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TOM TAT: Sy phat trién nhdy vot vé cd chdt va lugng ciing nhu dé phitc tap ciia hé théng dién Viét
Nam chiing ta hi¢n nay doi hdi phdi cd nhitng nghién citu 1l mi va chinh xdc sy n dinh ciia hé théng
nhdm dwa ra cdc chién luge phdt trién va vdn hanh hé théng mét cdch tin cdy, an toan va hop ly. Bai
bdo nhd nay nhdc lai mét s& khdi niém vé 6n dinh. Sau dé bai bdo S€ gidi thiéu mdt s6 ké't qud nghten

citu vé én dinh qud d§ ciia hé théng dién Viét Nam ciing nhu cdc b:en phdp nhém ndng cao tinh én dinh
cua hé théng.

1.GIGI THIEU
1.1.Cdc khdi ni¢gm co bdn ciia on dinh h¢ théng di¢n

On dinh cia hé théng dién (Power systen stability) 12 kha ning ma hé théng c6 thé lvu lai
trong trang thdi cAn biing sau mot nhiu loan nhé va kha ning trd v& mot trang théi can
biing mdi chdp nhan dugc sau mot nhiéu loan 16n [1].

Céc nhiéu logn (disturbances) dugce dinh nghia nhu 12 mét thay ddi dot bi€n hoic 12 mot loat
cdc thay d6i 6t bi€n cia mot hay nhiéu théng s6 trong hé théng dién. Céc nhidu loan nhd
xuét hién thudng xuyén trong hé théng dién do c4c bi€n dong nhd cla tai va céc ngudn phat.
V6i mdt nhi€u loan nhd, cdc phudng trinh phi tuyén mé td dong hoc ciia hé théng cé thé
tuyén tinh héa xung quanh di€ém 1am viéc ban ddu. Cac nhiu loan 16n trong hé th6ng dién
xudt hién khi ngdn mach, hodc khi hé th6ng m4t mot hay mot vai phdn i nhu dudng day,
méy phét, mdy bi€n 4p. Mot nhiéu loan I18n dwa dén viéc mé hinh héa céc hién tugng dong
hoc bdng mdt hé céc phuong trinh phi tuyén.,

On dinh déi vdi cdc nhiéu logn nhd (small-signal or small disturbance stability) (trudc day
chiing ta vin hay ding t¥ “Sn dinh tinh”, nhung thyc chét qué trinh hoan toan khong tinh ma
dong) 12 khé ning sau khi xudt hién cdc nhiéu loan nhd, hé thdng gii dudc déng bd va hé
théng trd lai mét ché do lamviéc gi6ng nhu hodc gin gidng nhu ch€ d6 1am viéc ban diu
trude khi xudt hién c4c nhiéu loan.

On dinh qud d¢ (Transient stability) (trudc diy ching ta vad mét vai nudc khic trén thé gidi
déu ding tt “8n dinh déng”, diéu ndy khéng chinh x4c , do d6 ca IEEE vi CIGRE déu
th6ng nhét goi 1a 6n dinh qud do) 1a khé ning sau khi xuat hién cac nhiéu loan 16n, hé théng
git duge déng bd va hé thong trd vé mot ché d6 1am viéc x4c 14p méi chap nhan dude.

Theo ¥ nghia vat Iy cla hién tugng, 6n dinh trong hé théng dudc ch1a thanh 2 loai:
o On dinh géc roto (Rotor angle stability)
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e Ondinh dién th€ (Voltage stability)— 1a tinh chét cia hé théng dién git dugec mot mic
dién &p chdp nhén dudc & cdc niit clia hé théng va trénh dugc sup dé dién the (Voltage
collapse).

1.2. On dinh ciia he théng di¢n Viét Nam

Hé th6ng dién Viét Nam dudc chia thanh ba ving (Bic, Trung, Nam) trong d6 cdc nha mdy
va phu tdi phin bs khéng déu. O phia Béc, c6 cdc nha mdy thiy dién nhu Hoa Binh 1920
MW (trong tudng lai Son La 3600MW) va nhiét dién chay than nhu Phéd Lai I (440MW) va
Pha Lai II (600MW). G mién Trung gin diy da dva vio nha mdy thiy dién Yaly 720MW.
Tai khu vuc phia Nam trung tAm nhiét dién Phi M§ gém 4 nha mdy tua-bin khi chu trinh h3n
hop da va s€ dua vao van hanh véi tdng cong suét khodng 3600 MW. Hé théng dién hdp
nhét dugc lién két bing du’o‘ng ddy 500 kV Hoa Binh — Phi Lim dai 1473 km. Hién tai
dudng diy 500kV thit 2 néi gita Plei Ku va Phu Lam dang dudc x4y dung. Ludi 220 va ludi
110 kV nim tai 3 khu vuc Béc Trung Nam.

Do lién két céc khu vue chi bing dudng day dai 500kV va vi€éc dua vao lién ti€p cic nha
mdy phat di€n mdi va céc dudng ddy mdi (trong d6 c6 mot s6 nha may lién két thre ti€p dén
dudng ddy 500 kV nhu Phd My, Yaly, Hoa Binh va Son La trong tudng lai), ngoai ra phu tai
va cOng suit cung phét tri€n nhay vot, hé th6ng cang ngay cang trd nén phu’c tap hon. Do d6
viéc tinh todn 6n dinh clia hé th6ng dién Viét Nam la rat quan trong va can thi€t phai c6 céc
nha nghién cifu that ti mi, chinh xdc nhim dva ra cic chién lugc phét trién va vén hanh hé
th6ng mét cach déng tin cdy, an toan va hgp ly. Cac ngh1én ctitu d€ xudt cdc gidi phdp nhim
ndng cao 6n dinh ciia hé théng trong tudng lai cling 12 v&n dé hét sitc ddng quan tdm [2-5].

2. HE THONG PIEN VIET NAM VA MO HINH HOA.
2.1 H¢ théng dign Viet Nam

Hinh 1,2 va 3 mé tﬁ hé th6ng dién Viét Nam hién tai va tuong lai. Céc sd d6 nay dudc s
dung d€ nghién citu 8n dinh cia hé théng dién.

2.2 Mé hinh cdc phén tit

e Cac mdy phdt dugc mé ta theo mé hinh Park ddy dd véi cdc hé théng kich thich, diéu
chinh dién 4p, diéu chinh t6c do.

o Céc phén t dudng diy va may bién 4p dude mé hinh bing cdc phin t¥ tAp trung hinh 1

* Cdc tdi dugc méhinh bing cc dic tinh phu thudc dién 4p va tAn s6
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He Thong Bién $00/220 kV Viet Nam - 200§
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Hinh 1: Hé théng dién Viét Nam 500/220 kV trong tudng lai
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Hinh 2: Ludi 500 kV cilia hé théng dién Viét Nam trong tudng lai
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Hinh 3: Cdu tric ciia hai duong ddy Pleiku — Phii Ladm
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Hinh 4: M6 hinh cia SVC Hinh 5: M6 hinh ciia TCSC

3. NGHIEN CUU ON PINH QUA PO POI VGI HEE THONG PIEN VIET NAM
3.1 Ngdn mach tai cdc tram 500 kV

Trong phdn nay, 4nh hudng clia céc vi tri ngdn mach khéc nhau trén dudng ddy 500 kV Nam
Bdc dén 6n dinh clia hé th6ng sé dugc nghién citu. Thdi di€m ngdn mach x4y ra vao thdi
diém T, = 5s , sau khodng thdi gian Ty = 80ms ngin mach dudc loai triy.

Theo két qud nghién citu, khi cdc ngdn mach xdy ra tai cc tram, néu sy c§ dugc loai triY
nhanh nhd c4c bdo vé hién cé (T = 80ms), hé th6ng hoan toan dudc git n dinh qué d6
(diéu nay diing cho 1u8i dién 2005 nhu trén hinh 1).

3.2 Ngdn mach trén cdc duong ddy 500kV
Trong phin nay, 6n dinh cia hé th6ng khi x4y ra ngén mach trén cdc dudng day 500 kV sé&

dudc nghién citu. Gid thi€t cdc ngdn mach x4y ra d giita dudng diy cia cdc doan Pleiku —
Phi Lam (Pudng diy 1), cdc doan Pleiku — Di Linh, Di Linh — T4n Pinh, T4n Pinh — Phu
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Lam (Pudng day 2). Tuong ty nhu cdc trudng hdp trén, gid thiét ring ngdn mach xay ra
taithdi di€m T, = 5s. Sau khodng thdi gian
Ta = 80ms ngén mach bi loai tri do médy cit hai diu dudng day bi sy c¢6 dude md ra.

Ciing nhv trudng hgp trén, khi c6 ngdn mach trén cdc dudng day 500 kV nhu néu trén, hé
théng van git duge &n dinh do thdi gian loai trit sy ¢ twong ddi nhanh.

3.3 Truong hop cdc mdy phdt bi tdch khéi hé théng (tdch su co)

Trong phén nay , ching ta néu ra mét trudng hop rét nguy hi€m cé thé xay ra khi mét nha
mdy & phia Nam bj sy c¢6 va bi téch 13i ra khdi hé théng vao thdi diém T = 100s. Trong
trudng hdp nay, hé th6ng hoan toan bi mat 6n dinh sau 23s. Céc két qua chi tiét dugc trinh

bay sau diy.

3.3.1 Dao dong dién dp

Tension (pu)

s s L . s
80 90 100 110 120 130 140
Temps (5)

Hinh 6 : Dao déng dién dp tai Phii ldm 220kV

Dién th€ clia hé th6ng bi dao dong & tan s6 khodng 0.5Hz. Pién thé toan khu vuc phia Nam
gidm xudng khdang 0.02 d€n 0.03 pu.

3.3.2 Dao djng gdc roto

Angle rotorique (rad)
Angle rotorique (rad)

95 100 105 110 L5 120 125 13¢ 95 100 105 110 115 120 125

Temps (s) Temps (s)

Hinh 7: Dao ddng géc roto ctia cdc mdy phét Hinh 8: Dao djng géc quay ctia cdc mdy phit tai
Hoa Binh nha m4y thuy dién Pai Ninh

C4c hinh 7 va 8 bi€u dién géc quay roto clia cdc m4t phat Hda Binh va Dai Ninh (Xem hinh
1) khi nha may Tri An bi tach r&i khdi hé th6ng. C4c hinh nay cho thay ring, lic ddu géc
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quay 6 Hoa Binh ting va trudc khi mat 6n dinh thi gidm r4t nhanh va ngudc lai tai cic may
phét Pai Ninh. C4c mdy phét & Pai Ninh m4t 6n dinh vao lic 23.7s sau su c6, céc mdy phat
tai Hoa Binh cling mét &n dinh khodng 26.6s sau su cd.

3.3.3 Dao déng céng sudt
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Hinh 9: Dao d0ng c6ng suit tdc dung cia Hinh 10: Dao ddng c6ng suit khéng ciia
cdc mdy cdc mdy phét tai Hdoa Binh phét tai Hoa Binh

Trén hinh 9 va 10 cho thdy dao dong cong sudt (thuc va khdng) rat I6n ciia céc mdy phat tai
Hoa Binh

3.3.4 Téc dé quay

1.25

1.2

Vitesse (pu)
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Hinh 11: Thay déi t6¢ dé quay ciia cdc mdy
phdt tai Hoa Binh va Dai Ninh

Hinh 11 cho thdy riing mdi ban d4u sau su c6, cdc may phét déu gidm téc do, sau dé céc may
phét Pai Ninh ting t6c rit nhanh va mat 8n dinh trude céc mday & Hoa Binh.

H¢ th6ng ciing bi m4t 6n dinh khi mét trong céc nha méy Phii M§¥ bi tach rdi khdi hé thng.
4. AP DUNG FACTS PE CAT THIEN ON PINH CUA Hi} THONG

4.1 Gidi thi¢u cdc thiét bi FACTS

Céc hé théng dién clia c4c nudc trén thé gidi dang budc vao giai doan “deregulation”, tifc wr
do héa trong linh vuc nang lugng. Viéc nay din dén viéc han ché x4y dung céc duong day

mdi va cin khai thdc va kh6ng ché truyen tai cong sudt trén cdc duding day hién c6. O nude
ta v8i dudng ddy dai 500kV, cong suit truyén tii cho phép trén dudng day nay hoan toan bi

Trang 43




Science & Technology Development, Vol. 5, No. 11-2002

han ch€ bdi gidi han 6n dinh. Nhv vay 1am thé ndo ning cao kha nang truyén tai clia dudng
ddy nay , nhét 12 trong tuong lai c6 thém nha m4y Son La & mién Bdc va Phi My & mién
Nam, viéc trao d6i cong sudt gitta 2 mién s& rit quan trong. Mot trong nhitng hudng d€ gidi
quyét va dé nay 12 st dung c4c thi€t bi FACTS (Flexible AC Transmission Systems).

FACTS da dugc EPRI dua vao nam 1986 bao gdm céc thi€t bi dién tit c6ng suat (Thyristor
hodc IGBT, GTO) nhiim néng cao kh4 ning khai thic clia hé théng dién. FACTS bao gém:
SVC (Static Var Compensator) , TCSC (Thyristor Controlled Series Capacitor), TCPST
(Thyristor Controlled Phase Shifting Transformer), STACOM (Static Synchronous
Compensator), SSSC (Static Synchronous Series Copensator), UPFC (Unified Power Flow
Controller), IPFC (Interline Power Flow Cotroller).

Céc 4p dung ctia FACTS bao gém:

e Bl nhanh chéng c6ng suit khdng

e Kha ning giit dién 4p t6t

e Ting cao kha ning tdi cla cic dudng day

o Ning cao dé du trit 6n dinh d6i vdi cdc dao ddng nhé va &n dinh qué do
e Khéng ché€ c6ng suit truyén tai

o Gidm céc dao dong tan s& thap (subsynchronous resonance)

Trong phén ti€p theo, chiing ta chi khio s4t d6ivdi trudng hgp sit dung TCSC va SVC dé
néang cao d du tri 8n dinh qué do6 cho hé thdng dién Viét Nam.

4.2 Stt dung TCSC

Mot TCSC dugce stit dung d€ thay thé cho tu b doc trén doan dudng diy Pleiku — Phi Lam
(dudng ddy thi 1) & tram Pleiku (tu bt doc nay cé gid tri 41.5 Ohm — xem hinh 3). Trudng
hdp mAt 8n dinh & trén dudc sit dung d€ thdy tdc dung clia TCSC trong viéc céi thién 6n
dinh clia hé théng

4.2.1 Pién dp va goc roto

1.075
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Hinh 12: bién 4p tai Phid Lam 220kV khi Hinh 13: G6c roto clia cic mdy phat Pai Ninh
khi khong st dung va c6 stt dung TCSC khong st dung va c6 sit dung TCSC

Hinh 12 va 13 cho thdy tdc dung tich cuc cia TCSC nhdimcai thién dn dinh clia hé théng.
Nhd TCSC cdc mdy phét ciia Pai Ninh giit dudc 6n dinh.
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4.2.2 Céng sudt
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Hinh 14: Cdng sudt tdc dung va Céng sudt khdng ciia cdc mdy phdt Pai Ninh
Hinh 14 cho thdy tic dung cia TCSC nhim gidm c4c dao déng cong sust

4.2.3 T6c dj

Vitesse (pu)

98 100 105 110 118 120 123

Tempe (o "' Hinh 15: Thay ddi t6c d6 quay ctia cdc méy phat
Pai Ninh
Hinh 15 cho thdy vdi TCSC céc méy phat Pai Ninh da tim dugc ché do xéc lap 8n dinh
giéng nhu ban ddu chua cé su co?

4.3, St dyng SVC

Trong phin ndy ching ta s& thay vai trd tich cuc ciia SVC nhim cai thién 6n dinh ciia hé
théng khi cdc médy ph4t clia nha may Phi M§ 1 véi 280 MW bi tdch ra khéi ludi. Khi khéng
st dung SVC, hé théng bi mat dn dinh. M6t SVC ¢6 kha ning thay d8i —150 MVAR va
+250 MVAR dugc dat tai tram Pa Ndng 500kV. Céc hinh 16 dé&n 20 cho thdy, nhd vai trd
clia SVC, 6n dinh cia h¢ théng dugc thiét 1ap.
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Hinh 16: Dién th€ tai Phd Lim 220 kV Hinh 17: Géc roto clia cdc may phat Hoa Binh

Trang 45




Sciance & Technology Development, Vol. 5, Ro. 11-2002

2100
1100 =
1= 2000 =z 4
5 < :
-] 1900 2 1000
i -~
g 1800 .
F a 900 f----cd-bafedaa e ea Ny Lo cniabeacactaaa ]
o 1700 -
o -
®
2 1600 TR TR | S War iR SR el SR
b= E = Cas initial
& 1500 = e AVeEC SVC
L [ ) SSRGS o I Ny
1400
1300 : - . B : = : 600 M M H : H i
80 100 120 140 160 180 200 220 240 80 100 120 140 160 180 200 220 240
Temps(s) Temps (s)

Hinh 18: Céng suit tdc dung va Cong suit khéng ciia cdc mdy phat Hda Binh
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Hinh 19: T8c d9 quay ctia cic m4y phdt Hoa Binh  Hinh 20: Céng sufit khing cung cip bdi SVC

5. KET LUAN

Bai bao da trinh bay mét s6 k€t qua nghién ctu vé 6n dinh qué dé cia hé thdng dién Viét
Nam. T céc két qua nhan thdy ring vdi sy phat tri€n thém nhiéu ngudn mdi nhw Yaly, Pai
Ninh, Phi My..dwa dén hé th6ng lamviéc 6n dinh hon. Nhung ciing thiy ring véi su phat
trién nhu th€ 1am cho tinh én dinh cang phitc tap hon, do c6 su tuong téc gifta cdc ngudn. T4t
cd nhitng v&n dé nay cin thi€t phai cd cdc nghién citu ti mi va chinh x4c nhim van hanh hé
théng tin cdy nhAt, trénh dugdc céc sy cd c6 thé xay ra. Viée tip hdp cdc dit liéu chinh xi4c,
viéc sit dung cédc phin mém hién dai va viéc mé hinh chinh x4c cdc phén t& c6 dnh hudng
dén tinh chinh x4c cla tinh todn.

Trong tudng lai khi cé thém cdc nha mdy Son La, Phi My va dudng day 500 kV thi 2 di vao
hoat dong trao ddi cong suat sé rat 1dn giita hai mién Nam Bic, viéc 4p dung cécthi€t bi
FACTS 1a mot gidi phdp diy hita hen. Nhu trinh bay & trén, céc thiét bi nay 1am tang kha
nang 6n dinh va kha ning tdi cda dudng ddy 500 kV ciia hé th6ng mot cdch rat hi€u qua.
Mit khéc n6 1am cho chi€n luge vAn hanh hé théng s&€ mém déo hon, vi nhd nhitng thiét bi
ndy, cong sudt truyén tdi trén hai duding diy 500kV (Pleiku — Phii Lam), dudng diy 500 kV
va dudng day 220 kV Hoa Binh — Pa Néng hoan toan c6 th€ ki€m soat theo § mudn. T4t ci
nhitng kha ning ndy cdn dudc nghién citu chi ti€ hon nita nhdm dwa hé théng dién Viét Nam
van hanh mét cach an toan va kinh t€ nhit.
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STABILITY STUDIES AND IMPROVEMENT IN
VIETNAM POWER SYSTEM

Nguyen Van Liem, Tran Quoc Tuan, Nguyen boi Khue, Nguyen Chu Hung

ABSTRACT: The Vietnam power system has developed strongly both quality and quantity as well
as increased complexity. This requires that we have to research on its stability in details and
accurately in order to produce strategy for development and operating it reliability, security, and
reasonably. This paper, first, reviews conceptions about power system stability. Then, it presents
results of studying about transient stability of the Vietnam power system as well as solutions to
improve the power system stability.
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