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MO PHONG VA TINH TOAN DIEN CAM CUON KHANG
CO XET DEN ANH HUGNG CUA BAO HOA MACH TU

SIMULATION AND CALCULATION OF REACTOR CONSIDERING THE EFFECTS OF MAGNETIC SATURATION
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TOM TAT

Cudn khang la phan tir dién cam, thuong st dung dé han ché dong ngén
mach va duy tri dién dp dinh mdc khi ¢ su 6 trong lugi dién. Bén canh do,
cudn khang phdi hgp véi tu con c6 kha nang loc séng hai trong ludi dién. Do
v6i cudn khang, thong s6 gid tri dién cdm |3 quan trong nhat khi lua chon. Dé
tinh toan gia tri dién cdm, nqudi ta cé thé diing céc cong thic giai tich thong
thuong. Tuy nhién hién nay, nh cong nghé mady tinh phét trién, dién khang
¢6 thé dugc tinh toan nhé ting dung cac phuong phap s6, dac biét la phuong
phap phan td hitu han. Vi vdy, nghién ctu nay st dung phan mém (ing dung
phuang phap phén t& hitu han dé tinh toan dién cdm cda mdt cudn khang thi
nghiém san ¢d trén thi truong. Bén canh d6, hién tugng mach tirbdo hoa dnh
hudng dén gia tri dién cdm cudn khdng cling dugc bai bdo xét dén.

Tir khod: Cudn khdng; dién cdm; mé phdng; bdo hoa, phuong phdp phdn
tir hitu han.

ABSTRACT

A reactor is an inductive element commonly used to limit short-circuit
currents and maintain rated voltage during grid faults. Additionally, reactors,
when combined with capacitors, have the ability to filter harmonic waves in
the distribution network. When selecting a reactor, the most important
parameter is the inductance value. Traditional analytical formulas can be used
to calculate the inductance value. However, with the advancement of
computing technology, inductance can now be computed using numerical
methods, particularly the finite element method. Therefore, this study utilizes
software applying the finite element method to calculate the inductance of an
available reactor on the market. Furthermore, the paper also considers the
saturation phenomenon and itsimpact on the inductance value of the reactor.

Keywords: Reactor; inductance; simulation; saturation; finite element methods.
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KY HIEU
Kyhiéu Donvi Ynghia
hw m Chiéu cao ctia s tur
Wy m Chiéu réng ctia s6 mach tur
Wo = W m Do réng cda loi tu
hy m D6 réng gong tu
dc m Chiéu sau 16i tu
g m Chiéu rong he ha khong khi
N vong  S6vong day
CHU VIET TAT
BHMT Bao hoa mach tu
PTHH Phan tt hiiu han
MDTT Mat do6 tur thong
PPGT Phuong phép giai tich
1. GIGI THIEU

Cudn khang la mot cudén day co dién cam, cau tao
thudng bao gom cudn day va I6i tur [1]. Cudn khang dugc
st dung rat nhiéu nai vi c6 vai trd quan trong trong viéc
kiém soat dong ngan mach va duy tri dién ap 6n dinh khi
lugi dién co nhiing su c6 bat thudng. D€ duy tri chat
lugng dién ap cla hé thong dién, khi loc song hai trong
lugi cudn khang sé két hgp vdi tu dién dé tao ra cdc mach
loc bao vé hé théng dién khéi nhing tan sé khdng mong
muén. O trusng hop nay né dugc lua chon trén nguyén
tac loai bo céac tan s6 khong mong mudn [2].

Thong s6 quan trong khi chon cuén khéang la gia tri
dién cdm L. Théng s8 dién cdm nay c6 thé dugc xac dinh
bang cac cong thic giai tich truyén théng. Tuy nhién, véi
cong nghé tinh toan ap dung may tinh rat phat trién hién
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nay, ngudi ta co thé tinh toan dién cdm théng qua
phuong phap s6. Phuang phap s6 cling da dugc ching
minh va&i d6 tin cay, chinh xac cao trong tinh toan, dac
biét trong bai toan vi tich phan cda dién tu truong [4, 5].
Vivay, trong ndi dung bai bao sé thuc hién tinh toan dién
cam moét cudn khang theo PPGT va phuong phap PTHH.
Su tuong déng gitta hai két qua cho thay su phu hop
trong tinh toan dién cam 4ap dung phuong phap PTHH va
PPGT. Mat khac, két qua cling cho thay uu diém phuang
phap PTHH so véi PPGT thong thudng nhu: toc do tinh
toan nhanh, khao sat dugc gia tri cia MPTT tai ting diém
trong 16i sat ti, diéu chinh cac thong sé cudn day, mach
tur dé dang... Thém vao dé, bai bao cling ing phuong
phap PTHH dé mo phang khéo sat dién cam CK khi c6 anh
hudng clia bao hoa mach tii. Khi xay ra BHMT maoi quan
hé gilta B-H trong mach ti khéng con tuyén tinh nhu
trang thai khéng bao hoa [6, 7]. Khi mé phdéng cuén
khang bdang phuong phap s6 sit dung phuong phéap
PTHH, tuong quan gilta B-H dugc xac dinh bang dudng
cong dac tinh cda vat liéu 16i tur dugc khai bao trong phan
mém tinh toan.

Hinh 1. Cudn khang xoay chiéu 1 pha [3]

Dé thuc hién ndi dung, & muc 2 sé trinh bay tém lugc
PPGT va phuong phap sé dé xac dinh dién cdm ctia mét
CK dién hinh khi mach tir chua bao hoa. O muc 3 trinh bay
Uing dung PPGT va phuong phap PTHH dé xac dinh dién
cam cudn khang mét pha cé cong suat 5,5kVA, Ugm = 220V,
f =50Hz. Gia tri dién cdm tinh toan khi mach tirkhéng bao
hoa thu dugc sé dugc so sanh ti dé bai bdo danh gia su
phu hgp va tuong dong gilia hai phuong phap. Bén canh
do, tir két qua thu dugc bai bao cling cé mét sé nhan xét
vé uu nhugc diém cdia hai phuong phap. G muc 4, nghién
clu Ung dung phuong phap sé dé khao sat dién cam
cudn khang c6 xét dén anh hudng ctia hién tugng BHMT
va tir dé co mot sé két luan vé dac tinh.
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2. PHUONG PHAP GIAI TiCH TRUYEN THONG XAC
DINH GIA TRI PIEN CAM CUON KHANG

| core
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Hinh 2. M6 hinh 16i tit

Théng thudng, trong tinh todn xac dinh dién cdm cla
mét cudn day, dién cdm nay dugc xac dinh theo PPGT.
Dua vao cac thong s6 ctia CK nhu kich thudc mach tu, s6
vong day,... va théng qua cac phuong trinh toan dé tinh
toan gia tri dién cam theo. Khi tinh toan, gia thiét rang 16i
t cudn khang khong bao hoa. Cu thé xét mé hinh cudn
khang c6 cudn day bao quanh 16i tir c6 dang tru nhu hinh
2. Cac tinh toan dién cdm cudn khang nhu sau [8]:

Theo dinh luat Ohm cho mach tu:

F=KI (1)

VGi F la tir thé, H la cudng dé ti trudng, | 1a chiéu dai
ong day.

Gia st, MDTT B la déng nhat, tir théng © c6 thé dugc
tinh bang:

®=BA (2)
Vi A la tiét dién cat ngang 6ng day. Tu (1) va (2) ta cé:
F=RO (3)

Véi R la ti tré tng, bang téng clia tir trd 16i Reore Va tir
trd khe hé khong khi Rg:
R = Reore + Ry (4)

Ta c6 thé tinh hai dai luong tu trd cla 16i tir va khe &
khoéng khi nhu sau [6]:

Vi, Iy 1a khodng cach khe hé khong khi.

Leore la chiéu dai 16i tu.

Acore la dién tich mat cat 16i.

Ho la d6 tir tham chan khong.

U, la dé tir tham vat liéu cda 16i tu.

Khi mach tir & trang thai chua bao hoa do tir tham 16i
tu rat I6n nén tir tré cda 16i ti rat nhoé so véi ti trd cla
khong khi nén, nén Reore << Rg, lUC Nay:
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R~R, (6)
Mat khac ta cd, tir thé trong cudn day do dong dién i
sinh ra:
F=N.i (7)
Vaiila cudng do dong dién, N la s6 vong day.
bién cdm clia cudn khang dugc tinh bai [8]:
N2
"R
Trong trudng hgp tinh toan véi mach tu chua bao hoa
thi c6 thé bd qua t trd clia 16i ma chi tinh toan theo tur
tro cda khong khi. Luc nay dién cdm clia cudn khang véi
16i tUr c6 khe hé khong khi sé dugc xac dinh nhu sau:
NZ
"R,

9

3. UNG DUNG PHU'ONG PHAP GIAI TiCH VA PHUONG
PHAP SO XAC DINH GIA TRI PIEN CAM CUON KHANG
3.1 M6 hinh cudn khang thuc nghiém

Bai bao ung dung PPGT va phuang phap PTHH dé xac
dinh gia tri dién cdm cho mét cudén khang thuong mai
5,5kVA, Ugm = 220V, f = 50Hz. Cudén khang nay dang dugc
Ung dung trong thuc té hién nay. Hinh dang, mé hinh va
théng s6 kich thudc ctia cudn khang nhu & hinh 3 [8].

L (8)

L )

b N vong

Khe ho

>
=:> khéng khi h“

~Wo™] _8
1

Ww W™

Hinh 3. Hinh dang cudn khang
Thong s6 chi tiét ctia cudn khang nhu & bang 1.

Bang 1. Thong s6 cudn khang

Théng sd Ki hiéu Gia tri
Chiéu cao clfa so tur hy (m) 0,374
Chiéu rong clfa s6 mach tir Wy, (m) 0,056
D0 rong cla loi tur Wo = Wc(m) 0,076
D0 rong gong tir hy (m) 0,076
Chiéu séu loi tir dc (m) 0,076
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Chiéu rong he h& khong khi g(m) 0,001524
S6vong day N 39

3.2. Tinh toan dién khang cuén khang thuc nghiém
theo phuong phap giai tich

Ap dung PPGT dé tinh toan dién cdm cho cuén khang
thi nghiém, thong s6 cta cudn khang nhu bang 1, két
qua tinh todn nhu sau:

Tu (5), ta tinh dugc tu trd clia khe hé khong khi:

l, 0.001524

Rg = = = > :2086475(Q)
M,-A 4m.107°.0,0762

TU (9), ta tinh dugc dién cdm cta cudén khang theo
PPGT:
2 2
L :N—:L:7,28(mH)
R 2086475

9

3.3. Tinh toan dién khang cudn khang theo phuong
phép sé

Hinh 4. Mo hinh 3D cuén khéng

Bai bao sit dung phan mém (ng dung phuong phap
PTHH dé tinh toan gia tri dién cdm ctia cudn khang thuc
nghiém. Hién nay c6 rat nhiéu cac phan mém ting dung
PTHH dé tinh toan cac bai toan vé dién ti trudng. Co thé
liet ké nhu: COMSOL la mét phan mém phan tich strdung
PTHH. Phan mém mo6 phong d6i tuong dua trén cac co sé
vat ly (Physics) dugc xay dung sdn, dong thai co thé mé
rong, két hgp cac mo hinh véi nhiéu co sé vat ly (Physics)
dé trg thanh mot mé phong da mé hinh (Multiphysics).
COMSOL Multiphysics dugc tng dung trong nhiéu linh
vuc, trong d6 cé linh vuc vé trudng dién tu... [9, 10].
Opera la phan mém cla hang Cobham. Opera bao gém
mot bd phan mém chuyén sau, tng dung phan mém nay
6 thé tinh toan, xac dinh dac tinh cta déi tugng vat ly st
dung [11, 12]... Tuy nhién, trong cac phan mém (ng
dung PTHH mo6 phong dién tu trudng thi Ansys/Maxwell
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la phan mém phd bién dugc st dung nhiéu.
Ansys/Maxwell dugc nhiéu nha nghién ctu lya chon
trong tinh toan vi d6 tin cay cao [13, 14]. Do do, trong ndi
dung bai bao si dung Ansys/Maxwell d&€ mé phoéng va
tinh toan dién cdm cla cuén khang thuc nghiém. Sau khi
thiét lap mo hinh CK trén phan mém bang cac thong s6
cudn khang 6 bang 1 bang phan mém Ansys Maxwell, ta
dugc mé hinh cudn khang dugc thé hién & hinh 4.

& muc nay bai bdo moé phéng tinh toan cudn khang
vGi dong dién i=25y2 (36A-tuong Ung gia tri dinh cla
dong xoay chiéu hiéu dung 25A-dong dién dinh muc cta
cudn khang thi nghiém). Trong mé phoéng, sé khéng lam
mat di tinh téng quat khi lua chon 16i tir 1a thép ky thuat
dién ma hiéu 1010. Bac tinh dudng cong B-H cula vat liéu
I6i tir la thép 1010 trong thu vién cla phan mém
Ansys/Maxwell (hinh 7). Khi m6 phéng, cudn khang sé
dugc chia cac mat ludi trong tinh toan va két qua MBTT
cla 16i tu khi mé phéng véi Ansys/Maxwell nhu hinh 5.

B [mTesla)

% s
H?ri I
i ”
A}v‘: 1350 .
/ 1125
900
875
450

I 2% [Hame T [r [7 n |
0 o~

B == = m e

Hinh 5. Phan bé tir trutng B

Tai hinh 5 c6 thé thay rang véi dong dién 36A theo md
phdng, MDTT tai 16i thép vi tri gitta dat khodng 1,134T.
Nhu vay, MDTT trong 16i thép chua vugt qua diém bao
hoa clia vat liéu 16i tur (khodng 1,7T). VGi dong dién nay,
gia tri dién cdm tinh todn L ctia cuén khang la 7,33mH nhu
hinh 6.

Matrix1.L(Winding2 Winding2) [mH]
Setup1 : LastAdaptive

7.328827

X [mm]

1 0.000000
Hinh 6. Gid tri dién cdm trong phan mém Ansys Maxwell

Két qua gilta PPGT va phan mém Ansys/Maxwell (ing

dung PTHH cho thay: Gia tri theo giai tich va FEM tuong

Uing la 7,28/7,33mH, sai s6 la 0,7%. Nhu vay cé thé khang

dinh, & khi khong bao mach tir hoa két qua tinh toan giai

tich va mo phéng la tuong ducng nhau.
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4. TINH TOAN GIA TRI PIEN CAM G TRUGNG HOP
MACH TU BAO HOA VG1 PHUGNG PHAP SO

DaGi vai vat liéu tir nhu thép ky thuat dién, tai vung bao
hoa cla vat liéu khi MDTT tang mot gia tri nho sé kéo theo
cudng doé tu trudng trong 16i tir tang rat I6n. Vi vay, khi
lam viéc vdi cac thiét bi c6 mach tur thi thudng tranh dé
vat liéu tir dat dén trang thai bao hoa. Trong trudng hagp
déi v6i cudn khang c6 16i la vat liéu t, diém lam viéc cda
MDTT 16i tU dugc lua chon véi dong dinh muc thi ludn
nam dudi diém bao hoa [15].

steel_1008- Copy Ausys

sssssss

Hinh 7. Dac tinh B - H cdia I6i tir cudn khang

Dé xac dinh anh hudng ctia BHMT, bai béo tiép tuc ing
dung mé hinh mé phéng cudn khang véi phan mém
Ansys/Maxwell & muc 3.2. Luc nay kich bdn m6 phéng sé
thay déi, cudn day CK dugc cap dong dién vdéi gia tri khac
nhau. Néu dong dién cap I6n sé dan dén tur thé do cudn
day sinh ralén. Tu thé I6n dan dén MDTT trong 16i tir tang,
dén mot gia tri nao dé dat dén diém bao hoa cda vat liéu
16i tir. DE thanh 1ap dugc dac tinh dién cdm theo dong dién,
khi m6 phéng dong dién cudn day dugc dat tu gid tri nhd
dén gia tri gap khoang 5 lan dong dinh mdc (150A).

TN

B [mTesla]

2600
- 2340

2080

1820
1560 o
1300 =
1040
780

520
l 260
0

a

z B

L_A

182,037 0.000

m2 231.787 1.796e+03

Hinh 8. Phan bo MBTT trong 16i thép véii= 150 A
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& dong dién i = 36A phan bé MDTT khi mo6 phong
cudn cdm véi Ansys/Maxwell nhu & hinh 5, muc 3.3, 16i tu
[ic nay khéng béo hoa. Véi dong i = 150A khi mé phéng
phan bé MDTT nhu & hinh 8. Ta c6 thé thdy rang ltc nay
16 tir I4c nay da bi bao hoa, gia tri MDTT & 16i thép gilra la
I6n nhat. Gia tri cia MDTT 16i thép gilra dat khoang 1,8T
va I6n hon gia tri diém bao hoa cla thép ky thuat dién
1010 (1,7T). Tinh toan gid tri dién cam véi i = 150A la
2,78mH. Nhu vay, dién cdm cl@ia cudn khang da suy giam
dang ké so véi trudng hgp khong bi BHMT (giam 2,64 1an)

Téng hop lai khi mé phéng va tinh toan dién cam véi
cac dong dién cudén day khac nhau theo kich ban da xét &
trén ta thu dugc bang su phu thudc cta dién cdm vao
dong dién cudn day tai bang 2.

Bang 2. Bang gid tri dién cdm cudn khéng theo dong dién

i(A) L (mH)
10 6,67
15 6,97
25 7,38
35 7,32
45 6,849
55 6,16
65 5,44
90 4,25
100 3,915
150 2,78

Tu s6 liéu bang 2 thu dugc dac tinh clia dién cam cudn
khang thuc nghiém theo dong dién nhu hinh 9.

Budng déc tinh cia dién cdm L

=

Pién cam L (mH)

80 100 120 140
Dong diéni(A)

Hinh 9. Dudng ddc tinh dién cdm phu thudc dong dién clia cudn khang

Ta c6 thé thay, chua c6 BHMT, gia tri ctia dién cam
cudén khang bién déi khéng nhiéu. Trén dudng dac tinh
c6 thé thay véi | < 45A (B ~1,7T - gia tri bao hoa 16i thép),
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gia tri dién cdm dao déng quanh diém gia tri dién cam khi
dong dinh muc. Khi dong dién I6n han 45A, Idc nay mach
tu da bi bao hoa, dién cdm clia cudn khang suy giam rat
nhanh. V&i dong dién | = 150A thi dién cam bi gidm so véi
trudng hop dinh muc la 2,64 lan.

5.KET LUAN

Qua ndi dung tinh toan dién cdm v&i PPGT va PTHH dé
tinh toan dién cdm mot cudn khang dién, ta c6 thé rut ra
mot s6 két luan sau day:

- G ché @6 khong BHMT, véi dong dién dinh muc thi
dién cdm cla cudn khang tinh theo hai phuong phap
PPGT va PTHH la tuong duong nhau, sai s6 nhé (< 1%).
Nhu vay, c6 thé khang dinh phuong phap PTHH khi ting
dung khi m6 phéng la chinh xac.

- O trudng hop mach tirbao hoa, PPGT réat khé dé thuc
hién khi tinh toan dién cdm. Tuy nhién d6i véi phuong
phap sé, viéc tinh toan Itc nay van gitt nguyén mo hinh
CK chi thay déi gia tri dong dién dé tinh toan dién cam.
Khi mé phong nhan thay hién tugng BHMT anh huéng
dang ké dén gia tri cia dién cdm cudn khang. Khi cudn
khang lam viéc véi dong dién I6n, MDTT trong mach tu
vugt diém bao hoa, gia tri dién cdm cudn khang gidam
manh. Véi truong hop i = 150A & trén thi gia tri dién cdm
lic nay bi suy gidam rat nhiéu (gidm 2,64 lan so vGi dong
dién dinh muc). Vi vy, dé tranh trudng hgp 16i tir bi BHMT
thi khi chon lua cuén khang ngudi sir dung can chi y vé
dong lam viéc ctia cudn khang.

Tém lai, qua nghién ctiu cho thay su tuong dong khi
tinh toan dién cdm cudn khang tu hai phuong phap véi
truong hgp khoéng bao hoa. Khi mach tu bao hoa, véi
phuong phap PTHH ngudi st dung van c6 thé tinh toan
dugc dién cdm cudn khang. Khi cé bao hoa, dién khang
cudén khang thay déi rat I6n. Bén canh dé, véi phuang
phap PTHH ngudi st dung c6 thé khao sat phan bé MDTT
tung vi tri trén cudn khang.
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