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TOM TAT

Ngay nay, dong co khong dong bé sau pha dang dwgc nghién ciru va ing dung rong rai
Vi nhiéu wu diém vuot tréi hon déng co ba pha truyén thong. Bai bdo nay trinh bay va mé
phong phuwong phap nhdan dang tir thong rotor trén hé truc toa do dq cua dong co khong dong
bo sau pha sir dung mang no-ron ham co so xuyén,tdm (RBF - Radial Basis Function). Mang
no-ron RBF dwoc xdy dyng va huan luyén triec tuyén dira trén dit liéu vao ra cia dong co. Ket
qua mo phong khi sw dung phan mém Matlab/Simulink cho thdy sai sé cia bé nhan dang hji
tu vé 0 sau khodng thoi gian 0,002 gidy. Tir thong bo nhan dang bam tir thong doi twong trong
khodng thoi gian déng co khéi dong va sau khi ldp tai. Pdy la tién dé dé tién dén cdc phwong

phdp diéu khién hiéu sudt cao nhwe diéu khién tia tiv thong (FOC — Field Oriented Control),
diéu khién tryc tiep momen (DTC — Direct Torque Control), ..

Tir khéa: Dong co khong dong bo sau pha; Nhdn dang twr thong, Mang no-ron RBF; H¢ truc
dq; Hé thong nhiéu ngé va nhiéu ngé ra.

ABSTRACT

Nowadays, six-phase induction motors are studied and applied because they have many
advantages over traditional three-phase motors. This paper presents and simulates the rotor
flux identification method on the dq axis of a six-phase induction motor using the
identification tool as the RBF (Radial Basis Function) neural network. The RBF neural
network is built and trained online based on input and output data of the motor. Simulation
results using Matlab/Simulink software show that the error of the identification converges to 0
after a time of 0,002 seconds. The identification flux remains with the plant flux during engine
starting and after loading. This study is a premise of progress to higher efficiency control
methods such as FOC (Field Oriented Control), DTC (Direct Torque Control),...

Keywords: Six-phase induction motor; Flux identification; RBF neural network;, Dq axis;
Multi input multi output systems.

1. GIOI THIEU chan bién tan ngudn ap dugc dé xuat [3]. Mat
khac, hé truyén dong nhiéu pha con c¢6 nhiing
ru diém hon so véi hé thong ba pha thong
thuong nhu: Giam xung md men, ton hao hai
rotor, mat mot hay nhiéu pha hé théng van ¢o
thé hoat dong & mirc cong suit thip hon [4 -
5]. Trong s6 cac loai dong co sir dung trong
cac hé truyén dong nhiéu pha khac nhau dugc
quan tdm nghién ctru va Uung dung rong rai
nhit d6 1a dong co khong dong bd sau pha
(SPIM - Six Phase Induction Motor).

Hé thong truyén dong nhiéu pha s6 hiru
nhiéu uu diém hon so vdi hé truyén dong ba
pha truyén théng, dic biét trong cac img dung
doi hoi cong suat 16m, do tin cdy cao nhu cac
nganh 6 t0, xe dién, tau thuy,...[1 - 2]. Déi véi
cac ung dung cong suat 16n thi cac th1et bi ban
dan voi tan sd dong cat cao, cong suét 16n rat
dat tién hodc khong c¢6 san trén thi trudng,
Trong truong hop nay, viéc str dung dong co
nhiéu pha dé giam dong trén mdi pha va mdi
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Ngay nay, dong co duoc diéu khién boi
nhiéu phuong phap nhu: k¥ thuat diéu khién
vo hudng V/f, ky thuat FOC, DTC,...[6].
Trong do, cac ky thuat FOC hodac DTC
thuong duge st dung dé diéu khién SPIM do
yéu cau chit lugng diéu khién cao. Khi sir
dung cac k¥ thuat diéu khién néu trén thi mot
trong nhiing viéc dau tién va quan trong nhat
13 phai udc luong dugc thong sb cua tir thong
hay dugc goi la nhan dang tir thong [7].

Bai toan nhan dang can phai giai quyét
bon van d¢ sau [8]:

- Thi nghiém thu thap dir liéu;

- Chon céu trac mé hinh;

- Chon tiéu chuén ude lugng thong s6;
- Panh gi4 chat luvong md hinh;

Giai thuat di truyén, mo hinh logic mo,
mang no-ron truyén thang, mang RBF
(Radial Basis Function),... 1a nhitng cong cu
phé bién duoc sir dung dé nhan dang. Trong
nghién clru nay, nhom tac gid st dung mang
no-ron RBF dé nhan dang tir thong rotor trén
hé truc dq dong co khong ddng bd sau pha.
Day 1a hé thong phi tuyén nhiéu vao nhiéu ra
(MIMO - Multi Input Multi Output). Mang
no-ron RBF dugc st dung voi nhiing uwu
diém sau [8]:

- Khong can biét thong tin vé ddi tuong
can nhan dang.

- Chi can mot 16p an va thoi gian dap
ung nhanh.

- Huan luyén online, ...

Nbi dung ciia bai bao gdm 5 phan chinh
nhu sau: Phan 1 14 gi6i thiéu. Phan 2 trinh
bay mo hinh toan ctia SPIM. Phan 3 trinh bay
mang no-ron RBF va gidi thuat cap nhat
thong s6. Nhan dang tir thong va két qua mo
phong dugc trinh bay trong Phan 4. Két luan
dugc trinh bay ¢ Phén 5.

2. MO HINH TOAN DONG CO
KHONG PONG BQ SAU PHA

C6 hai céch phan b6 cudn ddy chi yéu
dugc su dung do6i véi SPIM: phan bo doi
xung (hai by day ba pha dugc dat 1éch nhau
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60 do dién) va phan bd bat dbi xtng (hai bd
day ba pha dugc dat 1é&ch nhau 30 do dién).
Trong d6, SPIM c6 kiéu phan bd cudn day
bat ddi xung vai cac diém trung tinh bi cach
ly duoc tng dung rong rai hon [2]. Bé tri
léch 30 d6 dién gitta hai bg day stator gitip
SPIM loai bo thanh phan xung hai mé men
bac sau ciing nhu lam giam dang ké ton that
rotor do phan bd ndy lam giam cac thanh
phan hai dong rotor [2].

Nghién ctru nay trinh bay mé hinh toan
ciia dong co khong dong bd sau pha kiéu
rotor 16ng soc. So d6 tuong dwong cua dong
co khong dong bo sdu pha véi hai bo day
dugc dat 1éch nhau 30 d¢ dién va trung tinh
cach ly, duoc thé hién trong Hinh 1. Dé phat
trién mé hinh toan, mot sb gia thuyét duoc
dua ra nhu sau [9]:

- Khe ho khong khi bang nhau.

- Cac cudn day duoc phan bd theo hinh
sin xung quanh khe h& khong khi.

- Khong c6 suy hao trén 151 thép va tur
tinh bao hoa.

b, Bs .
Ys S = Xs
s, S - n/6 a
(“ / ~ or d axis
A\ As
Rotor 3
4 —— /
T s I Stato

Cs v
C Zs

Hinh 1. Phin b6 cdc cudn ddy trong SPIM

Phuong trinh dién &p cia dong co [9]:

Vqsl = rslqsl + pﬂ“qsl + wj’dsl

(1)
Vi = g + g + 0 (2)
Visz = Koy + Py + 04y, 3)
Vyss = gy + Phggy + @ 4)
Vo "= iy A+ (0= 0,) A 5)
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Vdr ‘= I Iidr + pﬂ’dr - (0)— a)r)ﬂ’qr I

(6)
Phuong trinh lién quan tir thong dong co
khong dong bd sau pha [9]:

iqsl = Llsiqsl + L1m (iqsl + iqu) + I-m (iqsl + iqu + iqr ') (7
idsl = Llsldsl + le (Idsl + Idsz) + I'm (Idsl + IdsZ + Idr ) (8)

j‘qu = LlsiqSZ + Lim (iqsl + iqsz) + Lm (iqsl + iqu + iqr ') (9)

N

/Idsz = Llsids2 + le (idsl + idsZ) + I'm (idsl + idsZ + idr ') (10)

iqr =L, qur +L, (iqsl + iqu * iqr ) a1

ﬂ“dr '= Lir Iidr I+ I'm (idsl + idsZ + idr ')
Phuong trinh momen dién tir [9]:

Te = (P / 2)(Lm / I‘r |)l:/q’dr I(iqsl t iqsz)_/?“qr I(idsl t idsz)] (13)
Phuong trinh tdc d6 quay rotor [9]:

o :(1/Jr)J.(Te —T,)dt (14)
Goc cua truc d-q so véi truc a-p cod ‘thé

dugc x4c dinh theo 6 va dugc tinh bang

phuong phép tich phan w theo thoi gian [9]:

0= J.co.dt

(12)

(15)

FENTI SR TY ™ MR
I e e e e L S AVATe

T e : .
] [ll’n L, (0-0), 1, 07
‘ L |

T

Hinh 2. So' d6 mach twong duong theo truc q
trén moi pha

TR

M —a—ad GO0 H_E); , , R .,"
] _:L/'lm/\ I‘l"v (o-m)4, h dr

00 \—eaaoas\ A\ S
00 i) ’ﬂ

Vi [ ) V.,
’ 1 ’.Vﬁh 2 Lm ;; ’
! |

Hinh 3. So d6 mach tuong dwong theo truc d
trén moi pha

Phuong trinh chuyén dbi toa do pha

ABCXYZ sang toa d6 c¢b dinh @B [9]:
-1 -1
1 T~ A Van
Vi |_N2|7 22 |l
V \/§ ﬁ _ﬁ Vbn

asl

O cn
2 2 (16)
RERE I Y
Vi |_N2|2 T2 0,
Ve ] V3[1 1 1)
2 2 - (17)

Phuong trinh chuyén ddi toa d6 cd dinh
f3 sang toa do quay dg [9]:
Vi =V COSO+V ;. Sing

(18)
Vi =V,-C0s0 -V, .Sin g (19)
Viez :Vﬂsz.CosH+Va52.Sin 0 (20)
Vigy =V,p-C0OSO -V, Sind @1)

Trong do:

Vi ,th ,Vcn ,Vxn ,an ,Vzn Dién ap pha;

Vqsl ,Vqsz ,V V

dsl, "ds2 Pign ap stator truc d,q;

Vasl,vﬂsl ,VaSZ,V/BSZ Dién ap stator trén truc

apf -

9

qr

v 'Vdr'

Di¢n ap rotor truc d,q;

I Doy By o en
0s1, 7052 Tds1 Tds2 Dong dién stator truc d,q;

iqr ' , Iy Dong dién rotor truc d,q;
iasl’ iﬂsl’ iaSZ , i582 Dong dién truc &4 ;

ia, h , | , | , iy , , Dong dién pha;

;tqsl , ﬂqSZ , ﬂdsl , ﬂ“dsz Tur thong stator truc d,q;
ﬂ‘qr |, Ay Tur thong rotor truc d,q;
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@, % Tbc do dién, toc do rotor;
Lls Dién cam stator;
Lim HO cam stator;
Lm HO cam stator va rotor;
Sd Cuc;
T A
e Momen dién tir;
Tl— Momen tai;
0 Goc giita tryc dg va o8 ;
p=d/dt,

3. MANG NO-RON RBF

Mang no-ron ham co s¢ xuyén tim RBF
la truong hop diac biét cua mang no-ron
truyén thang nhiéu 16p. Céu tric co ban ciia
mang gém c6 mot 16p vao, mot 16p an va
mot 16p ra. Ham kich hoat 16p an 1a ham
Gauss. Mang no-ron RBF c6 kha ning xép xi
ham rét hiéu qua, ngoai ra mang RBF c6 thé
huan luyén d& dang va nhanh chéng [10].

Mang no-ron RBF dugc dung trong
nghién ctru ndy c6 cu trac gdm 16p vao (8
ngd vao), 16p an (17 no-ron) va 16p ra (1 ngd
ra) nhu Hinh 4. Cac no-ron & 16p an dugc
kich hoat bang ham co s¢ xuyén tim RBF
[10]. Pong thoi mbi no-ron 16p an chira mot
vector tdm ¢ c6 cung kich thudc véi vector
ngd vao x; khoang cach Euclidean gitra tam ¢
va vector ngd vao x dugc dinh nghia nhu sau:

[x@® -, ®]

Hinh 4. Cdu triic mang no-ron RBF
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Vector ngd vao x c6 dang:

X =[% % .. %] (22)

Phuong trinh ham Gauss no-ron thtr j
[10]:

h expL—”XC’”z}
: 2b?
D) vijE12,17  (23)

Ngo ra cua mang no-ron RBF:

9(t) = Wlhl +thz +'“+W17hl7

(24)

Trong do:
Ci :[le C1'2"'CJ'8]: Vector tam cua no-

ron thu j;

B T
b=[b b,..ly;] : Vector d0 rong cua

. >0 o
ham Gauss, voi ) mo ta gia tri d0 rong
cta ham Gauss cua no-ron thir j;

f— T r
W=[w, .. W, ] : Gia tri trong s0;

DPé huin luyén mang no-ron RBF, ham
muc tiéu dugc dinh nghia nhu sau [10]:

E) =2 (y() - YO)° 05

Phuong phap Gradient Descent dugc ap
dung dé cap nhat thong s6 [10]:

AW, () =72 =7y () - SO,

j (26)
w; (1) = w; (t—1) + Aw, (t) + a[w; (t —1) —w; (t - 2)] (27)
2, ) =25 =ty 90wy, 5L
ab; bj (28)
b0)=b,t-D+8b, O +alt--bA-2] 0
OE . X; —C;
Ac;(t) =—n——=nly®) - JOIw, 5+
ac; b} (30)
¢ (t) =c;(t-1)+Ac; (1) +afc; (t-1)-c;(t-2)] (31)
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Trong do:
n<(0,1): Téc do hoc;
a €(0,1): H¢ s6 mo-men;

Trong sd ban dau cta cic no-ron trong
16p 4n (tam ctia ham co so) co thé duoc chon
dva vao sy phan nhom dir liéu vao. Qua trinh
huén luyén cha yéu chinh dinh trong s6 tuyén
tinh & 16p ra. Cac trong sb tuyén tinh & 16p ra
6 thé xem nhu doc 1ap véi cac no-ron & 16p
an. Kha nang x4p xi chinh xac va toc do cta
mang RBF con c6 thé cai thién hon nita bang
viéc chon tam, do rong phu hop cho cac ham
co s& & 16p an. Tuy nhién, mang RBF thuong
dap Gmg cham trong giai doan huin luyén
néu luong té bao than kinh trong 16p an duoc
chon qua 16n. [10]

7 Phan tiép theo s& ung dung mang RBF
dé nhan dang tir thong SPIM va két qua mo
phong dat dugc.

4. NHAN DANG TU THONG ROTOR
SPIM TREN HE TRUC DQ SU
DUNG MANG NO-RON RBF

4.1 So d6 khoi

Mo hinh nhan dang tir thong trén hé truc

dq SPIM dung mang no-ron RBF dugc trinh
bay nhu Hinh 5:

tau

g

T

shi drp

Motor

v,d

—0

V£

iy B s

L

In2
In3
R s
*In5
In6
In7
In8

Hinh 5. So do hé théng nhdn dang tir thong
trén truc q

- Ngo vao do6i tuong: Pién ap sau pha,
momen tai.

- Ngé ra déi twong: Tur thong trén truc d
va truc q.

- Ngd vao bo nhan dang RBF: Dién &p
sdu pha, momen tai va tir thong trén truc q.

- Ngo ra by nhan dang RBF: Tu thong
trén truc q.

_Truong hop nhén dang tir thong trén truc
d van lam twong tu nhu trén tryc q. Két qua
md phong nhan dang tur thong trén truc dq
duoc trinh bay ¢ phan tiép theo.

4.2 Két qua md phong

Thong sé cua dbi tuong duge tham
khao tir tai liéu [9]:
L,, =0,0132(H); L,,, =0,011(H);
L,=1(H); L, =0,0132(H); R, =1,9();
R, =2,1(Q); V,, =230(V); p = 2;
w =314 (rad / s); J, =0,02(kg.m?);

Thong s6 mang no-ron RBF dugc khai
tao dua theo kinh nghi¢m, néu vector do rong
ham Gauss va vector trong sb c6 gia tri cao
thi thoi gian hudn luyén kéo dai. Thong sd
duoc khoi tao nhu sau:

o =—0,9; b=200; w =0,8315;

Két qua by nhan dang va sai s6 nhan
dang tin hiéu tir théng trén truc d dugc thé
hién trén Hinh 6, 7 va trén truc q la Hinh 8, 9.
Trong d6 Hinh 6 va Hinh 8 thé hién cung luc
dap g cta ddi tuong va cta bd nhan dang
dé dé dang so sanh. Nét lién thé hién dap tng
dbi twong va nét dut thé hién dap ung bod
nhén dang.

TU THONG SPIM
- -TU THONG NHAN DANG

S, a.‘,l'r'rrﬂ J nll'n ' nﬂ
”":I':‘IF ff!ll||f"|f .“r' I”I"l”llnli | IH |

IR i U' il i
oV ::'.:':'.:H A
\

:

!
.Ulh bk

TU THONG ROTOR (Wh)

=
tn
-
.=
—
-

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

Hinh 6.1. Hinh anh mac dinh
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o TU THONG SPIM ——ERROR

0.6 = TU THONG NHAN DANG| 0l
z | P
£ g R, o
o v2f e See x
g nllf—*-*""’ ] %4“

z ) g
'2 -0.2 I 0.2
: 04 03
:-‘-O.ﬁ-
0.4
-0.8 ! ! 0 0.1 0.2 0.3 0.4 0 0.6 0 0.8
0 0.005 0.01 0.015 0.02
Hinh 6.2. Hinh danh phdng to N ' —ERROR|
Hinh 6. Ket qua nhan dang tir thong rotor 0 F‘U\,
A , ’ ” A N A -4

trén truc d. Dap wng cua doi twong va bo S 0
nhén dang dwoc thé hién trén cing mot hinh. &,

0.4 : i i i [—ERROR| 0.3

0.2 -04 i I T I i I T I I

0 0.002 0.004 0.006 0.008 001 0012 0.014 0016 0018
= oH—WWﬁ
2
502 Hinh 9. Sai so cua tir thong rotor trén truc q
o Quan sat cac két qua md phong duogc
06| . . . . . trinh bay & Hinh 6, 7, 8 va 9 cho thay rang tir
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 R A R , . n )
thong bo nhan dang bam theo tir thong cua
04 ! doi twong sau khoang thoi gian 0,002 giay.
Cinaon ong g g ) glay.

02 Thoi diém 0,4 gidy dong co hoan tat qua
. ol trinh khoi dong, dap ng & Hinh 6, 7, 8§ va 9
= A A A X A A
Z . cho thdy bd nhan dang van hoat dong oOn

dinh, sai s6 nhan dang thap.

0.4

B Thoi diém 0,6 gidy tai duogc lap vao

0 0002 0004 0006 0008 001 0012 0014 0016 0018 002 d@ng CO, glé trl tl‘l' thang trél’l th dq khOéng

Hinh 7. Sai sé cia tir théng rotor trén truc d

0.8 Tli“ THONG SPIM
= =TU THONG NHAN DANG ' R

» g 1 A
2 a"un:'|l'#|"'l"||5'|l'f"n""
& g et e b
M0 ' "h‘ﬂ*|'||"::'Il”lll:l"ullll|II|'||”’|II'.|||I|1
Soatppihe ad LIRS A
= MR LU R L T e L L e T L L ML A S AL
g ! AR \:||l:|'lf||::l:l|'lll:ﬂll::‘I:IIII:|I:IIIIIIll|1:|||\|':lll||:lll,”||
G2t R R R I S T R R
3 v v ! 1 " 1 1 ] ] BT
T Lol iy i i 1 i A
= v | ) il
R yy ey

Fa R R
=08

-1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.8 - -
TU THONG SPIM

06 = ~TU THONG NHAN u,\.\u‘
204
=z
Z 02} —_——————
g0 I
S 0t~ =T
- R —
L I
rd
‘24}.‘
06
=
T8

-1

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

Hinh 8. Két qua nhdn dang ciia tir thong
rotor trén truc q

(0,66 dén 0,66 (Wb)) giam xudng con (-0,55
dén 0,55 (Wb)), Hinh 6 va Hinh 8 cho thay
tr thong ctia bd nhan dang van bam theo
dugc tir théng ciia dbi tugng.

Viéc 4p dung luadt cap nhat trong )
online dé nhan dang dbi tugng bang mang
no-ron RBF thong qua mo phong trén phan
mém Matlab/Simulink cho thiy dwoc uu
diém cua thuat toan:

- DBap Ung tr thong trén truc d cua bo
nhan dang luén bam sat tir thong cua dbi
tuong sau thoi gian khoang 0,002 gidy, do
vot 1612 0,3.

- DBap Ung tr thong trén truc q cua bo
nhan dang xac lap trong khoang 0,001 gidy
va d6 vot 16 12 0,09.

- Sai s6 nhéan dang tién vé 0. Hé théng
lam viéc xéc lap va 6n dinh trong truong hop
dong co khoi dong va sau khi lap tai.
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5 KET LUAN

Bai b4o da trinh bay phuong phap nhan
dang tir thong rotor SPIM st dung mang no-
ron RBF. Két qua mo phong s dung phan
mém Matlab/Simulink cho thiy bo nhan
dang dat hiéu qua cao dbi vOi ca hai truong
hop khong tai va ¢ tai, sai sd nhan dang hoi
tu vé 0. Nghién ctru nay la tién dé dé viéc
diéu khién SPIM khi st dung phuong phap

FOC duoc thuan loi hon vi ¢6 thé ude luong
duogc gia tri tuc thoi tir thong rotor. Trong bai
béo nay, sd lwong no-ron & 16p 4n va thong
sd ciia mang con duoc lya chon va khéi tao
béng kinh nghiém. Vi thé, nghién ctru thuat
toan t6i wu dé tim s6 no-ron 16p an va thong
so khoi tao phu hop s€ dugc nhom tac gia
tiép tuc phat trién trong thoi gian t6i.
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