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NHAN DANG DAC TiNH TU THONG CUA DONG CO TU' TRG
CO XETDEN ANH HUGNG CUA HO CAM VA BAO HOA MACH TU

IDENTIFICATION OF FLUX CHARACTERISTIC OF SWITCHED RELUCTANCE MOTOR
WITH THE INFLUENCE OF MUTUAL INDUCTANCE AND MAGNETIC SATURATION

TOM TAT

Dong o tir trd la dong co ¢6 nhiéu uvu diém nhu cdu tao don gin, mé men khéi dong Ién, o
kha nang tng dung trong cac hé thdng doi hoi téc d cao. Tuy nhién, nhugc diém cia dong co nay
1a md men dap mach I6n va rét khé diéu khién. D€ dp dung dugc cac phuong phap diéu khién, mo
hinh toan cla dong co can dugc xac dinh chinh xac. Khac véi cac loai dong co thong thudng, mo
hinh todn clia ddng co tir trd doi hoi can biét dugc ddc tinh ti thong, ma dac tinh nay chi c6 thé xac
dinh chinh xdc dva trén do dac thuc nghiém. Qué trinh do dac thuc nghiém doi héi phdi cé hé
thong thiét bi thuc, qud trinh cai dat phic tap, khdng phu hop trong nghién ciiu, thiét ké, mo
phong cac thuat toan diéu khién. D€ gidi quyét kho khan nay, bai bao dé xudt mot ham toan hoc
clia ddc tinh tir thong, st dung thuat toan na ron dé ki€m tra tinh chinh xdc cia ham dé xuat. Ham
dac tinh tir thong cho dgng co tir trd dugc xdy dung co xét dén anh hudng cda ho cdm giiia cac pha
va bao hoa mach tlr, ham nay la chinh xdc @€ ¢6 thé si dung trong viéc danh gid, phat trién cac
thuat toan diéu khién cho dong co tir trd.

Tirkhéa: Dong co tir trd; ddc tinh tir thong; nhdn dang; phdn ti hitu han, no ron.

ABSTRACT

The switched reluctance motor has many advantages such as simple construction, large starting
moment, and capable of being used in systems requiring high speed. However, the disadvantage of
this motor is that the ripple torque is large and difficult to control. In order to apply the control
methods, the motor's mathematical model needs to be precisely defined. Unlike conventional
motors, the mathematical model of the switched reluctance motor requires knowing the flux
characteristic, which can only be accurately determined based on experimental measurements. The
experimental measurement process requires a real equipment system, complicated installation
process, not suitable in research, design, and simulation of control algorithms. To solve this problem,
the paper proposes a mathematical function of the magnetization characteristic, using a neural
algorithm to check the accuracy of the proposed function. The magnetization characteristic function
for the switched reluctance motor is built considering the influence of mutual inductance phases and
magnetic saturation, magnetization function is used in the development and evaluation of control
algorithms for switched reluctance motor.

Keywords: Switched reluctance motor; magnetization; identification; finite element method;
neural.
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1. GIGI THIEU

béng co tir trd (SRM) ¢6 cau tao don
gian, téc doé hoat déng Ién, dé bén cao
trong moi trudng lam viéc phuc tap va chi
phi ché tao thap. M3c du nhing uu diém
trén la dang k&, nhung mét van dé lam han
ché cac ting dung ctia SRM la m6 men dap
mach 16n va kho diéu khién. Dé thiét ké cac
thuat toan diéu khién cho dong co tir trd,
mo hinh toan cta déng co can dugc xac
dinh chinh xac.

Phuong trinh todn hoc cla dong co tu
tr& gébm phuong trinh dién &p, phuang
trinh mé men va phuong trinh co. TU viéc
bién d8i ba phuong trinh nay, mé hinh toan
clia ddng ca tU tré co thé dé dang dugc dua
ra. Tuy nhién, khac véi cac loai déng co mot
chiéu hay xoay chiéu khac, dong ca tir trg co
tur thong la mét ham phi tuyén, phu thudc
vao dong dién va vi tri rotor, ma dé c6 dugc
mé hinh toan ctia SRM can biét dugc dac
tinh tir théng clia n6, theo cau trdc mo hinh
dong co trong hinh 1. Chinh diéu nay da
gay ra nhiéu kho khan khi mé6 hinh hoa SRM
dé diéu khién chung.

Hién nay, dac tinh ti thong (hay con
goi la dac tinh ti hda) cda dong co tu tré
c6 thé xac dinh bai ba cach. Cach thi nhat
la do dac thuc nghiém, phuong phap nay
cho két qua chinh xac nhung doi hoi phai
c6 thiét bi thuc va qua trinh cai dat phuc
tap. Pong thai, méi loai déng co tur tré co
s6 cuc stator va rotor khac nhau thi dic
tinh tU théng sé khac nhau (6/4 cuc, 8/6
cuc, 10/8 cuc,...), vi vay cach tha nhat
khéng mang tinh t6ng quat. Cach tha hai
la tinh todn bang phuong phap phan ti
htu han (FEA), phuong phap nay doi hoi
nhiéu thsi gian dé tinh toan, phu thudc
vao ludi chia va cac diéu kién bién. Dé tang
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dé chinh xac, lugi chia phai cang nhoé cang tét, dan dén cé
thé mat hang gid tinh toan. Cach tha ba la nhan dang dic
tinh tir thong bang mét ham tuyén tinh hodc phi tuyén.
Phuang phédp thu ba nay la phu hgp, thuan tién cho qua
trinh danh gia, thiét k& va phat trién cac thuat toan diéu
khién. Bai toan dat ra la can xay dung dugc ham dac tinh tu
thong chinh xac. Nhiéu cong trinh nghién ctu da dua ra cac
ham dac tinh tir théng bang nhiéu phuong phap nhan
dang khac nhau, nhu trong cong trinh [1-14].

Phan dién
! . D .ﬁnh ! B?c i Phan co
Dién 4 i Khaun tir hda | mo men
23R tich phan I
stator , )Dp | Dong dién M6 men —= Mb men
- T —= Toc d
. Tirthénd | 7 L > Vi
| 1= 1
Vi tri rotor
by !’
Thirc nghiém Tinh
toan/Ham todn hoc
Dir liéu diu vao

Hinh 1. Cau tric mé hinh dong co tirtrg [8]

Tuy nhién, cdc nghién ctiu mac du khdng dinh tinh
chinh xac cda ham dac tinh tU théng, nhung méi chi xét
trong cac trudng hop ly tudng nhu bé qua bao hoa vat liéu
va anh hudng cla hé cam gilta cac pha. Céng trinh [15] s
dung thut todn no ron dé nhan dang cac tham sé trong
ham dac tinh tir thdng c6 xét dén anh hudng ctia bao hoa.
Diéu nay la chua day du béi trong dong ca ti trg, hd cdm
gita cac pha c6 anh huéng kha nhiéu.

Dé tang tinh chinh xac cta ham dac tinh tir théng trong
dong co tu trd, bai bao nay dua ra ham dac tinh ti thong c6
xét dén anh hudng cla bdo hoa mach tir va hé cam gila
cac pha. Thuat toan nao ron dugc st dung dé nhan dang
ham tir hoa dé xudt va kiém ching tinh chinh xac cta ham.
Két qua nhan dang dugc moé phong, danh gia va so sanh
véi dac tinh tir thong thuc nghiém.

2. PAC TiNH TU THONG CUA PONG CO TU TRG CO XET
DEN ANH HUGNG CUA HO CAM VA BAO HOA MACH TU

Mb hinh toén clia déng co tir trd dugc st dung dé thiét
lap bo diéu khién tir phuong trinh vi phan thu dugc tir cac
phuong trinh mdy dién co ban. Bong hoc ctia dong co tu
trd bao gbm cac phuong trinh vé dién ap, phuong trinh mé
men va phuong trinh co. Ba phudng trinh dé dugc biéu
dién nhu sau:

dy.
u, =Ri +i
dt
oW,
T,(6.i) =720 (1
2
o

trong dé:j=1,2,...,m; u; la dién 4p clia pha j; R la dién
tré pha j; i; Ia dong dién pha j; y; tir thong pha j; T, Ia m6
men mot pha; T, la mo6 men tai; J 1a m6 men quan tinh.
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Theo nguyén ly chuyén d8i nang lugng xdy ra trong
dong ca tur trd, mo men sinh ra chinh bang bién thién déi
nang lugng tu trudng trong cudn day stator theo vi tri rotor.

oW,
T,(6.i) > ()
G do:
oW, (6.i)) = [, (8.i)dj 3)

M6 men trong SRM la ham phi tuyén theo dong dién
néu mach tu |a tuyén tinh. Khi d6, mé men téng sinh ra
chinh béng téng mé men & cac pha.

(81,150, =iTj(e,ij) @)
j=1

Pé diéu khién dugc déng ca tir trd, ching ta can xac
dinh dugc dac tinh tur théng (8, i) cang chinh xéc cang
tét. Dac tinh tir thong nay la phi tuyén, can xét téi anh
hudng cla bao hoa mach ti va hé cdm gilia cac pha. Mac
du, do két cau hinh hoc cta loai dong co nay, hé cam gilra
cac pha kha nhé, c6 thé dugc bd qua. Tuy nhién, diéu nay
tao nén sy thiéu chinh xac trong viéc xay dung moé hinh
toan cta dong co tu trd. Dac biét, khi hoat dong & téc do
cang cao, su chdng chéo dong dién gilra cac pha cang 16n,
diéu nay dan dén sy anh hudng ctia hé cam lalon [16, 171.

Pé& thuan tién trong qua trinh nghién ctu, phat trién cac
thuat toan diéu khién, dic tinh tir thong c6 thé dugc xap xi
[a mét ham lién tuc [1-3], nhu sau:

P,(6,i) =, (1-e™) (5)

Tuy nhién, ham tir thong dugc xdp xi trong tat ca cac
coéng trinh nghién cu trén déu bd qua anh hudng cla hé
cam gilia cac pha. Ham tir théng dugc nhém tac gia dé xuat
c6 xét dén anh hudng cia hé cdm gitia cac pha va bao hoa
mach tt, cé dang nhu sau:

,(6,i) =, (1—e @) ©6)

V6ij=1,2, ..., m;y, latlrthong bao hoa; a() la hé s6 ho
cam phu thudc vao vi tri rotor. Phuong trinh (6) xuat phat tu
dang nghiém cla phuong trinh vi tich phan (1) bao gém
nghiém téng quét va nghiém riéng. Mé hinh dugc nhém tac
gid dé xuat dua theo md hinh nhan dang ham tu théng
trong cac cdng trinh nghién cuu [1, 15] ¢6 cai tién bé sung.

Nhin chung, do cdu tao dac biét cia SRM nén su hoat
déng cla dong co nay khéng gidng nhu cac dong co dién
théng thudng. Rotor clia ddng co tu trG quay tung goc rdi
rac nén ham f(6) c6 thé dugc biéu dién bang chuéi Fourier:

fj(e) =a+ i{bn sin[nN.©8 —(j —1)2—71]
" )

+ cncos[nNrG—(j—1)2—n]}
m
Tu (6) va (3), ta co:
Wj' 6,i) = Iq)j(e,ij)dij = I¢5(1 _ o lifi (@3, (0N )di @)
0 0
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Giai phuong trinh tich phan (8), ta duoc:

jq; (8,i,)di j¢ e OOy
_J'q)sefijfj(e)efaj(e)dij
0
oW e -ife Ij
= q)sl + e ’) e 1
b £(0) .
Y, 0 @ i (®) Y, —ae
lpsl + e 1) — e J
! fi( ) f,(©)
T (2) va (8), ta co:
N G JRE X AT N )
O +—2e e VT -2 i
aw e (©°
T,6,i)= 9)
00 00
Gidi phuang trinh dao ham (9), ta dugc:
N O TG B TG
} d:q)s|+ > e ' e " - > e ' ]
(0. oW R AC) f.(6)
j( alj)___
0 53]

o 1 1] a0 50 1 0( 4@\ -it®
=04+ —| — [P T 1y ———(e 7 el
T At O

1 a0 0 @) O 1 G _2 20
RaTCN e )L"Sae(fj(e)] Ll’f(e)ae( )

M6 men clia phaj dugc xac dinh xap xi:

. U, ( ) O 14 —if;(8)
T,(6,i)= @) TR [1-(1+if,(B)e ] o
ll) da( ) 03 o i ®)
f (- )
©) S de

Coéng thic (10) la ddm bao tinh hgp ly bdi mé men cla
mét pha thi j la téng ctia mé men riéng (M6 men ty cadm)
va mé men hé cdm do thanh phan hé cam sinh ra.

J

T.0,i1;,00i) = D T, (i), 0) + T, (11)

j=1

Khi d6, mé men hé cdm Ty, clia pha thit j trong phuong
trinh (10) la:

( ) —a ;(8)

|f-(6)
f(e) S de (- )

Tu(6,i) = (12)
Vi ta coi a;(0) la mot tham s6 phu thudc vi tri rotor, nén
phuang trinh (12) cé thé viét lai nhu sau:
T,(6,1)=—2a (B)e ' (1-e

f(e) ) (13)

Tat ca cac thanh phan phi tuyén trong (1), ngoai trir mé
men t3i T, déu c6 thé st dung cac mé hinh (6), (7), (10) vdi
d6 chinh xac cao.
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3. NHAN DANG DAC TiNH TU THONG CUA PONG CC TU
TRG SU DUNG MANG NG RON

3.1. Thuat toan mang no ron

Cau trdc ctia mang no ron nhan tao (ANN) dugc st dung
mo ta trong hinh 2. § day, hai mang na ron ciu tric giéng
nhau dugc st dung dé tinh todn ham a|(6) va j(6). Bau vao
cUa hai mang no ron déu la vi tri rotor 6. Dau ra cia mang
nd ron thi nhat la f,(6) va dau ra cia mang na ron thi hai la
a(6). Bau ra ctia hai mang no ron nay dugc dung tinh toan
dé xap xi ham tir thong ,(8) va mé men 'i'j(e,ij). ANN
dugc st dung gém bén I6p 1a P, R, S", T'. Nhimng ki hiéu nay
biéu thi s6 nc ron clia méi I3p. Chi sé trén f biéu thi tat ca
cac bién ctia mé hinh.

f

f o 3 "
Mrl Wa ¥ T

Hinh 2. Cau tric mang no ron cta hé thong

Mang ng ron thd nhat dung dé tinh todn ham fj(G).
Mang na ron thi hai dung dé tinh toan ham a,(0). Cau truc
clia hai mang na ron nay la giéng hét nhau tu I6p P, R, S
chi khac nhau & 16p ra T véi dau ra khac nhau. Do d6, cau
tric mang na ron thi nhat va tha hai dugc thém chis6 1 va
2 & dudi cac I6p va cac trong sé tuong Ung. Vi cau truc hai
mang la giéng nhau, nén thuat toan trinh bay trong bai bédo
mang tinh chat téng quat nén khéng phan biét cu thé cho
ting mang. Su khac biét gira hai mang no ron nay sé dugc
phan tich day du.

LSp P ¢ p na ron & 16p nay. Dau vao va dau ra cla lép
dugc tinh:

x, =6 va y;(x;):x; (14)

véi p = 0. Ham kich hoat dugc gia dinh la thong nhat &
1&p nay.

LSp R": ¢6 r no ron & I6p nay. Dau vao va dau ra cla I6p
dugc tinh:

xf—c'Y
f f f N f
X, =Y,.W, vVay =exp|— rof -

r

v6i p=0var=0.R"Trong d6, c' va of lan luot la tam

(15)

va dé réng cta ham kich hoat Gauss. W;r la trong s6 gitia
hai I6p Pfva R'.
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LSp S': c6 s na ron & I6p nay. Dau vao va dau ra cda lép
dugc tinh:

R X —cf 2
f f f bY f -
xszz:yr.wrS va y! =exp| -| ==
r=0 O'S

véir = 0..R"va s = 0..S". Trong d¢, ! va of lan lugt la

(16)

tam va do rong cda ham kich hoat Gauss. Wfs la trong s6
gitta hai l6p R'va S'.

Lép T Bao gém t no ron va dugc tinh:

Mang nd ron th nhat: Ham f,(6) tinh dugc & 16p nay. C6
t no ron & I6p nay va dugc tinh:

K =yl va vl =x =1,(0)

r=0

(17)

véis=0.Svat=0.
Mang na ron thi hai: Ham a(6) tinh dugc & 16p nay. Co t
no ron & I6p nay va dugc tinh:

Rf
Xp =D YWy, vay=x =a(6) (18)

r=0
vGis=0..Svat=0.
Sau khi tinh toan dugc cac ham f(0) va a(0) tu dau ra

cta I6p T, cadc ham ti thong xap xi J)J. (8) va ham moé men

xap xi t(e, i;) dugc tinh trong I16p Uf theo céng thic sau:

xL:fj(B)ij+aj(6) vay! —l—e™ =y,(0) (19)
véi u = 0. Trong do6 i; la dong dién chay trong cuén day
stator.

M6 men dugc xap xi theo cong thic:

-i'j(e,ij)=£ 1 |ea@gih® +L3(e’a‘e})e’wm
| £(6) £(6) 00

+1eaJ(e)a(ei,ﬂ(e))_a{1]eaj(6)_16(631(9))
f® @ 20| ,(6) £(6) 0

Trong céc céng thirc trén hé s6 ti théng bao hoa
khong dugc st dung bdi vi mang na ron nhan tao co6 cdu
trac thich nghi théng qua céc trong s6 va ham kich hoat.
Thudat toan lan truyén ngugc hudn luyén cho mang no ron
dugc trinh bay chi tiét trong phan tiép theo.

3.2. Thuat toan lan truyén ngugc huan luyén mang

Trong ANN, muc dich chinh cta viéc huan luyén mang
chinh la cap nhat trong sé ctia mang. Thuat toan huin
luyén mang cda hai mang nag ron dugc sir dung la gidng
nhau sé dugc trinh bay chung nhu dudi day.

Ham nang luong Ef duogc chon la:

(20)

1 2
Ef =—(e(k)) véik=1,...K (21
e )
trong d6, K1a t6ng s6 dau vao va dau ra va e |a sai léch
gilfa tir thdng ; va tir thong xap xi J)j . Sai s6 dau ra dugc
biéu dién:
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e =, (kK)-, (k) véi k=1,...K' (22)

cac trong s6 wi ,w,, va wi sé dugc cap nhat théng
qua ham ning lugng E'.

Lép U'- T': B&i vi trong s6 gilfa cac I6p nay la théng nhat,
sai léch ef dugc truyén truc ti€p vao dau vao T' theo quy tic
chuéi. Vi vay, phan sai s6 5: dugc xac dinh bai:

& _6_Ef6_ef6y_£6‘x_z_£ —efj % z (23)
t aef ayf axf faf j&xf 6Xf
u u t t u t
Lép TF - S G 16p nay su thay déi ctia trong sé:
OE’
AW; = n; {_ 5W§t j
(24)

o oE"ce’ oyl oxl oyl ox{ |
“M| "o oy ox' oyt ox' ow', | O
u u yt Xt WSt

trong d6, n!, 1a hé s6 hoc clia trong sé giia hai l6p.

Lép S' - R": Sai léch ef dugc truyén truc tiép vao dau vao
cta I6p S' theo quy tic chudi. Vi vay, phan sai s6 & dugc
xac dinh bai:

5 __aEf de' 8)/3 axf. ayi GXI ayi —5w' 3y§ 25
ST T AT At At At Auf Agt -~ OsWat ot (25)
Oe' oy, Ox, Oy, Ox, Oy, OX, OX,
& 16p nay su thay d6i cla trong so:
f
s =t 25
rs (26)

T s rssr

_ { OE' e’ 0y, X, : X Oy, wi} By
2" o, o, o, o o, o, v,
trong d6, n', 1a hé s6 hoc clia trong sé giia hai l6p.

LSp Rf- P Sai léch ef dugc truyén truc tiép vao dau vao
clia 16p Rf theo quy tic chuéi. Vi vay, phan sai s6 S: dugc
xac dinh bai:

= _OF' de' dy, ox, dy; dx; dy; ox; fié

T oy o oy o oy o oy X & e

O 16p nay su thay ddi cla trong s6:

AWf n,s[ gf;j

rs

f
[fw@&mmw de

oe' oy, o, Oy, %, Oy, 5><f@y5Wf

trong do, n la hé s6 hoc cla trong so gilia hai I6p.

Su thay d6i clia trong s6 Aw' , Aw' Aw;r dugc st dung

dé cap nhat trong s6 cho mang no ron nhu dudi day:

st? rs?

w (k1) =, (K) + Aw,
wy (k+1)=wy, (k) +Aw), (29)
wi (k+1)=w, (k)+Aw,
vai k=1,...K".
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4. KET QUA MO PHONG VA THAO LUAN
Vi cac théng sé mang no ron nhu sau:
S6 I16p mang: R = 20; S = 20; K = 500.

Théng s6 mang no ron tha nhat: ¢, = linspace(-5,5,R);
¢, = linspace(-5,5,5); wg, = 0,01/3; w,; = 0,01/3; Wy = 0,01/3;
0,=0,5;0,,=0,5.

Théng s6 mang no ron thi hai: ¢,, = linspace(-10,10,R);

¢, = linspace(-10,10,5); wg,= 0,05/3; w,, = 0,05/3;
w,,,=0,05/3;0,=0,3; 0,=0,3.
0.3
9A
0.25 7A

5A

——

o] 5 10 15 20 25 30
Rotor position (degree)

0.2

estimated phase flux linkage (Wb)

\
AN

0.05 —

Hinh 3. Dudng dac tinh tir théng nhan dang J)J. (8) phu thudc vao dong
dién va vi tri rotor trutng hop chua xét dén anh hudng cla ho cdm

0.3
9A
025 7A
9 5A
s —
(0]
g 02
x
3
% 0.15
172}
©
<
o
g o1
©
E 1A
z / 1A |
0.05

[—

0

0 5 10 15 20 25 30

Rotor position (degree)

Hinh 4. Dudng dac tinh tir thong nhan dang lI)j (6) phu thudc vao dong
dién va vi tri rotor trudng hgp xét dén anh hudng ctia hd cdm

Nhém tac gid st dung phan mém Matlab/Simulink dé
moé phong. Két qua nhan dang dac tinh tu théng duoc
nhém tac gid dua ra 6 sy so sanh, danh gia véi ddc tinh tu
thong thuc nghiém dugc cong bo trong tai liéu [18], dong
thoi st dung bang gia tri tir thong thuc nghiém nay lam tap
mau. Hinh 3 la dac tinh ti thong nhan dang dua vao ham
dac tinh tir thong theo phuaong trinh (5) cong bé trong [1],
chua xét dén anh hudng ctia hé cam gilta cac pha. Hinh 4 1a
dac tinh tir thong nhan dang dua vao ham tu héa theo
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phuong trinh (6), c6 xét dé€n anh hudng cla hé cdm gida
cac pha va bao hoa mach tir. G ca hai trudng hap, bai bao
déu so sanh vai dac tinh thuc nghiém. K&t qua nhan dang
cho thay tinh chinh xac & ca hai ham tir hda, dac tinh nhan
dang bam sat, gan nhu trung khép véi dac tinh thuc.

Tuy nhién, véi ham tir hoa (6) ma nhom tac gia dé xuat
khi xét d&€n anh huéng ctia hé cdm giira cac pha trong déng
cd, d6 chinh xac dugc khdng dinh khi cho sai s6 nhé hon
nhiéu véi trudng hgp ham tir héa bé qua hdé cam. Sai s6
dugc so sanh véi cac truong hop dong khac nhau la 1A, 5A,
9A tuong Ung trong céc hinh 5, 6, 7.

9 %107
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Hinh 5. D6 thi sai léch giita ddc tinh ti thong thuc nghiém va ddc tinh tu
thong nhan dang vdi dong 1A trudng hop: (a) chua xét anh hudng hd cam, (b) o
ho cdm

Bang 1. Gia tri sai s6 véi dong 1A

Ham d3c tinh Sai sd max Sai s6 min Saisd
tur thong trung binh

Bd qua hd cdm 8,8463.10" 4,9956.10™ 3,855.10"
(6hd cdm 410" 0 2,7644.10"
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Hinh 6. D4 thi sai léch giita ddc tinh tir thong thuc nghiém va dac tinh tir
thdong nhan dang véi dong 5A truting hop: (a) chua xét anh hudng hd cam, (b) co
hd cam

o
(6]

Bang 2. Gia tri sai s0 véi dong 5A

Ham dac tinh Sai sd max Sai sd min Saiso
turthong trung binh

Bd qua hd cdm 2,8228.10* 1,7958.10° 8,3778.10°
(6 hd cdm 1,710 0 4,1410.10™

& cling tap mau dau vao, cling s6 vong l3p giéng nhau,
dac tinh nhan dang ham ti hda véi trusng hgp bd qua hé
cam va trudng hgp c6 xét dén hé cdm co gia tri sai s6 khac
nhau. Gia tri sai s6 trung binh, sai s6 nhé nhat va sai s6 16n
nhat dugc thé hién trong bang 1, 2 va 3. T cac két qua moé
phong nay cho thay, khi xét dén anh hudng ctia hé cam,
dac tinh nhan dang gan nhu trung khdp véi dac tinh thuc
nghiém chiing to6 tinh ddng dan clia ham dac tinh ti thong
dé xuat khi c6 xét dén hé cam gila cac pha. Dong thai, sai
léch & trudng hgp nay nhé han nhiéu so vai truéng hop bé
qua anh hudng cla hé cdm. Véi tinh dang dan ctia ham dac
tinh ti thong dé xuat nay sé tang thém doé chinh xac trong
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viéc xay dung moé hinh déng co tu trg, tao thuan Igi cho
quaé trinh téng hop bd diéu khién sau nay.
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Hinh 7. D6 thi sai léch giita ddc tinh ti thong thuc nghiém va ddc tinh tu
thong nhan dang véi dong 9A trutng hgp: (a) chua xét anh hudng hé cam, (b) 6
ho cdm

Bang 3. Gia tri sai s6 véi dong 9A

Ham dac tinh Sai sd max Sai s6 min Saiso
tir thong trung binh
Bd qua hd cdm 7,0226.10° 8,5390.107 2,0710.10°
(6 hd cdm 8,5.10" 0 4,0738.10"
5. KET LUAN

Bai bdo cung cap ham nhan dang dac tinh tir thong clia
doéng co ti trd co6 xét dén anh hudng cta hé cam va bao
hda mach tU. Thuat todn no ron dugc st dung dé nhan
dang va tim cac tham s6 trong ham. K&t qua mé phong cho
thdy ham dac tinh tur thong 1a chinh xac, bam sat vai dac
tinh ti thong thuc, sai s6 rat nho. Ham dac tinh tir thong
m&i nay gop phan cai thién dé chinh xac cia mé hinh va
dugc sir dung d€ danh gia, phat trién cac thuat toan diéu
khién cho dong co tur tréd.
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