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This paper proposes a novel nonlinear hybrid control strategy for a six-phase induction
motor, developed for electric vehicle drivetrain applications. The proposed structure employs
a Backstepping controller in the outer loop for speed regulation, while the inner loop (current
control) utilizes a Second-Order Sliding Mode technique to enhance stability and tracking
capability. The Super-Twisting Algorithm is integrated into both control loops to improve
disturbance rejection and generate smoother control signals, mitigating chattering effects.
This hybrid structure effectively addresses the nonlinear characteristics of the six-phase

Backstepping control
Second order sliding mode
Super twisted algorithm
Six phase induction motor
Field oriented control
Electric vehicle

induction motor, ensuring fast convergence and high accuracy in speed tracking, optimal
torque response. The proposed controller guarantees stable and reliable operation under
various driving conditions. The effectiveness of the proposed control structure is validated
through simulations in the Matlab/Simulink environment. Simulation results demonstrate
that the proposed structure achieves fast dynamic response, highly accurate speed tracking
with near-zero steady-state error, stable torque generation, and robust flux regulation under
various electric vehicle driving conditions including improved ECE-40, ECE-15, and rapid
acceleration/deceleration scenarios. The controller also shows strong robustness against
parameter variations through real-time estimation of rotor resistance. The findings confirm
that the proposed control strategy significantly improves dynamic stability and ensures
reliable operation of six-phase induction motor based electric vehicle drivetrains. This work
provides a feasible and effective solution for high-performance electric vehicle applications
and offers a solid foundation for future hardware implementation.
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Diéu khién truot bac hai
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Dong co khong dong b sau pha
Diéu khién dinh huéng truong
Xe dién

Bai bdo nay de xuat mot chién luge dicu khién lai phi tuyén méi cho dong co khong dong
bd sau pha, dugc phat trién tmg dung cho hé truyen dong xe dién. Chu trac dé xuét sir
dung diéu khién Backstepping cho vong ngoai nhim diéu chinh tdc do, trong khi vong
trong (diéu khién dong dién) ap dung k¥ thuat truot bac hai nhdm nang cao tinh én dinh va
kha ning bam theo. Thuat toan siéu xoan dugc tich hop trong ca hai vong diéu khién, gitp
tang cuong khd nang khu nhidu va tao tin hicu didu khién muot hon, giam thiéu hién
tugng chattering. Chu trac lai nay giai quyét hidu qua tinh phi tuyén cta dong co khong
ddng bo séu pha, ddng thoi dam bao hoi tu nhanh va d6 chinh xéc cao trong viéc bam tbe
d6 tham chiéu, d4p tmg mo-men t6i wu. Bo didu khién dwoc d& xut dam bao kha ning
van hanh én dinh va dang tin cdy trong nhidu didu kién 1ai xe khac nhau. Tinh hiéu qua
clia cAu triic diéu khién dé xudt dugce xac minh thong qua mo phong trén Matlab/Simulink.
Két qua md phong cho thay cau trac diéu khlen dé xuét dat dugc dap mg dong nhanh,
bam tbc do chinh x4c véi sai sb xac lap gin nhu bang khong, mé-men 6n dinh va diéu
khién tir thong bén vitng dudi nhiéu diéu kién van hanh xe dién khac nhau, bao gom cac
chu trinh ECE-40, ECE-15 cai tién va cac kich ban tang téc/giém tde dot ngodt. B didu
khién ciing thé hién d6 bén vimg cao trudc sy thay dbi tham sb. Cac két qua nay khing
dinh chién luoc didu khién duoc d& xuit cai thién dang ké tinh én dinh dong hoc va dam
bao kha ning van hanh tin ciy cho hé truyén dong xe dién st dung dong co khong ddng
b6 sau pha. Nghién ctru nay mang dén mot giai phap kha thi va hiéu qua cho cac img dung
xe dién hiéu sudt cao va tao nén ting viig chic cho trién khai phin cimg trong twong lai.
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1. Gioi thigu

Trong béi canh bién d6i khi hau va suy giam ngudn ning luong hoa thach, phat trién hé truyén
dong hiéu suat cao cho xe dién (EV) tr¢ thanh giai phap quan trong huong t6i nang luong bén ving.
Trong d6, hé truyén dong dién — gdm dong co, bd bién doi cong suat va bo diéu khién — giit vai tro
then chdt [1] - [3]. Pang cha ¥, dong co ' khong ddng bo sau pha (SPIM) ndi bat nho kha ning chiu sy
¢b, mb-men cao, d6 gon thip va hiéu suét cai thién nhd giam séng hai dong rotor [4], [5].

Pé diéu khién SPIM hiéu qua, nhiéu chién luoc hién dai nhu diéu khién theo dinh hudng
truong (FOC), diéu khién tryc tiép mo men (DTC) va diéu khién dy bao (MPC) da duoc phat
trién [6]-[8], trong d6 FOC dugc wa chuong nho cau trac don gian va hiéu suét cao [9], [10]. Tuy
nhién, bd dleu khién PID truyén thdng trong FOC kho dap tng yéu cau khit khe cta EV, thiic
day sy xuat hién cia cac phuong phap phi tuyén nhu diéu khién trugt, backstepping, mo, mang
no-ron va diéu khién du bao [11] - [15].

Du vay, khi ap dung riéng 1é, cac phuong phdp nay thuong doi héi mo hinh chinh xac va thuat
toan phic tap, han ché hiéu qua trong mdi trudong phi tuyén ctia EV. Do d6, xu huéng lai ghép
nhiéu kY thudt dé tan dung vu diém timg phwong phap ngay cang dugc quan tam [16] — [18].

De khic phuc nhimg han ché néu trén, nghién ctru nay dé xuit mot cau triic didu khlen lai phi
tuyén mai cho hé truyén dong SPIM tng dung trong xe dién EV. Trong cau trac dé xuat, bo diéu
khién Backstepping (BS) dugc sir dung cho vong diéu khién tdc d6 va tir thong, két hop véi co
ché cap nhat tham s6 SPIM dé giam anh hudng cia sy thay d6i tham s6. Pong thoi, bo diéu khién
dong dién su dung ky thuat truot bac hai (SOSM) cai tién, trong d6 giai thudt siéu xo{m (STA)
dugc tich hop vao ca hai vong diéu khién toc do va dleu khién dong nham nang cao tinh 6n dinh,
toc do dap ung va kha nang chong nhidu cua hé truyén dong. Hiéu qua va do bén viing cia ciu
trac diéu khién dé xuat cho hé truyén dong SPIM ting dung trong EV dugc kiém chimg théng qua
md phong chi tiét trén nén tang Matlab/Simulink.

B6 cuc bai bio gdbm: Phan 2 trinh bay phuong phap diéu khién dé xuit; Phin 3 phan tich két
qua mo phong; Phan 4 1a phan két luan.

2. Phuong phap nghién ciru
2.1. M6 hinh hé truyén dgng SPIM

Hinh 1 moé ta céu tric téng thé ctia hé thng truyén dong SPIM bao gdbm mét bd bién tan nguﬁ)n ap
séu pha (SPVSI) cap nguén cho mot SPIM. Ky thuét phén ra khong gian vecto dugc st dung dé dat
duoc ba khong gian hai chidu ddc 1ap tir khong gian séu chiéu v6i ma tran bién doi 6x6 [5].

L1 1 BB
2 2 2 2
o ¥ B’ 11
2 2 2 2
1 1 1 B B
Te= =1 -= = = == 0
63 2 2 2 2 (1)
o N3 B 11
2 2 2 2
1 1 1 0 0 O
00 0 1 11

Céc phuong trinh toan hoc ctia SPIM dugc viét trong hé quy chiéu dimg yén dudi dang:
[VSJ_[RSJ[lsj“Lp([LSSJ[ISJ [Lsr][lr]) @)
[o]=[Re ][t ]+ p([Le JL0 J+[ L [15])

Trong do: P la toan tr vi phén, [V], [1], [R], [L] va [Lm] 1an luot 13 cac vecto dién ap, dong

dién, dién tro, ty cam va hd cam, cac hi s6 r va s chi rotor va stato. Vi rotor 1a 10ng soc nén [Vr]
bang 0. Qua trinh chuyén dbi co dién chi thuc sy dién ra trong khong gian con DQ:
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Vo] [R+PL, 0 Pl o e

Vg | | 0 RePL 0 Pl | 1 @)
0 Ply  oly R+PL ol || 1o
0 ~oly Py -—oly R4PL |1

Trong ba khong gian con chi c6 khong gian D—Q tham gia qua trinh chuyén ddi tao ra mé men
dién tir [1], cac khong gian con con lai (x—y) va (zi—z2) gdy ra ton hao, khong tham gia vao qua
trinh sinh cong, nén SPIM c6 thé dugc rat gon va tuong ty nhu dong co IM trong khong gian D—
Q. Tuy nhién, néu giit nguyén mo hinh trong toa do ding yén s& khé khin trong viée thiét ké bo
diéu khién, dé khic phuc vain dé nay, nén SPIM can dugc bién ddi sang hé toa do quay dong (dq).

Phép bién dbi tir hé toa do DQ sang h¢ dq duoc thuc hién thong qua ma tran T, c6 dang nhu sau:

| cos(8,) —sin(sy) 4
27 |sin(s;)  cos(s,) (4)
Trong do or 1a vi tri goc cua rotor so véi stato nhu trong Hinh 1.
‘ JI S AJE Jﬁ K}
T S| b
Hinh 1. So do tong quan cia hé truyén déng SPIM
2.2. M6 hinh truyén dong trong EV
Trong FOC, ta c6: wiq= 0, ¥rg= Wg. MO hinh dong luc hoc ctia SPIM dugc biéu dién:
L, d;“’ = —ai, + Lym,i,, + bRy 4 + U,
t
disq . .
L, o + Lagi,, + Doy g + U, G
5
do 3 . SoL i T,
d—tr=;P ; . (l//rd'sq)_TL_ Boy
Gy Ly, L
dt . Iy ] 4%
Trong do gzl_i'gzi;a:M;b:LmRr;c:i;z—rzi
Lt olgL, ol ol o R
Te = %np%‘//rdisq (6)
Ly -
Wy = Tr‘//rd Isq (7)
Mit khac ta ciing c¢6 thé bidu dién mé men theo phuong trinh dong hoc:
do,
T =T, + Bo, +J dtr (8)

_Fiy Moving diretion

Hinh 2. So do truyén déng dé xudt trong xe dién Hinh 3. Cdc lyc co ban tic dung [én xe [15]
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Céc banh xe dugc cung cap moé-men tir SPIM nhu duoc biéu dién trong so do truyén dong dé
xuét trong xe dién (Hinh 2) vi vdy can xét dén cac yéu td anh huong dén moé hinh dong luc hoc
ctia EV nhu diéu kién mat dudng, kha nang ting tde, luc can khi dong hoc, v.v. Trong chién luoc
diéu khién dé xuat nay co tinh dén khi dong hoc cuia xe. M6 hinh nay dya trén cac nguyén tic co
hoc xe va khi dong hoc (Céc luc co ban tac dung 1én xe duoc biéu dién trong Hinh 3). Tong luc
kéo duoc xac dinh:

Fe =Fr+het Fa tha + R
~ Mg + mgsinf+%pACdv2+m%+ F ©

Trong do, Fte: Lyc kéo; Fhc: Luc leo d6i; Frr: Luc can lan trén banh; Fla: Luc gia toc tuyén
tinh; Fwa: Lyc gia tdc goc; m 1a khéi lugng EV; g 1a gia toc trong truong; v 1a van tbc clia xe; urr
1a hé s6 luc can lan; A la dién tich mat trude EV; f 1a goc leo ddi; Cd 1a hé sb can; FL la nhiu bén
ngoai; r 1a ban kinh lép cua EV; r 1a mat @6 khong khi; G ty $6 truyén; vr 12 téc d cua banh xe
sir dung SPIM, Te md men yéu cau cua EV.

Trong Hinh 3, m6 men yéu cau ciia EV Te c6 thé duoc biéu thi don gian la:

rk
Tn="g" (10)
Cong suat can thiét dé 14i xe ¢ tbc d6 v phai bu cho cac luc phan khang:
1 dv
P =vFR, =v(u,mg +mgsin f +2pACdV +mdt +F) (12)

Khi sir dung chién luge diéu khién FOC, M6 men dién tir ¢6 thé duoc dién giai:
T, = Kiigg (12)

Trong do6, K, 12 hé s6 mé men; Isq thanh phan dong dién stator isq trong h¢ quy chiéu dq.
Tt m6 hinh dong lyc hoc cua xe thé hién ¢ (1)—(3), md men yéu cau ciia dong co mot banh xe
¢6 thé dugc biéu dién nhu sau:
T : 13
— =Thotor = Kt'sq ( )
Trong d6: n 14 s6 lugng dong co din dong cia EV.
Phuong trinh m6é men cua dong co nhu sau:
(14)

do, do, T,
To=1J dtr + B, + Toror = J dtr + Ba, + ?’“

Trong do: B 1a hé séﬂnhdt, Jla quan tinh ctia dong co keo banh xe. i
M6 hinh dong hoc téng thé cua hé thong EV bao gobm phuong trinh m6-men cia SPIM c6 thé
duoc viét nhu sau:

2
re |de r 1 .
T, =| J+m— |—L+ B, +—| 1,mg + = pACyv? + mgsing+F,
e [ nGg] dt i nG(/urrg 2,0 d gsin ¢ Lj

(15)
(16)

e ™ G2

Rt gon ta co: T _[J o ]dwr
n
Trong d6 T, : M6 men tai (bao gom anh hudng ciia lyc can lan, khong khi, nhidu dong bén ngoai)
2.3. Céu triic diéu khién STABS SOSM cho hé truyén dpng FOC SPIM
2.3.1. Thiét ké STABS cho vong diéu khién téc dé va tir thong ngoai

Trong vong diéu khién nay, chién lugc BS duoc phat trién dua trén 1y thuyét on dinh
Lyapunov, trong d6 giai thuat siéu X04n STA dugc tich hop vao BS gilip néng cao kha nang
chéng nhiu va thich nghi tham s6. Céc sai s6 dugc dinh nghia nhu sau:
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t
g, =0 —w+ k'a)J‘(a)* —w)dt
0

. 17)
A e £ ky/_[(‘//rd —¥q)dt
0

Vi phan sai s6 ta co: .. 3 ol T, D

£,=0 —=N —=y i +—++Bo+k, (0 —o)

2" J
: (18)
: * Lm . 1 ' *
SW =Wy _Tlsu +7Wrd + k(// (l//rd _l//rd)
N : ~. 1

Ham Lyapunov dugc dinh nghia: Vi, = E( ) (19)

Vi phan V:

. : : " T Cs oLy 1 Lo

Vi =€,&,+ £, 8, = gl —ky i, +?+ Bo+k, (@ —a))+{>‘wrd W= g +—W, + kw (W —V) (20)
T T

3 oL
Trong do: k=2, ‘3 :
Céc thanh phan diéu khién a0 dong dugc chon sao cho dao ham Lyapunov V' < 0 nhu sau:

i = 1 ke, + do, +L+ Bo, + k(o] - a)r)+Hc
T oky, J ’

: Ky, Ky 12 hé sb duong

o (21)
. dy,, 1 (v
Iy = |1_.r|:kwgu/ + (‘fi/trd + ?W'd + kw (‘//'d T VY )+ HCW:|

Trong do: m,, m,, la cac tin hiéu diéu khién dugc dua vao dé cai thién hiéu suét cua
Backstepping. Véi viéc st dung gidi thudt siéu xoan (Super-Twisting) [19], [20], n,,, 1., dugc
dinh nghia:

M, =4 leo|*® sat(s,) -, [ 52t (e, ) dt

22
n, =-4, ‘gw‘o.s sat(gu,)—fwj.sat(gy,)dt (22)
N _ L. dV
T ()~ (12). ta co () = i i -l 1T, < 0 (23)
Mé-men tai T, duoc uwdc lugng nhu sau: o b (3L, ) dda] (24)
Tlipl2 L) Pae

2.3.2. B diéu khién STA_SOSM diéu khién dong

Trong vong (‘iiéu khién dong, diéu khién truot bac hai’ véi gifli thuat siéu xodn (STASOSM)
dugc d€ xuat nham néng cao d chinh xdc va kha nang chong nhicu.
Sai s0 dong dugc dinh nghia: { Eigg =g —i (25)

s
ok -
Eisqg = lsqg ~lsq

Vi phan 2 vé cua phuong trinh (14) va két hop voi phuong trinh (5), ta co:

deg dig 10 :
TItSd = distd—rs[- alSd + Lsa)elsq + ber//rd + Cusd:l (26)
deg, di, 1. | _
% = TT —L—s[— aig, + Lyogiyy + Doy g + cusq]
Mit truot phi tuyén bac 2 SOSM [19], [20]cai tién duoc xac dinh nhu sau:
{51} d(;itSd + 4 |6isg ‘UZ sat(eisq)
=l 4o
%2 thsq +/12.‘5isq ‘1/2 sat(&isq) (27)
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Ham Lyapunov dugc chon: V= 1( 4 ) (28)
2 Eis isq
Vi phan 2 vé phuong trinh (17): dv déjeq déigq (29)
E:gisd dt + Sigq dt
D¢ V' <0, ham diéu khién dugc chon Beiss _ 4y )
dt sd Visd (30)
d bisa _ —KsqVisq ()
dt e
Trong dd: Vi ();Vigq (1) 1a cac ham diéu khién truot theo STA va duoc dinh nghia:
{visd (t)} | afsi"sat(s) + k [ sat(s) a1
Visq (1) Ksls, ' sat(s,) + k4ﬁ sat(s,) (31)
Trong d6:  k =15,/C;;k, =1.1C;;k; =1.5,[C, ;k, =1.1C,; Véi  ¢,>0C,>0
Tir cac phuong trinh (26), (30) va (31), ta xac dinh dugc cac vector didu khién ao:
L | dig, 1r. .
Uy = CS|: dstd + ksdvisd (t):| + E[alsd - ste'sq - bRr'v’/rd ]
(32)

L, di. . )
Uy = [ df[q sqVisq (t)} [a'Sq — Loy —bagyg ]

2.3.3. Udc luwong dién tro stator va dién tré rotor:

Tir cac thanh phan dong stato i, I do duoc, ta udce luong dién tré stator nhu sau:

dﬁ I - a &
’ diif 'ﬂ|:( sa 'sa)'sa + ('sﬁ -lsp )'sﬂ:| 7 (33)
Trong d6: u 1a hé so udc luong. Bign troé rotor Rr duoc uwdce lugng dua trén su thay doi ti 1§
tuong g véi dién tré stato Rs (Trong d6, Kr 14 ti s gia tri dinh marc cua dién tré stato va rotor).
R =K.R (34)

3. M6 phoéng va thiao luan

Trong phan nay, cac méd phong duoc thyc hién dé danh gia toan dién hiéu qua diéu khién, kha
nang bam chinh xéac téc d6 tham chiéu va do on dinh dong luc hoc cua cau trac diéu khién lai phi
tuyén dé xuat. Hinh 4 minh hoa md hinh h¢ truyén dong SPIM g dung trong EV véi Kién trac
diéu khién dé suat STA BS SOSM. Céc kich ban thu nghi¢m bao gom chu trinh d6 thi ECE-40,
chu trinh ECE-15 cai tién, cing mdt chu trinh tham chiéu téc do dang bac thang dugc xay dung
dua theo cac chu trinh co ban dugc khao sat trong [2], [15], [18].

Thong sé cua dong co: 10 kW, dién ap 220 V, tém s6 50 Hz, 6 cuc, 970 rpm, Dién tro: Rs =
1,63Q, Rr = 1,08Q, Pién khang: L = 0,2792 H, L, = 0,2602 H, L, = 0,2602 H, J = 0,109 kg.nm’.

+ Chu trinh khao sit thir nghiém thir nhét sir dung chu trinh ECE-40 dugc céi tién mo
phong dua theo tai liéu [18]. Day la mot chu trinh lai xe tiéu chudn chau Au, trong d6 cac dit liéu
biéu dién téc d6 tham chiéu cua xe theo thoi gian. Chu trinh ‘nay déc trung boi van téc xe tuong
dbi thap (t6i da 55 km/h), phu hop dé thir nghiém hiéu suit cua xe dién hoat dong trong moi
truong do thi.

+ Chu trinh khdo sat thir nghiém thi hai sir dung mét chu trinh ECE_15 dya theo mé ta
trong [15], v6i thoi gian khao sat kéo dai 5 chu ky thir nghiém lién tiép, 4 chu trinh ddu twong
duong voi khao khat trong ndi d6, chu trinh thir 5 danh cho cao tdc (khu vuc ngoai thanh). Hinh
6 minh hoa cac dap tmg toc do, sai s6 toc d, dong, mé-men va tir thong rotor.
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+ +
Ngudn 1 /
DC Chopper - \
N
" i A 4 A
Hg¢ thong dong hoc xe dién | =
| g
(=]
PWM o] ] i
2 >6
Isd*, ] 2€6 0 o 1or
isg*| SOSM |« e@<—e‘
» r'S
- Og]
Uécluwong |
Rs, Rr [~
> + + >
Lm/(1+st)) Tm»i} Lm/,f

Hinh 4. H¢ truyén dong SPIM sir dung cdu triic diéu khién dé xudt cho EV

ECE-40 CAI TIEN

Tée do tham chiéu
=== Téc d5 SPIM

Tée do SPIM (rpm)
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a. Pap img toc dg
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5
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Z
z
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s
-5
0 5 10 15
Time (s)
b. Dap vng mo men
200 200
100 100
0 0

5 55 6 8 8.4 8.8
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Hinh 5. Hiéu sudt cau tric diéu khién d@é xudt trong Chu trinh khdo sdt thir nghiém ECE-40 cdi tién [18]
Tu két qua thu dugc trong Hinh 5 va Hinh 6 cho ching ta thdy rang cau trac diéu khién dé
Xuit hoat dong 6n dinh theo yéu cau ting, giam toc va dung thuong xuyén phuc tap trong 2 chu
trinh khao sat. Tdc d6 cua EV bam theo chinh xéc toc do yéu ciu, sai s6 xp xi bang 0 trong cac
trang thai xdc 1ap va qua do, thdm chi ngay ca ¢ téc do thap va bang khong. Mo men dap uang
nhanh, tir théng duoc giir 6n dinh trong toan by qua trinh khao sat. Cac vector diéu khién thu
dugc dya theo Lyapunop nén hé 1am viéc én dinh, bén viing.

http://jst.tnu.edu.vn

431

Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14): 425 - 433

S|

T
| ECE-ISCAITIEN
0 Subliten

T
ECEA5 fird) —Fil)

100

L
50 ﬁ
g.ﬂ«' U U‘ ‘" r\] \' ——Tiedi it

===Toed)EV

en (Nm)>

Tée A6 EV (km/h)
ne FiD, FiQ (Web)

a. Pdp iimg téc do b. Pap vng mé men c. Tir thong rotor trén DQ

tho!

Tme (s}

I
0 10 0 30 40 50 60

x10° T T
4 —isd

1

08

or (Web)

06

i theo toe do (rad/s)

Dong isq (A)
&

—Fi_Red
02 ——Fi_STA BS SOSM

- | | I I I I I I I
n 0 10 20 30 40 50 60 0 10 20 30 4 350 60 0 10 20 30 40 50 60

e. sai s6 wéc lrong f. Thanh phan dong isq g. Tur thong rotor trén dq
Hinh 6. Hiéu sudt cdu triic diéu khién dé xudat trong chu trinh ECE-15 cdi tién

+ Chu trinh thir nghiém thir 3; Chu trinh nay dugc thuc hién theo mo hinh thir nghiém trong [2].
Chu trinh van hanh nay bao gom: giai doan tang toc tr 0 dén 60 km/h (twong duong khoang
400 vong/phut); giai doan giam toc tir 60 km/h xuong 30 km/h (khoang 200 vong/phut) khi xe

xuong ddc; va giai doan tang toc khi 1én doc v6i van toe dat 80 km/h (khoang 535 vong/phut).
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Hinh 7. Hiéu sudt cau triic diéu khién dé xudt khi téc do thay doi dot ngot

Hinh 7 minh hoa dap tmg tbc do, dong va mo-men. Két qua thu dugc cho théy bd diéu khién
tbc do dé xuat hoat dong hiéu qua, v&i dap Gmg nhanh va chat lugng diéu khién cao trong ca giai
doan qua d6 va ché do xéac 1ap. Diéu nay dap ung tdt cac yéu cau cua hé thong truyen dong trong
Gng dung EV. O ca ba kich ban khao sat, h¢ thong cho thay kha nang bam theo toc do tham chiéu
rat tot, sai s trong ché do xac lap gan nhu bang khong. Ciu trac dleu khién STA BS_SOSM thé
hién kha nang dap ing dong xuét sac trong cac pha ting va giam tdc, giup hé thong diéu khién xe
dién phan ung nhanh, chinh xéac.

+ Thao luian vé kha nang thich nghi véi sy thay dbi tham sé:

Tt phuong trinh (5) va (32) chung ta thdy rang, Rr c6 anh hudng t6i qua trinh tinh toan vector
didu khién a0 Ug, Usq. Viéc cap nhat lién tyc Rr trong subt qua trinh xe véan hanh s€ giap tin hiéu
diéu khién duy tri d6 chinh xac va thich nghi v6i sy bién thién tham sb cua dong co trong céac
diéu kién 1am viéc khéac nhau.

+ Thao luin vé kha niing trién khai thyec té: Bo diéu khién dé xuat STA-BS_SOSM c6 do
phtrc tap cao hon so véi cac bd diéu khién PID truyen thong, do d6 yéu cau ciu hinh phan cimg
manh hon. Nhom tac gia da phén tich va u6c luong rang cau trac ndy co thé duoc trién khai trén
DSP TMS320F28335 hodc FPGA véi toc do lay mau 10-20 kHz. Trong tuong lai, nhém s& thuc
hién kiém chimg HIL va thir nghiém trén phan ctng thuc dé danh gia kha ning dap @ng trong
diéu kién thuc té cua xe dién.

http://jst.tnu.edu.vn 432 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14): 425 - 433

4. Két luan

Trong bai bao ndy, chung t6i phat trién mét cAu tric FOC méi cho hé truyén dong SPIM trong
mg dung xe dién (EV), voi bd diéu khién STA BS_SOSM lai phi tuyén. Cau triic d¢ xuat dugc
thiét ké nham bam sat toc do tham chiéu chinh xéc, tao dap ing mo-men nhanh, dong thoi duy tri
d6 6n dinh cao trong sudt qua trinh van hanh. Giai phap nay giup hé théng EV dap mg cac yéu
cau k¥ thuét quan trong nhu dai diéu chinh toc do rong, kha nang khéi dong nhanh, va hoat dong
6on dinh ngay ca o toc d thip va mo-men tai 1on.

Céc két qua mo phong cho thiy phuong phap diéu khién dua trén cau traic STABS_SOSM
khong chi mang lai hiéu sudt didu khién vuot troi ma con dam bao tinh phu hop véi céc tiéu
chuan k¥ thuat va diéu kién van hanh thuc té ciia EV. Piéu nay khing dinh tinh kha thi va hiéu
qua cao ctia chién lugc didu khién dé xuat khi trién khai trong méi trudng thyc tién.
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