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Tom tat

Déi v6&i van hanh hé théng dién trong thuc té, tinh trang lam viéc mét déi xing cé thé xuét hién do mot vai
nguyén nhén. Mét sé nguyén nhén lién quan truc tiép dén céu truc bat dbi xing ctia céc phén t trong hé
théng dién, cé thé ké dén nhw duong déy tai dién trén khéng, méy bién ap. Sw bat déi xiing do céu trac nay
gay nén bat déi xirng cua dién 4p roi trén ting pha. Tuy nhién, nguyén nhéan cht yéu dén t6i tinh trang lam
viéc mét dbi xirng 1a do phu téi khéng dbi xiing. Trong lwéi phan phdi, phu téi cé thé xuét hién & dang 3 pha
2 pha hodc mét pha, tuy nhién, tinh trang phu tai khong déi xtng thuong do nhiing phu téi pha cong suét
I16n. Khi hé théng dién Iam viéc & ché do khdng dbi xtrng thi cé thé xuat hién cac thanh phan dong, ap ther tw
nghjch va thir tw khéng bén canh thanh phén thiy tw thuén. Céc thanh phén nay cé énh hu’o’ng xéu dén suw
lam viéc cha cac thiét bi dién, dic biét la cac déng co, lam gia tang phat néng va giam tudi tho thiét bi, tdng
tén that céng suét va tén that dién nang, giam hiéu suét truyén tai. Nghién ctru nay sé tap trung danh gia
hiéu qua ctia phurong phép cén béng pha, str dung cac phan tir khang, st dung céng cu mé phéng hé théng
dién PCSCAD.

T khoa: hé thdng dién, can bang pha, phan tt khang.
Abstract

In practical three-phase power systems, unbalance operating condition is normally caused by several
factors. Some factors are directly related to the asymmetrical structure of the power grid, such as overhead
transmission lines, transformers, which leads to different voltage drops at each phase. However, the most
accountable factors contributed to the unbalance condition of the network is the load diversity. In typical
power distribution systems, loads can be connected in three-phase, single phase between two lines or
single phase between line and neutral. Unbalance loads can range from several kW to MW levels such as
furnace or electric rail track. Under heavy unbalance load condition, the significant amount of negative
voltage and current sequences can cause negative impact on the power systems by introducing more heat
losses in windings, damaging rotating machine and reducing efficiency. Recent studies show that unbalance
operating condition caused by asymmetrical load can be compensated by using reactive elements [1-4]. In
this paper, the effect of using reactive components will be examined in detail. The simulation will be
performed in PSCAD for validation of the method.

Keywords: power systems, unbalance load compensation, reactive elements.

1. Téng quan

Trong diéu kién hoat dong binh thudong cua hé
thong dién, cac thong sé dong dién va dién ap duoc
xem 1a hé théng d6i xting. Tuy nhién trong thuc té
van hanh, dong va &p co thé bi mit dbi xtng do nhiéu
nguyén nhan khac nhau. Nguyén nhén dau tién c6 the
ké dén gy ra sy mit can bang pha la do cu trac bat
dbi xtmg cua cac phan tir trén ludi, vi du nhu duong
day. Su khong déi xtmg nay ra ton that dién ap khac
nhau trén cac pha va do d6 dan dén sy mat cin bang
dién 4p. P6i v6i su mat ddi xing cua cau trac day
dan trén khong do khoang cach giira cac pha khéac
nhau, ¢6 thé s dung phuong phap hoan vi pha dé dbi
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xtng hoéa. Tuy nhién, nguyén nhan chinh cua tinh
trang lam viéc khong d6i xtmg cta hé thdng dién, néu
khong tinh dén sy ¢d, 1a do tai khong can bang. Céc
phu tai khong dbi xtng co thé xuét hién ¢ dang phu
tai 1 pha hodc phu tai 2 pha véi cong suét bién thién
tir vai chuc W cho dén kW, thong thuong dugc két
nbi & mang ha ap va trung ap. Dic biét, mot sé phu
tai cong nghiép cong suat 16n (~MW) duoc két ndi
v6i cac mang ludi dién cao ap hodc trung &p nhur thiét
bi han, 16 cao tan v.v.. Su mat can bang dong dién va
dién 4p giy ra boi cac phu tai céng nghiép nay
thuong di kém voi cac van dé vé chét luong dién
nang nhu song hai, sut giam dién ap [1].

Su mét can bang pha do tai khong d6i ximg s&
sinh ra thanh phan dong dién thtr tu nghich kha 16,
anh huong truc tiép toi hiéu qua lam viéc ciia cac
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thiét bi dién, nhét 1a cac thiét bj quay nhu gay phat
nong rotor, gy rung lic, dan t6i giam tudi tho ciia
thiét bi. Dong dién thir ty nghich xuét hién trén ludi
s¢ gia tang ton that cong suat va ton that dién ning,
giam higu sudt truyén tai.

Bén canh d6, cac thanh phan dong va ap thir tu
nghich con gdy anh huong dén sy lam viéc cia mot
s6 hé théng bao v¢ (vi du nhu bao v€ khoang cach),
bd chuyén d6i ba pha (bd chinh luu ba pha, bd
chuyén d6i AC-DC) v.v...

Vi véy, viéc sit dung cic bién phap can bing
pha khi tai khong d6i ximg, nhim lam giam thiéu anh
hudng tiéu cuc cua thanh phan dong dién thu ty
nghich 1a rit can thiét trong qué trinh van hanh. Mot
sO phuong phép cén béng pha da duoc sir dung co thé
ké dén nhu phan chia déu _phu tai ting pha ¢ ludi ha
&p, két nbi phu tai pha ¢ cip dién 4p cao hon, st dung
méy bién &p 1 pha v.v... Tuy nhién, cac phuong phap
nay c6 nhuoce diém d6 1a phai thay ddi cau trac ludi
khi tai thay (101 gy kho khan trong qua trinh vén
hanh. Mot s6 nghién ciru gan day da chi ra rang co
thé sir dung céc phan tir khang két ndi véi ludi dé lam
giam thiéu thanh phan dong dién thtr ty nghich [2-5].
Phuong phap nay c¢6 wu diém do 1a cai dat va van
hanh kha don gian, dé dang diéu chinh khi phu tai
thay d6i. Nghién ctru nay sé tap trung vao danh gia
hiéu qua cua phuwong phap can biang pha st dung
phén tir khang dién.

2. Co s6' 1y thuyét

Khong mat tinh tong quat, c6 thé gia thiét phu
tai 3 pha duoc két ndi ¢ dang so dd tam giac va phu
tai dugc dic trung boi tong din. Thiét bi bu ciing
dugc dau ndi theo so d6 tam gidc va chi bao gdm céc
phan tir L hodc C. Viéc tinh toan chinh xac mach dién
ba pha khong dbi xung la tuong dbi phirc tap, yéu cau
phai biét thong s0 cua toan b ludi. Trong thyc té thi
thudong chi yéu cu dit bu cuc bo tai phéan doan co
phu tai khong ddi ximg. Do d6, dé don gian hoa khdi
lugng tinh toén, co thé gia thiét hé théng dién ap pha
tai chd dat bu 1a hé thong ddi ximg. Vi gia thiét nhu
vay, viéc tinh toan gia tri thong s6 bu co thé duoc
minh hoa nhu sau:
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Hinh 1. So d6 mach 3 pha c¢6 phan tir bu.

- Hé thong dién ap pha:
Uu,=U
U, =a’U @
U, ,=au

- Hé théng dong dién tai:

|2 =020l —yy, (1-a%) -UY, (a-1)
I[I)oad — I load I load — UYbC (a2 _ a) _UYab (1_ aZ) (2)
I(I:oad = load | load _ UYca (a_l) _Uch (a2 _ a)

- Hé thong dong dién bu:

| comp __ | comp

- I(:C;mp = UjBab(l_az) _Ucha(a_l)
[o™ = | 2™ — | 2™ =UjB,.(a’ —a) -UjB,, (1-a%) ®)
[ o™ = | o™ | ™ = UjB,, (a—1) -UjB, (a* —a)
- Hé thong dong dién tai ddu nguodn:
| = Iload + Icomp
a a

Ib — I[I]oad + It(;omp (4)

_pload comp
I, =12 4

Theo yéu cau ctia bai toan bu thi hé thong dong
dién tai dau ngudn phai 1a hé thong d6i xtng, didu
kién nay tuong duong voi thanh phan thi tw nghich
bang khong:

1
) =§(Ia+alb+azlc):0 ®)
Do |, 14 s6 phirc nén (5) twong dwong véi:
Re(|2)=0 (6)
Im(1,)=0

Ta nhén thay rang thong s6 ciia cac thiét bi bu
bao gdm 3 an s6: Bancomp, Bbccomp VA Beacomp, tuy nhién
(6) chi c6 2 phuong trinh. Vi vy muén giai duoc thi
can thém mét phuong trinh hodc mét diéu kién.
Trong thuc té, bai toan bu can bang pha thuong két
hop thém chi tiéu nang cao hé s6 cong suit. Vi vy, ta
¢6 thé thém vao mot phuong trinh rang budc vé hé s6
cong suat:

cosp=1 (7

Giai h¢ phuong trinh (6) va (7), ta thu dugc cac
thong so bu nhu sau:
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Phuong trinh (8) cho phép xéac dinh thong s ciia
céc thiét bi bu véi muyc tiéu 1a giam thiéu thanh phan
dong dién thu ty nghich, két hop vé6i chi tiéu hé sd
cong sudt bang mot, dua trén thong s tong dan cua
phu tai. Trong thyc té thi viéc dic trung phu tai dudi
dang tong dan 1a twong d6i kho khan do dic tinh tinh
va dong cua cac phu tai rat da dang. Vi vay, phuong
trinh (8) thuong duoc biéu dién dudi dang tuong
duong theo dong dién tai [4]:

comp __ 1 I 1. load load 1. load
2 —\/§|m(l1 )-re(1; )+—\ﬁ|m(l2 )}

- 9)
comp __ 1 1 H load 2 load
T AU -t G ﬂ
comp __ 1 I 1 H load load l H load
Bab _E_ﬁlm(ll )+re(|2 )+E|m(|2 )}

3. M6 phéng trén PSCAD

PSCAD (Power System Computer Aided
Design) 1a chuong trinh tinh toan phén tich hé thong
dién va mo phdéng qua trinh qua d¢ dién tur dugc su
dung phd bién trong coéng nghiép ciing nhu trong
giang day va nghién ctu. Ngoai viéc tinh toan phan
tich cac ché do lam viéc cia hé théng dién, PSCAD
con dugc su dung ph6 bién dé cai dat bao vé role,
tinh toan phdi hop cach dién cia may bién ap, may
cét va thiét bi chong sét, phan tich cong hudng tan s6
thép, thiét ké loc song hai, tinh toan hé théng truyén
tai dién mot chidu, md phong cac thiét bi FACTS
V.v... PSCAD c6 mét s6 uu diém ndi bat nhu cho
phép thiét ké mach, chay md phong, phéan tich dir
liéu, hién thi két qua mot cach truc dién trén giao dién
dd hoa tich hop. Bén canh d6, cic thong sb co thé
dugc thay doi ngay trong khi dang chay mo phong.

So @6 mach dién 3 pha khong d6i xting dang
don gian dugc thiét 1ap trong PSCAD d& mo phong
phuong phap cin bang pha (hinh 2). Trong so d6 nay,
phu tai khong can bang duoc ddc trung boi cac dién
tré va dién khang va déu tam giac phia 35kV. Cac
thong s6 ciia mach dién bao gdm thong s may bién
ap va thong s phu tai dugc thé hién trong bang 1.

Bang 1. Thong s6 ludi 3 pha c6 tai khong dbi xtng

Théng s6 Gia tri
Cong suat dinh mirc MBA | 100MVA
Tong trd MBA 0.1pu
Dién tr¢ tai pha AB 100Q2
Dbién khang tai pha AB 0.15uH
bién tré tai pha BC 150 Q
bién khang tai pha BC 0.05uH
Dién tr¢ tai pha CA 50Q
bién khang tai pha CA 0.1uH
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Hinh 2. So @ mach dién 3 pha khong ddi xtmg mo
phong trong PSCAD.

Tri s6 dong dién pha trude khi bu dwoc thé hién
& cac hinh 3 va 6. Tinh toan cac thdng sé bu theo
phuong trinh (9) thu dugc Bar=8,327x1073S, Bpc=
-2,864x10%S va B,=8,092x103S. Do By va Be>0 nén
cac phan tir bu s& mang tinh dung khang véi gia tri
dién dung twong ung la Cup=Ba/w=26,507uF,
Cbc=Bbe/W=25,759F; Bc,<0 nén phan tir bu s& mang
tinh cam khang va&i gia tri dién cam tuong ung la
Loc=-1/wBp=1,1115H.

Két qua mo phong so sanh dong dién trude khi
bu va sau khi bu dugc thé hién ¢ cac hinh vé 3,4,5 va
6.

Main : Graphs
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Hinh 3. D6 thi dong dién pha theo thoi gian trude khi
bu.
Main : Graphs =
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Hinh 4. D6 thi dong dién pha theo thoi gian sau khi
bu.
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Main : Controls - Main : Controls =
il 2 10 il 2

AT, T T

1.15117 0.332685 1.06458 0.0852196 |2.51678e-016

(@) (b)

Hinh 5. Cac thanh phin dong dién tht ty thuén,
nghich va khong trude khi bu (a) va sau khi bu (b).

3.70074e-016

Phase current - Phase current -

|

®O0 e oo =
1.36322 2.764 1.12588 -2.688

@) (b)

Hinh 6. B thi vector dong dién pha trudc khi b (a)
va sau khi bu (b).

Cin cir vao két qua mo phong, co thé nhan thay
rang ti 18 Io/l; trude khi bu 6 tri s6 twong dbi 16n 1a
31%, sau khi bu thi giam xudng chi con 7,69% trong
khi thanh phan dong dién tht ty thuan thay ddi rat it
(khoang 1%). Dong dién thir tw khong khong ton tai
trong ca hai truong hop do ludi cé trung tinh cach
dién. Gia tri cose trudc khi bu va sau khi bu twong
ing la 0,86 va 0,99. Nhu vay, két qua mo phong cho
thdy rang phuong phap dé xuat da dat duoc ca 2 chi
tiéu l1a gidm th1eu thanh phan dong dién thur ty nghich
va cai thién hé sb cong sut.

Trong thyc té, do phu tai ludn luén thay dbi nén
st dung cac tu hoac khang bu co gia tri ¢ dinh s&
khéong dap g duge yéu cau cin bang pha trong thoi
gian thyc. Céc thiét bi bu tinh ¢6 diéu khién c6 thé
dugc st dung nhu mot giai phap dé dap tmg duogc can
bang pha khi phu tai thay d6i. Trong khuén khé noi
dung nghién ciru nay, ta s€ mé phong hiéu qua lam
viéc cia TCR (thyristor controlled reactor) ddi véi
bai toan can bang pha. Pic tinh dién khang ciia TCR
ndi song song voi mot tu dién ¢ dinh (hinh 7) dugc
cho duéi dang [6]:

B(@) =B, (1—3a—lsin(2a)j— B. (10)
T T

L/2

Hinh 7. So @b thiét bi bu tinh c6 diéu khién bao gdm
dién khang c6 dicu khién mac song song vai tu dién.

Trong d6:

B -1
ol

L max

;B =aC

a: goc mé cua thyrisor (90°<a<180°).

Khi 0=90° thyristor m¢é hoan toan, con khi o=180°

thyristor dong hoan toan.

Céc thong s vé TCR dugc cho trong bang dudi:
Biang 2. Thong sb cia TCR

L/2 C o B(a)

TCRa |0,502H  |27,091uF |120° |8,327x103S
TCRyc |0,1134H |27,091puF [135° |-2,864%1073S

TCRc |0.6909H |27,091puF [150° |8,092x103S
Main : Controls = Phase currents =
1 2 10
2z 22 2 s o
1.05158 0.0294375 |2.22814e-016 1.08002 -2.799
@) (b)

Hinh 8. Cac thanh phan dong dién thir ty thudn,
nghich, khong (a) va do thi vector dong dién pha (b)
sau khi bu bang TCR.

Main : Graphs

Phase currents

Hinh 9. D4 thi dong dién pha theo thdi gian sau khi
bu bang TCR.

Két qua mo phong khi sir dung TCR dugc thé
hién & cac hinh 8 va 9. Can cir vao két qua mo phong,
c6 thé thdy rang viéc sir dung cac thiét bi bu tinh ¢
diéu khién dem lai hiéu qua giéng nhu cac tu hodc
khang c6 dinh, d6 1a giam duoc tri sé I/l; va nang
cao hé sb cong suét. Bén canh d6, thiét bi bu c6 diéu
khién c6 thé dap ung dugc sy thay dbi cua phu tai
theo thoi gian. Tuy nhién khi sir dung cac thiét bi bu
¢6 diéu khién thi s& lam xuat hién cac thanh phan
song hai bac cao do viéc st dung cac thiét bi dién tt
cong suat. Didu nay dwoc thé hién trén hinh 9, dang
song dong dién khong phai hoan toan hinh sin ma bi
méo. Viéc phén tich va loc cac thanh phan song hai
xuat hién trén luéi do sit dung TCR s€ duogc tién hanh
trong cac nghién ciru tiép theo.
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4. Két luan

Nghién ciru tdp trung vao viéc phan tich hi¢u
qua cua phuong phap bu can bang pha st dung cac
phan tir khang trong hé thong dién. Co s toan hoc
cua bai toan bu dugc thiét lap, trén co s& do, tac gia
da mo phong trén phan mém PSCAD dé kiém chimg
lai phuong phéap. Két qua md phong cho thiy phuong
phap sir dung cac phan tor khang dem lai hiéu qua
cao, thé hién ¢ viéc thanh phan dong dién thu tu
nghich da giam xubng dudi mic cho phép, bén canh
d6 hé sb cong suit cua ludi ciing duoc cai thién dang
ké. Nghién ciru ciing da chi ra rang viéc sir dung céac
thiét bi bu tinh c¢6 diéu khién nhu TCR c6 thé dap img
dugc sy thay doi cia phu tai trong thoi gian thyc, tuy
nhién céc thiét bi c6 didu khién nay co thé gay ra
song hai trén ludi, anh huong dén chat luong dién
nang. Viéc phan tich va thiét ké loc song hai s& dugc
tién hanh ¢ cac nghién ciru tiép theo.
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