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oEu ritrc suf,r cAc cuOu ony ufly rEr Ap ud

rS. eul i,ltl'lX OINH, ThS. en4nil UttnX r0
Trudng Dei hqc Bdch khoa Hd N6i

tu truong d cu6i Oay qu6n bi cong. Vi vay, ngoai
lgc huong kinh cdn c6 lyc huong trqc. Trong H.1
m6. ta tech rieng tir truong ngang truc d dau day
qudn (d6y quAn cing chieu). Tu kuong ngang d
d6y quAn sat mach tir s6 l6n hon. Dd lon cta lgc
dien tD duEc x6c dinh theo dinh luat Lorenz duoc
cho bdi c6ng th0c (1) hay dang vi ph6n nhu (2):

161 = Je.t.sin1d,ip1 (1)
L

dF = B.l.dl = B.J.s.ds (2)
Trong d6: l, J - Cudng d6 vd mAt dO ddng dien
chdy trong d6'y d5n; B - Cdm ung trir; F - Lqrc diQn
tir t5c dQng l6n d6y d5n; ds, dl - Cac thirnh ph6n vi
phdn di6n tich va chieu dai.

1.2. Ttt truong trong khung ddy
Xuet phAt tu he phuong trinh Maxwe , ta vi6t

phuong trinh ri6ng d6i v6i trudng dien tu dtng
@m = Q trong cr}a s6 mach trlr crla MBA, c6 m6t
dQ_ ddng CliQn cia ngu6n o. Phuong trinh nAy duoc
vi6t cho vecto tt:r tn6 n c6 Oang phuong trinh
Laplace-Poisson nhu (3) hoac (4) [6]:

v2A=po (3)

a2A a2A a2A
-, I ,-+ 1 =Fo (4)0'x A'y A"z

Trong d6: A - Til the v6c to; U - D0 tu thdm; o - M6t
d0 ddng dien.

Khi d6 aim ung ti| B duqc x5c dinh b&i c6ng thuc:
B = v.A (5)
1.3. MO hinh tuen tb trudng trong MBA

. D6 x6c dinh h,rc di6n tU taCOgng 1en d6y qu6n
ndm trong c0a s6 mach tD MBA, cac kich thu6c hinh
hQc cta MBA dugc quy dinh nhu trong H.1. Do tinh
chat mat d6i xung nen tai met cat ddng diQn tr6n c6
cuQn dQV cao Fp vi ha ap c6 phuong vu6ng g6c'vdi
mqt phing. E6ng thdi til truong, vd tu th6 bi6n rhi6n
theo phuong vuong g6c voi mdt phdng bi tri6t ti6u,
day chinh ld didu ki€n bi6n khi m6 ph6ng:

e, - ?A =o (o)'a7

t Ea rong qua trinh d6ng c5t m6y bi6n ap (MBA)

I Oang mang tai, cac sy c6 qua ddng, qu6 6p vdt ngdn mach mQt pha, 3 pha thuong hay xay ra.
Di6u ndy c6 th6 din tdi ph6 hriy c6c cuQn ddy ctia
MBA duoi tec dung crla h,rc di6n tu. Khi ngin mach
ddng diQn ting l6n vAi chuc l6n ddng dinh moc, tuc
dien tu ti.le binh phuong voi.ddng dien s6_tang t6n
viii trdm 16n alinh muc. N6u ket c6u dAy qudn khOng
chiu duqc, luc co k6o diQn tu s6 phri hOy k6t c5u driy
qu6n MBA. Do vay, li6u k6t c6u co khi Ctia cu6n diy
MBA c6 drl d0 bdn chiu duqc luc dien tu tdn nh6t khi
su c6 ngSn mqch xAy ra trong khoang thdi gian md
cac thi6t bi d6ng. ngSt chua kip hoat d6ng? Viec
nghiOn cuu v6n d6 ndy gap nhiCu kho khdn cd v6 l1i

thuyet c0ng nhu thuc nghiQm, bdi vi cac qua hlnh
bi6n d6i vA di6n tu-co-nhiQt khi MBA dang hoat dong
le phuc tAp, d6ng thoi cac thl} nghiem ngdn mach
cung rat t6n kem. De c6 nhi6u tac gia thuc hien viec
khdo s6t luc diQn tu bing phuong phep phAn trl hOu
han [1]+[5]. Bdi b6o hinh bdy c6c k6t qud nghiCn cuu
tinh toan vd md ph6ng IUc dien tu vd ung su6t trong
k6t cau cac cu6n day MBA trong truong hEp ndry.

1. XAy dung m6 hinh to6n cia MBA

MO hinh ap dung ld m6 hinh MBA phan ph6i 3
pha di€n ep 3510,4 kV; c6ng suAt - +OOk VA; Tdn
hao kh6ng tai (Po) - 800 W; T6n hao ngSn mach
(Pn) - 3100 W; Ddng kh6ng tai (lo) - 6 %; DiCn 6p
ngen mach (U") - 8 %;

1 .1 . Llrc diQn tu
Luc hu6ng kinh la kCt qud t6c dr;ng cria ddng

diQn voi tu truong doc truc song song vdi trr;c diy
quAn MBA; ti trudng ngang lirm xudt hign luc doc
truc cia MBA;. Trong ph6n ndy trinh bdy phdn b6
duong s0c tir truong tdn cia d6y quin d6ng tAm
al6i xfng. N6u duong suc tu trudng song song voi
trqc, I0c d6 chi c6 lyc hudng kinh.. Lqrc ndy l(6o d6y
qu5n b6n ngoai va n6n d3y quAn b6n trong, ldm
tdng khoalg cech giira 2 d6y qudn. Trong thuc t6
bao gio cung t6n tai khoang c6ch gi0a hai day
quan va giira d6y qu6n voi g6ng, lam duong suc

G0r{G ilGilEP u6, sd s - zors

r(HoA iloc rA coilG ilcflE il6CNM

36



a ww 4t 0p tew e^ v 9t$ 41 9q ueqd 'z'H

vgw e\c cotl LlulLt cqnLll tloly 'L6u?8

rf
xA O = qlusocpluulsrly f f- = (I=x)vg

rl
x4 g = q>luulsy[ uso3lly f f-= 

(u={)xg

'0 6upq p^ 6unx lgp crul
re^ c96 6uqn^ ouonqd oeql 6ubn.rt 4t 9p l'el ueu
(p=x) re] qutq gru cru] efc 6u4lx tgp l?qc quli oC

fi Ltcew 9s eqc cotl Llultl cgrltll q3!y 'L H

i.0
t:
.""€_

a'
i.'

Q)

P

x

o

iP

u.JtllvH'|noOVH uQrr rpoOu tlull 6uQnG

tLtLllt!vH-utCy1 uQnc 6uo4 qutl 6upng

91tt!utVHHdg eLl uonc oec n?lLlC

00826ugnvouFgoacugn5lpp6uQ^95
zlev3'lnoCuQn- lpo6u qupl 6uon6, V3
8nztlr r.!vc"u!CVC uQnc 6uo4 tluJl Ouon6

ur.llvcHdeoec uonc om n?!q3'
s3H& qceu 9s e4c oec n?!q3

@LHELZor|ls ugl norl len
lzt,ur [rJnrcn4 [!?] r.lcgc ouPoqy

099u.lunrqn4 oec n?rq3
nlrOhrl rQl rlu!I 6uonG

pl

?!c
n?tq

tv
ugq oc

9s 6u8r]] cg3

+l lpt { EU
EEtrEg

gn iH51r s1{0c Yi c0[ voflx

Es10z - [ 9s '91[ dirflsil !iloc

:nes nqu quip cgx sonp P^ r.tl qceu 0q u?ol ual
ouenrl 4t qq uprld oeql pnp quip opx gql ,nl o) c?n "

o..n. iunq 6!d! u.r nr

nqu uglp n?!q conp 4l qceui t" ,t: HJ:},''&it;l
Qq u?qd comp nq] e] (l I) oaql ^8 'xE u?lr] leqy

xg _ ,g _,i..)

flt;,'r;r!)r-w "l
(ll) Aa ' Ag ,-l

(,,1oJG, ,W-n, - 'J
'v ol c?^ ?rl] 4l qu!] II enb 9q ?ql 9c o'ov u?qd

tlupr.ll'9p oO V er:rc U) 9!6 !91 tup] uenb 6ugq)i ?L!
V e0c upq oep ugqd que-ql lqt u-lg1 uenb ugc lqc
e} 'Ie^ oC 6upn4 4g elc gq ueqd tol urgl uenb 1q3
e1 ,(pu ugqd 6uo4:9s 6upq=o'oy ltll t.=[=l IAA

( Surrrt" - Surrrr"; ( lnlrrl. - lnlrr,. ) "',f
(ot) .r r )r

. 
( 
iu 

+ 
ztx) tl'P 'u tx l 'rv
u''' 

,*, 
, 
r*, ,nn

(or 
{lnr,,s- 

(nt*ur.)'"o "o'{ 
u;# = ' 'o
r+[ '[=r l9A

(e) (*u{uur" - lurrrl")", "o["# :] '"
l+l'l=[la^

ZLZ

ur r.lr

9t0
ottr.llut

09rurur
qull

iA uoG

till,tc



r0r0A [gc uA coilc ilG[E il6

Tir d6 th! phan b6 tu trudng tdn (H.2) ta nh{n thSy
ttr trudng tan tap trung l6n nhdt tai khu vr,rc gi0a hai
cuQn diy v6i gid tri lon nhet En d6n 1.173 T.

2. M6 hinh m6 ph6ng lpc diQn tr) 3D Mawxell

Truoc h6t que trinh phin tich den tt se duqc
thuc hi6n tr6n phAn mern Maxwell. Sau d6, kCt que
phan b6 dlon Ap, ddn!'tli6n, tir truong ctla MBA s6
dugc ti6n hanh tiep theo. C6c k6t qud vd phrin b6 luc

-i o:
l@@

cliQn tir t6c dqng lCn diy d5n duqc sfr dqng de tinh
dao dong hay lyc ph5 huy k6t cau diy qudn sau ndy.

Todn bQ k6t quA vB phdn b6 luc dien tu ttugc
tinh ra b6i phan m6m Maxwell, se hd thanh dO
lieu dAu vdo (kich thich v6 luc) cho bQ cdng cu
Mechanical d6 ph6n tich ket c6u. Phan tjch ket
c5u khung ddy s6 dugc thgc hien voi nhi6u ki$r
cdu hrlc vd s5 95 khSc nhau de tim ra s6 ga t6t
nh6t cho he.

c

2.1. XAy dung m6 hinh
KOt thrlc que trinh phan tich ta tim ra duoc s5

96 hop lf cr6ng thoi thiy rO duEc hinh dnh phdn b6
cia ung suSt tren toan bq ket c5u dAy dan tr6n
cuQn HA cria MBA:

{. MO hinh mqch tliQn MBA

E
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H.3. Luu dd cdc bubc thqr hiAn
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H.4. MO hinh mqch diQn

PhAn dAu vdo ctja MBA duoc cung cip bdi
ngu6n dien xoay chi6u c6 c6ng su6t vO han, dien
ap 35kV. Trong cd mach cao 6p vd hq 6p c6 mic
them diCn trd la 38,62 Om v6i cuQn CA va 0,00262
0m vdi cuQn HA c6 k6 tl6n phin d6y qu6n duqc
dtng de lien k6t, k6t n5i ra ben ngoai cia cdon CA,
HA md trong mO hinh hinh hoc da duoc loai b6 d6
th[pc hien"que tr]nh don gian h6a mO hinh.

.1. M6 hinh 3D dign t& crla MBA
Sau khi dinh nghia c6c vat lieu dan tt, dan tli€n vd

ddng diQn kich thich cho cu6n dAy so c5p vd th0 cdp
truong hop ngSn mach 1 pha. Luoi chia s[] dqng
ph6n t& tu diQn voi k6t qud luoi duoc mO ta nhu
trong H-5. K6t qui chia luoi cluoc ghi trong B6ng 3.
T6ng s6 phAn tri, luoi chia la 232.559 phdn til.

56 luEng phin tir ludi trCn cu6n HA pha C lA
83.100 phAn t&, nhi6u gAp 4,22lAn so vdi cuQn HA
pha B va A do trong mO hinh niy c6c k6t qud vB
phan b6 ll,fc trCn pha C se cluqc sir dung cho phan
tich ket cau sau nay.

c0ua nonfip m6, sd 3 - zors

Trong Ansoft Maxwell c6 kha neng kCt n6i
"Coupling" gi0a m6 hinh mqch va mO hinh mach tir
theo phuong ph5p phin tff hou hqn (FEM). Trong
m0 hinh mach dien nay, he s6 diCn cam L cia kh6i
cuQn day CA vd HA ttugc l5y trir m6 hinh m6 ph6ng
3D cho tung gi6 tri ddng diQn vA dien 6p dAu vdo.

CNM
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+ Ti6n hanh hdng cty, cai tao phuc hdi moi
trulng tren bai thai d6i vdi nhong khoanh khai thec
da k6t th0c trudc d6;

* Ngodi cec giei phap vd c6ng nghQ-k! thuQt
tren, nh6m t6c gid c0ng ki6n ngh! c6c co quan,
clon vi phdi thudng xuyCn dao tao neng cao trinh
d0, y th0c, tr6ch nhiQm.pia cong nhan va can b0
quin l! v6 ki6n thuc vd k! ning an toan trong
qu5 trinh khai th6c; Thanh ki6m tra thudng
xuyen va c6 ch6 d9 khen thudng, xr] phat hep l!
d6i voi c6ng tec an toan tren cac m6 hiQn nay.O
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su6t phe hty sau khi gia c6ng d6y qudn ld r5t quan
trang va c6 y nghla cho ky su thi6t k6 MBA.D
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SUMMARY

ln Vietnam, demand for Titanium in the
domestic industries as well as exports are
increasing. Titanium mineral in coastal areas
of Binh Dinh-Ph0 YOn-Kh6nh Hoa have
ilmenit content is about 40 kg/m3 or 200
kg/m3 in particular. Binh Dinh province have
the ilmenit reserves is about 1.571 thousand
tons, rutil is about 1.98 thousand tons.
Kh6nh Hda Province has resources and
reserves of ilmenite are about 2 million tons
and zircon is about 52 thousand tons.

Currently, the technology of mining for the
Titanium mineral sand is using hydraulic king
with ihe floats processing. However, some of
the Titanium alluvial in Binh Dinh coastal
have characteristics and geological structure
were the barge have alluvium from sand
dunes with size of sand are small and friable,
the middle layer is argillaceous sandstone
and the below layer is sand of large size. ln
the mining process, the pit slop is instability
and remote by natural falling. Therefore, the
falling volumes is difficult for control, cause
falling of pit slop with large volume and
create the large wave to destroy the system
of floats and latent mortal danger for worker
in the float.

The paper studies the solutions to ensure
slop stability, safety and effective for some of
the Titanium alluvial in Binh Dinh province.
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SUMMARY

When short circuit occurs, the short circuit
current will generate electromagnetic forces
hundreds of times larger than the norm,
which could destroy the transformer winding
structure caused by the effect of these
forces. The paper presents some results of
research and simulation of electromagnetic
and structural stress in the windings of the
transformer in this case.


