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TOM TAT
Bai bao nay trinh bay phwong phap xdy dwung mé hinh, mé phong va phan tich hién tiong cong

hwong duoi dong bé trong hé thong dién, dp dung cho nha may nhiét dién Viing Ang. Théng qua
két qua mé phong, phdn tich, tac gia dé xudt cdc giai phap van hanh hé thong dién, sir dung dung
lwong bu doc phu hop, sir dung bo loc thu dong dé co thé giam thiéu nguy co xdy ra sw cé cong
huong du"m,dong bo. Két qua tinh todn trén mé hinh hé thong dién nhin ti phia nha may nhiét
dién Viing Ang da kiém nghiém, minh ching dwoc nguy co xdy ra sw ¢o cong huong dudi dong bo
ciing nhw hiéu qua phwong phap st dung bo loc trong viéc loai trie sy co nay.
Tir khoa: Cong huong dudi ddng bd (SSR); B6 loc thu dong; Nha may nhiét dién Viing Ang.

1. MO PAU

Xa hoi ngay cang phat trién thi nhu cau st dung dién nang lai cang tang cao. Do dic thu vé mat
dia 1y, b tri ngudn dién va phu tai, ludi dién 500 kV, 220 kV cua h¢ thong dién Viét Nam thuong
xuyén van hanh & ché do truyén tai cao. S dung tu bu doc la mot giai phap don gian va hiéu qua
trong qua trinh vén hanh va truyén tai dién xoay chidu nhdm nang cao su on dinh cta hé thong,
ddng thoi tang kha ning tai cia duong ddy. Tuy nhién, tu bu doc ciing 13 tic nhan gay ra hién
tugng cong hudng dudi ddng bd (SubSynchronous Resonance — SSR), ¢6 thé 1am hu hong truc
tuabin, gian tiép giy nén mat 6n dinh hé théng.

Hién tuong cong huong dudi d(‘)ng bd xuat hién lan dau tién tai nha may Mohave ¢ bang
Nevada, nuéc My vao nam 1970 [1]. O nudc ta, da ghi nhan sy cb SSR vao nam 2015, tai nha may
nhiét dién Viing Ang Sy ¢ di 1am hu hong tryc tuabin, ngimg cung cip dién nha may trong gin
mot nam, giy ton that va thiét hai kinh té nang né cho nha may.

Hién tuong SSR da va dang dugc nghién clru rong rai ca trong va ngoai nudc. Trong [2, 3], tac
gia da xay dung mo hinh chuén trong cac cong cu tinh toan phuc vu cho viéc tinh toan mé phong
SSR. Cac nghién ciru tinh toan, phan tich 6n dinh h¢ thong, cac tan s riéng va cac ché do dao
dong cua hé tuabin-may phat dugc trinh bay trong [4]. Trong [5, 6], cac tac gia trinh bay nghién
clru cac giai phap sir dung SVC dé ngdn ngira SSR. Phuong phép nay dya trén nguyén ly diéu
khlen SVC de thay doi dién khang ciia ludi dién, tir d6 thay doi tan s6 dién tu nhién, tranh gia tri
gan véi tan s6 riéng cua cac doan tryc tuabin. Trong [7], cac tac gia trinh bay nghién ctru img dung,
sir dung bo loc dé ngan ngira SSR. Nghién ctru nay tap trung vao 1y thuyét co s¢, mé phong, thiét
ké bd loc va ap dung trén mot ludi dién don gian theo chuan IEEE. Trong [8], cac tic gia nghién
cliru ung dung b loc dé ngin ngira SSR cho nha may dién Tuoketuo, Trung Qudc. Trong [9, 10],
cac tac gia trinh bay cac nghién ctru vé SSR khi c6 sy thAm nhép cac ngudn ning luong tai tao
(gi6, mat troi) vao hé thong dién.

Cac nghién ctru Ve SSR d6i v6i nha may nhiét dién Viing Ang cling dugc chu trong, dac biét

sau khi xay ra su ¢b vao nam 2015. Trong [11], tac gia da khuyén cédo nguy co xay ra SSR va dé
xuét giai phap thay thé tu bu doc bang thiét bi bu cong suat phan khang linh hoat SVC dé loai trir
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SSR. Tuy nhién, thiét bi SVC khong thé thay thé duoc vai tro chinh yéu cua tu bu doc trong h¢
thong dién, d6 13 ning cao kha ning tai cua dudng ddy, do do, cac nghién ciru ndy ciing con han
ché trong g dung thuc tién. Trong [12], cac tic gia da trinh bay cac phuong phap sir dung thiét
bi diéu khién linh hoat trong hé thong dién (FACTS), nhu SVC, TCSC, STATCOM dé ngin ngira
su ¢b SSR. Cac phuong phép nay da dugce trinh bay trong nhiéu nghién ctru ctia cac nha khoa hoc
trén thé gioi [5, 6], diém han ché 1a viéc st dung cac thiét bi FACTS c6 chi phi dau tu 16n, khong
phu hop voi pham vi bao vé€ cho mdt nha may dién.

Bai bao nay trinh bay phwong phap xay dung mé hinh mé phong hién turong SSR v6i nha may
nhiét dién (NMND) Viing Ang nham phan tich cac kich ban ¢ thé xay ra su ¢6 va khuyén céo ché
dd van hanh phu hop, han ché hién tuong SSR. Dya trén nghién ciru [7], tac gia ciing thiét ké bo
loc thu dong cho NMND Viing Ang nham ngan ngira SSR va minh ching hiéu quéa hoat dong cta
thiét bi.

Céc md hinh phén tir hé théng dién duoc trinh bay trong muyc 2. Muc 3 s& trinh bay két qua mo
phong, phéan tich v&i hé thong dién khu vuc nha may Ving Ang. Giai phép sir dung bd loc thu
dong va phan tich két qua dugc trinh bay trong muc 4. Két luan va hudng nghién ciru tiép theo
duogc trinh bay trong muc 5.

2. XAY DUNG MO HINH MO PHONG
2.1. Sur c6 SSR tai nha may Viing Ang

Nhé méquhiét bién Vljmg Ang 1 duoc xay dung tai xa Ky Loi, thi xa Ky Anh, tinh Ha Tinh,
bao gom 2 t6 mdy cong suat 600 MW, 14 loai nha may dién dot than phun, sir dung nguyén liéu la
than trong nuge va la du an nhiét dién dot 'tha‘n déu tién do Tap doan Dau khi Quoc gia Viét Nam
lam chud dau tu. T6 may S1 ciia nha may bat dau van hanh thuong mai tir ngay 31/12/2014, t6 may
S2 tir ngay 12/05/2015. San lugng dién binh quén: 7,2 ty kWh/nam.

Dién bién su cb SSR tai NMND Viing Ang duoc ghi nhan nhu sau:

- Ngay 24/11/2015, sau khi tring t, t6 may S1 bt ddu khoi dong lai, tién hanh hoa ludi va
tang dan cong suat phat.

- Trong qua trinh tang tai, phat hién co6 hién tuong rung tai cac gbi tryc tuabin, va sau d6 xuat
hién céc tiéng kéu la bat thuong, tién hanh dimg khan cap t6 may S1.

- Sau khi két hop véi nha thau Toshiba kiém tra, ra soat phat hi€n nut tryc rotor tai géi truc s6
7 (hinh 1).

- Két luan so bo: “Nguyén nhan gdc ré cta hién tugng nirt gdy truc rotor may phat 1a do nut
gdy moi gay ra boi hién twong cong huong dudi ddng bd SSR hinh thanh do twong tac xodn giira
truc tuabin véi ludi dién”.

- Ngdy 01/09/2016 sau khi thay thé rotor méi, t6 méay S1 chinh thirc hoa lai vao ludi dién
quoc gia.

HIP LPA LPB Generator

#1 #2 #3 #4 #5 #6  #7

Hinh 1. Truc tuabin NMIND Viing Ang va vét nitt do SSR gay ra.
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2.2. M6 hinh héa lwéi dién khu vire nha may
~ S0 d0 ndi dién chinh cia NMND Viing Ang 14 so d6 2 thanh cai c6 thanh cai vong, dam bao
cap dién tin cay va lién tuc, dugc két noi véi hé thong dién quoc gia qua cac duong day 220 kV:

- Ngan 16 271, 272 ndi voi 271, 278 Tram 500kV Ha Tinh.

- Ngin 16 273 ndi v6i 271, 272 Tram 220kV Ba Pon.

- Ngan 16 274 ndi voi 272 Nhiét dién Formosa.

- Ngian 16 277 ndi v6i 231 Tram 500kV Viing Ang.

Vi cong suat dat 1200 MW va vi tri ddu qéi, Nhiét dién Viing Ang 1 1a mot trong cac nha may
dac biét quan trong trong Vif:c van hanh hé thong dién Quoc gia. Can ctr vao so do ket day khu vuc
cia NMND V}ing Ang, nhdm nghién ctru hién tugng SSR, md hinh luéi dién khu vuc dugc xay
dung trong phan mém EMTP-RV nhu hinh 2.
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Hinh 2. M6 hinh lwéi dién khu viee NMNP Viing Ang.

NMND Vﬁr}g Ang ‘sfr dung tuabin hoi (Steam Tuabin) 1a loai TC4F do Toshiba cung cép.
Tuabin dugc cau tao gom 2 khoi: khoi cao ap (HP) va khoi ha ap (LP), trong do, xi lanh cao ap
dugc diic lién khoi bang thép chiu nhiét, gom 8 tang canh, xi lanh ha 4 ap dugc ché tao bang phuong
phap han, thoat hoi vé hai phia, mdi phia ¢ 12 ting canh, va dugc nbi v6i may phat qua khép noi
cting, bd tri nhu hinh 1. Cac gbi do truc tuabin va théng s6 dugc cho trong bang PL.1:

- 1 va 2: Gbi do tang cao ap (HP)

-3 va 4: Gbi do tang ha p 1 (LPA)

- 5 va 6: Gbi do tang ha ap 2 (LPB)

-7 va 8: Gbi d& khdi may phat (GEN)

NMND Viing Ang str dung may phat TAKS-2P-740 do Toshiba san xudt véi cc thong sb co
ban nhu bang PL.2, bang PL.3.
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Nha méy két ndi v6i hé théng dién qua 03 May bién 4p (MBA), 02 MBA 220 kV va 01 MBA
500 kV (bang PL.4). Cac duong ddy khu vuc déu sir dung ma déy 4xACSR-330 mm2, v6i thong
s0 chi tiét nhu bang PL.5.

Tu bu doc duoc lap dat tai 2 dau cia duong ddy Ving Ang — Pa Nang va Ha Tinh — Pa Nang
voi cung loai GEH-2743 véi thong s0 nhu bang PL.6.

Cén ci tinh ton ché do xac 1ap ludi dién Viét Nam bang phan mém PSSE, thong s6 h¢ thong
voi nit Ba Nang, Ha Tinh dugc xac dinh nhu bang PL.7.

3. MO PHONG HIEN TUQNG SSR TAI NHA MAY NHIET PIEN VONG ANG

3.1. Kich ban mo phéng

V6i mé hinh xay dung ¢ phan 2, ta s& xem xét mo phong véi cac kich ban sau:

- Kich ban 1: S}J c‘c"') ngén mach 3 pha tai tai thanh cai 500 kV T500 Viing Ang. Kich ban dac
trung cho céc sy c6 gan nha may dién.

- Kich bér,l 2: Su ¢b ngin mach 3 pha tai tai thanh cai 500 kV T500 Ha Tinh. Kich ban dic trung
cho cac sy co xa nha may dién va trén cac duong day co tu bu doc.

Véi timg kich ban, cac mé phong ciing duoc thuc hién véi cac ty 16 bu khac nhau nhiam déanh
gid nguy co xay ra hién tuong SSR. Thong thuong muc bu thuong xuyén cua cac duong day Ving
Ang - Pa Ning va Hanh Tinh - Pa Nang thuong vao khoang 40-60%. Cac két qua chi tiét dugc
trinh bay ¢ 02 truong hop: Bu 60% va bu 40%. Ngoai ra, cdc thong ké két qua mé phong véi cac
mirc bu khéc cling dugc tong két theo ndi dung & phan dudi day.

3.2. Két qua mé phéng

Mo phong voi dung luong bu 60%
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Hinh 3. MO-men (pu) trén cdc truc khi bit 60% theo kich ban 1 va kich ban 2.
Qua két qua mo phong ta thay rang, véi mirc bu hién tai khoang 60% thi néu xay ra su ¢ tai
thanh cai 500 kV Ha Tinh va Viing Ang thi s&€ xuat hién hién tugng cdng huong dudi dong bo
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SSR. Piéu nay hoan toan phu hop véi ly thuyet vé hién tugng SSR. Cac kich dong gin nha may

va trén cac dudng day c6 tu bu doc két ni truc tiép voi nha may sé c6 nguy co gdy nén cong hudng
SSR (hinh 3).

Trong ca hai kich ban xay ra SSR, momen xon xuit hién 16n nhét trén truc két ndi giira khéi
trung ap 2 (LPB) va khdi may phat (GEN), sau do la truc két ndi gitra khdi trung 4p 1(LPA) va khdi
trung ap 2 (LPB), momen xodn c¢6 xuét hién trén truc ndi gura khéi cao ap (HP) va khdi trung ap 1
(LPA) nhung véi bién do nho hon nhiéu. Diéu nay c6 thé 1y giai vi cac tin s6 tu nhién ciia cac truc
may phat dugc tinh toan cho 03 ché d6 “mode” 1a: 13,75 Hz, 26,25 Hz va 30,31 Hz. Murc d bu 60%
s& sinh ra tan s tu nhién tring voi cac ché do va gay ra hién tuong cong huong SSR. [4]

Vi truong hop dung lugng bu doc ¢ mirc dd bu 40%, ta c6 dugc két qud md phéng momen
x0dn trén cac khdi truc nhu hinh 4.

Vi mue b 40% thi ca 2 kich ban sy ¢6 déu khong xay ra hién tugng cong huong dudi dong
bd SSR [4, 5, 7]. Mttc dd bu cang giam thi tan s ty nhién cua ludi dién cang cao va kha nang gay
ra hién tugng SSR cang thip. Do do, phuong phéap don gian c6 thé han ché sy xuét hién cua hién
tuong SSR la thyc hién van hanh hé thong voi muc do bu thap (diéu khién dé - “by pass” mot s6 bd
tu) dé dap tat SSR, sau do lal diéu khién dé dua vé dung luong bu theo yéu cu van hanh.
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Hinh 4. MO-men (pu) trén cdc truc khi bit 40% theo kich ban 1 va kich ban 2.
4. SUDUNG BO LQOC THU THONG PE NGAN NGUA SSR

Chung ta da blet diéu kién can dé co thé sinh ra hién tuong cong huong dudi ddng bo 1a do
dong dién co tan s6 dién fe (trong mach dién RLC) tuong tac v6i phan co ctia mat phat. Do do, dé
dong dién nay khong chay vao may phat dién, giai phap sir dung bo loc thu dong ndi tiép trudc
may phat di duoc nhiéu tac gia nghién ciru va dua vao st dung va ap dung trong thuc tién. Véi
mo hinh hé théng dién trong bai bio nay, 4p dung phuong phéap tinh toan ma nhom nghién ciru da
phat trién [7], ta c6 thong sb bd loc nhu bang 1.
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Két qua mod phong ¢ hinh 5 cho théy réng, khi ¢6 b lgc thy dong, momen X08an giira cac truc
tuabin ¢6 xu hudng giam dan, va tién toi gia tri 6n dinh. Nhu vay, voi cung mot kich ban sy cd, va
dung luong bu, hién tugng SSR da khong xay ra dbi véi hé théng duoc lap dit bo loc. Nhu vay, bd
loc d thiét ké co kha ning ngin ngira su cd cong hudng SSR v6i nha may nhiét dién Viing Ang.

0.8
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Bing 1. Két qua tinh todn thong sé bé loc.

Ché do (mode)

R(ohm) | L (H) C (F)

B0 loc Mode 1 (fi=13,75 Hz)

0,025351 | 0,012104 | 0,001593

B0 loc Mode 2 (f,=26,25 Hz)

0,073867 | 0,035269 | 0,001273

B0 loc Mode 3 (f;=30,31 Hz)

0,102879 | 0,049121 | 0,001330
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Hinh 5. MO-men (pu) trén cdc truc khi bit 60% theo kich ban 1, khi c6 bo loc thu dong.
5. KET LUAN

Trong pham vi ndi dung bai bao, tac gia da trinh bay mé hinh, mé phdéng, phan tich hién tugng
cong huong dudi dong bo trén phan mém EMTP tai nha méy nhiét dién Viing Ang. Véi so do nbi
luéi trong thuc té, nha may Viing Ang c6 nguy co cao xay ra cong huong SSR va qua két qua mo
phong di minh ching duge sy cd SSR da xay ra v6i dung luong bu khoang 60%. Ngoai ra, bai
bao ciing dé xuét, thiét ké bo loc thy dong nham ngan ngira SSR tai nha may nhiét dién Viing Ang.
Ket qua m6 phong dé minh chimg dugc hiéu qua hoat dong cta bd loc. Trong hudng nghién ctru
tiép theo, cac tac gia s& tip trung vao nghién ctru hién tuéng SSR cho toan bd hé théng dién Viét
Nam, c6 xét dén cac nha may dién gio.

Loi cdam on: Nghién cuu nay dwoc tai tro boi Bo Gido duc va Pao tao, Viét Nam qua dé tai
CT2022.07.BKA.04.
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PHU LUC

Bing PL.1. Théng s6 tuabin NMNP NMND Viing Ang.

Bing PL.4. Théng s6 may bién dp.

Quan tinh |Hang sé qudn tinh H (MWS/MVA) | Khoi truc | Pg cirng K (Nm/rad)
Khoi HP 0.2473 HP-LPA 1,127*10°
Khoi LPA 1,0104 8
Z. LPA-LPB 1,041*10
Khoi LPB 10417 LPB-GEN 1,730%10°
Khoi GEN 0,8214 ’
Bing PL.2. Théng s6 mdy pht.
700 600 0,85 16,7 16432,3 50
Bing PL.3. Thong so kj thudt té6 may.
Xq=171 | x,=168 | R,=013 | T4 =37 | Tso=1085
xq = 0,247 | xg =042 | X, =0,108 | Ty = 0,032 | Tgo = 0,05
¥a = 0179 |y 028 | x, =013 D, =0

Bing PL.5. Théng so dwong day.

; Gia tri |
Thong sb * | |Puongda X (Q) [X0(Q) R (Q)|ROQ
g @ gdiy | | X@ |X0@) | R@)|RO©
MBA: TS | R | 00023 | |VingAng: Ha | 53 | 19,36 [52,6625 1,86 | 18,26
may 1 X 142516 | [ o
: Ung Ang-Ba | 337 199 9325(279,795(9,7825|89,1425
MBA: T3 R 0,0023 Nang
may 2 X | 14,2516 ggngnh' ba 393 |110,100[299,625/10,825| 96,700
MBA X1 36,213
S00kV: 1w, | 17,319
Bing PL.6. Théng s6 tu bt doc. Bing PL.7. Théng s6 hé thong.
Thong s6 ky thuit chinh Gia tri Théng sb Gi tri (Q)
bién ap danh dinh (kV) 500 N
Dong dién dinh muc cua ba Nang R 5,7425
b6 tu (A) 2000
Ot X 24,9375
Tro khang (W) 30,5
Dung khang/pha (mF) 104,4 Ha Tinh R 7,915
Cong suét dinh mirc 3 phal 366 X 27,77
(MVAT)
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ABSTRACT

Modelisation, analysis and prevention of sub-synchronous resonance
phenomenon at Vung Ang thermal plant

This paper presents a method for building models, modelisation, analysis and prevention
of the phenomenon of subsynchronous resonance in the power system, applied to Vung Ang
thermal power plant. Through simulation and analysis results, the author proposes
solutions for operating the power system, using appropriate vertical compensation capacity,
and using passive filters to minimize the risk of sub-synchronous. Calculation results on the
power system model viewed from the Vung Ang thermal power plant have been tested,
demonstrating the risk of subsynchronous resonance incidents as well as the effectiveness
of the filter method in eliminating except this incident.

Keywords: Subsynchronous Resonance (SSR); Passive Filter; Vung Ang Thermal Power Plant.
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