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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

TOMTAT

Déng co tir trd 1a dong o ¢6 nhiéu vu diém nhu cdu tao don gidn, mé men khéi déng ldn, ¢6
khd nang ting dung trong cac hé théng doi héi téc d6 cao. Tuy nhién, nhugc diém cla dong ca nay
1a mé men dap mach I6n va rdt khé diéu khién. D dp dung dugc cac phuang phap diéu khién, mé
hinh toan clia dong ca can dudc xac dinh chinh xac. Khac vdi cac loai déng cd thong thudng, md
hinh toan cta déng ca tii trg doi héi can biét dudc dac tinh tir théng, ma dac tinh nay chi c6 thé xac
dinh chinh xac dua trén do dac thuc nghiém. Qué trinh do dac thuc nghiém doi hai phai ¢6 hé
thong thiét bi thuc, qua trinh cai dat phic tap, khong pha hgp trong nghién ciiu, thiét ké, md
phéng cac thut toan diéu khién. DE gidi quyét khé khan nay, bai bao dé xudt mdt ham todn hoc
clia dac tinh tir thong, st dung thudt todn na ron dé kiém tra tinh chinh xdc cia ham dé xudt. Ham
dac tinh tir thong cho ddng co tir trd dudc xay dung cd xét dén anh hudng clia ho cam giifa cac pha
va bo hba mach tii, ham nay la chinh xac @€ c thé sit dung trong viéc danh gid, phat trién cac
thudt todn diéu khién cho ddng co tif trd.

Tirkhéa: Ding cotir trd; ddc tinh tir thong; nhan dang; phan tir hitu han, na'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

Péng co tu trd (SRM) cé cau tao don
gian, téc dé hoat déng lon, dé bén cao
trong méi trudng lam viéc phtic tap va chi
phi ché tao thap. Mac du nhiing uu diém
trén la dang ké, nhung mét van dé lam han
ché cac ing dung ctia SRM 1a mé men dap
mach 16n va kho diéu khién. Dé thiét ké cac
thuat toan diéu khién cho déng co tir trd,
mé hinh toan cla déng co can duoc xac
dinh chinh xac.

Phuong trinh todn hoc cla déng co tir
tré& gém phuong trinh dién ap, phuong
trinh mé men va phuong trinh co. T viéc
bién déi ba phuong trinh nay, mé hinh toan
clia dong co tir tré co thé dé dang dugc dua
ra. Tuy nhién, khac véi cac loai déng co mét
chiéu hay xoay chiéu khac, déng co tir tr& co
tr théng la mét ham phi tuyén, phu thuéc
vao doéng dién va vi tri rotor, ma dé cé duac
mé hinh todn ctia SRM can biét dugc dac
tinh tir théng clia no, theo cau triic mé hinh
déng co trong hinh 1. Chinh diéu nay da
gay ra nhiéu khé khan khi mé hinh héa SRM
dé diéu khién chung.

Hién nay, dac tinh tir théng (hay con
goi la dac tinh ti héa) ctia dong co ti trg
c6 thé xac dinh bdi ba cach. Cach tha nhat
la do dac thuc nghiém, phuong phap nay
cho két qua chinh xac nhung ddi hoi phai
c6 thiét bi thuc va qua trinh cai dat phc
tap. Péng thai, méi loai déng co tu tré cé
s& cuc stator va rotor khac nhau thi dic
tinh tir théng sé khac nhau (6/4 cuc, 8/6
cuc, 10/8 cuc,...), vi vdy cach tha nhat
khéng mang tinh téng quéat. Cach thu hai
I3 tinh todn bang phuong phéap phan tu
hitu han (FEA), phuong phap nay doi hoi
nhiéu thai gian dé tinh toan, phu thudc
vao ludi chia va cac diéu kién bién. D& ting
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dd chinh xac, luéi chia phai cang nhé cang tét, dan dén co
thé mat hang gi& tinh toan. Cach thi ba 13 nhan dang dic
tinh tir théng bang mét ham tuyén tinh hoac phi tuyén.
Phuong phap tha ba nay la phu hop, thuan tién cho qua
trinh danh gia, thiét k& va phat trién cac thuat toan diéu
khién. Bai toan dat ra 1a can xay dung duoc ham dac tinh ti
théng chinh xac. Nhiéu c¢éng trinh nghién ctu da dua ra cac
ham dac tinh ti théng bang nhiéu phuong phap nhén
dang khac nhau, nhu trong céng trinh [1-14].

Phan dién
1 ~ E.)ac‘ﬁnh } ﬂ.?c = Phan co
% a;; Kham tir héa | mo men
Dita ich phan | )
stator 4 = | Dong dién Mé men —> M& men
T T —=> Toc 46

i D‘Tu- théngd & 1 7 Viwi

! Y ! 4

_______ =

Vi tri rotor

N ;.
Thire nghiém Tinh
toan/Ham todn h

Dir hiéu diu vao

Hinh 1. Cau triic mé hinh ddng co tir trd [8]

Tuy nhién, cdc nghién ctiu miac du khang dinh tinh
chinh xac cda ham dac tinh ti théng, nhung méi chi xét
trong cac truéng hop ly tudng nhu bd qua bao hoa vat liéu
va anh hudng ctia hé cadm gilra cdc pha. Céng trinh [15] st
dung thuat todn na ron dé nhan dang cac tham sé trong
ham dac tinh tir théng cé xét dén anh huéng clia bao hoa.
Diéu nay la chua ddy du bdi trong déng co ti trd, hd cdm
gitia cdc pha cé anh huéng kha nhiéu.

Dé tang tinh chinh xac ciia ham dac tinh ti théng trong
déng co tir trg, bai bao nay dua ra ham dac tinh tir théng co
xét dén anh hudng cla bao hda mach ti va hé cdm gita
cac pha. Thuat toan no ron dugc sif dung d& nhan dang
ham ti héa dé xuat va kiém chiing tinh chinh xac ctia ham.
Két qua nhan dang dugc mé phéng, 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

Mé hinh toan clia déng co tif tré dugc st dung dé thiét
lap bd didu khién tir phuong trinh vi phan thu dugc tir cac
phuong trinh may dién co ban. Béng hoc cta déng co tu
tré bao gém cac phuong trinh vé dién 4p, phuong trinh mé
men va phuong trinh co. Ba phuong trinh dé dugc biéu
dién nhu sau:

dy.
u; = R.ij +i
dt
. oW,
T,(6.i;) :—68 (1
2

trong d6:j=1,2, ..., m; y;la dién ap cta pha j; R la dién
tré pha j; i; [a dong dién pha j; y; tir thong pha j; T, la mo
men mét pha; T, [la mé men tai; J 1a mé men quan tinh.
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Theo nguyén ly chuyén ddi ning lugng xay ra trong
déng co tir trd, md men sinh ra chinh bang bién thién déi
nang lugng tir truéng trong cudn day stator theo vi tri rotor.

T.(6.i,) = w (2)
W=7

G do:

oW, (6.i)) = [, (8.i,)di, (3)

0
Mé men trong SRM |a ham phi tuyén theo dong dién
néu mach tur 13 tuyén tinh. Khi d6, mé men téng sinh ra
chinh bang téng mé men & cac pha.

.00y i) = S T (010 (4)

Pé diéu khién duogc dong co tir trd, ching ta can xac
dinh dugc dac tinh ti théng (6, i) cang chinh xac cang
tét. Dac tinh tir thédng nay 1a phi tuyén, cdn xét téi anh
hudng ctia bao hda mach tir va hé cdm gilia cac pha. Mac
du, do két ciu hinh hoc cla loai déng co nay, hé cdm gita
cac pha kha nhd, c6 thé dugc bd qua. Tuy nhién, diéu nay
tao nén su thi€u chinh xac trong viéc xay dung mé hinh
todn clia déng co ti tré. Dac biét, khi hoat dong & t8c dd
cang cao, su chdng chéo déng dién gilia cic pha cang 1én,
diéu nay dan dén su anh hudng cla hé cdm lalén [16, 17].

Pé thuan tién trong qua trinh nghién ctiu, phat trién cac
thuat toan diéu khién, dac tinh ti théng cé thé duogc xap xi
la mot ham lién tuc [1-3], nhu sau:

$;(0.i) =y,(1-e"?) (5)

Tuy nhién, ham tu théng dugc xap xi trong tat ca cac
céng trinh nghién cdu trén déu bd qua anh hudng cta hd
cam gila cac pha. Ham ti théng dugc nhém tac gia dé xuat
c6 xét dén anh hudng clia hd cdm gilia cidc pha va bao hoa
mach tl, cé dang nhu sau:

P,(6.0) =, (1-e =) o

v6ij=1,2, ..., m;y, latirthong bao hoa; a(6) la hé s6 ho
cdm 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. M6 hinh dugc nhém tac
gid dé xuat dua theo mé hinh nhan dang ham tir théng
trong cac céng trinh nghién ctru [1, 15] 6 ci tién bé sung.

Nhin chung, do ciu tao dac biét cia SRM nén su hoat
déng clia déng co nay khéng gidng nhu cac déng co dién
théng thudng. Rotor clia déng co t tré quay tiing goc roi
rac nén ham f,(6) c6 thé duoc biéu dién bang chudi Fourier:

£(6)=a+3 {b,sin(nN.6—(j~12"]

™ m )
+¢,cos[NN,8 —(j —1)2—n]}
m

Tir (6) va (3), ta co:

W;(8.i,) = [W;(6,i))di; = [, (1-e "™ )i, (8)

]
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Giai phuong trinh tich phan (8), ta duoc:
: ij ij —i,f, (& a)]
W,(8,i) = [p;(8,i))di; = [, (1-e ™ )dj,
0 0
iy )
=i, - [w,e""%e™ i
0
i
P, o 3@ i ®

LIJSIJ fj(e)
i+ LA TCICTTONNE ST
fi( ) f.(8)
T (2) va (8), ta cé:
W e e W e
S+ -
ow WS T Tret
T(6,i)= - - (9)
0 0
Giai phuong trinh dao ham (9), ta duoc:
LW e se W ae
S+ -5
W ) fj(ﬁ)e © 1‘,-(9)e :
T@i)-—"=
o} o
{ A
_ wE‘L OO gy 1 O ( qrr] i @)
*o0l| f f(@)@@
A
3
1 (@) C _.f 1 _a (@) 1 (@
_Hps q JJ lp ( T lp _‘3
fj(ﬁ) 59 )- f.©) ) f(e)éﬂ( )
Mé men cla pha j dugc xac dinh xap xi:
. ) ( ) o ~iff (8)
T.(6.i. : T-(1+if (B)e
ACADES fz(e) T [1-(Q+if;(6)e "]
(10)
( ) —ajlel(.l —IJfJ )
fJ(G) S de

Cong thuc (10) la dam bao tinh hop ly bdi mé men cua
mét pha thi j 13 téng cla md men riéng (mé men tu cam)
va mé men hé cdm do thanh phén hé cdm sinh ra.

J

T.(B.in0y.i) = D T,(,.8) + Ty, (11)

j=1

Khi d6, mé men hé cam Ty,; ctia pha thi j trong phuong
trinh (10) la:

( ) —alB)

Tu(6.i) = i (1-

f(B) T (12)

e—iJfJI:B:I)

Vi ta coi a;(6) la mot tham s6 phu thudc vi tri rotor, nén
phuaong trinh (12) c6 thé viét lai nhu sau:
v,
f,(8)
Tat ca cac thanh phan phi tuyén trong (1), ngoai trr mé
men tai T, déu c6 thé st dung cidc mé hinh (6), (7), (10) véi
do chinh xac cao.

Tu(6.i)=——a,®e ™ (1-e™) (13)
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3. NHAN DANG PAC TiNH TU THONG CUA PONG CO TU
TRG SU DUNG MANG NG RON
3.1. Thuat toan mang no ron

C&u trac cha mang no ron nhan tao (ANN) dugc st dung
mé ta trong hinh 2. O day, hai mang no ron cau tric giéng
nhau dugc st dung dé tinh toan ham a,(6) va j(8). Pau vao
ctia hai mang no ron déu la vi tri rotor 6. Dau ra cia mang
no ron thi nhat |a f,(0) va dau ra cia mang no ron thi hai la
a;(). Pau ra ctia hai mang no ron nay dugc dung tinh toan

dé xdp xi ham tir théng ¢, (8) va mé men 'i'j(e._ij). ANN
dugc str dung gém bén I6p 1a P, R', S, T. Nhing ki hiéu nay
biéu thi s6 no ron clia mdi I&p. Chi s6 trén f biéu thi tat ca
cac bién ctia mé hinh.

K K s T

Hinh 2. Cau triic mang na ron ctia hé thong

Mang no ron thi nhat dung dé tinh toan ham f,(6).
Mang no ron thit hai dung dé tinh todn ham a(6). Cau trac
cla hai mang no ron nay 13 giéng hét nhau tir I6p P, Rf,
chi khac nhau & 16p ra Tf véi dau ra khac nhau. Do d6, cau
tric mang no ron tha nhat va tha hai dugc thém chisé 1 va
2 & dudi cac I6p va cac trong s6 tuong dng. Vi cdu triac hai
mang la giéng nhau, nén thuat toan trinh bay trong bai bao
mang tinh chat téng quat nén khéng phan biét cu thé cho
ting mang. Su khac biét gitta hai mang no ron nay sé duoc
phéan tich day du.

Lép P c6 p no ron & I6p nay. Dau vao va dau ra cta 1ép
duoc tinh:

xi=8vay,(x)=x (14)
véi p = 0. Ham kich hoat dugc gia dinh 1a théng nhat &
I&p nay.
Lép R": 6 r no ron & 16p nay. Dau vao va dau ra cla lép
duoc tinh:
{

(15)

f \,2\
x —y W va y,—exp ]

_IX C

o |
\ \ rooJ J

v6i p=0var=0.R.Trong ds, c' va o lan luot la tam
va dé réng ctia ham kich hoat Gauss. w; |4 trong s6 gilta

hai lép P va R'.
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Lép S c6 s na ron & 16p nay. Pau vao va dau ra cla I6p
dugc tinh:
( £
X, —C
_( 5 ) 5 ‘ “6}
o, J

véir = 0..R"va s = 0.5 Trong d6, ¢! va o! lan luct la

Rf
f_ foin,f SR
xs - : :YI'WIS va ys =exp
r=0

tdm va do rong cta ham kich hoat Gauss. WIS la trong s6
gilra hai l&p Rfva S,

Lép T Bao gém t no ron va dugc tinh:

Mang no ron thi nhat: Ham f(8) tinh duoc & I6p nay. Co
tno ron &16p nay va dugc tinh:

Rf
f Foof oo fF L F
xt:Zys'“'st va yt_xt_fj(e} “7}

véis=0.Svat=0.
Mang na ron thif hai: Ham a;(0) tinh dugc & I16p nay. Cé t
na ron & |&p nay va duoc tinh:

Rf

Xp =2 y.w, vay =x;=2,(6)
r=0

véis=0.Svat=0.

Sau khi tinh todn duoc cac ham f,(0) va a(0) tir dau ra

(18)

ctia Iép T, cdc ham ti théng xap xi Lle (8) va ham mé men

xap xi 'i'j(B_.ij) dugc tinh trong 1ép Uf theo céng thic sau:

X\ =£,(8)i +a,(8) va yl =1-e™* =y (0) (19)

véi u = 0. Trong d¢ j; la dong dién chay trong cuén day
stator.

M6 men dugc xap xi theo céng thic:

) .'z' 1 \'. —a (8) _—if (@) 1 & —a.(8) | _—if(8)

iy = - e (e g i
A TO) @nc ) (20)
ELECONE ( e-ijfj:a:-) o 1 ne_aj(a:- 18 (e—aj{e;)
G 8 6’91 f(9) | f.(6) 00

Trong cac céng thic trén hé sé tir théng bao héa Y,
khéng dugc sif dung bdi vi mang no ron nhan tao ¢6 ciu
trac thich nghi théng qua cac trong sé va ham kich hoat.
Thuét todn lan truyén ngugc hudn luyén cho mang no ron
dugc trinh bay chi tiét trong phan tiép theo.

3.2. Thuat toan lan truyén nguoc huan luyén mang

Trong ANN, muc dich chinh cta viéc hudn luyén mang
chinh 1a cdp nhat trong s6 cla mang. Thudt todn hudn
luyén mang cta hai mang no ron dugc st dung la giéng
nhau sé dugc trinh bay chung nhu duéi day.

Ham nang lugng Ef dugc chon la:

t_ V¢ 2

E z(e (k))

trong d6, Kf1a téng s6 dau vao va dau ra va ef 1a sai [éch

véi k=1 K" (21)

gitfa tir thong y, va tir thong xap xi ij Sai s6 dau ra dugc

biéu dién:
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e =y, (k)-v, (k) véi k=1.._K' 22)

cac trong s& WLI"WrS va Wst sé duoc cap nhat théng
qua ham niang lugng E.

Lép U - T Béi vi trong sé gilia cac I16p nay 1a théng nhat,
sai léch ef dugc truyén truc tiép vao dau vao T  theo quy tac

chudi. Vi vay, phan sai s SI dugc xac dinh bai:

R K L
2" oy’ ox' oyf ox' o ox'
Lép TF- 5" O 16p nay su thay ddi ctia trong sé:
O )
W ns‘l Cow
* (24)

oE" e’ oy’ ox’ oyt ox! \'=n;8{y;

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

Lép S - R: Sai léch ef dugc truyén truc tiép vao dau vao
cta 16p Sf theo quy tic chudi. Vi vy, phan sai s6 3‘: dugc
xac dinh bai:

_ —\Ef aef f axf S f ‘Xf -
R o o (o A S
ae ayl.l axu éyt éxt aYS éxs éxs
0 16p nay su thay ddi ctia trong s6:
[ o )
f f
Aw_ = _é-w'
? fps § f f f (26}
:n:[ OE' de ay OX OYt ax ays s f6fyf
ey ooy ax oy ok ow ) T
trong d6, 1'. 1a hé s6 hoc ctia trong sé giia hai l6p.

Lép Rf - P! Sai léch ef duoc truyén truc ti€p vao dau vao
clia |&p R theo quy tic chudi. Vi vay, phan sai s6 &' duoc
xac dinh bai:

f
5 OF' ce' oy, ox, dy, ox; Oy, X, _ iszéf

o oyl ox) oyl ox oyl oxl oyl X! &

0 16p nay su thay ddi ctia trong s6:
f

Aw' —Ik{—%
\ )

(28)

[ R, g,
ge' By, X, 0y, X, Oy, O, &y, oW,

trong do, nL, la hé s& hoc cla trong s6 gita hai I6p.
Su thay d&i cta trong s6 AW':t X Awfs X ;Aw;r duoc st dung
dé cap nhat trong s6 cho mang nao ron nhu duéi day:

f(k+1): f(k)+L\wf
Fk+1)=w. (k)+Aw. (29)
wp,[k+1}: (k]+Aw,
v6i k=1,...K'
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4, KET QUA MO PHONG VA THAO LUAN

Vi cac théng s6 mang no ron nhu sau:

S6 I6p mang: R = 20; S = 20; K= 500.

Théng s mang no ron thd nhat: ¢, = linspace(-5,5,R);
¢, = linspace(-5,5,9); w.y = 0,01/3; w,; = 0,01/3; w,,, = 0,01/3;
0,=05;0,=0,5.

Théng s6 mang no ron thi hai: ¢, = linspace(-10,10,R);
¢, = linspace(-10,10,S); w,= 0,05/3; w,_, = 0,05/3
w,,=0,05/3;0,=0,3;0,=03.

03
025
3
2 02f
e
=
>
2
= 016
oy
1]
=
(=9
3 o1
[1:]
E 1A
@
0.08 /_
0 / I | |
0 5 10 15 20 25 30

Rotor position (degree)

Hinh 3. Duting dac tinh tir thong nhan dang lp ;(6) phu thudc vao dong
dién va vi tri rotor trugng hop chua xét dén anh hudng cia ho cdm

0.3

_025f

02

e

01

estimated phase flux linkage (Wb
[==]
o

005

pE L L I J
0 5 10 15 20 25 30
Rotor position (degree)

Hinh 4. Buging dac tinh tir thong nhan dang Y, (8) phu thudc vao dong
dién va vi tri rotor trugng hop xét dén anh hudng cla ho cdm

Nhom téc gid st dung phan mém Matlab/Simulink dé
mé phéng. K&t qua nhan dang dic tinh tu théng dugc
nhoém tac gia dua ra cé su so sanh, danh gia véi dac tinh tu
théng thuc nghiém dugc céng bé trong tai liéu [18], déng
thai st dung bang gia tri ttr théng thuc nghiém nay lam tap
mau. Hinh 3 |4 dac tinh tr théng nhan dang dua vao ham
dac tinh tir théng theo phuong trinh (5) céng bé trong [1],
chua xét dén anh hudng cha hd cdm giita cidc pha. Hinh 4 |3
dac tinh tir théng nhan dang dua vao ham tu héa theo
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phuong trinh (6), c6 xét dén anh huéng cta hé cdm gila
céc pha va bao hoa mach tir. O ca hai trudng hop, bai bao
déu so sanh véi dac tinh thuc nghiém. K&t qua nhan dang
cho thay tinh chinh xac & c hai ham tir hoa, dac tinh nhan
dang bam sét, gan nhu triung khép véi dac tinh thuc.

Tuy nhién, véi ham tir héa (6) ma nhém tac gid dé xuat
khi xét d&n anh hudng ctia hé cdm gilia cac pha trong déng
co, dé chinh xac dugc khang dinh khi cho sai s nhé hon
nhiéu véi trudng hop ham ti héa bd qua hd cam. Sai 58
duoc so sanh v&i cac trudng hop dong khac nhau [a 1A, 5A,
9A tuong ung trong cac hinh 5, 6, 7.

ot
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Hinh 5. Da thi sai léch gilta dac tinh tir thong thuc nghiém va dac tinh tir
théng nhén dang véi dong 1A trutng hop: (a) chua xét anh hudng ho cam, (b) 6
ho cdm

Bang 1. Gia tri sai s0 vdi dong 1A

Ham d3c tinh Sai s6 max Sai s6 min Sais6
tir thong trung binh

B6 qua ho cdm 8,8463.10" 4,9956.10°* 3,855.10°*
(6 ho cdm 410" 0 2,7644.10°"
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Hinh 6. Do thi sai léch giifa dac tinh tir thng thuc nghiém va dac tinh tir
thong nhan dang vdi dong 5A truang hap: (a) chua xét anh hudng ho cam, (b) 6

ho cam
Bang 2. Gia tri sai s0 véi dong 5A
Ham d3c tinh Sai s6 max Sai sé min Sais6
tir thong trung binh
B qua ho cdm 2,8228.10°* 1,7958.10°% 8,3778.10°
(6 ho cam 1,710 0 4,1410.107

0 cling tap mau dau vao, ciing sé vong lap giéng nhau,
dac tinh nhdn dang ham tir héa véi trudng hop bd qua hé
cam va truéng hop cé xét dén hé cdm co gid tri sai s6 khac
nhau. Gia tri sai s trung binh, sai s6 nhé nhat va sai sé 16n
nhat dugc thé hién trong bang 1, 2 va 3. TU cac két qua mo
phéng nay cho thdy, khi xét dén anh huédng cta hé cam,
dac tinh nhan dang gan nhu trung khép véi dac tinh thuc
nghiém chiing té tinh dang dan cta ham dac tinh tir théng
dé xudt khi cé xét dén hé cadm gilia cdc pha. DPéng thdi, sai
léch & truéng hop nay nhé hon nhiéu so véi trudng hop bd
qua anh hudng ctia ho cdm. Vi tinh diing dan cia ham dac
tinh ti théng dé xuat nay sé tang thém dé chinh xac trong
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viéc xady dung mo hinh dong co tir trg, tao thuan loi cho
qua trinh téng hop bé diéu khién sau nay.
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Hinh 7. Do thi sai léch gilta dac tinh tir thong thuc nghiém va dac tinh tir
théng nhén dang vdi dong 9A truting hop: (a) chua xét anh hudng ho cam, (b) 6
ho cdm

Bang 3. Gia tri sai 50 vdi dong 9A

Ham dac tinh Sai s6 max Sai sd min Sai s
tirthong trung binh
B6 qua ho cam 7,0226.10° 8,5390.107 2,0710.10°
(6 ho cam 8,5.10" 0 4,0738.107"
5. KET LUAN

Bai bdo cung cdp ham nhan dang dac tinh tir théng cla
déng co tu trd cd xét dé€n dnh hudng cta hdé cdm va bao
hoa mach tir. Thuat todn no ron dugc s dung dé nhan
dang va tim cac tham s8 trong ham. Két qua mé phéng cho
thdy ham dac tinh ti théng 13 chinh xac, bam sat véi dac
tinh tr théng thuc, sai s& rat nhé. Ham dac tinh ti théng
mgi nay gép phan cai thién dé chinh xac cia mé hinh va
dugc st dung dé danh gia, phéat trién cac thuat toan diéu
khién cho déng co tir tré.
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