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KHAO SAT TU TRUONG RO TRONG CUA SO MACH TU CAC THIET
BI PIEN BANG PHAN MEEM ANSOFT

Nguy&n Chu Hiing
Khoa Pién — Pién T\, Trudng Pai Hoc Bach Khoa — PHQG-HCM
(Bai nhdn ngay 16 thdng 5 ndm 2002, hoan chinh sita chita ngay 05 thdng 8 ndm 2002)

TOM TAT: Viéc gidi cdc bai todn truong, nhdt la d6i vdi cdc truong hop cia thuc € sdn xudt
la rat phitc tap. Théng thuong mach tix ciia cdc thiét bi di¢n nhie cdc mdy bién dp, contactor,
relais,... c6 dang cita s6 hinh chi¥ nhdt, ¢ doé ti truong ro d cdc ché’ dé lam viéc khdc nhau
ciing dién ra rdt phitc tap. Bai bdo dia ra hudng gidi cdc bai todn phén b6 truong trong khu
viee ¢é dang hinh chit nhdt va mét s6'vi du sit dung phdn mém Ansoft dé khdo sdt tir truong ro
trong cdc dang mach tr thong dung.

I/. CAC PHUONG TRINH VA BAI TOAN CU BAN:

Néu trong khu vyc khdo sat khdng c6 sy hién dién clia cdc ngudn sinh ra t trudng H,
phudng trinh thé v hudng U c6 thé dudc thanh 14p dudi dang:

(1) H = ~gradU

va bdivi:

Q) divB =divp H=0

nén khi thay (2) vao (1) ta nhan dudgc phuong trinh Laplace :

(3) ViU=AU=0

Trong toa do x,y,x, c6 thé viét dudi dang :

4) 219+g;?+g;9=0

Néu trudng khéng bi€n d6i & 1 trong 3 truc toa d6, phuong trinh (4) s& din dén:
5) ?;:zj + Z},} =0

Trong h¢ toa dd tru (r,X,9), tudng ng vdi cdc phudng trinh (4) va (5) sé 1a :

2 2
» A At S
rror\’ or r:-op° oz
2 2
(7) 0 (2] iég 5_(21_= 0
ot rar o
Néu trong viing khdo st ¢6 sy hién dién clia ngudn ti¥ trudng (mat dong y), thi :
(8) rotH =¥
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va khi tlf trudng dugc x4c dinh biing vector th€ A theo :

9) B =rotA(divA =0)
Thay (9) vao (8) ta nhan dugc phudng trinh Poisson :
(10) VA=AA=—p .y
Trong hé toa d6 x,y,x :
(11) VA, =-pn.Y,
VA =-
(13) VIA, =1y,

NEu v, = vy = 0 va y, # 0, ta s& c6 trudng song phing va vector thé€ chi c6 thanh phin
d truc z, trong trudng hdp nay (13) cé dang :

FA, A,
(14) axz 3 ayz e L
Khi Iuu ¥ t8i biéu thiic (9), d6i véi trudng song phing cé thé viét :
(15) Tolaiae
Oy Ox

Trong hé toa d6 (r,z,¢) V1 y; = v, =0 ; Y, #0 vector th€ chi c6 thanh phan theo truc o,
nén phudng trinh Poisson ¢ dang :

PPA-. OA. LA DA
(16) R T

P

+ =-
Ok o Hals
Céc thanh phén cla trudng 12a:
O0A o(rA
(17 B, =-—2%; Bz=l ( q’);Bq,=0

OZ r

Nghiém chung ciia phudng trinh (10) d&i véi méi trudng déng nhat 12 :

(18) ]&:-bjld_‘i
3 m sy 2z

O day :
v- Thé tich clia viing chi€m bdi céc dong dién c6 mat dd ¥
r- Khodng céch tit phin i dv dé€n di€m x4c dinh vector thé.

Nghiém chung ciia phudng trinh (14) d6i v8i méi trudng déng nhat 1a :

(19) A=t Ygs
g, 1

v8i s — Tiét dién diy din c6 méit dong v.
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T (19) suy ra ring vector the’ clia dong dién tuyén tinh s& 1a :
(20) A=-Feinr
2n

NEu bi€t vector th€ A cia trudng song phing thi tir thong ¢ trén 1 don vi dai cia
trudng khép kin qua 2 di€m M va N 1a :
21 by =AM)-A(N)

II. GIAI BAI TOAN DIRICHLET TRONG VUNG KHAO SAT HINH CHU NHAT:

A
! o(x)
A\
oS e e
f(x) i 3
af. a h -

Hinh 1

Né€u ving khao sét 12 hinh chit nhat (hinh 1) doc theo cdc canh a va b cdc ham th&
dudc cho dudi dang :

Uy =0)=£(x); U(x=0)=w(y)

U(y =b)=o(x); Ux=2)=A(y)

va néu ching thod man diéu kién lién tuc:

f(0) = y(0); f(a) = Mo);

A(b) = ¢(a); p(0) = w(b)

thi nghiém ciia bai todn Diricle d6i véi phudng trinh (5) dudc trinh bay bing biéu

(22)

(227)

thuc :
- (23)

3 shEy g shﬂ(b—y) i 3 sh 2« sh—IE(a—x)

Ux,y =2 4|9, ——+f, —2 BN X o | R B e el siney b+ U, (x,y)
— nm nm a M THR s nmn b b
W sh—b sh—b sh—a sh—a

a a b b
J day :

U.(x,y)=A+Bx +Cy+Dxy

A= f(()), B= f(a) 2= f(O) : C= W(b) ; W(O)

a
5 [o@-0)]-[f(2)-f(0)]
ab
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fn :Eif(x)sinﬂxdx; t_'(x):f(x)—Uo(x,O)
asy a

b2t S on 2
0, :-;j(p(x)sm na—nxdx ; 0(x)=0(x)-U,(x,b)
4]

s 4G
eE
a

fﬁ(y)sin"fydy s )=y ()-U,@©,y)

P =
A = EIMY)SIH ?ydy s M) =My)-U,(a,y
0

1. NGHIEM CUA PHUGNG TRINH POISSON:

Phudng phédp xéc dinh nghiém ciia phudng trinh Poisson (14) dic biét dé dang khi céc
bé mat sdt tit cé hinh dang don gidn. Anh hudng clia v€ phai phudng trinh Poisson ¢6 thé
nhén dudc khi 4p dung phudng phdp anh gudng, nghiém nhin dugc dudi dang chudi don
(theo Rogovski) va chudi kép (theo phudng phip Got).

A
—> 00

4 Ho
b d;

N
AN

..

R

A A

AN
&

Hinh 2

Hinh 2 biéu dién mot ranh khéng khi hinh chit nhét trong méi trudng sit tir c6 tir
thim p — o, trong d6 cé dit mot thanh din chit nhat véi dong dién I va mat d6 dong

¥ = CI . Nghiém ctia phudng trinh (14) trong viing chi¥ nhat theo phudng phép Rot & diéu

o0

kién bién :% =0 vdi n — phép tuyén ngoai d&i véi viing khido sat. C6 dang:

. .t . nr mr nr . . mT mr . nr . Nnmw nr
v o 5in—C, sin—d, -sin—d, cos—x -cos—y o sin—~C,-sin—C, cos—x , sin—d,—-sin—d, cos—y
:2ﬂa] zzz a b b a a b b
ab mr nw

+ ; +
ey mrT hi mr Y (nr) E mr o\ ,.zq: hr Y
C. d, LA i B c, dide d, e
a b a b b a b b

(24)
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Trong d6 C 12 hiing s6 tuy y.
Pé giit cho diéu kién B, = %n‘li =0 thi t6ng toan phén cia cdc dong dién trong ranh phai bing

khéng c6 nghia 12 it nh4t phai c6 hai thanh dn vdi cdc dong dién ngude chidu +1 va —I dat
trong ranh, khi d6 nghiém nhan dudc phdi dugc thuc hién theo phudng phap x€p chdng.

IV/. KHAO SAT TU TRUONG RO TRONG CUA SO MACH TU.
a/. Nghi€ém chung : Xét mach tit nhv dugc trinh bay trong hinh 3, trong d6 c6 2 khe hé
01 va 8; va cudn day chung c6 N s8 vong diy, vdi dong dién I

aq

A A A
Y

\

as

d, d-Y

H150 o
aj i
Cl le éil
— |E— Cy

4
Y

Hinh 3

Nghiém cda (14) trong hé truc toa do xoy c6 dang :
25)
A=2—’;";ﬁ{2£Z[PQ~R+S(—1)*].W+i(f’—}z-S)&”;'*hi[(z—5‘('1)*5=]°°s”*y}m v

2 a
h=2 k=2 n % h=2 h k=2 ) n,

61 A, 12 hiing s6 tuy ¢.

p_Sin m,C, ~sinm,C, - Q= sinn,d, —sinn,d,
L]

Cnmh donk

3

_ sinm,a, —sinm,a, _sinm,a, —sinma,

R

2. B

om, dm,

m, =(h-1)-a’5 . n, =(k—1)§;5=5, +35,
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b/. Ung dung phin mém Ansoft d€ khdo sit mach tit chung trong hinh 3

ANSOFT
MeashmaKer
Var. 4.33
P~
Boal £.0Qe+@1 Current E.208+02
Hinh 4

ANSOFT 2

Magnutostat

Ver. 4.33

Hinh 5
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Z2.16e-01
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1.17e-21

leaakagse Flux

G.7le-02

1.7Se-22 — } } : L, i}

2.00e+00 9.83=+20 1.9Je+01 Z.0%a¢01 3.85a+31

mm

Hinh 6

Hinh 4 cho thdy viing khdo sit dugc chia thanh Iudi cdc phén ti hitu han tam gidc,
hinh 5, cho 13i giai tif trudng trong khu vuc khdo st va hinh 6 cho thdy phan bd i théng ro
trong ctta s8 chit nhét ciia mach ti,

c/. M6t s trudng hdp riéng ddng chi v :

Hai trudng hdp phé bi€n d6i vdi cdc dang mach tix sit dung trong khi cu dién dudgc dua
ra trong hinh 7 va hinh 8,

Céc dd thi trong hinh 9 va hinh 10 biéu dién két qua phén bd cla tif théng 10 trong
cita s8 mach t¥ doc theo chiéu cao cia 15i ti.

Céc két qua nhan duge khi st dung phidn mém Ansoft dugc 1ap trinh trén cd s ciia
phudng phép phan tf hitu han. Viéc chia phin tif trong khu vyc xét dugc thue hién tv dong
trén mdy.Bai todn dit ra dudc gidi vdi s6 lugng 250 phén . Cdc mach tir dwa ra dudc khio
sét trong diéu kién gin vdi thuc t€ vdi cdc s6 liéu v& tir thdm , = 6000 va ti¥ cdm trong 16i
thép dao dong tir 0,123 d&€n 1,79 Tesla.

Ansorr
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V/. KET LUAN:

Viéc khdo st ti¥ trudng 1o trong cita s6 mach tit vé phuong dién Iy thuyét va thuc
nghiém lu6n dugc cdc nha chuyén mén quan tim. Pdy khéng phai 13 vin dé mdi mé. Trén
thuc t€, viéc gidi cdc bai todn tuong tu luén phai di kém véi nhiing gid thuyét, nhim gidm
bdt mic d§ phic tap clia cdc m6 hinh khao sit va lam cho bai todn dit ra c6 th€ nhan dudc
két qua. Tuy nhién, cic k&t qua nhu vy c6 thé sé kém chinh x4c, nhit 13 d61 v8i cdc md
hinh khéo st gén v6i thyc t€ vi dy nhu t¥ trudng 1o trong cdc médy bi€n 4p han, trong céc
m4y bi€n 4p hoat déng & trang théi bdo hoa...

Ap dung phdn mém Ansoft da trén cd s phudng phép phén ti hitu han da phin nao
khic phuc duge nhitng nhugc diém ké trén ma tdc gid da minh hoa trong céc tru@yng hgp tinh
todn dua ra.

RESEARCHING ON LEAKAGE FLUX IN THE ELECTRICAL
EQUIPMENTS ADDED BY ANSOFT SOFTWARE

Nguyen Chu Hung
Faculty of Electrical & Electronic Engineering, University of Technology — VNU-HCM

ABSTRACT: This paper concerns the application of the Ansoft software in studying of the
leakage flux in the window within magnetic circuits. The results given by the paper show us
the capacity of the software in resolving some classes of models of higher complexity.
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