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TOM TAT

Bai bdo trinh bay phirong phdp t6i wu héa nham gidm thiéu ton thdt céng sudt tac dung ciia
luoi dién dua trén phuong phap Lagrange. Phuong phap dwoc ap dung cho ludi dign chira nhleu
phu tdi déng co ba pha céng sudt I6n. Thong qua viée phan tich céc giai phap, bai bao dé xudt s
dung gidi phap bu phan tan diéu khién tap trung, trong do, co xét dén yéu t6 cdi thién hi¢u sudt
cia dong co trong hé thong. Hé thong bt dé xudt bao gom cdc bg bu phdn tan tai méi phu tdi cung
voi mot bo bil trung tam duoc diéu khién boi mot bo diéu khién duy nhat. Bai bdo gioi thiéu chién
lugc tung budc dzeu khién kha nang bi cong sudt phan khang cho ting phu tai nham toi wu hoa
ton that cong sudt tac dung ciia toan nha mdy, ndng cao chat lwong dién dp ciing nhu kéo dai tudi
tho ciia thiét bi. Két qua mé ) phong ciing duwoc cung cap dé chitng minh tinh hiéu qua va kha ning
ing dung ciia phwong phdp dé xudt.
Tur khoéa: Dong co khong ddng bo ba pha; Dao dong dién 4p; Cong suét phan khang; Bu cong suit phan khang; Hiéu
suat dong co.

1. MO DAU

Hi¢n nay, chién lugc phét trién nang lugng cling nhu str dung néng luong tiét kiém hiéu qua la
nhiém vu cap bach trong nudc ciing nhu trén thé gidi. Trong do, van deé nang cao chat luong dién
ning va ting hiéu ning lam viéc cua cac thiét bi san xuat, truyén tai, phan phdi dién ludn I van dé
thoi sy khdng chi cua riéng nganh dién [1, 2]. Bai todn nang cao Chét lugng dién nang ngay cang
tro nén quan trong, giai quyét tot bai toan nay s& gidp sir dung hiéu qua va tiét kiém niang luong;
gitip ting hiéu qua canh tranh, ting cudng do tin cdy, an toan cung cap dién, ting tudi tho va kha
ning lam viéc cua céc thiét bi san xuat, truyén tai va phan phdi. Bén canh d6 con dam bao stc
khoe, giam chi phi cho nhitng khéch hang sir dung dién. Chat luong dién ning kém c6 thé gy
nhiéu anh huong téi hoat dong cua cac thiét bi dién, trong d6, dong co khong dong bo 1a loai phu
tai phd bién, chiém toi 45-50% cong suét cua c4c loai phu tai [3]. Nhirng anh huéng chinh cua chit
luong dién nang toi dong co khong dong bo nhu lam ting ton that cong suat, ting nhiét d trong
dong co dan dén higu suat lam viéc va tudi tho cua cac dong co giam xudng [4, 5]. N6i cach khéc
khi chat lugng dién giam, s& giam hiéu ning cua cac phu tai dong co khong dong bo ba pha.

Dé nang cao chat lugng dién ap, c6 cac phuong thire didu chinh dién ap nhu: diéu chinh dong
dién kich tir may phat dién; thay d6i dau phan ap cb dinh hoic sir dung b didu ap dudi tai cua
may bién ap; dieu chinh dién 4p bang may bién ap diéu chinh va bién ap bd tro hoac str dung bo
tu c6 diéu chinh; sa thai phu tai; thay doi tiét dién duong day; loc séng hai va bang phuong phap
bu cong Suat phan khang [6]. Mai phu:ong phap c6 uu nhuoc diém riéng, tuy nhién, phuong phap
bl cong suét phan khang chinh xac va hop ly sé glup giam dang ké luong tn that cong suat tac
dung trén céc thiét bi dién [6] tir 46 1am giam thiéu ton that dién ning trén ludi.

C6 nhiéu phuong phép trién khai lap dat vi tri cac thiét bi bu trong hé thong lugi dién phan
phdi, mdi loai c6 nhitng uu nhuge diém riéng. Viéc toi wu vé vi tri lap dit, dung luong bl can duoc
phan tich va thiét ké dura trén muc tiéu ti wu vé ki thuat, kinh té, ton that cong suét tac dung hay
giam thiéu chi phi lap dat cac thiét bj bu. Thuong chia ra cac loai nhu: Bu tap trung phia cao ap;
bu tap trung phia ha &p, bu phéan tan theo nhom phia ha ap, bu phén téan tai ting phu tai phia ha ap
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[7]. Hé thong bu ¢6 thé chia lam hai giai phap bu tap trung va bu phan tan [8] véi phuong thirc
diéu khién tap trung hogc diéu khién phan tan tai tirng vi tri. Mdi giai phap déu c6 wu nhuge diém
riéng dugc trinh bay trong muc 2.2.

D¢ phan tich téi uu ton hao ning lugng toan dién, dac biét 1a hé thong gom nhiéu tai dong co,
bai bao ap dung dudng cong NEMA [9] d€ tang hi¢u suat cho dong co ; giai phap dat thém cac
thiet bi dicu chinh dién ap dya trén bu cong suat phan khang va loc séng hai, lam tang dang ké
hiéu suat ctia nha may ciing nhu giam tén that, nang cao tudi tho cua thiét bi [10]. Bai bao dé xuat
giai phap diéu chinh dién 4p dua trén bu cong suat phan khang phan tan diéu khién tap trung e
t6i wu hoa toan dién hoat dong cua ludi dién; viéc xac dinh lugng bt cong suat phan khang t6t nhat
dé giam ton that d6i vai hé thong dua trén phuong phap Largrange.

Trinh tu cua bai bao gom: Muc 2 trinh bay phuong phap bu cong suat phan khang, cac phuong
phap bu va giai phap lap dat cac thiet bi bu cng suat phan khang. Muc 3 de xuat so do dién cua
mot nha may su dung nhicu dong co khong dong bo va ap dung giai phap de xuat, phuong trinh
t0i wu, trinh ty tinh toan, ket qua tinh toan va so sanh véi cac giai phap khac duoc trinh bay trong
muc nay. Muc 4 la két luan cta bai béo.

2. CAC PHUONG PHAP BU CONG SUAT PHAN KHANG
2.1. Phwong phip bui cong suit phan khing

C6 thé chia céc giai phap bu cong suat phan khang khac nhau [11] thanh ba loai chinh:

Bu bér}g may bu d@)ng bd: Su dung may bu dépg bd, thuc chit la dépg co dién déng bo lam
viéc ¢ ché do qua kich tur. Bién phap nay co thé diéu chinh tron va c6 thé diéu chinh duong hoac
am cong suat bu. Tuy nhién, nhugc di€m co ban cua giai phap nay 1a thiét bi cong kénh, 6n, chi
phi bao dudng, sira chira 16n, gid thanh cao, ton that cong suat 16n, hay hong hoc do st dung thiét
bi quay véi van toc lon.

Bu tinh dong cit theo bac: Pay 1a phuong phap co didu chinh cong suit cta thiét bj bu bang
cach dong cit cac tu dién khac nhau tiy theo yéu cau cta phu tai dién. Uu diém cua phuong an
nay 1a thiét bi don gian, gia thanh thip, nén phuong an bu cong suat phan khang nay pho bién nhz:1t
trén toan thé gi6i. Tuy nhién, phuong phap bu nay con c6 nhuge diém nhu: toc d§ phan ng rat
cham; thiét bi khong thé diéu chinh tron cong sudt phan khang theo dung yéu cau cua _phu tai.

Ngoai ra, do tbc do phan g cham nén thiét bi nay chua thuc sy hiéu qua trong viéc diéu chinh
dién ap theo su bién thién cua phu tai.

Str dung céc thlet bi bl cong suét phan 1 ng nhanh: Sy phat trién ngay cang nhanh cua cac thiét
bi dién tir cong suét da giup cdc nha san xudt trén thé gidi cho ra doi cac thiét bi dién c6 kha ning
diéu khién cac thong s co ban cua hé thong: dong dién, dién 4p, goc pha; v6i thoi gian tic dong
curc nhanh, chiém it dién tich 1ap dat va chi phi thap, d6 14 cac thiét bi FACTS (Flexible Alternating
Current Transmission System) [12-13]. Thiét bi FACTS c6 kha ning diéu khién linh hoat va t6c
d6 dap tmg nhanh khi hé théng thay d6i. Cac thiét bi nay c6 tic dung giam nhip nhay dién ap, bu
cong suat phan khang, on dinh ludi va nang cao chét lugng dién nang. Hién nay, thiét bi FACTS
thudng dugc p dung trong hé thong dién dé 1a cac thiét bi bu tinh SVC (Static Var Compensator)
va thiét bi STATCOM (Static Synchronous Conpensator). Ngoai ra, mot thiét bi b méi duoc cai
tién tir thiét bi SVC cling dang duoc st dung goi la thiét bi bu lai.

2.1.1. Thiét bi bii céng sudt phan khang kiéu tinh SVC

Thiét bi bu tinh SVC st dung hé théng thyristor dé diéu chinh nhanh cong suit cua khang dién
[11, 14, 15]. Bang cach diéu chinh thoi gian m¢ cudn khang trong 1mot chu ky dién thong qua goc
md o cua hé thong thyristor, cong suét cua cudn khang s& duoc diéu chinh tron. Cong suét cua
SVC s& la cong suat cua tu dién C va cong suét ciia cudn khang L.

Qsvec =Qc —Qu(@) 1)
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Tur (1) nhan thay, cong suat tong ctia SVC clng c6 thé diéu chinh tron théng qua viéc diéu
chinh tron cong suét cuon khang L. TUy theo yéu cau ma hién nay thlet bi SVC duoc thiét ké theo
chtre nang bu cong sudt phan khang két hop loc song hai. Bu cong suat phan khang néng cao cos¢
hay bu cong suat phan khang diéu chinh dién ap. Thiét bi SVC c6 tdc d6 phan 1 Ung nhanh, bu tron
cong suit phan khang va gia thanh thip nhung thiét bi nay ciing 6 nhiing nhuoc diém nhu ton that
do thiét bi gdy ra 16n vi phai sir dung mét cuén khang c6 cong suat cao. Trong qué trinh diéu chinh
tron cong suat cudn khang thi thiét bi gy ra séng hai rat 1on trén ludi dién (cao nhat c6 séng hai
béc ba c6 thé chiém t6i 30% so voi song co ban); cong suit cua thiét bi ti 16 voi binh phuong dién
ap tai diém dat thiét bi.

2.1.2. Thiét bi bii cng sudt phan khéng kiéu dong bé tinh (STATCOM)

Thiét bi STATCOM [16] ¢6 ciu tao gdm bd bién d6i ngudn ap DC-AC véi thiét bi luu trit ning
luong thuong la tu dién. Thiét bi nay van hanh nhu mét ngudn ap ddng bd ndi véi dudng day thong
qua may bién ap. bién ap dleu khién déau ra giir ciing pha véi dién 4 ap day va dugc dleu khién dé
tiéu thu hodc cung cap cong suat phan khang tuong tu nhu may bu d6ng bo nhung véi toc do phan
mg nhanh hon nhiéu do khong c6 phan quay. Trong nhimg truong hop dién ap ludi rat thép,
STATCOM van lam viéc hiéu qua (trong khi SVC gan nhu khong thé lam viéc véi dién ap dudi
0,6 Udm).

Thiét bi STATCOM tuong tw nhu may bu dong bd nhung thoi gian phan Gng nhanh va hiéu
qua, giai quyét dugc cic bai toan song hai bac cao trong hé thong dién. C6 kha nang diéu chinh ca
hinh dang va chét lugng dién 4p cho hé théng dién bang cach diéu chinh sé bac xung, gitr cho hé
thdng dién khong mét on dinh. Tuy nhién, thiét bi nay c6 gia thanh cao va tuong ddi cong kénh
nén hién nay thudng dugc sir dung dé bu cong suat phan khang, diéu chinh dién ap, trén ludi dién
trung va cao ap [17]. So vdi SVC va cac thiét bi bu khéc thi STATCOM c6 nhiéu vu diém hon;
thoi gian phan tmg nhanh, ¢& 10ms; c6 kha ning diéu khién cong suat phan khang it phu thu¢c vao
dién ap nén c6 do tin cdy cao hon. Bén canh d6, thiét bi ndy con t6n tai mot sé nhuoc diém nhu
chi phi ché tao thiét bi con cao nén s6 lugng thiét bi ap dung trong hé théng khong nhiéu.

2.1.3. Thiét bi bt tron cong sudt phan khang diea trén nguyén Iy lai

Thiét bi bu lai thuc chét 14 sy hoan thién cua SVC bao gém cac bd tu dién mic song song dugc
diéu chinh bang céc thiét bi dién tir nhur thyristor, cong suét ciia cudn khang duoc diéu chinh bang
cach thay ddi géc mo cua thyristor. Thiét bi bu lai ¢6 thé giup diéu khién tron cong suat phan
khang theo timg pha. Do d, c6 thé sir dung dé didu chinh dién 4p khi c6 su khong ddi xing giira
cac pha. So voi SVC, thiét bi bu lai c6 nhitng wu diém sau: (i) Chi sir dung mot cudn khang co
cong suat nhod gitp gia thanh thiét bi thap; (ii) Luong song hai do cudn khang sinh ra rat nho, ti 1¢
thuén véi cong suat cudn khang do d6 khong can sir dung cac bo loc; (iii) Luong ton that cong suét
rat thap, thuong 1a duéi 0,5%. Phuong phap nay s& dugc thuc hién va ap dung cho hé thong dé
xudt trong bai béo, giai phap bu lai véi mot bo diéu khién trung tam.

2.2. Phwong phap bd tri thiét bi bu

Bén canh cac phuong phap bu da duoc trinh bay trong muc 2.1, chién lugc bd tri cac thiét bi
bu ciing dugc nhiéu nha nghién ciru khao sét thyuc hién va lya chon pht hop véi muc tiéu t6i wu
cua hé théng. Cac giai phap nhu bu phén tan hay bu tép trung la cac phuong phap lap dat vi tri bu,
bén canh d6 phuong an diéu khién tap trung hay phén tan cling dugc xét dén. Trong bai bao dé
Xuat hé thong bu phén tan diéu khién tap trung mang lai t6i wu cho toan hé thong vé mat ton that
cong suat tac dung cho toan hé théng.

BU tdp trung: Phuong phap nay thuong duge ap dung cho cac loai tai on dinh va lién tuc; thiét
bi bu thuong duge d4u vao thanh cai cua ti phan phdi chinh va dwoc dong trong thoi gian tai hoat
dong. Uu diém cua phuong phap 1a 1ap dit thuan loi, d& theo ddi, kiém tra tinh trang hoat dong
ctia thiét bi; 1am nhe tai cho may bién ap, do d6, c¢6 kha ning dé dang mé rong cac nhanh phu tai
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khi can thiét va tang dung lugng bu khi phy tai tang [7, 8]. Bén canh do, phuong phép bu tap trung
cling c6 nhuoc dlem dién hinh la khong kiém soat va diéu khién dugc dién ap tai cac nit dudi phu
tai, do vay khong tdi uu dugc chat lugng dién ap tai cac nit ctia phu tai va khong tbi wu duoc ton
hao ctia toan h¢ thong.

BU phan tan: Bu nhiéu vi tri khac nhau hay con goi 1 bu phan tan thuong sir dung khi mang
dién 16n, phuc tap, khi ché 6 tai tidu thu theo thoi gian ctia cac nhanh thay doi khac nhau hodc tai
dong co nhiéu ngudn phan tan. Hién nay, hé thdng bu phan tan dang dugc nghién ctru dua vao ap
dung cho cac mang ludi dién phan ph01 ludi dién co su tham gia cua cac ngudn nang luong tai tao
nham kiém soat dién ap tai cac diém nut va diéu chinh tan s6 cua hé thong nham nang cao do tin
cdy, giam ton that dién nang va chia s¢ lgi nhuén thu duoc cho ca nha cung cap va nguoi dung
[18]. Bui phén tan véi nhiéu phuong phap t6i wu khac nhau nhu: ton that tong nho nhit, dung luong
b nho nhat, dat duoc hé s6 cong suat nhu mong mudn, tdi wru vi tri bu [19]. Hau nhu cac phuong
phap bt phan tan con ton tai mot nhuge diém co ban d6 14 khong co sy két ndi giita cac thiét bi bu
phan tan véi nhau [20]; dan dén viéc diéu chinh chi thuc hién & pham vi cuc bd va khong thé tinh
toan dugc anh huong tuong tac gilta tung phan tir phan tan to1 cac thlet bi khac trong cung hé
thng. Do d6, phuong phap nay khong thé tinh toan luong bu t6i wru dé tong ton that trong hé thong
nho nhét ma chi tinh duge cac lugng cong suét bu tdi uu tai timg phén tir riéng ré.

Nhu vay, co thé thay xu hudng st dung phuong phap bu phén tan dang 1a xu huéng cua cac
nha nghién clru trén the gidi v6i nhiéu nhitng uu dlem nhu: ti wu dung lugng bu, tbi wu vi tri 1ap
dit thiét bi bu, tql wu vé chi phi sir dung hay tdi uu ton tbat cong suat tac dung cho h¢ théng,... d6
1a nhiing tham s6 giup néng cao hiéu nang cia cac h¢ thong. Ngoai ra, cac hé thong do con co cac
chi tiéu vé& loc song hai, 6n dinh dién ap, tang d9 tin cdy cua h¢ thong hodc can bang pha trong hé
thong 3 pha...Clng véi xu hudng trén, viée dé xuét h¢ théng diéu khién bu phan tan tich hop phan
thu thap dir li€u va dlreu khlep gila cac 'Ehlet bi bu phén tan hay thiét bi do luong va diéu khién tap
trung cho tgém hé théng la cz}n thiét. be hé thong kiém soat duqc su on dinh dién ap trf:n céc nat
cung nhu t6i vu duge ton that cong suat tac dung toan hé thong. Bai bao nghién clru d€ xuat giai
phap bu phan tan diéu khién tap trung, di€u nay s€ dugc trinh bay cu thé trong muc 3.

3. PHUONG PHAP TOI THIEU TON THAT CONG SUAT TAC DUNG
Cic phan tir chinh ciia hé thong

Bai béo d& xuat xem xét mot cau hinh cép di¢n cia mot nha méy, xi nghiép dién hinh duoc
trinh bay trong hinh 1 bao gom: nguon cao the 110 kV; cap cao the; tram bien ap (MBA) trung
the}; cép,trung thé; tram bién &p ha the; ba phu téj i =1+ 31a3dong co khong dong bg; cac cép ha
the; thiet bj,bu tai trung tam (QbTrt) va cac thict bi bu phan tan tai tung phu tdi (Qbi1-3). Tatca
cac thong so cua h¢ thong duoce do luong thu thap vao ta dieu khién, tir d6 h¢ thong tinh toan toi
uu sao cho tong tot that nho nhat va ra [énh diéu khién t&i cAc ta bu phan tan dong ngat cung cap
dung lugng bu cho tung vi tri theo yéu cau cua thuat toan. Trong hinh 5 cho biét cac théng sé cia
hé théng bao gom:

~ (1) Cong suét (Pi — jQi) cua ba phu tai 1a cac dong co khong dong bo cong suét lon ¢ gid tri
lan luot la: (160 — j9,16)x10%; (200 — j123,95)x10%; (185 — j114,65)x103;

(2) Céc thiét bj bu tai tirng phu tai va thiét bi bu trung tim c¢6 dung luong bl lan luot 1a: Qb1;
Qb2; Qb3; QbTrt;

(3) Tram bién &p ha thé 22 kV / 0,4 kV c6 dién tré tuong duong 1a (1,368 + j8)x10° Q

(4) Tro khang twong duong cta cap trung thé (812,9 + j446,3)x10°° Q; v6i chiéu dai cap trung
the 1a 10 km.

(5) Tram bién &p trung thé 110 kV / 22 kV c6 dién tro twong duong 13 (16 + j440)x10° Q;

(6) Tré khang tuong duong cua hé théng (3 + j32)x10° Q
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(7) Chiéu dai cuia cép tir thanh cai dén céc tai dong co 1, dong co 2 va 3 lan luot la: 0,15 km,
0,25 km va 0,2 km; tir d6 tinh ra dién tré twong duong twong trng nhu sau: 0,053 +j0,009; 0,088
+j0,015 va 0,070 + j0,012.

110kV

(3+j32)<10°8
Tré twong dwong ciia hé thong

(16+j440)%1070
Trétwongduong
cua MBA trungthé

110kV/22kV

(812,9+j446,3)x1070
Tré twong dwong cia cap trungthé

(1.368+j8)x107

Tré 22kV/0AkV
g tuong dwong
cua MBA hathé
Thanh cai 0,4kV
0,053+j0,009 Q
Tt

0,088+j0,015 0,070+j0.012

Céc troclia cap ha thé
noivoitail vatai2

Tracua cap ha
thénoivditai3

(160 -j99,16)x103 (200 -j123,95)x103 (185 -j114,65)x10°

Congsuat phytail Congsuat phy tai2 Coéngsuat phy tai3
Hinh 1. So do dién trong nha may khi cé thiét bi bu phan tan.
Vi thiét bi bu duoc dat ¢ cudi dudong day nén tinh toan cac thong sé cua hé thong quy vé phia
ha &p ctia MBA-T?2. Ton that do phu tai la dong co khong dong bo gay ra trén ludi dién khi c6 thiét
bi bu dugc xac dinh nhu sau [21]:

P =R, Q=) 405, ap 0 4P [1- 7~ A7{Q - Q1] @)

ht
Trong d6: R Dién tré twong dwong cua ludi; Py: CONg sut tac dung tinh toan; Qq: CONQ suét
phan khang tinh toan cta phu tai; Apy: Ton that cong suat tdc dung cuia thi€t bi bu; 7max: Hi€u suat
16n nhat ciia phy tai; An{Q, —Q,}: Ham hiéu suét theo bién Qs ciia dong co giam khi c6 su thay
doi dién ap dat trén dong co; Qp: CONg suat ciia thiét bi b

An{Qtt - Qb}z(Kl.AUEZ)C + KZ'AUDC + C)Xlo—Z (3)

Trong do6: K1, Kz va C - Nhiing hfmg s6 duoc xéac dinh’ dua trén duong cong thuc nghiém
NEMA, da dugc chang toi tinh toan va lya chon theo cong bo [22] la K1 =-0,017; K2 = 0,035 va
C =-0,018; AUpc - Ty s phan trim giira hiéu s6 dién ap dat trén dong co (Upc) véi gia tri dién ap
dinh murc ctia dong co (Ugm pc) so voi gia tri dién ap dinh murc nay:

Uy - U
AU . —_bc ~dm.DBC 100 (4)

dm_DC
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Ldc nay, dién ap dat trén dong co:

U
Upe =U—22Uht.103 - AU (5)

11

Theo [23] d6 sut 4p tai cac DC-KDB khi ¢o thiét bi bu dugc tinh theo cong thirc sau:

AU = PRy + (UQn - Q) Xy (6)

Trong d6: AU: Sut ap trén duong day va tram bién ap; Uz: Dién ap thir cdp cia MBA-T2;
Un: Dién 4p hé théng.

Co the dé 'dang nhan thiy phuong trinh (2), phan ton that s& gdm 3 phan chinh: (i) Phan thir
nhat 12 t6n that trén cac dién tré cua cac phan tir hé thong dién nhu cap dién, may bién 4 L ap, hé thong
dién; (i1) Phan thr hai la phaq tor} that’trong cac :[hlet bi bu; (iii) Phaq thir ba la t6n tpat trong dong
co khong dong bo. Khi xet dén ton that cong suat tac dung, bo qua ton that vé co; ton that vé dién
tu truong,... Khi do, cong thirc (2) chi xét dén yeu t6 anh hudng do chat luong dién ap gay ra, ta
c6 cong thirc thay the sau:

tt + (Qtt )

ht

AP =R, 1072 +Ap,.Q, +P, .[—An{Qtt -Q, }] ©)

Téng t6n thit ca hé thong bu phan tan diéu khién tap trung véi ba dong co:

AP, = iZ |:Rli I:)iJr(LQJ+2_Qbi),1O3 +Ap, Q, + F’i.(—Ani {Qi —Qbi})}
=1+3 TC 8
Pzz +(Qz — Qs —Qur)’ ©

ht_tc U ﬁtl

Theo quy dinh cac thiét bj va day dan cho tram theo quyét dinh S(f) 4218/Qb-EVN cua tap doan

dién lyc ngay 3 thang 07 nam 2001 [24], tong cong suat tu bu ha the yéu cau bang 40% cong suat
may bién ap, vay ta co:

+R -10_3 + Aprrt 'QbTrt

Qs + Qyre = 40%S50, = Quy + Qe — 40%Syg0, = 0 (9)

Ap dung phuong phép Lagrange ta co:

L (Qbi'Qan!i) = Z [RL w-lo_s +Apb'Qbi + Pi-(_AUi {Qu _Qbi}):|

i=1+3 TC

10
Ry R+ (Q L?bz Q)" 1044 Ap Q.+ 2(Qys + Qure — 0,4S50,) ()
m
Pao ham bac nhat ham L (Q,;, Q,,, Qys,Qyr»A) theo Qp va A ta co:
) & tj)gcR Q-Qu)+ap,—P. 27 ;‘é Ul 2'18;1% (Qs Qs ~ Q)+
= =—2'1351R'd (O Qs ~Qur)+ 8+ )
Q) g g, 04,
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Dé xac dinh cuc tri cia (7) tir (11) ta co:

oL (Qu» Qs 4)

oL Q) 2 QuQued)

0Qy

Qure ’ oA

Q= Q-8 M) "By g Q= (Q- 0,4Sym)

A,

A, = 2R.10%U2 - 2.10°K,.P.X,%;

Aiz = (Udm UTC

)2

As = P.X,{210°K, [ (Ure 107~ Uy JUsg - PR, [+ K, Uy Ure |

(12)

(13)

(14)

Véi gia dinh dién ap cip thay d6i dao dong trong dai tir 0,9 dén 1,1 1an Ugn, sau khi tinh toan
dwa trén phan mém Matlab dé t01 uu tong tén that cua ludi. Dung lucmg bu tai cac vi tri, dién ap
sau b tai cac phu tai dong co, ton that cong suat tac dung tai timg phu tai va trén til bu ciing nhu
tong ton that cta ludi duoc trinh bay chi tiét trong bang 1.

Bing 1. Két qua cdc thong sé ciia hé thong sau khi bit phén tan - diéu khién tap trung.

bién ap .

— thay doi | 95 | 0.95Ugn | 1,0Uam | 1,02Ucm | 1,05Uam | 1,1Uam
thu dugc sau bu

Qb1 (KVAT) 1114 | 1099 | 1083 | 1076 | 1065 | 1045
bz (KVAD) 1393 | 1372 | 1348 | 1338 | 1321 | 1292
Qus (KVAT) 1283 | 1265 | 1243 | 1234 | 1220 | 1194
Qrrr (KVAN) 21,0 26,4 325 35,1 39,3 46,9
APs o111 (KW) 102,89 | 77,93 | 5972 | 5424 | 47.90 | 42,20

Vi hé théng lu6i dé xuit, tong ton that khi hé thong chua sir dung céc thiét bi bu va sir dung
hé thong bu phan tan diéu khién phan tan truyén thong duoc tinh toan va xac dinh. Bang 2 trinh
bay chi tlet céc két qua so sanh gitra cac phuong phap bu, nhén thay phuong phap bu mai do bai
bao dé xuét c6 mit ndi bat vé mac do giam ton that cong sudt tac dung téng, giam tdi 32,58% so
voi he thong chwa bu va 10,94% so v6i hé thong bui phan tan - diéu khién phan tan, diéu nay ciing
duoc thé hién truc quan hon trén hinh 2.

155,000
2
5 135000
=)
£ 115000
=
& 95,000
-
]
= E 75,000
=
S 55,000
2 35,000
=
S
[

Tf;ng tén thét céng suit tac dung khi dién ap thay doi

----- B phin tan diéu khién phén tan

——Khdng bu
— — Bu phin tan diéu khién tip trung

‘e
e
.

-
e, ——
ftreseaa,, —
eeug, -
e sa,, =
"o, -— -
----
LRy

0,9Udm  0,95Udm  1,0Udm  1,02Udm 1,05Udm  1,1Udm
Pién ap thay dbi tir 0,9 dén 1,1 so véi dién 4p dinh mirc

Hinh 2. Tong ton that cong sudt tic dung cua cac hé thong khdo sdt
khi dién dap nguon cdp thay doi tir 0,9Usy, dén 1,1 Ugn.
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Bing 2. So sanh tong téﬁ that cua hé théng sau khi bii phdn tan - diéu khién tap trung (PT-TT)
voi bu phan tan diéu khién phan tan (PT-PT) va hé thong chua co bu hay khong bu (KB).

APz (kW) 0,9Udm 0,95Udm 1,0Ugm | 1,02Udm 1,05Ugm 1,1Udm
PT-TT 102,89 77,93 59,72 54,24 47,90 42,20
PT-PT 112,00 85,54 66,05 60,12 53,14 46,49
Khéng bu 146,75 113,64 88,44 80,45 70,59 59,64
% Tong ton that giam khi bu PT-TT so véi hé thdng truyén théng khong bu hozc bu PT-PT
(APske- APsprrr)% | 29,89% | 31,42% | 3248% | 3258% | 32,15% | 29,24%
(APsprer- APsprrr)%| 885% | 9,77% | 10,60% | 10,84% | 10,94% | 10,17%

Qua khao sat cac cong trinh cong bd trén thé gidi, cac hé thong khao sat déu sir dung giai phap
bu phén tan diéu khién tap trung va dung phan tur thu dong la tu bu dugc mo ta chi tiét trong bang
3. Tir bang 3 nhén thiy, dé xuét ciia bai bio giam dang ké vé ton that tong (32,58%) ddy 1a dong
g6p hi€u qua cia giai phap mang lai.

Bing 3. Cdc nghién ciru ¢6 lién quan trén thé gidi.

.. ..+ | Phuwong phiap | Ton thit giam .
STT Vi tri bu didu khién (%) Ghi cha
[25], 2012 Phan tan Tép trung 31,00%
[26], 2013 Phén tan Tép trung 18,41% Hé thong nho
[27], 2019 Phén tan Tép trung 18,66% Xét can bé‘ing‘pha
66,17% Str dung ngudn phan tan DG
[19], 2021 Phén tan Tép trung 23,46% Str dung tu
31,98% Str dung DSTATCOM
[22], 2023 Phén tan Tép trung 31,89% St dung tu
Pé xuit Phan tan Tap trung 32,58% Sir dung tu
4. KET LUAN

Bai bao di phén tich cdc phuong phap ning cao chat luong dién ap, trong d6, giai phap bu
cong suat phan khang 1a mot trong nhirng giai phap hiéu qua. Pong thoi bai bao ciing da phan
tich cac phuong phap bu khac nhau, cac phuong thire 1ap dit va diéu khién khac nhau. Tir do,
dé xuat mot giai phap bu phan tan diéu khién tap trung ap dung thuat todn t6i thiéu t6n that cong
sut tac dung dua trén ham Largrange, di mang lai hiéu qua cao. Két qua tinh toan va mo6 phong
da cho thay rd viéc giam ton thit dang ké cuia hé thong dé xuét so véi cong b cua tac gia trude
d6 ciing nhu cac cong bd khac trén thé gidi. Véi cac bude thuc hién hop 1y, thuat toan dé xuat
trong nghién ctru nay hoan toan c6 thé trién khai duoc trén ca hai linh vuc 1y thuyét va thyc tién.
Céc két qua tinh toan, md phong trong cong trinh nay da chimg minh tinh hi€u qua va kha nang
ng dung cua phuong phap dé xuét. Vi vay, dé xuit c6 dong gop dang ké vao viéc van hanh va
phan phdi trong hé thong dién.
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ABSTRACT

Distributed compensation solution with central control to minimize power losses of an
electric power grid containing loads of 3-phase asynchronous motor loads

This paper presents an optimization method to minimize the active power loss of the
power grid based on the Lagrange method. Our proposed method is applied to power grids
containing many high-capacity three-phase motor loads. Through analyzing the advantages
and disadvantages of reactive power compensation solutions, the paper proposes to use a
centralized control distributed compensation solution that takes into account the factor of
improving the performance of the motor in the system. The proposed compensation system
consists of distributed compensators at each load along with a central compensator
controlled by a single controller. This paper proposes a step-by-step strategy to control
reactive power compensation for each load to optimize the active power loss of the entire
plant, which means, improving voltage quality at loads, reducing active power losses as
well as prolonging the lifespan of the devices. Simulation results are provided to
demonstrate the effectiveness and applicability of the proposed method.

Keywords: 3-phase induction motors; Voltage variation; Reactive power; Reactive power compensator; Motor
efficiency.
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