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Tom tat:

P& dam bao chét lugng dién ap van hanh cho tuyén cdp ngdm huyén dao Ly Son khi nhu cau phu
tai tai dao thay déi rat IGn trong ngay, that su’ can thiét phai thuc hién giadi phap 1&p dat khang bu
ngang va dua vao van hanh llc tai thdp cling nhu cét ra khi tai cao. Vi cac trudng hgp thao téc,
doéng cét tuyén cap ngam dudc két néi vdi khang bu ngang sé phat sinh nhiéu van d& nguy hiém
nhu qua dién ap phuc hdi (TRV), hién tugng zero-missing... Vi vay, bai bao sé xay dung mo hinh
tuyén cdp ngam nay bang chuong trinh phan mém EMTP-RV dlng vdi thuc t€, md phdng cac trudng
hgp nguy hiém déc biét 1a hién tugng lién quan dén déng cit nhu’ quéa dién &p phuc hoi (TRV), hién
tugng zero-missing... Bong thai tim ra giai phap an toan cho tuyén cap dugc van hanh an toan. Két
qua phan tich 1a cac dang qua do cua dién ap, dong dién va giai phap ap dung khang diéu khién linh
hoat (VSR) d& han ché& cac van dé trén.

T khoéa:
EMTP-RV; khéng diéu khién linh hoat; zero-missing; bdo hoa; qua dién ap tam thdi, cap ngam.
Abstract:

To ensure quality operation voltage for Ly Son island underground cable system when load demand
changes large during the day, it really needs to install shunt reactor and switch on it at minimun load
demand also switch off it at maximum load demand. In case of operation, the switching operation of
the underground cable that is connected to shunt reactor will generate many dangerous problems
such as over-voltage recovery (TRV), zero-missing phenomenon...Therefore, paper will model this
cable by software EMTP-RV and same power network structure, simulating dangerous problems and
special phenomenon is transient recovery voltage (TRV), zero-missing phenomenon when circuit
breaker switch off... The analysis results are transient voltage, current waveform and solution applies
variable shunt reactor (VSR) to limit above problems.

Key words:

EMTP-RV, variable shunt reactor, saturation, transient over-voltage, underground cable.
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1. MO’ PAU

Puong diy cap ngdm thudng san sinh ra
mot lwong cong suat phan khang kha 16n.
Thong thuong, & ché d6 van hanh vira va
ning tai, lwong coéng suit vo cong sinh ra
tir dudng day co thé so sanh (va triét tiéu)
v6i ton that vo cong khi truyén tai. Van dé
can luu y & ddy 1a khi dudng day non tai,
dic biét 1a khi cat tai dot ngot & mot phia
duong day s& xuét hién hiéu Gng Ferranti
- hién tugng tang dot ngdt dién ap trén doc
tuyén duong day, pha hong cach dién, gay
trd ngai cho viéc dong Idp lai va trong mot
sO trudng hop 1am qua tai cdc may phat do
phai chiu dong dién dung kha cao. Trong
khi duong day cap ngam 22kV cép dién
cho huyén dao Ly Son c6 chiéu dai 1én
dén 26km nén ciing khong thé tranh khoi
dugc nhitng van dé trén. Dé khac phuc
tinh trang nay nguoi ta thuong st dung
phuong phéap dat cac khang bu ngang &
hai dau hodc trén giita dudong day.

Tuy nhién, van dé kho khan khong nam &
chd tinh toan bu ma nam & van dé thao tac
khang bu ngang trong qua trinh van hanh.
Khang bu ngang c6 thé coi 1a mot phu tai
cam khang, thyc hién cit cudn khang bu
ngang trude khi dong qua cudn khang cit
diém khong (zero-missing) s& c6 mot sy
giai phong ning lugng bay rat 16n tir cudn
khang va diéu nay giy ra cac hién tuong
qua do dién tir din dén qua dién ap tac
dung 1én khang ciing nhu céc thiét bi déu
ndi [1]. Qua dién ap nay dugc goi 1a qua
dién 4p dong cat. Qua dién 4p dong cit co
thé gay nguy hiém cho cac thiét bi néu gia
tri dién 4p no tao ra vugt qua gia tri chiu
dung xung cua thiét bi [2].
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Vé co ban may cat khong khé dé cit dong
khang, tuy nhién néu may cit cat trudc
khi dong di qua diém khong thi s& c6 mot
s6 hién twong lién quan dén dong thay doi
nhanh (current chopping) va cac hién
twong hd quang tiép theo sau do 1a
nguyén nhan giy ra cic qua ap qua do,
ting thoi gian md may cit, gy bio hoa
bién dong din dén tic dong sai cua
relay... V&i nhitng kho khan néu trén bai
bao thuc hién phan tich dua ra giai phap
bu t0i wu dé bao vé cac thiét bi va hé
thong cap ngam céap dién cho huyén dao
Ly Son.

2. GIAI PHAP BU NGANG

Theo ghi nhan cta don vi vdn hanh la
dién ap tai dao Ly Son rat cao khi nhu cau
phu tai ¢ dao thap (khoang tir 2h dén 4h
sang). Trong khi dién ap 22kV phia TBA
110/22kV Dung Quét khong c6 kha ning
diéu chinh giam thap din dén can phai c6
bién phap diéu tiét dién ap phia Pao Ly
Son bang cach trang bi cudn khang bu
ngang. Bén canh d6 khi thuc hién dong
dién tir phia dat lién ra dao giy qua ap
phia thanh cai 22kV & ddo. Dién 4p cao
nhit trén duong diy bi hé mach mot dau
duogc xac dinh theo cong thirc:

U - E

" cosg(1-1,) —Xzssin pl-1.)

Trong do:

B: Tbc d6 lan truyén song thuan 50 Hz
trén duong didy ndm trong khodng
1,05.10°-1,08.10°%;

Z: bién khang song ctua duong day;

Xg: DPién khang ctua cudn khang bu vao
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cubi duong day;

Xs: Dién tré twong duong cta hé thong;

I: Chiéu dai duong day;

lz: Chiéu dai doan duong diy chiu anh
hudng ctua cudn khang bu.

---------------------------

Hinh 1. Phan bé dién ap doc dwong day
siéu cao ap khi cat tai mot dau
Ngoai ra viéc lap dat khang bu ngang co
cong dung hap thu cong suat phan khang
& ché do tai nhe ma qua d6 con gop phan
giam ton that trén cap.

Pé danh gia su can thiét c6 lap khang bu
ngang & cudi dudng day, phan tich ché do
van hanh hé théng s€ xem x¢&t tinh toan
kiém tra cac ché do phong dién tur tram
110kV Dung Quét ra phia dao kiém tra
dién ap tai dao Ly Son. Khang bu ngang
s& duoc lap dat dé duy tri dién 4p tai diém
tiép nhan phia dao Ly Son & muc dudi
1,09pu (24kV).

Do gia tri dién ap thanh céai 22kV Dung
Quét ¢ ché do thip diém dém co6 thé duy
tri & muac 1,09 pu (23,98kV), nén véi
dung din mdi pha cia cap ngim la
C=0,374F/km két hop véi doan cap ngam
trén bd co tong chiéu dai cua tuyén cap
khoang hon 26km thi coéng suat phan
khang do phan cap ngim 22kV sinh ra
khoang 1,63MVAr. Gi4 tri cong suat phan
khang nay kha 16n gay kho khan trong
van hanh ¢ phia dao Ly Son. Bé dam bao
yéu cau van hanh ciing nhu giam ton that

do cong suét phan khang sinh ra qua 16n,
bai bdo xem xét tinh toan lap dat khang
bu ngang tai Ly Son.

* Truong hop 1: Khong thuc hién bu
ngang.

* Truong hop 2: Thuc hién bu khoang
55% ung voi dat khang bu ngang
900kVAr ¢ phia Ly Son.

* Truong hop 3: Thuc hién bu khoang
60% tung voi dat khang bu ngang
982kVAr ¢ phia Ly Son.

* Truong hop 4: Thuc hién bu khoang
65% ung voi dat khang bu ngang
1064kV Ar ¢ phia Ly Son.

* Truong hop 5: Thuc hién bu khoang
70% ung voi dat khang bu ngang
1145kV Ar ¢ phia Ly Son.

Bang 1. Két qua déng dién tlr Dung Quét
va gia tri dién ap ghi nhan & Ly Son

bién ap TC bién
Trut Phian | 22kVTBA | aptai | Cong
WO | ym | 110Dung | TCLy | sut
op bu Quat Son (kVAr)
(kV) (V)
1 0% 23,98 24,37 0
2 55% 23,95 24,19 900
3 60% 23,92 24,02 982
4 65% 23,80 2398 | 1064
5 70% 23,86 2387 | 1145

Céac két qua tinh toan cho thay khi thuc
hién lp dit khang bu ngang & Ly Son véi
ty 1€ bu ngang trén 65% trd lén, dién ap
tai thanh cai 22kV Ly Son ché d6 thip
diém dém déu nam dudi gia trji 23,98kV.

Chon khang bu ngang 1000kVAr dé thuc
hién lap dat tai thanh cai 22kV Ly Son -
phia duong diy ddu ndi cap ngam bién.
Vi gia tri khang nay dién ap tai thanh cai
22kV 1a 23,99kV. Gia tri dién 4p nay la
chép nhan dugc. Viéc tang cong suét cudn
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khang s& lam tang chi phi du tu, do vay
trong bai bao su dung cudn khang
1000kVAr lam cudn khang bu ngang cho
tinh toan.

Cang Ka Ky, Thin Tay,
&p Thanh Trisy ®& AnVinh,
6 Binh Hai huyén Ly Son

Vi tri lip khing I
2]

TBA L1022k
Curg Qudt

—
10km, ACK Jd0mmi 3km, ALK 240mm]

26k, FCA0mmE

Hinh 2. Vi tri Iap dat khang bu ngang

O ché o phu tai cuc dai dién ap thép,
thong thuong sé thuc hién cat khang bu
ngang dé ning cao dién 4p ciing nhu giam
tén thit. Trong ché d6 phu tai thip can
dong cudn khang bu ngang dé dam bao
chat lugng dién ap trong dai van hanh.

3. VAN BE DPIEN AP QUA PHUC HOI
CUA MAY CAT (TRV)

Thong thuong s& lip dat cic may cit
khang dé thyc hién dong cit cudn khang
bl ngang nham linh dong trong van hanh.
Tuy nhién khang bu ngang c6 thé coi la
mot phu tdi cdm khang, thuc hién cat
cudn khang bu ngang trudc khi dong qua
cudn khang cit diém khong s€ c6 mot sy
giai phong nang lugng bay rat 16n tir cudn
khang va diéu nay gy ra cac hién tuong
qua do dién tir din dén qua dién ap tac
dung 1én khang ciing nhu cac thiét bi dau
nbi. Qua dién ap nay duoc goi la qua dién
ap dong cat.

Qua dién ap dong cat co thé giy nguy
hiém cho céac thiét bi néu gia tri dién &p
n6 tao ra vuot qua gia tri chiu dung xung
cua thiét bi.

Vé co ban may cat khong kho dé cat dong
khang, tuy nhién néu may cat cat trudc
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khi dong di qua diém khong thi s& c6 mot
s6 hién twong lién quan dén dong thay doi
nhanh (current chopping) va cac hién
twrong hd quang tiép theo sau d6 diéu nay
la nguyén nhan gay ra cac qua ap qua do.
, Iy b

’ Il
- il
K- EA i ,
W A1 R AR

v x 10
6

I |

I

“ i ‘
B 22kVphaA 1
-- CB_22kVphaB
— CB 22kVphaC

] E:l 100 120
56 1an m6 phong

Hinh 3. Két qua TRV & 100 lan tinh toan
xac suat theo quy luat phan bé chuan

Hinh 3 trinh bay két qua tinh toan bang
phan mém EMTP-RV [6], m6 phong phan
bd xé4c suat ché do cat cuon khing bang
may cit khang 22kV. Két qua tinh toan
cho thay dién ap quéa do phuc hdi ctia may
cit trong 100 1an thyc hién cat ¢ thoi gian
ngau nhién theo quy luat phan bd chuan 1a
kha 1on.

Hinh 4 trinh bay 1 truong hop cat cudn
khang cho thiy gia tri TRV Ién dén
57,7kV va toc do6 gia ting dién ap
(RRRV) la 2,85kV/ps; trong khi d6 may
cat 22kV d6i voi truong hop cit cudn
khang (Out-of-phase) cho phép gia tri
TRV nhé hon 61kV véi RRRV cao nhét
1a 0,35kV/us (bang 2).

\ x

— CB 22kVphaA |
—- CB_22kVphaB
-+ CB 22kV pha C |

4 58
Thdi gian ms

Hinh 4. Gia TRV 3 pha may cat
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Nhu vay may cit 22kV dén 48kV hién c6
trén thi trudng tuy gia tri TRV ¢6 thé 16n
hon gi4 tri TRV tinh toan nhung toc do gia
tang dién 4p (RRRV) cho phép rat thap d6i
v6i truong hop xuit hién TRV do vén dé
cit ngugc pha (Out-of-phase) gay ra.

Bang 2. Gia tri TRV cia may cét trung ap
theo IEC 62271-100[5]

First-pole- | Ampli. TRY
to-clear tude peak Time
factor | value

Time RRRV®

Rated Type of
delay Vollage | Time

voltage test lactor
L, [ by e [ Iy W v ity
[\ p.u. pu kY s us kY 13 k¥ius
g Terminal fault 15 14 0 Al i 10 5 042
[outat-phase 135 125 4 145 2 15 N

] | Terminal faut 15 14 1 a7 13 % 43 | 047
[outat-pnase 25 125 | @ | e | o | B | o

158" | Terminal fault 15 14 & 05 16 15 52| a2
‘ Qut-at-phase 25 125 6 23 3 4 103 on

% [‘r rrrrrrr fault 15 14 a2 109 16 b 53| D57

[Oul-uf-phasu 23 125 92 4 3z n 104 043

18 {T ermiral fault 15 14 (3] 125 19 Fd &1 052
| outat-phase 25 125 EREN FECREE
| Terminal taui 15 14 3] 132 § @7 47 | os8

‘D 1-at-phasi 25 125 123 262 38 41 126 047

483

Theo két qua tinh todn mirc nang lugng tur
phan mém EMTP-RV, d6i véi may cat
22kV san xuét theo IEC dé dat duoc gia
tri TRV la 61kV véi RRRV 0,35kV/us
thi thoi gian tang to TRV ¢ gia tri “0”
dén 61kV mat 174ps, tmg voi mirc nang
lugng trong may cat khoing 5307
(kVX;,Ls) Trong kh1 d6 v6i may cat tinh
toan néu yéu cau dén 174pus, voi
TRV=56kV, RRRV 2,85kV/us, thi may
ct phai c6 muc nang luong chiu dyng 1én
dén 9184(kVxps).

Dbi voi may cit 35kV san xuét theo IEC
dé dat dugc gia tri TRV la 92kV voi
RRRV 0,43kV/us thi thoi gian tang tur
TRV & gia tri “0” dén 92kV mat 216ps,
tmg v6i mic ning luong trong may cit
khoang 9936(kV/ps). O may cit tinh toan
néu thoi gian yéu cau dén 216ps, voi
TRV=57,7kV, RRRV 2,85kV/us thi may
cit phai c6 mirc ning luong chiu dung 1én

dén 11536(kV/us). Nhu vdy may cat
22kV hay 35kV déu khong co kha ning
thue hién cit cudn khang bu ngang.

4. HIEN TUONG “ZERO-MISSING”

D6i véi duong day dai hodc cap ngam
thuong lip dat khang bu ngang nham dam
bao cac yéu cau dién ap trén duong diy
dugc duy tri trong giéi han cho phép
trong qua trinh van hanh. Khang bu ngang
tao ra thanh phan mot chiéu do ning
lugng bi "bay" trong cudn khang va no
anh huong quéa trinh déng/mo may cit.
Trong 1 vai truong hop thao tdc dong dién
duong day do thanh phan dong dién DC
by trong khang bu ngang 16n hon bién d6
dong dién AC, dong dién téng lai mat
nhiéu chu ky méi cat qua diém khong,
day goi l1a hién tugng “Zero-Missing” [4],
gdy ra tir hoa 15i tir cac bién dong dién
cling nhu giy tic dong dén cac relay bao
vé din dén cat duong day.

| Zero mls,‘-'.mg pe rlccl

05 [ T T3 1.3 1.4 1.5
Théi gian s

Hinh 5. Hinh minh hoa “Zero-Missing”

Khi cudn khang dang van hanh trén ludi
dién thuc hi¢én dong dién khong tai tuor
Dung Quét s& gy ra hién tuong “zero-
missing” dbi véi cac may cat 22kV Dung
Quit ciing nhu gy tic dong nham boi cac
relay bao vé xuat tuyén 22kV di dao Ly
Son do bi tir hoa cac bién dong dién boi
thanh phan DC.

Pbi v6i dy 4n Ly Son, voi ti 1é bu ngang
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gin 65% (cudn khang bu IMVAr), mé
phong cho thdy khi thuc déng may cit
22kV ¢ Dung Quit dong DC xuét hién &
pha C kéo dai dén gan 0.9sec.

A

— CB 22kVphaA
- CB_22kVpha B
10 — CB 22kVphaC

Dong may cat (CB)

@ :

& ‘ i
E 7 e CB 2KV phad
L --CB_22kVphaB
e R —CB %VphaC ]

Théi gian §

Hinh 6. Thanh phén DC khi dong may cat 22kV
tai Dung Quat

5. CAC GIAI PHAP KHAC PHUC VA
CHON GIAI PHAP TOI U

5.1. Thiét bj lwa chon th&i diém cat

Gia tri TRV 1a hi¢u dién 4p chénh léch
gitta 2 ban cuc may cat khi may cat thuc
hién cét van hanh. Lic d6 phﬁn ban cuc
may cat dau ndi voi hé thong khi may cét
cit ra van dao dong theo tan sd hé théng,
ban cuc dau ndi v6i cudn khang bui ngang
dao dong véi tan sb dudi dong bo do
thanh phan cudn khang sinh ra. V& ly
thuyét TRV cao nhét khi dién ap dat trén
2 ban cuc mdy cit 1éch pha nhau véi goc
léch 180°. Chon thoi diém dién ap may
cit di qua Zero dé thuc hién cat may cat
s& cho gia tri TRV 1a thap nhat.

Hinh 7 trinh bay 1 loai thiét bi lya chon
thoi diém diéu khién cat may cat. Day la
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thiét bi ciia hing ABB di duoc Gmg dung
diéu khién dong cit cudn khang bu ngang
trén ludi S00kV Viét Nam.

Tuy nhién do dién ap & cac pha di qua
khong ¢ ting pha 1€ch nhau 1/6 chu ky
nén dé dam bao diéu khién cic cuc may
cit cat ra dang thoi diém dién ap di qua
khong can st dung may cét cho ting pha.
DPbi v6i may cat 22kV (hodc 35kV) la
may cét 3 pha nén khong thé sir dung thiét
bi Iya chon thoi diém cat (Controlled
Switching) dé diéu khién van hanh may
cit khang nham giam TRV va RRRYV.

R
¢
D> l o
[0}
Cnu[ l
Thiét b
Do F236 o

Cuédn khang

Hinh 7. Van hanh may cat khang théng qua
thiét bi lwa chon thoi diém cét véi moé hinh may
cat phai tirng pha riéng biét

Nhu vdy do khéng chon dwoc may cit
dam bao diéu khién cit duoc cudn khéng
thi cudn khang bu ngang lip dat & Ly Son
s& 1a cudén khang van hanh lién tyc. Pé
thue hién cit cudn khang cho bao dudng,
stra chira (trang bi dao cach ly 22kV thU:c
hién cit), can phal cit ngudn cung cap tir
phia 16 xuit tuyén 22kV tai TBA 110kV
Dung Quit.

5.2. Khang bu ngang diéu khién linh
hoat

Vén d& van hanh lién tuc s& gy ton that
tang cao & ché d nhu cau phu tai cuc dai,
dac biét luc dién 4&p tai phia 22kV Dung
Quit giam thap. Ngoai ra khi stra chira,
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bao dudng cudn khang hoic mong mudn
cit ra dé giam ton that thi phai cit ngudn
cung cip. Nhu vy do tin cdy cung cip
dién cho déo Ly Son bj giam thap.

Dé han ché van dé nay dong thoi nham
diéu khién dién ap van hanh linh hoat cho
tuyén cap ngam dé 4n kién nghi sir dung
cudn khang c6 kha ning diéu khién - VSR
(Variable Shunt Reactor).

Hinh 8. Cuén khang diéu khién linh hoat

Cudn khang diéu khién linh hoat dua trén
diéu khién cac dan tu bu dién ap thip méc
& cudn day thir cip ciia cuon khang. Viéc
diéu khién thay d6i gia tri ctia tu bu thong
qua viéc dong cit cac contactor ddu ndi
dén dan tu dua trén su so sanh gitra dién
ap dat voi dién ép tai chd cuon khéang dau
vao. Khi dién 4p tai vi tri dat khang
vuot hon gia tri cai dat (vreference), cac
contactor dau ndi dén dan tu s& mo dé dua
hét thanh phan dién khang ciia cudn vao
van hanh. Dién 4p s& giam xudng dén
gid tri yéu cau. Khi dién 4p thip, cac
contactor dau ndi dén dan tu s& dong dé
dua thanh phan dién dung cta tu bu ngang
vao. Phan dién dung do dan tu sinh ra s€
bu trir véi phan dién khang cta cudn
khang bén cudn day thtr cap, qua d6 lam
giam cong suét cua cudn khang. Vi dong
mo cac contactor theo tin hi€u so sanh ap
ludi va ap cai dit, cong suat cudn khang
c6 thé diéu khién gia ting dén cuc dai
hodc dwa vé gia tri bang 0. Ngoai chirc

nang diéu khién tu dong, thao tdc van
hanh diéu khién bang tay co thé diéu
khién thong qua hop diéu khién lap dat di
kém v6i cudn khang. Ngoai ra c6 thé diéu
khién, giam sat van hanh tir xa thong qua
SCADA véi giao thirc IEC61850.

x| x| =56 1

e - s

KX N
o Q o Q o«

K118

vz 2w1 | Tawz

Hinh 9. C4u tao cuén khang
diéu khién linh hoat

Vi tri Khang

1MVAF

SGB_Reactor

m_Cable_3core

@ (OJOJO]
T CABLE DATA AR
“ able 3 core
Hinh 10. Mé hinh mé phéng tuyén cap
va vi tri 13p dat khang VSR-SGB
bing phdn mém EMTP-RV
A

200

00
]
&)
\;’ 100
ied
el a
'g 100 N s
&0 200 A Dong Dc tat Zero CB—ALk_V.phaA
£ | T- 0068see —  CB_22kVphaB
A o : — CB 22kVphaC

<00

" . . ‘ . ‘ .

00e 002 .08 a1 a1z 0.14 a1
Thi gian

Hinh 11. Thanh phan DC khi déng may cat 22kV
tai Dung Quat

66

S6 15 thang 2-2018



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

V6i kha nang thay doi cong suat khang,
dic biét ¢ ché do ty 1& bu ngang diéu
chinh thdp & ché do dong dién duong cap
khong tai, van dé hién tugng “zero-
missing” khong xay ra do vay voi phuong
an nay dam bao diéu kién k¥ thuat khi van
hanh tuyén cap. Hinh 11 cho thay dong
mot chiéu DC sinh ra & pha B di qua
khong sau 1,4 chu ky.

6. KET LUAN

(@) Nham dam bao chat luong dién ap
theo yéu cau van hanh, han ché hién
tugng qua dién ap dong cat can trang bi
khang bu ngang va thiét bi dong cat kém
theo. Tuy nhién khang bu ngang théng
thuong sé sinh ra van dé khong chon dugc
may cat phu hop, két hop co hién tuong

(ISSN: 1859 - 4557)

“Zero-Missing” gay kho khan khi dong
cap ngam. Vi vy giai phap dé xuat tdi vu
nhat dam bao moi tiéu chi van hanh 1a st
dung khang bu ngang diéu khién linh
hoat.

(b) Khi Gmg dung khang bu ngang diéu
khién linh hoat mang lai nhiing hiéu qua
nhu sau:

= Giam duoc cong sudt phan khang ky
sinh do cap ngam sinh ra.

» Han ché dugc hién tuong qua dién ap
van hanh.

* Han ché duoc hién tuong “Zero-
Missing”.

= Giam t6n that dién ning.

= On dinh dién ap phu tai.
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