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Tém tit. Trong bao bai bao nay, mot cau trac diéu khién bén ving lai phi tuyén méi két hop giira dicu
khién truot bac hai sir dung thuét toan siéu x0dn (NSTA-SOSM) va diéu khién Backstepping (BS) cho dleu
khién vector FOC cua h¢ truyén dong dong co khong dong bo sau pha duoc dé xuét. Cau trac nay giai quyét
hiéu qua cac diém yeu cua ca diéu khién Backsteping (BS )va diéu khién trugt (SM) truyén thong, phat
trién, nang cao hiéu suat ciia diéu khién FOC béng cach két hop gitra diéu khién truot bac hai va giai thuat
siéu xodn 48 tang toc d6 hoi tu va kha ning bam theo tham chiéu nhanh, chinh xéc, bo diéu khién lam viéc
bén vimg, 6n dinh ngay ca khi 1am viéc trong diéu kién cac tham sb cta hé thdng khong chic chin va nhidu
tai, hién tugng chattering gén nhu dugc loai bo. Hi€u qua cua cAu tric diéu khién dé xuit da duoc xac nhan
thong qua cac két qua mo phong Matlab/Simulink.

Tir khoa. Diéu khién Backstepping, diéu khién truot, thut toan siéu Xodn, hé truyén dong dong co khong
ddng bd sau pha.

1. GIOI THIEU

Hé théng truyén dong dong co khong ddng bo sau pha (SPIM) c6 diéu khién toc do 1a mot hé truyén dong
dong co xoay chiéu da pha m6i nhén dugce nhiéu sy quan tim. SPIM duoc tap trung nghién ctru, phat trlen
trong nhirng thap ky gan day va duoc ing dung trong cac nganh cong nghiép st dung dong co cong suét
16n, yéu cau van hanh 6n dinh va tin c@y cao [1]. Do nhimg uu diém vuot troi, no ciing dan thay thé cho
cac dong co khong dong bo ba pha (IM) trong cac hé truyén dong xoay chiéu ba pha truyen thong trong
nhiing ung dung céng suat nho doi hoi df tin cy, chinh xac, an toan va kha nang chiu sy 6 cao.

Ngay nay, cac h¢ truyén dong dong co AC noi chung va SPIM noi riéng déu phat trién cac phuong phap
diéu khién duya trén cac chién lugc didu khién vector hién dai, trong d6 FOC 12 mot trong nhirng chién lugc
diéu khién duoc ap dung rong rai, pho bién nhét [2]. Bén canh nhitng uu diém, diéu khién FOC cling chiu
tac dong cua cac yéu td nhu tham s6 dong co, nhiéu tai vi vay khi img dung phuong phap didu khlen PID
truyén thong v6i cac hé sb ¢ dinh khong dap mg dugc chat lugng diéu khién cho nhimg hé truyen dong
hiéu suit cao [3]. Cac bo diéu khién phi tuyen va diéu khién thong minh dwoc d& xuat nhu phan hoi tuyén
tinh [4], m6 hinh trugt (SM) [5-6], diéu khién (BS) [7-10], logic m¢ (FL) va mang no-ron (NN) [11-13],

diéu khién du béo, dleu khién thy dong [14-15], diéu khlen Hamiltonia [16]...v.v. Trong s6 cac phuong
phap diéu khién phi tuyen BS nhén dugc sy quan tim rat 16n do phuong phép thiét ké c6 hé thong va tinh
chat dé quy cua no6 kiém soat cac phan hdi phi tuyen rat hiéu qua [17-19]. Uu diém 16n nhét cua phuong
phap nay 1a tinh linh hoat, kha nang gitr lai nhiing phan tir phi tuyén hiru ich va theo du01 cac muc tiéu 6n
dinh va theo ddi tot tham chiéu. Tuy nhién, thong tin chi tiét va chinh x4c vé tham sb ctiia SPIM duoc yéu
cau khi thiét ké BS truyén thong. Dé khic phuc nhugc diém nay nhiéu chién luoc di dugc dé xuat. [19] dé
xuat mot phuong phap thiét ké BS cho ca bg diéu khién va bd quan sat, thanh phan tich phan sai s6 theo
ddi duge dua thém vao dé tang tinh bén viing cua hé truyén dong. Phuong phap nay cho dap ung dong tot,
diéu khién chinh xac. Tuy nhién, dao dong mé men dugc ghi nhén 1a kha 16n. Dya trén nhimg nghién ctru
da cong bd co thé nhén thiy rang, sir dung phuong phéap diéu khién BS doc 1ap kho co thé dap tng doi hoi
ctia nhiing hé truyén dong chat luong cao. Do dd, cac nghién ctru dé két hop voi cac phuong phap didu
khién khéac dugc phat trién nhu két hop véi diéu khién BS_SM, BS va diéu khién NN, hé thong logic mo -
SM (FLSM) [20-24]. Trong [23-24], cau tric moi két hop gitra BS va SM duoc nghién ctru va e xuat dap
{mg nguyén tac thiét ké cua diéu khién FOC cho hé truyén dong SPIM va tmg dung trong diéu khién toc do
xe dién. Chién lugc diéu khién SM hoan toan phu hop véi cac tiu chi cua bd diéu khién vong 1ap dong can
déap tmg dong nhanh, ddi theo quy dao tham chiéu voi d6 chinh x4ac cao va bén virng chéng lai cac nhidu
bén ngoai, su bién d6i tham so. Tuy nhién, SM nay c6 nhuoc diém 1a hién tuong dao dong mat truot
(chattering) [24], Trong [23-24] da de xuat sir dung mat truot bac 2 SOSM dé lam giam hién tuong
chattering. Tuy nhién, nhuoc diém cua dé xuit nay 1a khi 1am viéc trong cac hé truyén dong hiéu suét cao,
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can d4p ung nhanh, chinh Xac, diéu kh1en lién tuc, SOSM trong [23-24] khé dép tmg duoc. Vi vy, trong
bai bao nay, tic gia da dé xudt cai tién diéu khlen BS_SOSM trong [23] bang bo diéu kh1en truot lai moi
két hop gitra diéu khién giai thudt trugt sidu xoan STA véi diéu khién trugt bac hai cai tién. Cac bao cao
dugc ghi nhan trong [25 ] cho thiy giai thuat STA cho dap ting ddi theo tham chiéu nhanh va c¢6 d6 chinh
xéc cao hon so véi SOSM truyén thong. Tuy nhién, hién tuong chattering xuét hién & STA ciing duoc ghi
nhdn cao hon dang ké so v6i SOSM. Bén canh d6, STA ¢6 uu diém vuot trdi so véi SOSM 1a c6 thé dat
dugce cac toi uu te do va do chinh xéac dap ung dau ra bang phuong phap diu khién lién tyc thay vi nhuoc
diém ctia bo diéu khién gian doan, chuyen mach tan sd cao (ché do gian doan nhu trong [23-24]). Piéu
khién mit truot bac hai SOSM tmyen thong ¢6 nhuge diém 13 héi ty chm hon, lu6n lam viéc trong che do
diéu khién gian doan, chuyén mach tan s cao. SOSM cai tién trong dé xuat nay lam chuyén mach tan sb
cao suy giam dang ké, cach tiép can moai, cai tlen ¢6 chon loc trong thiét ké dé xuat nay cung cap cong cu
hiéu qua dé loai bo hién tugng chattering ma van giit dugc nhitng uu diém chinh cia phuong phap STA va
SM truyén thong, cho ta mot bo diéu khién dong méi ¢ tc do hoi tu va bam theo tham chiéu nhanh hon,
d6 chinh xac cao hon, hién twong chattering giam dang ké va 1am viéc bén vimng hon.

Piém méi va tinh logic trong nghién ciru nay:

- Chién luoc lai méi két hop giita thuét toan siéu xodn va diéu khién truot bac hai cai tién duoc phat trién
cho diéu khién vecto FOC cua hé truyén dong SPIM la mot chién luoc diéu khién lai méi chua tung dugc
cong bd trude ddy, Uu diém ciia bd diéu khién lai ci tién nay lam cho chuyén mach tin s6 cao bi suy giam
dang ké, duy tri tinh lién tuc cta chirc nang diéu khién trong khi vin dam bao kha ning bu nhidu tt, hién
tuong chattering gan nhu duogc loai bo, cac dap ing dau ra it dao dong hon cac giai thuat di duoc dé xuat
trude d6, kha ning bam theo tham chiéu nhanh va do chinh xac cao dat dugc bang phuong phap diéu khién
lién tuc thay vi chuyén mach tan sd cao, hé truyén dong lam viéc bén viing, 6n dinh hon.

- Chu trac bo diéu khién lai BS NSTASOSM duoc dé xuat phat trién cho truyén dong SPIM hiéu suit cao
dap tmg t6t yéu cau cua timg vong diéu khién trong diéu khién vector FOC cua SPIM giip nang cao chat
lugng va hiéu sudt diéu khién ciing nhu d6 bén vimng cua hé thong truyén dong SPIM.

Phan con lai ctia bai bao dwgc trinh bay nhu sau. Phan II trinh biy mé hinh toén hoc cuia hé truyén dong
SPIM, thiét ké bo diéu khién dé xuat dugc trinh bay chi tiét trong Phan III. Két qua mo phong dugc trinh
bay ¢ Phan IV. Phan V két luan.

2. MO HINH CUA HE TRUYEN PONG SPIM

Hé théng truyén dong SPIM bao géom mot SPIM dugc cap ngudn tir bo bién tan ngudn ap sau pha (SPVSI).
So do ctia SPIM cap nguon tir SPVSI dugc biéu dién nhu trong Hinh 1. Dé diéu khién vector, ky thuat phan
rd khong gian vecto (VSD) duoc ap dung nhu trong [2], khong gian sau chiéu ban dau cua SPIM duoc
Chuyen d6i thanh ba khong gian hai chiéu trong hé quy chiéu dimg yén (D-Q), (X - y) va (zl -z2). Phép bién
d6i nay thu duoc bang ma tran bién do6i 6x6 [1], [23-24]:

T 1B fo
2 2 2
o B B 11
2 2 2 2
1
L T ®
o B B 11
2 2 2 2
1 1 1 0 0 0
0 0 0 1 1 1]

Céc phuong trinh toan hoc ciia SPIM duoc viét trong hé quy chiéu dimg yén dudi dang:

[Ve]=[Re0tJ+ P01 I+ (L]l ])

[o]=[ReJLt ]+ P 0N T+ [ 1016 ) 2)
Trong do: [V], [1], [R], [L] va [Ln] lan Tuot 13 cac vecto dién 4p, dong dién, dién tro, tu cam va hd cam. P
1a toan tir vi phan. Chi s6 r va s twong (mg lién quan dén qui dinh phia roto va stato. Vi roto 1a 16ng séc nén

[Vr] bang 0. Viéc chuyén dbi nang lugng co dién chi din ra trong hé théng con DQ. Phuong trinh mé men
khi dugc biéu dién nhu sau:
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Te = 3np (l//rQirD - l//rDirQ) (3)
trong d6: Te, Np, Pip, ¥rq, irp, iro 1an luot 1d mémen dién tir do dong co tao ra, s6 cap cuc, tir thong réto,
dong dién roto.

we L qokh R HCH

DC Link ¢°

Vgl2 —

N2

Hinh 1 So d téng quan ctia hé truyén dong SPIM

Céc khong gian (X - y) va (zl -z2) chi tao ra tén hao, qué trinh chuyén dbi dién co chi dién ra trong khong
gian D-Q [1]. Do d6, viéc didu khién dua trén viéc xac dinh dién ap dat vao toa d6 tham chiéu DQ. Nhu
chung ta di biét, khong gian DQ twong dwong véi khong gian ap , khi d6 k¥ thuat diéu khién SPIM s&
chuyén sang diéu khién nhu dong co khong dong bo ba pha (IM). Viéc diéu khién nay gap kho khan trong
toa do tham chiéu tinh, do d6 viéc bién d6i mo hinh SPIM sang toa do tham chiéu quay dq dé thu duoc
dong dién co thanh phan mot chidu (DC) 1a can thiét. Ma tran bién d6i dé biéu dién toa d6 tham chiéu tinh
(DQ) sang toa d6 tham chiéu quay dong (dq) nhu sau:

. _{cos(ar) =sin (5, )} @)

27| sin(8;)  cos(s,)

trong d6 or 1a vi tri gdc cla roto so vai stato nhu trong Hinh 1.
Ta co: wiq= 0, Wid= Wrd. MO hinh dong luc hoc mai cua dong co duge mo ta bang cac phuong trinh vi phan
vecto khong gian nhu sau:

do 3 _ ool . T !
C 2P0 (i)~ - B,
dt 2 J J
dy, L, . 1
— = =Yy
dt T, T,
di (®)
L, dt‘* =-ai_ + Lo, + 004 +CU_
di, . .
L, ~ = + Lo,i, +bRy 4 +cU,
. L LR, + LR LR 1 L . B
. O.:l_ m ;5: m ;a: m_T rs;b: m r;C:—;T :_I’;B:_
Trong d6: SL oLL, ol ol s " R J
Ugg» Ugq 5 iyl * 1a céc thanh phén dién 4p stato va dong dién stato twong ung; Wi Vg céc thanh phan

cua tir thong rotor ;Te, TL : md men dién tir va mo men tai; d-g; DQ: hé toa d6 tham chiéu quay ddng bo
va ¢o dinh; wr: 1a toc do rotor (toc dd co), wr = (2/P)wre; wre, we, s : 14 céc toc dd dién twong ing van
toc goc cua rotor, tir thong rotor, truot; Ls, Lr: dién cam cuaa stator and rotor; L,: ho cam gitra stator va
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rotor ; Rs, Ry: dién tro stator and rotor; J: mé men quén tinh; o : hé s6 lién két; P : s6 cuc; B: hé s ma
sat; 7, : hang so thoi gian rotor.
Mémen dién tir va tan s6 trugt duoc biéu thi nhu sau:

3L .
TE‘ = ; PL_rt]l//I’d Isq (6)

(7)

Hinh .2 Vector khong gian dién ap va cac trang thai dong cét trong khong gian con (D-Q) va (x-y) ciia SPVSI

3. CAUTRUC PIEU KHIEN PHI TUYEN LAI MOI BS_NSTASOSM
3.1 B diéu khién BS diéu khién toc dd va tir thong rotor

Trong phan nay, bo diéu khién BS cai tién dugc dé xuat dé kiém soat vector cho cac hé truyén dong SPIM.
Pay la mot phuong phap co tinh hé thong va dé quy dé téng hop cac luat didu khién phi tuyen Vi vay, cac
thanh phan dong 40 s& dugc tao ra dé dam bao su hoi tu cuia cac hé thong dén trang thai can bang cia chung
[19]. Trong d& xuat ndy, tinh bén viing cua so do nay dugc cai thién bang cach dua thém vao thanh phan
tich phan cua cac sai so theo ddi trong thiét ké bo diéu khién.

Sai sb tdc do va tir thong dugc dinh nghia nhu sau:

t
Ep= (a)r - a)r)+kw_[(a)r - a)r)dt
(8)
Sy = (‘//rd ~ Vrd )+k J(‘//rd Yrd )dt
Dé dam bao su 6n dinh cia vong diéu khlen ngoai, cac vector diéu khién 40 isg” va iss” dugc sir dung. Dao

ham sai sb theo ddi (8) ta co:
de, do; 3_dolg

_ T A
Gt dt EP ] ‘//rd'sq+j+ Bw, + kw(a)r—a)r) o
de dv L 1 Cow
% Yrd m
——= 4+ B+ —yg+k -
at at 7, sd 7 Yrd W (‘/’rd V/rd)
Pé thiét ké bo diéu khién BS, ham Lyapunov dugc chon 1a:
112, 2
V(CU‘//) 2(5 + & ) (]_O)
Pao ham cua n6 V'’ nhu sau:
dt “odt Y dt
dCU* x T, ' *
=&y {dtr_ K ralsq +TI+ Bay + k, (a)r - @ )i| (1)
dypg , Lpox 1 (o
+&, {dtJr ?'sd TVt K, (l//rd - l//rd)
Trong do: K = 3p 9ok

2
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Dé dap ung V' <0, luat diéu khién BS duoc thiét ké nhu sau:

S 1 d((): T| ' *
Isq = ks {kwgw + e +7+ Bw, + kw(a)r - o )}
* (12)
-* T dw d 1 ' *
Isd = ern|:ky/€y/ +Ttr ""Z‘//rd +k, (Wrd " Yrd )}
Trong d6 K, kw1 hang s6 dwong.
T (11), (12) ta c6 dao ham ctia ham Lyapunov:
dv,
(o) 2 2
—a = K,e6- K, &, <0 (13)

3.2 B¢ diéu khién NSTA_SOSM diéu khién dong

Dé hién thuc vige diéu khicn dong dién stator ciia dong co khong dong bo séu pha, dieu khién NSTA_SOSM
dugc dé xuat trong dicu khién dong trong dicu khién vector FOC cua h¢ truyen dong SPIM. Céc b dicu
khién nay duogc xay dung két hop gitra diéu khién trugt bac hai cai tién va giai thuat siéu xoan [26]. Sai S0

dong dugc dinh nghia:
Eisa = sy —lgg (14)
Sisq = isq _isq
L4y vi phan 2 vé phuong trinh (14) vé két hop voi phuong trinh (5) ta co:
degg  digy 1 . :
T = W_Lisl:- alsd + ste'sq + ber//rd + Cusd:l (15)
degg digy 11 _
? = E—Lis[- alsq + LSa)EISd + ba)el//rd + Cusq:|
ool L 5o L, ;aszmRr+Lers;C:£;b:L2mRr;rrzh
Trong do: LL oLl ol o ol R

Mt truot phi tuyén bac 2 SOSM cii tién dugc chon twong g theo cac thanh phan dong dién dq duoc xéac
dinh nhu sau:

déigy 12
{51} dlts + Ay |iga | sat (&9
- 16)
S, deigq 12 (
dt + %"gisq‘ Sat(£isq)
Trong do: A4, >0,4, >0;
Dé c6 duoc cac thanh phin dién ap didu khién ao dau ra bo didu khién dong, ham Lyapunov dwoc chon:
1.5 2
v —E<gisd +5isq) (17)
L4y vi phan 2 vé (17) ta cé:
v _ . ey déisg (18)
dt ~ % dt ™ dt
Dé ham vi phan V< 0, ham vi phan sai sé duwoc chon nhu sau:
deisg _
T - _ksd Visd (t) (19)
dgisq
dt = _ksqvisq ®)
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Trong do: v, (t); Vigg (t) 12 céc ham diéu khien SM theo STA va dugc dinh nghfa:

V] | kals"? sat(s) + ko[ sat(s,) o0
Visq (t)

1/2 t
kafs,[* sat(s) +k, |, sat(s,)
Trong do:  , =15,/C,;k, =1.1C;;ky =1.5,/C,;k, =1.1C,; V6 €1 >0:C, >0
Tir cac phuong trinh (15), (19) va (20), ta xac dinh dugc ham diéu khién:

« L | di 1r . .

Ugg = C{ dstd + KggVisg (t)} + E[alsd - Loy, — ber//rd] (21)
« L dig 1r .

Usd = ?S dstq + I(SqViSq (t):l + E[alsq - Lsa)elsd — ba)el//rd:|

4., KET QUA NGHIEN CUU

Hiéu suit cia bo diéu khién BS NSTA-SOSM duoc dé xuat dé diéu khién vecto FOC hé thong truyén dong
SPIM dugc xac thuc thong qua md phong bang phan mém MATLAB. Bé ting do tin ciy, cic khung so
sanh duoc thiét 1ap, cac khao sat twong tu ciing duoc trién khai cho 2 bo diéu khién BS_INTSM, BS_SOSM
[23] va duoc so sanh voi cac phuwong phap méi nhat khac trong [3,15,22], dé khang dinh tinh hiéu qua ciia
cdu triic didu khién dé xuat. Két qua phan tich ciing cho thdy su bén ving, 6n dinh cta bo diéu khién dé
xuit dbi v6i do bat dinh ciia thong sé may, nhidu tai, dap img dong nhanh va chinh x4c hon. So db khdi cua
hé théng duoc thé hién trén Hinh 3.

Thong s6 cta SPIM nhu sau [26]: 1HP, 6-phase, 220 V, 50 Hz, 4 poles, 1450 rpm. Rs = 10.102, Rr =
9.854642, Ls = 0.833457 H, Lr = 0.830811 H, Lm = 0.783106 H, J = 0.0088 kg.m?.

4.1 Trwong hop 1:

Pé kiém chirng chét lugng dong cia BS NSTASOSM, khao sat ché do khai dong, dao chiéu duoc thuc
hién. Khao sat nay dya theo nhirng thir nghiém trong [22, Hinh 5-6], trong [22,Hinh 5-6] khao sat qua trinh
téc d6 tham chiéu dao chiéu lién tuc khi sir dung bd didu khién phi tuyén trugt bac hai dua trén thuat toan
siéu xodn (STA) két hop diéu khién logic md (FSOSMC), qua trinh nay dugc thuc hién trong Gng voi gia
tri thoi gian t = [0 1 2 3 4] s va gia trj toc do dit w*= [150 -150 50 -50 100] rad/s, véi tai dinh mirc duoc
dong vao tai t = 2.5s va khong ddi trong thoi gian khao sat con lai. Khao sat ciing dugc thuc hién véi bo
diéu khién BS két hop trugt tich phan (BS_INTSM), va diéu khién BS két hop diéu khién trugt bac hai
(BS_SOSM) trong [23] dé 1y dit liéu so sanh. Cac déap (mg tdc d6, md men, tir thong rotor cua hé truyén
dong SPIM dugc hién thi trong Hinh 4.
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BS_NSTASOM for FOC Vector Control of SPIM Drives

I I I
|
: | : AC Supply 3~ :
| | b :
! P >+ !
| | |
. Lo+ I3
I | = |
: v . Park’ ! ! I_'|_ = :
| " d sD N PN h—a
| —O—> g > 3
I N4 L i 51
I b BS PWM 4 » 5,
| * Controller * Iy S |
| @y VSQ » | | g |
| —>’—> DQ > ; —» SPVSI T
| wy N Pl 1
: Speed Controller isq Current Controller y o o ! : |
I q /e !y |
: 6, (Rotor Flux angle) - : | vy :
| Rotor Flux | i 'i” : : ] i |
: Estimater DQ |e Q a_b_c 4_;91 | : :
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T
! P |
[ 5| |

Hinh 3: Diéu khién Vector FOC cuia hé truyén dong SPIM sir dung cau triic diéu khién BS NSTASOSM
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¢. Bap ng tir thong biéu Qién trén hé toa d6 dq va DQ
Hinh 4: Truong hgp dao chicu co6 nhicu tai cia by dieu khién BS INTSM va va BS NSTASOSM.

Bang 1 Cac thong s chat lugng didu khién véi tai dinh mirc

Giai thuat DK BS_INTSM BS_SOSM BS_NSTASOSM
Thoi gian khéi dong (s) 0,078 0.109 0.141

Thoi gian dat gia tri xac 1ap

(khi dong (i) (5) 0,003 0.0035 0.037

Thoi gian dao chidu (s) 0.12 0.18 0.25

Sai s6 xac 1ap (rad/s) 0.12 0.01 0.00001

Quan sat két qua thu duoc cho thiy bo didu khién BS_NSTA-SOSM c6 thé cung cip cac dap tng dong va
thoi gian 6n dinh nhanh hon. Qua trinh khai dong caa SPIM tir 0 dén 150 rad/s trong truong hop hé truyén
dong sir dung bo diéu khién BS_NSTA-SOSM va BS INTSM, BS_SOSM lan luot 1a 0.078s va 0.141s,
1,09s. Téc d6 dwoc dao chiéu tryc tiép tir 150 rad/s sang -150 rad/s. Ngay khi ap dit dao chiéu toc do, mo
men lap tic dao chiéu, dong co bat dau giam toc dé dat téc do 0 va sau d6 bt dau ting téc theo hudng
nguoc lai va 6n dinh ¢ toc d6 -150 rad/s. Tong thoi gian dao chiéu caa hé truyén dong SPIM sir dung bo
diéu khién BS_NSTA-SOSM va BS_INTSM, BS_SOSM lan luot 13 0.12 s va 0.25s, 0.18. Tir két qua md
phong cho thay chét luong cua diéu khién vecto cua hé truyén dong SPIM sir dung BS_NSTA-SOSM rit
t6t, tc d6 dong co bam theo téc do tham chiéu, hiéu qua theo ddi toc do cao, dap ing dong nhanh. So sanh
véi két qua thu dugc khi sir dung bo diéu khién BS_INTSM, BS_SOM chiing ta c6 thé thiy rang chat lwong
diéu khién & ché do qua do cua hé truyén dong SPIM duoc cai thién dang ké khi sir dung bo diéu khién
BS_NSTA-SOSM . Khi so sanh v&i dé xuat b diéu khién Fuzy két hop diéu khién FSOSMC trong [22,
Hinh. 5-6] va bo diéu khién sir mé hinh du bao MPC trong [15, Hinh.7,9] cho thdy ring ca hai bo diéu
khién FSOSMC va diéu dién dy bao MPC ciing thuc hién dao chidu & cac dai toc do kha tot. Tuy nhién, d&
dang nhan thay hién tuong dao dong mo men, tir thong trong sudt qué trinh khao sat, dap (ng, hién tugng
chattering chua duoc loai bo, so sanh voi BS_NSTASOSM cho thay bo didu khién nay ¢ kha ning theo
dai tham chiéu, thoi gian qua do tét hon. Bo diéu khién BS_NSTA-SOSM ciing c6 dap tmg md men nhanh
va gon md men thap, hién tuong chattering gan nhu dwoc loai bé.

4.2 Trwong hop 2

Trong truong hop nay, hé truyén dong SPIM khi dong co lam viéc & toe dd cao va md men tai thay doi lién
tuc. Khao sat duoc dya theo nhirng thir nghiém dugc thuc hién nhu trong [22, Hinh 7-8], trong do, toc do
duoc giit ¢b dinh bang 150 rad/s trong suét thoi gian khao sat, moé men tai thay ddi tir gia tri 0 Nm — 7Nm,
su thay ddi nay duoc thyuc hién trong tmg 13 gia tri thoi giant =[0 1 2 3 4] s va gi4 tri md men T,=[0 2.5 5
7 3] Nm. Hinh 5 cho thdy ring BS_NSTA-SOSM bén viing, on dinh trudc nhiing bién d6i va sy hién dién
cua nhiéu tai. So voi BS_INTSM hién twong dao dong tir thong va md men giam dang ké, hién tuong
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Chatering ctia BS_ NSTA-SOSM gan nhu dugc loai bo. Téc d dap ting nhanh hon va bén viing, gan nhu
khong thay doi trudc nhieu tai, gia tri dugc dicu khién héi tu rat nhanh véi bam theo sat gia tri tham chiéu
trong suot thoi gian khao sat.
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Hinh 5: Pap tmg hé thdng trong truong hop cé’nhiéu tai thay ddi cua bo diéu khién
BS INTSM va va BS NSTASOSM: (a) toc do, (b) moé men, (C) tir thong.

Khi so sanh véi bo didu khién bo didu khién FSOSMC dé xuét trong [22, Hinh. 7-8] chung ta thdy bo diéu
khién FSOSMC di xir Iy duoc nhiéu tai nhung BS _NSTA-SOSM kiém soat tot hon, thoi gian hoi tu toc do
tham chiéu nhanh hon, khi déng tai co sy sut giam téc do6 khong déang ké nhung ngay 1ap tirc hoi tu tro lai
va 1am viéc 6n dinh, chinh xac tai gia tri tdc d6 tham chiéu bat chép tac dong tir nhiéu tai, két qua cua bd
diéu khién FSOSMC trong [22] cho thy tc d6 khi dong tai dot ngdt bi tac dong sut giam va khong bam
dudi chinh xéc trd lai duoc toe do dat nhu duoc chi ra trong [22, Hinh. 7- 8], dao dong moment va tir thong
dugc ghi nhan. Nguoc lai, BS NSTA-SOSM da xur ly thanh cong, cac dap tng tdc do, mo men, tur thong
khong ghi nhan hién twong dao dong, hién twong Chattering ciing gan nhu duoc loai bo.

4.3 Truwong hop 3

Dé kiém ching va xac nhan rd rang hon tinh bén vitng cta bo diéu khién BS_NSTA-SOSM trudc nhidu tai
va tac dong cua thay ddi thong sé SPIM, mot khao sat khac ciing duoc thyuc hién trong diéu kién nhidu tai,
thong s6 may Rs, Rr s& bi bién ddi trong & pham vi toc do thap. Thir nghiém nay duoc tién hanh dua trén
thir nghiém dugc dé xuat trong [3, Hinh 12-13] véi hé truyén dong st dung bo diéu khién truot bac hai m
lai (FSOSMC) két hop thuat toan t6i wu hoa bay dan (PSO) dé ti wu hoa bo didu khién, nhung thuc hién
trong diéu kién lam viéc khic nghiét hon. Trong thur nghiém nay, toc do duogc giir khong doi o tée do thap
25 rad/s, budc tai bén ngoai thay doi tir 0 dén 100% tai dinh muc tai t=0.5s, Rs va Rr ting 150% (thay vi
bang 50% nhu trong [3]) tai thoi diém t=1s (Rr*=2.5Rr, Rs* = 2.5Rs) , tai t=1.5s Rs va Rr giam xudng con
tang 50% S0 Vvai gia tri danh dinh (Rr*=1.5Rr, Rs* = 1.5Rs). (Rs, Rr: 1a dién tr¢ staor va rotor danh dinh)
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Hinh 6: Pap tmg hé théng khi tham sb Rs, Rr thay dbi : (a) tdc do, (b) Rs; Rr, (¢) mé men, (d) tir thong

So sanh cac két qua thu duoc trong Hinh 6 va két qua chi ra & trong [3, Hinh. 12-13] cho thy cac bo diéu
khién déu co kha nang thich nghi khi van hanh ¢ toc do thap, thay doi tai 1on va thong s6 khong chac chan.
Tuy nhién, hiéu sut va tinh bén viing cua bo diéu khién BS_NSTA-SOSM la tét nhét & ca trang thai qua
d6 va xac 1ap on dinh ciing nhu khi d6i mat voi nhiéu tai va bién dbi. Trong Hinh 6, toc 6 BS_NSTASOSM
dugc giir khong ddi va chinh xac bang téc do tham chiéu trong hau hét thoi gian khao sat, nhiéu va dao
dong téc do, md men va tir théng phi gan nhu khéng ton tai. Nguoc lai, véi bo diéu khién BS_INTSM hién
tugng dao dong va chattering xay ra trong toan bd thoi gian khao sat, dac biét, chattering tang cao hon khi
Rs, Rr ting. Cac két qua trén Hinh 6 ciing cho thiy rang, du duoc khao sat trong diéu kién khao sat khac
nghiét hon nhung bg diéu khién BS_NSTA-SOSM cho thay kha ning dap ng toc d6 va mo-men tét hon
bo diéu khién téc d6 hién dai bang thuat toan PSO cho phan héi tét & dai téc d cao nhu dugc chi ra trong
trong [3, Hinh 12-13], tuy nhién, d4p (mg mo ment va toc do [3] van ton tai dao dong kha 1on.

Bang 2. So sanh chién lugc diéu khién BS_INTSM va BS NSTASOM véi 100% tai dinh murc

Rr*=2.5Rr, Rs*=2.5Rs

BS_INTSM

BS_NSTASOSM

Pap tng dong

Tét

Xuét sic
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D&i theo chinh xac tham chiéu Tét Xuat sac
Bén vimng trudc nhidu tai Trung binh Xuat sac
Bén viing trudc thay doi Rs, Rr Trung binh Xuit sdc
Giam Chattering Trung binh Xuat sac
5. KET LUAN

Trong bai bao nay, cau trac diéu khién BS NSTA SOSM cho diéu khién vector FOC cua hé truyén dong
SPIM duoc dé xuét. Cac két qua mé phdéng dugc khao sat trong cac diéu kién van hanh & céac dai téc do
khac nhau c6 xét dén sy thay doi ctia cac thong sé may va nhidu tai bén ngoai cho thiy bo diéu khién
BS_NSTA-SOS hoat dong hiéu qua, mot mat, né cung cap cac phan hoi du ra nhanh, chinh xac, mit khéc,
tang cuong sy bén viing, on dinh cua hé théng SPIMD va loai bé dugc hién tugng Chatering. Cac khao sat
tuong tu ciing duoc tién hanh cho b diéu khién BS_INTSM nham thiét lap khung so sanh, phén tich va so
sanh ciing duoc thyc hién voi cac b diéu khién moi duoc nghién ciru phat trién gan day. Nhiing két qua
md phong nay da chimg minh b diéu khién dé xuat da cai thién dang ké hiéu suat va sy bén viing cta hé
thong truyén dong SPIM, cho tc d dap timg nhanh hon, sai sé xac 14p nhé hon, hé théng 1am viéc bén
virng, 6n dinh hon bo diéu khién BS-INTSM, va cac bd diéu khién dugc dé suat trong [3,15,22, 23].
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A NOVEL ROBUST HYBRID BS_NSTASOSM CONTROL STRUCTURE FOR FOC OF
SPIM DRIVES

Ngoc Thuy Pham
Dept. of Electrical Engineering Technology, Industrial University of Ho Chi Minh City
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Abstract. In this paper, a novel robust hybrid control structure based on the combination between second
order sliding mode using super-twisting algorithm (NSTA_SOSM) and backstepping control (BS) for field-
oriented control (FOC) of six-phase induction motor (SPIM) drives is proposed. This structure effectively
solves the weaknesses of both traditional backstepping control and sliding mode control, develops and
enhances the performance of FOC by combining second-order sliding control using super-twisting
algorithm to increase convergence speed and the reference tracking ability more quickly and accurately,
the new controller works robust and stably even when working in conditions of uncertain parameter systems
and load disturbances, the chattering phenomenon is almost eliminated. The obtained results by simulation
using the Matlab/Simulink tool verified the performance of this proposed control structure.

Keywords: Backstepping; Sliding mode; Second - order sliding mode; Super twisting algorithm; Six phase
induction motor drives; FOC.
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