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ABSTRACT

Linear induction motor plays a great important part in linear motion drive and can absolutely replace
the rotor induction motor. Therefore, it is very necessary to do research on linear induction motor. The in-depth
exploration of electromagnetic behavior of linear induction motor has been a fundamental step for investigations
of linear induction motor. In this study, the combination of the equivalent circuit model with electromagnetic field
model of a single-sided linear induction motor is carried out, by giving calculation results from equivalent circuit
model inputted to electromagnetic field model, based on finite element method (FEM) model in using the software
2D-FEM to solve electromagnetic field problem. At the same time, we survey the magnetic field of the air gap,
the asymmetry of the magnetic field and eddy current in the secondary section.... The presented characteristics are

good basis for steady-state analysis of the LIM in researches later on.
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!(héo sat tir trwrong trong dong co’ khéng dong bo
tuyen tinh don bién bang phwong phap phan tir hiru han
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Khoa Ky thudt va Cong nghé, Truwong Pai hoc Quy Nhon

Ngay nhan bai: 25/05/2018; Ngay nhan dang: 08/06/2018

TOM TAT

DPong co khong dong bo tuyén tinh dong vai tro quan trong trong truyén chuyén dong tuyén tinh va hoan

toan co thé thay thé dong co khong ddng bd quay théng dung. Viéc nghién ciru dong co 1a viée 1am rét can thiét.

Trang thai dién tir ciia dong co 1a nén tang cho cac nghién ctru vé dong co can duoc khao sat ky ludng. Trong

nghién ctru nay, su két hop giita m6 hinh mach va mé hinh truong dé giai bai toan truong dong co khong dong bo

tuyén tinh dugc thuc hién, bﬁng cach dua cac két qua tinh toan nhan dugc tr mo6 hinh mach vao mo hinh truong,

ding phuong phap phan tir hitu han thong qua phin mém FEM 2D dé giai bai toan trudng. Dong thoi, khao sat tir

truong khe ho khong khi, tinh khong dbi xtimg cia tir truong va dong dién xody trong phan thir cip... Pay co thé

xem la nén tang t6t cho viéc phén tich cac trang thai 6n dinh ctia dong co trong cac nghién ctru sau nay.

T khéa: Dong co khong dong bo tuyén tinh, phwong phdp phan tir hitu han.

1. PAT VAN BPE

Gan day, dong co dién tuyén tinh di tro
nén thong dung va dugc tng dung rong rai trong
caché théng tu dong hoa van phong, ty dong hoa
xi nghi€p, dac biét trong giao thong van tai... boi
vi dong co tuyén tinh c6 ciu tric don gian, do
chinh x4c diéu khién cao, truyén chuyén dong
tuyén tinh mot cach tryc tiép... Cho nén, dong
co tuyén tinh déng vai trd quan trong nhit dinh
trong cac truyén dong thang. Do ciu tric mach
tir ho nén tir thong khong lién tuc tir cyc nay dén
cuc khac ma no bi cit ra ¢ doan dau va doan
cubi lam tir truong trong dong co khong dong bod
tuyén tinh phirc tap hon so véi dong co khong
doéng bd (KPB) quay. Hiéu Gmg dau cubi va
dong dién xody trong mach thir cap giy ra nhiing
tac dong khong mong muén trong dong co nhu
hién twong mat d6i xtng cua tir truong, stc tir
dong khong sin, lam anh hudéng mét cach dang

Tac gia lién hé chinh.
Email: truongminhtan@gqnu.edu.vn

ké dén dic tinh 1am viéc. Dé c6 nhiing danh gia
dang, viéc nghién ctru vé trang thai dién tr ctia
dong co 1a nén tang cho cac nghién ciru tiép theo
can duoc khao sat ki ludng. Bang nhiéu cach
tiép can khac nhau, cic nghién ctru da sir dung
cac phuong phap khac nhau dé mé ta tir truong
dong co tuyén tinh. Phuong phap phan tir hiru
han ngugc (UFEM); * Phuong phap sai phan hiru
han (FDM)* phan tich tir truong cho dbi tugng
c6 toc do chuyén dong cao; Phuong phap phan
tor hitu han (FEM) duogc st dung dé nghién ctu
su phan bd tir truong trong khe ho khong khi®
va tinh toan lyc;® St dung m6 hinh mach dé du
bao dic tinh dong co tuyén tinh dung trong giao
thong.” Bai bao s dung phuong phap phan tir
hiru han thong qua phin mém FEMM 4.2, mb
hinh truong dong co duoc xay dung trén co so
két qua tinh toan tir mé hinh mach. Qua do, tién
hanh khao sat tir truong khe hé khong khi, tinh

46 | Tap chi Khoa hoc - Truong Dai hoc Quy Nhon, 2019, 13(3), 45-51



SCIENCE

QUY NHON UNIVERSITY

khong ddi xtmg cua tir truong va dong dién xody
trong phan thi cap... Dy co6 thé xem 13 nén tang
tdt cho viée phan tich cac trang thai 6n dinh cua
dong co trong cac nghién clru sau nay.

2. MO HINH MACH CUA PONG CO
KHONG PONG BQ TUYEN TINH PON
BIEN

Trong thiét ké c6 st dung mot s gia thiét
sau: Khong xét dén hiéu ung dau cudi; Khong
xét dén hién tuong bio hoa 16i thép; Khong xét dén
t6n hao trong 151 thép; Su tac dong giira cac pha
la nhu nhau.

Mach dién twong dwong mot pha gan
dung ctia dong co tuyén tinh, hinh 1.

_[1 R1 X] Ig X27

[Sh X R’./s

Hinh 1. Mach dién tuong duong mdt pha

Trong dong co dién tuyén tinh, dién khéng
tan ctia ddy quin phan thir cp rat nho so véi
dién khang tan cua ddy quin phan so cap? nén c6
thé bo qua, X’ = 0. Cac tham s6 ctia mach dién
twong duong cta dong co duoc xac dinh theo
cac cong thirc sau.!:?

Dién tro tac dung cua pha ddy quan phan
SO cap: ;
Rl = Peu A_ (1)

w

bién khang tan cua day qu’fm phén so cip:

2;10;;;{(4 1+ 3) + /LJ . . U%Nﬁ ()
p

X, = q,
p r ~ Y
A, A, A, tuong tmg h¢ sO tir dan ranh, dau
néi, tap.
Dién khang tur hoa:
2
Xm _ 24[[07#ZVS61CWN1 T (3)
7 po,

Khe h¢ khong khi twong duong:
5. =k3, “4)

H¢ so Carter:

k = 4 :
A- 4[aarctg(a] —In |1+ [a] ]é'o ®)
7|26, 26, 26,
Dién tré tic dung ciia phan tht cap qui ddi
N r ' X
¢ ap: R =—n 6
ve€ so cap TG (6)
oz 24, fr’
He s6 chit luong: G =—2£/" ()
ﬂ.(pr )§e
d
. mI’R
Lyc dién tir: F, = i 2 (10)
Vsl (—) +1
T

Trong do: p - sb cuc; m - s pha; f - tan
s0; W - d6 rong cua 151 sat phan so cap; & - do
16n khe ho khong khi; d - d§ day cua tam nhom;
a - d0 rdng cua ranh; A - budc rang; 1 - budce cuc;
q,- sb ranh cua mot pha dudi mét cuc; N, - sb
thanh dan cia mot pha; k- hé s6 day quan; V_-
van toc dai dong b cua tir truong chay; s - hé s
trugt; p, - do tur tham cuia khong khi; P, - dién
tr¢ suat cua dong va nhom; 1 - chi€u dai day
quén 1 pha; A, - tiét dién day qun; I, - dong dién
ctia pha diy quéin phan so cap; U, - dién ap pha.

Theo!, phuong phap thiét ké gan dung
d6ng co khong dong bo tuyén tinh 3 pha don bién
st dung mach dién tuong duong, duoc xay dung
voi muyc ti€u dat dugc gia tri lyc mong mudn.
Két qua tinh toan duoc trinh bay trong bang 1.

Bang 1. Thong sé dong co KTB tuyén tinh don bién

Dién gidi Ponvi | Gid tri
Luc yéu cau N 100
S6 cuc - 2
Tan s6 Hz 50
Dién ap day 14 380
S6 ranh cua 15i thép phan ) 6
SO cap
bo r:f)ng cua 161 thép phan o 200
SO’ cap
Chiéu dai cua 15i thép - 1263

phan so cap
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Budc cuc mm 63,15
S6 ranh - 6
Do day tim nhom mm 5
Khe hé khong khi mm 5
Hé s6 truot dinh mirc % 5
Luc tinh toan N 100,634
S6 vong day cua mot pha Vong 280

3. MO HINH TRUONG PONG CO KHONG
PONG BO TUYEN TiNH PON BIEN

Thiét 14p m6 hinh trudng dién tir dé phan
tich truong dong co khong dong bo tuyén tinh
don bién, ta xuét phét tir md hinh truong dién tir
tong quat viét cho tir thé vecto A va dién thé vo
hudng o.

- -

> 94 04 -
V2 A-¢ —ou—=—-uJ (11
Mo TOH = (11)
Pp 9 p
Vip-g —ou—=- (12)
¢ 'uﬁtz 'uﬁt

Trong do6: € - hang s6 dién moi (Fm);
p-hé sé tr thim (Hm'); o-dién din suét
(Q'm™); p-mat do dién tich khdi (Cm™).

Dua vao (11) va (12), xac dinh duogc:

Vecto cam tng tir: B=VxA4 (13)
Vecto cuong do tr truong:
- 1 -
H=—(Vx4) (14)
7
Vecto mat d¢ dong dién dan:
3 =Vx Vx ;1 15
(ﬂ(B) J (1

Luc dugc xac dinh theo phuong phap
tenxo tng suat Maxwell

F=| (JxB—%Hzgrady)dV
14

. (16)
=[rds=[rdv

Véi L:(B.n)H—%,qu.n (17)

N
n la vecto phap tuyén don vi.

Bai toan truong duoc giai bang phuong

phap phan tir hitu han trén co s¢ chuong trinh
FEMM 2 chiéu. Thuat toan dugc xay dung dua
vao thuat giai song song, giai h¢ phuong trinh
Maxwell véi cac mién con dugc phan chia thanh
cac tam giac. Mdi phan tir dugc 1am gan ding
béang ndi suy tuyén tinh cta gia trj tai 3 dinh cua
tam giac. Bai toan duoc thyc hién qua cac phan:
Phan tién xir Iy, phan xtr 1y, phan hau xir 1y.

Két hop mo hinh mach va mé hinh trudng
dé giai bai toan trudng dong co khong ddng
bo tuyén tinh bing cach dua cac két qua tinh
toan nhan dugc tr md hinh mach (muc 2) vao
mo hinh trudng, dung phuong phap phan tir
hitu han théng qua phan mém FEM dé giai bai
todn truong.

Mo hinh truong dong co khong dong bo
tuyén tinh dwoc phén tich véi s6 nit 1a 6737, s6
phan tir 1a 13234, hinh 2. Két qua phan tich nhu
hinh 3.

Hinh 2. Hinh hoc dau vao va su phan chia thanh céac

tam giac phan tir

M1 Nl
M N
M3 N3

Hinh 3. Phan b mat do tir thong trong dong co véi
dong dién dinh murc

4.KHAO SAT TU TRUONG TRONG PONG
CO KHONG PONG BQ TUYEN TiNH PON
BIEN

Cac duong khao sat trén md hinh dong
co nhu hinh 3, duong M| N, khao sat tir truong
trong rang ranh, duong M, N, khao sat tir truong
trong khe ho khong khi va duong M, N, khao sat
dong dién xody trong tim nhom cua dong co.
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O ché do ung voi dong dién dat vao cac
cudn day phén SO cép dinh muac, do 16n cam
ung tu trong rang va trong khe ho khong khi
duoc xac dinh nhu hinh 4 va hinh 5.

Trong trudong hop nay, tir trudong trong khe
ho khong khi thap (0,197T), mach tir s& khong
bi bdo hoa. Tu truong trong khe hé khong khi
chiu anh huong 16n dén van téc chuyén dong ciia
phan so cap. Nguyén nhan 1a do anh hudng cua
hiéu tng dau cudi dén do 16n cua tir truong trong
khe hé khong khi theo ti 1€ thuan véi van toe,
khi phan dong chuyén dong véi vén toc cang 16n
thi tir trudng & phia dau vao cta dong co giam
xudng cang manh (theo huéng chuyén dong),
d6ng thoi tir truong ¢ phia dau ra ting 1én va mat
di, kéo theo d¢ 16n tir truong tong trong khe ho
khong khi s€ giam di.

1, Testa

0.2

a.1

o]

o 0 100
Length, mm

Hinh 4. B¢ 16n cam ung tur B trong rang

0.2

0.15

0.1+

0.05 +-

-0.05

Mat dd tir thong (T,

-0.1

-0.15 ~

-0.2 7

——B_Phén thyc

-0.25

0 20 40 60 80 100 120
Chigu dai (mm)

Hinh 5. D6 16n cam ung tur B trong khe hé khong khi

Vi két qua phan tich cac thanh phan song
diéu hoa tir thong trong khe ho khong khi dong
co KDPB tuyén tinh, ty 1¢ tong cac thanh phan
song hai (THD) chiém 13,05%, song hai xuit
hién hau hét & cac bac nhung chu yéu 1a & cac
bac 3, bac 5, bac 7...

Bén canh thanh phan tir truong co ban
sinh ra luc dién tir con c6 luc dién tir phu do cac
thanh phén tur truong bac cao sinh ra, lyc dién tr
phu mang ban chit kim ham va giy ra cac anh
huong khac. Diéu nay anh hudong khong tét dén
d6 16n lyc va déc tinh lam viéc ctia dong co.

Fundamental {50Hz) = 0.1503 , THD= 13.05%

Mag (% of Fundarmental)

| ‘ |
0 | - - o I - - l -
10 15

Harmaonic order

oOm
m

20

Samples per cycle = 50
Fundamental = 0.1503 peak (0.1063 rms)
Total Harmonic Distortion (THD) = 13.05%

0 Hz (DC) 0.30 %
50 Hz Fund 100.00 %
100 Hz (h2) 0.02 %
150 Hz (h3) 5.27 %
200 Hz (hd4) 0.28 %
250 Hz (hS) 8.74 %
300 Hz (h6) 0.17 %
350 Hz (h7) 6.62 %
400 Hz (h8) 0.13 %
450 Hz (h9) 0.05 %
500 Hz (hl0) 0.03 %
550 Hz (hll) 1.96 %
600 Hz (hl2) 0.13 %
650 Hz (hl3) 3.30 %
700 Hz (hld) 0.14 %
750 Hz (hl5) 0.08 %
800 Hz (hl6) 0.07 %
850 Hz (hl7) 0.69 %
900 Hz (hl8) 0.10 %
950 Hz (hl9) 2.62 %

Hinh 6. Pho cuia song diéu hoa tir thong trong khe ho
khong khi

Cudn day
DC pha A

A Culn day

ha B
._fp\/V\_ Y

B Cudn day
ha C
a) ._fE/Y\_ 7
C
Cudn day
ha A

DC

A

Cudn day
pha B
YYD Y
Cudn day
pha C

_ z
b) C

Hinh 7. M6 hinh kich thich ngudn mét chiéu céac
cugn day dong co
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Khong gidng nhu dong co dién KDB quay
thong dung, dong co KB tuyén tinh c6 cau triic
mach tir hé. Tuy theo cac vi tri twong dbi khac
nhau cta pha A, B va C trong phan so cip ma
strc tir dong do dong dién chay trong diy quin
ctia mdi pha sinh ra s& khong bang nhau va tir
truong mat d6i xing. Dé khao sat van dé nay, 1an
lugt kich thich riéng biét cic cudn diy bang
ngudn mot chiéu (DC) theo mo hinh mach dién
kich thich nhu hinh 7a va 7b.

Phéan b mat d¢ tir thong khi pha A, B va
C lan luot duoc kich thich riéng biét theo mé
hinh 7a dugc trinh bay nhu hinh 8. Gia tri cua
tir thong 16n nhit twong g mdi truong hop 1a
0,4492 T, 0,4371 T va 0,4354 T. Diéu nay cho
théy co sy khac nhau dang ké cua mat do tu
thong gitra cac pha A, B va C. D¢ 16n mat do
tir thong Bn (thanh phan phap tuyén), Bt (thanh
phan tiép tuyén) doc theo khe ho khong khi nhu
hinh 9. Hinh dang séng ctua pha A 1a hinh anh
phan chiéu cta hinh dang song pha C. Tuy nhién,
hinh dang so6ng cta pha B thi nguoc lai.

4.4920-001 : >4.729e-001
4.2568-001 : 4.4928-001

[|3.074e-001 : 3.310e-001
[|2.837e-001 : 3.074e-001
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[ 1.419¢-001 : 1.6552-001
[ 1.182e-001 : 1.419¢-001
[ 9.457e-002 : 1.182e-001
[ 7.093e-002 : 9.457e-002
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[ 2.364e-002 : 4.729e-002
[ <0.000e+000 : 2.364e-002
Density Plot: |8, Tesla
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Density Plot: [Bl, Tesla
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2.750e-001 : 2.979-001
2.521e-001 : 2.7502-001

2.2020-001 : 2.521e-001
2.062e-001 : 2.292¢-001
1.833e-001 : 2.062-001
1.604e-001 : 1.633e-001
1.375e-001 : 1.604e-001
1.146-001 : 1.375-001
9.1676-002 : 1.146e-001
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Kich thich pha C

Hinh 8. Phan bd mat do tur thong khi duogc kich thich
ngudén DC

A

Bn (Tesla)
o

o3
S
B

— A0
—B-0
—C-0
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Do lon mdt do tir thong Bn

pniniimi

ARNMAAAAAN

U

—B0
—C0
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0 20 40 60 80 100 120 140 160
Chiéu dii (mm)

Do lon mat do tir thong Bt

Hinh 9. D6 16n mat do tir thong doc theo duong M,N,
khi kich thich riéng biét cac pha A, B, C

004

el AL
|t LA

=\
[\

A
\

Bn(Tesla)

A
[\
\

\
Uy

——B-AC
——C-AB

Chiéu dai (mm)

Do lon mat do tir thong Bn

T
AU

ol b g

Bt (Tesla)

-0.02 1
he%Y) \/J W — A-BC|
——B-AC|
—C.AB)
0.03
0 20 a0 60 80 100 120 140 160

Chitu dai (mm)

Do lon mat do tir thong Bt

Hinh 10. D6 16n mat do tir thong doc theo duong
M,N, khi kich thich theo A-BC, B-AC, C-AB
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Tuong tu, do lon mat do tr thong Bn
(thanh phan phap tuyén), Bt (thanh phan tiép
tuyén) doc theo khe hd khong khi nhu hinh 10 khi
kich thich theo mé hinh 7b (A-BC) va B-AC,
C-AB. Hinh dang song truong hop kich thich
theo A-BC 12 hinh anh phan chiéu cta hinh dang
song kich thich theo C-AB, con hinh dang song
truong hop kich thich theo B-AC thi ngugc lai.
Cho nén, cac vi tri twong dbi khac nhau cua pha
A, B va C trong phan so cip din dén tinh khong
dbi xtmg cua tir truong trong dong co.

Hién tugng dong dién xody trong tdm
nhom phia thir cip, day la két qua tu nhién cua
hién tugng tir truong bién thién theo thoi gian
do phan so cép sinh ra chuyén dong cit ngang
phan thi cap, 1am cam tng trong tim nhom mat
dong dién xoay. Thanh phan nay gy ra nhiing
tac dong khong mong muén trong dong co nhu
hién tuong méat doi xung cua tur trudng, stc tu
dong khong sin, lam anh huéng mét cach dang
ké dén dac tinh [am viéc ctia dong co. Mat do
dong dién xody trong tim nhém duoc xac dinh
doc theo duong M,N, nhu hinh 11.

13el, MA/m~2
Relle], Ma/m~2
Im[3e], MA/m 2

a 50 100
Lenath, mm

Hinh 11. M4t d6 dong dién xo4y trong tim nhom tng

voil, vad=>5mm
m

5. KET LUAN

Tir truong trong dong co KDB tuyén tinh
don bién 1 tir truong khong dbi xtng, thanh phan
song hai dang ké, chiém 13,05% va chiu anh
hudng boi van téc chuyén dong ciia phan so cip.
Thanh phan dong dién xody trong tdm nhom
phia thir cap c6 d6 16n dang ké. Diéu nay gay ra
nhing tac dong khong mong mudn trong dong
co, lam anh hudéng moét cach dang ké dén dac
tinh [am viéc cua dong co.

Phuong phép phan tir hiru han két hop véi
phan mém FEMM ding d¢ giai bai toan trudng

dong co KbB tuyén tinh ¢6 do chinh xac cao,
linh hoat, danh gia dung su tac dong cta cac hiéu
ung trong dong co.

Pay c6 thé xem 1a nén tang co ban cho
nghién ctu thiét ké dong co khong dong bo
tuyén tinh va dé tién hanh phan tich cac trang
thai 6n dinh khi dong co lam viéc va thyc hién
mo hinh diéu khién phu hop.
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