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Tom tat May bién &p (MBA) khi xay ra ngan mach dét nhién phia
ther cép, luc do dong dién ngén mach Ion sinh ra luc dién ter co
cuwdng dd cao co thé pha hdng day quén va tham chi lam nd MBA.
Do vay, viéc nghién ctru va tinh toan luc dién tir khi MBA ngan
mach réat cé ich trong thiét ké, san xuét va thir nghiém may bién
ap. Bai bao nay da str dung phwong phap phan tt hiru han theo
mién thoi gian véi phdn mém Maxwell mé phéng MBA 3 pha cong
suat 250kVA, dién ap 35/0.4kV dé phan tich va dwa ra két qua tir
trieong tan, lwc dién tir hweng kinh va hwéng truc tac dung vao
cudn day cao ap (CA) va ha ap (HA). Ttr d6 tim ra vi tri c6 (rng suat
Iwc I&n nhét trén cudn day HA va CA trong trwdng hop MBA bj
ngan mach dét nhién phia HA.

Tir khéa - ngdn mach; day quén; lyc dién tir; may bién ap; phan
t& hivu han.

1. Pat vin dé

May bién ap (MBA) khi lam viéc trong diéu kién binh
thuong (c6 tai hay khong tai), ta quan tdm nhiéu dén phan
bd tir truong trong 15i thép (tir trudng chinh), vi nd lién
quan nhiéu dén ton hao, nhiét d6 phat nong hay trong luong
15i thép cia MBA va luc nay tir truong tan rat nho. Nhung
khi MBA bi su ¢6 ngin mach thi vin d& quan tdm chu yéu
1a luc co hoc (lGc nay 1a tir truong tan 1on) gay nén tac dung
nguy hiém d6i véi day quin MBA [1]. Luc dién tir trong
cudn day cua MBA duoc sinh ra 1a mot sy két hop gitra
dong dién va tir thong tan trong cac vung day quén. Do vy,
khi MBA bi ngan mach dong dién trong day quan va tir
thong tan tang rat 1on, luc nay sé sinh Iyc dién tir 10n tac
dung day quan [2, 3].

Cac tac gia [4] st dung phuong phap phan tr hiru han
(PTHH) v6i phin mém FEM dé phan tich img sudt luc trén
cudén day CA va HA ctua may bién ap 20MVA; 132/11,5
KV trong truong hop ngan mach. Két qua c6 dugc 1a cac
hinh anh 2D cua mét d¢ tir truong tan va lyc dién tur. Két
qué nay dugc so sanh v6i phuong phap giai tich kinh dién.
Ngoai ra, anh huong ciia dong dién ngin mach va luc
khong ddi xtng & cac vi tri khac nhau trén diy quan CA va
HA cua MBA cling dugc tinh dén. Cac tac gia [5] phén tich
tac dung cua dong dién n gan mach trong timg phan cua day
quin cua MBA sir dung phuong phap két hop mach tir va
mach dién. Dung phuong phap PTHH dé mo6 phong MBA
70MVA, 220/6,9/6,9 kV trong truong hop ngén mach thir
nghiém, két qua vé& dong dién ngén mach, tir trudng tan va
lyc dién tir hudng truc va hudng kinh tac dung 1€n day quan
CA va HA trong truong hop ngan mach mot phan day quan
hay ca day quan. Ngoai ra, céc tac gia [6,7,8] déu sir dung
phuong phap PTHH dé phén tich, tinh toan phan bd tir
truong tan, dién khang tan va luc dién tir tac dung 1én day
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paper has used the finite element method based on the time domain with
simulation software Maxwell of a 250kVA - 35/0.4kV three phase
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quén CA va HA ctia MBA trong truong hop ngin mach.
Dong thoi ciing dua ra cong thic tinh toan dong dién va
luc dién tir qua d6 trong trudng ngan mach.

Nhin chung, cac cong trinh nghién cru trén day trinh
bay rat chi tiét va cu thé vé phan tich, tinh toan lyc hudng
kinh va huéng truc tac dung Ién ddy quin trong nhiéu
truong hop khac nhau, nhung chua chi ra ving nao trén day
quin c6 gia tri lyc 16n nhét.

Bai bao nay chung t6i d sir dung PTHH véi phan mém
Maxwell duoc hd tro ban quyén ciia Vién Nghién ctru quic
té vé Khoa hoc va K thuat tinh toan, Truong Dai hoc Bach
khoa Ha Noi. Nghién ctru va tinh toan phan bb tir truong
trong mach tir cling nhu phan b tir truong tan trong cira sd
mach tir cia MBA cong suét 250 kVA, dién ap 35/0.4 kV
lac xay ra ngin mach nguy hiém nhit. Tinh toan luc dién
tir huéng kinh, huéng truc va luc tong tic dung 1én day
quén MBA trong trudng hop ngin mach 3 pha nguy hiém
nhat. Tur d6 chi ra vi tri c6 ung lyc 16n nhét dé kiém tra do
bén cua day quén.

2. Tir trwdng tan, lre dién tir va dong dién ngin
2.1. Ly thuyét luc dién tiv

Phan b lyc dién tir trong MBA [6] 1a mt ham s6 ciia
mat d dong dién va mat do tir thong. Khi biét vector mat
do dong dién J (dong dan va dong dich), vector cuong do
dién truong H, duogc bi€u dién théng qua dinh luit
Maxwell-Ampere (1):

VxH=J Q)
Mat do tur thong theo cong thurc:
B =pop H @)

O day, po va prla do tir thim khong khi va d6 tir thim
tuong doi.
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Luc Lorentz trén khdi vV ung voi mat d§ dong dién J
hién tai trong khoi V 1a:

F=[JxBav ®)
A\
Khi d6, vector tir thé A dugc dinh nghia la:
VxA=B 4)
Tir (1) d&én (4) ta co:
VX( L VXAsz 5)
lJ'O'ur
F=[Jx(VxA)dv (6)
Vv

Céc bién J va A trong khdi V ¢6 thé dugc tinh bing
phuong phap giai tich hoéc phuong phap so. Phuong phap giai
tich thuong nhanh hon, tuy nhién khong thé s dung duge
trong truong hop cia cac md hinh véi vat liéu phi tuyén, cau
tric hinh hoc Vél/hOés: dicu kiép bién phutrc tap. Chinh vi vay
strdung PTHH co thé giai quyet cac bai toan phtrc tap ndi trén
va tinh dugc tng luc trén tirng phén cia cudn day.

2.2. Dong dién ngin mach

Khi xay ra su s6 ngén mach phia thr cap cua MBA, lic nay
sinh ra lyc dién tir 16n c6 thé pha hong day quan MBA. Dong
dién qua d6 gom c6 hai thanh phan: mdt thanh phan bicn thién
theo qui ludt hinh sin va mgt thanh phan khong chu ky [1]:

Jlmt

i=InJ§ sin(ot-y-o,)+sin(y+o,).e %n (7)

Trong do:
| = Uin : dong dién ngin mach [Al;
n Zn
@, = arctg —" Ka: : goc 1éch pha gitra I, va dién ap [rad];

n
U,,,: dién ép dinh muc [V];

Z: téng trd ngén mach [Q];

{: thoi gian [s];

y: goc phu thude vao thoi diém xay ra ngan mach [rad];
: tan sé goc dong dién [rad/s];

X, R, : dién khang va dién tro ngén mach [Q].

Biéu thirc (7) cho thdy rang nguy hiém nhét 1a ngin
mach tai thoi diém dién ap bang 0 (y = 0), lic nay gia tri
dong dién cyuc dai xay ra & gan thoi diém to = (1/2+¢n) o

va c6 do 16n:
Rnp(m
"X [T“’n) ®

o In\ﬁ 1+sing,.e

2.3. Phwong phdp phéin tiv hivu han véi phin mém
Maxwell
2.3.1. M6 hinh mdy bién dp

Str dung mot MBA 250kVA-35/0,4 kV ¢6 thong sb
kich thudc lay tir ban v€ thiét ké ctia nha may ché tao bién
ap SANAKY Ha Noi, trong d6: duong kinh try ton:
d = 161 mm; chiéu cao ctra s6 mach: Hes = 410 mm;

khodng cach giita hai tdm tru: Mo = 315 mm va cac kich
thudc khac duoc thé hién ¢ Hinh 1.
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Hinh 1. M6 hinh cu thé kich  Hinh 2. Toa dg cdc diém khdo
thuoc mach tir va ddy quan sat theo chiéu day day quan

MBA HAva CA
Bing 1. Théng sé ky thudt ciia MBA
Thir tw Théng sb Gia tri
1 sO pha 3
2 tan so [Hz] 50
3 Cong suat [kKVA] 250
4 bién ap cao ap/ha ap [kV] 35/0,4
5 Dong dién pha dinh murc cao | 4,1/360,8
ap/ha ép [A]
6 S6 vong ddy quan cao ap/ha | 2800/32
ap [vong]

[ |
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Hinh 3. M6 hinh MBA trong Maxwell
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Hinh 4. M6 hinh chia luéi MBA trong Maxwell

Hinh 3 cho thiy hinh dang cia mot mo hinh MBA trong
mdi truong Maxwell. Dé giam thoi gian tinh toan hiéu qua,
vat liéu cach dién va cAu tric hd trg dang bi bd qua trong
md hinh nay. Ngoai ra, ddy quin sip xép dong tam dugc
xét trong md hinh
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2.3.2. DoNng dién ¢ ché dg ngcfn mach ciia MBA

Céc qua trinh 1am viéc cia MBA dugc diéu khién bang
khoa (SW) & Hinh 5, dé thiét k& mach dién nay trong tinh
toan Maxwell da ding phin mém Maxwell Circuit Editor.
Phan dau vao ciia MBA duoc cung cdp boi ngudn dién
xoay chiéu cong suat vo han dién ap 35 kV.

Trong do, dién tré ddy quin CA 1a 38,62 Q va ha ap 1a
0,00262 Q. O trang thai ban dau, mach HA dugc déu ndi
tiép v6i mot tai c6 dién trd rit 16n (c6 thé coi nhu mach ho)
1a trang thai khong tai. Theo chu ki ciia ngudn dién xoay
chiéu 3 pha cung cép, tai thoi diém to = 0, dién ap pha B
bang 0 thi tai thoi diém t = 0,0067 dién ap pha C bang 0.
Do do, dé chon thoi diém ngan mach nguy hiém nhat (muc
2.2) can chon thoi diém dong cac khoa tai t = 0,0067s. Bai
toan phan tich theo mién thoi gian véi thoi gian phan tich
dugc thiét 1ap 1a 0,1s, véi bude thoi gian 1a 0,0001s.

35000°sa(2/3) V

38.6 LWinding_CA_PA Lwinding_HA_PA 0.002620hm > ot
0 i
" sk o
4 38.60hm  LWinding_CA_PB Lwinding_HA_PB. 0.002620hm 10000000hm | —
35000*sqrt(2/3) V
’ s rz 10000000hm

Liinding_HA_PC

38.60hm  LWinding_CA_PC 0.002620hm

Hinh 5. So d6 mach dién ¢ cac ché do lam viéc ciia MBA

Két qua phén tich dong dién CA, HA dugc biéu dién nhu
Hinh 6 va Hinh 7. Cac két qua trén cac d0 thi cho thay rang:
gié tri bién d6 cuia dong dién cyc dai trén pha C cua day quan
HA 12 Iua max= 7855,34 A tai thoi diém 0,016s, gia tri nay
16n gép 15.4 1an dong dinh mirc (bién d6 cta dong dién dinh
mirc 13 Tna an=510,24 A);. Tuong tu, trén cac ddy quin CA
dong dién ngén mach cyc dai dat dugc trén pha C véi d6 1on
cuc dai 12 Ica max=89,05 A, tai thoi diém 0,016 s.

Dong disn ngan mach ha ap Maxwel2DDesignd &
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Hinh 6. Dong dién ngdn mach trén ddy qudn HA
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Hinh 7. Dong dién ngdin mach trén ddy quan CA
2.3.3. Phdn bé tir truong tan va luc dién tir
Bai toan dugc phén tich theo mién thoi gian, phan tich
két qua ta nhan dugc phan bo cuong do tr cam trén mach tir
tai thoi diém t = 0,005s (khi MBA chua ngan mach) nhu &
Hinh 8 dang vecto, Hinh 9 theo do 16n, c6 gia tri 16n nhat

B = 1,0407 T va tir cam tan trén ddy quén hiu nhu bing
khong.

B[teslal

1,0487 e+
B oo
5. 10825-601

8. 4558001

7. 8BS4e-D01
7. 1540z 201
6, 545201
5. 85406-001
5. 28360-081
', 5531e-001

3. 9827e-001
3. 2522e-001
2. 618001

1.9513e-001
1, 3809201
6, 5B45e-202
7, 9335007

_ 0 300
Hinh 8. Vecto tir cam trong I6i thép khi chira ngdn mach

600 (mm)

Bltes1al
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5. B54E-0E1
5. 28366-001
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3.9027e-001
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Hinh 9. Bg I6n tir cim tan trong 16i thép khi chira ngdn mach

600 (mm)

Tiép theo, tai thoi diém t = 0,016s (dong dién ngin
mach cuc dai) & Hinh 10 va 11, ta thdy cudong do tir cam
tan trén ving day qudn tang 1én, con tir cam trong mach tir
giam di. Tlr cam tan trong ctra s6 mach tir 16n nhat 1a 1,29T,
phan b tap trung & khu vuc gitra hai ddy quan CA va HA.

B[tes1a]
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P oo
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9. B76ue-BE1
& 87e1e-nm1 v
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5. 6447e-mB1
4. 8383e-081
4.B520e-081

I
| l
3.22560¢- Al
2.4133e-081 | f
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Hinh 10. Vecto tir cam tin trén ddy quan khi ngdn mach
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Hinh 11. DG [n tik cam tan trén ddy qudn khi ngdn mach

600 (mm)

Két qua phan bd dang vector ciing cho ta thiy tir cam
16n nhét phan giita hai day quén va c6 phuong song song
v6i truc ddy quin (phuong y), giam din vé hai phia va c6
xu huéng d6i huéng khi dén phan dau mdi day quan, do tai
déy xuét hién thanh phin tir cam tan ngang (phuong x).
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2.3.,4. Phén bé luc dién tir ngcfn mach cuc dai trén day
quan CA va HA

Luc dién tir duoc chia lam hai thanh phﬁn: lyc hudng
kinh (Fx) va lue hudng truc (Fy). Lue Fx ¢6 chi€u vudng goc
Vv0i tryc day quan, nd sinh ra do su tac dung cua dong dién
trong ddy quan nam trong tr truong tan doc truc By. Luc Fy
¢6 chiéu song song véi truc day quan no sinh ra do su tac
dung cta dong dién trong day quén nam trong tir truong
tan ngang By [9].

+ Luc hudng kinh: Fx = By.J;

+ Luc hudng truc: Fy = By.J;

c+F 9

Ung suit luc (hay goi la ing luc) 1a dai luong biéu thi
noi luc phat sinh trong ddy quan dudi tac dung ciia lyc dién
tir. Cong thirc tinh tng suit: ¢ = /A (N/m?); vai f 1a luc
(N) va A 1a dién tich bé mat (m?). Dé kiém tra d6 bén cua
day quan trong diéu kién ngin mach nguy hiém. ta can tinh
tng lyc trén day quéan. sau d6 so sanh véi tmg luc cho phép
ctia diy quén dong.

Thanh phén lyc tong: ny =

Khao sat rng lyc huéng kinh va hudng truc cuc dai theo
chiéu day day quin HA va CA véi cac dudng thing & cac
toa do (& Hinh 2): vi tri bién trong (o), ¢ gitra (x1) va bién
ngoai (x2) day quan CA va HA tai thoi diém t = 0,016s.

Két qua phan tich ta nhan dugc d6 thi phan bd tmg luc

hudng kinh va hudng truc cuc dai theo chidu cao day quan
HA nhu ¢ Hinh 12, 13.

LucFxhaap NavelDDesigd &
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25000000 1——— | Time=T.0165'
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1 ——— EE=STS

-5000000
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Hinh 12. Phdn bé iing liec huéng kinh Fx trén ddy quan HA
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Time="0 0765

quin CA tai thoi diém t=0,016 s nhu & Hinh 14, 15.

Luc Fxcaoap MaowelZDDesignd &
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0
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B FX2
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Hinh 14. Phdn bé ting liec hirong kinh Fx trén day quan CA

Luc Fycao ap Maruel2DDesignd A
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Hinh 15. Phdn bé iing liec hirdng truc Fy trén day quan CA

O Hinh 14, 15 @6 thi biéu dién phan bd tng luc huong
kinh Fx va huéng truc Fy cuc dai theo chiéu day day quan
CA. Hinh 14 cho ta thiy tai vi tri bién trong (xo) cua day
quén, tmg luc huéng kinh Fx c6 gia tri 1on nhét 1a - 22483
kN/m2. Hinh 15 cho ta thdy tai vi tri giita (x1) ctia day quén,
tng lyc hudng truc Fy ¢ gid tri 1on nhét + 9243,1 kKN/m2.

‘Mat khac, khi xét theo chiéu cao (tryc y) cua mot day
quan thi lyc Fx lon nhét & giita day quin va nhé dan & hai
dau day quén 1a vi tir truong tan hudng truc By c6 gid tri
16n nhét & giita day quan va nho dan ¢ hai dau day quan
con lyc Fy 16n nhét ¢ hai dau day quén, nho dan va bang
khong khi vao giita ddy quén 14 vi tir trudng tan huéng kinh
Bx, ¢ gi tri 1on nhét hai dau day quan va phan bd nho dan
vao giita ddy quin va & chinh giira day quén thi bang 0.

Tir cac két qua phan bd umg luc 16n nhit nay, ta tinh
tong tng luc Fyy trén cudn day CA va HA nhu Bang 2

Bing 2. Bing két qua phdn bé img lie ¢é gid tri I6n nhat

FY2
Time="0.076¢'|

£
Z 2000000 3

N/

U{

2000000 -
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Hinh 13. Phdn bé img luc hidng truc Fy trén ddy quan HA

O Hinh 12, 13 d6 thi biéu dién phan bd tng luc hudéng
kinh Fy va hudng truc Fy cuc dai theo chidu day (truc x)
day quan HA. Hinh 12 cho ta thiy tai vi tri bién ngoai (x»)
ctia ddy quan, ing luc hudng kinh Fy ¢6 gia tri 1on nhat 1a
26811,5 KN/m2 Hinh 13 cho ta thdy tai vi tri giita (x1) cia
diy quin, ung luc hudng truc Fy c6 gid tri 16n nhét
+ 7546,6 KN/m?.

Tuong tu, ta cling nhan dugc két qua dd thi phan bd ung
lyc hudng kinh va hudng truc cyc dai theo chidu cao day

Phan bd tmg luc Frax

Cudn day HA

Cudn day CA

Tong tng luc Fyy 26811 22483

[kN/m?]

Thanh phan (mg luc tong Fxy 16n nhat nay tai vi tri chinh
gitta bién ngoai cua cuén day HA va bién trong cua cudn
day CA. Tong tmg luc tac dung day quan lam chung bi kéo,
& Bang 2 tng sudt luc 13 Frax = 2,6811.107 N/m2. Trudng
hop day quén dugc xem la vat thé rin, day quin cb dinh
chat, cach dién mém ung luc cho phép cua day ddng
Givep = (5+10).10" N/m? [1]. Do do, khi xay ra ngan mach
v6i dong dién cuc dai thi (mg sudt 16n nhat cua day quéan
chua vugt qua gioi han cho phép.

3. Két luan

Trong bai bao, chung t6i dung phuong phap PTHH véi
phan mém Maxwell dé tim ra phan bd tir trudng tan va phan
bd luc dién tir qua d6 tac dung 1én cudn day cia MBA trong
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diéu kién ngin mach. Qua trinh phén tich theo mién thoi
gian cia mét mé hinh MBA 250 kVA-35/0,4 kV.

Dong dién ngén mach qua d¢ cuc dai cia MBA da dugc
xac dinh tai thoi diém t = 0,016 s, tir d6 xac dinh tng luc
hudng kinh va hudng truc cuc dai trén cac cudon day HA
theo chiéu day x va theo chiéu cao y diy quan la
26811,5 kN/m? va + 7546,6 KN/m?; va trén cudn day CA la
— 22483 kN/m? va + 9243,1 kN/m?. Pong thoi, xac dinh
tong tmg luyc trén diy quin HA 1a 16n nhat
Fyymax = 2,6811.107 N/m?, dugc so sanh véi tidu chuan va
g luc chwa vuot qua gidi han cho phép cua day quan.

Céc két qua nay budc dau chi ra nguyén nhan giy ra
pha hity cudn day dé tir d6 dua ra phuong an thiét ké MBA
cho phit hop. Viéc mo phong tim tng lyc 16n nhat trén cudn
day trong diéu kién ngan mach 1 rat can thiét trong thiét
ké, san xuat, thir nghiém va van hanh MBA dién lyc.
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