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Tém tit - Bai bao thyuc hién xay dung mot thuat toan didu khién
¢ quy dao truot dang PID cho dong co tir thong doc truc kich
thich vinh ctru. Pay la dong co co stator gom céc 6 tir, rotor gdm
cac cap nam cham vinh ctru. Cac day quan ba pha cuia stator khi
c6 dong dién di qua sinh ra tir trudng doc truc. Tur d6 twong tac
voi rotor sinh ra lyc hit doc truc va moment lam quay truc dong
co. Can cir vao phuong trinh trang thai, thuat toan cé quy dao mat
trugt dang PID duoc thiét ké ing dung diéu chinh va duy tri tbe
do truc dong co va sy can bé’mg cua rotor gitra hai stator. Két qua
dap tmg khi mo phong chimg minh tinh 6n dinh ci vé téc d6 yéu
céu 1an vi tri doc truc ngay ca khi c6 thanh phian bit dinh tic dong
ngiu nhién vao hé théng. Ngoai ra, phuong phap didu khlen mo
duoc tich hop vao thuat toan dé xuét dé han ché sy ton tai cia
hién twong chattering quanh diém dat.

Tir khéa - Dong co khe ho doc truc; PID; diéu khién truot; dong
co 0 tir; diéu khién mo

1. Pit van dé

Pong co déng bo khe hd doc truc kich thich vinh ciru
(PBKHDTKTVC) la mot san pham cong nghé cao dang
dugc nghién ctru tmg dung trong nhiéu hé c¢6 yéu cau tdc
dd cao va ti 16 momen/ khdi luong 16n. Sy khac biét chu
yéu so véi dong co dung 6 bi kinh dién d6 1a dong co
DBKHDTKTVC sinh ra lyc tir truong dé nang tryc rotor.
Do d6, viéc tiép xuc truc tiép véi cac vong bi dugc loai bo.
Khi d6, dong co cod thé nang cao tdc do 1am viéc, cai thién
chat luvong van hanh trong méi truong khic nhiét, giam nhu
cau bao dudng bao tri [1]-[4].

O TU NGANG TRUC O TU DQC TRUC O TU NGANG TRUC

Hinh 1. Cdu tric dong co khe ho doc truc kich thich vinh ciru

Céu trac dong co PBKHDTKTVC dugc trinh bay ¢
Hinh 1. Lyuc nang ngang truc rotor do hai b tir ngang truc
tao ra. Viéc ¢6 dinh vi tri doc tryc la vai tro cua 6 tir doc
truc. Ngoai ra, 6 tir doc truc cling gop phan tong hop
momen gy ra chuyén dong quay truc rotor. Céu tric ma
bao gdm 6 tir doc truc va dong co nhur véy, ta c6 thé goi la

Abstract - The article describes the design of a PID sliding mode
controller for a permanent magnet synchronous motor with an axial
magnetic field. This type of motor has a stator consisting of winding
coils and a rotor comprising pairs of permanent magnets. When
current flows through the stator windings, it generates an axial
magnetic field. This field interacts with the rotor, producing a force
between the rotor and the stator that generates torque to rotate the
motor shaft. Based on the state equations, the PID sliding mode
controller is discussed for stable control of axial position and motor
speed. Simulation results demonstrate that the system remains stable
in achieving the required speed and maintaining axial position, even
when random uncertain disturbances affect the system. However,
there still exists a phenomenon of chattering around the set point.
The authors will integrate a Fuzzy controller to address this issue.
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dong co PBKHDTKTVC.

Bai toan diéu khién hé dong co PBKHDTKTVC c6 thé
dugc chia thanh hai bai toan con: (1) mot hé diéu khién 6n
dinh vi tri doc truc va téc d6 rotor [5-9] va (2) mot hé diéu
khién luc tir ngang tryc nang tryc cua dong co. Mot s6 cong
trinh da giai quyét diéu khién 6 tir ngang truc [2], [4], [10]

- [13]. Trong bai bao nay, ndi dung nghién ctru 1a dé xuét
thiét ké thuat toan diéu khlén cho bai toan tht nhét & trén.

Dbi véi dong co PBKHDTKTVC, céc ¢ong trinh tng
dung thyc té dang ting dan nhung s6 lugng cong trinh
nghién ctru con kha han ché. Nhu mot sé cong trinh thyc
hién diéu khién tryc tiép momen quay nhung khéng viét
dén sy dich chuyén doc truc [14-15], hodc cac bai bao su
dung ciu tric diéu khién vector [16]-[17]. Hodc sir dung
bo diéu khién trugt cho cac mach vong trong hé [18], tuy
nhién hi¢u nang dong co s& anh huong do hién tugng
chattering.

Mot dic diém can cha y d6 1a khi dong co lam viéc, tai
lyc doc truc tac dong lam bién thién khe ho khong khi cta
rotor voi ting stator. Lic nay, mo hinh toan hoc dong co 1a
mot mé hinh c¢6 tham sb bién thién do thong s cua stator
1a d6 tw cam pha thay d6i. Didu nay yéu cAu mot thuat toan
diéu khién bén vimng dé thich nghi t6t voi dic diém trén.
Mot b diéu khién truot c6 quy dao truot dang PID (SMC-
PID) duoc d& xuit trong bai bio nay. Tuy nhién, phuong
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phap truot ludn ton tai hién tugng chattering lam giam chat
luong hé théng ciing nhu d6 bén san pham. Mot ki thuat
mo duoc thém vao thuit toan didu khién dé xuit dé han ché
hién tugng chattering nay [8- 10].

Dé minh ching chat lugng 1am viée cua thuat toan didu
khién dé xuit, qua trinh mé phong dugc tién hanh trén phan
mém Matlab-Simulink ciing cac phan tich két qua tir cac
dd thi dap tmg thu dugc.

2. M6 hinh héa déng co khe hé doc truc

Dong co DPBKHDTKTVC bao gom hai stator va mot
rotor ¢ gitra [6], [7], [17] dugc biéu dién nhu Hinh 2. Trong
pham vi bai bao, gIOI han ring céc thong s truc x, Y, O,
0, cua rotor dugc kiém soat boi viéc diéu khién hai 6 tir
ngang truc. Nhom tac gia chi tap trung thiét ké thuat toan
diéu khién truot cho bai toan diéu khién hai bac tu do: tde
d6 quay cua dong co va vi tri can bang cia rotor giita hai
stator. Dya theo nguyén 1y 1am viéc va tinh ddi ximg trong
cAu truc, ta thiét 1ap phuong trinh cho mét phia stator trudc
roi tién hanh tuong tu véi stator con lai. Viéc mo hinh héa
nay dya trén nguyén ly diéu khién tya vector tir thong rotor,
cac thong s0 cua dong co st dung ma tran chuyén d6i [13]
dé quy doi vé hé toa do quay dg.

Trong phuong trinh todn hoc dong co PBKHDTKTVC
xuét hién thanh phan do tw cam pha cia stator nhur 1a mét théng
sd bét dinh, dugc biéu dién trong tmg nhu ham ti ¢ nghich
Véi g - khe ho gil”Ia rotor véi timg stator nhu sau [8], [19]:

Lsd - 3L st + le (1)

3L 5q0 5 + le (2)

L'sq0 Va L'5q0- gi tri khi chiéu trén cac truc dq do tu
cam hiéu dung ung véi don vi dai; Ly, - gia tri dién cam
dong ro; g = g, £ z la khe ho gitra rotor va stator; g, la
khe hé khi rotor & chinh gitra haiq stator; z_ la sai 1éch theo
hudng doc truc dong co so vdi diém céan bang.

Phuong trinh toan hoc tong quat cia dong co
DPBKHDTKTVC biéu dién trén hé truc d,q nhu sau [7]

Usq = Rglsqg + Lsddisd/dt -
= Rgigq + qudisq/dt + wlggisg + WA,

A Lead; . + Ay (3)

Asq = Lgqd,;

lsq

Véi Am — gié tri tr thong mdc vong tao ra trén stator boi
tir trudng roto; isq Va isq la thanh phan dong dién stator;
Usq VA ug, thanh phan dign p stator; w 1a téc do rotor;
Asq Va Agq la tir thong stator.

Theo [7 14, 15] dong dién trén truc g sinh ra momen
tao ra chuyén dong quay, dong dién trén tryc d sinh ra luc
hat doc truc. Do cau tao dong co 6 hai stator, dé momen
tang gap doi va kiém soat rotor ¢ chinh giitu, hai dong dién
stator trén truc d va truc q dugc xac dinh nhu sau:

wlLggigg

lsd

isql = isq2 = iq

isd1 = fgo — g 4
isg2 = o + g

Trong d9, isq1 VA isg2 14 dong dién trén truc d cta hai

stator; isq1 VA isqz 1a dong dién trén truc q cuia hai stator;
ig0 la dong dién bu xap xi bang 0; ig va iq 1a dong dién dugc
tinh ra tir cac bd diéu khién vong ngoai.
Hai stator sinh ra téng momen va téng luc doc truc tac
dong Ién rotor nhu sau [3]:
F = 4Kpgipiq + {4Kpq(if + if) + 4Kgqi*;}z/ g0 (5)
V6i iy dong 1 chiéu quy ddi tir tir trudng vinh citu cia roto.
Gia thiét rang ti so giita z va g, rat nho. Khi nay ta c6
cong thire rat gon cia biéu thuce (5) va (6) nhu sau:
F = 4KFd lfld (7)
T = 2Ky, ®)

Hinh 2. Cdu tric ciia déng co TTKHDT

3. Thiét ké thuit toan diéu khién truwgt c6 quy dao trugt
kiéu PID (SMC-PID)

Phuong phap truot la mot ki thuat diéu khién phi tuyén
{rng dung cho 16p ddi twong c6 md hinh toan hoc nhu sau.
Xét xe R" 1a vector trang thai, u 1a tin hiéu diéu khién,
s = s(t, x) la mat truot, ta ¢6 hé sau:

x(t) = f(t,x,u) ©)
s =s(t, x) (10)

Khi thyc hién diéu khién cho hé (9), phuong phap diéu
khién truot s& dua sai sb e vé& mat trugt s sau do theo thoi
gian thi mit truot s s& tién vé& 0 dan dén sai sb giao dong
tai 0. Hién tugng gia tri tin hi¢u diéu khién c6 tan sb dao
dong 16n quanh mat trugt dugc han ché béng cach su dung
ham truot dang PID nhu sau:

s(t) = é(t) + Ae(t) + 2, fote(r) d(r) (12)
Vi e(t) 12 sai 1éch ciia tin higu dat va tin higu phan hoi.
A1 va A, la hai hé s6 mat trugt ¢6 gia tri 1én hon khong.
Ta c6 thé viét lai ham trugt nhu sau:
s(@@) =7) —y@) + L@ —y@)+
+1; [ (@) = y(@)d(®) (12)

Vi r(t) lagia tri mong mudn, y(t) tin hi¢u dau ra. Theo ly
thuyet 6n dinh Lyapunov, ta chon ham V xac dinh duong:

V(E) = 2s%(t) (13)
Phuong trinh trén c6 thé duoc vidt lai
V =s(t).5(t) (14)

Dé V (t) xac dinh am:
Chon $(t) = —k.sign(s(t)) —ns(t)
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Thay $(t) = —k.sign(s(t)) — ns(t) vao V(t) ta dugc
ham:

V ()= s.[~k.sign(s(t)) — ns(®)],
Vvéi k, n 1a cac hé sb duong.

Dé giam thiéu chattering da co nhiéu cong trinh dwoc
nghién ctru va cdng bo, trong bai bép nay, mot k§ thuat mo
duoc st dgng két hop bd dicéu khién mat trugt dang PID
(Hinh 3) dé han ché hién tugng nay.

e: | Bodidukhién | s iy e Bé diéu khién fgo s
— mat trrot — mat trieot
kiéu PID kieu PID
lsulfs-} l satfs)
Ki thudt

Ki thudt

mo mé

al b
Hinh 3. So do b¢ diéu khién truot PID két hop ki thudt mo cho
a) kiém soat vi tri doc truc va b) kiém sodt toc do dong co
Trong phén tiép theo s& trinh bay viéc thiét ké bo diéu
khién c6 mat truot dang PID ket hop ki thuat mo fuzzy
(SMC-PID-FUZZY) cho vong dieu khién toc d¢ truc rotor
va vong diéu khién vi tri can bang doc truc.
3.1. Thiét ké b diéu khién vi tri doc truc
Phuong trinh dong hoc doc truc xac dinh nhu sau:
(15)
Trong d6, m 1a khéi luong rotor, lyc doc truc F, lyc tai
doc truc F. Tu phuong trinh (7) ta co:

mz = F— F,

mi = 4Kpgisiq — F, (16)
Gia sir vi tri mong mudn 1a Zpes- Ta CO:
€1z = ZRef — 2 17
€22 = Zref ~ Z (18)
Sai s6 cua hé thong duoc dinh nghia 1a:

€1, = €y,

€y, = zRef — Hrdifla + L (19)

m m

Chon mat truot ¢6 dang:

sz(t) = é1, () + Lyey, () + 1, [, e1,(1) d(7)

$z(t) = €1,(t) + A1€1,(t) + Aze4,(0)

4K pgici F .

%fd + EL + A1€1,(t) + Azeq,(t)
(20)

Vi A, >0 va 4, >0, tin higu diéu khién c6 kha nang dua gia

tri sz(t) tién dén 0. Lua chon ham Vz xac dinh duong:

Vz(s) = %sz

= ZRef -

(1)
) Theq tiéu chuan on dinh Lyapunop, hé thong 6n dinh
néu cé Vz < 0. Do d6 ta chon:
sz(t) = —k,. sign(sz(t)) —n,sz(t)
v6i ky,, 1, 12 hang s6 dwong chon trudc.
Tir d6 tin hiéu dau ra dong dién nhu sau:
) m
laz = m
+1, (zref —z) + k,sign(sz) + n,sz]

. kB ) .
[Zref + E + Al(zref - Z) +

(22)

Dé giam thiéu rung lic gia tri khe kho khong khi theo
truc z do tin hiéu nhiéu loan xay ra boi cac luc doc truc, tin
hiéu sat(s,) duoc dwa vao khéi ki thuat mo dé giam thiéu
su dao dong. Trong Hinh 4 NB biéu thi 4m 16n, NM biéu
thi am vira, ZO biéu thi 0, PB biéu thi duong 16n, PM biéu
thi duong vira.

NB NM Z0 PM PB

NB NM z0 PM PB

05

0 | 1 1 | 1 | 1 |

05 -04 03 -02 -01 0 01 0.2 03 04 05
Hinh 4. (a) Mo héa dau véo tin hiéu sat(sz) va
(b) Mo hoa dau ra ig,
_Cén clr vao sy dao dong tin hi€u ctia ham sat(sz), luat
dicu khién m¢ dugce dung nhu sau:
If sat(sz) is NB or sat(sz) is PM, Then i, is PB
If sat(sz) is NM or sat(sz) is PB or sat(sz) is ZO, Then
i, ISPM
If sat(sz) is ZO or sat(sz) is NM or sat(sz) is PM, Then
ip, 1520
If sat(sz) is PM or sat(sz) is ZO or sat(sz) is NB, Then
ir, ISNM
If sat(sz) is NM or sat(sz) is PB, Then ig, is NB
Tin hiéu diéu khién vi tri doc truc duoc téng hop nhu sau:
id = idz + in (23)
3.2. Thiét ké thudt todn diéu chinh téc dé truc rotor
Phuong trinh dong hoc chuyén dong quay cua dong co
duoc xac dinh:

Jo =T—-T, (24)

Tu (8) ta co:

o="L_Te_ 2Kriqg_To (25)
] J J J

Gia str toc d6 mong mudn 13 wpg, £

€y = Wref =~ @ (26)

Chon mat trugt nhur sau:
t

S(t) = €4 (1) + Aze, (1) +/14f e, (1) d(7)

0
S(t) = éw(t) + A3éw(t) + /14-ew (t)
. . 2KTi
= 8,() + A3 (Gper — L+ 71 + sy (1) (27)
V6i A3 > 0 va 4, > 0, tin higu diéu khién c6 kha ning dua
s(t) tien dén 0. Chon ham xac dinh duong V:

V(s) = %52

(28)

Theo tiéu chuén én dinh Lyapunop, hé théng on dinh
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khico V< 0hay:V =s(t).5(t) <0

Do do, ta chon: 5(t) = —kg,.sign(s(t)) —n,s(t)
véi k,,, 1, 1a hang so duong chon trude.

Ta c6 tin hiéu dau ra dong dién nhur sau:

_ L kesign(s) +nys + wier — @ N E
0 2er A3 J

Ay (Wref—w) ]
A3
Tin higu sat(s(t)) dugc dwa vao bo diéu khién Fuzzy dé
han ché dao dong do hién tuong chattering. Trong Hinh 5
NB biéu thi 4m 16n, NM biéu thi 4m vira, ZO biéu thi 0, PB
biéu thi dwong 16n, PM biéu thi duong vira.

i

NB NM zZ0 PM PB

05
0 | | | | | ] | |
1 -08 -06 -04 -02 0 02 04 06 08 1
NB NM 70 PM PB
1
05
0 1 1 1 A 1 | Il 1

-01 -008 -006 -0,04 -0,02 0 002 004 006 0,08 0,1
Hinh 5. (a) Mo héa dau vao tin hiéu sign(s) va
(b) Mo hoa dau ra ig,
Can clr vao sy giao dong tin hiéu cua ham sat(s), luat
dicu khién dugc dung nhu sau:
If sat(s) is NB or sat(s) is PM, Then iz, is PB

If sat(s) is NM or sat(s) is PB or sat(s) is ZO,
Then ig, is PM

If sat(s) is ZO or sat(s) is NM or sat(s) is PM,
Then ig, is ZO

If sat(s) is PM or sat(s) is ZO or sat(s) is NB,
Then ig, is NM
If sat(s) is NM or sat(s) is PB, Then ig, is NB
Téng hop duoc tin hidu didu chinh tdc d6 nhu sau:
g =lgyt i (30)
4. M6 phéng va két qua
Pong co c6 cac thong sb co ban nhu sau: khéi luong
rotor 0,235 kg, momen quan tinh 0,000086 kg.m?;
dién tro stator 2,6 Q; tir thong moée vong A,,, = 0,0126 Wh,
Lsgo = 9,6.107°Hm, ‘a0 = 8,2.107°Hm,
Ly = 6.1073H, khe ho khéng khi g = 1,7 mm. Qua trinh
mé phong d€ minh ching chat lugng cua cac thuat toan
diéu khién de xuat duoc tién hanh trén phan mém Matlab-
Simulink.
~ Qua trinh m6 phong duoc thyc hién sau do s€ so sanh
ket qua cua hai truong hop: sir dung di€u khién PID thong
thuong va st dung di§u khién trugt voi ham trugt c6 mat
truot dang PID trén doi tugng dong co TTKHDT.

Tinh todn ) T Iy
dig dién Boag co BB
dat cho hai T KTVC TTDT
sator
- s e ' -
iy | obabe| b

Khii dibu khién

Hinh 6. Cdu triic so d6 dé xudt hé thong diéu khién

Truong hop lam viéc khi khdng c6 momen tdi va tai luc
doc truc

Hinh 7 cho thdy, thoi gian xac 14p cia bo SMC-PID la
khong dang k&, con ket qua khi dung b6 dicu khien PID la
0,076s. Hinh 8 chi ra dap tmg toc d6 bam theo gia tri dat
khi dung bé6 SMC-PID la 0,082s va khi diung bd PID la
0,115, trong d6 d6 qua di€u chinh tmg v&i bo PID thudng
12 2,6%, tng vi bo SMC-PID thi nho khong dang ké.

| PID
0005 o )
| -
001f
| ]

0

Tée db dong colradis)

Vi trf rotor(mm)

4 = —Siero)
008

o 002 004 006 008
t(s)

0 005 01 015 02 025 03 035 04 045 05
(s)

o
0 005 01 015 02 o
It

25 03 035 04 045 05
(s)

Hinh 7. Ddp vmg vi tri doc truc va dap vmg t~6'c do dong co khi
khong chiu anh hudng ciia nhiéu tai
Hinh 8 trinh bay do thi dong dién ig va dong iq. Khi
khéng xuét hién lyc tai va momen tac dong, dong dién
ig VA iq duoc diéu chinh duy tri bang 0, trong d6 thoi gian
xac 1ap khi dung b SMC-PID nhanh hon khi st dung bd
PID thuong.

15

o
— swero

1

()

Dang dign id(A)

Dong dign

I

Y S — Ll
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 04 045 05

Hinh 8. Pé thi dong iq va dong id khi khdng xudt hién nhiéu va
momen tdi

Truong hop thay déi diém ddt téc do

o nns[

o
1 [
0005 -
1 |
001t
3 l

E
£ o015

PID
—— swe-pip

5 i
§ om
£ oo
s
.03
0,035

004

0.045

o
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05

Hinh 9. D6 thi téc dé dong co va vi tri doc truc khi téc do
mong muon thay doi
Hinh 9 trinh bay d6 thi tbc d6 va vi tri doc truc khi bién
d6i diém dat toc @6 dong co tir 100 rad/s 1én 150 rad/s.
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Dd thi két qua cho thdy, dong co ting tir 100 rad/s Ién
150 rad/s véi thoi gian 0,034s va 6 qua diéu chinh gan nhu
bang 0. Con véi bo diéu khién PID ta thay dong co tang tir
100 rad /s 1én 150 rad /s véi thoi gian 0,07s dong thoi do
qua diéu chinh 3,3%. Dong thoi vi tri doc truc thay doi
khong dang ké khi diéu chinh thay ddi toe do.

Truong hop xudt hién momen tdi tai 0,4s

Khi ta lép thém moment tai 0,1Nm vao dong co tai thoi
diém 0,4s, thoi gian x4c 1ap cua bd SMC-PID nhanh hon
d6i vi bo PID lan lugt 0,015s va 0,04s. Tuy nhién con ton
tai sai léch cua bo diéu khién SMC-PID so véi gia tri dat 1a
2 rad/s. By diéu khién PID khong bi ton tai sai léch.
Véi b diéu khién vi tri thi bi anh huong khong dang ké
(Hinh 10).

120 —— — 0.005 -

-0.005 - ——suc-pio| |

Vi tri rotor(mm)

003

0035

0.08

0085

o S S N S |
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05
(s) (s)

Hinh 10. D6 thi vi tri doc truc va téc do dong co khi
thay déi momen tdi
Hinh 11 cho thy, dong dién ig cta bo didu khién vi tri
khong cé su thay doi. V6i dong iq tai thoi diém 0,4s co
gia tri on dinh & mirc 2,3A. Ta thay rang, thuat toan diéu
khién mat truot dang PID 6n dinh nhanh déi véi bo PID
thuong.
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Hinh 11. D6 thi dong dién ia Va iq khi c6 momen
Truong hop khi xudt hién lyc tdi doc truc tai 0.2s
Hinh 12 cho thdy vao thoi diém 0.2s xuét hién luc tac
dong 20N. H¢ thong trng vai bo SMC-PID ¢ thoi gian xac
1ap 0,02s, con hé ung véi bo diéu khién PID 1a 0,045s.
Gia tri toc dd dong co it thay d6i. B diéu khién SMC-PID
6 dap ung thich nghi véi tai tot hon doi véi bd PID thong
thuong.
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Hinh 12. D6 thi vi tri 7 va toc dé w khi xudt hién lyc tdc dong
Ta ciing thdy dugc dap ng dong dién id va iq cua hai
b6 diéu khién khi chiu tai luc doc truc déu 6n dinh khi chiu
tac dong cua tai
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Hinh 13. D6 thi cac dong dién tuong tmg trén truc dq khi
xudt hién lyc tac dong

Truong hop xudt hién ca momen tdi va luc doc truc

Khi ta cho lyc tac dong (20N) va momen tai (0,1Nm)
vao dong co lan luot tai thoi diém 0,3s. Nhan xét rang, thoi
gian xac 1ap cing do qua diéu chinh cua dap ing dau ra khi
dung bd SMC-PID nhanh hon v6i bo PID thuong (Hinh
14). Ddng thoi, tai dd thi Hinh 15, dong dién iq Va iq tmg
v6i bd SMC-PID 6n dinh nhanh hon véi bd PID thuong.
Ngoai ra, két qua dap tmg cho thdy van ton tai sai sb toc do
clia bo diéu khién mat trugt dang PID.
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Hinh 14. D6 thi vi tri z va toc dé w khi xuat hién momen tai va
luc tai doc truc
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Hinh 15. D6 thi dong dién iq Va ia khi xudt hién momen tdi va
luc tai doc truc
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Nhan xét ;5ng momen tong T chii yéu do thanh phan
dc}ng dién iq tong hop va tong luyc F doc truc d‘uqc sinh chu
yéu bai thanh phan dong dién ig. Thanh phan dong dién
twong ng trén hé truc dq it c6 su tuong tac xen kénh.

Truong hop khi két hop véi bé diéu khién Fuzzy
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Hinh 16. D6 thi vi tri z va téc dé o Khi xudt hién momen tdi va
lwe tdi doc truc

Khi két hgp bo diéu khién Fuzzy ta thdy, by diéu khién
da thich tng tot hon khi gap ca luc doc truc va momen can
v& bo quan sat vi tri va tc do (Hinh 16). Sai 1éch khi c6 tai
momen can cua b diéu khién SMC-PID-FUZZY thich
ciing dwoc giam hon so voi SMC-PID. Tuy nhién, van ton
tai sai 1éch véi toe do dat.
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Hinh 17. Ddp img dong dién ia Va iq khi c6 momen tdi
Hinh 17 biéu dién d6 thi thanh phin dong dién iq va
ia khi xudt hién tai. Ta thiy, dong is cua b diéu khién
SMC-PID-FUZZY dao dong 16n hon, tuy nhién thoi gian
on dinh nhanh hon so véi b6 SMC-PID.
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Hinh 18. Hién twong chattering khi c6 momen tai va lyc

Hinh 18 cho thy, b diéu khién SMC-PID-FUZZY da
lam giam thiéu dqu hién twong chattering, von la dac thu
cua phuong phap dicu khién truot.

5. Két luan

Nbi dung nghién ciru trinh bay vé thuat toan diéu khién
SMC-PID két hop k¥ thuat mo cho vong diéu khién vj tri
doc truc va vong diéu khién téc d6 dong co
DBKHDTKTVC. Céc tin hiéu tir b diéu khién dé xuét co
kha ning dem lai su 6n dinh bén virng cho di mé hinh toan
dong co ¢ chira thanh phan bt dinh. Cac dap tmg md
phong thu duoc khi tién hanh trén phdn mém
MATLAB/Simulink minh chimng cu thé cac cac chi tiéu
chat lugng dat tot hon khi ddi sanh bo PID thuong. Ddng
thoi, hé diéu khién két hop SMC-PID- m¢ ciing han ché
dugc hién tuong chattering so véi bo diéu khién SMC-PID.
Tuy vay, dap ung dau ra tdc do quay van con ton tai sai
léch nho do anh hudng ciia cac thanh phan nhidu tai. C6
thé xur Iy van dé nay bang cach thiét ké bo quan sat thanh
phan bat dinh. Py ciing 1a hudng nghién ciru tiép theo ciia
nhom tac gia trong tuong lai.

Loi cam on: Nghién ciru nay dugc hd tro tir Truong Pai
hoc Cong nghiép Ha Noi theo quyét dinh so 17-2023-
RD/HB-DHCN.
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