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Tém tit - Trong nhiing nim gan day, mic ting truéng phy tai
dién hang nam & Viét Nam dao dong trong khoang tir 8% dén

12%. Bé dép g nhu ciu tiéu thu dién, nganh dién da va dang
x@y dung cdc nha mdy nang luong tai tao, trong do rat nhiéu nha
méy dién gi6, mit troi duoc dau ndi vao hé théng dién (HTD) va
Quang Tri 1a khu vuc dugc du bao 1a trung tam nang luong cua
dét nuée trong thoi gian dén. V6i dic thu 1a ngudn dién c6 tinh
bt dinh cao nén dién gi6 va mit troi thuong gdy ra nhiéu bét loi
v& mit van hanh n dinh HTD, do vy bai bao nay nghién ciru vé
én dinh dién 4p cua ludi dién 110 kV tai khu vuc Quang Tri théng
qua viéc phan tich cac dudng dic tuyén PV (Power-Voltage) va
QV (Reactive Power-Voltage) ding phin mém DigSilent. Diéu
nay gitip xac dinh cac vi tri niat yéu v& 6n dinh dién ap tai cac nut
trong hé théng va dé xut cac giai phap phit hop nham cai thién
muc du trit vé én dinh dién ap tai nhitng nat nay.

Tir khéa - On dinh dién 4p; dudng dic tuyén PV; dwong dic
tuyén QV; Bién gio; do thi phu tai

1. Pat vin dé

Cung v6i sy phat trién ciia nén kinh té toan cu, nhu cau
tiéu thi dién nang ngay cang tang. Theo du bao tir Tap doan
Pién lyc Viét Nam (EVN) cho thdy, v6i toe d6 ting truong
GDP hang nam ¢ muc 7% thi du kién vao nam 2030 Viét
Nam s& can khoang 327.000 GWH dién [1]. Trong khi do,
viéc phat trlen cac ngudn dién truyén thong & nude ta chi
du dé cung cap khoang 208.000 GWh dién vao cung thoi
diém. Piéu nay din dén tinh trang thiéu hut wdc tinh
khoang 20% - 30% lugng dién ning hang nam, c6 thé anh
huéng nghiém trong dén bai toan an ninh ning luong dé
dap ung toc do phat trién kinh té, x hoi va an ninh cia
nudc ta [2].

Cung chung béi canh do, nhiéu quéc gia dang d6i mat
v6i nhing thach thirc vé dam bao cung cap nang luorng dlen
an toan va dap Umg nhu cau phat trién kinh té. Dé giai quyét
van de nay, nhiéu nudc da tap trung vao phat trién cac
ngudn nang luong tai tao, nham giam thiéu sy phu thudc
vao cac nguon phat dién truyén thong nhu dién khi, nhiét
dién, thiy dién, dong thoi day dugc coi 14 giai phap hitu
ich dé giam thiéu tac dong tiéu cuc 1én méi truong va anh
huong ciia bién dbi khi hau. Trong d6, niang luong gio 1a
ngudn niang lwong tai tao c6 anh huong thip dén moi
trudng, co san trong tu nhién, v0 han. Vi vay, viéc tdn dung
ngudn niang luong nay trong tu nhién duoc cic qubc gia

Abstract - In recent years, Vietham has experienced an annual
electricity demand growth rate ranging from 8% to 12%. To meet
this increasing demand for electricity consumption, the electrical
sector has been constructing various renewable energy power
plants, including a significant number of wind and solar power
plants, which are being connected to the national grid. Quang Tri is
predicted to become the country's energy hub in the near future.
However, due to the highly intermittent nature of wind and solar
power as energy sources, they often pose challenges in terms of
stable operation of the power system. Therefore, this article focuses
on researching voltage stability in the 110 kV power system in the
Quangtri area through the analysis of PV and QV curves using
DigSilent software. This helps identify voltage stability weaknesses
at various nodes in the system and proposes appropriate solutions
to enhance voltage stability reserves at these nodes.
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trén thé giéi néi chung va Viét Nam noi riéng quan tim
trong nhitng ndm tr¢ lai day [3]. Vi téc do gio trung binh
dat tr (6+7) m/s, mién Tay Quéng Tri dugc danh gia 1a
ving rt co tiém ning phat trién ngudn ning luong dién gid
va 6 thé tro thanh trung tam nang lugng dién gi6 cua Viét
Nam trong tuong lai.

Do tinh dac thu cua néng luong gi6 la phan tan, c6 tinh
bat dinh cao phy thudc mia vy, thoi tiét nén cong suat dién
dau ra cua cac tua bin gié khong 0 on dinh. Piéu nay s€ anh
huéng rat 1on dén cac chi tidu vé 6n dinh dién ap va tan sb
trong hé thong dién (HTP). Trong khi on dinh dién ap Ia
yéu to quan trong trong van hanh HTD, dam bao cung cép
dién day du va lién tuc cho nguoi dan va cac hoat dong san
xuét kinh doanh. Tuy nhién, mat 6n dinh dién ap c6 thé xay
ra trong truong hop hé thdng khong dap tmg dwoc nhu cdu
cong suét phan khang, din dén dao dong va sup dd dién ap,
gdy thiét hai 16n vé kinh té, anh hudng dén an ninh - xa hoi.
Vi véy, viéc phan tich, danh gia vé 6n dinh dién 4p trong
ludi dién 1a rat quan trong va cén thiét.

2. Co sé Iy thuyét
2.1. Phuwong phdp Newton Raphson

Hién nay, co rét nhiéu phan mém thuong mai tinh toan
trao luu cong suat cho HTD bang nhi€u phuong phap,
nhung thong dung nhat 12 phwong phap Newton Raphson.
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Khi tinh toan trao luu cong suit, két qua cho ching ta
cac thong s6 nhu dién ap tai cac nit, dong dién, goc pha,
cong suat, ton that dién nang trén cac nhanh,... cac théng
s6 van hanh nay 1a tién d& cho cac bai toan tinh toan, phan
tich danh gia duogc cac chi tiéu chat luong dién ning,
do tin cy, thi truong dién, xay dung céac chi tiéu nham
danh gia kha nang 6n dinh trong HTD twong tmg védi cac
ché dd lam viéc, cac kich ban van hanh trong ludi dién
nghién ctru.

De phén tich, danh gia kha néng 6n dinh dién ap cling
nhu tan s6 ciia HTD khi ¢ ngudn dién gio, mét troi két ndi
vao thi phai xét qua trinh thay di cac thong s6 van hanh
cuia nguon, tai va cau tric luéi dién theo thoi gian 8760 gio
hoic tdi thiéu la 24 gio cho mot ngay dién hinh trong nam.
Do vay, cac s liéu tinh todn mo  phong d6 thi phu tai va do
thi cong sudt phat cta cac nguon dién, dac biét 1a ngudn
dién gi6 va mit troi 6 tinh ngéu nhién 1a rit quan trong.

D6 thi phu tai 1a mot biéu do thé hién mic do tiéu thy
cong suat P, Q trong mot khoang thoi gian nhét dinh, thong
thuong 1a trong vong 24 gio. Viée xay dung do thi phu tai
1a rat quan trong dé danh gia kha ning cung cip dién cua
hé thdng, tir d6 c6 thé dua ra cac giai phap cai thién ning
lyc cung cép dién caa HTD. Trong bai bao nay, nhém
nghién ctru sir dung cong cu Quasi-Dynamic ciia phan mém
Power Factory hang DIgSILENT 1a mét cong cu md phong
tinh toan trao luu cong suat thay dbi theo thoi gian, dé mo
phong trao luu cong suit trong HTD. Cong cu niy cho phép
linh hoat trong viéc chon khoang thoi gian mé phong va
kich thudc buéec mé phong. Céc dic diém tham so bién dbi
theo thoi gian, cac bién va giai doan mé rong, su ¢d ngimg
hoat dong theo ké hoach, cac su kién mé phéng va cac mo
hinh phu thudc vao thoi gian do ngudi dung xac dinh [4].
Cong cu Quasi-Dynamic sé tinh toan bai toan trao luu cong
suét theo cong suat phu tai (Load profile) cua cac phu tai
cling nhu thong sé vé tde do gi6 theo vi tri dia Iy cua cac
tua bin gi6 d& mod phong va danh gia bai toan trao luu cong
sudt cho ngay dién hinh, tir d6 1am co s¢ d& xuit phuong
phap danh gia va cac giai phap dé cai thién kha niang 6n
dinh cua ludi dién.

2.2. Phan tich 6n dinh dién dp theo dwong dic tuyén PV, QV

Theo [5], [6] c6 the str dung phuong phép duong déc
tuyén PV, QV dé tién hanh tim cac nat lién quan dén 6n
dinh dién ap va xac dinh cac sy b ¢6 tac dong 16n toi su
6n dinh dién ap. Dya trén nhiing thong tin nay, co thé dé
xuét cac bién phéap tang muc dy trit on dinh dién ap tai
nhitng nGt nay.

2.2.1. Puong dic tuyén PV

Xét so d6 mo phong HTD nhu Hinh 1a. Gia thiét rang

dién thé & nat k ndt va nat m nhu (1):

Vie = Vig20; Viy = Vn 26, [pu] 1
Phuong trinh (2) thé hién méi rang budc & nut phy tai

m nhu sau [7], [8].
Q. XDV +[ (PX)F + QX ]=0 (@

Tai mot diém hé théng van hanh xéc 1ap, cong suit phu
tai & nat m da cho, giai phuong trinh (2) va thay
Q,, =P, tang,, s& tinh duoc dién thé nut phy tai Vi:

1-sing
Vi = [0,
"\ 2cos%g,, )

P X

va V L 4
mgh COS(pm ( )

Nhu vy, tir (3) va (4) ¢6 thé vé dugc cac duong dic
tuyén PV va QV ting v6i cose,, khong doi nhu Hinh 1b.
DPuodng dic tuyén PV thé hién vé sy thay doi cua dién thé
V tai mét nut tai theo sy thay dbi cua cong suét tac dung
cép tir ngudn cho phu tai Pm. Dua vao cac quan sat vé quan
hé giita cong suit tac dung Pp va dién thé nit tai Vi, ta
nhan thiy, duong dic tuyén PV c6 mot diém dic biét goi
12 "miii" (Pmgh, Vimgn). Py 1a diém gi6i han on dinh cua
dién ap nut tai, con dwoc goi la diém sup d6 dién 4 ap. Khi
dat gia tri cuc dai, diém nay twong ung voi cong suat tac
dung cung cip cho phu tai [9], [10]. Giit nguyén hé sd
cose,, khong d6i, néu tang cong suat phu tai Py s& 1am
cho dién thé nut phu tai giam xudng, khi Pp, 16n hon Ppgh
tir Hinh 1b cho thiy, lac d6 hé théng mat 6n dinh. Do vay
tir viéc xay dung va phan tich dudng dic tuyén PV co thé
danh gia kha nang on dinh cua HTD.
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Hinh 1. So dé tinh toén (a) va dwong cong PV (b)
2.2.2. Puong dic tuyén QV
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Hinh 2. So d6 tinh toan (a, b), va dwong dic tuyén QV (c) [11]
Theo nhu so @& HTD Hinh 2, tng v6i ngudn HTD c6
cong suat vo cung lon, P va Q ¢ nut phu tai m can xét co
thé xac dinh nhu sau [7], [8]:

V.V .
P, = -%smem (5)
— Vn21 Vka
Q,-Qc = vy Tcosem (6)
2
QCZX = V_Wz‘_ﬁcosem + sz
Vm Vk Uk Vm

Mdi gia tri dién thé & nat phu tai Vi VA O dugc xac
dinh ttr phuong trinh (5). Sau d6, thay gia tri Om vao phuong
trinh (6), s€ xdy dung dugc cac duong dic tuyén QV ¢ Hinh
2c. Trong ché do vén hanh binh thuong, luong cong suét
phan khang Q truyén téi ndt m s& lam cho dién thé nut tai
Vn tang 1én. Tuy nhién, néu truyén thém mot luong cong
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sut phan khéang Q vao mot nit trong hé thong ma dién ap
Vm clia niit d6 giam, hé thong s& mat 6n dinh vé dién ap.
Puodng dic tuyén 1 trén Hinh 2¢ biéu dién ché d6 van hanh
binh thudng ciia HTD. Piém O1, VA Oy 14 hai diém giao
nhau cia dudng dic tuyén 1 véi truc dién thé V khi khong
6 bu (Qc=0). Trong 6, diém O, dai dién cho trang thai
lam viéc 6n dinh. Pudng dic tuyén 2 trén Hinh 2c tuong
g véi ché do khi tai trong hé thong ting 1én hodc sy ¢b
ngau nhién N-1 trong HTD. O 14 diém lam viéc 6n dinh
ciia duong dic tuyén 2. Khi do cac gia tri cua Q1 va Q2
trén Hinh 2c la dy trit cong suit phan khang. Nhu vay, tir
céc s6 lidu phan tich duoc thé hién trén duong déc tuyen
Qv, c6 thé xdc dinh dugc dy trir cong sudt phan khang va
diém cuc tiéu cua duong dac tuyén QV (Qdt, Vgh) duoc
xem la diém giéi han 6n dinh dién 4p cta nut phu tai & ché
d6 van hanh dang xét [5], [9], [10].

Puong dic tuyén PV va QV trong phin mém
DIgSILENT duoc xdy dung bang cong cu Transmission
Network Tools, cong cu ndy dung dé phan tich 6 6n dinh
dién ap va kha nang truyén tai dién nang cia ludi nhim
danh gia 6n dinh dién ap thong qua viéc xac dinh diém toi
han mét on dinh dién ap..

3. M6 phéng, tinh toin 6n dinh dién ap trong lwéi
110 kV Quéng Tri
3.1. Xay dung ludi dién 110 kV Qudang Tri dung DIGSILENT
Hién nay, ludi dién 110 kV Quang Tri dang nhén dién tir
HTD chung va tir cac ngudn dién dia phuong, bao gdm cac
nha may thuy dién va 19 nha may dién gio, tong cong sut
dat 1a 671,1 MW. Dé nghién ctru va danh gia 6n dinh cta
Iudi dién 110 kV Quang Tri, bai bao da xay dung mo hinh
ctia ludi trén phan mém DIgSILENT, cy thé nhu Hinh 3.
Tir dit liéu thyc té cho thdy, lu6i dién 110kV Quéang Tri
dugc cdp ngudn tir nhiéu nha may dién nang lugng tai tao
khéc nhau, vi vdy s& anh huong khong nho dén sy thay doi
ludng trao luu cong suat phan bd, anh huong dén tinh 6n
dinh trong qua trinh van hanh. Vay nén, viéc danh gia, phan
tich on dinh cho luéi dién 110 kV Quang Tri khi c6 nguon
ning luong dién gié xam nhap 1a rat can thiét.

Hinh 3. Luci dién 110 kV tinh Qudang Tri duoc mé phong trén
DIgSILENT

3.2. Xdy dung do thi phu tdi tai cdc tram 110 kV

Dir liéu cong sqét tac dung P, cong suét phan khang Q
duge lay tir hé thong His Server (Historian Information
System — la mot trong nhimg module h¢ thong
SCADA/DMS duogc xay dung theo cau triic Client — Server
¢6 nhiém vu chinh 1a thu thap, xir 1y, luu tri, quan ly va

truy xuét dir liéu dua ra tir hé thong Real Time dung véi do
phan giai va dinh dang ban dau trong thoi gian dai) tai
Trung tim diéu khién tinh Quang Tri vao ngay 12/06/2022.
Tir d6 xdy dung dd thi phu tai (Load profile) tai cac tram
bién ap (TBA) 110 kV trén dia ban nhu Hinh 4.

Hinh 4. D6 thi phu tdi tai cdac tram 110 kV tinh Quang Tri

Tir d thi cac phu tai tai cac TBA 110 kV & trén cho thiy:

- buong dac tuyén phu tai tai cac TBA 110 kV dac
trung cho timg loai phu tai dugc cap dién: Nong nghiép,
1am nghiép, do thi,...

- P thi phu tai tai cac TBA 110 kV Cam L9, Vinh
Linh, Khe Sanh c6 dudng dic tuyén thap vao khoang tir 9h
dén 16h. Tir Oh dén 5h va tir 21g dén 23h phu tai c6 dudong
dic tuyén cao hon. Nguyén nhan Ia do cac xuét tuyén trung
ap thudc cac TBA 110 kV Cam L9, Vinh Linh, Khe Sanh
lap hé thong dién mat troi mai nha (BMTMN) véi cong
suét 16n. Cu thé, cong suit dat DMTMN tai Cam Lo 8,75
MWp; Vinh Linh 33,5 MWp; Khe Sanh 6 MWp. Vao cac
khoang thoi gian tir 9h dén 15h 14 thoi diém chi sé buc xa
mit troi cao nén cac hé théng PMTMN trung ap s& phat
cong sudt véi hiéu sudt cao, cac phuy tai s& tiéu thu cong
suét phat ra tr DPMTMN. Ngoai ra ludng cong suét du sé
day nguoc vé cac TBA 110 kV vi vay lac nay duong déc
tuyén phu tai quy d6i vé thanh cai 22kV tai cac TBA 110
kV s& thap. Nguoc lai, cac thoi diém tdi va sang sém, do
PMTMN khong phat cong suit nén cac phu tai s& dién tir
luéi dién Qudc gia nén duong dic tuyén s& cao.

- D6 thi TBA 110 kV Dong Ha c6 dudng dic tuyén thap
vao khoang 6h dén 13h. Nguyén nhan 14 do luc 6h dén 8h
phu tai thap, tir 8h dén 13h phu tai bat dau tang nhung do
cac Xuét tuyen trung ap thugce cac TBA 110 kV Bong Ha
lip h¢ thong PMTMN cong sut 16n, cu thé 15,56 MWp.
Vao khoang thoi gian Oh dén 2h va 18h dén 23h dic tuyén
phu tai cao hon do PMTMN khéng phat cong suét kém voi
tai day c6 KCN hoat dong vao ban dé€m. bdi véi cac TBA
110 kV con lai, thoi diém db thi phu tai dat cuc dai nim
trong khoang 12h va 19h — 21h.

3.2.1. Pién ap tai cac TBA 110 kV trong 24h ¢ diéu kién
van hanh binh thuong

Khi xay dung dd thi phu tai tai cac TBA 110 kV
trong vong 24h, khi mo phong trong diéu kién van hanh
binh thudng ta thiy dién 4p tai cic thanh cai dao dong nhu
Hinh 5.

Dién ap tai cac TBA 110 kV trong vong 24h ¢ diéu kién
van hanh binh thudng, c6 mirc dao dong tir 0,967 dén
1,071pu. Pién 4p tai thanh cai VINHLINH/C11 la théap
nhit 0,967pu, nguoc lai dién 4p tai thanh cai
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LAOBAO/C11 cao nhét trong ngay 1a 1,071pu. Nhung
thuong dé giam ton that trong qué trinh van hanh, dam béo
tinh an toan, 6n dinh trong ludi dién, nguoi ta thuong diéu
chinh dé néng dién ap lén (0,98+1,02) pu v4i phuong phap
diéu chinh dau phéan 4p ciia may bién ap, cu thé diéu chinh
dau phan ap cua MBA AT2(1), AT2(2), AT DH,
AT _DH(1). Sau khi diéu chinh lai dau phan 4p ctia cac may
bién ap trén, ta duoc dién ap nhu Hinh 6.

Hinh 6. Dao dong dién ap tai cac thanh cai 110 kV trong 24h
khi thay déi nac phan ap MBA

Dién ap sau khi duoc diéu chinh nam trong khoang tir
0,981-1,022 pu, nam trong pham vi van hanh cho phép theo
quy dinh (0,95 — 1,1 pu).
3.2.2. Dao dong dién ap tai cdac tram 110 k[/ khi phu tai
van hanh ¢ ché do cuc dai va o che do cuc tiéu

Khi cong suét phy tai dat gié‘tri cuc dai hpe_'tc cuc tiéuﬂ,
HTD s& c6 xu hudng dao dong v€ dién ap. Di€u nay c6 thé
gdy ra cac van dé khac nhau trong hé thong, bao gom tang
kha ning xay ra su cd, ton thit cong sut, giam tudi tho
thiét bi, va anh huorr}g dén chat luwong dién nang. Do do, dé
dam bao hoat dong on dinh ctia HTD, can phai xem xét daq
dong dién ap khi phu tai dat gia tri cyc dai va cuc tiéu dé
danh gia kha nang on dinh cua hé thong va dua ra cac bién
phap di€u chinh phu hop.

Nhdn xét:

- Dién 4p tai cac tram 110 kV khi phu tai ¢ ché d¢ cuc
dai bé hon so vdi khi phu tai & ché do cuc tiéu.

- Dién 4p tai cac tram 110 kV dao dong nim trong pham
vi cho phép 1-1,021 pu khi phu tai min va (0,99+1,013) pu
khi phy tai max.

- P léch dién &p ¢ Vinh Linh cao nhét tir (0,99 + 1,007)
pu va Dong Ha c6 do 1éch dién ap thap nhat tir (1,007 +
1,013) pu so véi cac nit con lai.

Tir céc két qua trén, co thé thay rang ludi dién 110 kV
Quang Tri van hanh 6n dinh ¢ diéu kién lam viéc binh

thuong khi chua c6 sy két noi cua cac nha may dién giod
vao ludi.
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Hinh 7. Mikc chénh léch dién dp khi phy tai vin hanh ¢
ché dj cuc dai va cuc tiéu

3.2.3. Pién ap tai cac TBA 110 kV trong 24h khi thém cdc
nha may dién gié quy hogach vao

Khi thém cac nha may dién gié quy hoach d4u ndi vao
ludi 110 kV, dién ép tai cac tram dao dong nhu Hinh 8
trong 24h:

Hinh 8. Dao dong dién ap cac tram 110 kV khi ¢6 thém
cdc nha may dién gio quy hoach

Hinh 9. Dao dong dién dp tai cdc thanh cai 110 kV trong
24h sau khi diéu chinh dau phdn ap MBA khi thém
cac nha may dién gio quy hoach

Dién ap tai cac tram 110 kV khi c6 thém cac nha may
dién gi6 quy hoach c6 pham vi dao dong tir (0,965 + 1,078)
pu, turong tu nhu khi chua c6 cac nha may dién gio dua vao
quy hoach, véi dién ap LAOBAO/CI11 cao nhat va
VINHLINH/C11 thip nhat. Tuy nhién, dé giam ton thét
trong qua trinh van hanh, ngudi ta s& thudng didu chinh
dién ap 1én trong khoang 0,98-1,02 pu bing cach diéu chinh
dau phan 4p clia may bién ap. Sau khi thyc hién diéu chinh
nay trén cdc may bién ap, chung ta co thé dat dwoc dién ap
nhu mong mudn nhu Hinh 9.

Khi didu chinh dau phan 4p cia MBA, dién 4p tai cac
tram dao dong tir 0,982-1,022 pu, h¢ thdng van hanh 6n
dinh trong diéu kién lam viéc binh thudng.
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3.3. M6 phong va danh gia cdc kich bdn van hanh ciia
lwoi dién 110kV

pé phéan tinh, danh gid dugc muc dy trit cong sut tac
dung va phan khang tai cac nut 110 kV dén nam 2025 c¢6
xét dén sy xam nhdp cac nha may dién gié theo quy hoach,
ta tién hanh xay dung duong dic tuyén PV, QV trén phan
mém DIgSILENT.

Pudng dic tuyén PV biéu thi sy bién thién ctia dién ap (V)
tai mot nat cu thé dwa vao téng cong suét tac dung P duoc
cung cap cho phu tai. Khi luong cong suat trong hé thong dat
t61 ngudng nhét dinh 6 (mg voi dién ap tai diém do cling dat t6i
ngudng gidi han. Diém nay goi la diém “miii”, néu vuot qua
diém miii nay, h¢ thong s& mat 6n dinh dién ap.

buong dic tuyén QV duoc xdy dung duya trén dao ham
dQ/dV, neu dao ham nay dwong (dQ/dV > 0) thi hé thong
mét 6n dinh. Néu nhu murc dy trit cong sudt phan khang
Qmin ndt phy tai do6 cang cao thi nit d6 c¢6 kha nang 6n
dinh cang 16n.

++ Khi phuy tai max

[pu]

1

0947 pu

0942 pu
09 0911 pu.
08 0.803 pu

0.7737 pu.

0.7649p.u
07

0666 p.u

06
0562 pu

05 . " F U S SR T S— " " . " —
200 400 600 8(5 B7 [MW]

— CAMLOC11: Veltage, Magntude KHESANHICH 1 Vollaga, Magnituce — TARUTICH Vollage, Magh

Hinh 10. Pdc tuyén PV khi binh thuong véi phy tdi cuec dai

0.475 pu
-126.772 Mvar
D N

400 |

£00 +

0.497 pu
-560.688 Mvar

ann

Hinh 11. Pac tuyén QV khi binh thuong véi phu tdi cuc dai

% Khi phu tai cyc tiéu

0.948 p.u
0.943 pu
0.938 p.u

Hinh 12. Bdc tuyén PV khi binh thiong véi phu tdi cuc tiéu

[Mvar] //

0 e
-126.018 Mvar
e
_ | —/

561.253 Mvar

-800 — — i
0.4 0.6 pu]

Hinh 13. Bdc tuyén QV khi binh thirong véi phy tdi e tiéu

Nhdn xét:

_Ung véi diéu kién van hanh binh thuong, lugng cong
suat truyen tai cua h¢ thong tang 1én 815,87 MW (phu tai
max) (Hinh 10) va 898,01 MW khi phu tdi min (Hinh 12)
thi diém van hanh nam & bién gidi 6n dinh.

NGt c6 muc du trix cong suat phan khang nho nhét 1a
thanh cai C11 ctia tram bién ap TARUT/C11 126,77 MVAr
(phu tai max) va 126,018 (phu tai min), nt c6 muc du trir
cong suat phan khang 16n nhat 1a KHESANH/C11 560,69
MVAr (phu tai max) va 561,253 MVAr (phu tai min).
3.3.1. Phan tich duong déc tuyén PV ¢ diéu kién suw cé

Xét cac kich ban sy c¢b cac phéq tu trong ludi dién
11’0 kV Quang Tri (sy co don, sy co xép chong,...) ta dugc
két qua dya theo phan tich duong dac tuyén PV nhu dudi day:

Kich ban: Xem xét v6i trudng hop su ¢b duong day
LAOBAO_KHESANH mang tai cao

« Khi phu tai max

400
i

Hinh 14. Bac tuyén PV khi su ¢6 véi phy tdi cuee dai
¢+ Khi phuy tai min

1.165 p.u.
lpoud | =1-188 B

11 ——

1 [41007pu
1,002 plu. ———
== .
——
09 ~
0873 pu
= 0.861 pu
0.8

0.746 p.u

0710 pu
o7 0867 pu
0658 p.u

06

05 — R
200 400 600 800 89519 Mw]
—

Hinh 15. Ddc tuyén PV Khi su c6 voi phu tdi cuc tiéu
Tuong tu, xét cac sy ¢b con lai nhu: Sy cd 1 duong day,

su cb may phat,... s& tinh dugc mirc dy trit cong suat tac
dung theo phu tai max va phuy tai min nhu Bang 1.

Khi xem xét su b duong day LAOBAO_KHESANH,
gia tri cong suat truyén tai cua hé thong ting lén dén



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 9.1, 2023 37

lan luot la 792,37 MW (Hinh 14) khi phy tai max va
895,191 MW (Hinh 15) khi phu tai min, Iuc nay duong dic
tuyén PV dat dén diém “mii” nhung van nho hon gia tri
cong suit & diéu kién 1am viéc binh thuong la 815,87 MW
(Hinh 10) khi phuy tai max va 898,01 MW (Hinh 12) khi
phu tai min. Sy c6 duong diy LAOBAO_KHESANH
nghiém trong nhat boi vi dién ap tai cac nat 110 kV vuot
khoéi pham vi van hanh cho phép theo quy dinh.
Bdng 1. Mirc dy trit cong sudt tac dung ciia
hé thong xét c&c kich ban su co

P ting Ién t6i da

Bdng 2. Mirc du triv cong sudt phan khang ciia hé thong khi
xét dén cdc kich ban si co

DONGHA_T|LAOBAO22
LAOBAO22 _
0 CAMLO | PPAKRON [0_DGHUON| 1, yNGHA DG LAOBAO22
BUS - G&DONGH| GTAN&DO 0

&DONGHA |,"pONGHAINGHA TDD| -CAMLO | LIENLAP | 0 o
DONGHAI| — 10 KRONG

PHU TAI| MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

LAOCAM
/C11

(DIENSAN
H/C11

[DONGHA|
110/C11

-337,7|-331,2|-421,7|-415,1|-424,0|-417,3|-118,1|-116,4|-437,9|-432,4|-337,5|-331,8

-273,8|-269,7|-284,0(-280,8|-285,5|-282,1|-273,9|-271,0[-293,8|-291,2|-273.8|-270,6

-404,0(-392,1|-432,7|-420,7|-481,4|-470,5|-444,3|-434,8|-508,9|-498 4|-443 6|-432,8

DONGHA_TDDKRONG&DONGHA_DONGHAL110| 842,196 751,007
LAOBAO_HUONGTAN &DONGHA_TDDKRON( 871,339 788,611
3.3.2. Phan tich dwong ddc tuyén QV ¢ diéu kién sw co

Xét cac kich ban sy co cac phan tu trong lugi dién
110 kV Quang Tri (su ¢b don, su cb xép chong, .) ta
duogc két qua dua theo phan tich duong dic tuyén QV nhu
duéi day:

Kich ban: Su ¢é duong diy LAOBAO_KHESANH

+ Khi phuy tai max

[Mvar]
0.555 pu
0 49 474 Mvar

-100 |
-200
-300
-400
0.57 pu

444 9[]7 Mvar

04 8 08 1 2 [pul
— CAMLDET . —

DIENSAAICT:
= DONGHAT1G/C1

-500

KHESANHICT1
LACBACIC
oo — QUANNGA

= TARUTICTT: has
VINHLINHIGY1: B

Hinh 16. Ddc tuyén QV Khi su ¢ véi phy tai cue dai
+ Khi phu tai min

[Mvar] TOUTpT
-47.714 Mvar /
0

-100

-200

-300

-400
0.63 pu
-430.205 Mvar

04 06 08 1 1.2 [pu)
— Ao KHESANHIG: ne .
DIENSANKICT

— TARUT/CA: Py

ity LADBAOIC1 1 s VINHLINK

Hinh 17. Déc tuyén QV Khi si c6 voi phu tdi cuc tiéu

Tuong tu, xét thém cac kich ban sy cdta duoc Kkét qua
muc du trlit cong suat phan khang nhu bang dudi:

Sw ¢b dudng day (MW) Kg/ECSI?N -527,8]-529,2(-503,7|-508,5(-500,2|-504,3|-526,8|-529,4|-560,2(-559,5|-527,7|-529,2
Min Max LAgl:lAO -326,6(-323,7(-279,1|-277,3(-276,4|-274,8|-326,2|-323,5|-335,1-331,3|-326,7|-323,8
DONGHA_CAMLO 823,394 780,15
DGLIENLAP 896.131 813.053 gl]é?}lfg(l; -263,1(-227,6|-242,5|-234,9|-258,9|-250,1(-249,6(-242,9(-265,8(-258,1(-249,6(-241,0
(N-1) : :
LAOCBAG220_CAMLO 825,274) 760,408 TARHT—C-IZ(),() -123,5|-127,0|-124,0|-125,8(-123,3|-126,5|-121,5(-129,4(-126,4|-126,6|-124,0
TDQuangTri 897,071 815,873 VINHLIN
-136,6[-130,2(-137,5|-131,8(-143,3|-137,5(-141,6|-136,4|-145,0(-139,2|-141,6|-136,0|
LAOBAO220_CAMLO H/C11 ) ’ ) ) ’ ’ ’ ) ) ’ ) ’
&DONGHA_DONGHA110 802,712726,564 ~ ,
(N-2) = Nhin xét:

- Hai vi tri c6 mirc du trit cong sudt phan khang cao nhét
12 DONGHA110/C11 vd KHESANH/C11, ngugc lai thi 2
vi tri ¢ d§ du tritu cong suat phan khang nho nhat 1a
VINHLINH/C11 va TARUT/C11.

4. Két qua va giai phap
4.1. Két qua

Két qua phan tich & trén cho thiy:

- Ludi dién Quang Tri 110 kV khi dua vao cac nha may
dién gidé quy hoach van hanh 6n dinh dén nam 2025.

- Sau khi tinh todn, phén tich bai todn trao luu cong suét,
dua vao duong dac tuyén PV,'QV da xac dinh dugc vi tri
¢6 muc dy trit dién ap cao nhétr la nait DONGHA110/C11
va nit ¢6 mue dy trit dién ap thap nhat 1a nat TARUT/C11
0 trong 2 kich ban 1am viéc binh thudng va sy c¢o dugc dua
ra xét.

- Su c¢d nghiém trong nhit la khi duong day
LAOBAO_KHESANH mang tai cao, cac gia tri vé dién ap
tai cac nut déu dao déng va nam trong pham vi cho phép
v6i truong hop su co nay.

Vi vay, viéc nghién ctru cac bién phap nang cao on dinh
trong ludi dién 1a rat can thi€t, ddm bao céc gia tri dién ap
tai cac nit dao dong trong pham vi van hanh cho phép khi
c6 su co trong ludi dién.

4.2. Gidi phap

Theo d6, cac cach diéu chinh dién ap cho ludi dién
110kV Quang Tri duoc d€ xuat gom thay doi cong suat
phan khang bang cach str dung céc thi€t bi bu ngang, bu
doc, may bu ddng bo; dleu chinh dau phén ap cua may
bién ap; huy dong cac ngudn dién cong sudt du phong;
thay d6i phuong an két lugi dé phan b lai cong suit; sa
thai phu tai.

Vi cac giai phap duge néu trén, tac gia chon phuong
an dung SVC (Static Var Compensator) dé nang cao mirc
du trix tai cic nut yéu trong hé théng, nhim dwa dao  dong
dién ap nay ve trong pham vi van hanh cho phép dé dam

bao kha ning 6n dinh, do tin cdy va chit lugng trong vén
hanh lugi dién nghién curu.
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4.2.1. Gidi thiéu thiét bj bt SVC

% CAu tao cua SVC

SVC (Static Var Compensator) la mot thiét bi bu dong,
thuong dung d¢ duy tri dién ap On dinh. SVC lam vi¢ce theo
nguyén ly tw dong dicu chinh gié tri cong suat phan khang
dé can bang cong suat phan khang tiéu thy va tao ra sy bu
trir hiéu qua cho HTD. SVC dugc t6 hop tir 2 thanh phan
co ban: Thanh phan cam khang, dung khang va thanh phan

diéu khién (Hinh 18).
Jf Jf
I - I o )

T '

Hinh 18. So do nguyén Iy ciia SVC

% Uu diém cua SVC

SVC c6 gia thanh ré hon so v6i céc thiét b diéu khién
bu c6 cap. Ngoai ra, SVC con ¢6 uu di€m la dicu khién
nhanh, dung lugng 16n va cé d¢ tin cdy cao.
4.2.2. Két qua khi bu SVC

~ Xét truong hop duong ddy LAOBAO_KHESANH su

c0 khi dang mang tai cao tng véi thiét bi bu SVC dit ¢ nut
TARUT/C11 trong hai truong hop (phu tdi cuc dai va phu
tai cyc tiéu), két qua mod phong nhu sau:

[

% Khi phy tai van hanh ché d6 cuc dai

Puong dic tuyén PV tai cac nut 110 kV khi dt thiét b
bl SVC (Hinh 19).

1.000 p.u
0971 pu

0.807 p.u
0.780 p.u
0771 pu

0675 pu

0.573 p.u

200 400 600 820,573 Mw)

Hinh 19. Ddc tuyén PV tai cac nut 110 kV khi dét thiét bi bi
SVC voi phu tdi cuc dai
Puong dic tuyén QV tai cac nat 110 kV khi dat thiét b
bl SVC (Hinh 20).

Mvar]

100

o

Hinh 20. Déc tuyén QV tai cdc mit 110 kV khi dat SVC
Nhdn xét:
- Sau khi dat SVC tai thanh cai C11 nat phu tai
TARUT/C11, dién 4ap tai cac ntit 110 kV 1an cén dao dong

tir 0,978+ 1,043 pu (ndm trong giéi han quy dinh tir
0,9+1,05 pu).(Hinh 19).

- Xét dudng dac tuyén PV, gid trj cong suét gioi han
truyen tai trong h¢ thong tang tr 792,37 MW [én 820,57
MW so v6i kich ban sy ¢6 (Hinh 14, Hinh 19).

- Mic duy trit cong suat phan khéng tai cac nit 110 kV
trong ludi dién dugc cai thién, cy thé nhu nit TARUT/C11
tang 49,474 MVAr 1én 69,272 MVAr, DONGHA110/C11
tang 444,907 MVAr |én 475,686 MVAr (Hinh 16, Hinh 20).

+% Khi phuy tai van hanh & ché d¢ cyc tiéu

Khi b SVC & nat TARUT/C11 cho két qua mo phéng
twong ty nhu khi bu ¢ phu tai van hanh cyc dai, cu thé
nhu sau:

Puong dic tuyén PV ¢ nat 110 kV khi dit SVC:

1.041 pu
1.033 p.u
1| ge=0.992 pu.

. — 0.985 p.u.
0.987 p.u — 0.979 E.E.
0.8
08

0.776 p.u.

0.744 p.u.
0.703 p.u.

0.697 p.u.

8OO 89860 (MW
— TARUTIC: Vellago. Magnitude

Hinh 21. Déc tuyén PV nit 110KV (c6 SVC) lic phy tdi cuc tiéu
Puong dic tuyén QV & niit 110 kV khi dat SVC:

[Mwvar]
0
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Hinh 22. Bc tuyén QV o mit 110 kV khi dat SVC lic
phu tdi cuc tiéu

Nhdn xét:

- Dién ép ban dau tai cac nat 110 kV dao dong tur 0,987-
1,041 pu, nam trong quy dinh van hanh cho phép.

- Miie du trit cong suét tic dung tang tir 895,19 MW Ién
898,6 MW (Hinh 15, Hinh 21).

- Mtic duy trit cong suét phan khang ¢ cac nt 110 kV
dugc nang cao, nhu nit TARUT/C11 tang tir 47,714 MVAr
I1én 67,462 MVAr (Hinh 17, Hinh 22).

Sau khi sir dung thiét bi bu SVC & nut TARUT/C11, ta
thdy rang mirc dy trit cong suit phan khang, muc du trix
cong suét tac dung duoc cai thién 16 rét so véi truong hop
theo kich ban sy c6. Dién ap tai cdc nit nam trong gidi han
dao dong cho phép. Piéu nay da gitp giam ton that dién
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nang trong ludi dién, dam bao do an toan, tin cdy trong ludi
dién van hanh khi sy c0 xay ra.

Bdng 3. Két qua mé phong sau khi dit SVC cho truong hop
sw co LAOBAO_KHESANH dura theo dwong dic tuyén PV

Phu Tai MIN MAX

Khi chwa bu SVC Khi bu SVC Khi chwa bu SVC Khi bu SVC

Thanh cai| Uo | Ugh | Pgh | Uo | Ugh | Pgh Uo Ugh | Pgh | Uo | Ugh | Pgh
(pu) | (pu) [(MW)| (pu) | (pu) [(MW)[pu) | (pu) [(MW)| (pu) | (pu) [(MW)

LAOCAM

Ic11 1,011 0,75 [895,19| 0,99 | 0,78 1899,73| 1,01 | 0,79 [792,37| 1,00 | 0,81 (820,57|

DIENSAN

H/C11 1,01 | 0,67 [895,19( 0,99 | 0,70 [899,73( 1,01 | 0,76 [792,37| 1,00 | 0,78 (820,57

DONGHA

110/C11 1,01 (0,71 [895,19( 0,99 | 0,74 899,73 1,01 | 0,77 [792,37| 1,00 | 0,77 (820,57

KHESAN

H/C1L 1,17 ( 0,87 [895,19( 1,03 | 0,98 [899,73( 1,14 | 0,80 [792,37| 1,03 | 0,97 (820,57

LAOBAO

/c11 1,16 | 0,87 [895,19( 1,04 | 0,98 [899,73( 1,14 | 0,81 [792,37| 1,04 | 0,97 (820,57

QUANNG

ANG/C11 1,01 | 0,67 [895,19( 0,99 | 0,70 [899,73( 1,00 | 0,67 [792,37| 0,99 | 0,68 (820,57

TARUT_

cu 1,17 | 0,86 [895,19( 1,00 | 1,00 [899,73( 1,14 | 0,74 [792,37| 1,00 | 1,00 (820,57

VINHLIN

H/C1L 1,00 | 0,66 [895,19 0,99 | 0,70 1899,73| 0,99 | 0,57 [792,37| 0,98 | 0,57 {820,57|

Bdng 4. Két qud chay m6 phong sau khi ding SVC cho truong
hop s co LAOBAO_KHESANH duira theo duong dac tuyén QV

Phu Tai MIN MAX

Khi chwa | Khibu | Khichwa | Khibu

L bu SVC svC bu SVC svC

Thanh céi

Qo Qgh Qo Qgh
(MVAr) | (MVAr) | (MVAr) | (MVAr)
LAOCAM/C11 -395,387 | -417,019 | -400,338 | -426,988
DIENSANH/C11 | -274,521 | -284,853 | -227,993 | -289,623
DONGHA110/C11 | -430,205 | -452,383 | -444,907 | -475,686
KHESANH/C11 -52,258 -74,107 -61,543 -81,288
LAOBAO/C11 -52,258 -75,906 -65,091 -85,693
QUANNGANG/C11| -251,184 | -259,705 | -248,588 | -257,512
TARUT_C11 -47,714 -67,462 -49,474 -69,272
VINHLINH/C11 -141,884 | -145,457 | -137,641 | -141,327

5. Két luan

Tinh toan bai toan 6n dinh dién 4p rat quan trong va
ludn duoc thuc hién trong sudt qua trinh van hanh HTD,
do d6 viéc phan tich, danh gia kha niang 6n dinh trong quy
hoach, thiét ké va van hanh 1a rat can thiét. Bai bao nay
da tap trung phan tich, danh gia kha ning 6n dinh trong
lui dién 110 kV Quang Tri theo thoi gian thuc bang phan
mém Power Factory thdng qua tinh toan, phan tich cac chi
s6 ctia duong dic tuyén PV, QV dé tim ra do 6n dinh cta

cac diém yéu nhét trong ludi dién, tor d6 dé xudt cac bién
phap nhim nang cao kha ning on dinh cta luéi dién théng
qua cac kich ban van hanh, dam bao vé tinh tin cdy, an
toan, giam thiéu ton that va 6n dinh trong luéi dién dang
nghién cuu.

Loi cam on: Nghién ctru nay dugc tai tro béri Quy Phé:[
trien Khoa hoc va Cong nghé cia Pai hoc Pa Nang theo dé
tai s B2019-DN02-70.
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