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Toém tat - Bai bao nghién ctru cac dang cong huwéng dudi ddng bo
ddng thoi canh bao kha nang xay ra hién twong nay béi cac to may
nhiét dién cum nha may dién Ving Ang khi dwa vao van hanh trong
cac trwdng hop sw ¢b dao dong trén hé théng vao cac ndm 2015
va 2020. Tir nhitng canh bao nay, bai bao dé xuat cac giai phap
dé chéng lai hién twong cong hwéng dwéi ddng bd bdi cac thiét bi
FACTS (Flexible Alternating Current Transmission System), so
sanh cac phuwong an vé phwong dién ky thuét 1&n kinh té dé lya
chon thiét bi nhadm giam thlet hai do hw hdng ma cong huong gay
nén, déng thoi nang cao s 6n dinh cia hé théng dién. Phan mém
EMTP-RV duoc sir dung @& mé hinh hoa cac phén tir trong hé
théng dién, phan tich cac sw cb nguy hiém thdng qua cac dang
s6ng qua dé md men cua truc lién két gitra cac khéi tudc bin, dao
dong cong suét cla may phat cling nhw lwa chon thiét bj téi wu.

T khéa - cong hudng dwdi ddng bo; qua do; may phat; FACTS;
thiet bi.

1. it van dé

St dung tu bu doc 1a mét giai phap don gian va t6i uu
trong qua trinh vén hanh va truyen tai dién xoay chiéu
nham nang cao sy on dinh hé théng, ddng thoi tang kha
nang tai cua duong day... [5]. Tuy nhién, cac may phat CO
the gap su ¢ hu hong truc tude bin, gian tiép gy nén mat
on dinh hé thdng khi xay ra hién tuong cong hudng dudi
ddng bod (Subsynchronous Resonance - SSR) do tu bu doc
gdy nén. Vi vay, vdi cac nha may dién (NMD) khi hoa vao
hé théng can phan tich va kiém tra dé tranh cac truong hop
su cb, thiét hai khong dang c6. Pbi véi hé théng dién Viét
Nam, du kién s& dua (NMBD) Viing Ang I vao van hanh 2
t6 may giai doan 2014, 2015 va Viing Ang IT nam 2020 [1].
DPé han ché nhiing thiét hai co thé xay ra do hién tugng
cong huong dudi dong bo khi van hanh nha may, bai béo
thuc hién phan tich trudng hop nguy hiém trong cdc nam
2015, 2020 va so sanh nhiing giai phap nhim chon ra
phuong 4n t6i wru nhét.

2. Céu tric tudc bin va cic dang cong hwéng

Tudc bin may phat c6 mot vai co ciu quay tuong tng
v6i cac cap khac nhau cua tude bin hoi, may phat va bo
kich thich quay (néu c6). Cac co cau nay khong dugc nodi
cimg vo6i nhau va lam viéc nhu cdc 16 xo. D6 1a khi mot mo
men bén ngoai tac dong 1én dau cudi cla tryc thi nod s€ truogt
[2]. Momen xoan truyén thang trén truc ty 1€ voi su 1éch vi
tri goc pha cua truc ¢ hai dau (Hinh 2).

Hién tuong cong hudng dudi ddng bd (SSR) xuét hién
dudi hai dang nhu sau [3]:

1. Tu kich thich (Self Excitation) (SSR & trang thai on
dinh).
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2. Mb men xodn qua do (Transient torques) (SSR &
trang thai qua dg).

|- | | ] B
Generator Gear Box

Turbines

Hinh 1. Cau triic “spring-mass”
cua hé thong truc tuoc bin mdy phat
2.1. Tw kich thich

Dong tuan hoan dudi dong bo di vao cac cuc may phat
tao ra thanh phan dién ap dau cuc dudi dong bd. Thanh
phén dién ap nay c6 thé duy tri cac dong dién tao sy anh
hudng trong may phét, goi 13 hién tugng tu kich thich. Co
hai loai ty kich thich: (1) dién dong réto va (2) co dién dong
roto lién quan dén cac hién tugng tuong Umg la sy anh
hudng cam ung trén may phat va tic dong xoan [4].

2.1.1. Su anh huong cam ung trén may phat (Induction
Generator Effect)

Khi stre tir ddng quay tao ra bai dong cam tng dudi tan
s0 dong bd chuyén dong cham hon toc do quay cua roéto,
dién tr¢ cua roto (O tan s6 dudi tan s6 dong bd) nhin tir dau
cuc phan tng 1a dién tré am. Khi bién d6 cua dién tré am
nay vuot qua tong gia tri dién tré cua phan ung va hé thong
tai tan s6 cong hudng thi goi 1a sy tu kich thich.

2.1.2. Téc dong xodn (Torsional Interaction)

Su dao dong ctia roto may phat tai mot tin sd xoan
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sinh ra mot thanh phan dién 4p cam Gng & tan s fem X4C
dinh boi cong thirc:
femzf[) i fm

Khi fem dat dér} gan gia tri fur md men X0dn dudi dong
b tao ra thanh phan dién ap dudi dong b co thé dugce duy
tri. Sy anh hudng lan nhau gitra hé thong dién va hé thong
co nay dugc xem la tac dong xoan.

Su tdc dong x0dn ¢ thé duge xem nhu viée dua vao
dién tré Am trén phan tng may phat khi nhin tir phia dau
cuc. Su anh hudng nay quan trong hon khi so sanh véi anh
hudng cam tng trén may phat.

Theo [1],tan s6 cong huong dugc tinh nhu sau:

fer = fo xC
X"+ X+ X
Trong d6:
X’’: Dién khang siéu qua d¢ cua may phat;
Xt: Pién khang cua may bién ap;
Re + jXe: tong tro duong day;
X¢: Bién dung tu bu doc;
fo: Tan s6 dién cong nghiép.
2.2. Momen xoin qud dp

Momen xodn qua do dugc sinh ra tir cc nhiéu loan cua
hé thong Nhiéu loan 1a cic trudng hop su ¢d hay nhiing
thay d6i dot ngdt trong mang dién, két qua cua sy nhidu
loan c6 thé kich thich momen X0én trén roto may phat. Khi
xudt hién momen xodn qua dé ¢ bién d6 16n gy moi truc
tube bin, lam giam tudi tho cua thiét bi. Qua trinh moi s&
duoc tich liiy 1au ngay, khi cac truong hop trén dién ra. Do
moi tich lity s& dat dén ngudng va kha nang hinh thanh cac
vét nit dn dén pha hong va giy truc tube bin, khdng cé
kha nang phuc hoi.

3. Khio sat vin dé va két qua

Bai bao mo hinh hoa hé théng ludi dién 500kV, 220kV
Viét Nam ndm 2015, 2020 bang chuong trinh EMTP-RV.
Cac thong s6 NMD than dién hinh 600MW dugc xay dung
theo céc dic tinh co, dién. M6 phong su ¢6 3 pha cham dat
(Hinh 2, 3) trén duong day 500kV Ha Tinh-Ving Ang voi
2 truong hop sau:

+ Truong hop 1: Diém sy ¢b gan tram bién ap 500kV
Viing Ang.

+ Trudng hop 2: Diém sy ¢d gan tram bién ap 500kV
Ha Tinh.

Viing Ang 1
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500KV Viing Ang

2x450MVA

Pa Ning
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Hinh2. So dé déu néi va vi tri sw c6 nam 2015
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Hinh 3. So @6 ddu ndi va vi tri sw cé nam 2020
Céc két qua mod phong dugc trinh bay & cac Hinh 4-11.
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Hinh 4. Dao dgng momen giita cdc truc két néi cdc khéi tude
bin may phat NMb Viing Ang I. Truong hop 1- nam 2015
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Hinh 5. Dao déng cong sudt ra mdy phdt voi 2 truong ho’p mady
phét cé/ khéng xét momen xodn cita tuéce bin NMP Viing Ang I.
Truong hop 1- nam 2015

O Hinh 4 tryc két ndi giita khdi ap sudt thip (LP) va
khdi ap sut trung (IP) xuat hién momen gia tri khoang 5pu.
Bién do cia momen trén truc két ndi giita may phat (GEN)
va khdi ap suét thap co gia tri khoang 4pu & Is.

Theo Hinh 5, khi khong xét dén sy hu hong do momen
xodn gitra cac khdi ap suit thi sy dao dong cong suat ctia
méy phét s& tr¢ vé trang thai 6n dinh sau 2.5s.
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Hinh 6. Dao dong momen gitka cdc truc két néi cac khéi tuoe
bin may phat NMD Ving Ang 1. Truong hop 2- nam 2015
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Hinh 7. Dong dién qua may cdt 500kV dwong day
Viing Ang-Pa Nang. Truong hop 2- nam 2015

Bién d6 momen xoin gitra truc lién két LP-IP xét & 1s
khoang 3pu, tuy nhdé hon so véi truong hgp 1 nhung xu
huéng ting dan theo thoi gian (Hinh 6). Dong dién trén
duong day 500kV Viing Ang-Da Néng dao dong tang dan
theo thoi gian vi xdy ra su cong huong dudi ddng b tai cac
t6 may Viing Ang.

Giai doan nam 2020, véi su ¢b trong truong hop 1, 2,
hién tugng cong huong dudi dong b cia 2 t6 may phat
Viing Ang I, IT van xuét hién. Vi 2 t6 may phat Viing Ang
II c6 dau ndi truc tiép & ludi 500kV, ddi voi truong hop 1,
bién d6 momen xodn gitta truc lién két LP-IP xét & 1s
khoang 5pu va dén khoang 20pu & 5s.
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Hinh 8. Dao déng momen giita cdc truc két néi cac khoi tuée
bin may phat NMP Viing Ang II. Truong hop 1- nam 2020
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Hinh 9 Dong di¢n qua mdy cdt 500kV
duong Viing Ang-Da Nang. Truong hop 1- nam 2020
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Hinh 10. Dao dgng momen giita cdc truc két néi cac khoi tuoc
bin may phat. Truong hop 2- nam 2020
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Hinh 11. Dong dién qua may cdt 500kV dwong day Viing Ang-
Da Nang. Truong hop 2- nam 2020
Dbi véi truong hop 2, bién dd momen xoén giira truc
lién két LP-IP nh6 hon truong hop 1 va khoang 15pu & 5s.

V6i nhitng két qua md phong nhur trén c6 thé nhan thay
trong nam 2015 hién tugng SSR da xuét hién trén hé thong do
su trao d0i niang luong giita cac to may phat cum nhiét dién
Viing Ang va dan tu bu doc ¢ dinh trang bi trén cac cung
dudng day Ha Tinh — Nho Quan va Nho Quan —Pa Néng. O
nam 2020, tram bién ap 500kV Nghi Son di vao van hanh véi
viée ddu ndi transit trén 2 mach dudng day 500kV Nho Quan
- Ha Tinh, s€ khong con duy tri cac dan tu bu 21.5 ohm ¢ Nho
Quan va Ha Tinh. Nhung hién tugng SSR ¢ cac NMD Viing
Ang I, 1 van xdy ra do anh huéng boi cac dan tu bu doc 30
ohm dudng day 500kV Viing Ang - Pa Nang.

4. Giai phap chdng cong hwong dwéi ddong bd cho NMP
Viing Ang

4.1. Ung dung TCSC trén luéi 500kV

Céac dan tu bu 30 ohm-2000Atrén mach duong day
500kV Viing Ang - Pa Ning duogc thay thé bing mot dan
TCSC 60 ohm lap dit tai Pa Nang. Mo phong loai trir su
¢b 3 pha cham dat nhu trudong hop 1, 2 nhu & trén v6i nim
khao sat la 2020.
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Hinh 12. Dao déng momen giita truc két néi LP-IP ciia NMD
Viing Ang II v6i 2 truong hop sir dung TCSC va diing tu co dinh
cho dwong day 500kV Viing Ang - Pa Nang-Triong hop 1

Khi sir dung tu bu doc ¢b dinh, bién d6 dao dong xodn
khoang 20pu ¢ 5s, trong khi d6 khi s dung TCSC, gia tri
nay khoang 0,6pu va khuynh hudng giam dan theo thoi gian.

Theo Hinh 13 ¢6 thé nhan thiy sy dao dong cong suat ctia
cac t0 may phat di vé trang thai On dinh sau khoang 3s khi st
dung thiét bi TCSC. Nguoc lai thi sy dao dong c6 xu hudng
tang dan theo thoi gian, khi chua ing dung giai phap TCSC.

Theo Hinh 14 ket qua cho thay TCSC gop phan lam
giam dao dong xoén cua truc tudc bin, dam bao khong gay
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ra hién twong gay truc, khi sir dung thiét bi nay lép dat trén

duong day Viing Ang — Da Nang.
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Hinh 13. Dao déng céng sudt phdt t6 mdy 1 Viing Ang IT véi
2 truong hop siur dung TCSC va ding tu co dinh cho dwong ddy
500kV Viing Ang -,Pa Nang-Truong hop 1
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Hinh 14. Dao dong momen giita cdc truc két néi cac khoi tuabin
mdy phat Viing Ang 11 khi lap TCSC cho dwong day 500kV
Viing Ang - Pa Nang - Truong hop 2

4.2. Ung dung SVC trén luéi 500kV
\‘*; w

Hinh 15. Vj tri du kién lip dit tram SVC

Déi vai viée str dung SVC xem xét xay dung tram SVC
lap dat giita duong day 500kV Viing Ang-Da Ning khu
vyc tinh Quang Tri. Cac dan tu b 30 0hm-2000A & 2 dau
Viing Ang va Da Ning sé& nbi tit hodc thu hdi. Dung luong
SVC duoc tinh toan sao cho luong cong suét truyén tai trén
2 mach dudng day 500kV tir Viing Ang di Pa Néng van
dam bao duy tri twong tu nhu treong hop dudng day 500kV
Viing Ang-Da Néng c6 lip tu bu doc (Hinh 15).

Hinh 16, 17 trinh bay momen xoén trén truc tuc bin
may phat Viing Ang II khi str dung SVC Iép dat trén dudng
day 500kV Viing Ang-Da Ning véi kich ban loai trir s ¢b
3 pha cham dét trén duong day 500kV Ha Tinh-Viing Ang
& truong hop 1 va truong hop 2.
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Hinh 16. Dao dong momen giita cdc truc két néi cac khéi tuée
bin may phat Viing Ang Il. Truong hop 1- nam 2020
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Hinh 17. Dao déng momen giita cdc truc két néi cac khéi tuée
bin mdy phat Ving Ang II. Truong hop 2- nam 2020

Tinh toan dén 5s, bién d0 momen xodn 1én nhat ghi
nhan trén truc GEN-LP ¢ truong hop 1 khoang gan 1pu va
¢ truong hop 2 ghi nhan trén tryc LP-IP 12 0.5pu. Bién do
nay giam dan theo thoi gian. Nhu vay, SVC trong truong
hop nay dam bao kha nang dap tat dao dong xodn trén truc
tudc bin sau thoi gian qua do.
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Hinh 18. Dao déng céng sudt phan khdng dcfy lén lwci 500kV
cua SVC cho 2 truong hop logi trir sw co- nam 2020
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Hinh 19. Dién dp do hrong dau vdo ciia SVC cho 2 truong
hop loai trir sw co- nam 2020

Thuc chit SVC nay c6 nhiém vu hd trg cong suét phan

khang giira dudng day, thay thé cac tu bu doc trén 2 mach
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duong day 500kV Viing Ang-Da Nang, dam bao kha ning
truyén tai trén 2 mach duong day 500kV nay nhu dudng
day c6 bu doc. Do 2 mach duong diy 500kV Viing Ang-
Da Ning khong con tu bu doc nén s& khong c6 anh huéng
SSR cho cac NMP Viing Ang. Cac két qua mo phong sir
dung giai phap SVC dugc trinh bay ¢ cac Hinh 18-20.
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Hinh 20. Dao déng céng sudt ra mdy phat Viing Ang 11
voi 2 truong hop sw co -nam 2020
4.3. Lwa chon phuong dn chong cong huiong dwdi dong bp
Hai phuong én tinh toén ding SVC va TCSC déu dam
bao kha nang chong lai dao dong cdng hudng dudi dong
bd ctia cum NMD Viing Ang I, 11, do vay viéc lua} chon
phuong an s€ dugc xem xét trén phuong dién kinh te.
Theo [6], [7] chi phi cho thuc hién x4y dung SVC va
TCSC v6i dung lugng S (MV Ar) dugc cho boi cac ham sau:
0,0003*S2-0,0351*S+127,38 (US$/KVAR) (4-1)

0,0015*52-0,0713*S+153,75(US$/KVAR) (4-2)
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Hinh 21. Buong cong chi phi SVC va TCSC theo dung luong

Lap dat 01 bd TCSC-60 ohm-2000A twong tmg dung
luong 720MVAr ¢6 chi phi khoang 110.7 triéu USD. Lap
dat 02 by TCSC cho 02 mach duong day 500kV Viing
Ang-Da Néng s& co tong chi phi khoang 221,4 triéu USD.

SVC dung lugng +500/-200MVAr ¢6 chi phi khoang
63,69 triéu USD. Xem xét xay dung tram 500kV SVC déu
n6i dén 2 mach duong day 500kV Viing Ang-Da Nang vai
khoang cach Skm (suat du tu: 01 triéu USD/km). Tram
500kV SVC Quang Tri s& c¢6 s6 module 500kV 1a 09
(55 triéu USD). Tdng chi phi cho dy 4n SVC khoang 63.69
+ 55+ 10 = 128,9 triéu USD.

Nhur vay, lip dit SVC sé& co chi phi bang 0,58 1an so véi
lap dat TCSC.

Ngoai ra md hinh diéu khién TCSC cho van dé chéng lai
SSR s& khong dung dugc cho mé hinh didu khién nang cao
6n dinh hé thdng, mic dia TCSC 14 thiét bi FACTS c6 kha
ning duy tri 6n dinh hé thong rit tot va ddy thudng 1a nhiém
vu chinh ctia thiét bi nay khi xem xét lap dat trén hé thong.

Pbi voi SVC, ngoai chirc néng chong lai SSR, SVC
cling gop phan nang cao 6n dinh h¢ théng. Bén canh do,
kha ning truyén tai trén ludi 500kV Viing Ang-Da Ning
s& duoc nang dén kha ning phat nhiét cia dudng day
500KV la 2650A (so véi trude day kha nang nay bi gidi han
bdi dong tai dinh mite cta cac dan tu bu doc 2000A).

Vi véy, bai bao dé& xuit lya chon SVC la giai phap
chéng cong hudng dudi dong bo cho cum NMBD Viing Ang.

5. Két luan

Qua céc két qua phan tich nhan thiy khi ¢6 sy ¢d &
nhiéu cung dudng trén dudng day 500kV, s& dan dén xuét
hién SSR tai nha may nhiét dién Viing Ang do sy anh
huong ctia cac dan tu bu doc. Bai bao nay dua ra canh bao
van dé cong hudng xay ra & NMD Viing Ang I, II ciing nhu
dua ra phuong 4n st dung SVC dé ngin ngira hién tuong
cong huong nay.

Viéc lip dat Tram 500kV SVC tai diém giita duong day
500kV Viing Ang-Da Ning thay thé cac dan ty bu doc 30
ohm-2000A khong nhimg ngan chan hién tuong cong
hudng dudi dong bo gy giy truc cac NMD Viing Ang ma
con dam bao gia tang cong suét truyén tai tot hon cho luéi
dién lién két Bac-Trung.
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