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MO DAU
1. Ly do chon dé tai.

On dinh dién ap 13 mot van dé d3 va dang duoc nghién ctru nhiéu & cac nude
phat trién trén thé gidi, nhat 13 trong co ché thi truong dién do tac hai cia hién twong
mét 6n dinh dién ap la rat 16n, c6 thé dua hé théng dién dén tinh trang sup dd dién ap
timg phan hodc hoan toan. Ludi dién trung 4p Viét Nam trong thoi gian qua phat
trién qué nhanh, trai rong trén moi dia hinh. Sy phat trién qué nhanh cua luo6i dién
phan phdi theo nhu cau ting trudéng cua phu tai c¢6 thé din dén nhing thay doi bat
hop 1y so d6 ludi dién trung ap, trong d6 c6 nguy co mat 6n dinh dién ap. Viéc danh
gia va nghién ctru 6n dinh dién ap cta ludi phan phdi dién trung ap 1a rat can thiét
trong thyc té hién nay va tuong lai. P6 ciing 1a 1y do chon dé tai nghién ciru ciia luan
van: “Nghién citu cdc bién phdp ndng cao on dinh dién dp cia ludi phan phoi dién
trung ap”

2. Lich sir nghién ciru.

D3 c6 rat nhiéu tai liéu cong bd vé van dé& nghién ciru ctia dé tai. Cac noi
dung dang duoc quan tdm nghién ciru chu yéu la:

- Luwa chon céu tric LDTA dua trén viéc nghién ctru céc chi tiéu on dinh,
xac dinh nhitng nit phu tai, nhanh duong day co6 vai tro quan trong trong HTCCD
dé cai thién cac thong s6. Két qua nghién ciru cho thdy viéc lya chon cau tric
LDTA cb xét dén dac trung 6n dinh dién ap thi kha nang tai cua ludi va do dy trir
on dinh cac nat déu duoc cai thién. [10]

- Panh gia 6n dinh dién ap qua dic tuyén PV, QV va nang cao 6n dinh dién
ap bang cach st dung thiét bi FACTS.

- Nghién ciru 6n dinh dién 4p ludi dién phan phdi khi c6 két ndi DG [9]

Tuy nhién van con nhiéu van dé chua giai quyét duoc va dang dugc quan
tam nghién clru:

- Anh hudng cu thé cua cac thiét bi FACTS dén 6n dinh dién ap lué6i dién
phan phdi Viét Nam.
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- Lva chon vi tri lép dat thiét bi FACTS mang lai hi€u qua nang cao 6n dinh
dién ap ludi dién phan phoi.

- On dinh dién ap lu6i dién phan phdi khi c6 cac DG ndi vao luéi.

Luan vin lya chon huéng nghién ctru bién phap nang cao 6n dinh dién ap
dua trén cac tiéu chuan phan tich 6n dinh: thay d6i cdu truc luéi dién va phan tich
6n dinh dién ap ludi phan phdi trung ap khi xét dén dic tinh tinh cta phu tai, anh
huong ctia SVC dén 6n dinh dién 4p ludi phan phdi trung ap.

3. Muc dich nghién ctru ciia luin viin, ddi twong va pham vi nghién ciru.
Muc dich nghién cuu cua ludn van:

- Pua ra bién phap nang cao on dinh dién ap ludi dién phan phdi trung ap.

- Banh gia anh huong cua di¢én ap nguén, cua ddc tinh tinh cta phu tai va
cia SVC dén d6 du trix 6n dinh dién ap cia ludi dién phan phbi.

Doi twong nghién civu:

Céc dic diém lu6i phan phdi trung ap, Iy thuyét phén tich 6n dinh dién ap,
thiét bi bu cong suat phan khang SVC, phan mém tinh toan phén tich on dinh dién
ap PSAT, lu6i dién phan phdi trung ap c6 2 cip dién ap 35, 10kV.

Pham vi nghién ciru:

- Luan vin nghién ctu 1y thuyét vé 6n dinh dién 4p, danh gia phuong phap
phan tich 6n dinh dién ap nut tai.

- Tinh toan danh gia 6n dinh dién ap cho ludi phan phdi trung ap 53 nut c6 2
cap dién ap.

- Nghién ctru hai nhém bién phap nang cao 6n dinh dién ap trong ludi phan
phéi trung ap: thay ddi cdu tric ludi, bu cong suit phan khang.

4. Tém tit c6 dong cac luin diém co ban va déng gop méi cia tac gia.
Cac ngi dung chinh cia lugn vin:

- Tong quan vé ludi dién phan phdi trung ap.

- Phuong phap danh gia on dinh dién ap ludi dién phan phdi trung ap.

- Céc bién phap ning cao 6n dinh dién ap ludi dién phan phdi trung ap.

- Tinh toan 4p dung.
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Dong gop mdi cua tac gia:
- Sir dung phan mém PSAT tinh toan do dy trit on dinh dién ap cho ludi
dién cu thé.
- Phén tich 6n dinh dién 4p cta ludi dién phan phdi trung ap 53 nit, anh
huong ciia SVC dén 6n dinh dién 4p ludi phan phdi trung ap.
- D& xuit bién phap nang cao 6n dinh dién 4p ludi phan phdi trung ap.
5. Phuwong phap nghién ciru.
- Nghién ctru Iy thuyét vé phan tich on dinh dién ap va phuwong phap danh
gia 6n dinh dién 4p cho ludi dién phan phoi.

- Str dung phan mém tinh toan, phan tich, danh gi4, nang cao 6n dinh dién ap.
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Chuong 1: TONG QUAN VE LUOI PIEN PHAN PHOI TRUNG AP
1.1. Pic diém cia lwéi dién phan phéi trung ap.

LDPP trung 4p 13 cau ndi quan trong gitta udi truyén tai va cac ho phu tai ha
ap (cac tram bién ap phan phdi). Pic diém chinh khi nghién ctru LDPP trung ap nhu
Sau:

1.1.1. CAu tric lwéi dién.

- Cau triic LDPP trung ap da dang, phirc tap, s lugng nat nhanh rat nhiéu do
d6 viéc tinh toan cac chi tiéu kinh té - k¥ thuat gap rat nhiéu kho khan.

- Ludi dién phat trién nhanh, trai rong, cac ho phu tai da dang, dan xen.

- Ché d6 van hanh binh thudng LDPP trung 4p 1a van hanh ho. Cac so d6
lu6i dién thuong gip 1a: hinh tia, hinh tia c6 ngudn du phong (luéi dién kin van
hanh h¢). Cac so dd trén c6 uvu diém nhu: van hanh don gian, trinh tu phuc hoi lai
két cau sau sy cd dé dang hon, it gap kho khan trong viéc 1ap ké hoach cit dién cuc

bo. Mot s so do cung cép dién thuong dugc st dung nhu céac hinh.

Thanh cal /Eg%@
|“= : 5 0

Hinh 1.1
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LDPP trén khong st dung & nong thon 14 noi ¢ phu tai phan tan véi mat do
phu tai khong cao, viéc di day trén khong khong bi han ché vi diéu kién an toan hay
my quan. O LDPP trén khong c6 thé dé dang ndi cac din vdi nhau, cac duong day
kha dai va viéc tim kiém diém su cb khong kho khian nhu nhu véi LDPP cap. Ludi
phan phdi nong thon khong doi hoi vé do tin cdy cao nhu LDPP thanh phé. Vi thé
LDPP trén khong c6 so do hinh tia (hinh canh cdy), tir tram ngudn c6 nhiéu truc
chinh di ra cdp dién cho ting nhém tram phan phdi (hinh 1.1 va hinh 1.2). Cac truc
chinh dugc phan doan dé tang do6 tin cay, thiét bi phan doan c6 thé 1a may cat, may
cit ¢6 tu dong lai co thé tu dong cit ra khi sy ¢6 va diéu khién tir xa. Giira céc truc
chinh cua mot tram nguén hoac cua cac tram nguén khéc nhau c6 thé dugc ndi lién
thong dé du phong khi sy ¢b hodc khi ngimg dién ké hoach dudng truc hoic tram
bién 4p ngudn. May cit hodc dao cach ly lién lac duoc mé trong khi 1am viéc dé van
hanh hé.

+ So d6 LDPP cap trung ap

LDPP cap duoc ding ¢ thanh phd c6 mat do phuy tai cao, do d6 ludi ngan.
Diéu kién thanh phd khong cho phép di day trén khong ma phai chon xudng dét tao
thanh luéi phan phdi cap. LDPP thanh phé doi hoi do tin cdy cung cép dién cao,
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hon nita viéc tim kiém diém sy ¢d kho khin va sira chira diém su ¢ 1au nén ludi
phan phdi cap co cac so d6 phire tap va dat tién. Cac chd ndi cap dugc han ché dén
mure ti da vi x4c sudt hong cac chd ndi rit cao.

1.1.2. Anh hwéng 16m dén cac chi tiéu Kinh té - ky thuat cia HTPD.

- Chét luong cung cap dién anh huong truc tiép dén cac ho tiéu thu.

- Ton that dién ning chiém ti 1& 16n so v6i ludi truyén tai (t6n that trén LDPP
tr 6% - 8%, ludi truyén tai tir 1,5% - 2%).

- Vén dau tu cho mang trung &p ciing chiém ty trong 16n: néu chia theo ti 18
vbn dau tu mang cao ap 1a 1, thi mang trung ap tir 1,5-2 lan, ha ap tir 2-2.5 lan.

- Xac sudt ngimg cung cap dién do su c6, stra chita bao dudng theo ké hoach
cai tao, 1ap dit tram moi trén LDPP trung 4p ciing nhiéu hon so v6i ludi truyén tai.
1.2. Hién trang cta LDPP trung ap Viét Nam.

LDPP trung ap Viét Nam, ngoai cac dic diém chung néi trén con ¢ nhiing
dic diém riéng. Hién trang va dac diém cta LDPP trung &p Viét Nam nhu sau:

1.2.1. C6 nhiéu cip dién ap.

LDPP trung 4p Viét Nam phat trién tir dau thé ky 20, véi mo hinh Iuéi (3,
6)kV 1a cap phan phdi tai, luéi 35kV 1a cip trung gian. Do nhu ciu ding dién ting,
cung véi kha nang cp dién han ché cua ludi (3, 6)kV nén ludi dién (10, 15)kV
dugc dua vao s dung nham thay thé dan ludi (3, 6)kV (luéi 10kV & mién Bic,
mién Trung, ludi 15kV cho khu vuc mién Trung, mién Nam), ludi 35kV vira lam
nhiém vu phan phdi vira cap dién cho cac tram trung gian. Tir nam 1993, luéi 22kV
chinh thirc duge xay dung va van hanh dé ting budc chuyén doi ludi (6, 10, 15,
35)kV thanh ludi 22k V.

Do tinh lich stt, LDPP trung ap Viét Nam ton tai nhiéu cép dién ap khac
nhau. Mién Bic st dung cac cép dién ap (6, 10, 22, 35) kV, mién Trung st dung
cap dién ap (6, 10, 15, 22, 35) kV, mién Nam st dung cip dién ap (15, 22)kV (cap
35kV con ton tai khong déng ké).

Lu6i 22kV ¢6 mit hau khip toan qudc, tuy nhién ty 18 ludi 22kV & mdi dia

phuong khac nhau (mién Nam 50%, mién Bac 32%, mién Trung 18%).
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Lud6i 35kV ton tai khip toan qudc trir khu vire Thanh phé H6 Chi Minh, tuy
nhién khéi luong ludi 35kV ¢ mién Bic chiém ty 1& ap dao (88,2%), mién Trung
(9,3%), mién Nam (2,5%)

Lu6i 15kV chu yéu tap trung & khu vuc mién Nam (82,4%) va mién Trung
(15,6%)

Ludi 10kV tap trung chu yéu ¢ mién Bic (82,4%), mién Trung (17,6%).

Lué6i 6kV chu yéu tap trung & khu vie mién Bic (74,8%), mién Trung chiém

25,2%.

DUONG DAY
6KV, 35KV, 6KV,
35KV, o Lok, o 2o 10KV,
25.9% : 16.6% 12.6%
15KV, _— »
16.8% 37.7% oot
22kV, 4%
37.5% TRAM BIEN AP
Hinh 1.3

Nhin chung, LDPP trung 4p Viét Nam truéc ddy va hién nay van con mang tinh dic
trung phan mién kha rd nét. Phan tich chi tiét hién trang LDPP trung ap Viét Nam
theo cac khu vuc nhu sau:

1.2.1.1. Khu vuc mién Béc

Lué6i dién mién Bic ton tai 4 cip dién ap 6, 10, 22, 35k V.

Lu6i 35kV vira lam nhiém vy truyén tai thong qua cac tram trung gian 35/22,
10/6kV vira dong vai tro phan phdi cho cac phu tai thong qua cac tram phan phdi.

Ludi 10kV dugc xay dung tir nhitng nam 1960-1970 thudong tap trung & khu
vuc thi trin (di v6i cac tinh mién nuai) va nhitng ving nong thon, thanh phd nho
(khu vuc ddng bang).

Lu6i 6kV duoc xdy dung cach day 60-70 nam tai cac thanh phd 16n nhu Ha
No6i, Hai Phong, Nam Pinh, Viét Tri, Vinh, Ha Long.

Riéng ludi 22kV méi dugc phat trién trong nhiing nim gan dy tai nhimng

thanh phé, thi xa, mot sd khu vuc thi trin, thi t&r co nguén 22kV.
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PUONG DAY TRAM BIEN AP

6KV, 6kV,
6.6% 35KV, 17.2%
31.7%
56.1% ’
6.5% 23.50%
Hinh 1.4

Dbi voi ludi trung ap mién Bac, LDPP trung ap khong dong nhat va thé hién
nét dac trung theo tung khu vuec.

a. Khu viee mién niii.

Trong thoi gian qua, tai khu vyc nay ludi dién 35kV phat trién manh mg,
hién khdi luong chiém ty trong tir (70-80)%. Nguyén nhan dan téi ludi dién 35kV
tai khu vure nay phat trién manh mé va chiém ty trong 16n 14 chuong trinh dién khi
hoa nong thon dua dién téi cac hd ving sau, ving xa; khoang cach cung cap dién tir
tram nguén to1 cac ho phu tai 1on; mat d phu tai nho.

Lu6i 35kV ¢ mién ndi hién nay phan 16n khong dam bao cac chi tiéu kinh té
- k¥ thuat do mot s6 nguyén nhan:

- Luéi 35kV gdm nhiéu loai ddy dan tiét dién nho, chip v4, nhiéu duong day
xay dyng tir 1au, hién da xubng cap nghiém trong;

- Nhiéu tuyén mang tai 16n, ban kinh cdp dién qua dai nhu mét sb tuyén 35kV
khu vuc cac tinh Lai Chau, Ha Giang, Lang Son, Bic Giang, Tuyén Quang,

Bic Kan, Hoa Binh... giy nén t6n that dién ap va dién ning cao;

- Lué6i 35kV vira 1am nhiém vu chuyén tai, phan phdi, cac trang thiét bi trén
1u6i lac hau nén chat lugng cung cép dién thap.

b. Khu vuc néng thén dong bang.

LDPP trung ap khu vuc nay dugc hinh thanh tr nhitng ndm 1954 va thuong
st dung 2 cip dién ap 35kV va (6,10)kV; giai doan dau cap 35kV 1a cap trung gian,
(6,10)kV 1a cap phan phdi tai. Tir nhitng nam 1990 try lai day do mat do phu tai
tang nhanh cung véi ludi (6,10)kV va cac tram trung gian 35/10(6)kV bi qua tai nén

-18 -



lu6i dién 22kV da ting bude duoc xdy dung nhiam thay thé dan ludi (6,10)kV tai
khu vuc khong dam bao céc chi ti€u kinh té - k¥ thuat, bén canh do6 ludi 35kV cling
tré thanh cAp cap phan phbi tai.

LPPP trung ap khu vuc dong bang c6 dic diém sau:

- Ty trong ludi (6,10)kV chiém ti trong cao (50-60%), ludi 22kV chiém ti
trong (20-40%), ludi 35kV chiém ti trong (10-20%);

- Hién tai ph?m 16n céac tram trung gian 35/10kV déu d3 van hanh & trang thai
day va qua tai. Cac tram trung gian nay duoc xay dyung tir nhitng nam truéc 1993 va
hién cac thiét bj d lac hau va xudng cap, giy kho khin trong viéc cip dién cho cac
khach hang.

Chat lugng 1ué6i (6,10)kV khong dam bao do an toan cung cap dién do:

- DPuoc xay dung tur 1au, tiét dién nho;

- Nhiéu tuyén mang tai cao, ban kinh cap dién 16n;

- Viéc xay dung khong theo quy hoach dai han, vOn dau tu han ché.

c. Khu vwee do thi, ven do.

Khu vuc nay, trude ddy chu yéu 1a ludi (6,10)kV, trong thoi gian vira qua do
mat d6 phu tai ting nhanh, ludi (6,10)kV xudng cip nén nganh dién da tip trung
von dé cai tao ludi dién hién hitu thanh ludi 22k V.

Hién nay tai khu vuc nay luéi (6,10,35)kV chiém ty trong khoang 30-40%,
ludi 22kV chiém ty trong (60-40%)

Ludi dién trung dap tai cdc tinh khdo sadt.

* Thanh pho Ha Noi

Nam 2005 dién thuong phflm Thanh phé Ha Noi 1a 4,03 ty kWh, ludi dién

trung 4p ton tai 4 cp dién ap 35, 22, 6, 10kV véi 2.479km dudng ddy, trong d6
41% 1a cap ngam, 5452 tram/ 3.636,5MVA tram bién 4p phan phdi.

- Luéi 35kV bao gdm: 399km duong diy (chiém 16% theo khéi lugng duong
day trung ap), 638 tram/ 324,06MVA (chiém 12,3% theo dung lwong TBA phéan
phéi). Nhin chung trong thoi gian qua ludi 35kV khong phat trién va c6 xu hudng

giam.
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- Ludi 22kV bao gom: 770km duong day (chiém 31,1% theo khdi luong
duong day trung ap), 1.833 tram / 1.058,74MVA (chiém 41,16% theo dung luong
TBA phén phdi)

- Ludi 10kV bao gom: 460km duong diy (chiém 18,5% theo khéi luong
duong day trung ap), 1.093 tram / 515,152MVA (chiém 19,5% theo dung lugng
TBA phén phbi).

- Ludi 6kV bao gdm: 850km duong diy (chiém 34,3% theo khdi luong dudng
day trung ap), 1.888 tram / 738,55MVA (chiém 28% theo dung luong TBA phéan
phdi).

Trong nhitng nim qua hé théng LDPP 6-10kV, dic biét 1a ludi 6kV dang
dugc dau tu cai tao nang cip 1én 22kV voéi tién d6 kha nhanh. Hién tai trén toan
thanh phd s6 TBA dang van hanh 6kV chiém 28% (nim 2000 con 1a 53,6%); sb
tram bién ap dang van hanh 10kV chiém 19,5% (ndm 2000 1a 25,4%); sb tram bién
ap dang van hanh cap 22kV chiém trén 40,1% (so v6i ndm 2000 mdi chi 1a 3,5%).
Nho duoc cai tao nang cap, chat luong ludi trung 4p trén dia ban Thanh phé Ha Noi
d3 duogc cai thién dang ké, ty 18 ton that trén ludi giam tir 10,9% nam 2000 xudng
con 9,13% nam 2004.

Tuy nhién, hé théng ludi trung 4p con gdm nhiéu hé thng 6, 10, 22, 35kV tiép
tuc gdy kho khan 16n trong quan 1y van hanh va han ché rat nhiéu kha nang linh
hoat cung cap dién mdi khi ludi bi su cb.

* Tinh Thdi Binh

Niam 2005 dién thuong pham tinh Thai Binh 1a 482 triéu kWh, ludi dién trung

ap ton tai 2 cap dién ap 35kV va 10kV.

- Luéi 35kV bao gdm: 358km duong diy (chiém 20% theo khéi lugng duong
day trung ap), 281 tram/ 96.110kVA (chiém 28,8% theo dung luong TBA phan
phéi). Ludi 35kV c6 mat & tit ca cac huyén thi véi nhiém vu vira cép dién cho cac
TBA phan phdi, vira cip dién cho cic TBA trung gian. Dic diém chinh cia ludi
dién 35kV tinh Thai Binh 1a tiét dién day nho (AC-120,95,70,50), xdy dung lau,

hién da xudng cap, nhiéu tuyén day mang tai cao, ton that dién ap 16n. Trén dia ban
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tinh c6 4 16 35kV c6 ton that dién ap trén 6%, ca biét co 16 ton that trén 12%. Viéc
t6n tai qua nhiéu TBATG va cic TBATG déu van hanh trong tinh trang ddy tai dan
t61 lang phi von dau tu xay dung mé rong tram, nhan coéng tryc van hanh tram va
lam tang ton that dién nang.

- Ludi 10kV bao gom: 1.362km duong day (chiém 80% theo khéi luong
duong day trung ap), 1.452 tram/ 236.490kVA (chiém 71,2% theo dung lwong TBA
phan phdi). Ludi 10kV Thai Binh xay dung tir 1au, ngudn von xay dung han hep,
viéc xay dung chua dugc quy chuan cho nén lugi 10kV trén dia ban tinh Thai Binh
chu yéu dung cot chit H, day dan tiét dién nho (AC-35,50), mang tai 16n, ton that
dién ap cudi dudong diy cao. Trén dia ban tinh c6 7 16 10kV ton that dién ap trén
10%, 11 16 ton that trén 6%. Dan t6i nhiéu khu vuc luéi 10kV khong dap tng yéu
cau phat trién kinh té xa hoi cia tinh.

- Trong nhitng ndm qua do ngudn vén han hep, viéc xay dung mdi cac TBA
déu khong co cip dién ap 22kV dé cho. Do vay ddi voi tinh Thai Binh viée cai tao
lugi 10kV -> 22kV 1a twong ddi kho khin, doi hoi ngudn von 16n.

* Tinh Ha Giang

Niam 2005 dién thuong pham 13 64 triéu kWh, ludi dién trung 4p ton tai 3
cap dién ap 35, 22, 10kV.

- Ludi 35kV bao gdm: 1.116km dudng diy (chiém 85,2% theo khdi luong
duong day trung ap), 329 tram/ 25.082kVA (chiém 44,4% theo dung luong TBA
phan phéi). Ludi 35kV c6 mit & tat ca cac huyén thi véi nhi€ém vu 1a vura cép dién
cho cac TBA phén phdi, vira cap dién cho cac TBATG. Pic diém chinh cia luéi
dién 35kV tinh Ha Giang 1a tiét dién ddy dan nho (AC-95,70,50), chiéu dai cap dién
16n, mot tuyén dudng diy 35kV cép dién cho nhiéu huyén (dién hinh 16 375 tram
TX.Ha Giang chiéu dai duong truc 131km)

- Ludi 22kV bao gom: 131km duong diy (chiém 9,98% theo khdi luong
duong day trung ap), 19 tram / 2.840kVA (chiém 5% theo dung lwong TBA phén
phdi). Ludi 22kV chi méi sir dung & thi trin Viét Quang huyén Bic Quang (2 10
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471 va 473). Bic diém ludi 22kV tinh Ha Giang 13 ban kinh cip dién nho, cong suit
truyén tai trén duong day nho.

- Ludi 10kV bao gém: 63,4km duong day (chiém 4,82% theo khéi luong
duong day trung 4p), 142 tram / 28.570kVA (chiém 50,6% theo dung luong TBA
phan phdi). Ludi 10kV c6 mit & 6 thi trin cia 6 huyén va thi xa Ha Giang. Dic
diém lu6i 10kV tinh Ha Giang 1a lu6i khu vy thi x3 Ha Giang tuong ddi ning tai
va phan 16n déu dugc thiét ké theo quy chuan 22kV, nén dé dang thuc hién viéc
chuyén d6i thanh lugi 22kV (trong 142 TBA vo 76 tram/16.716kVA TBA c6 dau
22kV), con lai cac khu vuc khac luéi 10kV tuong dbi nhe tai va trong thoi gian vira
qua ludi 10kV & cac khu vuc nay hau nhu han ché phat trién (chu yéu 13 phat trién
ludi 35kV).

* Tinh Phu Tho

Niam 2005 dién thuong pham 1a 590 triéu kWh, luéi dién trung 4p ton tai 3
cap dién ap 35, 10, 6kV.

- Ludi 35kV bao gom: 1.076km duodng ddy (chiém 63,7% theo khdi luong
duong day trung ap), 519 tram/ 157.650kVA (chiém 51,88% theo dung luong TBA
phan phéi). Ludi 35kV c6 mat & tit ca cac huyén thi véi nhiém vu 1a vira céip dién
cho cac TBA phan phdi, vira cip dién cho cac TBATG.

- Ludi 10kV bao géom: 409km dudng diy (chiém 24% theo khdi lugng
duong ddy trung ap), 222 tram / 46.370kVA (chiém 15,26% theo dung luong TBA
phan phdi). Ludi 10kV tap trung & cac thi tran cac huyén. Pic diém luéi 10kV tinh
Phti Tho 12 ban kinh cép dién 16n, tiét dién day din nho, hinh tia, cong suat truyén
tai trén duong day 16n.

- Ludi 6kV bao gom: 205km dudng diy (chiém 12,1% theo khdi luong
duong ddy trung 4p), 316 tram / 99.165kVA (chiém 32,86% theo dung luong TBA
phan phdi). Ludi 6kV c6 mat & Thanh phd Viét Tri, thi xd Phti Tho, thi trin Thanh
Son, Thanh Ba. Pic diém ludi 6kV tinh Phii Tho xay dung da 1au (1960), tiét dién

day nho, cong suit truyén tai trén dudng day cao, tén that dién 4p va dién ning 16n.
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- Luéi 35,10,6kV thiét ké theo quy chuan 22kV c6: 66,2km, 79 tram / 22MVA
va chu yéu tap trung & Thanh phd Viét Tri. Hién nay Dién lyc Phu Tho dang trién
khai du 4n cai tao lu6i dién 6kV Thanh phd Viét Tri thanh ludi 22kV vé6i sb von
dau tu 80 ty dong.

1.2.1.2. Khu vuc mién Nam.

Lu6i dién trung ap ton tai 3 cp dién ap (35,22,15)kV. Ludi 35kV ¢ khdi

lwong rat nho ma chu yéu 1a ludi (15,22)kV.

Trong thdi gian vira qua ludi 22kV céc tinh mién Nam phat trién manh mé,
néu khong tinh hai khu viyc Thanh phd H6 Chi Minh va tinh Pong Nai, ludi 22kV
khu vuc Cong ty Dién luc 2 quan 1y chiém 87,9% (theo dung lugng TBA), 81,9%
(theo khdi luong duong day). Mat khac & khu vuc nay ludi 15kV hau hét duoc thiét
ké theo tiéu chuan 22kV, do vay & khu vuc nay viéc chuyén doi lugi 15kV sang
22kV co ban rat thuan loi. Trong mot vai nam toi ludi 15kV co ban chuyén thanh

ludi 22k V.

DUONG DAY TRAM BIEN AP
35KV, 35kV,
1.6% 15KV, 0.1%
32.5% 22kV,
43.5%
15KV,
22KV, 56.4%
65.9%

Hinh 1.5
Luwoi dién trung ap tai cac tinh khdo sat.

* Tinh Ca Mau

Nam 2005 dién thuong pham 1a 387 ty kWh, 1u6i dién trung ap ton tai 2 cap
dién 4p 35, 22kV.

Nim 1997 Bién lyc Ca Mau chuyén d6i luéi 15,20kV thanh ludi 22kV, nim
2002 Pién lyc Ca Mau hoan thanh viéc chuyén dbi luéi 15,20kV thanh luéi 22kV.
Hién nay trén dia ban tinh c6 3.404km duong diy, 3585 TBA phan phdi /
173.330kVA.
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Sau khi thuc hién nang cép ludi dién tir 15,20kV thanh ludi 22kV, tinh hinh
lu6i dién van hanh rat on dinh va an toan, dong thoi cai thién rat lon vé chat luong
dién 4p, gop phan giam dang ké ton that dién ning, ton thit dién ning lac chua cai
tao 1a 12,77%, nam 2002 thyc hién 1a 9,69% giam 3,08%, mac du tbe do tdng
truong dién thuong pham trong cac nim qua 1a 22,5% (1997-2005).

* Thanh phé H6 Chi Minh

Niam 2005 dién thuong pham 14 9,85 ty kWh, luéi dién trung ap ton tai 2 cap
dién ap 22,15kV. Trong do6 ludi 22kV duogc xay dung tai huyén Cu Chi, con lai cac
quan huyén khac van hanh ¢ ludi 15kV.

- Cap dién ap 22kV va xay dung theo tiéu chuan 22kV (duong diy chiém ty
trong 40,3%, TBA chiém 63,7%).
+ Ludi 22kV: 13,57km, 18 MBA/ 7,196 MVA
+ Luéi thiét ké 22kV, van hanh & cip 15kV: duong day 1.636km, 16.105
MBA/ 3.403MVA

- Ludi thiét ké & cap dién ap 15kV, van hanh ¢ cap dién ap 15kV: duong day
2.445km (chiém ty trong 59,7%). TBA c6 14.595 may / 1.938MVA (chiém ty trong
36,4% theo dung lugng).

Mic du luéi dién trung ap Thanh phé H6 Chi Minh duoc thiét ké ¢ cap 22kV
rat nhiéu, dic biét 1a khu vuc ngoai thanh, cic quin ven do, tuy nhién viéc chuyén
ludi 15kV sang van hanh & cap 22kV 1a rat cham. Nguyén nhan chinh 1a tinh trang
xen k& gitra ludi dugc thiét ké ¢ cap dién ap 15kV va 22k V.

* Tinh Pong Nai
Nam 2005 dién thuong pham 1a 3,033 ty kWh, luéi dién trung ap ton tai 3

cép dién 4p 35,22,15kV. Trong do6 luoi 22kV duogc xay dung tai huyén Ca Chi, con
lai cdc quan huyén khéc van hanh & ludi 15kV.

- Cap dién ap 35kV véi khdi lugng 93,4km (chiém ty trong 4%) cap dién cho
5 tram trung gian v6i tong dung lugng 44,8MVA.

- Cép dién ap 22kV va xay dung theo tiéu chuan 22kV.
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+ Cép dién ap 22kV (bao gdm ca 3 pha va 1 pha). Puong diy 1.995km
chiém ty trong 63% ludi trung 4p, TBA 549MVA chiém ty trong 35,5%.
+ Xay dung theo tiéu chuan 22kV van hanh o cip 15kV: duong day
1.076km chiém ty trong 34%, TBA 928,85MVA chiém ty trong 61,5%.
- Luéi dién thiét k& 15kV van hanh 15kV: 200km duong dy (ty trong 7%),
355TBA/500 may/ 42,2055MVA (chiém ty trong 3%)
Hién nay tinh Pong Nai dang day manh viéc dau tu cac tram ngudn co dau
22kV va hoan thanh chuong trinh cai tao ludi trung ap thanh ludi 22k V.
* Tinh Binh Duong

Nim 2005 dién thuong pham 14 1,85 ty kWh, 1udi dién trung ap ton tai 3 cap
dién ap 35,22,15kV.

- Cap dién ap 35kV voi khéi lugng 77,5km (chiém ty trong 4,2%) cap dién
cho 3 tram trung gian v&i tong dung luong 12MVA.

- Cap dién ap 22kV véi khéi luong 2.111km.

- Cap dién ap 15kV véi khoi lugng 61,872km.

Nam 2000 Di¢n lyc Binh Duong lap ké hoach chi tiét nang cép luol dién
phan phdi toan tinh thanh ludi 22kV. Nam 2006 Dién lyc Binh Duong di hoan
thanh viéc chuyén d6i ludi trung ap vé cip dién ap 22kV.

1.2.1.3. Khu vuc mién Trung.

Lu6i dién mién Trung mang ca hai dic diém ctia mién Bac va mién Nam,
trong d6 cap dién ap (15,22)kV chiém ty trong nhiéu hon ca, ludi (6,10)kV chiém ty
trong nho khong dang ké. Mit khac luéi dién trung ap khu vuc mién Trung chu yéu
la phat trién sau nhitng nam 1994, do vay vé co ban ludi (6,10,15)kV duoc thiét ké
theo tiéu chuan 22kV, do vy trong mot vai nam t6i ludi trung ap s& co ban chuyén

déi thanh ludi 22k V.
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DUONG DAY TRAM BIEN AP

35kV, 6KV, 10kv,

35KV, 6kV, 10kV 5.8 4.6% 106%
12.2%  2.6% 10.9% 15KV,
15kV
22kV, :
45.2% 20.2% 63.9%

Hinh 1.6
Luwoi dién trung ap tai cdc tinh khdo sdt

* Tinh Khanh Hoa

Niam 2005 dién thuong pham 1a 703 triéu kWh, ludi dién trung ap ton tai 4
cap dién ap 35,22,15,6kV.

- Luéi 35kV va cac tram trung gian:186km chiém 11,3% luéi trung ap, 10
tram / 14 may / 66,6MVA, 44 tram / 52 may / 25,615MVA chiém ty trong 7,4%
theo dung luong TBA. Dic diém cua ludi 35kV tinh Khanh Hoa 1a cac duong truc
tiét dién 16n nhu AC-300,240,150,120, cac TBA trung gian van hanh ¢ muc do vira
tai.

- Van hanh cip dién ap 22kV: Puong day 22kV c6 tong chiéu dai 770km
chiém 47% lu6i trung ap, 1.178 tram / 241,72MVA, chiém ty trong 63,5% dung
lugng TBA. Trong 5 nam vua qua thyc hién cdc chuong trinh cai tao ludi 6,15-
>22kV, ludi 22kV phat trién manh m&.

- Van hanh cip dién ap 15kV: Puong day 15kV co tong chiéu dai 668km
chiém 40,8% ludi dién trung ap, 832 tram / 102,98MVA chiém ty trong 27% dung
luong TBA. Ludi 15kV vé co ban di duogc thiét ké theo quy chuan 22kV.

- Van hanh cép dién 4p 6kV: Puong day 6kV c6 tong chiéu dai 12,7km
chiém 7,8% ludi trung ap, 119 tram / 35,84MVA, chiém ty trong 9,4% dung luong
TBA. Nim 2006 s& chuyén doi toan bo ludi 6kV thanh ludi 22kV.

* Tinh Gia Lai

Niam 2005 dién thuong pham 14 275 triéu kWh, ludi dién trung ap ton tai 4
cap dién ap 35,22,10,6kV.
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- Lué6i 35kV va cdc tram trung gian: khéi luong dudng day 35kV c6 393km
chiém ty trong 13,3%, 16 TBATG / 59,45MVA, 173 TBA phan phdi /36,3MVA
(chiém ty trong 14,6% theo dung luong TBA). Pic diém cua ludi 35kV tinh Gia
Lai la cac duong truc co tiét dién 16n nhu AC-300,240,150,120, cac TBATG van
hanh & mac do vira tai.

- Van hanh cép dién ap 22kV: Dudng day 22kV c6 téng chiéu dai 2.536km
chiém 86% ludi trung ap, 1.583 tram / 203,2MVA, chiém ty trong 82,1% dung
luong TBA.

- Van hanh cép dién 4p 10kV: dudng day 10kV c6 tong chiéu dai 10,8km, 4
tram / 0,38MVA.

- Van hanh cép dién ap 6kV: Pudng day 6kV c6 tong chiéu dai 9km, 20 tram
| 7,5MVA.

Nim 2006 chuyén d6i toan bd ludi 6,10kV thanh ludi 22k V.

* Tinh Dak Lak

Niam 2005 dién thuong pham 1a 342 triéu kWh, ludi dién trung ap ton tai 3
cap dién ap 35,22,10kV.

- Ludi 35kV véi khdi lwong 385km (chiém ty trong 14,8%) cap dién cho 15
tram trung gian v6i tong dung luong 73,4MVA, 41 tram phan phdi vé6i tong dung
lugng 9,67MVA chiém ty trong 4%.

- Van hanh cap dién ap 22kV: Puodng day 22kV c6 tong chiéu dai 1.771km
chiém 68% lu6i trung ap, 1.354 tram / 176,1MVA, chiém ty trong 75,5% dung
lugng TBA.

- Van hanh cép dién ap 10kV: duong day 10kV co tong chiéu dai 446km chiém
ty trong 17,1%, 310 tram / 47,27MVA chiém ty trong 20,5%. Hau hét ludi 10kV da
xdy dung theo quy chuin 22kV. Cin clr vao ké hoach phat trién cua Pién luc Dik
Lawk, du kién khi c6 ngudn 22kV s& chuyén d6i ludi 10kV thanh ludi 22k V.

* Tinh Lam Pong

Nam 2005 di¢n thuong phém 1a 366 triéu kWh, luédi dién trung ap tdn tai 2
cap dién ap 35,22kV.
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- Luéi 35kV véi khéi lwong 95km cép dién cho 10 tram trung gian véi tong
dung lugng 58,3MVA.

- Van hanh cip dién ap 22kV (bao gdm cé 3 pha va 1 pha): Puong day 22kV
c6 tong chiéu dai 2.048km, 922 tram / 101,677MVA.

1.2.2. Phat trién lwéi dién trung ap qua cac nim.

LDPP trung 4p Viét Nam trong nhitng nim qua phat trién véi tbc d6 nhanh

trén tat ca cac khu vuc, mién trong ca nude. So voi nam 1990, hién nay khoi luong
duong day da ting gip hon 8 lan, TBA phan phdi ting gap hon 11 lan. Khéi lugng

duong day va tram bién 4p phan phdi qua cic nim duoc thé hién tai.

Khéi lwong dworng day qua cac nam
200 /‘»

g 150 /
X
g 100
S /
—

50

<>’/,
O 1 1 1
1990 1995 2000 2005 2010
Dung lwgng TBA phan phéi qua cac nam
60

< 4
> 40 =)
=
8 /
S 20
- }_/*—’/’/

0 4

1990 1995 2000 2005 2010

Hinh 1.7
Sy phat trién nhanh chong vé quy mé cong suat cia HTD va nhu cau tiéu thy
dién da 1a co hoi cho su phat trién LDPP trung ap trong nhiéu nim qua. Pic biét sau
khi duong day 500kV di vao van hanh, lu6i truyén tai va phan phdi phat trién rong
khap trén dia ban ca nudc. Khap 63 tinh déu c6 ludi dién Qudc gia vuon téi 1a diéu

kién thuan loi cho sy nghiép dién khi héa nong thon. Tuy nhién dac diém nay cling
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la mdt thuc trang lich su. Sy phat trién qua nhanh thiéu quy hoach dai han céc
HTCCP sé& khong khoi tinh chip vé, thiéu quy chuan va bt hop 1y vé thong sb cau
tric va trang thiét bi. Pic diém nay dan dén ty 18 ton thit, CLDN kém.
1.3. Két luan chuwong 1

Lué6i dién trung 4p Viét Nam trong thdi gian qua phét trién qua nhanh, trai
rong trén moi dia hinh. Su phat trién qua nhanh cta ludi dién phan phdi theo nhu
ciu ting trudng cua phu tai c6 thé din dén nhing thay doi bat hop 1y so dd ludi
dién trung ap, trong d6 c6 nguy co mat on dinh dién ap. Trong giai doan quy hoach
thiét ké can dic biét quan tdm t6i on dinh dién ap nat tai, néu khong khi van hanh
chat lugng cung cap dién rat kém, dong thoi gidi han cung cap dién cua hé thong

cling bi han ché.
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Chuong 2: PHUONG PHAP DPANH GIA ON DINH DIEN AP
LUOI PIEN PHAN PHOI TRUNG AP

2.1. Téng quan vé 6n dinh phu tai.

2.1.1. Pic tinh tinh phu tii cé dong co va diéu kién cin bang cong suat.

Thanh phan chu yéu (50%-80%) cta phu tai tong hop 1a cac dong co khong
ddng bo, chung c6 ¥ nghia quyét dinh dén dic tinh tinh cua phu tai. Ciing vi thé phu
tai no1 chung c6 dac tinh tinh va dac tinh dong mang dac trung cuia dong co khong
dong bo.

Véi riéng dong co dac tinh tinh 1a quan h¢ M, =¥ (U,s) va déc tinh dong
M, =¥ (U,dU/dt,s,ds/dt). Thuc chat 12 quan hé mémen dién tir ciia dong co véi
dién 4p nguon cap U va hé sd trugt s. Khi U va s thay doi cham (c6 thé bé qua anh
huong cua dU/dt va ds/dt) ta c6 ddc tinh tinh.

Trén hinh 2.1 thé hién dic tinh mémen tinh M(s) ing véi cac dién ap c¢d dinh
khac nhau cua thanh céi cung cap. Chiing c6 dang giai tich quen biét nhu sau:

2M

gh

LS

S
S, S
Trong d6 Mgn 13 tri s6 momen gi6i han cuc dai tng voi hé sb trugt sgh. Véi
dién 4p cung cip khac nhau, Mgn thay d6i nhiéu, trong khi sgn 6 tri sb ¢b dinh. Gia
tri ciia Mgn VA Sgh c¢6 thé xac dinh theo mé hinh dang trj ctia dong co khong dong bo
(hinh 2.2a). Ton that khong tai ctia dong co dugc mo ta gan dung bang cach dich

chuyén X, v€ thanh cai nguon cung cip. Dién tr¢ R co6 thé xac dinh theo mémen

phu tai tai thoi diém mo may. Véi dac tinh mémen clirng cling ¢6 R = const.
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S
Hinh 2.1
Xu
Ui U
—
PHQ (,J
X X
(}
\i Th
a) -
Hinh 2.2
2
Theo so do: 1= Y, ;x=xH+xs;MzP:I2R/s:%(2.1)
JXE+(R/s)? (xs)*+R

2

Tim cuec tri theo s ta ¢O: sgh = R/X, con Mgn = 2—1
X
Nhu vy, néu P>Pn, s& khong dam bao diéu kién can bang mémen dong co,
diéu kién can dé hé thong 6n dinh.
Dién 4p trén thanh cai cung cip:

U, J(x5) + R’
UoixirRIsy? = V&S FRE

\/(xs)z +R?
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U {(xs)+R’?

Trong d6 dat y=—=

U, (xs)? +R?

Ta cling c6 bi€u thirc tinh mémen cuc dai theo dién ap U tai vi tri n61 dong

UZ U2y2
CO. Mgh ~ Pgh :gz 2:;(

S S

, t1 1€ v&1 binh phuong cua dién ap nat, gidm manh khi

nat xa nguon.
Hay thiét 1ap dic tinh tiéu thu cong suit phan khang ctua mach khi dong co
c6 ddc tinh mémen cing (P = const). Chwra xét dén ton that khong tai, ta c6:

2y IZRsX_ Ps. P

Q, =

Rs = Rs s

oh

Nhu vay khi P = const thi Qs ti 16 v6i hé sb truot s. T phuong trinh (2.1) ¢6
thé tim dugc cac tri s6 s khi cho trude Uy cac gia tri khac nhau (giai phuong trinh
bac 2). Tir d6 xay dung duoc quan hé ham s = f(U1) nhu trén hinh 2.1. D6 cling la
dang ciia dic tinh cong suat phan khang Qs(U1) hay Qs(U). Khi xét dén t6n that
khong tai (ti 18 voi binh phuong dién ap) ta c¢6 dic tinh tong hop Q(U). Dé thay,
khong tdn tai ché do 1am viée cua dong co néu U< Uagh.

2.1.2. Hién twong sup do dién ap.

Khi gitr dién ap ngudn Ui khong ddi, dién ap U tai thanh cai cung cp truc
tiép v6i dong co van phu thudc rat manh vao ché do dong co (hé sb truot s). That

vay, ta c6: U =yU,. Biéu dién lai y bang cach dit:a =R /Xx_,B=X, /X,

v—\/(XsS)2+R2 _\/ of +5°

Aot + [(1+ [3)3]2

J(xs)® +R?

C6 thé thiy r& su phu thudc cua U vao a,p va s. Trén hinh 2.3 thé hién su

phu thudc cia U =U/ U, vao s khi cho o =0,1 con B nhén céc gia tri khac nhau.
DPong co cang xa ngudn (B 16n) va o cang nhé (thuan khang) thi anh hudéng sut ap
cang manh. Mat khac, mémen cuc dai ctia dong co ti 1€ vdi binh phuong dién ap, vi
thé khi xa ngudn, qua trinh ting tai dong co (ké ca cua dong co khac) hé sb truot

tang rAt nhanh, dién ap nut lai cang giam nhanh hon ntta. Thyc té, khi s dén tri s
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gidi han, hién trong mat 6n dinh xay ra do khong gitt dwgc cin biang moémen. Tiép
theo 14 qua trinh dao dong coéng sudt. Trudc khi mat 6n dinh nhan vién van hanh
thudng nhan thiy rat rd qua trinh sut nhanh dién ap xudng tri sb rat thap va qua
trinh dao dong xay ra. Ciing chinh vi thé ngudi ta thuong goi 1a hién twong sup dd
dién ap.

U* U

co su cd
1am giam

0,8 dién ap
cung cap

0,6

0,4 | ché |
@ |

N |

0,2 | BAL L dao déng
= S A,
'han | 1 O
T e
| | |

a) b)

Hinh 2.3

Thuc té hién tuong sup do dién ap thuong xay ra ¢ ché do sau su ¢, vi du
cit dot ngdt mot t6 may, cat dudng day song song,... lam giam ap nut cung cip, cac
dong co bi van hanh & ché do gan giéi han. Mot kich dong ngau nhién nho trong
ché d6 nay vé hudng bat loi c6 thé 1am cho hién tuong sup do dién ap xay ra. Tiép
theo 13 qua trinh dao dong manh cong suit va dién 4p nat (hinh 2.3b)

2.1.3. Céc tiéu chuin va phwong phap danh gia on dinh dién 4p nut tai.

Véi dic tinh momen (hay coéng suit tac dung) va dic tinh cong sut phan
khang da biét ta c6 cac tiéu chuan thuc dung danh gia on dinh:

dP/ds>0, dQ/dU1<0.

Vi trang thai gidi han twong tng la: dP/ds=0, dQ/dU1=- 0.

Ngoai ra ciing d& chimg minh dugc céc tiéu chudn ludn tién téi giéi han mot
cach ddng thoi, nghia 1 dé xac dinh ché do giéi han chi can st dung 1 trong 2 tiéu

chuan trén.
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Tuy nhién, dé danh gia theo tiéu chuin nay can ding tri so d6 vé dang mot
dong co khong dong bo ndi véi nat ngudn cung cap qua mot dién khang. Cach thuc
hién nay kh4 phtrc tap ma d6 chinh xéc ciing chua chic cao, bai sai léch thong sb
clia so d6 dang tri. Ngudi ta thuong dé xuat cac cach tinh toan gan ding khac nhau,
dic biét nham 4p dung cho nut tai tong hop. Nha bac hoc Nga Cydanov lan dau tién
(nim 1938) d3 dé nghi st dung tiéu chuin dE/dU = 0 thay cho 2 tiéu chuan di néu.
Y tudng cta phuong phap ndy 13 & chd, khi tién téi ché do gidi han, cac tiéu chuin
dQ/dU = -0 va dP/ds = 0 dong thoi xay ra, ciing lic d6 dE/dU ciing di qua tri s 0.

Véi so dd hinh 2.4a d& ching minh duogc diéu nay. Ta cé:

U:\/(E—QFXHJZJ{PXH)Z g QX
E E E

Trong do: Q. = 1°X,, +Q 14 cong suat phan khang tir dau ngudn.

Pao ham biéu thirc U theo E, nhan dugc:
dQ
E—=F-— X
du ( dE QFJ i
= _1- -
dE E
Ttr biéu thirc c6 thé thay khi dQr/dE — —oo thi dU/JE — oo hay dE/dU — 0.

Nghia 12 3 tiéu chudn hoan toan tuong duwong nhau, c6 thé st dung 1 tiéu chuan bat
ky dé kiém tra gi6i han 6n dinh.

Str dung tiéu chuan dE/dU dé dang hon 2 tiéu chuan con lai boi quan hé U va
E 13 hoan toan x4c dinh khi biét cac dic tinh cong suét tai tai nut U, Xép xi hoa cac
dic tinh nay d& dang hon, nhat 1 v6i phu tai tong hop. Uu diém cua tiéu chuan nay
con & chd cho phép xét duoc hiéu qua diéu chinh dién 4ap cua cac may phat dau

ngudn (anh huong dén E).
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XH Xs
Ul U o~y Q |s
P+jQ P+jQ
! ! ¢ dQ/dE=-00
X Ve [R50
i
| E
Uzn — Uz
a) b)
E
P
dP/ds=0
|
Pu_ :
U l | 5
So San
| d)
Hinh 2.4

Ngoai ra nguoi ta con hay sitr dung tiéu chuan twong duong khic dang
dAQ/dU =0 trong d6 AQ 1a biéu thirc tinh tong dai s6 cong suat phan khang tir
ngudn dua dén sat nit U 1a Qr(E,U). Biéu thirc ctia n6 hoan toan xac dinh boi so do
v6i cac thong sb E va U da cho, khong phu thude so d6 phia sau.

Ta co thé viét:

Qr(E,U)-Q(U) =0; 9 g 4 gy Iy = 0;

SE SU du
09 _dQ d d
_SU  du _ 0Q; dQ _ AQ o i aA_A
dE/dU_—SQFt _o:>—6u dU—Ohay U =0 véi AQ=Q, —-Q
SE

Hé théng 6n dinh khi dAQ/dU<0. D& thdy, tiéu chuin nay trang véi tiéu
chuan thuc dung khi phan tich on dinh dién ap cua nut bat ky trong h¢ théng dién.
Su khac nhau co ban trong truong hop nay 1a dac tinh cong suat tai Q(U) thay doi

manh theo dién ap (hinh 2.1), néu coi Q(U) = const sai s6 phan tich c6 thé 16n. Piéu
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nay ciing c6 thé suy dién chung cho moi phwong phép phan tich 6n dinh dién ap nut
tai: can xét dén dic tinh tinh cy thé ciia phy tai khi tinh toan.
2.2. Nghién ctru lra chon phwong phap phén tich 6n dinh dién ap nit tii.

C6 rét nhiéu phuong phap va tiéu chuan khic nhau dé phan tich 6n dinh HTD
n6i chung. Véi nhitng diéu kién cu thé cin lya chon cac chi tiéu va phuong phap
thich hop. Khi nghién ctru 6n dinh dién ap cac nut tai trong LDPPTA, thyuc chit da
coi HTD néi chung dang 1am viéc binh thudng va cic phuong tién diéu chinh diéu
khién hoat dong tot. Do d6, cac phuong phap duge quan tam chu yéu theo hudng
khai thac 4p dung cac tiéu chuan thuc dung hodc tiéu chuan méat 6n dinh phi chu ky.

2.2.1. Céc tiéu chuian phén tich d§ nhay
2.2.1.1. Phuong phép phéan tich ma tran d6 nhay AQ/ AV

Thuc chét day 1a su mo rong truc tiép tiéu chuan thuc dung dAQ/dU
cho mét so do phc tap.
Xét hé phuong trinh CDXL viét cho d6 1éch nho (xap xi tuyén tinh

quanh diém can bang) ta co:

oP P
AP |55 av ||AS
_|@ oV [AS] ) o
AQ| |aQ aQ|jav
08 oV

Trong d6: AP,AQ 1a sy gia ting cong suat tac dung, cong sudt phan khang
Ad,AV 1a su gia tang goc 1éch, bién do dién ap tai thanh cai.
Ky hiéu gon cic ma trdn con trong ma tran hé sb cua phuong trinh (ma tran

Jacobi), phuong trinh (2.1) ¢6 thé viét:

AP

AQ|

Tir hé phuong trinh (2.2) voi gia thiét AP =0 ta c6:
AP =1, A8+1J,,AV =0 (2.4)

JPBJ PV
Jos

Ad
AV

‘ (2.3)

Qv

Suy ra: A8 =-J,:J,,AV (2.5)
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Va: AQ =J,;A8+1J,,AV (2.6)
Thay Ad tir phuong trinh (2.5) vao phuong trinh (2.6), nhan duoc:
AQ =|Jqy —Jgderdey|AV (2.7)
it [Jg ] =ov — Joadradey| Phuong trinh (2.7) viét thanh:
AQ = [JR]AV (2.8)

Tir phuong trinh (2.8) c6 thé thiy ma tran Jacobi [JR] biéu dién mdi quan hé
duogc tuyén tinh hoa giita phan ting thém bién do dién ap nlit AV va coéng suit phan
khang bom vao nut AQ . Khi d6 d nhay ctia V theo Q dugc xac dinh:

AQ/ AV =[J.]=[Jq, —Joderdey| (2.9)

Nut twong tng voi AQ/AV nhé 1a nat kém On dinh boi cong suit phan
khang thay doi it dién ap nit da bi thay doi nhiéu. Khi ¢6 mot nit AQ/AV —0 hé
thong s& o gidi han 6n dinh.

2.2.1.2. Phuong phap phan tich gia tri riéng.

Thay vi can tinh cac hé s6 do nhay theo (2.8) c6 thé phan tich 6n dinh
dién ap nht truc tiép trén co s& cac gid tri riéng va vector riéng cua ma tran con
Jacobi Jr. Gia thiét phan tich va nhan duoc cic ma tran gia tri riéng va vector riéng
ctia Jr. Theo cong thirc khai trién ma tran ta c6: J, = EAn

Trong do: &, la ma trdn vector ri€éng bén phai cua Jr

Ny 1@ Ma trdn vector riéng bén trai cua Jr

Ay 18 ma trén tri riéng dudng chéo cua Jr
2,0..0
0 A,..0 | _ 3
A(nxn) = 'EJ(nxn) = ‘al EJZ E.m 'n(nxn) = ‘nl nz nn ’
00 .. A,

Tacod: AU=JAQ. Vi J =EL"'n nén:
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Z&m,—
AU=3 =Er"AQ hay AU, =J/AQ="—AQ, (2.10)

Dé thiy nut co A, s& kém 6n dinh boi ¢ d9 nhay AQ, / AU, ciing nh.

2.2.1.3. Phan tich kha nang rng dung.

- Trudce hét, phuong phap dugc thiét 1ap xuét phat tir dang chung cua
CDXL do d6 c6 thé ap dung cho so d6 HTD phirc tap. Vi mdi nut khao sat, sau khi
tinh todn déu c6 mot chi sé dinh lugng (1a d6 nhay AQ, / AU.) cho phép danh gid so
sanh mirc d6 dién ap cac nit. Nt yéu twong Gng véi dd nhay nho.

- Pé x4c dinh d6 nhay, can thiét 1ap hé phuong trinh CBXL, xac dinh
ma tran dao ham riéng (ma trdn Jacobian twong Gng). V& 1y thuyét co thé tinh do
nhay theo (2.9), tuy nhién ma tran Jr khong phai la ma tran chéo nén hoac la thuc
hién chéo hoa ma tran theo cac phép tinh ma tran hodc giai truc tiép tr h¢ (2.9) hoac
(2.3). Trong truong hop gidi truc tiép tir (2.3) can cho cac nit tai tri sd AQ, du nho
vacho AP, =0. V&i hé (2.9) chi can cho cac AQ, .

Cdc dic diém trén ciing cho thdy nhiéu nhwoc diém ciia phwong phdp dg nhay:

- Pau tién phai ké dén y nghia cua chi ti€u do nhay. N6 phu thudc vao ché do
tinh toan, khong phan anh gi vé murc d6 6n dinh (cach xa hay gan ché do gi6i han).
D6 1a vi khi AQ/AV =0 thi hé théng ¢ gidi han 6n dinh, nhung néu AQ/ AV %0
thi n6 ¢6 thé nhan bat ¢ tri s6 nao, khong c6 pham vi dé nhan uéc luong ti 1€ (%).
Noéi khac di d nhay chi mang y nghia so sanh gifta cadc nat voi nhau.

- Pé tinh toan do nhay can thuc hién kha phtrc tap nhu da néu trén, chua ké khi
xét dén dic tinh tinh phu tai.

Nhu vay viéc ap dung tinh toan do nhay dé danh gia 6n dinh dién ap cac nut to
ra khong phai 1a thun loi. Tiéu chuan nay thuce ra chi thich hop cho so d6 don gian,
khi ma c6 thé co biéu thic giai tich cho tiéu chuan & ché do gidi han.

2.2.2. Phuwong phap phan tich chi so sut ap.

2.2.2.1. Co sé cua phuong phap.
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Mot trong nhitng tiéu chuén thuc dung c6 thé 4p dung dé danh gia on
dinh dién ap cac nit tai 1a chi s6 6n dinh dién dp nut tai.

Chi s6 6n dinh dién 4p nit tai j dugc tinh theo cong thirc:
2 C, Vn

=1- | véi jea, (2.11)
\V/

]

Trong d6: o, va a - tdp hop cac nat phat va nat tai trong hé théng; \'/j,\‘/i
1a dién ap phirc cuia niit tai j va nut phat i; Cji — phan tir ciia ma tran hé s6 phan bé.
Ma tran hé s6 phan bd c6 thé 13 ma tran dong, ap va nhu 14 tong dan twong hd.

Chi s6 Lj cho mdi nut tai:

Uy, . o
L, =1+—,j=12,...,1 (Inut tai) (2.12)
U,

J
Dua vao hé phuong trinh trang thai x4c 1ap trong [5] di dua ra biéu thirc tinh céc
chi s6 d6i voi HTCCPD phire tap nhu sau:
Gia thiét hé thong bao gdm cac nuit tai L va cac nat ngudén G (chi co dang PV),
lu6i dién gdm cac phan tir tuyén tinh v6i hé phuong trinh cin bang dong nat viét
duoc nhu sau:

ZLL FLG

L I I

Coe=[H] o=l
Il Us ‘KGL Yocl| | Us

Trong d6 H 1a ma tran nhan duoc tir ma tran téng dan nut, sau khi chuyén Vi cac
bién dong phét I sang tap bién can tim (vé trai) cac ap U sang vé phai.

UL, IL 1a 4p nit va dong tai; Ug, | 1a ap nat va dong nguén; ZiL, FLe, KoL, Yeo
la cac ma tran con ctiia ma tran H.

Tir hé phuong trinh ¢6 thé xac dinh dién ap tai cac nut tai j bat ky:

Uj = ZZji ii+ZFji Ui

Jea icog
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Nhén ca hai vé phuong trinh trén véi Uj c6 thé chuyén vé dang:

+

) * St
U? + Uqg Uj = = (2.13)

Y;
. e 1 - . corr Z*S _
i e 2y U,
Biéu thure chi sd sut 4p c6 dang:
> F U
L, =1-"=——Véi jeo,

U;

Trong d6 o, va o la tip cac nit ngudn va nut tai.
Fij 1a hé sb phan b, thé hién anh hudng cua dién 4p ngudn i dén dién ap nut tai j.
Céc chi tiéu kiém tra tong hop mirc do on dinh dién ap hé théng duoc lay 1a:

L =max(L;) v6i jea,

2.2.2.2. Nhan xét vé kha ning g dung.

Mot trong nhitng wu diém quan trong ctiia phuong phap nay 1a chi s L thé
hién duoc mirc d6 6n dinh dién ap. Khoang gia tri tir 0 dén 1 ctia chi s khéng
nhing cho phép phan dinh cac nat c6 mic d6 6n dinh khiac nhau ma con cho biét
khoang cach (tinh theo %) giita ché do tinh toan va ché do giéi han. Tuy nhién tiéu
chuan nay c6 nhiing khé khin sau:

- Khi tinh toan can dya trén ma tran hé sd phan bé Fj rat phirc tap, phu thudc
vao trang thai van hanh cua hé¢ théng dang xét. O mot trang thai can tinh chi s6 L
cho moi nut, khéi lugng tinh toan 16n. Bé xac dinh chi tiéu tong hop danh gia cho
toan ludi can ap dung biéu thic (2.13) ciing doi hoi phai tinh toan thém.

- Pé tim ché do gi61 han, can theo ddi lién tuc sy bién thién tt ca cac chi sd cua
moi nut tai cho dén lac c6 mot chi s nhan gia tri 1. D6 1a vi tuong quan chi ti€u
giita cac nut bi thay doi trong qua trinh di dén gidi han. Véi ludi dién nhiéu nut viéc

tinh toan nay gap rat kho khan.
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2.2.3. Phwong phap phén tich mét 6n dinh phi chu ky.
2.2.3.1. Co s¢ cua phuong phap

Tiéu chuén nay duoc dua ra nhu trudng hop riéng xuit phat tir cac tiéu chuan
co ban dénh gia 6n dinh tinh HTD theo phuong phéap xap xi bac nhat ciia Lyapunov,
trong d6 st dung tiéu chuan dai s6 Hurwitz dé xac dinh diu cua nghiém phuong
trinh déc trung.

Gia thiét sau khi tuyén tinh hoa hé phuong trinh vi phan QTQD, thiét lap

phuong trinh dac trung, ta nhén dugc phuong trinh c6 dang:
D(p)=a,p" +a,p" " +a,p"*+..+a,,p+a,=y.a,p" " =0 (2.14)
m=0

Ma tran Hurwitz H(mxn) duogc thiét 1ap dua trén cac hé sb cua (2.14) nhu
sau: dau tién thiét 1ap duong chéo chinh ctia ma tran H, bao gém cac hé s cua
phuong trinh dic trung tir a1 dén an. Cac hang cta ma tran dugc dién day boi hé sd
ctia phwong trinh dic trung véi chi s6 toan chin hodc toan 1é. Cac phan tir con thiéu

trong hang dugc lap day bang nhitng sb 0. Két qua ta c6 ma tran Hurwitz:

A, 8,858, e 0 0 O
Ay A, Ay Ag cevereenn 0 0 O
0 a,a,8; oo 0 0 O
H(nxn)=10 0 a,a, ....c...... 0 0 O
0000O0..... a,,a,, 0
0000O0..... a, ,a ., a

Dua trén ma tran Hurwitz, xac dinh duoc cac dinh thirc Hurwitz tur cép 1 dén

cap n (tuong tng voi cac goc bén trai cua ma tran):

A =3
a1a‘3a5
a, a
A, =" LA, =2, 8, 8,0 A, = det(H)
aOaZ O
alaS
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Tiéu chuan Hurwitz phat biéu nhu sau: hé théng s& 6n dinh néu tt ca cac hé sb
ciia phwong trinh dic trung va cac dinh thirc Hurwitz déu mang du dwong. Nhu
vay dé két luan hé théng 6n dinh can kiém tra ddu ctia mot loat bat déng thure.

Ta quan tim dén ché do giéi han 6n dinh khi thong s6 ché do bién thién. V& Iy
thuyét khi hé théng dang tir 6n dinh chuyén sang mat 6n dinh s& c6 mot trong nhiing
bat dang thirc doi ddu tir dwong sang 4m du tién, Hurwitz di chirmg minh bat ding
thitc d6 chinh 1a A_ >0.Vi A_=a_A,_, nén ciing c6 nghia I hoc s hang tu do an
d6i dau hoic dinh thirc A, doi dau.

Mit khéc, vé toan hoc lai co thé chtirng minh an ddi dau chi khi c6 mét nghiém
thuan thuc ctia phuong trinh dic trung d6i dau, nguoc lai sy d6i dau cua A, , tuong
g v6i luc doi ddu phan thyc ctia mot cip nghiém phirc. Néi theo cach khéac, néu
hé thdng bi mat on dinh do ddi ddu cta s hang tu do an n6 s& mat 6n dinh & dang
phi chu ky. Néu do d6i diu cua A, mat 6n dinh s& ¢ dang dao dong ting trudong
1én vo han.

Nghién ctru véi HTD, Gdanov con phat hién thém la dang mat on dinh dao dong
do cac bd ty dong diéu chinh gy ra (khi hiéu chinh sai). Néu chung lam viéc tét thi
mat on dinh trong HTD chi ¢6 thé ¢ dang phi chu ky. Nhu vay néu HTD dang hoat
dong binh thuong véi cac thiét bi diéu chinh 1am viéc tét, néu thong s ché do bién
thién nho né s& mat on dinh & dang phi chu ky, con dé phat hién lic thong s di qua
gi¢i han 6n dinh chi can theo ddi ddu cua riéng sb hang tu do an.

Nhu vay thuc chét tiéu chuan a,>0 1a trudng hop riéng, co6 thé ap dung kiém tra
on dinh HTD véi gia thiét cac b diéu chinh dang 1am viéc tot.

2.2.3.2. Nhan xét vé kha ning g dung.

- Viéc sir dung tiéu chuan mat 6n dinh phi chu ky ré rang don gian hon rat
nhidu so voi tiéu chuidn Hurwitz day du. Khi phan tich 6n dinh dién 4p cho
LDPPTA ta khong xét dén mét on dinh do thiét bi ty dong diéu chinh tai nguén giy
ra, vi thé n6 hoan toan thich hop dé ap dung.

- M6t wu diém khac cia tiéu chuan mat 6n dinh phi chu ky 13 né chi bao gom

mot diéu kién duy nhat, d6 1a dau ciia s6 hang an. Vi thé rat thuan tién cho phép tim

-42 -



gidi han. Cho thong sb ché do thay doi tir tir (tirng budc nho), lién tiép tinh va kiém
tra ddu cuia an. Khi an d6i dau ta nhan dugc thong sb gidi han.

- Nhiéu céng trinh con chimg minh: tri s6 an hoan toan tring véi tri sb dinh
thirc Jacobi ctia hé phuong trinh ché do xac 1ap [6]. Phat hién nay c6 ¥ nghia ung
dung rat 16n. Thay vi phai thiét 1ap hé phuong trinh vi phan chuyén dong qua do dé
xéac dinh sb hang tu do phuong trinh dac trung an, co thé xac dinh dinh thirc Jacobi
ctiia hé phuong trinh CDXL. Hon nita viéc danh gia on dinh tinh cia HTD c6 thé
thuc hién ngay trong chuong trinh tinh CDXL. O budc cubi cung, khi phép lap hoi
ty, tinh dinh thirc cia ma trdn Jacobi va quan sat diu cta no c6 thé biét duoc hé
thong c6 on dinh hay khong. Néu 1am thay d6i thong sé ché do cho dén khi doi dau
dinh thirc ta con c6 thé x4c dinh duoc céc ché do gidi han.

- Vish hang an co thé tinh duoc nhu 13 tri s6 dinh thirc Jacobi cua hé phuong
trinh CBXL, nén n6 xét dén dic tinh tinh cua phy tai mo ta trong hé phuong trinh.
Thuc té cac chuong trinh tinh toan CDXL hién dai déu cho phép md phong phuy tai
theo nhirng dang dac tinh tinh khac nhau. Ma tran Jacobi duoc thiét lap khi dé da
xét dén dao ham dic tinh tinh ctia mdi phu tai. Viée sir dung phuong phap nay, do
d6 phan anh trung thyc dugce dic trung 6n dinh cua cac nat tai. Van dé 1a xac dinh
va md phdng dung céac dac tinh tinh phu tai khi tinh toan.

2.2.4. Pic tinh tinh ciia phu tai tong hop.

Phy tai gom cong suat tic dung P va cong sudt phan khang Q. Cong suét tac
dung P 13 cong suat sinh ra cong, tiéu hao ning luong cua ngudn dién, céng suit
phan khang Q thudng 1a cong suat sinh ra tir trudng, mang tinh cam, khong tiéu thu
ning luong cta ngudn dién, nhung dong dién do no sinh ra khi chay trong day dan
gdy ra ton that cong suat tic dung va ton that dién nang. Cong suat P va Q c6 tuong

quan véi nhau, duge dic trung chung bang cong suat bicu kién S va cos ¢

S=.P?+Q%;S=/3Ul;
o=arctg(Q/P);P=Scosp;Q=Ssing;

U 1a dién 4p day =+/3U, 1a dién ép pha.
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Phu tai c6 cac dic diém sau:

- Bién thién theo quy luat ngay dém theo quy luat ciia sinh hoat va san xuat,
tao ra d thi phu tai ngay dé, cac phu tai c6 tinh chat gidng nhau thi c¢6 db thi phu tai
ngay dém gidng nhau, cing 1 phu tai nhung trong nhiing ngay khac nhau thi c6 d6
thi phu tai ngay dém khac nhau.

- Tai mot thoi diém, phu tai trong cac ngdy dém khac nhau bién thién ngiu
nhién quanh gi4 tri trung binh, theo phan phdi chuan.

- Phuy tai c6 tinh chat mua: trong nhirng thang khac nhau c6 gia tri khac nhau.

- Phu tai bién thién manh theo thoi tiét ddc biét 1a nhiét do moi truong, mua
hoac kho.

- Phu tai bién doi theo tan sé va dién ap tai diém ndi vao ludi dién.

Phu tai co s& ¢6 gia tri & Udam VA fam. Khi dién ap va tan s6 1éch khoi dinh murc

thi gia tri cta phu tai s& bién d6i theo:

Trong truong hop can thiét, phai tinh dén gid tri cua phu tai & cac gia tri dién
ap khac dinh muc thi phai sir dung dic tinh bién d6i theo dién ap ctia phu tai (goi tat
theo dién ap).

Gia tri st dung thuc té cla phu tai phu thudc vao dién ap tai diém dau va tan sb
P= Kp(U)p"(f)pf
Q= K, ()" ()"

K, va Kq phu thudc gia tri dinh mirc cta phu tai P, Q.

cua HTD:

Con pv, qv va pf, qf 1a cac dai luong théng ké dic trung cho cac loai thiét b

dung dién. Bang 2.1 cho céc gid tri cia mot sd phu tai

Phu tai pv qv pf gf
Dén s¢i dot 1,6 0 0 0
Dén huynh quang 1,2 3-1 -1 2,8
Binh dun nudc 2 0 0 0
bong co KPB ' tai 0,2 1,6 1,5 -0,3
DPong co KPB day tai 0,1 0,6 2,8 1,8
Bing 2.1
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Trong phu tai c6 nhiéu thiét bi dung dién thi c6 thé tinh pv, qv, pf, qf nhu sau:

n

D .pv.P

_ =1
pV— : n

2P

i=1

Trong d6 Pi la phu tai thur 1.

O cac nat dién ap cao P, Q tinh theo cong thuc:

pzpolap(i) +bp[£J+cP].[1+dpﬁ] (2.15)
U, U, f

uY U f—f,
G G

Gia tri trung binh cua cac h¢ so ap = 0

be = 0,6-0,9-1,2 néu phu ti co ty 1é cong nghiép cao thi bp co gié tri nho.

cp = 0,4-0,1-0,2 néu phu tai c6 ty 18 cong nghiép cao thi cp co gid tri 1on.

dp = 1,3-1-0,7 néu phu tai ¢ ty 1& cong nghiép cao thi dp ¢o gid tri 1on.

0P /06U =0,6—0,9-1,2 néu phuy tai cong nghiép c6 ty 1& cao thi c6 gia tri nho.
oP/of =1,3—1—0,7 néu phu tai cong nghiép cé ty 18 cao thi co gia tri 16n.

Céc hé s6 ag, bo, Cq, do phu thudc cos @

Cos @ 0,83-0,87 0,88-0,9 0,91-0,93
aQ 9.6 11.4 135
bo -15.3 -185 -22.2
Co 6.7 8.1 9.7
do 1.1 ‘15 -2
oQ/ U 0.39 0.43 0.48
oQ/ of 11 ‘15 )
Bdng 2.2
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Véi phu tai tong hop quan hé giita cong suit tac dung va cong sudt phan khang
cua phu tai theo dién ap c6 dang nhu trén hinh 2.5. Cac quan hé nay goi la dac tinh
tinh ctia phu tai (tinh theo (2.15)(2.16)).

P,Q P,Q
pv,.qv=0

pv.qv—

U

i
p‘f:quZ
U UI
a) b)
Hinh 2.5
Trén hinh a 13 dic tinh thyc té con trén hinh b 13 dic tinh thay thé.

dm

Gia tri ctia phu tai dugc cho 1a cong suét tac dung va cong suat phan khang &
dién ap dinh mirc, va trong phan 16n cac bai toan khong xét dén sy bién dbi ctia phu
tai ndy theo dién ap thyuc té, co nghia 1a phu tai 1a hang sb trong bai toan, vi anh
huong dén két qua khong dang ké. Trong cac bai toan ma néu khong xét dén sy bién
thién cua phu tai thi két qua bi sai léch dédng ké thi s& phai tinh dén su bién thién
nay.

Xét dén bién thién phu tai theo dién ap 1am cho bai toan phirc tap, hon nira nhiéu
khi c&c dic tinh tinh thyuc ciing khong c6, cho nén ngudi ta co thé thay dic tinh tinh
thuc bang dic tinh c6 dang parabol, tic 13 phu tai ty 1¢ voi binh phuong cia dién ap
trén diém dau:

- Q= v
R X

pt pt
Rpt VA Xpt 1 dién tré va dién khang thay thé cia phuy tai, duoc tinh tir diéu kién
la: Phu tai c6 gid tri bang phu tai da cho & dién &p dinh mic P, va Q.
) U? u’?
Taco: R =— X, =—
I:)O QO

Nhu vy trong so do tinh toan phu tai duoc thay thé bang tong tré c¢b dinh
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Z,=R, +jX,
Pic trung quan trong cua dic tinh tinh phu tai 1a hé sé diéu chinh cua phu tai
theo P hodc Q: oP/oU, oP/of, 6Q/oU, dQ/ of , xem gia tri ¢ trén.
2.3. Két luan chuong 2
Trong chuong nay di dé cip téng quan van dé 6n dinh phu tai, tiéu chuan va
phuong phép danh gid dién 4p nut tai. Tu d6 nghién ctu lya chon phuong phap
phan tich 6n dinh dién ap nut tai. Mdi phuong phap dé cap dén déu c6 co so, uu
diém va nhugc diém. Cac tiéu chuan phan tich d6 nhay va phuong phap phan tich
chi s sut ap phtc tap, c6 khdi luong tinh toan 16n nhung cho phép phan dinh cac
nat ¢6 muc dé on dinh khac nhau ma con cho biét khoang cach gitra ché d6 tinh
toan va ché do gii han. Phuong phap phan tich 6n dinh phi chu ky don gian hon va
thich hop cho LDPPTA.
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Chuong 3: CAC BIEN PHAP NANG CAO ON PINH PIEN AP
Nang cao On dinh dién ap ludi dién phan phdi trung ap c6 nhiéu bién phap,
trong pham vi ludn vin dua ra 2 nhom bién phéap: Iya chon ciu tric hé thong cung
cap dién, bu cong sudt phan khang.

Céc bién phép chinh 1a :

1-Lam thém cac duong day maoi

2-St dung cac thiét bi bu c¢d dinh : bu doc va bu ngang, béng tu dién hay
khéang dién.

3-Str dung céc thiét bi 1am linh hoat hoa ludi dién (FACTS).

Céc thiét bi FACTS 1a céc thiét bi bu c6 diéu khién theo thoi gian thuc bang
tirystor.

Thiét bi bu chia lam 3 loai:

- Bu ngang : phat hoic tiéu thu cong suat phan khang vao ludi dién (Quy
udc: cong suat phan khang dung tinh goi 13 cong suit phat, cong suat phan khing
cam tinh goi 14 tiéu thu). Bu ngang tac dong vao ngudn cong suat phan khang do dé
c6 tac dong manh dén kha ning tai theo dién ap.

- Bu doc, dat nbi tiép véi duong day , tac dong vao thong sé cia dudng
day , do d6 tac dong vao phan bd dong cong suit trong ludi dién . Bu doc tac dong
manh dén kha ning tai theo phat nong.

- Loai hdn hop ca bu ngang va doc trong ciing mot thiét bi bu.

Bu ¢d dinh chi thoa m3n mot hodc mdt sb ché dd lam viée, con bu béng thiét
bi FACTS thich hop cho mién rong cac ché @6 do thong s6 bu duoc diéu khién dudi
tai. Do thiét bi FACTS dugc diéu khién theo thoi gian thuc nén né céc tac dong dén
cac qua trinh qua do, 1am giam cac giao dong dién ap va cong suit, co tac dung
nang cao kha nang tai theo 6n dinh tinh va on dinh dién ap .

Anh hudng cia cac thiét bi FACTS dén hé théng dién :

- C6 thé ting kha ning tai cta cac dudng day dén giéi han nhiét ngan han

va theo mua
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- Tang duogc gioi han 6n dinh dong, on dinh tinh, 6n dinh dién ap, giam
dong ngan mach va qué tai, ngin chin dugc sy ¢ lan truyén va 1am suy giam cac
dao déng co dién va dién tir xay ra trong hé théng dién .

- Pam bao an toan cho cac dudng day lién hé thong.

Anh huéng cua timg loai thiét bi FACTS dén cac chi tiéu ndi trén c6 trong

bang sau:

Thitt bi FACTS | Difulhifn déng | Didu chinh |

céng sust ditn 4p On dinh déng On dinh tinh
SVC + +++ + +
STATCOM + ++ ++ ++
TCSC ++ n s un
S85C ++ + -+ T+
TCPST ++ + + =+
UPFC +H+ +HH+ +HH +++

Bang 3.1

3.1.Cac phuong phap co ban giai tich lwéi dién.

3.1.1.Phwong phap Newton-raphson (N-R)

Phuong phap N-R 13 phwong phap chu yéu dé tinh ché d6 xéac lap cua ludi
dién .

1-Phuong trinh chinh cta ché do xac lap 1a hé phuong trinh cin bang cong
sut nut:

AP =P, -P.=P, —uii U;(Gcosd; + Bysing; ) =0
i1

AQi = QiZ _Qi = Qiz _Uii Uj (GijSiné‘ij - BijCOSGij): 0

i=0;

3.1)

Vi cac rang budc:

U.in <U; <UL (3.2a)

imin —
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S, <S (3.2b)

ijmax
Vi céc nut phat

Qtimin < Qr < Qpjmax (3.2.c)

Trong do :

Piz=Pri-Psi : cong xuit tic dung bom vao nat i néu >0( cong suat phat), cong
sut rut tir nat i néu <0 (cOng suat tai).

Qix=Qri-Qti: céng xuit phan khang bom vao nat i néu >0( cong sudt phat),
cong sut rat tir nut i néu <0 (cong sut tai).

Pri, Qri: cong suat ngudn dién tai nut i

P4, Qti: cong sut phu tai dién tai nat i

S, =P, +Q, :cong suat tai trén duong day néi 2 nit i va j.

Ui: dién 4p tai nut i (modun).

3ij=0i-8j: goc cuia dién ap nut i va j (so véi truc quy chiéu 13 niit can bang)

Gii,Bij: phan thuc va 4o cua cac thanh phan ctia ma tran tong dan nat Y.

N:sd nit cua lugi dién.

Chi s6 max va min chi gii han trén va duédi cta cac thong sb twong tng.

2-Thuat giai:

M&i nat cua ludi dién c6 4 théng sb :modun dién ap Ui, goc dién ap di so véi
nat quy chiéu, cong suat tac dung, cong suat phan khang. Chi c¢6 thé cho trudc 2
thong s, can tinh 2 thong sb con lai.

Luéi dién c6 3 loai nut :

- NGt PV: 13 nit cho trude cong suat P va modun dién ap U, tinh goc dién ap &
va Q, thuong 1a nat phat.

- Nut PQ: cho truée P va Q, tinh modun di¢n ap U va goc 6 thudng la nut tai.

- Nat can bang: cho biét dién ap Ucs va goc & = 0 1a n(t quy chiéu, tinh P va
Q. Co thé c6 1 hodc nhidu nit can bang. Néu c¢6 1 nat can bang thi cong suét tac
dung cua nut can bang bang cong suat tai ciia cac nut PV, PQ cong véi tén thit cong

sut tic dung va phan khang trong ludi dién. Néu tat ca cic may phat déu tham gia
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1am nut can bang thi sau mdi budc tinh, téng ton that céng suit tic dung duoc phan
chia cho tit ca cac may phat theo ty 1& nao d6 vi dy theo cong suat dinh mirc cua
tirng may phat. Sau mdi budc cong suit tac dung cua nut PV ting 1én bang cong
suat phat ban dau cong véi phan ton that duge phén chia.

So db thuat toan trén hinh.3.1.
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Doc file di¥ liéu

v

Tinh MTTD Y

v

Cho sb liéu ban
dau cua U,5=0
k=0

\—> 1-Tinh Pi!Qi

A
2-Kiém tra nut PV:
Tinh Qr=Q;+Qy
b
Qr=QFjmin
b
QszQijax
j-PV>j-PQ
3-Tinh APi,AQi <«
b
Max(aP,0Q) > Kétua
<sai sO
Kiém tra dién ap
va cong suat trén
4-Tinh J dwong day
A z .
Két thac
5-Tinh Aéi,AUi
6-k=k+1
< Cap nhat U; va o
Hinh 3.1
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Céc khdi tinh toén :
1-Pi,Qi 14 cong suat tir nat i di vao ludi dién & birc k tinh theo
N
P, =U, Y U,(G;coss; +Bsing; ) =0
- (3.3)

Q =U; > U;(G;sing; —B;coso; ) =0

N
i=0;
2-Véi nlt PV Qrj khong dugc cho trude ma tinh sau khi da tinh dugc dién ap
cac nat, tinh theo: Qr = Qj + Q4 ,Q;j 12 cong suat di vao ludi dién, Qri la cong suat
phat & budc tinh k.
3-APi va AQj ¢ budc k tinh theo:
N
AP, =P, -P.=P, —U,> U, (Gjcos5; + B;sing; ) =0
. (3.4)
AQ =Q; —Q =Q, U, > U;(Gysins; — B;cost, ) = 0
i=0;

4-Ma tran Jacoby & budc k tinh theo:

(aAP) (6AP)
00 oU J, J
J= { ' 2} (3.5)
O0AQ 0AQ J, J,
00 oU
. 0P, - .
Jl (_7_, _7_) = 85 = UJ_ z Um (_Glj S1in 5_7__7 + B_'Lj CcoSs 51_7)
1 i=1
Ji: §#i
oL OP; ,
3 (3.6a)
L OP; C .
J,(i,1) = o = 2U,G;; + z U, (Gij cos d;; + B;; sin é‘ij)
1 =1
Jo: ;#i
. 0P, ,
J, (i, 7) = . = U, (Gl.j cos d;; + B;; sin 5ij)
J (3.6b)
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. 00, < ,
J; (1, 1) = 5 - U, Z U; (Gij cos 0;; + B;; sin 51;')
i j=1
J3: j#i
..y 00, S s
J; (1, ) = 5 - -U,U, (Gij cos 0;; + B;; sin ij)
J (3.6¢)
00, . C ,
P =J,(i,1) = -20;B,, + Z U,(G;; sin §,; — B;; cos J,,)
i =1
Ja: i
00, o .
e =J,(i,3) = U, (Gij sin 6;; — B;; cos 5ij)
J (3.6d)
5-Adi va AU; & budc k tinh dugc bang cach giai hé phuong trinh tuyén tinh :
k k
@Ry |y [@or a7
(AQ) (AU)

6-Goc va modun dién ap ¢ bude k+1 tinh theo:

5(]”1) 5(k) Aé(k) 2

gD | g® i A% (38)
5 = -5 (39)
3.1.2.Phwong phap dong dién 1 chiéu (phwong phiap DC model)

Xét phuong trinh:
N
P, =U,>"U;(G,coss; +Bjsing, ) (3.10)
j=1
Néu b6 qua Gij, Bcij va néu goc 8ij nho va tinh trong hé don vi tuong d6i véi

U, ~U,; =1taco thé viét:
N
IDi :jz_l: Bij(é} - 5]) (3-11)
Bai toan giai tich ludi dién 1a :
N

AR:RZ_ZBij(é}_aj):O (3.12)

j=1
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Tinh ludi dién theo (3.11) va (3.12) dugc goi 1a méd hinh 1 chiéu (DC model),
con theo phuong phap N-R thi trong mot s6 tai liu dugc goi 14 mé hinh xoay chiéu
(AC model).

Viét du6i dang ma tran:

[AP]=B[5] (3.13)
3.2. Lwa chon céu triic tdi wu HTCCP [10].

Viéc thiét ké LDTA véi yéu cau hop 1y vé cdu tric, t6i wu vé kinh té, thoa mén
cac diéu kién gi6i han 1a bai toan rat phirc tap, dic biét khi xét dén gi6i han 6n dinh
dién ap. Céc tinh toan don gian dé dan dén mot cau trac ludi co von dau tu cao,
trong khi kém an toan, chat lugng dién ning thap.

Vén d& dugc dat ra lién quan dén quy mé ngay cang rong khip ciia LDTA, trong
diéu kién phat trién phirc tap cia HTD Viét Nam. Nhiéu nut tai xa nguon, cong suat
to1 gén gi61 han on dinh, dién ap co thé dao dong rit manh, trude nguy co sup do
dién ap.

3.2.1. Khao sat giéi han CCP LPTA trén mit phing cong suit.

Céc biéu thtc tinh giéi han CCP ddi véi ludi dién don gian, mot phu tai

(hinh 3.2)

* Theo diéu kién dong phat nong.
Day dan can duoc lya chon sao cho dong dién lam vi¢c cudng buc (16n nhat,
kéo dai) nhé hon dong dién cho phép:
I < I'cp =k, *k,..k, *1,
Xét gidi han theo cong suit ta co:

S<BU*I_ *k, *k,..k, =S, (3.14)

Trong d6: Iep dong dién 1am viéc 1au dai chay trong ddy dan, dam bao nhiét
d6 phat nong & gidi han cho phép, trong diéu kién tiéu chuan; ki, Ka,..., kn 12 cac hé
s6 hiéu chinh céac diéu kién khac véi tiéu chuan; S 1a cong suét truyén tai; U la dién

ap 1am viéc, c6 thé tinh gan dang theo tri s6 dinh mirc.
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Biéu dién trén mit phang cong suit (P, Q) ta c6 gidi han CCP theo diéu kién
phat néng 13 hinh tron tdm (0,0) ban kinh bang Sgn.
* Theo diéu kién ton that dién ap.
T6n that dién ap tinh dén cudi dudng day co thé tinh gin diing theo thanh phan
cung pha voi dién 4p nut:
AU = (PR+QX)/U
Trong do: Z= m - 1a tong tré dudng day; Pién ap U co thé ldy gan
dang theo tri s6 dinh murc.
Goi AU la tri s6 ton that dién ap cho phép, S 1 cong suét truyén tai, co goc
cong suat @, ta co:

~ S(Rcosg+ Xsin )
U

AU <AU;

U
Hay S(op) < AU _ (3.2
y S(e) Rcose+ Xsing #1(3-2)

Biéu dién trén mat phéng (P,Q) ta c6 gidi han CCD theo diéu kién ton that dién
ap (duong ellip).

* Theo diéu kién sup do dién ap

Hinh 3.2

Theo [5], mirc d6 6n dinh dién 4p c6 thé xac dinh theo chi s6 sut ap nut tai (L):

L= 1+$ = |~ Sl. (3.3)
Ul |YaU?
Véi U02£U2=— , YL_ U. (3.4)
Yu YL+YQ

Trong d6: S1, Sz 14 cong suét truyén tai tir cac nit (tai va ngudn);
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U1, Uz 14n luot 1a dién ap nut tai, nat ngudn;

Y la ma tran tong dan cua mang 2 cua;

Y., Yola téng din ngang va doc khi biéu dién duong day theo so dd hinh IT

Xét cho ludi trung ap ta co Yo =0 nén U,

=—U, (3.5)

Trén hinh 3.2, cong suit nat tai ¢ huéng bom vao so do, trong thuc té thuong

liy cong suét tai dwong voi hudng nguogc lai.

Chi s6 L c6 gia tri tir 0 dén 1. Gia tri L = 1 tuong Gmg voi trang thai gidi han on

dinh dién ap. Chi s6 L cang nho thi mirc do 6n dinh dién ap cang cao.

Trong [5] d& ching minh quan hé giita tri s6 S1 v6i gia tri chi s6 L nhu sau:

UzYll

(3.6)

S =
YT L1/ L —2008(dg, + du)

Trong d6: ¢, 1 gbc cong suat phu tai, ¢,

la goc tong dan riéng cua nit 1.

Biéu thire (3.6) thuc chét 1a quan hé giita S1 véi ¢, trong hé toa do cyc cuia mdt

phang cong suat khi giit chi s6 L khong doi. Trén hinh 3.3 cho thiy véi chi s6 L

khac nhau duong cong c6 dang ellip khac nhau.

Khi chi s6 L = 1 thi duong cong chinh Ia giéi han CCD theo diéu kién sup do

dién ap trén mit phang cong suat.

Hinh 3.3 biéu dién hé truc toa do theo cong suat tai voi cac tri s duong cong

sudt twong tng voi goc phan tu thir nhat trong mit phang phirc. D& diang nhén thay

mién gidi han CCD theo diéu kién sup ap 1a twong dbi hep.

"2

A

"U

/

é-u

0|’
\lv .

\
/L6
L:1"J,/:‘ / j \ ‘
_///' E
-4
//128 | _
Hinh 3.3
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Nhan xét:

- Thong qua cac biéu thirc gidi han CCP trén mat phang cong suit cd thé so
sanh, danh gia yéu t c6 y nghia quyét dinh dén kha ning CCP ctua LDTA.

- Mién gi¢i han CCP cho thay anh hudng cta hé sé cong sudt cose dén kha
ning truyén tai cia LDTA.

Déi véi ludi dién phuc tap cac gii han trén van ton tai va c6 y nghia tuong tu.
Tuy nhién biéu thirc x4c dinh gii han sup d6 dién ap rat phic tap, dé tinh toan can
st dung cac cong cu riéng.

- Céc gi6i han cong suit truyén tai theo diéu kién sut ap va sup d6 dién ap giam
nhanh theo ban kinh cip dién va tr¢ thanh cac yéu td quyét dinh trong thiét ké CCD
khi khoang cach 16n.

- Gi6i han theo diéu kién sup db dién ap phu thudc phuc tap vao cau trac toan
ludi do d6 can xét dén trong diéu kién LDTA phat trién ngay cang phirc tap.

3.2.2. Céc chi tiéu danh gia mirc dd 6n dinh hé thong CCP phiic tap.

On dinh 1a mot thudc tinh mang dic trung hé thong: mot nguyén nhan bat ky
gy ra mat 6n dinh déu di dén sy 1am viéc khong binh thudng toan hé thdng. Sup
db dién ap xay ra & mot nat thi moi nut déu c6 dao dong dién ap rat 1on. Nhu vay,
LDTA duogc thiét ké pai ddm bao cho moi nut déu nam du xa gi61 han mét 6n dinh.
Hon nita nat yéu nhét can duoc dam bao do du trir can thiét. Mot phuong an phat
trién khong hop 1y LDTA, ¢6 nguy co xay ra sup do dién ap tai mot nat nao do s&
c6 thé anh huong chung dén gi6i han cung cip dién toan ludi.

Pé phan tich, danh gia 6n dinh HTCCP can st dung cac chwong trinh tinh toan
riéng cho phép thiét 1ap dugc cac chi tiéu danh gia mirc do 6n dinh. Nhiéu chuong
trinh phan tich ché d6 HTD hién nay ciing da duoc tich hop thém chirc ning phan
tich cac chi tiéu 6n dinh hé thdng, c6 thé st dung hiéu qua trong tinh toan thiét ké
luéi dién. Cac chi tiéu cha yéu (ap dung cho LDTA) ¢6 thé ké dén nhu sau:

* Hé s6 dy trit on dinh:

Bao gom:

- Hé s6 du trit cong suat tinh theo kich ban dién hinh:
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P, —P
K, =—2_*100%

>0
Véi Py, tong cong suat tai hién hanh;

P

5o tong cong sudt tai dén gisi han.
Y nghia: danh gig “d6 manh” cua toan luéi vé phuong dién 6n dinh.
- Hé s6 du trit theo y8u cau van hanh (phuong thirc quan tim):
K, = M100%
i0
Trong d6 Pi 1a thong s6 ndt tai quan tim. Hé s6 c6 ¥ nghia kiém tra riéng cho
tinh hubng ting thém dang ké phu tai ciia mot nut theo yéu cau phat trién.
* He sb sut ap:
k, %= ﬂlOO%
UO
Trong d6: Uo, Ugn tuong g tri s6 dién ap nat & ché do dang xét va ché do gidi
han.
Véi ciing kich ban thay d6i cong suét, nit co ky% 16n 13 “nit yéu”.
3.2.3. Cac phuong an cai tao LDTA.

* Phuong an 1: Dé thoa man cac diéu kién phat nong, ton that dién ap co thé
st dung bién phap thay ddi tiét dién day din.

* Phuong 4n 2: Kiém tra thém cac chi tiéu 6n dinh phuong an 1 khong thoa
méan: hé sd duy trit 6n dinh, hé sb sut ap,... dé biét nat nao 1a nut yéu. Dé nang cao
6n dinh khong thé chi tang tiét dién day dan, boi 6n dinh dién ap chu yéu phu thudc
vao dién khang va chiéu dai duong day. Hon nira hé s6 dy trit 6n dinh con phu
thuoc dién khang phia hé théng tinh tir thanh cai ha ap tram 110kV tr& vé ngudn.
Phuong 4n cai tao dua ra 1a: xdy dung dudng day méi dé giam khoang cach cung
cap dién.

3.3. Bui cong suit phan khang trong lwéi dién phan phéi trung 4p.
3.3.1. Cong suat phin khang va cac thong so lién quan

3.3.1.1. Khai niém vé CSPK

-59 -



Xét sy tiéu thu nang luong trong mot mach

dién don gian c6 tai la dién trd va dién khang (hinh
3.4) sau: U I

Mach dién duoc cung cép boi dién ap

U = Un. sinmt
m- S Hinh 3.4
Dong dién 1 1€ch pha véi dién &p u mot goc ¢:
I =Im.sin(ot—¢) hay i=In.(Sin®t.cos ¢ — Sing.cosmt)

Cé thé coi: i=1i"+i"
voi 1’ =Im .COS @. Sinmt
17’ =Im. sing.coswt = Im. sing.sin(ot —n/2)

Nhu vay dong dién i 13 tong cta hai thanh phan:

1’ ¢6 bién dg Im .cOS ¢ cung pha vdi dién ap u

1”” ¢6 bién dd Im. sing cham pha vai dién ap mot goc n/2
Cong suat twong tmg voi hai thanh phan i* va i’ 1a:

P = U.l.cos¢ goi 12 cong suat tac dung

Q = U.L.sing goi 1a cong suat phan khang

Tir cong thirc trén ta c6 thé viét: 0 > >
R U.Lcoso P
P = U.l.cose = Z.1(l.cose) = Z.1%. 7 U.1.sin
(P Y i
= R.I2 (3.7) S=U.l
VQ
_ _ X
Q = U.lLsing = Z.I(l.sing) = Z.IZ.E Hinh 3.5
= X.I? (3.8)

CSPK la thanh phan céng sudt tiéu thy trén dién cam hay phdt ra trén dién

dung cua mach dién.

3.3.1.2. Su tiéu thu CSPK
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Trén luéi dién, CSPK dugc tiéu thu &: Dong co khong dong bd, may bién ap,
khang dién trén duong day tai dién va & cac phan tir, thiét bi co lién quan dén tir
truong.

Yéu cau vé CSPK chi c6 thé giam dén mirc téi thiéu chir khong thé triét ticu
dugc vi né can thiét dé tao ra tir trudng, yéu td trung gian can thiét trong qué trinh
chuyén hoa dién ning.

*) Déng co khong dong bé

Pong co khong déng b6 1a thiét bi tiéu thu CSPK chinh trong ludi dién, chiém
khoang 60 — 65%;

CSPK ciia dong co khong dong bo gom hai thanh phan:

- Mot phan nho CSPK dugce sir dung dé sinh ra tir truong tan trong mach dién
SO cap

- Phan 16n CSPK con lai dung dé sinh ra tir truong khe ho

*) May bién ap

MBA tiéu thu khoang 22 dén 25% nhu cau CSPK téng cua ludi dién, nhé hon
nhu ciu cua cac dong co khong dong bd do CSPK dung dé tir hoa 15 thép mdy bién
ap khong 16n so vdi dong co khong dong bo, vi khong cé khe hd khong khi. Nhung
do s6 thiét bj va tong dung luong 16n, nén nhu cau téng CSPK ciia MBA ciing rat
dang ké.

CSPK tiéu thy béi MBA gom hai thanh phan:

- Cong suat phan khang dugc dung dé tir hoa 151 thép

- Cong suat phan khang tan tir may bién ap

*) Pen huynh quang

Thong thuong cac dén huynh quang van hanh c6 mot chan luu dé han ché
dong dién. Tuy theo di¢n cam cua chan luu, hé s cong suét chua duoc hiéu chinh
cos@ cua chan Ivu nam trong khoang 0,3 dén 0,5.

Céac dén huynh quang hién dai c6 bo khoi dong dién tir, hé sb cong suat chua

duoc hiéu chinh cose thudng gan bang 1. Do vay khong can hiéu chinh hé sé cong
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sudt cua thiét bi nay. Tuy nhién, khi cac thiét bi dién tir nay khoi dong thi sinh ra
cac song hai.

3.3.1.3 Céc ngudn phat cong suit phan khang trén ludi

Kha nang phat CSPK cua cac nha may dién la rat han ché, do cos@n cua nha
may tir 0,8 — 0,9 hoic cao hon nita. Vi 1y do kinh té ngudi ta khong ché tao cac may
phat c6 kha ning phat nhiéu CSPK cho phu tai. Cac mdy phat chi dam dwong mot
phan nhu cau CSPK ctia phu tai, phan con lai do cac thiét bi bu dam trach (May bu
déng b0, tu dién).

Ngoai ra trong hé théng dién néi chung, phai ké dén mot ngudn phat CSPK
nira, do 1a cac duong day tai dién, ddc biét 1a cac duong cap va duong day si€u cao
ap. Tuy nhién & day ta chi xét dén ludi phan phdi, do vay chi luu ¥ dén cac truong
hop duodng day 35 kV dai va cac duong cap ngam. Tuy nhién CSPK phat ra tir cac
phan tir nay ciing khong dang ké nén ngudn phat CSPK chinh trong ludi phan phi
van 1a ty dién, dong co dong bd va may bu.

*) Mdy bu dong bo

May bu dong bo 1a loai may dién dong bd chay khong tai dung dé phat hoic
tiéu thu CSPK. May bu dong bo 1a phuong phap co truyén dé diéu chinh lién tuc
CSPK. Cac may bu dong bd thuong duoc dung trong hé thdng truyén tai, ching
han & dau vao cac dudng diy tai dién dai, trong cac tram bién ap quan trong va
trong cac tram bién d6i dong dién mét chiéu cao ap.

Néu ta ting dong dién kich tir ik 1&n (qua kich thich, dong dién cua may bu
dong bo s& vuot trude dién ap trén cuc ciia nd mot goc 90°) thi may phét ra CSPK
Qb phat 1én mang dién. Nguoc lai, néu ta giam dong kich tir ik (kich thich non, E <
U, dong dién cham sau dién 4p 90°) thi may bu sé bién thanh phu tai tiéu thu CSPK.
Viy may bu dong bo c6 thé tiéu thy hodc phat ra CSPK.

Cac may bu dong bd ngdy nay thudng duogc trang bi hé thong kich thich tir
nhanh c6 bd kich tir chinh lwu. Cé nhiéu phuong phéap khoi dong khac nhau, mot
phuong phéap hay dung 1a khdi dong dao chiéu.

*) Tu dién tinh
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Tu dién tinh 1a mdt don vi hoac mdt day don vi tu ndi v6i nhau va ndi song
song vo1 phu tai theo so dd hinh sao hodc tam giac, voi muc dich san xuit ra CSPK
cung cap truc tiép cho phu tai, diéu nay lam giam CSPK phai truyén tai trén duong
day. Ty bu tinh ciing thudng dugc ché tao khong d6i (nhdm giam gia thanh). Khi
can diéu chinh dién ap co thé dung tu dién bu tinh dong cit dugc theo cip, do 1a
bién phap kinh té nhét cho viéc san xuat ra CSPK.

Tu dién tinh cling nhu may bu dong bo 1am viéc & ché do quéa kich CSPK truc
tiép cap cho ho tiéu thy, giam dugc luong CSPK truyén tai trong mang, do d6 giam
duoc ton that dién ap.

CSPK do tu dién phat ra duoc tinh theo biéu thirc sau:

Qc = U2.2xf.C.10° kVAr (3.9)

Trong d6: - U c6 don vi 1a kV

- f tin s6 co donvila Hz
- Cladién dung co donvila pF

Khi str dung tu dién can cht v phai ddm bao an toan van hanh, cu thé khi cit tu
ra khoi luéi phai c6 dién tré phong dién dé dap dién ap.

Céc tu dién bu tinh dugc dung rong rai dé hiéu chinh hé sb cong suét trong cac
hé thong phan phdi dién nhu: hé théng phan phdi dién cong nghiép, thanh phd, khu
dong dan cu va néng thon. Mot sb cac tu bu tinh cling dugc dat ¢ cac tram truyén
tai.

Tu dién 14 loai thiét bi dién tinh, lam viéc véi dong di¢n vuot trude dién ap. Do
d6 co thé sinh ra cong suit phan khanh Q cung cip cho mang. Tu dién tinh c6
nhitng wu diém sau:

- Sudt ton that cong suat tac dung bé, khoang (0,003 — 0,005) KW/KVA.

- Khong c6 phan quay nén lip rap bao quan dé dang.

- Ty dién tinh dugc ché tao thanh timg don vi nho, vi thé c6 thé tuy theo su
phat trién ctia phu tai trong qua trinh san xuat ma diéu chinh dung lugng cho phu
hop.

Song tu dién tinh ciing co mot so nhuoc diém sau:
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- Nhuoc diém chu yéu cua chung 1a cung cip duge it CSPK khi c6 réi loan
hoic thiéu dién, boi vi dung luong cua cong suat phan khang ty 1é binh phuong véi
dién ap:

UZ

:IZX =
Q ¢ 1/aC

=wCU? (3.10)

- Tu dién c6 cdu tao kém chic chin vi vay d& bi pha hong khi xay ra ngin
mach

- Khi dién ap ting qua 1,1Un thi tu dién dé bi choc thung.

- Khi dong tu dién vao mang cé dong dién xung, con khi cat tu khoi mang, néu
khong c6 thiét bj phong dién thi s& c6 dién ap du trén tu.

- Bu bﬁng tu dién s€ khé khan trong viéc tu dong diéu chinh dung luong bu
mot cach lién tuc.

- Tu dién tinh dugc ché tao dé dang & cap dién ap 6 - 10 kV va 0,4 kV. Thong
thuong néu dung luong bu nho hon 5 MV Ar thi ngudi ta dung tu dién, con néu 16n
hon phai so sanh v&i may bu dong bo.

*) Déng co khéng dong b réto day qudn dirgc dong bo héa

Khi cho dong dién mét chiéu vao day quin Roto ctia dong co khong dong bod
thi dong co d6 s& 1am viéc nhu dong co ddng bo, co thé diéu chinh dong kich tir dé
n6 phat ra CSPK cung cdp cho mang. Nhuoc diém cua loai nay 14 sudt ton that cong
suat tic dung 16n, khoang (0,02 — 0,08) KW/KVAr; kha ning qua tai kém. Vi vay n6
chi dugc phép lam viéc voi 75% cong suat dinh muc.

Vi cac nhuoc diém trén, cho nén no chi duoc dung khi khong c6 san cac loai
thiét bi bu khac.

*) Mang cap

Cam khang cta day din 13 do c6 tir thong bién ddi khi co dong dién chay trén
day dan, trong mang lu6i dién phan phdi, day cap c6 cam khang rat bé vi cac 15i cap
dat rit gan nhau va tir thong méc vong qua chiing rat nho. Vay trén so do thay thé

cua duong day céap chi con co dién tr¢ cua cap. Hay ndéi mot cach khac, trén mang
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phan phdi, ton that CSPK tir mang cap rat khong dang ké. CSPK do céap phat ra phu
thudc vao cap dién ap va tiét dién cua 15i thép.

Ngoai cac thiét bj bu ké trén, con c6 thé ding dong co déng bo 1am viée & ché
do qua kich tur, hodc dung may phat dién lam viéc & ché do bu dé lam may bu.

O céac xi nghiép c6 nhiéu t6 may phat diezen, 1am ngudn du phong, khi chua
diung dén c6 thé sir dung 1am may bu ddng bd. Theo kinh nghiém thyuc té viée
chuyén may phat thanh may bu khong phién phirc lim. Vi vdy bién phap nay duoc

nhiéu xi nghiép ap dung.

3.3.2. Uu nhuoc diém ciia cac nguon phat cong suiat phian khang

3.3.2.1. Uu diém cua tu dién so véi may bu dong bod

- Chi phi cho mdt kVAr cua tu dién ré hon so vo1 may bu déng bo. Uu diém
nay cang ndi bat khi dung luong cang ting.

- Gia tién ctia mdi kVA tu dién tinh it phu thudc vao cong suit dit va c6 thé
coi nhu khong ddi, vi vay rat thuan tién cho viéc phan chia tu dién tinh ra lam nhiéu
t6 nho, tuy ¥ lap dit vao noi can thiét. Trai lai gia tién mdi kVA mdy bu dong bo lai
thay d6i tily theo dung lwong, dung luong may cang nho thi gi tién cang dat.

- Ton that cong suit tac dung trong tu dién rat bé, khoang (0,3 — 0,5)% cong
suat ciia chung, trong khi d6 ton that trong may bu dong bd 16n hon hang chuc lan,
vao khoang (1,33 -3,2)% cong suat dinh mirc.

- Tu dién van hanh don gian, d6 tin ciy cao hon may bu dong bo. Trai lai may
bu dong bd voi nhitng bd phan quay, chdi than... dé giy ra mai mon, sy c¢d trong lic
van hanh. Trong lac van hanh, mot ty dién nao d6 co thé bi hu hong thi toan bd sb
tu dién con lai van tham gia vao van hanh binh thuong. Song néu trong nha may chi
c6 mot may bu dong bé ma bi hu hong thi s& mét toan bd dung luong bu, anh hudng
tiéu cuc khi d6 s& rét 16n.

- Ty dién lap dit, bao dudng dinh ky rit don gian. C6 thé phan ra nhiéu cum dé
lap rai trén ludi phan phdi, hiéu qua 13 cai thién duong cong phan bd dién ap tot

hon. Ty dién khong can cong nhén tréng coi van hanh nhu may bu dong bo.
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- Tu dién dién ap thap con c6 vu di€m la n6 dugc dat sau trong cdc mang dién
ha 4p xi nghiép, gan ngay cac dong co dién, nén lam giam dugc AP va AA rat nhiéu.

3.3.2.2. Nhuoc diém cua tu dién so véi may bu dong bod

- May bu dong bo c6 thé diéu chinh tron twong d6i dé dang, con tu dién thudng
chi dugc diéu chinh theo tirng cép.

- May bu ddng bo c6 thé phat ra hay tiéu thu CSPK theo mét co ché linh hoat,
con tu dién chi c6 thé phat ra CSPK

Céac nhugc diém cua tu dién ngay nay da dan duoc khic phuc.

Vi nhiéu vu diém ndi troi so véi may bu dong bd, ngdy nay trén ludi dién
phﬁn 16n sir dung tu dién dé bu CSPK.

Theo théng ké thi co gén 60% tu dién duoc bu trén duong day, 30% dugc bu
tai thanh cai tram bién ap va khoang 10% con lai dugc bu ¢ h¢ théng truyén tai.

3.3.2.3. Khic phuc nhuoc diém ciia tu bu tinh bang thiét bi diéu khién
Thyristor (SVC)

Céc thiét bi bu gidi thiéu & trén khong c6 tu dong dicu chinh, hodc c6 dicu
chinh nhung rat chdm (nhu may bu dong bod) hoic diéu chinh timg nic. Su phat
trién vuot bac trong linh vuc diéu khién ty dong, dic biét 1a ky thuat dién tr cong
suit véi cac thiét bj Thyristor cong suat 16n di cho phép thuc hién cac thiét bi bu
diéu chinh nhanh (thudng khong qua % chu ky tan s6 cong nghiép). Hién nay cac
thiét bi bu c6 diéu khién dugc xac nhan la rat tét khong nhiing trong ludi cong
nghiép ma ca trong hé théng dién truyén tai va phan phdi.

SVC (Static Var Compensator) 1a thiét bi bu ngang dung dé tiéu thu CSPK c¢6
thé diéu chinh bang cach ting hay giam goc mé cua thyristor, nd dugc to hop tir hai
thanh phan co ban:

- Thanh phan cam khang dé tac dong vé mat cong suat phan khang (c6 thé phat
hay tiéu thu cong suat phan khang tiy theo ché d6 van hanh).

- Thanh phan diéu khién bao gom céc thiét bi dién tir nhu Thyristor, cac cira
dong mé GTO (Gate Turn OfY)...

SVC duoc cau tao tir ba phan tir chinh gom:
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+ Khang diéu chinh bang thyristor — TCR (thyristor Controlled Reactor): c6
chirc ning diéu chinh lién tuc CSPK tiéu thy.

+ Khang déng mé bang thyristor — TSR (Thyristor Switched Reactor): ¢6
churc ning tiéu thu CSPK, déng cat nhanh bang Thyristor.

+ B tu dong md bang thyristor — TSC (Thyristor Switched Capacitor): C6
chtrc ning phat CSPK, déng cét nhanh bang Thyristor

- Pé diéu chinh tron ty dién ngudi ta dung tu bu CSPK c¢6 diéu khién SVC

- Bé phat hay nhan CSPK ngudi ta ding SVC gom t6 hgp TCR va TSC

- Pé bao vé qua ap va két hop diéu chinh tu theo dién 4p ngudi ta lap dat cac
b6 diéu khién dé dong cat tu theo dién ap.

Céc thiét bi bu diéu chinh c¢6 hiéu qua rat cao, dam bao 6n dinh duoc dién ap
va nang cao tinh 6n dinh cho hé thong dién. Pbi v6i cac dudng day siéu cao ap cic
thiét bi bu c6 diéu khién doi khi 1a thiét bi khong thé thiéu dugc. Ching 1am nhiém
vu chéng qua dién ap, giam dao dong cong suit va nang cao tinh 6n dinh tinh va
dong. Nhuoc diém cua cac thiét bi bu c6 diéu khién 1a gia thanh cao. Dé lua chon va
lap dat cac thiét bi nay can phai phan tich tinh toan ty my va so sanh cac phuong an
trén co s cac chi tiéu kinh t& k¥ thuat. Cac thiét bi bu tinh dugc diéu khién bang
thyristor 13 loai thiét bi bu ngang tinh (phan biét voi may bu quay). CSPK dugc tiéu
thu hodc phat ra bai cac thiét bi nay cé thé thay doi duoc bang viéc dong md cac
thyristor.

3.3.3. Thiét bj but ngang c6 diéu khién (SVC)

3.3.3.1. Ciu tao co ban clia SVC

Thiét bi bu ngang c6 diéu khién trong truong hop chung dugc ciu tao tir ba

phén tir co ban:
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- Thyristor controlled reactor (TCR)
la cudn khang c6 diéu khién bang
thyristor. TCR ¢6 thé diéu chinh lién tuc
dung luong bu bing cach thay ddi goc
dong mé cua Thyristor mdt cach lién tuc

ttr 909+180°, hinh 3.6a.

TCR TSR TSC
a) b) c)
Hinh 3.6

Mot tu dién riéng ré co thé thém vao bﬁng cach méc song song dé dat duge
dung luong kVAr va c6 thé ndi tiép dé dugc dién ap kV. Ching co thé duoc sir
dung tai hay xap xi gia tri dién ap dinh mirc boi cac 1y do vé kinh té.

Bién phap nay dugc goi 13 bién phap bu ¢ hiéu lyc nhat do d6 co thé tuy y dat
cong suit thiét bj bu dé dat duoc hé sb cong suét mong mudn.

Tu dién duoc ché tao vai dién aptu 220V dén 10 kV mot pha va ba pha, cong
suat don vi tir 5 +100kVAr bang cach ghép nbi tiép va song song s& cd dugc bo tu
dién, c6 cong sudt va dién ap tuy y. Trén mang dién tu dién duoc dung pho bién hon
may bu do nhirng uu diém ndi bat nhu tiéu thy it cong suét tac dung, khoang tur 0,3
+0,5% cong suat dinh muc, van hanh va stra chira don gian.

- Thyristor Switched Reactor (TSR) 1a cudn khang déng cét ty dong bang
thyristor. TSR chi c6 thé dong hoic md dung thyristor, khi d6 Xk chi nhan mot
trong hai gia tri (Xk = 0 hoac Xk = Xk max), hinh 3.6b.

- Thyristor Switched Capacitor (TSC) 14 tu dién dong cat bang thyristor, dién
dung cua tu chi ¢6 thé thay doi 13 0 hodc Xcmax, hinh 3.6¢

TSR va TSC thuc chit 1a cac bod khang va tu dién dong cit nhanh béng
thyristor. Piéu dang chu ¥ hon ca 1a TCR, mét thiét bi khang cé tham sb duoc diéu

chinh tron (tir 0 dén gia tri cuc dai). Khi t hop cac phén tir ndi trén, néi chung c6

-68 -



thé tao ra thiét bj bu ngang thay ddi duoc lién tuc thong s (dién khang, cong suit)
trong pham vi gi6i han bat ky.

Vi du nhu so d6 hinh 3.7:

C6 thé giai thich nguyén 1y 1am viéc
cua SVC trong truong hop nay nhu sau:
tin hiéu diéu chinh géc mé& lay tir phia VEBA
dién ap cao qua bién dién ap TU, qua bd

ty diéu chinh (TPC) diéu khién cac

Thyristor. Pau tién diéu khién cac TSC va
TSR d¢ diéu chinh tho, sau d6 diéu chinh
TCR dé 1oi dung tinh chat diéu chinh lién
tuc ctia n6 dé diéu chinh CSPK qua SVC
dén tri s6 thich hop. Trong pham vi thay

2. , A , . R TCR TSR TSCI
doi duge cua CSPK, dién ap tai noi lap = = =

dat SVC sé& duoc giit 13 hang sb.
Hinh 3.7

Do d6 thé thay d6i duoc thong sb cua cac thiét bi dién c6 diéu khién, ma nang
cao dang ké hiéu qua diéu chinh cong suat phan khang trong hé thong dién. Néu so
v6i may bu dong bo - 1a mot thiét bi bu phd bién thi SVC ¢ quan tinh nho, do bén
cao, khong gay ton thit va it phai cham soc bao quan khi van hanh. SVC khong chi
lam nhiém vu diéu chinh dién ap ma n6 con dong vai tro rét tich cuc trong viéc gilt
on dinh, nang cao chat lugng van hanh h¢ théng.

3.3.3.2 Hoat dong ctia thiét bi bu ngang c6 diéu khién SVC
*) Pic tinh diéu chinh ciia SVC
Nhu di biét phan tir dang cht ¥ nhit cuia SVC 1a TCR. Nho ¢6 TCR tri sb

cua SVC thay ddi duoc lién tuc. Tac dong diéu chinh cho TCR dit vao cuc diéu

khién cta céc thyristor. Nho thay d6i goc mé cua cac thyristor ma dong dién (thanh
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phan co ban) qua khang duogc thay doi lién tuc tir 0 dén tri s cuc dai, diéu nay
tuong tng v4i su thay doi lién tuc cong sudt phan khang trén SVC

Dic tinh diéu chinh cua SVC c6 thé xay dung dugc dwa vao nguyén 1y 1am
viéc cua thyristor. Trén hinh 3.8 mo ta don gian so d6 va hoat dong cua thyristor,
loai mét thyristor va loai hai thyristor méc song song nguoc.

Thyristor hoat déng twong ti nhu chinh luu, tuy nhién ngoai diéu kién dién ap
dat 1én ban than thyristor thuan chiéu, con yéu cau thém mot xung dién ap dat l1én
cuc diéu khién. Xung nay c6 thé khong can kéo dai ma thyristor van mé cho dén khi
diéu kién thuan chiéu dién 4p khong con nita. Sang chu ky méi, dién ap thuan chiéu
nhung mach ciing chi mo khi ¢ xung dwa dén cyc diéu khién. RS rang, khi thay doi
thoi diém phat xung & mdi chu ky, ta c6 thé thay d6i duoc dang ctia dudng cong
dong dién. Néu coi thanh phan co ban cua dong dién 1a thanh phan lam viéc, thi
bién d6 cia thanh phan nay thay doi theo goc md cia thyristor. Khi thyristor mé
hoan toan (goc mé a = 90°) bién d6 cta thanh phan co ban s& 16n nhit (bang dong
ban dau), khi goc mo o = 180° dong qua mach bang 0. Con khi thay doi dot ngot
goc md a = 90° sang o =180° ta nhin duogc trang thai dong cét cua hai phan tir TSR
hodc TSC dé thdy rd hon ta xét so do co ban ctia mot cuén khang co diéu khién
bang thyristor — goc pha thuan tdy (hinh 3.8a). Mdi nhanh cta ba pha bao gdm mét
cudn day dién cam L ndi tiép v6i hé thong hai thyristor mic song song nguoc
(TCR). Céc thyristor T1, T2 s& thay phién nhau lam viéc ng véi mdi chu ky cia
dién &p. Hinh 3.8 minh hoa nguyén 1y van hanh. Géc cét cua thyristor quyét dinh
bién d6 cua thanh phan dong dién tan s6 co ban. Cac thanh phan dong dién béac cao

(bac 3, bac 5, bac 7) co tri s6 nho, duge 1am triét tiéu nhd céac bd loc.
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UV UV
t t

Udk Udk

i i
t t
U U
/ /

. P e t ™ t

Hinh 3.8

*)Ddc tinh lam viéc ciia SVC

O ché do lam viéc binh thudng cta hé théng dién. SVC lam nhiém vu tu
dong diéu chinh dé giir nguyén dién 4p nat. Tin hiéu diéu khién 1a d6 1éch dién ap
do duoc tir TU, tin hiéu nay diéu khién géc mé cua céc thyristor 1am thay ddi trj sb
ctia thanh phan co ban dong dién di qua khang nho d6 cong suat tiéu thu (cong suat
phan khang) trén SVC thay doi. Khi dién 4p ting tac dung diéu chinh lam dong dién
ting, cong suat tiéu thy boi SVC 16n hon sé ha thip duoc dién ap nat. Khi dién ap bi
giam thap, dong dién qua khang giam, SVC giam cong suat tiéu thy (hoic phat cong
suat phan khang 1én hé thong khi dién ap dang tri c6 tinh dung). Nho d6 ting cao

duogc dién ap.
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TU

Hinh 3.9
b X X
Xlz:ma'_\: Xlz:ma'_\:
Xicmin
= U - > U
U, 0
) Xm-—‘ )
h Q Q
Qk:ma’_t Qlcma’x
Qimin
> > U
Uy U U,
b) ka.in
d)
Hinh 3.10

Trén hinh 3.10b 1a dic tinh diéu chinh theo dién ap cua SVC thuan khang, chi
nhan CSPK; hinh 3.10d 1a dic tinh tuong ddi téng quat 1én ciia SVC, SVC trong
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truong hop nay cé thé phat hodc nhan CSPK. Mot cach tuong tu ta ciing c6 dudng
dac tinh cta dién khang Xk theo dién &p (hinh 3.10a, hinh 3.10c).

Trong pham vi thay d6i duoc cua coéng suit (pham vi cia TCR) dién ap nut
dugc gilr & tri s6 dat Uo. Trong thuc té, v6i muc dich phéi hop diéu chinh, nguoi ta
ché tao SVC c¢6 dic tinh diéu chinh mém. Khi do trong pham vi diéu chinh duoc
clia cong suat, dién ap nat dugc phép dao dong véi do 1éch AU. Nho d6 d6 dbe cua
duong dic tinh ma trong pham vi diéu chinh dugc c6 thé phan bd céng suat cho cac
SVC lam viéc song song hoic 1am viéc véi cac thiét bi diéu chinh CSPK khéc.

3.3.3.3. M6 hinh cua thiét bu bu tinh ¢6 diéu khién bang Thyristor

Céc thiét bi bu c6 diéu khién nam trong hé théng nhu mot phﬁn tir thu dong,
nhung lai phan tng nhu dbi twong tu thich nghi. Boi vay trong truong hop chung
can mo ta cac thiét bi bu trong so d tinh toan hé théng nhu moét déi tuong co diéu
khién. Tuy nhién ciing can phai thdy rang tic dong cta hé théng thyristor gan nhu
tire thoi vi thé da s cac truong hop, khi qua trinh dién ra trong hé théng twong ddi
cham c6 thé xét cac thiét bj bu co diéu khién thong qua dic tinh diéu chinh. Truong
hop riéng c6 thé ap dung dic tinh diéu chinh cong suit hodc dién khang trong tinh
toan CDXL. Con trong ché do qua do can xét thém cac phan tir quan tinh phu. Sau
day ta xét cach mo phong SVC trong tinh toan ché do xac 1ap.

*) Mé hinh SVC trong tinh todn ché d xdc lgp
Khi tinh toan ché do xac lap cia HTD can mé phong duoc hoat dong cua
SVC véi cac dic tinh nhu di phéan tinh ¢ trén. Trude hét hiy xem xét hé phuong

trinh co ban ché d6 xéac 1ap cua HTD.

- H¢ phuong trinh co ban CDXL ciia HTP viét theo phirong phdp thé mit
Kij =U3/U;

Hinh 3.11
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Gia thiét so dd gdm toan cac nhanh chuin véin + 1 nut (ké ca nat dat- nat dat
c6 sb thir ty 1a 0). Xét nat i gdm cac nhanh ndi véi I qua may bién ap 1y tudng.
Ngudn dong Ji (tir may phat) bom vao nat nhu hinh 3-17

Trong truong hop chung, theo phuong phap thé nat phuong trinh co ban
CPXL cta HTD c¢6 thé duoc viét dudi dang sau:

YU+ YV, U =,

=0
J#1
o , _ o Kj
Trong dé: Yu l tong dan riéng doi véi nuti. Y = 2, >
j=0 <ij
1

— K j

IJ A 9 3 X o , A 4 . \ 4 .
i Z Tong tré tuong ho cia nhdnh ndéi nit 1 va nat j
ij

Véi  Kij=U’i/U;
Hay viét dudi dang khai trién:
Y, U + Y, Us +..+Y, Un = J,

Y, Ui + Y, U; +..+ Y, Uy = J, 10

Y, U+ Y,U; +..+Y, U= J
Nhan ca hai vé cta (2-76) véi tri s6 lién hop cua dién ap nit twong ng (voi

N

chu ¥ 1a cong suat Si = U, Ji ) ta c6 hé phuong trinh can bang cong suit:

Y, Up + Yy, U Up +..4 Y U Un = P, -jQ,

Y, Uz Us + Y,U2 +..+Y, U, U, =P, -jQ,

(3.15)

Y, UnUs + Y, Un Uz +.4 Y, U2 =P, -jQ,
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n A

Hayviétgon: ViUl + 2 Y UiUi=P-iQ;; i=12.n

121

Dang phuong trinh cin biang cong sut (3.15) thudng duoc sir dung trong cac
phuong trinh tinh toan CDXL boi vi cac théng tin thudng cho 1a cong suat. Dé giai
hé phuong trinh trén nguo1 ta thuong dung phuong phap Newton.

Khi HTD chi bao gdm céc phan tir tuyén tinh (dudng day, may bién ap, tu,
khang cb dinh...) dé thdy ring cac hé s6 Yij ctia hé phuong trinh 1a cac hing sb.
Trong khi d6 cac ham cong suat vé phai c6 thé phu thudc phi tuyén vao dién ap theo
cac dac tinh tinh phu tai P(U), Q(U)...Céac chuong trinh tinh toan CBXL hién nay
da xét dén cac dic trung phi tuyén nay (dudi dang cac ham chuan).

Khi ta xét dén cac thiét bj b ngang c6 dicu khién (SVC) ta can chu y dén dic
trung két ciu cta hé phuong trinh néu trén:

+ Néu mé phong SVC nhu mot nhanh dién khang khi tuyén (theo dic tinh
dién khang) thi cac hé s Yij s& 13 cac ham cua dién ap nat (chira SVC). Pay 1a cach
phé bién nhat ap dung ddi véi nhiéu chuong trinh tinh toan, nguoi ta thuong ding
phép lip véi thong sb roi rac hoa. Tuy nhién viée giai theo cac phuong phap lip s&
rat phirc tap, d6 1a vi qua trinh x4c dinh dinh thirc Jacobi (chiém nhiéu thoi gian
nhat) s& phai tang 1én rat nhiéu phép tinh dé xét dén tinh phi tuyén ctia cac phan tir.
Noi dung caa phuong phap 1ip co thé dugc giai thich nhu sau: V&i mot gia thiét ban
dau cau mic dién khang dang tri, qua trinh tinh toan cho phép xac dinh dién 4p trén
thanh cai tram bu (c6 dat BU). Néu dién ap ma cao hon tri sb dat, phép 1ap lam
giam dién khang (ting cong suat tiéu thu), nguoc lai khi dién ap thap hon tri s6 dat,
phép lap lam ting dién khang so vdi tri s6 ban dau. Phuong phép tinh todn nhu vay
¢6 hiéu qua khi khong c6 nhiéu vi tri dat SVC. Trong cac truong hop con lai, phép
1ap co thé khong héi ty, can cd xur 1y riéng.

+ MGt cach la dya vao dac tinh cong suét ctia SVC ¢6 thé mo phong SVC nhu
mot to hgp nguodn va tai phan khing c6 dic tinh tinh dic biét (ta can xac dinh cac
ham & vé phai ctia hé phuong trinh (3.15) sao cho tring hop voi dic tinh cong suit

ctia SVC). Khi d6 qué trinh gidi c6 thé tuan theo cac thuat toan thong thuong.
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Phan tir co ban biéu dién thong tin niit
Thong tin nut trong tinh todan CDXL ctia HTP ¢ day 1 phu tai hodc ngudn. Str
dung phuong phip Newton tai va ngudn c6 thé mé phong dang ham tuy y. Tuy
nhién dé thun loi trong tinh toan cac dang chuan thudng duoc dua ra rat co ban.
Céc dang khac dugc td hop lai trén co sé dang chuén d3 cho.
- Xét dac tinh tinh phu tai c6 dang

2
P(Uf)=FR, (Ao + Alui +A, U_zJ[ao + ali

0 0

Q) = Qo[Bo + Blui +B, 3_2]{130 + ﬂli

0 0
Trong do:
Po, Qo 12 tri s6 cong suat tac dung va phan khang img véi luc:
U = Udm; f = fam
Ao, A1, Az; Bo, B1, B2; ao. a1, o, B1 12 cac hé s6 tiém cén co thé lya chon cho
phu hop voi céac s6 liéu thuc nghi¢m. Cac h¢ ) nay can thda méan diéu kién phu:
Ao+ A1+ A2=Bo+B1+B2=1;, ao+tor=Po+P1=1

Truong hop riéng c6 thé coi f = const. Dang téng quat hon:

2
U-AU U-AU
P=P0(AO+A1 +A2( Z)thiU>Uo+AU

UO UO

P=PokhiU-AU<U<U+AU
U- AU U+ AUY’
P:PO[AO-l-Al +A2—( L )thi U<Up+ AU
0 0
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Ta c6 dac tinh P theo U, hinh 3.11

PA

Tuong tu ta cling c6 duong dac
tinh cia Q nhu hinh 3.13. Hinh 3.13

chinh 1a ddc tinh chuin ctia phy tai phan P,

khang d6i voi nat c6 may bién &p diéu

ap dudi tai. Voi Up 1a dién &p dat (dién

ap can giit cho thanh cai tram phia ha ap,

d3 quy vé phia cao ap).

U AU U+

Hinh 3.12

- Xét ngudn cong suat phan khang co diéu chinh

Trong hé théng dién céc
ngudn CSPK c6 diéu chinh thudng
la cac may phat git nguyén dién
4p. Mdi may phat nhu vay co
duong dac tinh CSPK theo dién ap
nhu hinh 3-13.

Qmax

Q

Qmin

Hinh 3.13

U = const

Trong pham vi CSPK dao dong tir Qmin dén Qmax, may phat c6 kha nang giit

dugc dién ap nut tai noi dit may phat 1a khong doi. Véi Qmin VA Qmax 13 cac diém

gi6i han diéu chinh CSPK.

*) Mo hinh SVC

Puong dic tinh ctia SVC ¢6 thé
duge cau tao tir ba dudng dic tinh
chuan, d6 1a 2 duong dic tinh tinh
phu tai va 1 duong dac tinh may phat
gitr nguyén dién ap (hinh 3.14)

A
) 1
thax
A[J/}//” 2
thin u /
Uy S
-QFmin
3
_QFmaX
Hinh 3.14
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Duya vao cac phan tir co ban (tai va ngudn) d néu ra & trén, c6 thé tién hanh
phan tich duong ddc tinh cia SVC nhu sau:
- Hinh 3.15a 1a duong dic tinh cia SVC thuan khéang, chi nhan CSPK
- Hinh 3.15b 1a dudng dic tinh cia SVC c6 két hop thém thanh phan tu tinh.
SVC loai nay c6 thé thay d6i CSPK tir phat dén nhan
- May phat twong duong can giit dién ap khong doi Up trong pham vi Qmin,
Qmax da tinh toan & trén.
Pé co dudng dic tinh tong hop phan anh ding hoat dong ciia SVC, thong sd
ctia cac dudng cong can xac dinh dung theo cac gi tri toi han cua khang dién.
Cu thé trong truong hop 2 duong cong 3.15a va 3.15b 1a:
+ P4i véi ngudn phét cong suat phan khang (duong 3 hinh 3.14):
Uo bang dién ap dit ciia SVC.

_ U
QFmax kain kaax
U2
Q min — —— :kain

" kaax

+ P6i véi cac dudng dic tinh tinh phu tai phan khang (duong 1 va 2 hinh
3.14):
Ac=A1=0,A2=1
Bo=B1=0,B2=1
Qmax = Qkmax. Qmin =Qxkmin
AU1 = Up — U1, AU2 = Ug2 — Up
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Q 1 Q /
/ _—] U
> U—%* I
Q 4 Q 4
thin Qtmax /
- U = U
Q 4 Q 4
> U
thax thin
> U
Q 4 Q 4
> U QFmin
QFmin > U
QFma’x QFma’.t
Hinh 3.15

Trong do: Cac tri s6 Uo1 va Uz c6 thé lua chon tuy y sao cho pham vi lam viéc
ctia dic tinh pht hop véi SVC du rong (hinh 3.13). Up 1a tri s6 dién 4p can giit (cho
trudce).

Nhu vay so dd thay thé twong dwong cia mdi SVC c6 dang nhu trén hinh 3.16
duéi day:

Q Q,
Qr

b)

Hinh 3.16
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3.4. Két luan chwong 3

V61 hai nhém bién phép nang cao on dinh dién ap nut tai, lga chon cAu trac
t61 wu ctia hé thdng dién thich hop voi bai toan quy hoach luéi dién phan phdi trung
ap, con bu cong sudt phan khang thich hop voi bai todn van hanh luéi dién. Lya
chon ciu trac luéi dién phai khao sat giéi han CCD LDTA trén mit phing cong
suit theo diéu kién phat néng, diéu kién tn that dién ap. Bu cong suat phan khang

bang SVC anh huéng dén on dinh dién ap ludi phan phdi trung ap.
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Chwong 4: TINH TOAN AP DUNG
4.1.Phwong phap tinh 6n dinh dién ap cia lwéi phan phoi :
Xét duong day tai dién co thong s6 Ry, Xn cung cip dién tir ngudn dién ap E

dén phu tai c6 cong suat yéu cau P,Q, c6 dién ap U ta c6 cong thiic:

U= \/(—E_QXH jz +(Pﬂj2 (4.1)
E E

Khi di biét E,Q ta c6 thé v& quan hé gitta U = f(P) nhu trén hinh 4.1. Trén

hinh nay U va P tinh theo h¢ don vi tuong ddi v&i Ues va Scs chon trude. Céc duong
cong nay dugc goi 1a duong séng miii, cac dinh ctia n6 chinh 14 giéi han 6n dinh
dién ap. Ché d6 1am viéc 6n dinh chi ton tai duoc & phén trén cua dac tinh. Gi61 han
6n dinh dién ap phu thudc vao E, Q: néu Q yéu ciu nho thi gii han 6n dinh dién ap

tang 1én, néu E nho thi gi61 han 6n dinh dién ap giam di va nguoc lai.

12 v ! ' ; ) T T

U-pu

1

0.8f -

0_6 R

0.4\

0.2

0.7
P-pu

Hinh 4.1
Véi lu6i phan phdi phiee tap ciing ¢6 cac dic tinh twong tir cho mdi nit tai.
Co6 2 phuong phép tinh céc dac tinh dién &p nay.
- Phuong phap tinh Iap lai: phu tai duogc tang 1én theo bac, sau khi tang tai
tinh ché d6 bang phuong phap Newton-raphson, ta c6 mot diém cua dic tinh dién
ap, tinh mai nhu vy cho dén khi dén diém dinh miii, khi d6 bai toan v nghiém hay

1a khong hoi tu. Khi d6 dinh thurc ctia ma tran Jacobi =0.
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Phu tai tat ca cac nut ting lén timg budc:

P=Py.(1+2)
Q =Qi-(1+1)
Do du trit 6n dinh dién ap:
K= E100
1

- Phuong phap tinh lién tuc, theo phuong phap nay cong suat dugc ting 1én
trong khi tinh toan ché do. Ttr mot diém trén duong sdng miii, v& dudng tiép tuyén
(giai doan prevision), tir tiép tuyén quay lai duong séng mili (giai doan correction),
va lai v& duong tiép tuyén méi...phuong phap nay cho phép vé dugc cac diém &
phan dudi cia duong song mili. Trong khi phuong phép tinh lip lai khong vé dugc
vi khi dén diém gi6i han két qua tinh di khong héi tu.

Phuong phap tinh lién tuc dugc st dung trong nhiéu chwong trinh tinh toan
hién nay. O day s& dung chuong trinh PSAT chay trong MATLAB chuyén dé

nghién ctru 6n dinh dién ap .

Pas de prévision du liéu

I/ Pas de correction
&~ hiéu chinh

Point critique
A max
| diém gi6i han

Hinh 4.2
4.2.Chuong trinh tinh toan :
PSAT
Giao dién cua PSAT chay trén nén Matlab
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4 MATLAB 7.12.0 (R2011a)
File Edit Debug Parallel Desktop Window Help

il | BB ¢ |ﬁ o A | (7] | Current Folder:| C\Users\Admin\Desktop\Giang VHJ [
Shortcuts 21 How to Add 2 What's New
Current Folder O 7 x| Command Window

L« Users » Admin » Desktop * Gi

D AL File Edit Run Tools Interfaces View Options Help
%] vidu3nut.doc
4 TINH_ODA _LPPS3nut.docx w4 B O] [l 2R 2] e/
“Y SACH_psat-20070308.pdf Data File
“r SACH_Ajjarapu_Computational_ [d 53MA mdl Freq. Base (Hz)
“Y psat_presentation.pdf
“% psat-2.1.2-refpdf Perturbation File FLITEE LA
£ pathdefm | [0 | Starting Time (s)
&

4] LUOIT4NUT.doc Command Line Ending Time (s)
“¥ JERTV21S50038.pdf r
“X |EEEBenchmarkTFreport.pdf PF Tolerance
] HUONGDANPSAT.docx Max PF lter.
F 2
S?lm I Dyn. Tolerance

=] fm_call.m
) d_53MB_mdLm Max Dyn. lter.
= d_53MB_mdl.asv

1 d_53MA_mdI_01.txt ‘ Power Flow ‘ | Time Domain ‘ ‘ Settings ‘
%) d_53MA_mdL.m O : :
= d_53MA_mdl.asv - R cr | Loadsystem || Pot |

1 d_53M_mdI_01.txt oo
#1d 53M_mdlm ) ) ) ) ) ‘ OPF ‘ | Save System | ‘ Close ‘
T d_53M_mdl.asv 4 A A& 10 12
a d 53k mdlm | Continuation Power Flow completed in 0.23922 s |
= d_53k_mdl.asv
%) d_53h_mdl.m <PSAT>
ad 53g mdlm Copyright (C) 2002-2010 Federico Milano
a ->-0. ' Version 2.1.6

d_53e_mdlm May 13, 2010

%) d_53d_mdl.m .

Hinh 4.3

Str dung phan mém PSAT:

- Thiét lap ludi dién voi cac thong so.

- Vé duong cong dién ap PV tai cac nut.

- Xuit ra cac thong s6: gia tri dién ap nat, dong cong suat va ton that cong
suét trén cac nhanh
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MATLAB 7.12.0 (R2011a)
p Window Help

(7] | Current Folder:| C\UsershAdmin\Desktop\Giang V|E|
lew
= PSAT 2.1.6 - B
ing * File Edit Run Tools Interfaces View Options Help N

&®4 Rldel e[ [t (&= 2] [2]

File Plot Options Legend

1.2 ' ' [92] V_Bus 39 3
[102] V_Bus 49
[101] V_Bus 48

Line Styles:
Standard Col... v
Reference Angle:

. . [1] theta_Bus 1
05 [2] theta_Bus 2 () Plot Snapshats
L [3] theta_Bus 3

Loading Parameter & (p.u.) [4] theta_Bus 4
- [5] theta_Bus 5 Plot
[6] theta_Bus &

[7] theta Bus 7
2

[8] theta_Bus &
[9] theta_Bus 9

-~
[10] theta_Bus - Q 4
[11] theta Bus -
< > Close

Trint = & Tamhds = 1 ATT e = A ATAR0

Hinh 4.4
4.3. Phén tich anh huwong ciia dién Ap ngudn va dic tinh phu tii dén 6n dinh
dién 4p ciia lwéi phan phéi.
So d6: luGi phan phdi co 53 nut 2 cip dién ap , tir nat 1 dén 35 1a dién ap 35
kV, tir nat 36 dén 53 1a dién ap 10 kV, may bién ap 35/10 dat & nhanh 11-36.
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35—34
19 33
18 3 A
o
17 31 < o S
16 30 g ng ®
3 — — v —~
15 29 = e 4~ =
E 2r 3 4 7 8 11 I@ I
5 6 o 10 © & <
. l l 35kV 10kV A
12 14 20735 %6 3
21
27 28 |y
23
24
Hinh 4.5

Thong sé duong day tai dién xem trong phu lucl, 2.

Scs=100MVA.

Phu tai 35 kV: 0.008+j0.004 pu=800+j400 kVA

Phu tai 10 kV: 0,003+j0,0015 pu=300+j150 kVA

Tong phu tai : 0.326+j0.163 pu

4.3.1. Tinh anh hwéng cia dién 4p ngudn E dén on dinh dién ap trong
truwong hop phu tii co dinh khong bién d6i theo dién 4p.
1) E =1,1: A = 1,6044, cac nit c6 dién ap thap nhat 1a 48,49,50.

d_53M_mdl U=1.1, lamda=1,6044
1.2

1t
0.8}
0.6/ | ——Vausso
04 L VBUS 49

VBus 48
0.2 ' ; :
0 05 1 1.5

2) E=1,08: A = 1,5515
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d 53M_mdl U=1,08 lamda=1,5515
1.2

1 L

0.8

0.6

0.4

0.2

3) E=1,06: A=1,4976

d_53M_mdl u=1.06 lamda=1,4976

1.5
1 I S ——
05! VBus 50
VBus 49 =
VBus 48 7
0 1 1
0 0.5 1

4)E=1,04: A = 1,4434

d 53M_mdl u=104 lamda=14434

1.4

12¢

5)E =1,02: A = 1,3883
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6) E=1,00: A=1,333

d_53M_mdIl u=1,02 lamda=1,3883

1.2
1 | B ——
08¢
061 | — Vgues0
0.4} VBUS 49
VBus 48

0.2 .

0 0.5

d 53M_mdl U=1,00

lamda=1,333,

1.2

08¢

0.6¢

0.4

0.2
0

0.5

Tir két qua ta v& duoc quan hé A=F(E):

lamida

1.8
1.6

1.4

ﬁ

1.2
1

0.5

0.6
0.4

0.z
0

0.95

1 1.02

1.04

1.06

1.08

11

1.12

Hinh 4.6
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Két luan: Pién ap ngué)n cang cao do du trir on dinh dién ap cang lon.
4.3.2. Anh huwéng ciia dic tinh tinh ciia phu tai dén 6n dinh dién 4p.
4.3.2.1. Chi c4c phu tai 10 kV bién thién theo dién 4p theo quan hé:
P=RU;
Q=QU’

Po,Qo 14 cong suat ban dau trong hé p.u.

Ui di¢n ap nut 1 trong p.u.
Cong suit cac nat 35 kV ting 1én, con cong sut cac nat 10 kV tinh theo dién
ap thuc s€ giam di.
+ Két qua tinh ché d6 xac 1ap ban dau & mot s nat 10 kV, ta théy cong suat
thuc ding giam di theo dién ap nut. Piéu nay 1am cho dién 4p d& giam hon khi ting
cong suat yéu cau va gii han 6n dinh dién 4p ting lén.

Céc phu tai 10 kV: phu tai dugc cho 1a 0,003+;0,002 pu

Nt U goc P Q
BUS 36 0.98195  -0.09978 0 0 0.00289 0.00145
Bus 37 0.96216  -0.10699 0 0 0.00278 0.00139
Bus 38 0.94388  -0.11391 0 0 0.00267 0.00134
Bus 39 ©.92708  -0.1205 0 0 0.00258 0.00129
Bus 40 9.92012  -0.12329 0 0 0.00254 0.00127
Bus 41 ©.97749  -0.10149 0 0 0.00287 0.00143
Bus 42 ©.97452  -0.10263 0 0 0.00285 0.00142
Bus 43 @.97304  -0.1032 0 0 0.00284 0.00142
Bus 44 @.92567  -0.12107 0 0 0.00257 0.00129
Bus 45 ©.92009  -0.12332 0 0 0.00254 0.00127
Bus 46 9.91591  -0.12502 0 0 0.00252 0.00126
Bus 47 ©.91457  -@.12555 0 0 0.00251 0.00125
Bus 48 9.91042  -0.12725 0 0 0.00249 0.00124
Bus 49 ©.90765  -0.12839 0 0 0.00247 0.00124
Bus 50 0.90592  -0.12877 0 0 0.00246 0.00123
Bus 51 0.91869  -0.12389 0 0 0.00253 0.00127
Bus 52 0.91313  -0.12616 0 0 0.0025 0.00125
Bus 53 0.91174  -0.12673 0 0 0.00249 0.00125

Bang 4.1

Cong suat cac phu tai 10 kV nho di theo binh phuong dién ap
+ Két qua tinh 6n dinh dién ép :
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d_53MA_mdl U=1,08 lamda=2,2854
1.2

08¢

06¢

04

0'20 0i5 1 1 i5 2

On dinh dién ap bi mat & cac nat 35 kV, lamda =2,2854, day 1a hé so ting
cong suit yéu cau cua ché d6 ban dau.

Do dy trit 6n dinh dién ap 14 128,54%.

Két qua tinh cong suat mot s6 nat khi dat diém gi61 han: cong suét cac nat 35
KV (s6 nho hon 36) ting 1én 2,2854 lan. Cong suat nat 10 KV (tir sd 36 trd 1én) cong

suat giam di theo dién ap.
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Nt U goc P Q

Bus 30 8.41925 -0.34814 %] a @.081815 @.00908
Bus 31 2.408085 -0.37136 0 %] 9.01815 @.00908
Bus 32 @.3861 -0.39154 0 Q@ @.081815 @.80988
Bus 33 a.3787 -0.40222 %] a @.081815 @.00908
Bus 34 @.37499 -0.48771 0 %] 9.01815 @.00908
Bus 35 @.38247 -0.39682 0 Q@ 2.081815 @.80988
Bus 36 @.47991 -0.34352 %] a @.ee157 @.e0a78
Bus 37 8.45941 -0.35793 0 %] 0.00144 @.00072
Bus 38 @.44859 -0.37226 0 Q@ 9.80132 ©.00066
Bus 39 @.42338 -0.38647 5] a @.00122 @.80861
Bus 4 @.78728 -0.0904 0 %] 9.01815 ©.00908
Bus 48 8.4163 -0.39261 0 Q@ 9.680118 @.80a59
Bus 41 8.475 -0.34733 5] a @.080154 @a.eea77
Bus 42 8.47174 -0.34991 0 (5] 9.00151 ©.00076
Bus 43 a.47e12 -0.3512 0 Q@ 9.0015 @.8eea75
Bus 44 8.42192 -0.38777 0 Q 2.080121 @.80e61
Bus 45 8.41624 -0.39273 0 (5] 9.00118 @.00059
Bus 46 8.41199 -@.39655 0 Q@ 0.80116 @.80858
Bus 47 @.41e68 -0.39762 0 Q 2.80115 @.eeas7
Bus 48 0.40648 -0.40144 0 (5] 9.00112 @.00056
Bus 49 8.48369 -8.40401 0 e 9.80111 8.88e55
Bus 5 a.69771 -9.13198 0 Q 2.081815 @.80988
Bus 5@ 8.40195 -0.40486 0 (5] 0.0011 @.00055
Bus 51 8.41481 -9.39403 0 e 8.80117 8.80859
Bus 52 8.40916 -0.39912 0 Q 2.00114 @.eeas7
Bus 53 8.408775 -0.40042 0 (5] 0.00113 @.00057
Bus 6 8.62175 -8.17383 0 [} 8.081815 ©.80988
Bus 7 8.54934 -0.2247 0 Q 2.081815 @.80988
Bus 8 8.50629 -0.25969 0 %] ©.01815 ©.009008
Bus 9 8.46662 -8.29627 0 [} 8.081815 ©.80988

Bang 4.2

4.3.2.2. Phu tai tht ca cac nat bién ddi theo dién ap U

d_53MB_mdlI

15

U=1,08

lamda=17,2296

0.5}

—V
—V
—V

Bus 50

Bus 49

Bus 43

10
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A = 17,2296, c6 thé ndi rang mat 6n dinh dién ap khong thé xay ra.
Khi dién ap giam thi P,Q cling gidam theo:

Nt U goc P Q

Bus 40 0.1135 ~0.74657 0 0 0.00067 0.00033
Bus 41 ©.22727  -0.58243 0 0 0.00267 0.00133
Bus 42 0.21602  -0.60072 ) 0 0.00241 0.00121
Bus 43 0.21048  -0.61034 ) 0 0.00229 0.00114
Bus 44 ©.12346  -0.72249 0 0 0.00079 0.00039
Bus 45 0.11274  -0.75094 0 0 0.00066 0.00033
Bus 46 0.10475  -0.77627 ) 0 0.00057 0.00028
Bus 47 0.10339  -0.77704 ) 0 0.00055 0.00028
Bus 48 0.09607  -0.8024 0 0 0.00048 0.00024
Bus 49 ©.09133  -0.82072 0 0 0.00043 0.00022

Bang 4.3

Két luan: néu mot phan phu tai bién thién theo dién ap thi d6 du trir 6n dinh
dién ap rt cao, con néu tat ca phu tai bién thién theo dién ap thi mat 6n dinh dién ap
thuc té khong thé xay ra.

4.4. Phan tich anh hwéng ciia SVC dén 6n dinh dién ap ciia lwéi phan phéi :

4.4.1. Phan tich on dinh khi chwa dit SVC.

1.5

0.5}

0 0.5 1

Loading Parameter % (p.u.) 1,4704
Nhan xét:
- N1t c6 dién ap thap nhét 1a 50, 49, 48
- L= 1,470- do dy trir 6n dinh thap 47%
4.4.2. Phan tich 6n dinh khi @it SVC
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Nghién ctru anh hudng cua SVC dén 6n dinh dién ap trong trudng hop
dat SVCtainut 11, 35 kV.
Duéi day s& nghién ciru anh hudng cta cong suat dit cia SVC dén do

tang 6n dinh dién 4p. Miurc dién 4p quy chiéu ctia SVC dit khong ddi 1a 1 pu.

Qmaxsve-pu | 0 0,1 0,2 03 |04 0,5

A 1,470 | 1,563 | 1,669 | 1,772 {1,884 | 1,993

Qghsve 0 0,044 (0,1 0,158 | 0,239 | 0,322

Qosve 0 0,132 | 0,132 | 0,132 | 0,132 | 0,132
Bang 4.4

Qghsve 12 cong suat SVC & ché d6 giéi han 6n dinh dién 4p =V2.Qmaxsve
Qosve 12 cong suat SVC ¢ ché do xac lap ban dau: VZ.Qmaxsve
V 1a dién ap tai nut dat SVC.
Duéi day 1a do thi duong séng miii trong cac trudng hop:
Qsvemax=0,1 pu:
1.2

0.8}

0.6}

0.4} /

0.2 ' '
0 0.5 1 1.5
Loading Parameter % (p.u.) 1,563

Qsvemax=0,2 pu:
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Qsvemax=0,2

1.2

0.4} A

0.2

0 0.5 1 1.5
Loading Parameter 2 (p.u.)1,6688
Qsvemax=0,3 pu:

Qsvemax=0,3
1.2

0.8}

0.6}

04}

0.2

0 0.5 1 1.5
Loading Parameter i (p.u.) 1,772
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Qsvemax=0,4 pu:

q;wmax=0,4
1.2
-1 L
0.8}
06}
0.4 - - -
0 0.5 1 1.5

Loading Parameter % (p.u.) 1,884

Qsvemax=0,5 pu:

Qsvcmax=0,5

1.2

08¢

06+

0.4

0 0.5 1 1.5
Loading Parameter i (p.u.) 1,993

Nhan xét: ta thdy cong suat dit cia SVC c6 anh hudng nhiéu dén d6 dy trix 6n

dinh di¢n ap .

Két lugn: Khi dat SVC dién 4p céac nit dugc nang cao va do du trix on dinh tang 1én.

Pit SVC vao nat 11 d6 dy trir 6n dinh cao nht.

4.5. Két luan chwong 4

Trong chuong nay ludn van da nghién ctru anh huong cua dién ap

ngué)n dién, dac tinh tinh cia phu tai dién va SVC dén do du trix 6n dinh dién ap cua
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lu6i phan phdi hinh tia 2 cdp dién ap 35-10 kV 1 loai lué6i dién c6 nguy co mét 6n
dinh dién 4p cao nhat trong ludi phan phdi vi cac may bién ap trung gian 35/10 it
khi c6 trang bj diéu ap dudi tai.

Két qua cho théy réng dién ap nguén dién cang cao do dy trix on dinh dién ap
cang lon. Néu phu tai bién thién theo dién ap thi do du trir 6n dinh dién ap rat cao,
c6 thé néi rang khong c6 kha ning xay ra 6n dinh dién 4p trong trudong hop nay.

SVC 1a phuong tién quan trong nhat dé ning cao 6n dinh dién ap trong ludi
phan phdi , néu chon duoc diém diat thich hop thi SVC cho hiéu qua cao nhat. Cong

suat SVC c6 anh hudéng 16n dén 6n dinh dién ap .
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KET LUAN VA KIEN NGHI
1. Nhirng két luin méi.

- Luan van da hoan thanh néi dung dé ra ban dau.

- Trong luan vin da trinh bay cac van dé co s& cta ludi phan phdi trung ap,
ly thuyét va cac phuong phap tinh 6n dinh dién ap ciing nhu cic phuong phap ning
cao 6n dinh dién ap .

- P sir dung phan mém PSAT dé nghién ciru 6n dinh dién ap cua ludi phan
phéi trung ap 2 cap dién ap 35 va 10kV, nghién ctru anh hudng cua dién ap ngudn,
cua ddc tinh tinh cia phu tai va cia SVC dén do du trix 6n dinh dién ap.

2. Cac nghién ctru tiép theo.

- Nghién ciru sau hon vé on dinh dién ap cia cac loai cau truc ludi dién co
trong thuc té.

- Mé rong luan van phan tich 6n dinh dién ap ludi phan phéi trung ap khi c6

cac loai DG khac nhau noé1 vao ludi.
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Phy luc 1: Thong s6 ludi dién

PHU LUC

Dd Scs ch f r X b
1 2 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
2 3 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
3 4 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
4 5 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
5 6 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
6 7 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
7 8 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
8 9 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
9 10 100 35 50 O 0 0.044 0.065 0 O O O O O 1;
10 11 100 35 50 0 0 0.044 0.065 0 O O O O O 1;
2 12 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
2 13 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
4 14 100 35 50 0 0 0.044 0.065 o 0 0O O o0 0 1;
515 100 35 50 0 0 0.044 0.065 o 0 O O 0 0 1;
15 16 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
16 17 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
17 18 100 35 50 0 0 0.044 0.065 o o o o 0o o 1;
18 19 100 35 50 0 0 0.044 0.065 o 0 O O 0 0 1;
7 20 100 35 50 0 0 0.044 0.065 o 0 O O 0 0 1;
20 21 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
21 22 100 35 50 0 0 0.044 0.065 o o o0 o 0o o 1;
22 23 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
23 24 100 35 50 0 0 0.044 0.065 o 0 O O 0 0 1;
20 25 100 35 50 O 0 0.044 0.065 o 0 O O 0 0 1;
25 26 100 35 50 0 0 0.044 0.065 o o o0 o 0o o0 1;
22 27 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
27 28 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
9 29 100 35 50 0 0 0.044 0.065 o 0 O O o0 0 1;
29 30 100 35 50 0 0 0.044 0.065 o o0 0O 0O 0 0 1;
30 31 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
31 32 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
32 33 100 35 50 0 0 0.044 0.065 o o o o o0 o 1;
33 34 100 35 50 0 0 0.044 0.065 o o0 0O 0O 0 0 1;
32 35 100 35 50 0 0 0.044 0.065 o o0 O O o0 0 1;
11 36 100 35 50 0 3.5 0 0.252 0 0.92 0 O O O 1;
36 37 100 10 50 O O 0.33 0.356 o o o o o0 o 1;
37 38 100 10 50 O O 0.33 0.356 o o o0 o 0o o0 1;
38 39 100 10 50 O O 0.33 0.356 o o0 O O o0 0 1;
39 40 100 10 50 0 O 0.33 0.356 o o0 O O o0 0 1;
36 41 100 10 50 0 O 0.33 0.356 o 0 O O o0 0 1;
41 42 100 10 50 0 0 0.33 0.356 o 0 0O O 0 0 1;
42 43 100 10 50 0 O 0.33 0.356 o 0 O O o0 0 1;
39 44 100 10 50 0 O 0.33 0.356 o 0 O O 0 0 1;
39 45 100 10 50 0 O 0.33 0.356 o 0 O O 0 0 1;
45 46 100 10 50 0 0 0.33 0.356 o 0 0O O 0 0 1;
40 47 100 10 50 0 O 0.33 0.356 o 0 O O o0 0 1;
47 48 100 10 50 0 O 0.33 0.356 o 0 O O o0 0 1;
48 49 100 10 50 0 O 0.33 0.356 o 0 O O 0 0 1;
49 50 100 10 50 0 0 0.46 0.356 o 0 0O O 0 0 1;
45 51 100 10 50 0 O 0.33 0.356 o 0 O O o0 0 1;
46 52 100 10 50 0 O 0.33 0.356 o o0 O O o0 0 1;
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52 53 100 10 50 0 0 0.33 0.356 0 O 1;

Phuy luc 2: Cong suat tai tai cac nut

Nﬁtscs Ucs P Q Unax Umin

2 100 35 0.008 0.004 1.2 0.8 0 1;
3 100 35 0.008 0.004 1.2 0.8 0 1;
4 100 35 0.008 0.004 1.2 0.8 0 1;
5 100 35 0.008 0.004 1.2 0.8 0 1;
6 100 35 0.008 0.004 1.2 0.8 0 1;
7 100 35 0.008 0.004 1.2 0.8 0 1;
8 100 35 0.008 0.004 1.2 0.8 0 1;
9 100 35 0.008 0.004 1.2 0.8 0 1;
10 100 35 0.008 0.004 1.2 0.8 0 1;
11 100 35 0.008 0.004 1.2 0.8 0 1;
12 100 35 0.008 0.004 1.2 0.8 0 1;
13 100 35 0.008 0.004 1.2 0.8 0 1;
14 100 35 0.008 0.004 1.2 0.8 0 1;
15 100 35 0.008 0.004 1.2 0.8 0 1;
16 100 35 0.008 0.004 1.2 0.8 0 1;
17 100 35 0.008 0.004 1.2 0.8 0 1;
18 100 35 0.008 0.004 1.2 0.8 0 1;
19 100 35 0.008 0.004 1.2 0.8 0 1;
20 100 35 0.008 0.004 1.2 0.8 0 1;
21 100 35 0.008 0.004 1.2 0.8 0 1;
22 100 35 0.008 0.004 1.2 0.8 0 1;
23 100 35 0.008 0.004 1.2 0.8 0 1;
24 100 35 0.008 0.004 1.2 0.8 0 1;
25 100 35 0.008 0.004 1.2 0.8 0 1;
26 100 35 0.008 0.004 1.2 0.8 0 1;
27 100 35 0.008 0.004 1.2 0.8 0 1;
28 100 35 0.008 0.004 1.2 0.8 0 1;
29 100 35 0.008 0.004 1.2 0.8 0 1;
30 100 35 0.008 0.004 1.2 0.8 0 1;
31 100 35 0.008 0.004 1.2 0.8 0 1;
32 100 35 0.008 0.004 1.2 0.8 0 1;
33 100 35 0.008 0.004 1.2 0.8 0 1;
34 100 35 0.008 0.004 1.2 0.8 0 1;
35 100 35 0.008 0.004 1.2 0.8 0 1;
36 100 10 0.003 0.0015 1.2 0.8 0 1;
37 100 10 0.003 0.0015 1.2 0.8 0 1;
38 100 10 0.003 0.0015 1.2 0.8 0 1;
39 100 10 0.003 0.0015 1.2 0.8 0O 1;
40 100 10 0.003 0.0015 1.2 0.8 0O 1;
41 100 10 0.003 0.0015 1.2 0.8 0 1;
42 100 10 0.003 0.0015 1.2 0.8 0O 1;
43 100 10 0.003 0.0015 1.2 0.8 0O 1;
44 100 10 0.003 0.0015 1.2 0.8 0O 1;
45 100 10 0.003 0.0015 1.2 0.8 0O 1;
46 100 10 0.003 0.0015 1.2 0.8 0O 1;
47 100 10 0.003 0.0015 1.2 0.8 0O 1;
48 100 10 0.003 0.0015 1.2 0.8 0O 1;
49 100 10 0.003 0.0015 1.2 0.8 0O 1;
50 100 10 0.003 0.0015 1.2 0.8 0O 1;
51 100 10 0.003 0.0015 1.2 0.8 0O 1;
52 100 10 0.003 0.0015 1.2 0.8 0O 1;
53 100 10 0.003 0.0015 1.2 0.8 0O 1;
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