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Tém tit: Cudn khing b ngang & thiét bi do’ng vai tro quan trong trong hé théng dién,
ddc biét doi véi ludi dién cao &p va siéu cao ap. Khi chiéu dai dwong ddy 16m, cuén khang
bu ngang dwoc dung dé hdp thy lwong céng sudt phan khang du thira dwoc sinh ra boi
dung dain dwong day khi khong tai hodc non tai, can bang cong sudt phan khdng trén h¢
thong, tranh qua dién ap cuoi duong day, duy tri on dinh dién dp & mike quy dinh. Dé giam
tir thong, nham tranh bdao hoa mach tw, can tang tu tro- mach tir bang cdch thém khe hé
trén tru, tuy nhién, diéu nay sé lam xudt hién tir truong tan ) xung quanh lan can khe ho. pé
giam anh huong cua tur truong tan xung quanh khe ho dén ton hao cong sudt trong may,
mét kKhe ho 16n dwoc chia thanh nhiéu khe hé nhé phan bé doc trén try va tai cdc khe ho
nay thuwong ding vt liéu khong tir tinh dé ngan cdch giita cdc khoi tru.

Tir khoa: Cudn khang bt ngang; Phuong phap phin tir hitu han; Tir cam; Dién cam; Tdn hao sit; Tén hao ddng.
1. DPAT VAN DE

Cuon khang bu ngang (CKBN) 1a phan tr quan trong va duge sir dung rong rai dé nang cao
tinh 6n dinh, hiéu qua trong hé thong truyén tai dién ning. Hé thong truyén tai dién cao ap va
siéu cao ap thuong ¢ chidu dai duong day twong ddi 16n, nén khi khong tai hodc tai nho, dién
dung ky sinh trén dudng day, dac biét ¢ duong day dai c6 gia tri kha 16n s€ lam tang dién ap doc
tuyén duong day, gdy qua ap cudi duong day. Hién tugng nay dugc goi 14 hiéu | umg “Ferranti” [1, 2].
Do do, dé duy tri 6n dinh dién ap & mirc quy dinh, CKBN dugc sir dung dé hap thu lugng cong
sudt phan khang du thira dugc sinh ra boi dung din duong ddy, cin bang cong sut phan khang
trén hé thong [3].

Dbi voi CKBN, dé giam tir thong va tranh bio hoa mach tir, cin ting tir trd mach tir bang
cach tao ra khe ho ngang tru, qua d6 tang nang luong tich trir khu vuc khe hé. Thé tich cua khe
ho nay phy thuge vao cong suat phan khang va tir cam mach tir dugce lua chon. Sy can thiét co
khe ho trén try lam xudt hién tir truong tan xung quanh khe ho [4], 1am gia ting ton hao cong
sudt trong mdy, tiy thudc vao kich thudc khe hé can phan chia thanh nhiéu khe ho dé giam anh
hudng cua tir trudng tan ndy, qua d6 giam ton hao cong suét trong may.

Trong nghién ctru nay, nhom tac gia da st dung phuong phdp tinh toan giai tich dya trén ly
thuyét vé mo hinh mach tir dé dua ra cac thong sb kich thudc mach tir va diy quéan ciia CKBN.
Sau do, ap dung phuong phéap phan tir hitu han (FEM) d tinh toan va mé phong CKBN ung véi
cac thong sé da dugc thiét ké tir phuwong phap giai tich.

2. TINH TOAN THIET KE CKBN

2.1. Céu triic mach tir

CKBN thuong duoc phan lam hai loai: cudn khang khé va cudn khang dau. Trong ludi dién
ba pha, CKBN ba pha c6 thé dugc ghép tr td ba cudn khang mot pha hoac CKBN ba pha ba tru,
ba pha nam tru (kiéu tru boc).

CKBN & hinh 1(a) 1a cuén khang mot pha, thuong dugc ndi thanh t6 cudn khang ba pha.
Cudn khang ba pha nim tru ¢ hinh 1(c) c6 dang tru boc, giam tiét dién gong va chidu cao mach
tir so voi kiéu ba pha ba tru nhu hinh 1(b) [6]. Véi khe hé trén tru c6 chiéu dai Ion, xung quanh
khe ho ton tai tir théng tan Ion. Dé giam anh huong cua tir thdng tan nay can chia thanh nhiéu
khe hé phan b doc trén try, véi tong chiéu dai khe ho khong thay doi. Qua do, tang tir tro tong
vung lan can xung quanh khe hg, giam anh hudng cua tir thong tan.
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I
(@) (b) ©)
Hinh 1. (8) Cudn khdang mét pha;, (b) Cudn khang ba pha ba tru; (€) Cudn khdang ba pha nam tru [5].
2.2. So' 6 mach tir thay thé
Mo hinh va thong s mach tir cia CKBN mdt pha va so d6 thay thé dugc mé ta nhu trén hinh 2.

If

N
Hinh 2. M6 hinh mach tir CKBN (trdi) va so do thay thé (phai).

Trén hinh 2: D¢, H, Hy, Dy, Wy, HW, Wy, thir ty 1a duong kinh try, chiéu cao tru, chiéu cao
gong, chiéu day gong, chiéu rong ctra s6 mach tir, chiéu cao va chiéu rong diy quan.

Trong do, F Ia ste tir dong. Do tinh d6i xung cia mach tir nén tir tr¢ timg phan gong trén,
gbng dudi, phan mach tir hai bén va tir trd phan tru dugc xac dinh theo phuong trinh sau:
12W, + D, + H,

Rh=R,=R;,=R,= ————~
1 2 3 4 1 Z-Hy-Dy (1)
1H.+H 14.(H.+H,—1
Ry =Ry = ~hetfy g 120ty (2a-b)
u Hy.D, u D¢

Trong céac cong thure trén, p (H/m) 1a tr tl}ém ctia vat lidu sit tir, Iy (m) 13 tong chiéu dai khe
ho trén try, Wy, D¢, Hy, Dy (m) 1a cac thong so kich thudc nhu dugc mo ta trén hinh 2.
Tir tré trong duong phan sit tir sau khi bién dbi twong dwong dwogc xac dinh:
Ry + R, + Rg _4.(HC+Hy—lg)+2Wy+DC+2Hy+HC

R, =R, + =
< 2 p.m.D? 2u. Hy,. Dy, ®)
Tir tré phan khe hé trén tru duoc xac dinh theo cong thirc:
R 1 4.1, @
9 pom.D?

Tir (3) va (4) nhan thay, thuong tir thim vat liéu ky thuat dién 1am mach tir u = p,-. o 6 gid
tri rat I6n so véi tir tham khe ho 12 p1g, nén tir tré R, rat nho so véi Ry. Khi tinh toan kich thudc so
bo CKBN c6 thé bo qua thanh phan R. trén so dd mach tir thay thé.

2.3. Tinh toan thong sb thiét ké

Trong phan ndy, nhom tac gia thuc hién tinh toan thong sb thiét ké CKBN mot pha c6 cong
suat 35 MVAr, 500/v/3 kV, 50 Hz. Véi t6 ba CKBN nay ding trong ludi dién ba pha, cong suat
téng 12 105 MVAr. Thong s thiét ké va céac chi tiéu ky thuat cia CKBN s& duogc tinh toan so bd
bang phu:o‘ng phap giai tich qua cac cong thirc tinh toan dién tir co ban. Két qua nay (ton hao
dong, ton hao sat, dién cam, cong sudt phan khang) sau d6 dugc so sanh voi phuong phap phan
tt hiru han FEM dé hiéu chinh thiét ké.
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Budc dau tién dé thiét ké CKBN la x4c dinh kich thudc mach tir, nhu da trinh bay, can tang tir
tré mach tur bﬁng cach thém khe ho trén tru. Thé tich cua phﬁn khe h& can thém vao mach tir 1a
thong s6 quan trong can tinh toan, c6 thé duogc xac dinh théng qua cac phuong trinh dya trén mé6
hinh mach tir. Thé tich khe h¢ phu thuge vao cac théng s6 chinh cua cudn khang cong suat phéan
khang, tr cam mach tur, tan sb ludi dién, nang luong tich trir trong khong gian diy quin va khe
hd, dién cam day quan.

Thanh phan dién trd diy quéan rit nho so vai dién khang, c6 thé bo qua khi xac dinh thong sb
mach tir. Quan hé giira stic dién dong cam tng trén diy quan véi thong s6 mach tir theo phuong trinh:

(2”>f1vqb —(zn)fNB A ©)
73) TN On=\75) - N-Bm: Ag

Tai so d6 mach tir hinh 2 ¢6 quan hé gitra stc tir dong F véi tr thdng va tu tré mach tu, Xac
dinh dugc quan hé dong dién voi thong so khe ho trén try, do tir trg mach tir Re rat nho so vei tur
tro khe ho nén cé thé bo qua khi xac dinh dong dién. Dong dién dugc xac dinh nhu phuong trinh
dudi day:

E =

Ich'Rg:(i)Bm'lg ©)
N V2/ uo-N
Thé tich khe ha Vg xac dinh qua tiét dién Aq va chiéu dai cua khe ho lg. Tir (5) va (6) xac dinh
dugc thé tich caa khe ho theo phuong trinh:
Q
Vg =4g.lg = T, 2 @)
T f.B2
HUo

Trong cac phuong trinh trén: f, N, ®m, Bm, Ag, lg, Ry va 1o lan luot 1 tan s ludi dién, sé vong
day cua day quén, tir thdng cuc dai, tir cam cuc dai, tiét dién khe ha, chiéu dai khe hg, tir tro
vuing khe ho va d tir tham caa khong khi.

Khi cong suat phan khang, mat do tir théng va tan s ludi dién khong dbi thi thé tich khe ho
can tinh toan 1a khong d6i. Tir thé tich khe ha nay s& xac dinh tiét dién va chiéu dai khe ho, day
1a hai théng s6 quan trong, anh hudéng dén tong thé ton hao cdng suat va kich c& CKBN.

bién cam duoc xac dinh qua m6 hinh mach tir, d6 la:

Ay
L—Nz,u0<l> N2 B, (8)
. g
Tir (8) 6 thé xac dinh so bd s6 vong diy theo phuong trinh (9).

L

N =
A (9)
Ho- (l_g)
g
Kich thuéc cudn day trong cira s6 mach tir dugc xac dinh theo phuong trinh (10).
N I
A, =W,.H 10

Trong d6: ky 12 hé sé dién ddy day quin trong cira s6 mach tir; J 1a mat do dong dién.
Tir thdng tan 1an can xung quanh khu virc khe hg duoc xac dinh theo [6], xét véi tru co tiét
dién tron.

g

2
Q'Jf=_[B.dA _[l+1r .m.D.dr
0

(11)
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Tir quan hé giita tir thong tan vai sac tir dong qua tir dan phan tir thdng tan, tir dan tan khu
vuc xung gquanh lan can khe hé dugce xac dinh:

Pr = ptg. De.In <1 +

w(He — g)
2.1,

(12)

Tur dan khe ho c6 ké dén anh huong cua tir thdng tan xung quanh khe ho duoc xac dinh theo

phuong trinh:
Pyr =P, + P (13)
Phuong trinh quan hé giita dién cam va s6 vong day khi xét dén tir dan mach tir va tir dan khe ho.
L =N%(P. + Py) (14)
Tén hao ddng dugc tinh toan thong qua cac phuong trinh sau:
Pey = Iz-kf-Rdc (15)
Ry, _ mN.(Dc+ W, + 2.by) (16)

Bl ,D-E— P ACu

Trong d6: kr 1a hé s6 gia tang t6n hao do hiéu ing bé mit va dong dién xody; Rec 1a dién tro
day quan; p 1a dién tro suat cua day dan; bew 12 khoang cach cach dién tir try dén day quan; A 1a

tiét dién cuia day dan.

Tén hao sat tir dugc xac dinh bang phuong trinh:
PF@ = kp. (pt Gt + pg. Gg)
Trong dé: ky 1a hé sb ton hao phu; p: va pg tuong tng 1 suat tén hao sit & try va gong; G va

17)

G, twong tng 1a khdi lugng cua try va gong.
~ Sau khi tinh toan cac thong s6 qua cac phuong trinh da néu trén, két qua tinh toan cac thong
so kich thugc cua CKBN dugc tong hop ¢ bang 1 dudi day. Bang ket qua nay dugc st dung dé
thyc hién mé hinh moé phong bang phuong phap FEM.
Bing 1. Thong so chinh CKBN.

Thong s6 Ky hiéu Gia tri
Cong suat phan khang Q (MVAr) 35
bién ap dinh mirc U (kV) 500/+/3
Dong dién dinh mac I (A) 121,24
Dién cam tong L (H) 7,5788
Puong kinh tru D¢ (mm) 698
Chiéu cao tru H. (mm) 1793
Tong chiéu dai khe ha trén tru Iy (mm) 390
S6 vong day quan N (vong) 2020
Chiéu rong day quan W, (mm) 254
Chiéu cao day quan Hw (mm) 1523
Tén hao dong Pcu (KW) 58,6457
Tén hao sit Pre (KW) 22,3420

3. MO HINH HOA VA MO PHONG BANG PHUONG PHAP FEM

H¢ phuong trinh Maxwell cung v6i luat trang thai cho bai toan dién tir dugc x4c dinh nhu sau

[7-10]:
curl E = —0,;B, curl H = J, divB = 0, (18a-b-c)
B = uH, J =0oE, (19a-b)
Gia tri dién cam (L) dugc xac dinh théng qua nang lugng theo cac phuwong trinh sau:
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1 2. W,
Wi = H.B, Wm=ﬂfwmdv, L=—75 (20)

Trong d6: E, B, H, J lan luot 1a cuong do dién trudng, mat do tir thong, cudng do tu truong
va mat d6 dong dién; Céc tham so u, o lan luot 1a do tir tham va do dan dién cua vat liéu; W,
W la nang lugng, mét d nang luong trén don vi thé tich.

L]

Hinh 3. M6 hinh CKBN mét pha (trdi), sw phdn phé ciia mét dé tie cam (phdi).
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Hinh 4. Phdn bé tir cam trén doan C1-C2 giita khoi tru.

Mo hinh déi tugng CKBN dugc tao trong Ansys Maxwell nhu hinh 3 (tréi). Sy phan b tir
cam trén mach tir va trén khéi tru dugc mé ta trén hinh 3 (phai) va hinh 4. Tir cam phan bd
khong dong déu trén mach tir, dic biét trén cac khéi tru. Tir thong tip trung & bé mit ngoai cuia
céc khodi try nén gia tri tr cam & xung quanh canh kh01 try 16n hon ¢ trong 16ng khdi tru. Nguyén
nhan cua van dé nay la do dac diém ctia CKBN can thém khe ho trén tru dé tang tur tré mach tu,
1am xuét hién thanh phan tir thong tan xung quanh 14n cin cac khe h& gy gia ting tir théng xung
quanh khéi try.

Phan b mat do nang luong va tir cam trén duong doc khe h¢ gitra try twong tmg nhu hinh 5
dudi day. Phan bo tir cam trén doan D1-D2 theo chiéu cao mit trong day quén va doan D3-D4
gilra try va day quan duoc biéu thi trén hinh 6. Hinh 6 (dudi) cho thay, tr cam doc chiéu cao mat
trong cudn diy tuong dbi nhé va ddng déu, tir cam trung binh 0,160T. Két qua nay dat dugc 1a
do da thuc hién chia nho phﬁn khe hé thanh 9 khe b tri doc trén tru, qua do6 tranh dugc anh
hudng cua tir truong tan 1én cac phan ddy quan lan cin khe ho, giam tir cam khu vuc day quan
xung quanh khe ho vé gia tri dong déu so véi cac vi tri khac doc cudn day.

Tén hao dong trén diy quin duoc duge mo ta nhu trong hinh 7. Gia tri ton hao dat duoc 1a
59,0174 kW, nhu vy, sai s6 0,63% so voi két qua tinh giai tich 13 58,6457 kW.Dé tranh gia ting
t6n hao do thanh phan tir trudng tan tic dong 1én diy quan lan can khu vuc khe ho, can chia nho
khe h¢ qua d6 giam ban kinh tir truong tan nho hon khoang cach giira day quén va try, giam anh
hudng dén day quan.
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Phan be mat do nang lueng tren doan G1-G2 doc khe ho giua cac khoi tru
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Hinh 5. Phédn b6 mdt dé nang lwong va tir cam trén doan G1-G2 doc khe ho giita tru.

Phan bo tu cam tren doan D3-D4 giua tru va day quan TP &
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Hinh 6. Phdn bo tir cam giita tru va ddy quan (trén) va theo chiéu cao mdt trong ddy quan (duéi).
Tdn hao sét tir trén mach tir duge mo ta trong hinh 8. Gia tr1 27,9521 kW so voi két qua tinh
toan giai tich 1a 22,3420 kW, nhu vay, sai s0 25,11% so vdi két qua tinh giai tich. Sai khac nay 1a
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do phuong phap giai tich khong xac dinh duoc sy phan bd tir cam trén tru va gong, tir cam tai cac
vi tri khac nhau dan dén suat ton hao va do d6 ton hao khac nhau. Thém nita, thanh phéan tir
truong tan khu vuc khe ho nay huong vao 1a thép hop voi huong tir hoa cac goc khac nhau gay ra
dong dién xody lam gia tang thém ton hao trén cac khai thép tru.
Gia tri dién cam khe ho va dién cam tong gitra phuong phap giai tich va phuong phap FEM
dugc cho trong bang 2.
Bing 2. Bang so sanh gid tri di¢n cam tong va dién cam khe hé
bang cdac phwong phap khac nhau.
Théng s6 FEM | Giai tich | Sai s6
Dién cam tong L (H) 7,4935 | 7,5788 | 1,13%
Dién cam phan khe ho gitra tru Ly (H) | 4,9638 | 5,0263 | 1,24%
Ung v6i dong dién trong day quan dat gid tri 121,46A, sai s6 chi 1,13% ddi voi gi tri dién
cam tong va 1,24% doi voi dién cam phan khe hé gitra céc tru.
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Hinh 7. Ton hao dong trén ddy quan.
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Hinh 8. T6n hao sdt trong mach tir.
4. KET LUAN

Trong nghién ciru ndy, nhém tac gia da thyc hién tinh toan thiét ké bang giai tich dya trén so
d6 mach tir thay thé tuong duong dé tinh toan thong s kich thudc mach tir, diy quan va cac
thanh phﬁn tdn hao cong suit tréen CKBN. Dua trén kich thugc da tinh toan, thuc hién dung mo
hinh héa va mé phong CKBN bang phuong phap FEM, khao st phan b tir cam trén mach tu,
nang luong tich Iy trong khu vue khe he, xac dinh cac thanh phan t6n hao cong suat trong may
So sanh két qua tinh toan gitra hai phuong phap, dat cac thong s6 ky thudt, dién cam téng sai 1éch
chi 1,13%, cong suét phan khang dat nhu yéu cau thiét ké, cho thdy do tin cdy ctia phuong phap
tinh toan thiét ké qua so dd mach tir CKBN.
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TOM TAT
COMPUTATION AND SIMULATION OF SHUNT REACTORS BY AN ANALYTIC

METHOD AND FINITE ELEMENT METHOD-APPLICATION TO TRANSMISSION LINES

OF HIGH AND SUPPER HIGH VOLTAGES

Shunt reactors are important components in electrical systems for high - and supper
high voltage systems. When the length of cables is large, they are used to absorb excess
reactive powers generated by capacitive powers on the lines when no-load or under-load. It
is also to balance reactive powers in systems and avoid over voltages at the end of lines,
maintain a regulated voltage. In order to reduce magnetic fluxes and avoid magnetic
circuit saturation, it is necessary to increase the reluctance of the magnetic circuit by
adding air gaps in the iron core. The air gaps are arranged along the iron core to decrease
the influence of fringing fluxes around the air gaps on total losses in shunt reactors. Non-
magnetic materials are often used at the air gaps to separate between iron cores.

Keywords: Shunt reactors; Air gaps; Inductance; Joule power losses; Copper losses; Finite element method.
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