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Electric driver systems for electric vehicles provide the traction needed to
move the vehicle at the driver's command. They have the following
characteristics: Must have a wide speed control range; high torque when
starting and climbing; convenient control; stable working in all
environmental conditions; have the ability to regenerate energy when
braking and when going downhill. This paper proposes the application of
an adaptive fuzzy neural system and model-based predictive control for
electric vehicle transmission using 3-phase asynchronous motors. Model
predictive control is used for torque control loops and adaptive fuzzy
neural control is used for speed loops. The results are checked through
simulation on Matlab - Simulink software when the vehicle is working in
the conditions of unchanged speed and torque and when the vehicle is
working in the conditions of changed speed and torque showing that the
system is suitable for the vehicle's operating conditions.
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TU KHOA

Xe dién chay bang pin

Diéu khién du bao theo md hinh
No ron - m¢ thich nghi

Xe dién

Pong co khong dong bo

Hé thong truyén dong dién cua xe dién c6 chirc ning cung cip cong
Suét kéo can thiét dé di chuyén xe theo ménh Iénh cua nguoi lai xe. Yéu
cau ddi vé6i hé théng truyén dong xe dién la chung phai co dai didu
khién téc d6 rong, mdé men xoén cao trong qua trinh khai dong va leo
déc, thuan tién trong diéu khién, 1am viéc 6n dinh trong diéu kién moi
truong thay ddi va dé dang tai tao ning luong khi phanh va khi xubng
déc. Bai bao dé xuét ung dung hé no ron md thich nghi va diéu khién
du bao theo md hinh cho truyén dong xe dién sir dung dong co khong
dong bo 3 pha rotor long soc, trong d6 diéu khién du bao dugc sir dung
cho mach vong diéu khién mo ‘men, diéu khién no ron mo thich nghi
dugc sir dung cho mach vong tdc do. Két qua dugc kiém tra thong qua
md phong trén phan mém Matlab - Simulink @ng véi khi xe lam viéc
trong diéu kién toc do va mé men khong thay doi va khi xe lam viéc
trong didu kién téc do va mé men thay doi cho thdy hé thong phu hop
V6i cac didu kién hoat dong cua xe.
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1. Gigi thigu

Véi tinh trang khan hiém nhién liéu va mdi lo ngai ngay cang ting vé tac dong méi truong cua
céc phuong tién giao thong, ngdy nay cac phuong tién chay bang dong co dot trong (IC) dang
dan duoc thay thé bang xe dién (EV), chung c6 kha ning chay bang ning lugng duoc tao ra tir
cac ngudn tai tao nhu ning lwong mat troi, thuy tridu va gio, do do loai bo su phu thudc cua
chung vao nhién liéu hoa thach khong thé tai tao. Xe dién ciing c6 thé cung cp nang lugng tir bo
luu trir ndng lugng cua chuing khi dimg yén va c6 thé dugc tich hop véi ludi dién dé quan 1y ning
luong tong thé [1].

Hé thong truyen dong dién cua xe dién chay bang pin (BEV) ¢6 chirc ning cung cap cong suét
kéo can thiét dé di chuyén xe theo ménh lénh cia nguoi 1ai xe. Hién nay, hé thong truyen dong
dién c6 2 nhom, d6 1a hé thong truyén dong dién dugc Chuyen dbi tir xe nhién liéu truyén thong
va hé thdng truyén dong xe dién chuyén dung. Dbi vé6i hé thong truyén dong dién duoc chuyén
ddi tir xe nhién liéu truyén thong vé co ban chi thay thé dong co nhién lidu bang dong co dién,
giir nguyén két cau co khi truyén luc dén cac banh xe. Déi voi hé thdng truyén dong dién chuyén
dung 4p dung cho nhirng xe dién thiét ké tir diu, loai ndy c6 2 c4u hinh 14 ciu hinh ngoai banh va
c4u hinh trong banh.

Pong co sir dung trong xe dién co thé 1a dong co mot chiéu hoic dong co xoay chiéu 3 pha,
mdi loai c6 wu nhuge diém riéng va dugc lya chon ap dung cho ting trudng hop cu thé. Hién nay
ngudi ta c6 xu hudng sir dung dong co xoay chiéu 3 pha két hop véi bo bién ddi dién tir cong
Suit, ching ¢6 uu diém 1a chi phi thap, hiéu qua cao, van hanh manh mé tin cay [2].

Diéu khién hé thong truyén dong xe dién 1a yéu cau quan trong nhat trong diéu khlen xe dién.
Trong qua trinh tang toc khi khoi dong xe, didu quan trong 1a phai c6 mo- men xo0in khoi dong
cao dé xe co thé dat téc do t6i da khi dang tai. Pay 1a khu vuc cia mé-men xoin khong doi. Khi
dat dén toc do thi da, chiéc xe s& hoat dong véi cong suat khong doi. Diéu nay dit ra gisi han vé
toc d6 ma phuong tién c6 thé dat duoc khi didu khién mo-men xoén nhit dinh [3].

D3 c6 nhiéu nghién ctru va cong viéc dugc thyc hi¢n trong linh vuc diéu khién he thong
truyén dong xe dién. Liu va cong su di dua ra nhan xét tong quan Ve cac chién lugc didu khién
may dién trong xe dién [4]. Marcin Zelechowski va cong su da dé xuat phuong phap diéu ché véc
to khong gian diéu khién tryc tiép moé men xoan hé thong truyén dong sir dung dong co khong
ddng bo (KPB) [5]. Céc tc gia trong [6] da dé xuét diéu khién du bao cho robot di dong sir dung
phuong phap tuyen tinh hoa. Ahmed va cac cong su da dua ra bo didu khién du bao theo mé hinh
lién tuc dé diéu khién moé men dong co khong ddng bo trong dai tbc do rong [7]. Cac tac gia
trong [8], [9] da thuc hién so sanh gilta phuong phap diéu khién tua tir thong (FOC) va phuong
phap diéu khién moé-men xoén truc tiép, tap trung nhiéu hon vao viéc so sanh giita cac trién khai
khac nhau cta chién luoc didu khién md-men xoan tryc tiép (DTC) va danh gia dwa trén cac tiéu
chi nhu d6 gon md-men xoin, d6 gon tir thong stato, tong méo hai, ...

Bai bao nay trinh bay thuét toan diéu khién téc d6 va mo-men xoan hé thong bién tan - dong
co khong ddng bo trong truyén dong xe dién dua trén hé no ron mo va diéu khién du bao theo mo
hinh (ANFIS-MPC). Bai bao dugc ciu trac nhu sau: Sau phén giai thiéu, phén 2 trinh bay cau
trac hé diéu khién va thiét ké mach cac vong diéu khién, phan 3 trinh bay két qua md phong dé
Kiém tra dap Umg dong cua hé thdng theo hai kich ban, tng voi khi he thong lam viéc trong diéu
kién t6t nhat va khi hé thdng 1am viéc trong didu kién x4u nhit, phan cudi cing 1a két luan va
kién nghi.

2. Thuat toan ANFIS-MPC diéu khién hé thong truyén dong xe dién
2.1. So dé khéi hé théng

Hinh 1 chi ra so do khéi hé théng truyen dong xe dién st dung dong co khong dong bd rotor
[ong soc. Mach lyc géom nghich luu nguodn ap vdi 6 van IGBT lip theo so d6 cau, cung Cap nguon
dién xoay chiéu 3 pha c6 dién ap va tan s co thé diéu khién duogc cho dong co khong dong bo,
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truc dong co ndi vai bo truyén dong vi sai cua xe. Gia thiét bo qua ton hao va sai sb cua bo truyén
co khi. Bai toan diéu khién dit ra 1a can diéu khién 6n dinh téc d6 va moé men dong co phu hop
VGi yéu cau cua xe dién, d6 1a chung phai ¢ dai diéu khién toc do rong, mé men x0dn cao trong
qua trinh khoi dong va leo déc, thuan tién trong diéu khién, 1am viéc 6n dinh trong diéu kién moi
truong thay doi va dé dang tai tao ning lwong khi phanh va khi xudng déc. Van dé diéu khién tai
tao ning luong chua dugc dé cap trong bai bao nay.

Sa ?

Oref £ Tt Sg j
—»@)—> ANFIS MPC Tnverter :

¥

Yy ¥y

» Sc

@ F 3 m
Wil (k)

Udc heong | iapc
trthéng | ia,p

Hinh 1. So d6 khdi diéu khién dw bdo déng co KPB cho xe dién

Mach diéu‘ khiénqgém 2 mach vong nhu Hinh 1, vong diéy khiér} md men (bén trong) su dung
chien luoc dicu khién du bao theo md hinh (MPC), vong dieu khién toc do (bén ngoai) str dung
b6 diéu khién no ron mo thich nghi (ANFIS).

2.2. Thiét ké bg diéu khién MPC cho mach vong mé men

MPC 1a mét trong nhitng chién lugc diéu khién duéi dang k¥ thuat s6 [1]. Uu diém cua chién
lugc diéu khién nay 1a phan ang linh hoat; phu hop véi hé théng MIMO véi cac rang budc va cac
ham chi phi (ham muyc tiéu). Poi Voi nghich luu ngudn ap 3 pha co 8 trang thai chuyén mach kha
di duoc liét ké trong Bang 1. Bo diéu khién dy bao tao ra cac tin hiéu diéu khién (Sas Se Sc) de
dong mo cac van IGBT cua Inverter théa mén ham muc tiéu va cac rang budc. Mudn vay, can
phai xay dung mo hinh toan hoc hé thdng; xac dinh cac bién diéu khién, bién du bao, cic rang
budc; xay dung ham muc tiéu va chién luoc tbi vu hoa.

Bang 1. Cdc trang thdi chuyén mach cia nghich luu

TT Sa Sb Sc Véc to dién ap
1 0 0 0 Vo=0
2 1 0 0 Vi = 24Vy/3
3 1 1 0 v, Ve , M3,
3 "3
& 0 1 0 v—-Ye, 3By
3 173
5 0 1 1 V4 = -2%V3
6 0 0 1 v, = Ve V3
3 173
7 1 0 1 v, = Ve By,
E
8 1 1 1 V,=0

+ MO hinh toan:
MO hinh toan cta dong co khong dong bo rotor long soc dugc bicu dien [10], [11].

Y s %Jrj z‘i—ﬁ l—Ja) )
R S (Tdt a’kGS R ’Z'S l//r
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. dy
u, =R, +— 2
S S'S dt ( )
di, . .
v, +TO'E+ J(a)k _w)rrl/lr - Lmls =0 (3)
w, =L, + L 4)

Trong do:
r,=L/R:7,=L/R;c=1-L /(L +L)

k=L /L;k=L/L;R=R+Rk: 1 =cL /R

Roi rac hoa (2) va (4) ta thu dugc cac cong thirc udce lugng tir thong stator va tir thong rotor

v (K) =y (k-1 +Tu, (k) - T,R i (k) (5)
000 =00+ is(k)Li*‘L—mLfLs ©
Tir thong, dong dién va md men du bao dugc tinh:
v, (K+1) =, (K) + Ty, (k) - RT.i, (K) ©)
i, (k+1) = [1+ ;—:Jis(k) + T(,Tj T {R%K';— —k, ja)]y/r(k) + vS(k)}} 8
T, (k +1)=§p*lm{1/7$(k + )i, (k +1)} 9)

+ Ham muc tiéu va cac rang budc:

Tai mdi thoi diém mot trong 8 trang thai cuia Bang 1 duoc lya chon thoa man muc tiéu bam
clia md men xodn va tir thong stator dong co theo tin hiéu tham chiéu véi sai s6 nho nhat, ham
muc tiéu dugc biéu din

3=(Te Tk +D) + (w1 —p,(k+D) - min (10)

ref
Trong do

Tt (//Sref 12 m6 men tham chiéu va tir thong tham chiéu; T, (k +1), (K +1) 1a mé men xo0an

va tir thong du bao; trong sd A thé hién sy khac nhau giita cac sé hang trong biéu thirc ham muc
tiéu.

Céc rang budc: dé dam bao an toan va tudi tho dong co dong dién stator dong co trong qua
trinh khoi dong khong vurgt qua 2,5 1an dong dién dinh muc, tirc 1a:

‘ S (11)
Tuong tng, dieu kién rang budc doi véi mé men xoan la:
Tmax S Tn (12)

Céc budc thiét ké MPC nhu sau: 5 i

(1) Nap cac thong s6 hé thong, chon chu Ky trich mau (Ts) va gia tri ham muc tiéu ban dau (Jo)

(2) Udc lugng tir thong stator i (K) theo (5) va tir thong totor y, (K) theo (6)

(3) Cho i = 1 dén 8, Tinh w!(k +1) theo (7), ii(k +1) theo (8), T.(k +1) theo (9) va J;
theo biéu thirc (10)

(4) Chon trang thai ¢6 J, ;) = min{Jli} ; thu dugc Sy, Sy, S¥ dua dén didu khién Inverter

(5) Lap lai qua trinh tinh tir budc 2 cho cac chu ky tiép theo
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2.3. Thiét ké ANFIS cho mach vong toc dp

ANFIS 13 mét 1a mot loai mang no ron nhan tao dwa trén hé thong suy luan mo Takagi-
Sugeno [12], [13], ANFIS cho phép xay dung 4nh xa vao - ra dua trén kién thirc ciia con nguoi
(thong qua luat if-then cua diéu khién mo) két hop vai cac cap dir liéu vao - ra huan luyén. Do két
hop ca mang no ron va logic md nén ANFIS phat huy duoc wu diém cua ca 2 loai. Viéc thiét ké
ANFIS cho mach vong tbc d6 dwoc thuc hién qua cac bude: Xay dung ciu tric, luat hoc, xay
dung tap dix li¢u huan luyén va kiém tra.

Cau tric ciia mang no ron md nhu Hinh 2, gom 6 16p, co 2 ngd vao va 1 ngd ra. Lép 1 ¢6 2
nit twong rNg V&i cic tin hiéu vao; mdi phan tir trong 16p 2 biéu dién mot lién thude co dang

hinh chudng 44, (X); g, (V)(i=12,3;j=1,2,3); I6p 3 thyc hién phép tinh ldy tich cic ham

W.
lién thudc; 16p 4 thuc hién phép tinh W, = 2—‘; 16p 5 thuc hién giai mo va 16p 6 thuc hién
W)

j=1
phép 1y tong dé c6 gia tri & ngd ra. V4i cdu nhu Hinh 2 s& c6 ca thay 9 luat hoc, luat hoc thir k
c6 dang:
R :IF 1, (x,) AND Hg, (%) THEN f = px+q,y+h, (13)

Trong d6 px, O« hi 12 cac tham s tuyén tinh cua ménh d& két luan duoc diéu chinh trong qua
trinh huan luyén.

Hinh 2. Cdu triic cuia ANFIS

Tap dit liéu huin luyén va kiém tra thu duoc tir thue nghiém hodc mé phong. Trong bai bao
nay ching t6i thu dugc tap dir liéu huan luyén bang phuong phap mé phong dua vao mé hinh
toan cua dong co. BO dit liéu gdm 1200 mau, mot sé mau trong sé d6 duoc liét ké trong Bang 2.

Bang 2. Mgt s6 mau cua bg dir liéu hudn luyén

5 G 3 4 s B t {g 1) To
0.015 0.015 0.015 0.014 0.012 0.010 0.007 0.004 0.001 -0
6.588 6588 6.588 6588 6.588 6588 6.588 6.588 6588 6.588
31.07 31.11 31.09 31.02 309 30.72 3051 30.28 30.07 29.89

- < X [+

Sir dung 70% s6 mau (twong tng 840 mau) cho huan luyén mang, sé mau con lai sir dung cho
kiém tra. Sau 100 ky huan luyén ta dugc bo diéu khién ANFIS voi sai s6 ¢& 5.10, sai s6 nay du
nho cé thé chap nhan duoc.

3. Két qua mé phéng

‘D¢ kiém chimg tinh hiéu qua cia céc thudt toan ANFIS-MPC ¢ trén, ta tién hanh mo phong hé
thong trong MATLAB-Simulink. So d6 m6é phéng dugc chi ra trén Hinh 3. Bién tan nguon dién
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ap str dung IGBT ludng cuc cong cach i, dong co KPB ba pha c¢6 cong suit dinh mic 15 kW
dugc st dung véi diéu ché véc to khong gian. Tan sé chuyén dbi duoc st dung 1a 5 kHz. Cac
thong s6 md phong duoc chi ra trong Bang 3. Mo phong duoc thyc hién theo 2 kich ban @ng véi
hai diéu kién lam viéc cua xe.

- Kich ban 1: Xe lam viéc véi téc d6 khong dbi va md men xodn khong doi.

- Kich ban 2: Xe 1am viéc véi téc do thay doi va mé men xoén thay doi.

<) .}@

'fj@

Tin higu dit ANFIS

o
Discrate KT y
Tss =1 m
|

sa AES + A a T
Lt 4 » 56 +1 B b * sl
@wn MPG .
Hinh 3. So d6 mé phéng
Bang 3. Théng so hé thong si dung trong mé phong
Théong sb Gia tri
Cong suat dong co 15 kw
Toc do dinh mac 1460 vong/phut
bién ap dinh mirc 400 V
M6 men dinh muc 37 Nm
bién tro, dién cam Stator (Rs, Ls) 0,7384 Q; 0,003045 H
bién tro, dién cam rotor (Rr, Lr) 0,7402 Q; 0,003045 H
HG cam 0,1241H
M6 men quan tinh (J 1) 0,0343 kgm?
S0 d6i cuc (p) . . 2
M6 men quan tinh phan co khi (qui v truc dong co (J) 1,1 kgm?

3.1. Két qui mé phéng theo kich ban 1

Trong truong hop nay, hé thdng duoc van hanh & tbe d6 va gia tri mo-men xoin khong ddi, ca
hai déu 1a gia tri dinh mac ciia may. Toc do dinh mirc 1a 1460 vong / phut, tirc 1a xap xi 150
rad/s, va mé-men xoan 1a 27 Nm. Céac két qua mo phong dugc chi ra trén cac hinh tir Hinh 4 dén
Hinh 6, trong dé: Hinh 4 biéu dién dic tinh dong cua tdc d6 dong co so véi tde d6 dit; Hinh 5
biéu dién mo-men xoin dién tir cua dong co; Hinh 6 biéu dién dong dién stator 3 pha va dong
dién pha A.

150 =—=——m— 100 -
—_ Wm _
80 H

% 100 == \Wref || E
s ~ 60
g c
S i
8 50 F g 40
= = 0

0 0

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Time (seconds) Time (seconds)
Hinh 4. Toc do dong co Hinh 5. M6-men dién tir
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100

ia

—_—— - b

x‘ \ifﬁl‘xﬁTx"'«?"ﬁ‘ﬂx’*’x%’*&hﬁ%‘”xTx KRN

50

o

-50
-100

50 | | | | | [———ial ]

o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
Time (seconds)

Hinh 6. Dong dién pha Stator
Nhan xét: Cac két qua mo phong chi ra rang khi ap dung tdc d6 va mo-men xoin dinh muc
cho hé thong toc d6 va déng co bam theo gia tri dat, mé men dién tir ddng co ban dau tang cao dé
gia toc dong co sau d6 ciing bam theo gia tri dinh muc.

3.2. Két qud mé phéng theo kich bdn 2

Hé thong dugc van hanh trong diéu kién khi ca téc d6 va mo-men xoin thay d6i. i véi toc
d6, hé dugc khoi dong va chay véi toe do 35 rad/s trong 2 gidy sau d6 tang dan 1én 150 rad/s dé
mo ta diéu kién ting toc. PSi véi mo-men xoan thay doi thay doi tai cac thoi diém 0,2 gidy va 0,3
gidy. Cac két qua mo phong trong truong hop nay duoc chi ra trén cac hinh: Hinh 7 biéu dién dic
tinh dong cua tdc do dong co so véi tbe do dat; Hinh 8 biéu dién mo-men xoin dién tir theo thoi
gian; Hinh 9 biéu dién dong dién stator 3 pha va dong dién pha A.

Nhan xét: Ta thiy rang khi c6 su thay d6i toc do, dap tng toc do dong co luén bam theo tdc
d6 tham chiéu. Déi véi dic tinh mé men vé co ban ciing bam theo mé men dit. Tai thoi diém ban
dau mo men xoén ting cao 1a dé ting toc dong co. Khoang thoi gian tir (0,2 -0,3)s md men xoan
tang cao 1a do m6 men tham chiéu va tdc do tham chiéu déu ting.

150 - 100k
E ‘é‘ 80 H
T 100 -
g =R
c
-8 g 40
g 50 - g
= = 9
0 0
0 0.‘1 0‘.2 0.‘3 0‘.4 05 0 0.1 0.2 0.3 0.4 05
Time (seconds) Time (seconds)
Hinh 7. Toc dé dong co Hinh 8. M6-men dong co
100 W I
ia
50 .] ———

-50 [

o rwfxx{&ﬂl‘mmmnm&wﬂx

-100 |

100 . . ‘ ‘ . . . ‘ :
50 | | | | | | | [———ia] |

o ; &N\/\/\J\/\.{\N\N\/\f\f
-50 | | | | | | | | | A

-100

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
Time (seconds)

Hinh 9. Dong dién 3 pha Stator

Trong ca 2 truong hop ta thdy rang dic tinh dong cua tde d6 dong co khong c6 do qua didu
chinh, thoi gian qua d6 ngan, sai s6 xac 1ap bang khong.
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4. Két luan

Trong bai bdo nay chung toi dé xuét thuat toan no ron md thich nghi va diéu khién dy bao
theo mo6 hinh cho hé thong truyen dong xe dién. Két qua mo phong cho thiy dap ung dong cua hé
thong phu hop Vi yéu cAu truyén dong xe dién, viéc thay doi toc do ém, khong c¢6 qua diéu
chinh, mé men xoédn khi khoi dong va khi thay doi téc do lon. Bai bao chua dé cap dén van dé
thu nang lugng khi phuong tién xuong déc hodc khi phanh, ving 1am viéc suy yéu tir thong ciia
dong co, kiém tra két qua trén hé théng vat 1y, day 1a cac ndi dung can tiép tuc nghién ctru dé
hoan thién.
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