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Tom tat:

Viéc nghién cliu (ng dung thiét bi diéu khién déng/mé da dugc cac cong ty dién luc rat quan tam nham
gidm thiéu anh huéng ctia qua trinh qua dé khi déng/mé cac tai phan khang. May cét dién 500kV [a mot
thiét bi quan trong va dat tién trong tram bién ap. Khi m& may cat déi véi cac khang dién bl ngang can
dugc nghién cuu, tinh todn can than vi diéu khién ma may cat khong chinh xac cé thé dan dén hién tugng
danh Ita tré lai, tham chi c6 thé gay hu hdng may cét. Bai bao tién hanh phan tich su ¢ hu hdng may cat
dién 500kV khi m& khang dién tai tram bién ap 500kV Hiép Hoa, déng thoi dé xuat cac giai phap giam hu
hong may cat khi mé khang dién trong tuong lai.

Tu khoa:
May cat dién (MC), Thiét bi diéu khién dong ma (CSD), danh It trd lai, khang bu ngang, SynchroTeq.

Abstract:

The application of controlled switching device (CSD) in order to mitigate influence of transient when
energizing/de-energizing reactance loads has been taken into account by electrical utilities. The 500kV
circuit breaker is an important and expensive device in the substation. When opening the circuit breaker
of a shunt reactor, it is necessary to study and calculate carefully because incorrect control of opening
the circuit breaker can lead to re-ignition, which can even cause damage to the circuit breaker. The paper
investigates the failure of 500kV circuit breaker at Hiep Hoa 500kV substation and proposes the solutions
to reduce the damage of the breaker when opening the shunt reactor in the future.

Keywords:

Circuit breaker, Controlled Switching Device, Re-ignition, Shunt reactor, SynchroTeq.

. . cac nguy co hong hoc thiét bi dién. Cac CSD nay
1. GIOITHIEU CHUNG —_ C e e LA 4k iy

: da ching minh 1a giai phap thay thé tot nhat so véi
Hién nay, cic cong ty dién lyc trang bi cac thi€t bi  cac giai phap khac (nhu k§ thuat sir dung dién tré
dicu khieén dong/m¢ (Controlled Switching Device  dong trude [1]), vi CSD gan nhu loai bo cac van
— CSD) cho cdc mdy cit dién (MC) dé giam thiéu d¢é lién quan dén dong/mé tai phan khang va dem
anh huong qua do trong hé théng dién (HTD) va lai cac loi ich nhu:
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Kéo dai tudi tho ctia cac thiét bi hién c6 bang cach
nang cao hiéu suat ctia MC (giam qua do trén cach
dién thiét bi va x6i mon tiép xuc cua MC).

Cai thién d¢ tin cdy cta tram bién ap (TBA) va
nang cao 6n dinh cia HTD.

Naéng cao chat lugng dién ning (giam song hai, cac
dao dong tan sb cao).

Muc dich caa CSD la: diéu khién viéc dong/mo
MC tai mot thoi diém chinh xac (phuong phép
dong vao soéng — Point on wave method) ddi voi
mdi tng dung cu thé, ¢6 tinh dén cac dic tinh MC

va cac thong s6 van hanh nhét dinh.

Viéc thu thap thong tin chinh xac va day du trudc,
trong va sau khi van hanh 1a rat quan trong dé dam
bao hoat dong lau dai va t6i wu cho thiét bi CSD.
Mot trong nhiing thach thirc 16n nhét ciia hé thong
CSD la giri cac 1énh diéu khién sao cho khi tiép
diém MC bét dau di chuyén va co thé dat duoc
cic muc tiéu vé dién va co hoc mong mudn tai
thoi diém t6i wu. Dé dat dugc diéu d6 CSD cén dy
doén thoi gian hoat dong cua MC trong moi truong
hop c6 thé (ké ca khi mot sb thong sé cia MC thay
d6i sau thoi gian van hanh dai ngay, nhu thoi gian
dong/ma, nhiét d9...).

Mic du MC 1a thiét bi co khi kha phirc tap nhung
chu trinh déng/mé cia MC kha dé doan duya trén
cac diéu kién hoat dong cuano [2]. Voi mdi cong
nghé MC, cac nha san xuat thuong cong bd dir
li€u cua chung dya trén cac thir nghiém dién hinh
nhu : Puong cong déc tinh thoi gian dong/ma cua
MC, dic diém RDDS (Ty 1€ giam cuong do dién
moi) cua thiét bi, ... day la nhiing co so dau tién
dé xac nhan xem MC c6 phu hop dé ap dung két
hop véi CSD hay khong. Tuy nhién, thong tin nay
thuong chi dé cap dén loai dong mé don cuc trén
MC dién hinh trong diéu kién phong thi nghiém.

Do d6 can phai thuc hién kiém tra bo sung tai chd
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trude khi bat dau cac thi nghiém van hanh MC va
quy trinh van hanh nghiém ngét sau do. Ba budc
rat quan trong dé mo hinh hoa ding hoat dong ciia
MC gom:

Kiém tra thoi gian MC (thi nghiém thoi gian dong,
mo cua tiép diém chinh, tiép diém phu va phai
thuc hién it nhat 10 lan),

Thi nghiém chinh dinh khong tai dé hiéu chinh sy
sai léch gitra thong sb du doan va thong s6 thue té,
ddng thoi thi nghiém c6 tai dé hiéu chinh,

Theo doi khi van hanh trong hé théng dé kiém tra,
giam sat cac su kién.

Bai bao sé& di vao phan tich cac thong sd, cach thirc
lya chon thong s6 cho cac thiét bi CSD c¢6 xét dén
kinh nghiém thyc té. Phan tich d6i vi mot su cd
hu hong may cat 500kV va nhiing bién phap duoc
ap dung vao viéc lya chon thoi diém dong mé MC
cho cac khang dién bu ngang tai mot sb tram bién
ap TBA 500kV tai Viét Nam.

2. PHAN TiCH SU CO HU HONG MC 500kV
DUNG MG KHANG DIEN

2.1. M6 ta su ¢6 tai TBA 500kV Hiép Hoa
So d6 két nbi khang KH503 nhu hinh v&
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Hinh 1. So d8 néi Khang dién KH503, 50MVAr
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So d6 két day co ban, didu kién thoi tiét va ché
d6 trao luu cong suat binh thuong (truyén tai tir
Quang Ninh vé Hiép Hoa).

- Lac 16h39°29” ngay 13/4/2023, nhan vién van
hanh thao tac mé may cét ciia khang KH503. Pén
thoi diém lac 16h39°32” ngay 13/4/2023 (2,8 gidy
sau khi cit may cat khang KH503) hé théng may
tinh tai tram xuét hién canh béo su ¢ nhay may cit
583, 584. Bao v¢ so I¢éch doc F87L (7SD522), bao
v€ so léch thanh cai F87S (PCS-924) tac dong, cac
ro le ghi nhan su ¢ pha A-B (dudng day 583 Hiép
Hoa - 574 Quéang Ninh).

- Kiém tra trén 02 ro le bao vé so léch khang
KH503 (PCS-978), 02 bd ro le bao vé qua dong
khang PCS-921, Luc 16h39°29.701 ro le ghi nhan
tin hiéu may cat khang K503 cit 3 pha, dong dién
pha A, pha C vé 0 (A), tuy nhién dong dién pha B
van duy tri 577mA trong 2.8s (dong thir cap).

Hinh 2. Hinh anh phdng dién tai cac vong
dang thé phaA,B

Hinh 3. Hu héng tai budng cat pha B

- Quan sat nhan thdy cac vong dang thé clia pha A
va pha B may cit K503 c6 vét phong dién, 15 thung
duong kinh khoang 2cm (hinh 2,3). Luc 18h45’
ngay 13/04/2023, thuc hién co6 1ap khang KH503
va khoi phuc lai duong day 583 Hiép Hoa - 574
Quang Ninh.

- Ngay 14/04/2023, kiém tra, thi nghiém lai may
cit K503 cuia khang KH503 nhan thay: Pha B may
cit K503 co dién tro tiép xuc khong dat tidu chudn
van hanh R=546pQ (két qua thi nghiém gan nht
1335 pQ).

- Ngay 17/04/2023, khi thao budng cit pha A, B
may cit K503 phat hién budng cit pha B bi phong
dién bén trong dan dén hu hong bo tiép diém sb 1,
bo tiép diém sd 2 c6 mudi den do anh hudng cia
qua trinh phong dién [3].

2.2.Phan tich sau su ¢é

a) Thiéu dong dién pha C

Khi nghién ciru ban ghi sy ¢ cua thiét bi didu
khién khang, nhan thay: Dong dién cia pha C cia
khang bang 0, ngay ca trudc khi ¢6 1énh cit va sau

khi 6 1énh cit.

Hinh 4. Ban ghi su c6 dong, ap cac pha
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Hinh 5. Lénh diéu khién pha C, Dién ap pha
Cvadong phaC

Dbi voi bo dién khang KH503 cé trung tinh ndi
dat, chién lugc 1a cat timg pha doc lap, cach xa
khoi diém cit dong dién giao vdi 0. Thiét bi diéu
khién cit khang da ra 1énh cit pha B (mau xanh
nudc bién) trude, sau d6 1a pha A (mau do) va sau
cung la pha C (mau xanh 14 cay). Tuy nhién khong
c6 dong dién dbi véi pha C. Diéu nay c6 thé duoc
gidi thich rang bién dong dién ciia pha C khong
hoat dong hodc pha C da thuc su bi cit dién trudce
khi 1énh cat dugc dua ra boi thiét bi didu khién.

b. Cac 18i ndi day

Dau tién, thir tu pha dién ap la khong chinh xac.
Diém song dién ap giao vai 0 dién ap pha B dugc
nhan dang bing miii tén xanh di 1én (nim ¢ dat
con tro doc mau xanh) va 1200 cham sau khi pha
A theo hudng di 1én (nhan dang bang mili tén mau
do) va 1200 vuot trude pha C theo hudng di 1én
(nhan dang bang miii tén xanh 14 cay).

JN

Hinh 6. Thi tu cac pha theo ban ghi

Thu hai, trén mot khang dién bu ngang, dong dién
phai chay sau di¢n ap 900. Tuy nhién trén dang
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song da khong thiy su 1éch pha nay. Diéu nay c6
xu hudng chi ra rang cac phép do dién ap khong
phai 1a di¢n &p pha.

Hinh 7. D6 léch pha giita dong dién va dién
ap cacpha

Khi xay dung lai dang song cua ba pha trén mot
truc toa do (Hinh 8). V&i dudng nét lién thé hién
dién ap, cac dudng nét dat thé hién cho cac dong
dién va cac dudong nét dut - gach - chdm la cac
dong dién bi dich nguoc lai 900 nhu thé chung 1a
cac dién ap.

Ta c6 thé nhan thay:

O ving dugc khoanh tron mau xanh lam, Us-C
ddng pha véi Is-A bi dich lai 900,

O ving dugc khoanh tron mau xanh 14 cdy, Us-A
ddng pha vai Is-B bi dich lai 900.

Us-A/v

Us-B/V

us-C/v Is-A

- — =I5B

Hinh 8. Ba pha A,B,C dugc vé trén cliing truc
toa do

= - = I5-A-90deg — - — Is-B-90deg

Vi dong dién ctia khang dién phai tré so v6i dién
ap 900, ta co thé két luan réng, néu Us-A thuc su
la dién ap cua pha A thi:
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Us-B (duong nét 1ién mau tim) chua két luan dugc
1a song gi vi bién do song hinh sin d6 gan gap doi
so véi cac song con lai, va no tré so voi dién ap pha
A 1600, trong khi 1€ ra su 1éch pha 1a 1200

Us-C 1a dién ap ndi dét cta pha C (du kién ding
thir tu)

Is-A thuc sy 1a dong dién cta pha C (thay vi pha A)
Is-B thuc sy 1a dong dién cua pha A (thay vi pha B)
Véi sy két nbi chua diing nhu vy c6 thé 1a nguyén
nhan thiét bi diéu khién mo khang dién da khong
ngan chan dugc sy danh Itra tro lai khi cat MC

c. banh lua lai tai pha A

ba xay ra su danh lia lai trén pha A, thé hién b'flng
mot sy gian doan nho trén song dong dién tai diém
cit v6i 0 trude khi dong dién tat. Noi xdy ra sy
danh lira lai (khoanh tron mau do). N6 ciing hién
thi bang bién do cua dinh cubi cung (khoanh tron
mau tim) - nho hon mét chit so véi dinh trude do
(dugc dé cap bang miii tén tim).

VAR
LAY

Hinh 9. Panh Ia lai (re-ignitions) tai pha A

d. Tiép tuc danh Itra lai trén pha B

C6 thé quan st thay su danh Itra lai trong tw & pha
B (dwoc minh hoa bang vong mau d6), nhung lan
nay pha B khong thé ngat dong dién. Dicu nay da
dan dén budng cit pha B bi pha hity boi nhiét do
16n gy ra boi hd quang lién tuc (khong dap dugce
hd quang). Diéu nay thé hién may cat di khong
duoc diéu khién dé mé chinh xac, giam thiéu danh

Itra trd lai.

Hinh 10. Panh Itra lai (re-ignitions) tai pha B

3. PHUONG PHAP PONG VAO SONG DE
DPIEU KHIEN MG MAY CAT

Néu MC cua khang dién bu ngang dwoc mé ngau
nhién c6 thé gy danh ltra tro lai d6i véi MC. Didu
nay, c6 thé 1am hong khang dién va MC. Do d6
CSD loai bo van dé nay bang cach diéu chinh thoi
gian mo cua mdi pha, dua trén cac diéu kién bén
ngoai va cac thong sd bén trong tai thoi diém do
[4, 5, 6].

Mot yéu t6 quan trong khac cua CSD d6 la: thoi
luong t6i thiéu ciia hd quang trong thoi gian mo
MC. Gia tri nay la thoi gian tinh tir luc tach vat ly
cua tiép diém dén luc dong dién giao véi 0 1an dau
tién ma khong c6 danh lua lai.

Su tach cac tiép diém phai bit diu bén ngoai “ving
tranh” (Hinh 11). Thoi gian nay phai 16n hon thoi
gian hd quang t6i thiéu can thiét cia MC va cung
cAp mot ving an toan du dé ngin chan su danh lta
trd lai do sy phan tan cua thoi gian mé co hoe MC.

Khi biét thoi gian hd quang ti thiéu cua MC
(MAT®) va phan tan khi m& + 30 duoc biéu thi
béng d6 (¢ dinh dang £ Y°, trong d6 3600 tng véi
1 chu ky ctia tan sd), gia tri mo t6i wu (OT®) c6 thé
dugc tinh bang cong thirc 1 va 2 [3, 6]:

0__ x99 — 0
scve = 180°=Y" 2 = MAT )

OT° =— (MAT’ + SGV’ +Y°)
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Hinh 11. Vi du viing mé cho khang bu ngang
Viéc tudn tha diéu khién mé MC khang dién nén
tuan thi theo hudng dan cuia Cigre 757 [8] nhu sau:

Bang 1. Lua chon géc m& cac pha ctia MC cho
khang dién bu ngang

Loai Pha A B C
khang dién | (1am gbc) | (-120°) (+ 120
YO 90° A+120° A+60°
Y/A 90° A+90° A+90°
Yo 90° A+120° A+A°

Trong d6: tong tro ndi dat cua khang (NGR) va do
léch goc AO cua pha C duoc tinh toan theo ti so:
0 =L/LN véi L 1a dién cam cua khéng bu ngang,
LN la dién cam cua tong tré ndi dat ZN [8].

,,,,,,,,,,,,,,,,,

A, (degrees)

60

01 1 Ly 10
Hinh 12. So d6 néi khang dién bu ngang véi

tong tré ndi dat NGR va cach chon géc A0 véi
cacgiatri 0 khacnhau

(ISSN: 1859 - 4557)

)

3+28

A’ =60+ tan™ (

Voi: L = g—f%(f[)vc‘z Ly= 2{;} (H)

2

vag—L —V3U
Ly ZnQ

Néu & < 0,3 thi ap dung nhu khi khang dién ndi (Y

hodc A).

Néu & > 3 thi 4p dung nhu khang dién ndi (Y0).

V61 nhiing gia tri khac 6, thi AO chon theo duong
déc tinh hinh 12.

Khi mé MC, can phai kiém soat thoi gian phong
dién hd quang. Pé ngan chan hién tuong danh
lira tro lai, cac tiép diém phai mo co khi (bt dau
tach tiép diém/bat dau phong dién ho quang) & xa
diém dong dién giao cit 0 tiép theo dé t6i da hoa
khoang cach giita cac cuc may cét tai thoi diém
dong dién vuot qua 0. Khoang thoi gian ti thiéu
ctia hd quang chi c6 thé dugc xac dinh thong qua
cac thir nghiém kha ning pha huy. D6i voi may
cit loai SF6 nguoi ta thuong chon trong khoang
125 + 140° 14 gié tri an toan. Mot sd cong ty dién
Iuc chon mé sém hon vi du: 160° =+ 165° trude khi
dong dién giao cat 0. Tiéu chuan Cigré [8] khuyén
c40 nén kiém tra gia tri da chon khong it hon ba
lan, moi 1an thir nghiém co thé tang thém mot bién
d6 an toan (vi du: 10°) néu MC 1ap lai kém (MC ¢
su phan tan nhiéu).

4.NHUNG GIAI PHAP NANGCAO TUGITHO
MAY CAT CHO KHANG PIEN BU NGANG
500kV

4.1.Kiém tra két nSi cta thiét bi CSD

Viéc két ndi mach thu cép cho may cit va thiét bi
diéu khién can duoc thyc hién ding va can duoc
kiém tra ky ludng. Vi du thiét bi SynchroTeq-
Vizimax (dang ap dung cho diéu khién khang dién
tai mot s TBA 500kV tai Viét Nam) s€ phat hién

79



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

va bao hiéu qua nhiéu cach khac nhau ngay tir 1an
diéu khién déng cat dau tién khi thi nghiém khong
tai, vi du nhu tha tu pha, moé dun dong ap. Viée
kiém tra can dat céc tiéu chi trude khi thuc hién thi
nghiém co6 tai.

- Thong qua ro le mat trudc va sau (R2) cua
thiét bi:

Hinh 13. Canh bao mat truéc va sau SynchroTeq

- Trén giao dién tong hop canh bao tir hé thong

dicu khién tram bién ap:

P———
Transtarmer VL| discrepancy Phase A
Transformer VL:| discrepancy Phase 8

A6 5P5
Am27 S5

Aim29 3 ‘Operaning Limit Excondad, oparing Phase &
Am30 SPS. Operating Limit Exceeded, opening Phase B
A3 5P Operaning Limit Exceeded, opéning Phase C
AT e Operaing Teang Phate
Am33 sps ‘Operating Limit Exceeded, clesing Phase &
Am3d 5P5 ‘Overasting Limit Exceeded. dosine Phase €

Hinh 14.Canh bao trén hé théng diéu khién tram

4.2. Panh gia két qua trong qua trinh thi
nghiém va theo déi cac su kién

- Trong qua trinh thi nghi€ém hiéu chinh, moi canh
bao s€ hién Ién trong danh sach su kién cua phﬁn
mém chinh dinh, ciing nhu giao dién webpage cia
phan mém chinh dinh (vi du Vizimax Commission
Tool -VCT).

SunchraTeq® Plus

ik g WOk L09

nnnnnn

Hinh 15. Canh bao trén giao dién
Phan mém chinh dinh

e @ v » 0@ (v D)
aon CEOEG MDYt Lo

DASIOOARD  DETALS  DVNTS  SNAPSHOT  SYSTEM

Hinh 16. Canh bao trén giao dién webpage
Phan mém chinh dinh

o

mii= [Bmei= [CE[E= 8
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Hinh 17. Nhiing dau hién danh Iira tré lai
trén phan mém phan tich dang séng
- TUr nhitng sy kién ghi nhén, sir dung phan mém
phéan tich sy kién (Vi du nhu: Vizimax Event
Analyzer) dé danh gia cac chi s6 danh lira tro lai
khi m¢ khang nhu:

Suy giam mo dun giita hai dinh,
Sy nhay & diém 0,
Goc dién vugt ra vung muc ti€u

4.3. Mét sé vi du tinh toan cho cac viéc mé MC
khang dién 500kV

Rét nhiéu cac tmg dung cua thiét bi SynchroTeq da
duoc tng dung cho viée diéu khién dong mo tai phan
khang trén h¢ théng dién truyén tai tai Viét Nam, dac
bi¢t 1a khi m¢ cac khang dién bu ngang 500kV. Cac
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thong s6 dugc lwa chon dua trén tiéu chuan Cigré
757 va kinh nghiém chuyén gia nhu Bang 3.

Bang 3.Théng sé goc dién ap, théi gian theo
khi mé& MC cho khang

Théng s6 Gia tri

Thoi gian hd quang (chung 125° + 140°
cho ca 3 pha)

Pha A, goc muc ti€u 90°

Pha B, goc muc tiéu 210° (hoac 30°)

Pha C, goc muc tiéu 330°(hodc 150°

Khang ndi YO0, Pha A ly lam gbc

Thir nghiém v6i moét s6 TBA nhu 500kV Son
La, didu khién mé may cat K506 cho khang dién
KH506 (goc mé pha A, B, C tuong tng: 90°, 210°,
150°, thoi gian ho quang khi mé ing véi: 12%).

V6i TBA 500kV Hoa Binh, diéu khién mo may ct
cho K504 cho khang KH504 (goc mé pha A, B, C
tuong (mg: 90°, 210°, 330°, thoi gian hd quang khi
mo Ung voi: 140°).

V6i TBA 500kV Phé Néi, didu khién mé may cat
K595 cho khang dién KH595 (géc mo pha A, B, C
tuong tng: 90°, 30°, 150°, thoi gian ho quang khi
mo Gng véi: 130°).

Két qua thi nghiém khong tai dong/mé duge thuc
hién 10 1an dé tinh toan thoi gian dong/md may cit
bang thiét bi chup song. Sau d6 dugc tinh chinh,
phan tich va danh gia bang phan mém Vizimax-
Tool-Suite khi khong tai va co tai it nhat 5 lan.
Kiém tra cac d4u hiéu nhan biét cho thiy khong
c6 su danh lwra tro lai, dang song duoc ghi lai nhu
hinh 18, 19, 20.
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Hinh 18. Dong dién pha A, B, C khi mé&
MC K506
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Hinh 19. Dong dién pha A, B, C khi mé
MC K504

Hinh 20.Dong dién pha A, B, Ckh
MC K595

imag

5. KET LUAN

Bai bao dd xem xét mot sy ¢d hu hong may cit
500kV khi m¢ khang dién bu ngang. Céc bai hoc
rat ra 1a can phai d4u nbi day chinh xac, thuc hién
cac chinh dinh khong tai, chinh dinh co6 tai can
than bang cac thiét bi diéu khién tién tién. Nhing
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theo ddi va phén tich dang song sau khi di vao van  thiéu viéc danh lira tr¢ lai ddi voi cac may cit cia
hanh ciing cho phép danh gia cac sy kién dé tir 0  khang dién bu ngang tai mot s6 tram 500kV nhu
c6 nhiing bién phap phong ngira can thiét. Son La, Hoa Binh, Ph Néi. Piéu nay gitp nang
Viée tmg dyng thiét bi Synchroteq d& mé céc cao tuoi tho thiét bi va kha nang giam sat tinh trang

khang dién, theo tiéu chuan Cigré va kinh nghiém la:m viéc clia cdc mdy cét cho khing dién 500kV
chuyén gia cho phép kiém tra cac diéu kién, danh bu ngang.

gi4 thong sb cai dat, cac két qua cho thdy giam

TAI LIEU THAM KHAO

[1]. CIGRE Working Group A3.06, “Final report of the 2004-2007 international enquiry on reliability of
high voltage equipment, Part 2: Reliability of high voltage SF6 circuit breakers” (CIGRE TB 510,
October 2012).

[2]. H. Ito, H. Kohyama, B.R. Naik, R.G. Asche, H. Wilson, S. Billings, “Factory and field verification
tests of controlled switching system” (CIGRE session #A3-114, 2004).

[3]. Cong ty truyén tai 1,”Bdo cao su c6 may cat tai tram bién ap 500kV Hiép Hoa", 4.2023.

[4]. S. De Carufel, A. Mercier, P. Taillefer, “Optimal Commissioning of Controlled Switching Systems” CIGRE
Brisbane - COLLOQUIUM Brisbane Australia 2013.

[5]. S. De Carufel, A. Mercier, P. Taillefer “Innovative monitoring using controlled switching devices” CIGRE
Belgium Conference 2014.

[6]. Y. Fushimi, T. Kobayashi, E. Haginomori, A. Kobayashi, K. Suzuki, “Re-ignition free controlled
switching of EHV high-power shunt reactor” (CIGRE session #13-106, 1998).

[71.Tan Phat T, Ngoc Diéu V. Anh hudng cla dién &p qua dd phuc hoi va bién phap
han ché khi cdt cudn khang bu ngang & tram bién ap 500 kV O Mén. Sci. Tech. Dev. J. - Eng. Tech,;
2(2):86-96.

[8]. CIGRE 757:“Guidelines and best practices for the commissioning and operation of controlled switching
projects”, February 2019.

[9]. https://www.vizimax.com/support/download?id=296cal
Gidi thiéu tac gia:

Tac gia Nguyén Dang Toan tét nghiép chuyén nganh Hé théng dién- trudng Dai hoc
Bach khoa Ha Noi nam 2001, Thac sy nganh Quan ly hé théng dién (EPSM) nam 2004
tai AIT - Thai Lan, tién si nganh dién - tu dong hdéa nam 2008 tai Grenoble-INP - Phap.
Hién tac gia la gidng vién khoa Céng nghé Ndng lugng trudng Dai hoc Dién luc.

i Linh vuc nghién cuu: On dinh va diéu khién HTD, Tich hop Nang lugng tdi tao vao lugi
% !J dién.

82 S6 35



