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TOM TAT

Mét thuét toan va chuong trinh duoc xay dung dé tinh toén cac théng sé clia déng co khéng
dbng bé tuyén tinh (BTT) don bién nham dat duoc gia tri tbi wu lwc da duoc gidi thiéu trong bai béo.
Céc céng thirc va cac tham sb duoc gidi thich chi tiét. Péc tinh cda BTT don bién ciing duoc xét dén
va phén tich st dung phwong phap mach dién twong dwong. Luc va hiéu suét la cac tham sb didc
trung duoc chu y trong nghién ctru ndy. Nhiém vu thiét ké va thuat toén thiét ké duoc thiét lap trong
bai bdo. Céc phép lap duoc dua ra trong thuét toan ciing duoc tho luédn dén. Két qué duoc kiém tra
lai bdng phuong phap phéan t hitu han trén co s& phdn mém FEMM 2D. Phuong phap duoc xay
dung trén thudt giai song song, giai hé phwong trinh Maxwell véi cac mién con dwoc phén chia thanh
cac tam g/ac Méi phén tr duoc lam gén ding bang noi suy tuyén tinh cta gié tri tai ba dinh cta tam
gidc. Két qua dau ra la sw phan bé tir truong trong mién da dwoc phén tich cia DTT. Luc téng theo
truc x duoc xac dinh theo phuong phéap tenxo tng suat Maxwell trong FEMM chi bang khodng 94% tai
vén téc 6m/s so Vi luc tinh theo cac coéng thirc mé hinh mach. Biéu nay cho thdy dnh hudng cda hiéu
trng dau cudi, hiéu trng dong xody la déng ké dan dén lam suy giam dé Ién Iuc.

ABSTRACT

An algorithm and a program for calculating parameters to achieve optimal thrust value of single
sided linear induction motor (LIM) is proposed in this paper. The basic equations and parameters are
explained in detail. The performance of a single sided LIM is predicted and analyzed using the
equivalent circuit approach. Thrust and efficiency are the specific parameters and are considered in
this study. The procedure and algorithm design are presented in the paper. The iterative procedures
given in the algorithm are also discussed. Concurrently, the results will be examined by the Finite
Element Method in using the software 2D-FEMM. Method is based on parallel resolution algorithm of
equations Maxwell with domains divided deltas. Every element should be approximated by linear
interpolation of value at three caps from delta. The output result is the magnetic field distribution in the
analyzed domain of the linear induction motor. To compute the thrust on a region entirely surrounded
by air and/or abutting a boundary, the simplest way is to use Maxwell Stress Tensor Method. The
results computed thrust is about 94% at 6m/s by the equivalent circuit model. These results show that
at the effects of end and eddy are considerable and they cause the damped thrust.

I.GIOI THIEU

. Két cdu cua dong co khéng‘ dong bod M@_W_HL-- _IG'I_I@LI'@IJ
tuyén tinh (DTT) don bién (hinh 1) gbm: Mach 7

dan tir stator 1 (con goi 1a phan so cap) c6 dang C

hinh hop, diy quin so cép ba pha kiéu cuc tir 1 | ||”||||" S
xen k& 2 duoc dat trong cac ranh ¢ trén mot : ; /

trong hai bo cta hinh hdp. Phan dong trong
DTT chuyén dong tinh tién. Mach dén tir 4 (con
goi 14 phan thtr cap) cua no ciing nhu mach din

Hinh 1. M6 hinh déng co khong dong bg tuyén

tor cua stator c6 dang hinh hop, trén mat cia tinh

mach dan tir dong hudng vé stator dugc bd tri bTT lém viéc due} trén hién tugng cam
day quin ngin mach 3 (thuong bang tim nhom) ung dién tir, vé ban chat giong nhu dong co
[1,2]. quay thong dung. Tu truong chay trong khe hd
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khong khi tac dung véi dong di€n Ung trong
phan thi cdp sinh ra lyc tir ¢ xu hudng kéo
phan dong trong DTT chuyén dong tinh tién
van tbe V..

Vé nguyén 1y co ban cua DTT dugc deé
cdp vao nam 1’895. bén nam 1947, Eric
Laithwaite déa ché tao thanh cong va ung dung
trong h¢ thong truyén dong may dét cong
nghiép. Trén co s6 nay, cac nghién ctru cling dé
cap nhu: thiét ké DTT hinh ong dung trong hé
thong ong khoan khi nén [3]; lap dat DTT va
cac tinh toan don gian [4]; t6i uu gia tri dong
trong thict k& [5]. . .O Viét Nam, theo quyet
dinh s6:1696 /QD-BKHCN ngay 16/8/2007 cta
Bo truong B KH&CN, DTT duoc dua vao
danh muc cac Qé té@ thuéc chuong trinh
KH&CN trong diém cap nha nudc giai doan
2006-2010. Noi dung bai bao dé cap déq viéc
x@y dung thuat toan va chuong trinh dé tinh
toan két cau cua dong co khong dong bd tuyeén
tinh don bién nham dat duogc gia tri toi uu lyc.
I.MO HINH THIET KE

) Trong tinh toan thiét ké c6 str dung mot
s0 gia thiét sau:
- Khong xét dén hidu img dau cudi
- Khong xét dén hién tuong bao hoa 151 thép.
- Khong xét dén t6n hao trong 18i thép
- Su tac dong giira cac pha la nhu nhau

M® hinh thiét ké duge v& nhu hinh 2.

d !: !

I: B tmken
3 i . A , i

: Mach tir stator
b :

—
Hinh 2. M6 hinh thiét ké
) V.-V
Hé s truot: S =——o (1)
S
VéiVe=21f va 7= L (2)
p

) O ché do dinh muc V, gﬁn bfmg Vs va hé
s0 trugt s cling nho nhu cac may khong dong bd
thong thuong.

So db thay thé [1], hinh 3:
~ bién tro tac dung cua pha day quin phan
SO cap:

Ri=pPu—H- ®3)
A,
L Ry X L, X
e
S5 X é R’./s

Hinh 3. So' do thay thé mét pha

Dién khang tan cua day quan phan so

cap:

ZyOd{(/@ (1+§) + A, st +Aelce}Nf
p O, )
p

s, he, Ag tuong tng hé sb tir dan ranh, dau nbi,
tap.

X, =

bién khang tir hoa:
24,4, 7fW_k N7
Xm: luO 5 se’'w lT (5)
T po,
Khe hé khong khi twong duong:
8e = kc80 (6)
Heé s6 Carter:
k = A ()
l—i iarctg (aj—ln 1+{aj ]50
| 26, 26, 26,

Dién trd tac dung cua phan thir cap qui
do6i ve so cap:

. Xm
R, =" ®)

(9)
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ml/R
Lucdiénti: F, = flL 2 (10)
Vs (—)° +1
A+
Cong suat dau ra: Py = FV, (11)
Cong suat dau vao:
P.=FV, +mI/R, (12)
a2 P
Hiéu suat: n =— (13)
Pl
Heé sb cong suat
FV. +mI’R
cosp= 511 (14)
mu, |,

Trong do: p—sé cuc; m-sd pha; f-tan s6;
Ls-chiéu dai cua stator; Ws-do rong cua 1oi sét
phan so cap; 8-do 16n khe ho khong khi; d-
chiéu day cua tam nhom; a,b - do rong cia ranh
va rang; h,,hg- chiéu cao cua rinh va goéng; A-
budc rang; t-budc cuc; ;- sb ranh cua mot pha
dudi mot cuc; Ni-sb thanh din cia mot pha;
Kw-hé sb day quén; V,-van tdc dai déng bd cua
tr truong chay; Vi-van tde dai chuyén dich cua
phan dong; po- do tir thAm cua khong khi; pey,-
dién tro sudt cla d(‘)ng va nhom,; |, —chiéu dai
day quan 1 pha; A, t1et dién day quan I;-dong
dién cua pha ddy quin phan so cip; U;-dién ap
pha.

I1l. THUAT TOAN THIET KE

Thuét toan thiét’ ké t6i wu luc bTT nhu
trén hinh 4. Nhitng s0 liéu dua vao gom: o,
Peuan M, Ug, f, p, 6, d, Fsym Vi, Sam Q1a,mét do
dong dién (j), mat do tur thong l6n nhat trong
rang, gong (Brmax, Bgmax)-

Modun téi wu cac gia tri m, cosQ, Ne, Fs
dugc thyc hién bang hai vong lip long vao
nhau. Khi gia tri hiéu sudt dién ning n, cose da
duoc xac dinh thi thuat toan thuc hién thay ddi
s6 thanh dan trong ranh dén khi F, g?m b?mg Foye

Trén co s& dit lidu cua ddy quin chuén,
bai toan tién hanh x4c dinh s6 mach nhanh song
song N,, duong kinh day D, (chua ké cach
dién), kich thudc mach tir va cac thong sb cua
so dd thay thé hinh T. Dé tranh hién twong bdo
hoa tir ring, chiéu rong cta rang dugc gidi han:

T A

_7g 22mk N, 1,2
min 2 t

B B pﬂ-é; Br max

rmax

(15)

Bsp-mat do tur thong trung binh trong khe ho
khong khi.

Piéu kién: b > bpin; JunhtoanS 7, Fsa = Fsyc
dugc kiém tra, néu khong thoa mén thi vong lap

chon lai kich thun day. Khi da thoa man, thuat
toan dung va in ket qua.

S6 liéu dau vao
v
Téi wu cac gia tri ncose; Ng; Fs

!}

Xac dinh sb mach nhanh song song
Np, duong kinh day Dy, )
v

Xéc dinh cac thong so ctia mach tir

v
Xac dinh cac thong sO cua so do
thay thé hinh T

v

2 bmlny Jtmhtoan— 7 Fstt ~ F

Dimg va in két qua

Hinh 4. Thudt toan thiét ké t6i wu F
IV. KET QUA

Bai toan dugc xay dung véi PTT don
bién 3 pha; Pién ap 380/220V dau Y/A; Tan sb
f = 50Hz; s6 cyc p = 2; Tdc d6 V, = 6m/s; Luc

Fsc = 100N; Do 16n khe ho khong khi 5mm;
Chiéu day tdm nhém 5Smm; Hé sb truot dinh
murc 5%.

Két qua tinh toan bang thuat toan cho
trong bang 1.

Phuong phap duogc xay dung trén thuét
giai song song, giai hé phuong trinh Maxwell
v6i cac mién con duoc phan chia thanh cic tam
gidc. Mdi phan tir duoc lam gan ding bang noi
suy tuyén tinh cua gia tri tai 3 dinh cta tam
gic. Bai toan duoc thyuc hién qua cac phan [6]:

- Phan tién xtr Iy: Thiét 1ap mé hinh, dic tinh
vat lidu, diéu kién bién, cac thong s6 vé dong
dién, tao ludi (v6i sd nut 13006 va s phan tir
25402)
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- Phe‘in’xfr ly: Giai bai toan bang cac phuong
phéap so, phuong phap lap dé xac dinh nghiém
tai cac nuat luoi.

- Phan hau xt Iy: Khai thac két qua.

Bdng 1. Kiém nghiém lai trén mé hinh FEM 2D

E:J'(Fxg—%Hzgrad,u)dV
v (16)
=[Tds=[Tdv
S \
— - - - 1 9 -
V6i T =(B n)H—E,uH n (17)

5
n la vecto phap tuyén don vi.

So sanh két qua lyc tinh theo mé hinh
machva mé hinh trudng trong bang 2.

Bang 2. S0 sdnh két qua theo thudr todn v
phan mém FEM

Dién giai

F4(tinh toan)

Fs (FEM)

Sai sO

Luc (N)

100,634

94,555

6,079

Dién gidi Ponvi | Gid tri
bo rong cua 161 thép phan mm 200
so cap (W)
Chgeu da} cua 161 thép mm 126.3
phan so cap (L)
Budc cuc (1) mm 63,15
Do rong cua ranh (a) mm 11,2
D6 rong cua rang (b) mm 9,9
Chiéu cao cta rinh (hy) mm 30,3
Chiéu cao ciia gong (hy) m 14,6
S6 thanh dan trong rdnh
- 30
(Nc)
Puong kinh diy chuin
khong ké cichdién (Dy) | T 14
S6 mach nhanh song song i 5
(Np)
Gia tri luc tinh toan (Fyy) N 100,63
4
Hiéu suat (1) % 79,49
Heé sb cong suat (cos@) - 0,75
: e
I S ipem

5.419¢-001 : 5.871e-001
4.9682-001 : 5.419e-001
4.5162-001 : 4.9682-001
4.064€-001 : 4.516e-001
3.6132-001 : 4.064e-001
3.161e-001 : 3.613e-001
2.7108-001 : 3.161e-001
2.2582-001 : 2.710e-001
1.806-001 : 2.258¢-001
1.355-001 : 1.8066-001
9.032¢-002 : 1.355-001
4.5160-002 : 9.032e-002

<0.000e+000 : 4.516e-002
Density Plot: |8, Tesla

Hinh 5. M6 hinh phdn bé mdt dp tir théng trong
DTT don bién voi toc do 6m/s

Luc dugc xdc dinh theo phuong phép
tenxo trng suat Maxwell

Luc tong theo truc x tinh theo phuong
phap phan tir hitu han chi bang khoang 94% cua
luc tinh theo cac cong thirc md hinh mach. biéu
nay cho thay, khi xét trén mo hinh truong, do
anh huong cua hiéu ung dau cudi, hiéu ung
dong xody lam tir cdm trong khe hd khong khi
bi giam dan dén su suy giam d¢ 16n luc.

Cac dac tinh:

GO0
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200
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a

0 1 2 3 4 5 B 7
Toc do (mis)

Hinh 6. Pac tinh Fs = f(V,)

Hiew suat (%)
3

\
\
40 \\
|
|
!

1) 1 2 3 4 a B 7
Toc do (rn/s)

Hinh 7. Dac tinh n =1(V,)
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V.KET LUAN

- Xay dung duoc phuong phap thiét ké gan
dung dong co khong dong bo tuyén tinh 3 pha
don bién voi muc tiéu dat dugc gia tri lyc mong
mudn. Pay co thé xem la két qua budc dau
trong qua trinh nghién ctru dong co khong dong
b tuyén tinh trong nude.

- Bing cach str dung phwong phap phan tir
hiru han FEM, gia tri luc duoc kiém chung lai
v6i sai s6 khoang 6% so véi gia tri tinh toan
trén mo hinh truong. Diéu nay cho thdy két qua
tin cay dugc.

- Anh hudng cua hiéu ung dau cubi, dong
xody dén do 16n cua luc trong DTT la dang ke.
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