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TOM TAT

Poéng co khéng dong bé tuyén tinh (BTT) cé nhiéu wu diém, thi du nhw céu trac don gian, thich
hop véi hé truyén déng tinh tién, hiéu suat day cao va bdo dudng dé dang. Cho nén, BTT da duoc st
dung moét céch réng réi trén nhiéu linh virc khéc nhau trong vai thdp ky qua. Cén tim kiém chién luoc
diéu khién cao nham dat duoc chét luong hé thdng tét nhat. Piéu khién vecto la phuong phép duoc
quan tam nhiéu, béi vi BTT vé ban chét cé céc dic diém gibng nhw dong co khéng déng bd quay
théng dung. Tuy nhién, mét sé déc diém dién ttr can phai lam rd nhw dnh huéng cla tré dong dién
X04y va tinh khéng déi xtrng cla tur trvong hay con goi la hiéu tng dau cubi gay ra strc tir déng khéng
sin. N6i dung bai bdo da phét trién mé hinh déng cta PTT cé xét dén hiéu (g dau cudi va dong xody
va qua do tién hanh khao sét cac anh huéng cla ching dén déc tinh lwc dong va tir théng trong déng
co. Pbng thoi, bai béo ciing khdo séat dnh hudng cta dé dan dién phia thir cép, do I6n khe hé khodng
khi dén déc tinh luc cta déng co. Céac két qué nhan duroc sé la nén tadng co ban dé phat trién va thuc
hién mé hinh diéu khién BTT phu hop. Phuong phap phéan ti hitu han va mé phdng thuc nghiém trén
phén mém Matlab duwoc sir dung trong nghién ctru nay.

ABSTRACT

Linear induction motor (LIM) offers advantages such as simple construction, fitted with translate
drive, high propulsive performance and easy maintenance. Therefore, for the recent decades LIM
have been widely used in various areas. It is necessary to look for a high control strategy to achieve
the best system quality. Vector control has been a preferred method of control in LIM because LIM
possesses similarities from its rotary counterpart. However, some electromagnetic characteristics such
as trailing eddy current effects and magnetic asymmetry effects that so-called “end effect” cause non-
sinusoidal magneto-motive force have been proven to undermine the proper functionality of vector
control for LIM. The work developed in the paper deals with construction LIM dynamic models which is
considering two these effects. In addition, the investigation on air gap length effect and secondary
electric conductivity effect has been development of the in-depth knowledge of LIM which results in
further differences in the way these machines should be controlled. Therefore, the in-depth exploration
of LIM has been a fundamental step for investigation of LIM. Finite element method (FEM) and
software Matlab are used in this procedure.

I. PAT VAN PE ma no bi cét ra & doan diu va doan cudi lam tir

DPong co khong dong bo tuyén tinh lam truong trong dong co mét doi xtmg (hinh 1) va
viéc dya trén hién tuong cam Ung dién tir [3], goi 1a hiéu img dau cudi. Thém vao do, c6 sy
vé ban chit gidng nhu dong co quay thong tré cia dong dién xody (hinh 2) trong mach thur
dung. Tur truong chay trong khe hd khong khi cap gay ra strc tir dong khong sin. Dy 1a mot so
tic dung voi dong dién cam tmg trong phan thit ddc diém riéng trong DTT chi ra sy khac biét so
cAp (con goi 1a rotor) sinh ra luc tir c6 xu huéng v6i dong co khong dong bo quay va lam thay
kéo phan dong trong DTT chuyén dong tinh d6i quan diém vé phuong phap diéu khién vecto
tién véan téc v. Mit khac, do mach tir hé nén tir dong co truyén théng voi gid thiét stre tir dong
thong khong lién tuc tir cuc nay dén cuc khéac sin.
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Hinh 1. Phdn bé mdt do tir théng trong khe ho
khong khi [1]
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Hinh 2. Mat dg dong dién xody trong tam nhém
phia thir cap [1]

Bing nhiéu cach tiép can khac nhau, cac
nghién ciru di dé cap dén cic tac dong cua hiéu
g dau cudi [2+9] va dong xody [3,4] dén dic
tinh lyc: Phuong phap dung mé hinh mach trén
co so danh gia cac hé sb [2+5]; Phuong phap
ding mé hinh truong [6+8]; Xay dung mbi
quan hé dién tu trong khe ho khong khi thong
qua phan tich chudi Fourier [9].

Noi dung bai bao trinh bay m6 hinh dong
ctia PTT c6 xét dén hiéu tng dau cudi va dong
xody trén co s¢ ham f(€) cong thic (1) [2] va
qua do tién hanh khao sat cAc anh hudng cua
chung dén dic tinh lyc dong va tir thong trong
dong co. Dong thoi, bai bao ciing khao sat anh
huéng ctua do dan dién phia thir cip, do 16n khe
ho khong khi dén dic tinh Iyc cua dong co. Day
c6 thé xem 1a nén tang co ban cho nghién ciru
DTT dé phat trién va thuc hién mé hinh diéu
khién phu hop. Phuong phép phan tir hitu han
va mo phong thuc nghiém trén phin mém
Matlab dugc str dung trong nghién ciru nay.

I.LMO HINH PONG CO CO XET PEN
THANH PHAN HIEU UNG PAU CUOI VA
DONG XOAY

Thanh phan phan 4nh hiéu tng dau cudi

[2]: L. (1-£(8))
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I.R 1-e°
rva (&)=
Ly va f (&) £

Khi DTT chuyén dong, trong tAm nhém
phia thir cap ton tai thanh phan dong dién xoay
va gay ra ton hao

voi & =

)

2 :|.—e_§

Po= R,.1, = 12R (&) (2
Thanh phan dic trung cho ton hao nay la

R.f(&), dugc mic ndi tiép trong nhanh tir hoa
(hinh 3), v&i Lne=2L/3 [2].
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'H‘Inh 3. Mach dién twong duwong 1 pha

Trén h¢ toa do quay 2 pha tua theo tur
théng rotor (dqg). M6 hinh dong ctia PTT duogc
mo ta nhu sau:
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Trong d6: p = d/dt
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. L,a- (&)
B' = {Rr-f(é) Tf(e”)(R Rf(é))}
1
L@ - L @) - (LA @)
_ L, (- (&)
(L - L F @M - L T ()~ (L,a- f @)
o Rl ~ L F(@) +R (LA F(£)
(L L, ()
1

L - Ly )L - L T (€)= (L, A= £ (£)°

2R F(O)L,A-1(2) ,

. R5+er(§)_ L—L f(cf)
L R+R ) (LA~ ()’

(L - L. F (&)

Lr — me(é:)

(L~ Ly FEL — Ly F(€)) — (L, (@~ F(£)))?
__ R p_RARTE
_Lr_Lm'f(ég), _Lr_Lm'f(g)
_ReLn- (&)

Lr _me(f)
F'= (Rr + Rr f (5))Lm(1_ f(é:)) _ Rr f (5)
I‘r _me(g)

Luc dién tur ctia dong co:

Fe :g P. g'kF'(l/jzdilq _l//2qi1d) (4)

Hé s luc:

_LA-1©) -
] Lr_me(g)
Fe:m\./ +nv+F, (6)

O day: RS, R,, L, L - dién tré va dién
cam thanh phan cua so cap (thir cép); Ly - hd
cam gitra so cap va thir cap; Uyg, Uiq - CAC thanh
phan theo céc truc d va q cia vécto dién ap cp
cho dong co; iyq, I1g- cac thanh phan vécto dong
dién phia so cap trén hé toa do dq; o, Voo Ccac
thanh phén cua vécto tir thong phia thir cap trén
hé toa do dq; vk - van tde dai dong b6 cda tu
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truong; V - van toc dai chuyén dich cia phan

dong; V- gia tde; Fe - luc dién tir cua dong co;
P - sb6 ddi cuc; T - bude cuc; Fy - luc tai; m -
khéi lugng; n - hé s6 ma sat; I-chiéu dai phan so
cap.

IIILANH HUONG CUA CAC YEU TO PEN
PAC TINH LUC

M6 phong duoc thyc hién trén
Simulink/Matlab v6i DTT don bién 3 pha [1]:
Dién ap 380/220V dau Y/A; f = 50Hz; p. = 2; |
= 126,3mm; t = 63,16mm; Do 16n khe hd
khong khi 8 = 5mm; Ry = 1,06 Q; R, = 3,532 Q;
Ls=452mH; L, =40 mH; L, = 26,2 mH.

3.1 Anh hwéng ciia hiéu ing dau cudi va
dong xoay

0.01

oos O toc do (m/s)

Lm({1-f(esi})

Hinh 4. Quan hé giita v, Ly (1-f(&)) va ke

Thanh phan dién cam L, (1-f(&)) va hé

§ ue a1 F()

(hinh 4). D€ nhan thay rang, khi toc do téng thi

ca hai thanh phan nay déu bi suy giam. Cu theé,

S0 vOi gia tri ban dau, tai tc‘)c’dc} 12m/s dién cam

giam khodng 30% va hé s luc gidm khoang
15%.

Hinh 5, trinh bay anh huong cua hiéu Gmg
dau cudi va két hop ca hiéu ung dau cudi va
dong xody dén luc dong cia DTT so voi trudong
hop khong xét dén hai yéu t6 nay. O ving tdc
d6 thap dap tng luc hau nhu khong c6 gi khac
biét, hay anh huong ciia cac yéu to 1a khong
16n, nhung khi tde do cang tang thi sy khac biét
cang rd rang hon. Cu thé tai tbc do 12m/s, luc
qué do 16n nhét trong trudng hop xét dén anh
hudng ciia 2 yéu t chi bang 84% so véi truong
hop khong xét. Thoi gian dat dén trang thai xac
lap cham hon, diéu nay lam han ché kha nang
tang toc ciia DTT khi khoi dong.

ty 1& nghich voi toc do
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Hinh 5. Pdp ing cia luc khi v = 12m/s

Tir thang 5]

Hinh 6. Ddp ung cua ||l//2|| khi v =12m/s

Bang 1. So sanh tir thong khi xét hiéu img dau
cuoi va dong xody

£ .~ | Chixét Xét dén anh hudng
Toc do A s 1A . A %
hiéu tng | cua hiéu ung dau cuoi
(MS) | 43w cudi va dong xoay
3 1 1,4% 4 8,1%
6(dm) | 41,7%  8,6%
9 153% 1 14,7%
12 16,9% 1 17,4%
15 4 8,3% 4 18,1%

bép ung tir thdng dugce trinh bay ¢ hinh
6. Khi téc do cang ting, tac dong cua hiéu tung
dau cudi va dong xody cang 16n, lam suy giam
tir thong trong dong co mot cach dang ké. Két
qua nhu trong bang 1.

3.2 Anh hwéng ciia d9 din dién phia thir cAp

Dién tré cia tim nhom phan thir cap la
ddi tuong chiu tac dong cua sy thay ddi nhiét
dd moi truong xung quanh va hi€u ung nhiét
gdy ra boi dong dién xoay. Gia tri dién tré dugc
xac dinh theo cong thirc:

I:\)r = 234’5+tr erm (7)
2345+t
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Trong do: Rygm-gia tri danh dinh Gng vdi nhiét
dd trgm, Rr-gié tri thuc ting v6i nhiét d6 t..
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Hinh 7. Ddp vmg luc khi v = 6m/s (m6 hinh xét
dén hiéu vng dau cuoi va dong xoay)

s i Wanse] —Wsal — lvasel

Tir thing |l |

Hinh 8. Ddp iimg ciia |y, khi v = 6mis

Su bién ddi gia tri dién tré phan tha cip
lam anh huoéng dén do dan dién cua tim nhom.
Khi R; thay ddi thi quan hé luc c¢6 su thay doi 16
rét (hinh 8). Khoi dong véi toe do 6m/s, gia tri
luc 16n nhédt ting khoing 8,2% ung voi
50%Rgm va giam 14,4% tng voi 150%Rgm SO
voi truong hop Rygn. Thoi gian xac 1ap cang
cham khi R, ting cang 16n. Pdng thoi, do anh
hudng cta cac yéu to (muc 1) 1am cho mirc do
dao dong cua luc va tir thong 16n trong trang
thai xac 1ap (hinh 8).

3.3 Anh hwéng ciia d9 16n khe hé khong khi

Hinh 9, xét truong hop anh hudng cua do
16n khe ho khong khi (8) dén do 16n cua luc.
Khi thay doi & theo cac gia tri 0,5mm; 2,5mm;
Smm va 7,5mm ng voi tde do lam viéc 1m/s,
6m/s, 12m/s. O ving tdc do thap, do 16n cia luc
suy giam manh khi & ting nhung & ving tdc do
dinh murc tré 1én, kha ning suy giam nay hiu
nhu khong dang ké. Do 1on Iyc suy gidm



TAP CHi KHOA HQC & CONG NGHE CAC TRUONG PAI HOC KY THUAT & SO 74 - 2009

khoang 9% va 1,1% khi & thay do6i tir 0,5mm
deén Smm ung va&i toc dd 6m/s va 12m/s.

GO0

—+—v=1miz
—B—v=6m/z

—— v=12miz

e

os I 25 I 50 I 7a

Khe hé khang khi (mmj)
Hinh 9. Quan hé giita luc va do lon khe ho
khéng khi &

IV. KET LUAN

- Su mét déi xung cua tu truong va hién tuong
tré ctia dong xody phia thir cép trong DTT déu
¢6 nhitng anh hudng nhat dinh dén trang thai
lam viéc ctia dong co, lam suy giam do 16n lyc
va thay d6i hinh dang duong dic tinh luc dong
trong dong co nhét 1a ¢ ving tdc do cao. Tai tdc

do 12}11/s, lyc qua 36 16n nh?it trong truong hop
xét dén anh hudng cua 2 yéu to chi bang 84%
so voi truong hop khong xét.

- Tu thong trong PTT cling chiu sy tac dong
16n tir cac hiéu ung nay. O téc do dinh mirc, tir
thong giam 8,6% nhung khi toc do cang ting,
kha ning mit dbi xing cta tir truong cang 16n
va sy suy giam tir thong cang manh. O téc do
12m/s, tir thong gidm 17,4%.

- Sy bién d6i gi4 tri dién tré phan thir cip lam
thay ddi bién do dao dong cua lyc va thoi gian
dat dén trang thai xac 1ap. Tai tbc do 6m/s, khi
khoi dong gia tri lyc 10n nhat ting 8,2% va
giam 14,4% tuong ung véi 50%R.m va
150%R4m s0 vO1 Regm.

- Khe hé khong khi 8 co anh hudng nhat dinh
dén @6 16n cua luc. Khi téc do cang tang, muc
do6 thay d6i nay cang giam.

- Céc két qua vé cac anh huong nay sé 1a nén
tang co ban cho nghién ctru DTT dé phat trién
va thuc hién mo hinh diéu khién phu hop.
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