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MO PHONG TU TRUONG MAY PIEN MQT CHIEU
BANG PHUONG PHAP PHAN TU HU'U HAN

Nguyén Ngoc Vin!, Ping Viét Hung?
TOM TAT

Viéc mé phéng phdn bé ciia tir truong trong mdy dién cho phép danh gid dnh
hwong cua céu tric, hinh dang va cac thong $6 vt liéu dén cac thong $6 van hanh. Hién
nay, cdc chwong trinh mé phong dia trén phwong phdp phan tir hitu han (Finite Elemen
Method - FEM) la c¢ong cu manh, tin cdy va cé chi phi thip, hé tro cho cdc nha nghién ciru,
san xudt trong qua trinh thiét ké, danh gia va cdi thién cdac dac tinh ky thudt cua thiét bi. Ngi
dung bai bdo tap trung phdn tich, danh gia anh huong cua tie thong, mdt do tw cam, song
hai va mé men trong mdy dién mot chiéu khéng chéi than (Brushless DC - BLDC) dira trén
két quda mé phong.

T khéa: Phwong phdp phan tir hitu han, tinh todn tir truong, mdy dién mot chiéu
khéng chéi than.

1. PAT VAN BPE

Hién nay, trong tinh toan va thiét ké may dién, khi cu di¢n cac nha san xuét ludn mong
mudn san phém san xudt ra van hanh tin cay, tiét kiém dién nang va c6 do bén cao. Pé danh
gia hiéu qua hoat dong cling nhu anh hudéng cua céac vat li¢u khac nhau dén su lam viée cua
may dién thi viéc phan tich, 1am rd sy bién dbi cua truong dién tir xay ra bén trong 1a van dé
hét strc quan trong. Giai phap mé phong cac hién tuong dién tir trudng trong may dién bang
phan mém dya trén FEM d3 duoc nghién ctru rong rdi [1,2,4,5], giai phap gitp phan tich
hiéu qua tac dong cta cu tric, hinh dang va vat lidu tir téi phan bd tir truong trong méay
dién. O nhitng khu vyc c6 mat do tir cdm cao nhu rang, ranh. V6i muc ti€u cai thién phan
bb tir truong & cac khu vuc ddc biét hodc nghién ciru ing dung vat liéu tir méi, phuong an
mo phong bing cac phan mém chuyén dung trd thanh mot giai phap ndi bat voi chi phi
thap. Cac nghién ctru mo6 phong may dién thudng tap trung vao viéc tinh toan, phan tich
truong dién tir may dién xoay chiéu, mot chiéu thong thuong va chua c6 nhiéu nghién ctru
danh gia vé song hai va md men. Do véy, ndi dung bai bao s& tap trung vao viéc phén tich,
danh gia tir truong, déng thoi véi cac thong sd vé song hai va mo men ctia may dién mot
chiéu khong chdi than (BLDC). BLDC la loai may dién mét chiéu dic biét. BLDC lam
viéc tin cay, khong tao tia lira di€n, khong gay nhiéu va c6 tudi tho cao hon so véi céac loai
may dién mot chiéu thong thudng.

12Gidng vién khoa Ky thudt dién, Truong Dai hoc Dién luc Ha Noi
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2. NOI DUNG
2.1. M phéng tir trwdng may dién bing FEM

FEM la phuong phép s cho phép phan tich bén trong dbi twong nghién ctru va ude
lwong chinh xac cac thong sd, sy phan bd dién tir truong nhu mat do tir thong trong khe hé
khoéng khi hodc trong bat ky bo phin nao cua thiét bi dién. Trén co s& cac két qua phan tich
vé phéan bd trong khong gian cua dién tir trudng, c6 thé xac dinh cac diém bét loi vé mat ciu
triic hogc thiét ké cua thiét bi.

Theo FEM, qua trinh tinh todn mo phong tur trudng trong may dién thuc hi¢n nhu sau:

Roi rac héa mot mo hinh mau, tao ra cac phﬁn tir va cac nuat. Cac phén tr duoc lién
két boi cac nut thanh mé hinh mau hoan chinh.

Dua trén dic thu cac vat liéu khac nhau cia mé hinh mau, cac thong s6 vé vat liéu
tuong tng s& duoc xac dinh cho mdi phan tir.

Phuong trinh Maxwell va cac diéu kién bién duoc st dung dé lién két tat ca cac phﬁn
tir v6i nhau tily theo cdu triic bang viéc don gian héa mot cach phu hop, tir d6 thiét lap cac
phuong trinh phéan tir hiru han.

Tuy theo cac dic trung riéng, c6 thé mot phuong phap tinh toan chinh xac s& duoc lua
chon dé giai quyét cac biéu thirc tir trudng & cac nit khong xac dinh.

Céc phuong trinh Maxwell dbi voi tir truong:

rot H=J; B = ugH; divB = 0 (1)

Trong dé: H 1a vector cuong do tur truong,

B 1a vector cam ung tur,
Us 12 d0 tir thim
f la vector mat do dong dién.
Mat khac: B=rotA;divA=0 2)
Vé6i 4 1a tir thé vector.
1 0A Jd 104
Us 0x +6y [ugaj‘/] +] =0 (3)

St dung FEM, mo6 hinh dugc phan tich bang cach phan chia thanh cac phan tu
tuyén tinh dang tam giac (hinh 1). Ludi phan tr duoce chia nho hon tai nhitng vi tri quan
trong hay noi tir trudng phan bd tap trung nham 1am giam d6 phirc tap tinh toan va ting
tdc do tinh toan.

X . o0
Két hop véi (1) rit ra: ox [

Hinh 1. Cac lu6i phén tir hitu han & déng co BLDC
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2.2. M6 phéng tir trwomg may dién mdt chiéu

2.2.1. M6 hinh mé6 phong

Mb hinh nghién ciru 1a dong co mot chidu khong chdi than nam cham vinh ciru 3 pha,
4 cyc, 24 ranh. Do tinh chat d6i xung cua dong co qua céc truc, md hinh hinh hoc 2D duoc
xdy dung trén mit phang cat ngang chi bao gdm Y dong co gdm 6 ranh stator va 1 cuc bic
cua nam cham (hinh 2a). Viéc xay dung mo hinh, phan tich va mé phdéng duoc thuc hién
trén phan mém mo phong truong dién tir Flux2D [6].

B (Tesla)

PR RS St e e

Stator

H (A/m)

' T L T r
1 2 3 4 E3
Cwing dg tir tregng

a) b)
Hinh 2. M6 hinh mé6 phéng (a) va dac tinh B(H) cua rotor va stator dong co BLDC (b)

Trong mé hinh mé phong, thong sb cta vat liéu tir nhu sau: d6 tir tham nam cham vinh
= 1.07, mat d6 tir cam B = 0.401T, d tir thAm ban dau cua rotor va stator p = 7500, mat
do ttr cam bao hoa B = 1,99T (hinh 2b). Bai bao thuc hién mo6 phdng va phan tich anh hudng
ctia tir truong nam cham dién dén rotor, stator va khe ho khong khi dong co BLDC vdi cac
goc quay khac nhau cua rotor.

2.2.2. Két qua mé phong
2.2.2.1 Tinh todn phdn bé tir théng theo géc Rotor

Két qua mo phong cho phép tinh toan cac gia tri va hién thi duong phan bd tir théng
theo goc quay rotor, ta thdy gia tri 16n nht tir thong 1a 2,58.10-6Wb va xuat hién tai vi tri &
hai ranh cudn day gitra hai cuc nam cham (hinh 3).

Hinh 3. Phén b tir thong trong cac trudng hop khac nhau ciia goc rotor
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2.2.2.2. Phén bé mdt dé tir cam trong dong co

Két qua md phong cho phép hién thi két qua phan bd dudi dang mau sic d6 16n mat
do tir cam trong toan b mat cét ciia dong co va trén ting phan tir riéng biét nhu rotor hay
stator. Gi4 tri 16n nht ciia mat do tir cam dat 1,332T xuét hién tai vi tri trén than rang stator
d6i dién v6i nam cham rotor (hinh 4).

lsovalues  Color shade JHeg vectars |

Scale Colar | =
413.074E-15 / B3.272E-3 ("l
03 272E-3 4 166.545E-3
166.545E-3 / 249.818E-3
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233.091E-3 / 416.365E-3
416.365E-3 / 459.638E-3
433 638E-3 / B2 911E-3
hE2 911E-3 / BER.184E-3
BEE.184E-3 / 749 457E-3
749 457E-3 /832 73E-3
a2 73E-3 4/ 916.004E-3
916.004E-3 / 959 277E-3
933 27FE-3 4/ 1.082
1.082 /1165
1165/ 1.249 -

Hinh 4. Phén b tir thong va mat dd tir cam

Nhén thay gia trj mat do tir cam 16n nhat B = 1,322T xé4c dinh diém lam viéc trén
duong cong tir hoa cia vat lidu tir. Diém 1am viéc ndy ndm trén doan tuyén tinh cua duong
cong tir hda (mat do tir cdm ung vdi doan bao hoa cua vat licu tir dang khéo sat 1a 1,99T) va
& vi tri chuan bi bao hoa cua vt lidu tir. Viée déy cao diém lam viéc sat doan bdo hoa cua
duong dic tinh cho phép tan dung t6t kha ning dan tir cta vat liéu, dan dén kich thudce hinh
hoc ctia dong co va khdi luong vat li¢u tu la t6i wu. Nhu vay, két qua mo phdéng ngoai viéc
cho phép nha thiét ké xac dinh phan bd tir truong, mat do tor cdm, con cho phép xac dinh
diém lam viéc trén duong cong tir hoa ciia vat lidu tir. Didu nay dong vai tro quan trong trong
viéc tan dung toi vu kha ning dan tir cta vat liéu ciing nhu t6i uvu hoa phuong an thiét ké
kinh té, k¥ thuat.

2.2.2.3. Phdn bé tir cam doc theo khe hé khéng khi rotor va stator

Két qua phan bd tir cam thanh phan vuéng géc doc theo khe hé khong khi rotor va
stator (hinh 5a) tai cac thoi diém khac nhau khi rotor quay quanh truc cho thiy gia tri mat
do tor cam thay ddi doc theo vi tri tuong ddi rotor va stator, dat gia tri 16n nhét béng
397,197.107 T. Tir trudng khe hé khong khi co phan bd dang hinh sin theo khong gian. Két
qua mo phong cho phép xdy dung truc quan dd thi phan bé tir cam doc theo khe hd khong
khi (hinh 5.b).
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CemterGap (mm)
a) Khe h¢ khong khi b) Phan bd tir cam theo khe hé khong khi
Hinh 5. Phan b6 cam g tir vudng goc tai khe hé khong khi thoi diém t=1,3, 5, 7s
2.2.2.4. Phan tich thanh phan séng hai
Tinh toan mo6 phong cho phép phén tich bién d¢ cac thanh phan song hai xuét hién
trong qua trinh lam viéc cuia dong co. Xét tai thoi di€m t=1s, phan tich cho thay xuat hién

cac thanh phﬁn song hai c6 bién do 1on 1a cac song hai bac 1¢ 3,5, 7,9 va 11 trong do gia tri
16n nhét 13 hai bac 7 (hinh 6).
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Hinh 6. Pho séng hai theo thanh phin cam trng tir twong wng tai khe hé khong khi

Tir gia tri pho séng hai thu dugce, c6 thé xac dinh d6 méo dang song hai (THD) tuong
ung theo cong thuc sau:

\/Bzz +B;+B; +..+B’
B

Dua vao pho song hai trén hinh 6, 6 méo cua tir cam thu duoc 1a THD (tir cam) = 22%.

Do séng hai c¢6 theé anh hudng dén cac thiét bi khac trong hé thong dién, nhiéu ti€u chuan da

THD =100. 4)

1

duoc dua ra dé danh gid mic d6 nghiém trong cua séng hai. Mot trong cac tiéu chuan nay
1a tiéu chuan IEEE 519 cta Vién K¥ thuat Bién - Dién tir [3], ti€u chuan cin cr vao muc do
nhay cam ctia cac thiét bi trong mot hé thong dién lam ngudng quy dinh mirc song hai ap t6i
da dugc cho phép. Do d6, chuan IEEE 519 dua ra cac ngudng song hai khac nhau cho cac
hé thdng dién khac nhau. Trong truong hop may dién nghién ctru & trén mirc do méo dang
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song hai cho tir cam thu dugc tir tinh toan mo phong (22%) di vuot ngudng cho phép dbi
v6i hé thong cong nghiép (10%).

2.2.2.5. Phdn tich mémen trén truc dong co

Hinh 7 thé hién su thay ddi cua gia trj mémen trén truc dong co trong khoang thoi
gian 30s, gia tri cuc dai bﬁng 2,0188.10°N.m. Viéc tinh toan chinh x4c gi tri mémen gitip
cho viée toi uu hoa van dé co khi khi ché tao cac may di¢n.

(E-3)N.m
”—l

Mo men

1n 20 30

Thoi gian
Hinh 7. M6men trén truc dong co

3. KET LUAN

St dung phan mém mé phong trudong dién tir trén co s& FEM cho phép xdy dung mb
hinh mé phong va danh gia cac tham sb dién tir trudng trong may dién. Thuc hién mo
phong trén dong co BLDC cho thdy phan b6 va anh hudng cua tir trudng nam cham vinh
ctru ddi vé6i truong hop khac nhau cua goc rotor. Két qua mé phong cho thay gia tri 16n
nhét cua tir thong xudt hién tai vi tri & hai ranh cudn day gitra hai cuc nam cham; gia tri
16n nhat ciia mat do tir cam xuét hién tai vi tri trén than rang stator ddi dién v&i nam cham
rotor; tir trudng khe hd khong khi ¢ phan bd dang hinh sin theo khong gian; xuét hién
song hai bac 1¢ trong d6 16n nhat 1a bac 7 xét tai thoi diém t=1s. Cac két qua mo phong
gitip danh gia va cho phép dua ra cac giai phap trong thiét ké, ché tao nham tdi wu héa va
nang cao hiéu suit dong co.
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SIMULATION OF ELECTROTROMAGNETIC FIELD IN DC
MOTORS USING THE FINITE ELEMENT METHOD

Nguyen Ngoc Van, Dang Viet Hung
ABSTRACT

The simulation of magnetic field distribution in electric machines enables people
to evaluate the influence of device construction, device geometry and material
parameters on machine performance. Recently, computer-aided simulation programs
based on the Finite Element Method (FEM) are effective, reliable and low-cost tools for
supporting researchers,

This paper aims to analyze and evaluate the impact of magnetic flux, flux density,
Total Harmonic Distortion (THD) and moment through the simulation of a model of
brushless direct current motor (BLDC).

Keywords: FEM, magnetic field calculation, BLDC.
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