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TOM TAT

CAc khe ho duwoc thiét ké trén try cua cuon khang bit ngang dé tang tir tré- mach tiv, ting ning
lwong tich trit va dat cong sudt phan khéng theo Yéu cdu. Thé tich cua khe ho phu thugc vao
cong sudt cia cuén khang bl ngang. Trong thiee 16, may ¢ cong sudt cang lom thi thé tich va
chiéu dai khe ho cang I6n. Tuy nhién, tir truong tan xung quanh khe hé xudt hién anh hieong triec
tiép dén cdc thong so dién cam, diéu ndy sé dnh hwéng dén cong sudt phan khdang cia cudn
khdng hdp thu tir luéi dién. Poi véi khe hé co chiéu dai lom, tir thong tan xung quanh khe hé sé
6 bdn kinh 16m va sé méc vong vao cudn 08y, dan dén gid tri dién cam tong lén. Do do, viéc
chia khe hé c6 chiéu dai I6n thanh cdc khe hé nhé hon phdn bé trén tru sé giam dwoc gid tri
dién cam tong. S6 lwong khe ho can chia nhé phu thugc vao cong sudt ciia cuén khang va dién
dap luoi dién. Trong bai béao nay nhém tac gia két hop gitta phuong phap gidi tich dua trén [y
thuyét vé mé hinh mach tir dé xdc dinh cdc thong so chinh cua cugn khang, sau do dp dung
phirong phdp phdn tir hitu han dé xdac dinh sé lwong va kich thuéc khe hé phiv hop trén tru cia
cudn khang bu ngang.

Tir khoa: Cudn khang bit ngang; Phwong phap phin tir hitu han; Dién cam; S6 lugng khe ha; Kich thude khe hé.
1. PAT VAN BPE

Trong thuc té, cac hé thong truyén tai dién
cao ap va siéu cao ap do c6 chiéu dai duong day
16n, nén dién dung giira day dan voi dat sinh ra
cong suit phan khang rat 1on. Thong thudng, &
ché do van hanh vira va diy tai, luong cong suat
phan khang (CSPK) dugc tiéu thu boi cac phu
tai dién cam va dién cam duong day. Tuy nhién,
khi van hanh khong tai hoac tai nhd, trén duong
day s& xuit hién hién tuong ting dién ap trén )
doc tuyén duong day, giy ra qua ap tai cac thiét Hinh 1. Cong suat phan khang trén
bi ndi trén d6, ddc biét 1a cac thiét bi cudi duong dwong dady [4].
day [1-3]. Bé 6n dinh dién ap hé théng & mic
quy dinh, cudn khang bu ngang (CKBN) duoc thiét k& dé hap thu lugng CSPK du thira duogc
sinh ra bai dung din duong day [4-7]. Trong cac nghién ctru gan day [8-12], két qua dat duoc di
chimg minh rang, s6 luong khe ho trén tru s& dnh huong dén tir truong tan xung quanh khe ho.
Diéu nay s& anh huong truc tiép dén cac thong sd dién cam cua CKBN. Vi khe ho trén try co
chiéu dai 16n, thanh phan tir thong tan xung quanh khe h¢ s€ 16n va moc vong va cac vong day
cua cudn day. Diéu nay s& lam cho tir dan tan 16n, dién cam tan 16n, dan dén dién cam tong 16n.
Do d6, dé khic phuc dugc nhugc diém trén, viéc chia khe hé co chiéu dai 16n thanh cac khe hé
nho hon dé giam ban kinh tir truong tan xung quanh khe ho, giam tir dan tan va dién cam tan dé
dat cong suat phan khang theo yéu cau s& dugc nghién ciru trong ndi dung ciia bai bao nay.

Tuy nhién, s6 lugng khe ho qua nhiéu s& giam tinh bén viing va tang chi phi trong ché tao. Do
vay, viéc xac dinh s0 lugng khe ho va chiéu dai khe hd phu hop 1a van d€ mang tinh thoi sy ma
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céc nha nghién ctru trong va ngoai nudc rat quan tim, dic biét 1a cac Cong ty ché tao May dién
hién nay.

Tiép tuc phat trién tir cic nghién ctru trude d6 [13-15], trong nghién ctru ndy, nhom tac gia da
két hop hai phuong phép: phuong phap tinh toan giai tich dya trén 1y thuyét vé mo hinh mach tir
va phuong phap phan ttr hitu han (PTH H) dé dua ra thong sb kich thuéc ciia cac CKBN c6 cong
suat khac nhau, Va xéc dinh cac thanh phan dién cam thong qua ning luong. Trén co sd do, bai
bao s& d& xuat sd lugng khe ho va dai lya chon chiéu dai khe ho phu hop. Cac két qua dat dugc
cua bai bao, s€ khuyen c40 va gilp cac nha nghién ctru, thiét ké va cac hang ché tao ¢6 co so lua
chon tra ctru khi thiét ké ché tao CKBN.

2. BAI TOAN NGHIEN CUU

Trong phan nay, thong qua phuong phép gidi tich va phuong phap PTHH, cac thong s6 dién
cam cua cac CKBN mot pha véi cong suat khac nhau st dung trén ludi dién cao ap 110 kV, 220
ky va Siéu cao ép 500 kV dugc xac dinh. Trén co sé do, bai bao thuc hién nghién ctru xac dinh
sO lugng va chiéu dai khe h¢ trén try cia CKBN. Trong pham vi cta bai bao, nhom tac gia dé
xuat nghién citu mo6 hinh CKBN mét pha.
2.1. M hinh giai tich

Thong s6 kich thudc co <
ban cia CKBN mot pha g |
nhu mo ta trén hinh 2a. Thé

— b w
tich cua phan khe ho can
thém vao trén try phu thude

LI

vao cac thong sb chinh cua H| H
cudn khang: CSPK, tir cam
mach tir, tan sb lugi dién.
Viéc xac dinh thé tich khe L.
hé khoéng khi duoc thuc @ (b)
hién thong qua cac phuong

trinh dya trén moé hinh Hinh 2. (@) Théng s6 kich thuée CKBN - (b) Mé hinh mach tir.
mach tir. Do tinh di xtng

clia mach tir, nén tir tr& ting phan gong trén (Ry, R,), gong dudi (Rs, R4), phdn mach tir hai bén
(Rs, Rg) va tur tré phﬁn tru R; dugc xac dinh theo phuong trinh sau:
12W, +D. + H,

Ry=R,=Rs=R, = -
1 2 3 4 u Z.Hy.Dy (1)
1H.+H, 14.(H, + H, — L)
R- =R = -, R- = — 2a-b
5 6 u H D 7 1 T[D2 ( )

Trong do: W la do tu tham clia vat liéu st tu, Iy 12 téng chiéu dai khe ho trén try, Wy, D¢, Hy,
D, 1an luot 13 cac thong sb kich thude ciia CKBN nhu duoc mo ta trén hinh 2a.

Tir tré trong duong phan sit tir xac dinh theo phuong trinh:
R, +R,+Rs 4 (H.+Hy,—1ly) 2W,+D:.+2H,+H,

Re =R+ 2 T wnD? 2u.Hy. D, )
Tir trd phan khe h trén try tinh theo phuong trinh dudi day:
1 4.1,
Rg = HoT. D2 @

Béng cach so sanh phwong trinh (3) va (4), ta nhan thdy, tir tr& R, cia mach tir bé hon rat
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nhiéu so véi tir tré cua khe ho Rg. Do do, khi tinh toan kich thuée so by CKBN, tir tré ciia mach
tir Re 0 the duogc bo qua. Tur quan h¢ gilra suc tar dong véi tir thong va tur tre, quan h¢ dong di¢n
véi théng s6 khe ho trén tru dugc xac dinh:

®.R 1\B,,.1l
[=—9_ (—) m: g (5)
N V2/ po-N
Thé tich cua khe hé can thém trén tru caa CKBN [13]:
Q
Vg=4g.lg =7 2 (6)
T f.B2
Ho

Trong d6: f, N, By, Ay, lg, Ry VA zo lan Tuot 13 tan s6 luéi dién, s6 vong day cua day quan, tir
cam cuyc dai, tiét dién khe ha, chiéu dai khe hg, tir tré viing khe ha va do tir tham cua khong khi.

Khi CSPK, mat do tir thdng va tan sé ludi dién khong doi thi thé tich khe hé can tinh toan la
khong doi. Tir thé tich khe ho nay s& xac dinh tiét dién va chiéu dai khe ho, day 1a hai thong s6
quan trong, anh huong dén tong thé CKBN. Bién cam day quan duoc xac dinh théng qua CSPK
va dién &p hiéu dung theo cac phuong trinh dudi day:

Uz A
L=—0iL= NZ. . (—g> =N2.P, (7a-b)

Trong d6: Py 1a tir din phan khe ho trén tru.
Tir phuong trinh (7b), s6 vong day quan cé thé xac dinh theo biéu thic:

8)

Mit khac, ta nhan thdy rang, xung quanh khe hd s& xuét hién thanh phan tir thong tan tai cac
ving 1an can bao quanh cac khe ho lam ting tir dan phan khe hd. Do d6, doc trén tru, can chia
nho khe ho 16n thanh “g” khe ho nho hon. Tir ddn khu vuc xung quanh 1an can tirng khe h dugc
xéc dinh theo [16]. Bdi véi tru 6 tiét dién tron, tir dan duoc xac dinh:

_ D mhy,
Pis = Ho- 1+In 9)

Trong do: l;; = I,/g 1a chiéu dai mdi khe ha trén try.
Tur din caa khe ho khi ké dén anh huong cua tir thdng tan xung quanh khe ho:
_ Plg + Plf

g

Phuong trinh quan hé gitta dién cam va s vong day khi xét dén tir din mach tir va tir dan khe
ho ¢6 ké dén anh hudng cua tir théng tan dugce xac dinh:

L = N?*(P. + Pyy) (11)

P af (10)

2.2. M hinh bai toan tir dong

Trong phém nay, mo hinh toan hoc cua bai toan tir dong dugc phat trién trén co so cua hé
phuong trinh Maxwell voi cong thirc tir thé véc to, két hop vai cac ludt trang thai va diéu kién
bién. Hé phuong trinh Maxwell duoc viét trong mién tan sé trong khong gian Euclidean R3 dugc
viét nhu sau:
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curl H=J;,curlE=—jw B, divB = 0. (11a-b-c)
B = uH, ] =0E, (12a-b)
Trong d6: H 1a cuong d6 tu truong (A/m), B 1a mat d6 tir thong (T), E 1a cuong d6 dién
truong (V/m), J 1a mat 4o dong dién (A/m?), u 1a d6 tir tham va o 1a 6 din dién (S/m).
Piéu kién bién cua bai toan nghién ctru dugc xac dinh nhu sau:
nXle‘h :jf' n'Blr‘e :bf, (13a'b)
Trong d6: m 13 véc to phap tuyén huéng ra ngoai mién nghién ctru (Q), véi Q = Q. U QF.
Trong d6, mien Q. va Q¢ lan lugt la cac mién dan va khong c}ﬁn trong vung nghién ctru. Cac
phuong trinh (11a) va (11b) dugc giai vai dieu kién bién cd ké dén thanh phan tiép tuyén cua
cuong do tur truong H trong phuong trinh (13a) va thanh phan phép tuyén cia mat do tir cam B
trong phuong trinh (13b).
Cac thanh phén cuc‘mg dd tur truong, mat do tur thong duge xac dinh tir viéc gidi hé phuong
trinh Maxwell va cac di€u kién bién nhu trén. Viéc xac dinh mét d6 nang lugng va gia tri dién
cam dugc xac dinh thong qua budc post-processing, cu thé nhu sau:

1 2. Wy,
Wi :ZH'B; W, =fffwmdv; L=—:7

; (14a-b-c)

Trong do: Wp, Wp, lan luot 1a nang luong va mat do nang luong trén don vi thé tich.
2.3. Céc thong so chinh

Trén co sé tinh toan tr phuong phap giai
tinh va phuong phap PTHH, mo6 hinh CKBN
duogc mo ta trén hinh 3.

Cac thong sb kich thudc cua cac CKBN

mot pha c6 cong suat 128/3 MVAr ding
trong ludi dién cao ap 110 kV, 220 kV va "

siéu cao 4p 500 kV duogc dua ra nhu trong Hinh 3. M6 hinh CKBN mét pha.
bang 1.
Bing 1. Thong s¢ chinh CKBN.
Thong sb Ky hiéu Gia tri

Cong suat phan khang Q (MVAr) 128/3

A e , 110 220 500
bi¢n ap dinh muc U (kV) /\/§ /\/5—, /\/§
Dong dién dinh muc I (A) 671,83 335,91 147,80
Dién cam tong L (H) 0,3009 1,2036 6,2170
buong kinh tru D. (mm) 737 737 737
Chiéu cao tru H, (mm) 1849 1929 1929
;I;lcing chieu dai khe ho trén l, (mm) 126 426 426
S6 vong day quéan N (vong) 428 825 1841

3. XAC PINH SO LUQNG VA KiCH THUOC KHE HO TREN TRU

Véi cac CKBN c6 cong suat, dién ap va cac thong sb kich thude di xac dinh duoc, nhom
tac gid thuc hién nghién cuu voi tung truong hop co so lugng khe hd khac nhau. Xac dinh cac
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thanh phan dién cam thong qua ning luong, dua ra mdi quan hé giira dién cam tong va dién
cam tan theo s luong khe hé trén try. Gid trj dién cam quyét dinh dong dién va CSPK nhan tir
ludi dién cia CKBN. Két qua quan hé gitra di€n cadm tan va dién cam téng theo s6 lwong khe
ho cia CKBN c6 cong suat 128/3 MVAr, trén luéi dién ap 110kV, 220 kV va 500 kV tuong
ung trén hinh 4.

Tt déac tinh quan hé trén hinh 4a gitra gid tri dién cam tan va dién cam téng Voi sb lugong
khe hd phan bb trén try cia CKBN 128/3 MVAr dung trén luéi 500 kV cho thdy, voi s6 lugng
khe hé nho thi chiéu dai mdi khe hé 16n, thanh phan tir thong tan va dién cam tan 16n, dan dén
dién cam tong 16n. Khi tang s6 luong khe ho tur 1 dén 8 khe dién cam tan va dién cam tong
giam 16 rét, do khi ting s6 khe thi tir dan tong vung 1an can xung quanh khe ho giam, hay
nguoc lai tir tré vang xung quanh khe ho tang, dan dén giam tir truong tan va dién cam tan.
Tiép tuc ting s khe ho 1én téi 30 khe cho thay dién cam c6 giam nhung khong dang ké. Voi
két qua trén, khi chia s6 khe ho tir 9 khe s& dat dugc gia tri di€n cam theo yéu cau. Cung cong
suit nay, CKBN dung trén lu6i dién 220 kV can chia thanh 11 khe hd con CKBN dung trén
ludi dién 110 kV can chia thanh 17 khe h trén tru. Nhom tac gia thuc hién nghién ctu tuong
ty v6i cac CKBN mét pha c¢6 cong suat khac nhau dung trong ludi dién cao ap va siéu cao ap
dé xac dinh sb luong khe ho hop 1y. Tir dic tinh quan hé giita dién cam tan hay dién cam tong
g voi cac may c6 cong sudt va dién ap khac nhau dua ra co s lua chon s6 khe ho can chia
trén tru pht hop, két qua thé hién trén hinh 5.

CKBN mét pha 128/3 MVAr - Ludi dién 500 kV

12
—Pién cam tong L_tot
10
- - Dién cam tan L_f
i 8
-
£
8 6 (a)
c
@
2 4
\
\
AY
2 sl
0
1 3 5 7 g 11 13 15 17 19 21 23 25 27 29
56 khe ho trén tru g (khe hg)
CKBN mot pha 128/3 MVAr - Ludi dién 220 kV CKBN mot pha 128/3 MVAr - Ludi dién 110 kv
2.5 0.6
——Dién cam tong L_tot 05 ——Dién cam tong L_tot
’ - - Pigncamtan L_f - - DiéncamtanL_f
= Toe
=15 -
5 é 03
& ! &
= a 0.2
AY
AY N
05 01 o
0 T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
S6 khe h& trén tru g (khe ha) S8 khe hé trén try g (khe hé)
(b) (c)

Hinh 4. Quan hé gitra dién cam véi 56 khe ctia CKBN 128/3 MV Ar:
(@) Luoi 500 kV; (b) Ludi 220 kV; (¢) Lugi 110 kV.
Két qua nghién ctru chi ra trén hinh 5 cho thay cing mét cdp dién 4p, do khoang cach giita
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day quin va try nhu nhau, duoc xac dinh theo khoang cach cach dién tdi thiéu nén may c6 cong
suat cang 16n thi s6 lwong khe ho can chia nhé trén try cang nhiéu. Tai ciing mot gia tri cong
suat, CKBN co dién ap nho hon s& c6 khoang cach giita diy quan va try ngan hon, do d6 can
chia nho thanh nhiéu khe hé hon. Tir két qua dat dugc, thuc hién thiét 1ap da thirc quan hé giita
) luong khe ho can chia trén tru tai cac dai cong suét khac nhau tir 50/3 MVAr dn 330/3
MVAr trong lu6i dién cao ap 110 kV, 220 kV va siéu cao ap 500 kV, két qua duoc 13y theo gia
tri nguyén tir phuwong trinh dudi day:

g=fU,Q)=-(7,331.10"°U? — 5,626.107°U + 12,17.10"%)Q? + (2,261.107°U?

—17,39.107*U + 0,4305).Q + 4,528.107°U? — 35,46.1073U (15)
+ 10,33
Quan hé giita s& khe hd can chia trén tru theo cng sudt va cap dién ap
30
--so0kv -
" —220kV e
s 110 kV
@ 20
e
)
< 15
Q
<
[ss)
£ 10
E
3

10 30 50 70 90 110
Cong suat Q cia CKBN (MVAr)
Hinh 5. S6 luong khe ho trén tru theo cong sudt va cap dién dp.

Tir chiéu dai tong ctia khe ho va sé khe hé can chia nhod voi cac dai cong suét va cac cap dién
&p cao 4p va siéu cao ap, dua ra khoang lya chon chidu dai mdi khe hé ing véi cac cip dién ap
nhu trén hinh 6.

Dai lwa chon chidu dai mot khe hé theo cap dién 4p
50.00

45.00
40.00
35.00
30.00

25.00

Chiéu dai mét khe hé 11g (mm)

20.00
100 200 300 400 500
Bién ap lwdi dién U (kV)

Hinh 6. Ddi lwa chon chiéu dai mét khe hé theo cd’p dién ap luoi dién.
Két qua nghién ctru ndy cho ra buc tranh quan hé giira s6 lugng khe ho trén try theo cong sut
va dién ap ludi dién cung voi dai lya chon chieu dai mdt khe hé theo cap dién ap ludi dién, tir d6
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giup cac nha thiét ké ché tao c6 co s& lua chon duoce sb lugng khe hé phu hop khi thiét ké ché
tao CKBN.

4. KET LUAN

Trong nghién ctru nay, théng qua phuong phap tinh toan giai tich dwa trén ly thuyét vé mo
hinh mach tir va phuong phap phan tir hitu han, nhom téc gia dua ra thong s6 kich thudc ctia cac
CKBN c6 cong sut khac nhau dung trong ludi dién cao ap va siéu cao 4p. Xac dinh cac thanh
phﬁn dién cam tan va dién cam téng thong qua nang lugng, tir d6 dua ra dic tinh va da thuc quan
hé giita s6 lugng khe hé phii hop can chia nho trén try theo cong suét tai cac cip dién ap khac
nhau. Tiép theo, dua ra dai lua chon chiéu dai mdi khe ho theo cip dién ap luéi dién. Két qua
nghién ciru giup cac nha thiét ké va cac hang ché tao ¢o co sd lya chon dugc sé lugng khe ho va
chiéu dai mdi khe ho phu hop khi thiét ké ché tao CKBN.

Loi cam on: Nghién curu dwoc tai tro boi Dai hoc Bach khoa Ha Noi (HUST) trong dé tai ma s6
T2021-PC-006. Tdc gid xin chan thanh cam on Nha trieong dd hé tro kinh phi nghién ciru. Téc gia ciing
xin duwoc tran trong cam on By mon Ky Thudt Pién, Truwong Pai hoc Quy Nhon da tao diéu kién cho phép
sur dung phan mém ban quyén ANSYS MAXWELL thudc g6i ANSYS Electronics Desktop V19. R1.
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ABSTRACT

Study of number and size of air-gaps in core of shunt reactors
in tranmission lines of high and supper high voltages

The air-gaps are designed on the core of shunt reactors to increase the reluctance of
the magnetic circuit, to increase the stored energy and to obtain the required reactive
power. The volume of the air-gaps depends on the capacity of the shunt reactors. In fact,
the more reactive power the shunt reactor has, the more volume and length of the air-gap
the shunt reactor needs. However, the leakage flux appearing around the air-gap will
directly affect to the inductance parameters and the reactive power of the shunt reactor.
For a large air-gap, the leakage flux appearing around the air-gap will have a large
radius and will loop into the winding, resulting in a large total inductance. Therefore,
dividing a large length air-gap into smaller air-gaps distributed on the core will reduce
the total inductance value. The number of the air-gaps to be splitted depends on the
capacity of the shunt reactor and the mains voltage. In this paper, the authors combine the
analytical method based on the theory of magnetic circuit model to determine the main
parameters of the shunt reactor, then the finite element method is used to determine the
number of the air-gaps and the appropriate air-gaps size on the core of the shunt reactors.

Keywords: Shunt reactors; Air-gaps; Inductance; Finite element method; The number of the air-gaps; The size of the
air-gaps.
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