 kV &
NMTD Tién Thuan, tinh Binh Dinh nhu hinh
2, chung ta tién hanh cai dat thong s6 cho bo
EZCT-2000 dé thir nghiém va xuat két qua
thu dugc ra may in nhiét vdi cac sb liéu sau:
Gi4 tri diém gy theo chuan IEC 10/50:

Vi = 203,88V, |y = 0,0206A

Ty s bién CT: 199,652/1A

Sai s6 ty s6 bién: 0,174%

ExV =123,7V, Ex1=0,01A

Goc pha: - 0,06°

Cuc tinh CT: In Phase

bién tré cudn day: 2,91Q

Bdi vi han ché caa thiét bj nén khi thi nghiém
dac tinh to hoéa, EZCT-2000 chi bom_ dong
nhi th dén ngudng dong 1A va két qua
dudng cong tir hoa biéu didn mdi quan hé gia
tri cia dién ap kich thich (ve) va dong dién
kich thich (i¢) duogc trinh bay cu thé trén bang
1, va hinh 3.

10000 V CT Excitation Plot

2000 Vv

1000 v

100 v

v

1v
.001 A 01 A 0.1 1L.0A 10 A

Hinh 3. Bdc tinh tir héa CT thir nghiém




Lé Kim Hung va btg

Tap chi KHOA HQC & CONG NGHE

189(13): 129 - 134

Bang 1. Két qua kiém tra CT

TT Curent [A] Voltage [V] Z[Q]
1 0,001 6,51 6510,0
2 0,002 15,78 7890,0
3 0,004 39,39 9847,5
4 0,005 53,64 10728,0
5 0,008 100,86 12607,5
6 0,01 129,59 12959,0
7 0,02 201,70 10085,0
8 0,04 234,08 5852,0
9 0,05 241,04 4820,80
10 0,08 253,02 3162,75
11 01 257,83 2578,3
12 0,2 271,18 1355,9
13 04 281,61 704,02
14 05 284,64 569,28
15 08 290,73 363,41
16 1,0 293,66 293,66
MO HINH THAY THE BIEN DONG DPIEN Buée 1: Tim do doc ddc tinh 1/S
Mo hinh mach dién thay thé CT Ve (V)
M5 hinh mach dién thay thé CT do Uy ban vy (0, 2009
role bao vé hé théng dién ctia IEEE (PSRC) OLZTE —L
trinh bay cho & hinh 4 gdm co: CT Iy tuong | Diém gay CT e

(cudn day so cAp P1-P2 c6 1 vong day nén co
thé bo qua tong tré phia so cip, cudn thir cip
¢6 N vong day) ndi song song véi cudn cam
phi tuyén dic trung bdi mbi quan hé giira tir
thong chinh méc vong qua cac cudn day; dau
ra S1-S2 va phu tai (Pong hd, role, bo chi thi
swcd...).

| Phuti
Pl I'N Rw s1 Rb JwLp

pres = V- N

i ! i = de-lp

1 E Sze*% Ve 312 is-1g
P2 ] Dién kh;’mg gzi

phituyen oo
Hinh 4. M6 hinh mach dién thay thé CT

Céc ky hi¢u bao gom:

i;: dong dién nhat thu [A]
N: ty s6 bién dong

is = iy/N: dong dién thir cap 1y tuong [A]

i2 = i - Ie: dong dién thtr cp [A]

Ry: dién tré cudn day [Q]

Ryp: dién tro tai [Q]

Ri=Ry + Ry

Lp: dién khang tai [H]

Tinh toan sai s6 CT duoc thuc hién theo cac
budc sau:

| (0.0206, 203.88)
\

|
Puong cong
tir hoa thye té

0.1 1.0

Hinh 5. Tim d¢ déc trén dac tinh CT
Sau khi ¢6 dugc dic tinh V-A thyuc té cua CT,
chung ta thyc hién tim d6 doc (1/S) ctia doan
dac tinh ndm & phan trén ctia dudng cong bao
hoa nhu hinh 5, duwoc xét tor diém (0,1,
257,83) dén diém (1,0, 293,66) theo cong
thirc tinh [4]:

Ve = Vx|, (1)
Trong d6: S dugc dinh nghia 1a nghich dao
cua do doc 1/S can tim sao cho théa man diéu
kién rang budc: 15<S< 25
Nhu vay, voi Ve = 257,83V, I, = 0,1A, V; =
293,66V, taco S = 18.

Bude 2: Tinh tir thong lién két )
Méi quan hé giita A va v, theo dinh luat
Faraday, b6 qua dién tré6 khong dang ké cuia
cudn day thu cap Ry,. Ta co [4]:

Ie (A)

. . di
-R i, + i+ —
V:dl: Rtxe Rtxs Lbth
¢ dt 1+ L, x AxSx| A"

2)
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A= I v, dt 3)

Buoc 3: Tinh dong dién tie hoa i,

Méi lién h¢ ddc tinh phi tuyén giita i, va A
duoc viet dudi dang [4]:
S
i = Ax| A= A{ﬁ\’e xsin(a)t)} (4)
[0

Gia tri hi€u dung tinh duoc:

| ] e

Tu (5), ta xéc dinh duoc hé s A = 0,0181
théng qua diém I, =1 A, V. =293,66 V.
D¢ dam bao tinh doi xtmg cho dac tinh i va A
nhu & hinl’l 6 khi S 1a s 1é, ta thém vao biéu
thirc (4) dau cia tir thong sgn(i):

= Axsgn(M)*[A]° (6)

A
wb-turns
J ie [A]

Hinh 6. Ddc tinh tir héa ie va A
Budéc 4: Tinh sai s6 CT

e=100% (7)
1

Nhan xét: Cong thirc (2), ), (6), (7) giap
ching ta hiéu biét day du vé nguyén nhan giy
ra sai s6 CT:

- Dong dién i, cang cao, sai s CT cang 16n.

- Néu dién tro tai tang hodc dong dién nhat
tht i; ting cao, dan dén v ting, lam cho i
tang, va sai sO cua CT tang theo.

Xdy dyng mé hinh bién dong dién bing
Matlab Simulink

Clsrate, MO HINH TOAN HOC BIEN DONG DIEN

Hinh 7a. M6 hinh hé thong dién mé phong
132

A ()
el [y
= (=)
e = [
Fhase B
c (=
e[ . [y
e > FPhase C

Hinh 7b. M6 hinh bién dong 3 pha
M6 hinh hda CT mang y nghia dac biét quan
trong vi do bdo hoa CT lam anh hudng dén
hiéu qua lam viéc cia RLBV. Viéc xdy dung
md hinh toan hoc CT dya trén phan mém
Matlab Simulink cho phép ngudi dung sir dung
thu vién SimPower System dé dang tich hop
truc tiép vao hé thong dién nghién ctru, vi du
véi cau truc nhu & hinh 7 gdbm c¢6 cac phan tir:
- Buong day 22 kV.
- Khéi may cit 3 pha

- Khéi thu thap dit liéu dong dién va dién ap 3 pha.
- Khéi hién thi: dang song dong dién, dién ap
su ¢, is, i, thanh phan DC, va sai s6.

- Khéi su c¢b ba pha: dong dién su ¢b trong hé
thong dién thyuc té ludn chira cac dai luong
bién thién thanh phan DC phu thudc vao goc
su ¢d va ty s6 X/R ctia hé thong. Thanh phan
DC 16n nhét khi goc khoi tao su cb 1a -90°
hodc 90° va DC thip nhat 1a 0° hodc 180°. Khi
ty s6 X/R ciia hé thong trong khdi nguon ting
1én thi thoi gian lam cho thanh phan DC suy
giam vé gia tri 0 s& bi giir 1au hon [5].

- Khbi bién dong ba pha dé xuat (CT Model)
dugc xay dung tir cong thirc (1) dén (7). Gia
su CT c6 3 pha A, B, C cung chung loai véi
dic tinh gin giéng nhau. Cho nén, ta chi cin
trinh bay két qua dang song ctia pha A.

KET QUA VA BAN LUAN

Muc dich chinh ctia m6 phong tinh trang su
cb trong hé théng dién nham tao ra dong dién
nhit thir sw c6 ba pha c6 gia tri 1on, va dé
kiém tra, danh gia mo hinh toan hoc CT da
dugc xdy dung theo tiéu chuin IEEE C37.
110-2007 dbi véi cac tinh huéng xay ra, nham
tranh bi bao hoa AC va DC theo cac phuong
trinh (8), (9) tuong ung dudi day [6]:
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Vs > isX(Rw + Zp) (C))

Vs > (1 + X/R)Xisx(Rw + Zb) (9)
Ta xét 04 trudng hop sy cb gy ra hién tuong
bao hoa CT nhu sau:
Trwong hop I: xay ra su c¢b pha voi dong
dién nhat thir bang 20 1an dong nhét thit dinh
mutc (4 kA), tai thoi diém 0.105 s (thanh phan
DC co gia tri bé 4A), Z, =15+ j2 Q.

2:10‘ TRUONG HOP 1

DongdenfA)

Sai s0CT[H]

Hinh 8. Két qua sw co trong trueong hop 1
Nhdn xét: dang song trinh bay trén hinh 8 cho
thiy dong dién i, khong bi méo dang, gin
trung v6i dong dién is, CT c6 sai s6 < 3%.
Truwong hop 2: xay ra sy cd voi dong dién
nhét thir bang 20 lan dong nhat thir dinh mirc
(4 kA), tai thoi diém 0,1 s (thanh phan DC c6
gia tri 1on 10,15 A), Z, =15 +j2 Q.

w10 TRUGONG HOP 2
T
SIS R R RS R eSS TSRS 22— Per ]
2 —Pas
i0s X 015 —omol?
Dienaplk¥] | !
000) T
o — s
i3 [E 015 e
Dorgdien 4] PhaC
0| T 0
Zg | - h I Do J
008 o1 015 1o DongR
Dong denls & A
¥ ~ =
005 01 015 02
Dong digntu hoale [4]
ki
| ‘ ‘ ]
uns 01 018 02
Thathphan OC 8]
“f ‘ ]
|
fos 01 015 02
Sai 50T 4]

Hinh 9. Két qua sw ¢ trong triweong hop 2
Nhdn xét: hinh 9 cho thdy dong dién i, bi méo
dang so véi dong is do c6 sy tham gia cia
thanh phéan DC ton tai trong khoang thoi gian
tir 0,1s dén 0,15s (ty s6 X/R = 10), va lam cho
sai s6 CT 16n nhét 80%.

Trwong hop 3: su cb voi dong dién nhat thi
bang 20 lan dong nhat tht dinh mirc (4kA),

tai thoi diém 0,1055 s (thanh phan DC c6 gia
tribé 4 A), Z, =25 +j2 Q.

TRUONG HOP 3

Al

Dienap (¢V]

|
| ——PhaB

01 [XE V)
Dongen 4] PhaC
20
0| ; RN AN AR . —Duru\s!
B 0 X5 [ Dog 2,
Dorg denls & 2[A
'Hr—
10E | 194 Vi 1% 1% 3
005 0 [IS5) 0z
Dang dentuboale ]
5 T
L ‘ |
8 X 0 02
Thahanen DC 4]
T
2)
" L 1 1
005 ] 015 2
52500 |

Hinh 10. Két qua sw ¢6 trong truong hop 3
Nhdn xét: hinh 10 cho thiy dong dién i, bi
méo dang so voi dong is do tac dong cua tai
16n, va lam cho sai s0 CT 16n nhat 30%.

TRUONG HOP 4

310°
R IR I
005 X 015 )2

Dienap V]

o — P
5008 | —
005 [ 0

15 )
Dorg dien[A] m
I \\. I A2 7 e

P —Dmulsi

08 [} 0 1Dl ,
Dangdienls & 12 [4]
A ! /H/_/\'\/-/\W/-f\'\/-r\i
-2AE ! |
008 0 015 02
Dong dien tu hoa le [4]
5|“ T T “
L L
fos [x 015 02
Tharh phan OC [4]
5.1[ N\, ‘
L |

o
bos 01 0.15 02
SaisoCT ]

Hinh 11. Két qua sw ¢6 trong tricong hop 4
Truwong hop 4: su c¢b voi dong dién nhét thir
bang 40 lan dong nhat thir dinh mirc (8 KA),
tai thoi diém 0,105 s (thanh phan DC c6 gia
tribé 4 A), Z,=15+j2 Q.

Nhdn xét: két qua trinh bay & hinh i; cho thiy
dong dién i, bi méo dang so voi dong is do tac
dong cua dong dién sy co 16n, va lam cho sai
s6 CT 16n nhét 47%.

KET LUAN

Trong qué trinh van hanh thyc té, dong dién
nhét thir CT thay doi tir dong tai binh thudng
dén dong su c¢b mang gia trj 1on. D& tranh
hién tuong bao hoa, CT dugc thiét ké va tinh
chon sao cho diém lam viéc luén nim trong
doan tuyén tinh cta dic tuyén V-A. Bai bao
da phén tich va mé phong cho CT 22 kV tai
NMTD Tién Thuén trong truong hop xay ra
su ¢ voi nhiéu nguyén nhan khac nhau dan
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dén CT bi bao hoa nhu dong ngan mach chira
thanh ph?m tin hiéu DC 1én hodc tong tro tai
16n. Khi CT bi bao hoa thi dang song dong
dién i, bi méo dang va bi sai khac so voi dang
song dong is, sai s6 CT tiang lén. Cho nén,
viéc biét duoc bio hoa mach tir CT xay ra khi
nao, duong cong tir hoa ciia CT cao hay thap
s& gitip chiing ta biét dugc loai CT dung c6
phu hop véi tiéu chuan thiét ké khong. Ngoai
ra, két qua nghién cru cta bai bao co thé
duoc st dung lam co s& dé danh gia anh
hudng bdo hoa CT dén chirc ning bao vé quéa
dong, so léch va khoang cach cua role bao vé
trong cc nghién ctru tiép theo.
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TESTING AND EVALUATION OF FACTORS AFFECTING THE CURRENT

TRANSFORMER SATURATION

Le Kim Hung®, Vu Phan Huan®"
University of Science and Technology Da Nang;
2Center Electrical Testing Company Limited

The purpose of this paper proposes the building of a mathematical current transformer model (CT) in
the Matlab Simulink software that based on the CT Saturation Theory and Calculator presented by the
IEEE Power System Relaying and Control Committee (PSRC) and the practical testing results of CT
22kV 200/1A 5P20 20VA at Tien Thuan Power Plant by Vanguard EZCT-2000 device. In addition, the
authors_perform favorable simulation, evaluating the effect of factors such as DC component, load

burden, and fault current which make error ratio, CT saturation. It recommends using appropriate CT,
especially in the field of protection relay. The results of the article can help researchers to have visual

information_about fault current value for analyzing, reporting and identifying the cause of CT

saturation, both theoretically and practically.

Keywords: Transmission_line; Current transformer; Saturation characteristic V-A; DC_component;
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