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Abstract

With the outstanding advantages of being unaffected by magnetic saturation, the relationship between levitation forces and
rotational torque with current being linear and no pulsating torque, Slotless Self-Bearing Motor (SSBM) i being considered by
many researchers. This paper introduces a solution to eliminate position noise in the SSBM control system, through analyzing
the theoretical basis of the possibility of noise generation affecting the motor's working ability. The author has introduced a
method of developing a DC current supply plan to maintain levitation of the rotor and the transformation of current from the
(X, Y) axis system to the (ad, be and cf) system to avoid the phenomenon of generating reverse braking torque. In addition, the
author also added a noise-compensating Feedforward control in the horizontal levitation position control system. To demon-
strate this solution, the SSBM control system has been built based on Matlab/Simulink. Simulation results clearly show the
ability to eliminate position noise to help the SSBM operate more stably.
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Symbols

Ky hiéu Ponvi  Mota

F N Luc

Ff N Luc nang

F N Luc tao md men quay

i A Dong dién

if N Dong dién tao luc nang

i N Dong dién tao mdé men
quay

X mm Vi tri dich chuyén theo
phuong X

y mm Vi tri dich chuyén theo
phuong Y

Abbreviations
SSBM Slotless Self-Bearing Motor

Tém tit

Noi dung bai bao trinh bay mot giai phap loai bo nhiéu vi tri

cho hé diéu khién dong co tu nang khong 16 thép. Pau tién,

bai bao phan tich co s& ly thuyét vé kha ning sinh nhiéu anh

huong t6i kha nang lam viéc cua déng co. Sau do, tac gia da
dua ra phuong an cap dong dién mot chiéu dé duy tri luc nang
va phép chuyén déi dong dién tir hé truc (X, Y) sang hé (ad,
be va cf) dé tranh hién tuong sinh mé men ham nguoc. Ngoai
ra tac gia con bo sung thém diéu khién Feedforward bt nhidu
trong hé diéu khién vi tri nang ngang truc. Bé minh chirng cho
giai phap nay thi hé diéu khién dong co tu nang khéng dung
16i thép da duoc xay dung duya trén Matlab/Simulink. Két qua
mo phong di thé hién rd kha niang loai bo nhidu vi tri gidp cho
hé truyén dong dong co tw nang khdng dung 16i thép hoat dong
6n dinh hon.

1.  Giéi thitu

V6i nhitng wu diém néi bat nhu khong can chét boi tron,
khdng chiu mai mon va vira c6 kha nang sinh mé men 1an lyc
nang ciing nhu c6 kha ning chay & téc do rat cao nén dong co
tu nang hay dong co dung 6 tir dang duoc tng dung rong réi
trong nhiéu linh vuc nhu cong nghiép, y té, vii try,...[1-2].

Thong thuong cac dong co ty nang thuong dung phuong phap
diéu khién tan sb dé diéu khién ca lyc nang 1an mé men quay,
nén dé chay duogc & tde do rat cao thi tan sb cap cho dong co
cling thudng rat 16n. Do d6 dé chay duoc & tan sé cao thi céc
vt liéu sat tir can c6 cac tinh chat dic biét va gia thanh thuong
rat cao. Bé khic phuc nhuoc diém nay dong co ty nang khong
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dung 16 thép dang dugc quan tdm nghién ciu nhiéu hién nay
[3-13]. Néi bat 1a nhitng nghién ctru ciia Ueno va cac cong su
[3-5], trong do loai déng co tu ndng khéng ding 18i thép theo
nguyén ly lyc Lorentz sir dung day quan stator dang thanh da
duogc phat trién. Dé c6 thé dieu khién duoc ca mé men quay
Idn luc nang ngang truc nhém tac gia da xay dung cau trdc
diéu khién cho dong co nay theo kiéu ndi tang: mach vong
trong diéu khién dong dién, mach vong ngoai diéu khién vi tri
va toc do. Cac nghién cau [3-5] da c6 nhitng thanh cong budc
dau nhung van con mot sé nhugc diém. Do nguyén tic dicu
khién vi tri duoc thiét ké theo huéng 1a luc tir chi xuét hién
khi c6 sai lech vi tri duoc dé xuat [5]. Uu diém cua phuong
phép nay la tiét kiém dién nang khi van hanh.

Tuy nhién, phuong phap nay c6 nhugc diém 1a nhay véi nhidu
bai vi rotor ciia dong co dugc tha long. Trong khi d6, khi rotor
dong co quay s& xuat hién lyc ly tam 16n, né c6 tan sb ty 1é
V6i toe do quay va do 1on ty 1& véi binh phuong tde do quay.
Ké ca khi dong co khai dong vai lyc ly thm khong 16n nhung
rotor da bi léch khi toc do 18n cao lyc ly tdm cang 16n do vay
s& gy dao dong rotor v6i bién do va tan sb I6n. Dé triét tiéu
dao dong nay bat budc phai thiét k& mach bt nhidu, tuy nhién
khi thiét ké ba nhiu lai van phai sir dung dong dién 16n phai
tiéu ton dién nang, nén wu diém ciia phuong phap nay khong
con. Hon nita viéc tao luc nang Fag, Fre, Fer ¢ dinh bang phép
bién d6i toa do (xy)—(a-d,b-e,c-f) [5]con co thé gy ra mod
men hdm ngugc lam giam kha nang hoat dong cta déng co.
Noi dung bai bao nay dé xuat giai phap loai bo nhiéu do lyc
ly tim gay ra, trong d6 mach vong diéu khién vi tri s& thiét ké
¢6 thém dong dién gitr cho roto luén & trang thai can bang,
ddng thoi thiét ké diéu khién bu nhidu cho dong co. Khi dong
co gia toc, lyc tir s& giir cho roto khdng bi dao theo lyc ly tam
va khi ¢6 nhiéu tac dong (dang nhiéu lyc li tm) s& khir nhiéu
dé giir cho dong co lam viéc on dinh.

2. Giai phap loai bé anh hwéng nhidu trong hé¢ diéu
khié€n dong co tw nang khong 16i thép

2.1. Co sé ly thuyét

Diéu khién lyc nang cho dong co theo [5] nhu di néu ngoai

kha ndng chiu anh huong cua nhidu con c6 thé tao md men

ham nguoc. Do d6 dé khac phuc cac nhuoc diém nay thi viéc

nghién cau lyc nang theo nguyén ly gom hai van dé:

- Dait dong dién gitr lién tuc ro to bang luén cép cho ba cip
cuon day a-d, b-g, c-fdong mot chiéu 1), =1L =15 =17

dé tao nén ba lyc gitt rd to Fy ,Fyl

e For 0i0NQ luc 6 tir.
Diéu nay khic phuc duoc nhugc diém cia [5], 1a 16 to s&
ben viing voi nhieu.

- Gilr nguyén ban chat luc Faq, Fre Va Fer quay clng chieu
Vi tde d6 rd to, ta chiéu ba luc nay 1én toa d6 tinh X-Y sé&
¢6 hai véc to luc F, = F, +F, . Nhu vay c6 thé nghién
clru diéu khién lyc trén toa d¢ tinh X-Y phép bién doi nay
dugc goi la phép bién d6i thuan (a-d,b-e,c-f) sang (X-Y)

Hinh 1. So d6 bién déi luc nang (a-d,b-e,c-f) sang (X-Y)

Trén hinh 1 cho thay, khi rd to ddng tam hé ludn c6 dong duy

N IR £ f f f o 4
tri lyc 6 tirbang nhau |4 =15, =1, =1, sinhraba luc co

gia tri bang nhau Foyq = Fopeo = Focro = Fo d€ giit 16 to can
Fil=|Fs

wo!| Va

IFy| =[Fre
luc ly tam khi 16 to quay & téc do lon nhét. Theo dinh lujt 3
Newton, luc ly tdm la quan tinh cua lec huéng tdm cé chieu
nguoc lai lye huéng tam:

Fir =mro’ 2.1)
Trong d6: w(rad/s) 1a tbc do g6c cua rd to, m(kg) khéi lugng
ré tovar(m) labankinhréto. i
Khi rd to bi léch tam hé diéu khién s& diéu chinh dong dién
trén hai tryc X-Y dé sinh ra dong dién Ai, va Ai, tao ra ba

. Luc Fo duoc tinh sao cho co do Ién vira bang

Sna i 1 AL i T AL va i 1A I
dong gy =1y +Alyyiipe =1y +Aly, va iy =1, +Aiy 12

dong mot chiéu dwa vao cudn day stato dong co dé sinh ra ba
lucFy =F, +AFy; R =F, +AR VvaFy =F, +AF; . Tic
la ta can c6 bién doi hai cap tin hiéu Ai, va Ai, sang ba cap
tinhigu (Ai,y,Aiy,,Aiy ) ta goi phép bién doi nay Ia phép bien

doi nguoc (X-Y) sang (a-d,b-e,c-f). Hinh 2 md ta mot truong
hop blen d6i lyc nang khi rotor bi léch.

Hinh 2. So @b bién di lyc nang (X-Y ) sang (a-d,b-e,c-f)

Xét vi du c6 su léch tam trén Hinh 2a véi lyc trén truc X-Y
nén h¢ diéu khién tao ra dong dién Ai, va Ai, dé c6 bién doi
luc trén truc (X-Y):

—AF;F, =F, +AF,

{F+ =F,, —AF,;F;
+ _ N - _
Fy =F,, +AF,;F, =F, - AF,
Do thay ddi dong dién trén truc X-Y s& lam thay d6i dong dién
trén truc (a-d, b-e va c-f)

it =10 + Ay

(22)

ibfe = I0f + Al (2.3)

f g f .
g =l +Alg
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Dong di¢n tir phuong trinh (2.3) dugc dua vao r6 to, tao ra luc
bién d6i trén cac truc a-d, b-e, c-f, két qua Ia luc Fag giam, luc
Fpe ting va Fe tang (Hinh 2b). Phuong trinh (2.4) biéu dién
Su ting giam cua cac lyc trén cic truc a-d, b-e, c-f.
Fag = Foad —AFy
Foe = Fope + AFpe

Fot = Foer + ARy

Khi diéu khién tac dong dua ro to vé déng} tam ta co Aix=0 va
Aiy=0, nhu vay chi con lai dong dién Io dé git ro to.
Xay dung bién d6i (Ai, Ay ) = (Alyg Al Ay ) .

Khi hé c6 sai léch vi tri rd to, hé diéu khién s& tao ra hai dong
dién trén hé toa do X-Y 1a Aix#0 va Aiy#0, ta can phai bién
ddi hai tin hiéu dong nay sang dong cua hé toa do (a-d,b-e,c-
f) nhu trén hinh 3.

(2.4)

3
Aiy Aiyg
ad —be—cf
Aipe
Ai,
—— Aig
X,y

Hinh 3. So d6 bién dbi dong dién (X-Y) sang (a-d,b-e,c-f)

Phuong phap bién d6i dong dién cua ba cip cudn day a-d,b-e
va c-f tir bién thién dong trén tryc X va Y la Ai,va Ai, nhu

Sau.
Ai = /A2 +Aij
| Ai | (2.5)
sing =

Chia hé toa d6 X-Y ra lam bén géc phan tu va tam phan déu
nhau:

vang I (1va2): Ai, >0,Aiy >0
Ving Il (3va4): Ai, < O,Aiy >0
vung 111 (5 va 6) Ai, <0,Ai, <0

ving IV (7 va 8) Ai, >0,Ai, <0

Vi tri Al duge xac dinh boi géc 9 theo bdn géc phan tu.
So d tinh toan bién do va vi tri dong dién dé tinh quy doi
duoc trinh bay trén hinh 4.

\ Y YA Y
A 1

NP
X "v

Y
X )
6
Aiy

Ai

X A

2 I

Do ba dong dién (Aiy ,Albe,AlCf )Iuon co d;nh trén hé truc
X-Y nhu Hinh 4, nén khi da biét dwoc gié tri dong Ai va vi

tri cua no theo goc 9. Theo (2.5) ta dé dang tinh duoc ba
gia tri dong dién (Aiyg,Aiy,,Aiy ) . Két qua tinh quy déi dugc
trinh bay trén bang 1.

2.2. Cau truc diéu khién khir nhiéu cho ddng co tw nang
khong 16i thép

So db nguyén ly ciu trac didu khién dong co khong 15i thép
c6 chire niang 6 tir ¢6 khir nhidu vi tri dwoc trinh bay trén hinh
5. V& co ban ¢6 cau trac tuong ty nhu dugc gigi thiéu trong
[5]. Biém khéc biét chinh 1a & mach vong vi tri ¢6 thém dong
dién sinh lyc nang ¢ dinh nén dong dién dat cho mach vong
dong dién s¢ la:

lag =(|of +Alyg ) +igg
I;e :(IOf +Aibe)+ige (2.6)
lgr =(1g +Aig )+ig
Bdng 1. Bdng tinh quy déi toa dg
Ving | Giatd goc & Doéng  ai, Dong i, Dang 4
1 .?=r[]4§; 4:‘\,,-:.\:50:;%—5; Adgy = _\,m,I_gJ,’_”j 4;',;:.\:50:;%—5—2%;

2 2x
Ady, = )!caw.g——+—} Ay —AJcasaS————J
4 4 3

]

i x T
3=(2 52} Aty = Afcosr9- 2
42| 4

. T 2z T pr
=2 2 Ap =Adeos(T -8+ ) | Afp=Aicosi —— 3+ )
5 3 3 b} 3

T
| Aigy = Afcosf—— 8}
F 2

2r

T T T 2z

4 == o0 iy =—Afcost =+ 8) | Ay = —Adcos/ T+ 84 ) |Aiy = ~Aicos( =+ 8- )
4 4 4 3 4 3

L 2 2x

5 3=f0‘)1) Ay =—Atcos( 8- L} An, = —ArcosZ— 8+ A7 ——_\n:asr——.g——.l
4 4 3 4 3

]

T 2x I

=% —)"j Al =—Aicos{— &) _\!M=—_\!casr——.9+—.l i =—_\!cas.r——9——f
6 4 2 4 4 3 4 3
I T . . T 2r . . E 2z

7 9:(395,1 _\Jm-z—A!:oS{E—\gi —‘“be=——\”””7_9+T’ _\rN=f_\rco:rjf,67Tﬁ

T . . x T 2T
Al =Afcosi—+.3) Al = Afcos(—+8+—) _‘x —_\IEUS{ +9——,l
o 4 4 3 4

-]

F=(Z 0
Y

Cau trdc hé diéu khién dong co ty nang khdng I8i thép stator

day quan c6 kha ning khtr nhidu dugc md ta chi tiét nhu hinh

5, trong d6:
Mach vong trong diéu khién dong dién cép cho ba cap
cudn day. Do hai dong nay doc 1ap véi nhau nhung lai
cling cung cap cho ba cip cudn day stator, vi viy ta thiét
k& mot mach vong trong chung cho ca hai dong dién. Mat
khac, dong dién tao luc nang 1a dong mot chiéu va dong
sinh md men la dong xoay chiéu nén dé diéu khién hai
dong nay ta thiét 1ap mach vong dong dién chung thiét ké
theo kiéu “bang-bang”. Lugng dit dong dién gém hai
thanh phan 1a dong dién tao lyc va dong dién tao mé men
quay.
Mach vong ngodi gém hai kénh: Kénh diéu khién vi tri
Rotor véi bo diéu khién vi tri c6 dau ra 1a dong dién, qua
bién ddi toa do ta dwoc dong dau ra. Kénh diéu khién téc
d6 Ro véi dau ra b diéu khién toc do 1a bién do dong dién
cua dong dién tao md men, qua bo bién ddi toa do ta co
duoc dong tinh toan théng qua. Tong hop hai tin hiéu dong
dién ta c6 dong dién dat cho mach vong dong dién.

V& co ban phuong phap thiét ké mach vong dong dién va

mach vong tdc d6 quay da dugc trinh bay chi tiét trong cac tai
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lieu [3-6], do d6 trong pham vi bai bao nay tac gia chi tap
trung vao ‘viéc’thiét ké hé diéu khién vi trj co khu nhiéu.
Ham truyén doi tuong cua njach vong dicu khién vi tri c6 hai
khéau tich phan noi tiép va hang so6 thoi gian lon, trong khi d6
dép ung dong dién va luc tac déng nhanh. ) ]
Doi twgng mach vong vi tri la tuyén tinh thdng sé khong doi.
Luong dat X',y" ban dau thuong khong thay ddi, tuy nhién
dé han ché anh huong thay doi trong qué trinh van hanh can

phai dua cd yéu ciu dit toc do gia tri dat vé 0. Hé chiu tac
dong cua nhidu loai nhiu, cu thé ta xét nhidu tai Fc va nhidu
ngoai la luc ly tdm lam sai léch vi tri ta dat 1a D.

Tur nhitng ddc diém trén, nhiém vu thiét ké diéu khién cua
mach vong vi tri la khang nhiéu va bam lugng dit.

lo
y Algy + I;d
» a-d,b-e,c-f

o
O
=3
@
2 A + "
g be _ lpe
: - A
<
s +
=t lo
Al Ay + le +
» >
o X-Y A
+
T g
T
Iad
cosy
Y T
@ 3
+ Bo d;éu Ism o Ibe
khién 1 cos(y +—)
_ the do 8 o
2 cf
« cos(y ——)|
3
A
74

Rlad
toaldEl L
¥ o
Rlbe
y > »
>Q——> >
A-
Rld

BKb C

\ 4

Reslover

O

d/dt

Hinh 5. Céu truc diéu khién dong co tw nang khéng 16i thép

Do viéc tao nguon dong 1y twong 1a twong ddi khé khin nén
trong thyc té ta thuong bd sung thém hing sé thoi gian tré T;
cta mach vong dong dién trong quan hé gitta dong dién dat va
luc dau ra. Ngoai ra voi gia thiét chua quan tam t6i cac nhidu
ta c6 hé diéu khién Ia tuyén tinh (hinh 6) nén cé thé &p dung
tiéu chuin mo dun t6i vu dé xéac dinh thong sé bo didu khién.
Ta xac dinh dugc hai bo tham sé cua diéu khién vj tri:

B§ diéu khién
Vi tri

Hinh 6. Cu trac diéu khién vi tri PD c6 hai mach vong néi song song

- Diéu khién toc do chuyén dich vi tri Rv(x,y):

m
k =
R 2Kk, T,
m 2.7
RY 72Kk, T,
- Diéu khién vi tri R(x,y):
ka _L!Tvx 2Ti
27,
. (2.8)
kRy a;l’w = 2T|

Céu tric nay c6 wu diém 14 dap tng nhanh, tuy nhién lai khdng
khtr duoc sai léch nhiéu tai va nhiéu ngoai nén thuong phai
thiét ké thém diéu khién Feedforward bu nhidu.

Dé khic phuc dugc nhiéu D ta phai thiét ké bu nhiéu theo diéu
khién feedforward. Thiét ké bu nhiéu c6 hai diéu kién: Phai
do hoic udc luong duoc nhidu D va phai nhan dang duoc ham
truyén trong mach diéu khién bu.

Thuyc té nhiéu ngoai xuét hién 12 ngau nhién nén can phai ding
bo quan st nhiéu. Ta c6 hai mach do vi tri x va y va c6 biéu
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thuc tinh toan luc ly tim nén quan sat va ude luong nhiéu c6
thé thuc hién dugc tuy nhién trong giGi han noi dung caa bai

Bo diéu khién D
Vi tri ¢6 bu nhidu

Hinh 7. Cu trac diéu khién vi tri PD c¢6 hai mach vong néi song song cé bu
nhiéu

bao nay la tap trung vao mét giai phap loai bo nhiéu, khi md
phong ta gia thiét do duoc nhiéu theo nhiéu dua vao hé la
D =D. bé thiet ke dieu khién bu nhiéu ta chon nhiéu c6 dang
ham dicu hoa. Dang nhicu nay phu hop luc ly tim khi dong
co quay. Chon diém tac dong cua tin hiéu bu nhicu tai dau ra
bo dieu khién vi tri. Cau tric bu nhiéu dung diéu khién
Feedforward duogc trinh bay trén hinh 7.

Tur cau trac didu khién hinh 7 c6 thé viét

Ky
{(I +G,:,:D) et -F, - (2.9)

D}if(x,y)
ms

Bién d6i biéu thirc (2.9):

|*fk_f_|: + G k_ff)_
“Vi4sT, ° FF 14T,

Thiét k& ham Feedforward:

Dﬂiz:(x,y) (2.10)
ms

1+5sT;

Grr(sy = (2.11)
Ky
Thay (2.11 va (2.10) ta duoc:
* kf 1
o L S D-D =(x 2.12
K S TreT cj( )}ms =(xy) (2.12)

V& nguyén tic phai thiét ké khau u6c lugng duoc nhidu, nhu
trén da gia thiét trong pham vi bai béo gia thiét da udc lugng

duoc nhidu D =D . Thay vao (2.12) ta nhan duoc:
1
- FC}—Z =(x.y)
ms

Nhu vay nhiéu D da dugc khir.

*f f
1 2.13
[ V14T, (2.13)

3. Kich ban va két quiz mé phéng

Nhiéu ngoai tac dong thuong xay ra khi dong co khai dong hoac
thang giang toc d6 gay ra sy bién thién lyc ly tim. Dé thir nghiém
ta cho nhiéu D c6 dang ham diéu hoa véi tan s 75Hz (twong g
tdc d6 chay dong co 4500v/p) cu thé Dy= 1.sin(2 * 7 * 75t) va
Dx=1.cos(2 = 7 * 75t) dang nhiéu duoc trinh bay trén hinh 8

Nhiéu tac déng D

H i \‘I O IL (i

o
o
T

Bién do nhidu D (N)
; =

o DI‘I DIZ DIB DI4 DI5 DIB DIT DIB D‘B 1
Time (seconds)
Hinh 8. Dang nhiéu ngoai D
Trén hinh 9 1a dap ing cua hé khi c6 nhiéu ngoai tac dong, hé
tdc dong lam suy giam nhiéu ngoai gid tri x, y c0 sai léch
khoéng 16n khoang 2%, tuy nhién ré to van bi dao déng theo
nhiéu ngoai.
Béap Gng vitri truc x, y

= Delta X
0.3 1
E Delta ¥
S oz
£ paf
8
< T S o
I 0.4
@
Qo2
=
=03
| | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (seconds)
—_ BDap (rng dong dién ix, iy
E T T T
= 2 Delta ix | |
: Delta iy
815
8
.1
]
Zos T T i
[}
o
c 0
I
2
0.5
=
8 | | I | I I I I |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

o

Time (seconds)

Hinh 9. Pap tmg diéu khién khi c6 nhiu ngoai cua mach vong vi tri
bap L’rng Vi tr~|' khi bu nhiép duoc trinh péy trén hinh 10 da dap
duoc hét nhiéu, vi tri da 6n dinh. Nhiéu duoc dap la d0:7 Tac
dén~g cua mach vong dong dién rat nhanh, mat khac dé luc
nhiéu D tac dong I{am sai léch vi tri lai cham hon (vi qua hai
khau tich phan. Neu nhicu tac dong ngay dau ra cua mach
vong vi tri diéu khién bu chac chan sé kho hon (vi du nhiéu
dox,y)

Dap tng vitri truc x, y

= Delta X
£ 03 ]
Delta Y
‘g’oz 8
>
o]
= 0.1 8
8
. OF
<
S 0.1H 8
(]
Qo2 f
=
=703 n
| I I I I | I | |
] 01 0.2 0.3 0.4 05 06 07 08 09 1

Time (seconds)



6 Measurement, Control, and Automation
- Dap (g dong dién ix, iy [14] Nguyén Xuéan Bién, “Nghién cizu diéu khién trieot cho dong co tu néng
E ) [ [ ‘ [ ‘ Deita x| khéng Ii thép”, luan vin thac s§ nganh Ky thuat Diéu khién va Ty dong
= Delta iy héa, Dai hoc Bach Khoa Ha Noi, 05/2020.
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Hinh 10. Béap ung cua hé khi ¢ nhidu ngoai khi c6 thiét ké bu nhidu.

4. Kétluin

Bai bao da giéi thiéu mot giai phap khir nhidu vi tri trong hé
diéu khién dong co ty nang khong ding 13i thép theo nguyén
1y luc Lorentz, trong d6 ngoai viéc dua ra giai phap cap dong
dién mot chiéu dé duy tri luc nang va phép chuyén d6i dong
dién tir h¢ truc (X,Y) sang hé (ad, be va cf) dé tranh hién tuong
sinh md men hdm ngugc thi tac gia con bo sung thém diéu
khién Feedforward bu nhidu. Két qua mé phong da thé hién
13 kha nang loai bo nhidu vi tri gitip cho hé truyén dong dong
co ty nang khong dung 13i thép hoat dong 6n dinh hon.
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