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Tom tit - Bai béo trinh bay v& mot md hinh phi tuyén day du cho
ddng co tir tré chuyén mach (SRM) dya trén mang no ron nhan
tao. Md hinh mang no ron dé xuit bao gdm hai mé hinh khéc nhau
d6 1a mé hinh thuan va md hinh nghich dao. Muc dich cia md
hinh thuan Ia biéu dién quan hé gitta tir thong va mé men nhur mot
ham phu thudc vao dong dién stator va vi tri rotor. M6 hinh nghich
dao sir dung dé uéc lugng dong stator va tir thong caa SRM nhu
maot ham phu thuoc vao md men va vi tri rotor. M6 hinh SRM thir
nghiém duoc xay dung dua trén phin mém simmechanic. Mang
no ron duoc sir dung dé xay dung Ia mang nhiéu 16p va duoc huan
luyén bang giai thuat lan truyén nguoc. M6 hinh phi tuyén d& xuét
trong bai bai béo nay cé thé sir dung dé tong hop cac bo didu khién
cho SRM trong céc (tng dung sau nay.

Tir khéa - Dong co tir tré chuyén mach (SRM); mang no ron nhén
tao (ANN); mo hinh thuan; md hinh nghich dao; giai thuat huan
luyén lan truyén ngugc

1. Gigi thigu

DPong co tir tré chuyén mach (SRM) c6 ciu tao don
gian, gia ré, c6 do bén cao kha ning thay déi toc do linh
hoat, do vay n6 duoc sir dung rit phd bién trong cac hé
chuyén dong. Tuy nhién, tinh phi tuyén vén di cia SRM
lam cho viéc diéu khién mé men phu thugc rat nhiéu vao
dong dién stator va vi tri rotor. D¢ diéu khién dugc mé men,
téc do va vi tri véi chat lugng cao thi can phai mé hinh hoa
dugc cac quan hé gitra md men — dong dién — vi tri (T-i-6)
va cac quan hé gitra tir thdng — dong dién — vi tri (w-i-6).
Hau hét cac nghién ctu tir truée dén nay méi dua ra duoc
m6 hinh thuan, hodc mot phén md hinh SRM nén khi tng
dung vao thiét ké diéu khién gap khong it khé khan [1-14].

Muc dich ctia bai bai bao nay l1a phat trién mot mé hinh
phi tuyén ddy du cho SRM ¢4 thé sir dung duoc trong nhitng
ng dung thuc té. M6 hinh phi tuyén duoc xay dung dya trén
hai m6 hinh khac nhau 1a mé hinh thuan va mé hinh nghich
dao0. Myc tiéu cua md hinh thuan la xay dung ham phi tuyén
md ta quan hé gita tir thdng, mé men phu thudc vao dong
stator va vi tri rotor. Ttr thdng va dong stator phu thudc vao
md& men va vi tri rotor thu dugc tir md hinh nghich dao. Tinh
toan va chuyén dbi giira cac bién ciia SRM déu cé trong md
hinh dugc dé xuat trong bai bao nay. Theo céach tiép can do,
mb hinh dua ra nhiing kha ning thiét ké méi cac bo diu
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khién cho SRM. Cac két qua nghién ctru duoc thuc hién
thong qua md phong so. Céc két qua md phong cho thay,
tinh hiéu qua va d6 chinh xac caa mé hinh.

2. Pic tinh tir héa cia dong co tir tré' chuyén mach cé
xét dén anh hwong caa hé cam va bao hoa mach tir
2.1. Anh huwéng ciia hé cam téi tinh chinh xac ciia md hinh

Trong hau hét cac cong trinh nghién citu vé md hinh
toan ciia dong co tir tro tir trude dén nay, tir thdng hd cam
gitra cac pha thuong dugc bé qua, béi sy anh hudng caa tu
théng hd cam chi chiém khoang 3% - 5% tir thong tong
[15]. Viéc bo qua hd cam hau nhu khong anh huong nhiéu
dén mod men téng cua dong co tir try, ma chi anh huong dén
md men dap mach. bac biét trong nhiing tng dung doi hoi
téc do va hiéu suat cao, anh huong caa hd cam dén md men
dap mach la can thiét phai xem xét dén.

Trong céc hé truyén dong c6 hiéu suit va toc do cao,
dong dién gitra cac pha lién ké nhau s& chong chéo nhau
trong chu ky dan, khoang 30% - 40% chu ky. Tur thong hd
cam gitra cac cudn day sé tang khoang 10% so vai tir thong
tu cam cia mot pha. Anh huong cua hd cam khi d6 1a kha
dang ké va can dugc xem xét dé du doan chinh xac hon cho
hiéu suét caa dong co ciing nhu dam bao tinh chinh xac caa
mo hinh.
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Nhin chung, cac pha lién ké nhau s& c6 dong dién dan
chdng chéo nhau. Do d6, tir thdng hd cam giira cac pha lién
ké s& sinh ra hd cam gitra cac cuon day. Trong cong trinh
[15], dOng co tir tré 8/6 voi 4 pha co hd cam giira cac pha
lién k& nhau gém ab, be, cd, da duge xem xét nhu Hinh 1.
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Hinh 1. Hé cam céc pha véi vi tri rotor [15]

Dong dién pha dugc thay doi tir 1 A dén 16 A véi gia
tri thay d6i mdi bugc la 3 A. H3 cam giira cac pha khong
lién ke, cu thé la pha ac va bd c6 thé duoc bo qua. Ngay ca
khi chiing chdng chéo nhau thi thoi gian chong chéo d6
cling rat ngin va dong dién rat nho, din dén tir thong hd
cam sinh ra 1 rat nho so véi tir thong hd cam caa hai pha
lien ké&. O Hinh 1, dong dién dan cia pha d va pha a la
chdng chéo nhau, khi d6 hd cam Map va Mag 13 dang ké, con
hd cam M rt nho va Mg bing 0.

Trong cong trinh nghién ctu [16] tién hanh phan tich,
danh gia sai s6 clia qua trinh wdc lugng do ty cam do hd
cam gay ra. Viéc ude lugng do tu cam bo qua anh hudng
cua tir thdng hd cam ddi véi cac vang dién tich chong chéo
nhé cua hai pha lién ké 1a twong d6i chinh xac. Tuy nhién,
& truyén dong téc do cao, ving chdng chéo giira cac pha
I6n hon, hd cam giita cac pha 1a khdng thé bo qua.

D& dang nhan thay su sai khéc rd rét gitra do tu cam cua
pha x c6 xét dén hd cam Lyxm va do tur cam caa pha x bo qua
hd cam Ly, Sai s6 nay lon hon khi gia tri cia hd cam do qua
trinh dong, ngét cua pha lién k& y 12 16n. Sai s6 Ax nay duoc
[16] x4c dinh & khoang tir 1% dén 7%, tic 1a sai s6 cua do
tw cam néu bo qua hd cam cd thé 1a tir 1% dén 7%. Day la
con s sai s6 khdng nho, chinh vi vay, anh huong cua hd cam
gitra cac pha 1a khdng thé bo qua trong qué trinh tinh toan,
thiét ké mé hinh toan va diéu khién dong co tir tro.

2.2. Ham toan hgc ciia dic tinh tir héa trong dong co tie
tré chuyén mach cé xét dén danh hwong ciia hé cam va
b&o hoa mach tir

M hinh toan cta dong co tir tré duoc st dung dé thiét
lap bo diéu khién tir phwong trinh vi phan thu dugc tir cac
phuong trinh may dién co ban. bong hoc cua dong co tir
tr& bao gdm cac phuong trinh vé dién ap, phuong trinh mé
men va phuong trinh co.

Phuong trinh vi phan cia SRM dugc mé ta véi s6 pha
la m pha, nhu sau:

dy;
dt
Trong do, j=1,2

@)

., m; Uj la dién &p cua pha j; R 1a dién

u—R|+

tré pha j; ij 1a dong dién pha j; w; tir thong pha j
Tu phuong trinh (1), tir thdng cua mot pha j bat ky duoc

biéu dién:
:

V/j :j(vj

0

~Ri;)dt )

Tu thénﬁg v phu thudc vao ca dong dién ij va goc 4, nén
n6 dugc biéu dién rd rang hon nhu sau: y(ij, 6)
Phuong trinh dac tinh co cia SRM:
d’e
preae T.-T @)
Trong do, Te la m& men mot pha; Ty 1a mé men tai; J 1a md
men quén tinh.
Theo nguyeén ly chuyén doi nang luong xay ra trong dong
co tir tré, md men sinh ra chinh bang bién thién ddi ning
lugng tir tredng trong cudn day stator theo vi tri gdc rotor.

GYA
T (g'ij):% 4)

i
i

G do: oW (0,i,) = [w(6,i))di; ®)

M6 men trong SRM 1a ham phi tuyén theo dong dién
néu mach tir 1a tuyén tinh. Khi d6, md men tong sinh ra
chinh biang tong md men & céc pha.

Te(H,il,iz, ’im):ZTj(elij) (6)
j=1

Pé didu khién dugc dong co tir trg, chlng ta can xac
dinh dugc déc tinh tir thong w;(®, ij) cang chinh xac cang
t6t. Dac tinh tir théng nay la phi tuyén, can xét téi anh
huéng cua bdo hoa mach tir va hd cam giira cac pha. Mic
du, do két cau hinh hoc cua loai dong co nay, hd cam giira
cac pha kha nho, c6 thé duoc bo qua. Tuy nhién, diéu nay
tao nén sy thiéu chinh xac trong viéc xay dung mé hinh
toan cua dong co tir tré. Dac biét, khi hoat dong ¢ toe do
cang cao, su chong chéo dong dién giita cc pha cang 16n,
didu nay dan dén sy anh huong cua hd cam 1a Ion.

Dé thuan tién trong qua trinh nghién ctru, phat trién cac
thuat toan diéu khién, dac tinh tir théng cé thé duoc Xap xi
la mot ham lién tuc [1], [2], [3], nhu sau:

vi(0.1)=y,1-¢""") (7)

Tuy nhién, ham tir théng dugc Xap xi trong tat ca cac
cong trinh nghién ctru trén déu bo qua anh huong cua hd
cam giita cac pha. Ham tir thong duoc nhom tac gia d& xuit
¢6 xét dén anh huong caa hd cam gitra cac pha va bao hoa
mach tir, 6 dang nhu sau:

v;(0,1) =y, L-e IO (8)

V6ij=1,2, ..., m; ys la tir théng bao hoa; aj(®) 1a hé sé hd
cam phu thudc vao vi tri goc rotor. Phuong trinh (8) xuét
phat tir dang nghiém ctia phuong trinh vi tich phan (2) bao
gom nghiém t6ng quat va nghiém riéng. M6 hinh dugc tac
gia dé xuat dya theo mé hinh nhan dang ham tir théng trong
céc cong trinh nghién ctu [1], [17] c6 cai tién bo sung.
Nhin chung, do céu tao dic biét cia SRM nén su hoat
dong cua dong co nay khong gidng nhu cac dong co dién
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thong thuong. Rotor cia dong co tir tro quay ting goc roi
rac nén ham fj(8) c6 thé duoc biéu dién bang chuoi Fourier:

£,(0)=a+ Y0, sinloN,0- (- 2%

9)
. 27
+c,cos[nN,. 60— (j—-1)—1}
m
M6 men cia pha j dwoc xac dinh xap xi:
. V. df, ()—a(b’) . -i;f;(0)
T.(0,i)=—> 1-(1+i,f.(8)e "’
i ( ‘)f(e) 40 [1-@+i;f;(0) ]
(10)

+L (9) —a (9)(1 efl (9))
f.(0) do

Tt ca cac thanh phan phi tuyén trong (1) va (3), ngoai
trir md men tai T, déu c6 thé sir dung cac md hinh (8), (9),
(10) véi do chinh xac cao.

Ham tir thdng (8) va ham moé men (10) c6 céc thong sé
kho x4c dinh chinh x4c, do d6 mot md hinh phi tuyén cua
dong co tir tré dugce xay dung trong bai bao nay dya trén
mang no ron nhan tao. Khi do, cic yéu t§ anh huong nhu
hd cam giita cac pha, bdo hoa mach tir c6 thé duoc coi la
cac tham sé khé xac dinh va thuat todn huan luyén mang
no ron c6 thé dua ra dugc mod hinh chinh xac ma khong can
biét dén cac tham s6 nay. Vi vay, dé qua trinh huan luyén
mang dugc don gian, cac budce tinh dugc tbi gian, nhom tac
gia bo qua hé so aj(0), s dung ham dac tinh tir thong va
mo men nhu biéu dién du(n day:

v (0.0) =, (- ") (12)
2 df; (9) _ —i;f;(6) 12
Tj(e,uj)_sz(e) TR I } (12)

3. M6 hinh thuan

M hinh thuan giai quyét viéc mé hinh héa su phu thudc
cua tir théng va md men vao dong stator va vi tri rotor cua
SRM sir dung mang no ron truyén thang nhiéu 16p. Duya trén
cac phuong trinh mé men va tir thong ciia SRM duoc trinh
bay & Muc 2, ham f;(6) duoc xap xi bing Mang no ron nhéan
tao, phuong phép nay s& don gian hon so véi tinh toan bing
chudi fourier ma rong. Vi thé, dac tinh md men va tir thdng
duogc ude lugng sé chinh xac hon. CAu tric Mmang no ron cua
mo hinh thuan dwoc biéu dién trong Hinh 2. Dau vao cua
mang 13 dong dién stator va vi tri rotor, céc du ra twong (ng

cia mang 1a fi(6) va y(8) dé uéc luong md men va tir
théng. Mang gom 5 1op 1a P, R",S",T ", U' cac ky hiéu
biu thi 56 no ron tuwong d6i cia mdi lop. Ky hiéu f (forward)
duoc biéu dién cho tat ca cac bién caa mé hinh thuan.

i v (i, 0)

l vi.0 X
IEq. (11) 4 €

Eq. (10§47 (i ,8)

‘. ’ “..'

P/ R’ s/ T/ v’

Hinh 2. Cdu trlc Mmang no ron cua hé thong

3.1. Gidi thudt truyén thang ciza mé hinh thugn
Trong tat ca cac I6p cua giai thuat, x bicu dién dau vao
va y biéu dién dau ra cia moi no ron. Lan truyén tin hiéu va
ham kich hoat co s¢ cua tirng 16p sé duoc trinh bay dudi day.
Lép P': no ronp & I6p nay cb dau vao, dau ra duoc
dugc biéu dién nhu sau:
g -0 vl (x)) =X

v6i p =0. Ham kich hoat bang 1 ¢ 16p nay.

(13)

Lép R": Mdinoron r & 16p nay c6 vao/ ra dugc tinh
nhu sau:

f 2
f £ f > X, —C
X, =Y, W, va yrf =exp _( r : r j
O-I'

voi p=0 var=0..R". Trongds, ¢! va o lan lugt la
tam va do rong cua ham kich hoat Gauss. w f, 1a trong s6

(14)

giita hai Isp P' va R' .
Lop S': Co s noron ¢ 16p nay. Pau vao va diu ra cua
16p dugc tinh:

Rv 2
=Dy wi vay! —exp[ (X % N (15)
r=0 Oy

voi r=0..R" va s=0..S". Trong d6, ¢! va o/ lan
lwot 1a thm va do rong cua ham kich hoat Gauss. w/ la

trong sé gitra hai lop R"va S'.
Lop T': Ham f,(0) la dau ra cua lop nay. Déi voi

mMoi no ron t & [6p nay dugc xac dinh nhu sau:

Rl
X' = ylwl vay' =x'=1(0) (16)

r=0

voi $=0..S" vat=0.
Lép U Tir thong va md men timg pha duoc xéac dinh &
16p nay. Sau khi tinh todn dugc cac ham f, (o) va a, (0)

tir dau ra caa Isp T', cac ham tir thong xap xi yA/j (6) va

ham mo6 men xap xi 'fj (6,i;) duoc tinh trong 16p U theo
cbng thuc sau:
x! = yli, vay!l =1-e™ =y, (0) (17)
v6i U=0. Trong do, i; 1a dong dién chay trong cudn day stator.
M6 men duoc x4p xi theo cdng thic:
. df. (6
T,(0,i)= #
Tt 2(0)de
Trong céc cong thac trén hé s6 tir thong bdo hoa v,
khéng dugc sir dung bai vi mang no ron nhén ta0 c6 chu
tric thich nghi thong qua cac trong so va ham kich hoat.
Thuat toan lan truyen nguoc huan luyén cho mang no ron
duoc trinh bay chi tiét trong phan tiép theo.
3.2. Thugt toan lan truyén ngwec hudn luyén mang

Trong ANN, muc dich chinh cua viéc huan luyén mang
la cap nhat trong s6 toi wu cho mang. Thuat toan huan luyén

[L—-@+i, f, (@) (18)
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ANN chp md hinh thuap dugc sir dung ¢ déy la thuat toér]
lan truyén nguoc sai so. Giai thuat huan luyén dugc thé
hién qua luu d6 thuét toan, Hinh 3.

]

Count E'(k), W,

Hinh 3. Luu dé thugt todn hudn luyén mang no ron
Céc trong sé cua mang duoc huan luyén dé dam bao
ham muc tiéu sau dat cyc tiéu:

1

E'=2(e (k) véi k=1..,K' (19)

Trong d6, K" 1atdng sé dau vao vadaurava e’ lasailech
gilra tir thong y/, va tir thong xap xi yA/J.. Sai s6 dau ra
duoc biéu dién:

e' =y, (K)-y, (k) véi k=1..,K' (20)
céc trong SO wi! ,wl va w s& duoc cap nhat thong qua
ham ning luong E' .

Lép U =T " : Bai vi trong s6 gitta cac 16p nay 1a théng
nhét, sai léch e duoc truyén truc tiép vao T theo quy tic
chudi. Vi vay, phan sai s6 &' dugc xac dinh bai:

f f
5 =—e'i Zﬁ_ufgy_; (21)
u O%
Lép T" =S": G 16p ndy su thay ddi cua trong sb:
OE' .
I ARt @
st

Trong do, 7. 1ahé s hoc cua trong sb giira hai I6p.

Lép S"—R": Sai lech e duogc truyén tryuc tiép vao
dau vao cua I6p S theo quy tic chudi. Vi vay, phan sai s6
58." duoc xac dinh bai:

(23)

O 16p nay su thay ddi cua trong sd:
OE' =
Aers = nrfs [_WJ = nrfsé‘sf yrf

rs

(24)

Trong d6, ! 1ahé s6 hoc cua trong sé giira hai 16p.

Lop R"—P": sai lech ef duoc truyén truc tiép vao

dAu ra cia 16p R' theo quy tic chudi. Vi vay, phan sai sb
;" dugc xac dinh boi:

f s
5 = S 5iwt (25)
r s=0
O 16p nay su thay doi cua trong sb:
OE' -
f f fof,,f
AWpr =1 [_Wj = ﬂpré‘r yp (26)

Trong do, /. 12 hé 6 hoc cuia trong s6 gitra hai I6p.
Sy thay doi cua trong sb Aw/,Aw/,Aw', duoc sir
dung dé cap nhat trong sb cho mang no ron nhu dudi day:
w (k+1)=w] (k)+Aw]
Wy (k+1)=w/ (K)+Aw/,
wi (k+1)=w/ (k)+Aw,

(27)

voi k=1,..., K",

4. Mb hinh nghich

M@& hinh nghich cta dong dién stator va tir thong dugc
coi laham cua mé men ting pha va vi tri rotor ¢6 wéc lugng
duoc bang md hinh. Trong nghién cau nay, nhitng mé hinh
duoc thyc hién bang ANN. M6 hinh dong dién nghich va
md hinh tir thdng nghich duoc trinh bay dudi day.
4.1. M6 hinh dong dign nghjch

CAu triic mang cho ANN duya trén m hinh dong dién
nghich duoc thé hién nhu Hinh 4. Bau vao mang la mdé men
T, va vi tri rotor 0. DAu ra cua mang Ki(T, 6) va 7, (T,.0) 1
ham dau ra ciia mé hinh dong dién nghich va wéc lugng dong
dién pha stator. Mang bao gom 5 Iép la P',R',S', T, U'.
Nhiing 16p nay c6 cac ky hiéu biéu thi sd no ron twong doi
cua moi lop. Ky hiéu i duoc biéu dién cho tat ca cac bién cua
m6 hinh dong dién nghich.

Hinh 4. Cdu tric mang no ron ciia mé hinh dong dién nghich
Trong tét ca cac I6p cua giai thuat, x biéu dién dau vao va
y biéu dién dau ra ctia moi no ron. Lan truyén tin hiéu va ham
kich hoat co sé cua ting 16p sé dugc trinh bay ngay sau day.
Lép P': no ron p & 16p nay c6 ddu vao, dau ra duoc
duoc biéu dién nhu sau:
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x, ={T,,6} va y'p(x'p)=xp
P'. Ham kich hoat dugc gia dinh thong nhat

(28)
voi p' =0,
trong 16p nay.

Lép R : M&i noron r & 16p nay cé dau vao dugc tinh
nhu sau:

pi
K =Sy
p=1

P var=1.,R.0do w
cho p=0, r=0. Pau ra cua Iép nay duoc tinh nhu sau:

(29)

A

Véi p=1,..., =1vax =T,

C

i i i i\?
ﬁ EXD[—[Xr_iCr] ] cho r=0,...,R’
o, o,

Trong d6, ¢! va o' lan luot 1a tim va do rong ciia ham

yi(x)=-2

kich hoat Gauss. w',, la trong s6 gitta hai lop P'vaR'.

Lép S':co sno ron & 16p nay. Pau vao va dau ra cua
I6p duoc tinh:

X :iy:,wirs va yi(x) =sin(x}) (30)

r=0

voi r=0,..,R" va s=0,..,S". Trong d6, w' la trong sb

gitta hai 16p R'va S'. Trong 16p nay, ham sin duoc sir
dung nhu la ham kich hoat.

Lép T': Ham ddu ra K, (Tjﬂ) thu duoc cua lop nay.
Déi v6i mdi no ronl & 16p nay dugc xac dinh nhu sau:

=x' =y(x)=K;(T,9)

S'vat=0. w! latrongsbgiiralop S'va T'.

I
X = yLwy Va Y, (31)

s=0

Véi s=0,...,

L&p U" Ubc lugng dong dién stator ?j (T,6) thu duoc

tir I6p nay, c6 u no ron & 16p nay, dau vao/ra mang dugc

biéu dién nhu sau:

1/2
x! ={K" T} va yu

vai Kj# 0, u=0.

Do d6, m6 hinh dong dién nghich thu duoc nhu phuong
trinh (32). Biéu thirc cua dong dién pha twong tw nhu biéu
thirc md men — dong dién cia dong co mét chiéu. Thuat
toan nay c6 thé sir dung mé hinh nghich cho céc wng dung
thoi gian thuc. Thuat toan lan truyén nguoc huan luyén cho
mang no ron dugc trinh bay chi tiét trong phan tiép theo.

4.2. Thudt toan lan truyén nguec hudn luyén mang cho
mo hinh dong dié¢n nghich

Twong tw nhu voi md hinh thuan, thuat toan huan luyén
ANN cho mé hinh nghich dugc st dung & day la thuat toan
lan truyén nguoc sai s6. CAc trong s6 cia mang duoc huan
luyén dé dam bao ham muc tiéu sau dat cuc tiéu:

(32)

- (TJ’H)

E' :%(ei () voi k=1,...,K' (33)

Trong do, K' 12 tdng sé du vao va dau ra va ¢ 1a sai lech

A

déu ra giita dong dién do dugc i va dong dién xap i 1 j .
Sai s6 dau ra dugc biéu dién:

e =i (k)-i

cac trong sb Wpr ,Wrs, wi

i (k) véi k=1,..,K' (34)

L, cl, ol s&dugc cap nhat
thong qua ham nang lugng E'.

Lép U'-T': Bai vi trong s giita cac 16p nay la thdng
nhat, sai léch ¢ duoc truyén tryc tiép vao dau vao T' theo
quy tac chudi. Vi vy, phan sai s6 & dugc xéac dinh béi:

5 _ OB O Y oY _ i Y (35)
oe' oy, O, Oy % %, %
Lop T'=S': G 16p ndy su thay déi cua trong sb:
i i OE' i iy
AWst =My {_Mj = nsté‘t Ys (36)

Trong do, i, 1a hé sé hoc cua trong s giira hai lop.

Lop S'—R': Sai lach € dwoc truyén truc tiép téi dau vao
caa I6p S' theo quy tic chudi. Vi véy, phan sai s6 &
duoc xac dinh boi:
i Oy
* ox!

S

5. =dblw (37)

O 16p ndy sy thay di ciia trong sb Aw', duogc tinh nhur sau:
i oFE
AWrs =T (_ 8Wi j nr55 yr

Trong d6, ', 1a hé s6 hoc cua trong sé giira hai 16p.

(38)

Lop R'—P': Sai lech ¢ dwoc truyén tryc tiép toi dau ra
cua lop R' theo quy tic chudi. Vi vay, phan sai sb 5:_0ut
duoc xac dinh baoi:

Z5W

Trong 16p R' su thay déi ciia cac tham sb kich hoat
Ac; VA Ao duogc tinh toan nhu sau:

(39)

T out

oE <oy
-— |=n.0, 40
770[ 8C:j C r_out aCr ( )
= Ca oy
A i i = = |5| _r 41
r na[ ao_:] 770' r_out 60’: ( )

§d6 n! va n' lah¢sd hoc ciacac trongsd ¢! va o .
Gia tri sai s e’ dugc truyén tryc tiép t6i dau vao cua
16p R' theo quy tac chuoi. Do do, thanh phan sai léch s
duoc biéu dién nhu sau:
5= o
OX,

O 16p nay su thay doi cua trong sb duoc tinh:

(42)
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: : OE! o
Aw' r = nlr [__|] = 77| r§rI in yI (43)
p p alvpr p _ p

Trong d6, 7!, 1a h¢ s6 hoc cuia trong sé giira hai l6p.

Su thay ddi cua trong s6 Aw',, Aw'

rs?

Ac,, Ao}, AW,
duoc st dung dé cap nhat trong sé cho mang no ron nhu
dudi day:
wi (k+1) = w, (k) +Aw,
wi, (k+1)=wi, (k)+Aw,,
¢ (k+1)=c (k)+Ac
0': (k +1) = 0': (k)+A0':
wh (k+1)=w, (k)+Aw],

(44)

v6i k=1,..,K'.
4.3. M6 hinh tzr thdng nghich ddo

Tir thong 1a mot ham ciia md men va vi tri rotor c6 thé
duogc ude luong bang céch str dung mé hinh thuan va nghich
nhu & Phan 3 va 4.1. Phuong phép tiép can nay duoc goi la
mé hinh tir théng nghich ddo va c6 so d6 cau trac nhu Hinh
5. Nhu trén Hinh 5, M& men cac pha va vi tri rotor 1a dau
Va0 ctia md hinh, ude luong tir thong 1a dau ra cua mo hinh.
Viéc xac nhan tinh chinh xac cia mé hinh da phat trién dugc
ching minh bang cch so sanh véi dic tinh thuec.

15(T.8) e
T, Mbhinh T v,(T,8)
déng dién M#é hinh .
nghich thuan

i
Hinh 5. Cdu tric cia mé hinh tir théng nghich ddo
5. Két qua md phéng va thao luan
5.1. Kiém ching mé hinh thugn
Vi cac théng s6 mang noron nhur sau:
R'=20;S' =20;c| = linspace(-5,5,R");5 =0,5;0 =0,5;
c. =linspace(-5,5,8");7,, =n. =74 =0,0L,K" =300

0.3

=]
)
a

=3
N

0.1

estimated phase flux linkage (Wb)
)
B

o
o
&

0 ; 1‘0 1‘5 2‘0 2‘5 30
Rotor position (degree)
Hinh 6. Duong dac tinh tir théng nhdn dang VA/J. (6) phyu thuge
vdo dong dién va vi tri rotor
Két qua nhan dang dic tinh tir hoa (tir thong) duoc
nhom tac gia dua ra co su so sanh, danh gia voi ddc tinh tu
thong thuc nghiém dugc cong bo trong tai liéu uy tin [18].

Hinh 6 1a d3c tinh tir théng nhan dang dua vao ham dic tinh
tir hoa theo phuong trinh (7) cong bd trong [1] va so sanh
véi dac tinh thuyc nghiém. Puong dic tinh tir théng thuc
nghiém duoc nhém tac gia xay dung lai tir bang sb liéu thuc
nghiém trong nghién cau cua S. K. Sahoo [18]. Két qua
nhan dang cho thay, tinh chinh x4c & ham tir héa, dic tinh
nhan dang bam sat, gan nhu tring khop véi dac tinh thuc
nghiém. Hinh 7 14 sai s6 cua dic tinh tir théng nhan dang
S0 vai dac tinh tir thdng thuc nghiém véi céc gié tri dong
dién khac nhau (1A, 3A, 5A, 7A va 9A). Hinh 8 1a duong
dac tinh md men xap xi thu duoc theo phwong trinh (18).

x10° 1A

Rotor position (degree)
x 10717 7A
T

T T T T T
oif R ——
0 T L L
0 5 10 15 20 25 30
5 Rotor position (degree)
2 x10™ 3A
4 T T T T T
S 2 /q
g5 . T
2
£ 0 5 10 15 20 25 30
X Rotor position (degree)
= 10717 5A
2200
=% 0 L n L L
g0 5 10 15 20 25 30
T
£
81
s
8
3

6E T T i T j : j
~o 5 10 15 20 25 30
Rotor position (degree)

%1071 9A
1 T T T T T
4 L/\/\’\—/\A/\/\/\/ﬁ/%
A ! h T h L

0 5 10 15 20 25 30

Rotor position (degree)

Hinh 7. D6 thj sai s6 duong ddc tinh tir thong nhén dang (0)
S0 Vi duwong thyc té

4.5

9A

351

m)

7A

5A

estimated phase torque(N
N

1r 3A

1A

0 5 1‘0 1‘5 26 2‘5 30
Rotor position (degree)
Hinh 8. D6 thj duong ddc tinh mo men xdp xi T,(6,i,)
5.2. Kiém chieng mé hinh dong dién nghich
V6i cc théng s6 mang noron nhur sau:
P'=20;R' =20;S' =20;7,, =7, =1y =0,0%;
ne =n!=0LK" =300

,
:

0

Rotor position (degree)

Hinh 9. B4 thy duong dc tinh dong dién pha xdp xi 15(T;,6)
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5 1Nm
2710 r T T T T
i 1
0 5 10 15 20 25 30
Rotor position (degree)
— 16 3Nm
T 4 T T T T
£ —— 7
5 n n . .
oo 5 10 15 20 25 30
° Rotor position (degree)
ﬁ x 10718 SNm
s 1W\/V\VVM
34 ; ‘ ‘ ‘ ‘
g% 5 10 15 20 25 30
Z Rotor position (degree)
- 16 7Nm
5 110 r T T T
N OW
g . . .
0 5 10 15 20 25 30
Rotor position (degree)
L1017 9Nm
B N e A —
0 5 10 15 20 25 30

Rotor position (degree)

Hinh 10. D6 th; sai 56 dwong dic tinh dong dién pha xdp xi
i (T,,6) Véi dwong thuc té

Két qua nhan dang mé hinh dong dién nghich duoc kiém
chimng trong Hinh 9 va Hinh 10 cho thdy, mang no ron theo
mo hinh dong dién nghich da x4p xi chinh xac dong dién pha.
Sai sb gitra dong dién wéc lwong va dong dién do lwong véi
cac gia tri md men khac nhau (1 Nm, 3 Nm, 5 Nm, 7 Nm va
9 Nm) la rat nho, dudng dic tinh dong dién thuc va udc luong
bang céch sir dung mé hinh nghich dao tring khép nhau.

5.3. Kiém ching mé hinh tir théng nghich ddio

1r

estimated flux linkage(Wi

0 5 10 15 20 25 30
Rotor position (degree)

Hinh 11. D6 thj duong ddc tinh tir thong xdp xi y,(1,,0) theo
mo hinh tir théng nghich

10 ANm
T

A | R ————
N L
0 5 10 15 20 25 30
Rotor position (degree)
12 3Nm
520710 T T T T T
210 /_:‘
T n
g0 5 10 15 20 25 30
= Rotor position (degree)
x 16 5Nm
Epra T T T
34
g 5 10 15 20 25 30
b4 Rotor position (degree)
3
5 x1077 7Nm
5 OE S /X NS j
210 . . . . .
o 5 10 15 20 25 30
Rotor position (degree)
X 10713 9Nm
-1
—2L/ L L L . j
0 5 10 15 20 25 30

Rotor position (degree)

Hinh 12. D6 thi sai s ciia dirong dic tinh tir théng xap X7
nf/j(l'l,e) theo m6 hinh tir théng nghich

Két qua nhan dang mé hinh tir théng nghich duoc kiém
ching trong Hinh 11 va Hinh 12 cho thiy mang no ron theo
mé hinh tir thdng nghich da xap xi chinh xac tir thdng cac
pha. Sai sb giira tir théng wdc lwong va tir thong do luong
véGi cac gia tri mdé men khac nhau (1 Nm, 3 Nm, 5 Nm,

7 Nm va 9 Nm) Ia rét nho, dudng dic tinh tir thong thuc va
ude lugng bang cach sir dung m6 hinh dong di¢n nghich
két hop mé hinh thuén tring la khép nhau.

6. Két luan

Bai béo cung cap mot mé hinh phi tuyén day du cho SRM
bao gdm mé hinh thuan va mé hinh nghich dao trén co s
mang no ron nhan tao huan luyén bang thuat toan lan truyén
nguoc dé nhan dang va wéc lrong md hinh. Két qua mé phong
cho thiy, tinh chinh xac va tinh kha thi ciia mé hinh phi tuyén
day du cia SRM. Cac mo hinh ndy c6 thé duoc st dung dé
t6ng hop, phét trién cc thuat toan diéu khién cho SRM.
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