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ABSTRACT

This paper presents the design of a torque controller for an in-wheel axial
flux permanent magnet synchronous motor based on the adaptive neuro-
fuzzy inference system algorithm. This neural network algorithm consists
of 5 layers trained based on the Takagi—Sugeno fuzzy logic method. The
input layer consists of the error vector and the error derivative of the stator
current. The second layer is the fuzzy layer that determines the function of
the input vectors. The third layer performs system computations according
to fuzzy rules with 5x5 matrices. The fourth layer is the defuzzification
layer. The last layer will have the required stator voltage response to the
voltage source inverter. Sustainability control evaluation for the AFPMSM
using the ANFIS algorithm will be compared with the PI controller if the
AFPMSM is unaffected by noise and the AFPMSM parameters change.
Simulation MATLAB/SIMULINK performs the results of the evaluation
and analysis.

Pi¢u Khién M6 Men Pong Co Tir Truwong Doc Truc Nam Cham Vinh Ciru
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TOM TAT

Bai bao niy sé trinh bay thiét ké cuia bo diéu khién mo-men cho dong co tir
truong doc truc ddng bo nam cham vinh ctiru (AFPMSM) tich hop banh xe
dua trén thuat toan thich nghi mo-no ron (ANFIS). Day 1a thuat toan mang
no ron gdm 5 16p dugc huin luyén dua trén phuong phap mo Takagi—
Sugeno. Lép thw nhit (16p vao) bao gdm céac vector sai s6 va dao ham
vector sai s cua dong dién stator. Lap thir hai 1a 16p md hoa ¢6 nhiém vu
xéc dinh chirc ning clia cic vecto dau vao. Lop thi ba thuc hién tinh toan
hé¢ théng theo luat mo vdi ma tran 5x5. Lop thu tu thyc hién giai mo. Lop
cudi cung s& dua ra dap tmg dién 4p stator theo yéu cau dén bo nghich luu
nguon ap. Bo diéu khién nay ¢ wu diém 1a thyuc hién thiét ké don gian vi
b6 diéu khién khong phuy thudc vao md hinh toan hoc dong co. Bén canh
d6, ANFIS thich nghi v6i nhidu do thong sé dong co AFPMSM thay doi,
vi vay ANFIS da cai thién dugc cac dap ung dong dién, mo-men, va nang
cao tinh bén vitng hé truyén dong xe 6 to dién so v6i bd diéu khién PI
truyén thong. Hiéu qua cua giai phap dé& xudt dugc danh gid, phan tich
thong qua mé phéng MATLAB/SIMULINK.
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1. Giéi thigu

Ngay nay 6 t6 dién c6 wu thé so voi 6 t6 dong co dét trong khi loai bo duge hop sé phire tap, loai bo
khi thai va than thién véi méi truong [1]. CAu triic hé truyén dong ctia xe 6 to dién xu hudng st dung hé
truyén dong dong co tich tich hgp banh xe. Cau tric truyén dong nay, dam bao luc kéo & phia trudc
hodc phia sau ctia xe tai hai hodc bon banh. Hé truyén dong kéo nay cai thién hiéu suat lai cua xe dién
thong qua sur khac biét giira cac banh 14i, tin dung tdi da ning luong xe, cai thién hiéu qua truyén dong,
tang quang duong di dugc, dé dang phanh, c6 tac dung tan nhiét t6t, va thuan tién hon cho cai dat va
bao tri [2]. Tuy nhién, xe 0 to dién sir dung cong nghé hé truyén dong dong co tich hop banh xe can
phai dam bao dong co kich thudc nho, trong lugng nhe, mé-men xodn nhd, hiéu suat cao, kha ning qua
tai 1on va dai toc do rong [3]. Dya trén nhitng dic diém quan trong ndy, dong co tir trudng doc truc nam
cham vinh cau (AFPMSM) dugc st dung nhiéu cho hé truyen dong dong co tich hop banh xe [4].
AFPMSM do dugc gan nam cham vinh ctru ¢ rotor vi vay tdn tht & mach kich tir duoc loai bo, giam
dang ké ton that & rotor. Vi vay hi¢u suit cia AFPMSM duoc cai thién rat nhiéu va mat do cong suét
16n [5]. Bén canh d6, AFPMSM vdi cdu tric nhiéu cyc tir, tir thong doc truc co rét it vat liéu 16i cho
nén dat duoc ty s6 mé men/ trong luong cao [6]. Bén canh d6, AFPMSM cé cac nam cham méng, do
do kich thudce cua chung cling nho hon so voi cac dong co tir truong xuyén tim (RFPMSM) [7]. Thém
vao d6, AFPMSM tao ra tiéng on va do rung it hon so vdi cac dong co dién xoay chidu, mot chiéu thdng
thuong. Hon nita AFPMSM duoc thiét ké, ché tao véi cac khe ho khong khi phing va dé dang diéu
chinh [8]. Nhirng loi ich nay tao AFPMSM nhiéu vu thé so voi cac dong co thong dung trong nhiéu tng
dung khac nhau. Diéu nay rét hap dan dé cac nha khoa hoc va cong ty san xuit dong co dién quan tam
nghién ctru cac giai phap diéu khién cho mé6 men, toc dd, vi tri, luc kéo hay cai thi¢n nang cao hiéu suét
dong co... Trong d6 diéu khién mo-men, téc do AFPMSM tich hop banh 6 t6 dién dam béo cac dap tng
mo-men, toc do theo yéu cau la dugc tap trung nghién ctru va dau tu dé ning cao chét luong truyén dong
dién néi chung va truyén dong kéo cho xe 6 to dién noi riéng.

AFPMSM duoc thiét ké diéu khién moé men, téc do dua trén phuong phap didu khlen truc tiép mo
men (DTC), tua tir théng rotor (FOC) va két hop céc thuét toan diéu khién nhu tuyen tinh (PI, LQR,
Dead beat...), hay phi tuyén (diéu khién truot, tya phang, logic mo....) [9] Cac két qua nghién ctru chi
dirng lai danh gia hiéu qua phat huy cta ting giai phap cho bd didu khlen moé-men, toc do trong truong
hop AFPMSM hoat dong v6i mé-men tai khong thay d6i, hay tham s6 dong co thay ddi....sao cho dap
mg mé-men c6 d§ dap mach nho va dap ung téc do thuc bam nhanh va chinh xéac véi toe do yéu cau
[10]-[12]. Qua d6 nhan thiy ring, nghién ctru giai phap diéu khién thong minh dé nang cao mo-men
AFPMSM tich hop banh xe 6 t6 dién, két hop v6i xdy dung thanh phan mé-men yéu cdu ding véi tinh
chat vay 1y hoat dong ctia xe 6 to dién, nhu chan phanh, chan ga, tic dong cua do nghiéng ciia duong va
can tré cua gio ... dé cai thién hiéu suit cta xe 6 to dién va diéu khién bén virng hé truyén dong xe 6 t6
dién 1a con it cong trinh cong bd.

Trong bai béo s& trinh bay thiét ké b dién khién moé-men AFPMSM mot mit (mot stator va mot
rotor) tich hop banh xe 6 t6 dién theo phuong phap dleu khién thich nghi mo-no ron (ANFIS). Bo didu
khién kiéu thich nghi nay 1a thuat toan mang no ron gom 5 16p dugce huan luyén dua trén phuong phap
mo Takagi—Sugeno. Lép thir nhat bao gdm vecto sai sb va dao ham sai s6 ctia dong dién stator. Lop thi
hai 1a 16p mo hoa. Lop thir ba thyc hién tinh toan hé thong theo luat mo véi ma tran 5x5. Lop thu tu 1a
16p giai md. Lép cudi cung s& co dap ung dién ap stator theo yéu cau dwa dén bd nghich lwu ngudn ap
[13]. Hiéu qua cta bo didu khién ANFIS s& so sanh voi bo diéu khién PI bing mo phong
MATLAB/SIMULINK.

Bai béo trinh bay bao gdm 5 phan chinh. Phan thir nhét trinh bay téng quan AFPMSM va tinh cp
thiét nghién ctru didu khién moé-men cho hé truyén dong kéo. Tiép théo, mé hinh toan toan hoc hé truyén
dong kéo 6 t6 dién duoc thé hién qua phan 2. Dua vao cac phuong trinh toan hoc tai phin 2 dé thiét ké
bo diéu khién mo-men thich nghi mo-no ron tai phan 3. Tinh dung dén cua ly thuyét s& duge minh chimg
bang két qua moé phong MATLAB vé cac dap g dong dién, md men giita bo diéu khién ANFIS véi
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b diéu khién PI tai phén 4. Cubi ciing, bai bao dua ra két luan nhiing dong gop cua nghién clru va kién
nghi hudng giai quyét trong tuong lai, dé cai thién, nang cao dap ing mo-men, d6 bén viing hé truyén
dong kéo trong 1y thuyét ciing nhur trién khai thuc nghiém.

2. M6 hinh toan hoc dong co AFPMSM va xe 6 t6 dién
2.1. M6 hinh todan hoc dong co AFPMSM 1 mdt

Bong co AFPMSM mét mat c6 nghia dong co AFPMSM c6 mét stator va mét rotor. Vi viy dong co
AFPMSM c¢6 thé sir dung mo hinh dong co dong bo nam cham vinh cuu (PMSM) [14]. Tuy nhién, md
hinh toan hoc dong co AFPMSM c6 su khéac biét vé gi4 tri tham sb cudn day stator va Back-EMF dong
co dugc tao ra bdi mdt nam cham vinh ctru va mét cudn day kich tir khong khac nhau.

Phuong trinh dién 4p stato trong hé quy chiéu d-q dwoc tinh toan theo cong thirc (1) va (2).
e Phuong trinh dién ap dugc viét nhu sau:

Ugg tq WmLsq lsd
[usq] - dLSd [lsq ] (1)

—WmLsq

e Phuong trinh md-men dugc xac dinh nhu sau:

3p . . .
Tyn = 332 (Lsalsqa + Am)lsq - (qu lsq) 2
Trong d6 Lsa VA Lq 13 dién cam ddng b trén truc d Va o] A, 1 tir thong; igy; isq 1a dong di¢n stator
trén truc d va q; P 1a sb doi cuc.
Vi tir thong 1a mot héng s6, nén momen ty 1€ thuan v6i dong stator truc d. Phuong trinh mé-men dién
tir dugce cho boi cong thire (3):
d
T =Ty + By, +] =2 A3)
Trong d6: T, 14 momen tai, B; 13 hé s6 ma sat, J 12 mdmen quan tinh, ®, 14 tdc do rotor (rad/s)
2.2. M6 hinh toan hgc cho xe 6 t6 di¢n

o Mo td banh xe
M0 hinh banh xe truyén dong nhu cong thirc (4):

Vi = R
{ wh = Oy R @)
TWh :TL = FtRWh

Trong d6: T,,;, 1& m6-men tac dong 1én banh xe; w,,y, 14 toc d banh xe; R,,p, 1a ban kinh ban xe; F,
1a lyc can; T; 1a m6 men tai.

Khi banh xe ti 1én mit duong v6i luc N va duogce truyén dong boi md men 12 Tun thi xe s& tac dong 1én
mat duong mot luc F, twong rng thi mat duong tac dong nguoc lai xe mot luyc ¢6 cung gia tri nguoc
hudng 1a Fr. Trong truong hop nay thi F 1a lirc ma sat va la thanh phan lyc c6 ich tao ra chuyén dong
clia xe voi van toc Vy

F=m.g.u ()
Ap dung dinh luat I newton cho cac thanh phan ngoai luc tic dung 1én than xe ta c6 phuong trinh:
dv,,
dt F Faero - roII —-m,.g. Sln(a) (6)

Trong do, Ft: 1a luc kéo cua xe, Faero: 1a Iurc cén khi d(f)ng hoc hay luc can khong khi; Fron: 1a lyc ma
sat 1an cua banh xe; my: 1a tong khoi luong ctia xe; g: 1a gia toc trong tuong; o: 1a goc nghiéng ctia duong
ma xe dang di chuyén; u: hé so bam.
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o Luyc can khong khi

F A,
2

aero

Vo, +Viging ) )

Trong mdt s6 trudng hop hodc trong mod phong ta co thé coi van toc gio V4 =0

wind

Trong do, p: 1a 1a mat do khéi luwgng cua khong khi; Cq: 1a hé s6 can khi dong hoc; Ar: 1a khu vuc
can phia trudc cta xe (dién tich mat can gio).

e Luyc can lin t6n tai trong truong hop 16p bi non
roII - f F (8)
F,, =m,gcos(a) 9)

Trong d6: F,, 1a phan lyc mit duong theo phuong thang dimg, f, 1a hé s6 can lan.
3. Thiét ké bd diéu khién dong dién iss theo thuat toan ANFIS

CAu tric cua hé théng mo-noron bao gdm niam 16p dugc phan loai lan luot 1a 16p dau vao, 16p chure
nang thanh vién dau vao, 16p quy tac, 16p chirc nang thanh vién dau ra va 16p dau ra. Cay quyét dinh
giag thoa mo la’phén loai dit liéu thanh mot trong cac mé hinh hoi quy tuyén tinh 2" (hodc P") dé¢ giam
thi€u tong sai so binh phuong (SSE):

—S:erl
SSE=Yjer, (10)

Trong do, n 1a s6 bién dau vao, P 1a s6 phan chia m& cho mbi bién dau vao va eri® 1a sai s6 giira dau
ra mong muon va thuc te.

Bo diéu khién ANFIS dong dién iss gdm 2 vector dau vao 1a sai sb (e) giira iss* Vi isq va tich phan
sai s6 dong dién stator (Ae). Tin hiéu vao dugc mo hda thanh 5 ham chic nang hinh tam giac nhu
Negative Big (NB), Negative Small (NS), Equal Zero (ZE), Positive Small (PS), Positive Big (PB). Vi
vay ta c6 5x5 = 25 luat md hop thanh voi dau ra theo mé hinh Sugeno bac nhat hai dau véo:

Néu x1la A (NB) va xz la B: (NB), thi f, = p:e + giAe+ 1
Néu X1 1a A (NB) vax: laB; (NS), thif, = p-e + g2Ae + 12
Néu x1 14 A; (NB) va x; & Bs (ZE), thi fs = pse + gslAe + 3

Néu X1 la As (PB) va X2 la Bs (PB), thi f25 = p2se + C]25Ae + I'5

Trong d6: Ai va Bi 1a cac tdp mo tién dé va cac tham s pi, 0 Va ri 12 cac tham s thiét ké mo duoc
tinh toan trong qué trinh huan luyén (i=1, 2,...n). Cau trac mo-no ron hai dau vao va mét dau ra dugc
dua ra nhu hinh 1.

NH N5 ZE PS 2] NH N5 ZE PS 2]

(e) (Ae)
Hinh 1. Hai tin hiéu ddu vao cua bé diéu khién ANFIS
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Bo diéu khién mé men ANFIS duoc thyc hién 5 16p nhu sau:
Lop thir I: Qué‘trinh mo hoa dién ra tin hiéu Yé.O dugc mo hoa thanh 5 ham chirc nang dang hinh tam
giac. Moi gia tri dau ra ctia 16p thir nhat ta c6 thé dé dang tinh duoc mot gid tri chuc nang ki hiéu 12 .
O =pp (e) (i=1,2, ... 5) (11)

O:ayerl — P’Bi (Ae) (1=1 ,2, e 5) (12)

Trong d6: i 1a cAp thanh vién ciia tap dit liéu (A1, Az, By, By, ..., 4s, Bs) va O} 1a dau ra ctia nut thir i
trong 16p 1.

Lép thir 2: La kiém tra trong s6 cuia mdi ham. Tai 16p ndy nhan céc gia tri ddu vao tir 16p dau tién va
hoat dong nhu cac ham t6i wu dé bi€u dieén cac tap dir liéu cia cac bien dau vao tuong ung. Pau ra cua
nut nay dugc trinh bay nhu sau:

Olayerz Wy =pp (€)xpg (A€) (13)
052 =w, =p1, (€)x g, (A€) (14)
05%% =Wy =, (€)x g, (A€) (15)
Olayerz _ W25 — MA (e) % ”’B (AE) (16)

Lop 3: La lop quy tac va nhan dau vao tur 16p trude. M&i niit (mdi no-ron) trong 16p nay thyc hién
viée so khop voi diéu kién cua cac quy tic. Lp nay tinh toan mirc do kich hoat cua moi quy tic va sb
16p tuong duong véi s6 quy tic mo. Mdi niit ctia 16p nay tinh todn trong so s& chudn hoa. Céc nat cua
16p 3 tinh toan ty 1¢ giira cudng do kich hoat ciia quy tic so véi tong ciia tat ca cac quy tic dang kich
hoat:

Ol¥ers _y; = Wi (i=1,2, ... 25) (17)
W1+W2 +...+W25

Lép 4: Giai mo cung cip cac gia tri dau ra do suy luan cac quy tic. Pau ra nut duoc tinh bang cach
nhan gia tri dau ra 16p 3 va quy tac f tuong ung:
Oi|aye”1 :VTi-fi :Wi(pie+ine+ri) (i=1,2, ... 25) (18)
Lép 5: Puge goi 1a 16p dau ra tong hop tt ca cac dau vao dén tir 16p 4 va chuyén doi két qua phan
loai mo thanh gié tri theo yéu cau.
0{°™ = Wify(pie + qibe +1; (19)
4. Két qua méd phong
4.1. Xdy dwng quy dao chén ga, phanh va ché dp van hanh ciia xe 6 té dién
Quy dao dat chan ga va chan phanh cia xe dién dugc xay dung theo ham y = F (X1, X2, ... Xn). Quy dao
chén ga, phanh ctia xe 6 t6 dién dugc xay dung nhu hinh 2.
Trong d6: F 1a ham c6 thé lay qua thyc nghiém. C6 nghia 12‘}: Gia tri dau ra dugc tinh bang cz}ch tra
clru hodc ndi suy bang gia tri ma ban xac dinh bang cac tham 0 khoi theo phuong phéap nhu tuyén tinh
(do dc tuyén tinh), Lagrange (Lagrange tuyén tinh), diém gan nhét, khdi spline, va cac phuong phap

noi suy spline Akima. Ham Fcos thé c6 kich thudc tir 1 — 30 gia tri. Bén canh d6 dau vao thir nhat xac
dinh diém ngét th nguyén (hang), dau vao thir hai xac dinh cac diém ngét thir nguyén (cot).
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1D T(u)

Ban dap chan ga [0,1]

Tq dat

Dic tinh ban dap tang
toc

1-D T(u)

»

Ban dap chan phanh [0,1]

I> \
Dic tinh ban dap ’
giam toc 0 >
), &
v (kmvh] v

Hinh 2. Quy dqo chan ga va phanh cua xe 6 16 dién
4.2. Két qud md phéng va ddanh gid
4.2.1. Ché do vin hanh

Ché d6 van hanh cua xe 6 t6 dién duogc xay dung nhu sau:

- Ban dau xe dung yén van toc v = 0 chdn ga va chan phanh déu khong tac dong.

- Khi chén ga tac dong xe bat dau tang téc van toc v >0 khdi so sanh diéu kién chuyén trang thai.
M6 men dat Te* duoc xac dinh bang cong gia tri dau ra cua bang ndi suy gitra chan ga va chan
phanh. Cau truc di¢u khién hé thong truyén dong kéo cho 6 t6 dién dung dong co AFPMSM tich
hop banh xe nhu hinh 3.

Dé danh gia hiéu qua bd diéu’ khién cho hé théng truyén dong kéo cho 6 t6 dién ding dong co

AFPMSM tich hop banh xe, hé thong dugc mo phong trén MATLAB vai kich ban m6 phong nhu sau:

- Gia thiét gia tbc d6 cua gid bang 0.

- Xe di chuyén trén dudng bang phing nhung tai thoi diém t= 3.5s dén 4.3s xe xudng déc.

- Tai thoi diém t = 0s, xe bat ddu tang toc gia tri chan ga tang tir 0 dén 1 sau 0,45s. M6-men dat tdi
da 205 Nm va duy tri trong 2s.

- Tgi t= 25 xe bat dau giam tde dé‘va‘t phanh dat gia tri vtir 0 dén 1 tai thoi diém t =3,55 mo-men giam
dan t6i gia tri -205 Nm va tr¢ vé gia tri 0 tai thoi diém t= 4,66s .

_Bén canh d6, d¢ danh gia hiéu qué cua giai phap diéu khién dé xuat ANFIS s& dugc so sanh vi bo
dicu khién PI theo hai truong hop:
+ Thong sb dong co khong thay ddi
+ Théng s Lg, Lq thay d6i 20%.)
4.2.2. Truong hdp 1: Théng s6 La, Lqciia ddng co AFPMSM 1 hang sé

B‘(} dié}l khiér‘l PI duoc thiét ké nhu sau: Dé, thiét ké b diéu khién md-men cho dong cg AFPMSM
thi can hiéu r6 vé su tuong tac cua dong co, bién tan va bg di€u khién dong dién. Coi h¢ s6 khuéch dai
ctia bién tan 1a Krva hang s6 thoi gian cua bién tanla T, bang mot nira khoang thoi gian cua tan s song

mang PWM. Néu hiéu suat mong mudn cia vong diéu khién dong dién gidng v6i hé thong 1a mot khau
tré bac nhat. Him truyen dat dong dién dugc viét nhu cong thuc (20):
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4
Binh x¢

2] Do toe 3§

Hinh 3. Cdu trlc diéu khién hé thong truyén déng dong co AFPMSM tich hop bdnh xe

Iy (K,KT.)s

iq* B KaKb + (Tm + KaKtTch)S+ (TmTaf )Sz

(20)

N KT, S
K, J@+sT)@A+sT,)
Trong d6 tham s6 cla dong co AFPMSM dugc dat:

1. . . .
Ky=or 1ot K =t 1 =20 Ky =KK A
R, R, B B
Vi viy cac tham s6 cua bo diéu khién P dong dién stator truc d va q duoc xac dinh nhu cong thirc (21):
TK
K. =_Mmr ’TI :T
i -I—2 Kb 1 (21)

Bo tham s6 khuéch dai, tich phan PID-l¢ (Ki=7.103004e+2; K,=0.8779); PID-l, (Ki=1.0615¢+3;
Kp=1.0744).

Cac dap trng dong dién stator cua bd diéu khién mé men mo-no ron dugce so sanh véi bo didu khién
PI thé hién qua hinh 4 va hinh 5. Bang danh gia cac tiéu chi ctia dap ung dong dién stator ctia bd diéu
khién PI va ANFIS dugc trinh bay qua bang 1.

Bang 1. Két qua danh gid dap vmg dong dién stator ciia bé diéu khién PI va ANFIS

B6 PK/Tham s6 dénh gia B6 diéu khién PI B6 diéu khién ANFIS

Dong dién stator isg

Thoi gian xéc lap ting toc 0.4 (s) 0.4 (s)
Qua diéu chinh 10% 0%
Dong dién stator isq
Thoi gian xac lap 0.4 (s) 0.4 (s)
Qua diéu chinh 10% 0%
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a. bap ing dong dién iy

b. Dép tmg dong di¢n i

Hinh 4. Ddp img dong dién iy, is, ciia bg diéu khién Pl

456 451 458
Tine 5

0 . . .
FET- ST

Pap ung dong dién iy,

= i
: |
0 PR A A

PR

Dép ung dong dién i,

Hinh 5. Ddp img dong dién isq, isq ctia bg diéu khién ANFIS

Qua két qua md phong hinh 4 va hinh 5 cho thiy rang dap tng dong dién stator ca hai bo diéu hién
¢0 thoi gian xac 1ap nhanh (0.4s), chinh xac & ché @6 xac 18p (tin hiéu thyc bam tin hi€¢u dat). Tuy nhién
bo diéu khién dé xuat ANFIS cho két qua kha quan hon bo diéu khién PI vé qtia diéu chinh (khong ¢
qua diéu chinh), trong khi d6 bo diéu khién PI v6i qhia didu chinh dong dién tai thoi diém qua d6 1a 10%.

Céc dap tmg md men va toc d6 ciia bo didu khién mé men ANFIS duoc so sanh v6i b diéu khién PI
thé hién qua hinh 6 va hinh 7. Bang danh gia cac tiéu chi ctia dép (g mé-men cua bd diéu khién PI va

ANFIS duoc thé hién qua bang 2.

Bang 2. Két qua danh gid dap vng md-men, toc dg cua bé diéu khién Pl va ANFIS

B PK/Tham s danh gia

B¢ diéu khién PI

B§ diéu khién ANFIS

Pap @ng mé-men

Hinh déng dap ting

Gidng dap tmg dong dién isq

Gidng dap tmg dong dién isq

Do dap mach mo6 -men

8%

3%
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-0
—Ta |7

250
0 05 1 15 2 25 3 4 45 5
Time (s)

(N.m)

Time (s)
Hinh 6. Ddp iing mé-men ciia bg diéu khién PI Hinh 7. DPadp itng mé-men ciia bg DK ANFIS
Duya trén lgét qua md phong hinh 6 va hinh 7 nhén thay réng dap trmg md-men cua 2 bd diéu khién co
hinh dang giong dap tmg dong dién stator is,. Tuy nhién, bg dieu khién ANFIS cho dép img mo-men ¢6
bién d6 dap mach nho (3%) hon so véi bién d6 dap mach mo-men bo diéu khién PI (8%).

_Dua vao nhiing }(ét qua md phong trong trudng hop cac thong s6 dong co AFPMSM la hing sb, nhan
thay rang hai by di€u khién PI va ANFIS phat huy hiéu qua tot, trong d6 b dicu khién mo-men ANFIS
cho két qua kha quan hon, nhung chua 3 rang so voi b dicu khién Pl. Chinh vi vay, bai bao s€ danh
gia hiéu qua cua hai bd diéu khién nay trong truong hgp thong s6 Lg , Lq thay doi tai muc 4.2.3.

4.2.3. Thong s6 La, Lqclia déng co AFPMSM thay doi 20%

Cac dap ung dong dién stator cua bd diéu khién m6 men ANFIS dugc so sanh voi bo diéu khién PI
thé hién qua hinh 8 va hinh 9 Bang danh gia cac tiéu chi ctia dap tmg dong dién stator ctia bo dicu khién
Pl va ANFIS dugc trinh bay qua bang 3.

Bang 3. Két qua danh gid ddp irmg dong dién stator cia bg diéu khién Pl va ANFIS

B§ PK/Tham s danh gia B¢ diéu khién PI B§ diéu khién ANFIS

Dong dién stator isq

Thoi gian xéc lap ting tc 0.5 (s) 0.5(s)

Qua diéu chinh 10% 0%

Dong dién stator isq

Thoi gianxac 1ap 0.5 (s) 0.5(s)

Qua diéu chinh 20% 0%

Qua két qua hinh 8 va hinh 9 cho thay rang d4p tmg dong dién stator ca hai phuong phap diéu khién
c6 thoi gian xac 1ap nhu nhau (0.5s), chinh xac & ché @6 xac 1ap (tin hiéu thyc bam tin hi¢u dat). Tuy
nhién bd diéu khién dé xuat ANFIS cho két qua kha quan hon bd diéu khién PI vé do qua diéu chinh
(khong c6 qua diéu chinh), trong khi d6 bd diéu khién PI v&i qua diéu chinh dong dién iss 12 10% va i
1a 20%.
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L I L L
a5 452 454 456 458 5 462
Time (5)

a. Pap ung dong dién iggq b. Dap umg dong dién isq

Hinh 8. Ddp ting dong dién iy, is, Ciia bg diéu khién P

a. bDap tng dong dién iy

b. Dap tng dong dién i,

Hinh 9. Ddp img dong dién igq, is, Cia bg diéu khién ANFIS

Céc dap ing mod men ctia b diéu khién mé men ANFIS duogce so sanh v6i bo diéu khién PI thé hién
qua hinh 10 va hinh 11. Bang danh gia cac tiéu chi ctia dap ing mo-men va tdc d6 ctia bd diéu khién Pl

va ANFIS duoc thé hién qua bang 4.

Bang 4. Két qua danh gid déap itng mé-men, toc dj ciia bg diéu khién PI va ANFIS

B PK/Tham s danh gia

B¢ diéu khién PI

B diéu khién ANFIS

Pap @ng mé-men

Do dap mach mo6 -men 30% 5%
Pap irng toc dd

Thoi gian xéc lap tang tbc 2.2 (s) 2.2 (s)

Qua4 diéu chinh 20% 0%
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Hinh 10. Pdp irng mé-men ciia bp diéu khién Pl Hinh 11. Pdp irng mé-men ciia by diéu khién ANFIS

Qua két qua hinh 10 va hinh 11 nhén thay raing m6 men ctia hai bo diéu khién c6 hinh dang gidng
dap ung dong dién isq. BO didu khién ANFIS cho dép ng md-men c6 do dap mach nho hon (5%) so véi
bo diéu khién PI (30%).

Dua trén nhiing két qua m6 phong khi théng s6 dong co AFPMSM Ly, Lq ting 1én 20%, nhan thay
dap g md-men cia cau tric diéu khién ANFIS nhanh va bam sat gia tri dat, nhanh hon bo diéu khién
PI (d4p tng m6-men cham hon, bién d6 qué diéu chinh cao.) Bén canh d6, bién d6 dap mach mo-men
ctia b diéu khién ANFIS nho hon so véi bién d6 ¢ap mach mo-men bo didu khién PI. Vi vay cau tric
diéu khién ANFIS cho d6 bén virng hé thong tét hon so véi ciu trac diéu khién PI.

5. Két luan

Cong trinh nghién ctru da thiét ké thanh cong bo diéu khién mo-men dong co AFPMSM mét mat
tich hop banh xe dién cho hé truyén dong kéo 6 t6 dién theo phuong phap diéu khién thich nghi mo-no
ron (ANFIS). B& diéu khién mé-men nay két hop wu diém cua mod hinh m¢ Sugeno c¢6 chira tap cac quy
tic, va cac 16p tiép theo dugc thyc hién theo thuat toan lan truyen ngugc cia mang no-ron, sao cho dap
g dién 4p truc d va g theo yéu cau. Hiéu qua cia b diéu khién mo-men ANFIS cho két qua kha quan
hon bé diéu khién PI trong trudng hop 1y tuong va thong sb dong co thay ddi. Vi vy tinh bén viing cua
hé truyén dong dién kéo dugc cai thién va nang cao. Bo diéu khién ANFIS nay thiét ké khong phu thudc
vao mé hinh toan hoc AFPMSM vi vay thuc hién thiét ké don gian. Tuy nhién tai cac két qiia mé phong
MATLAB nhan théy dap tmg dong dién, mb-men van tdn tai dap mach I6n. Vi vay, diéu khién mo-men
AFPMSM can thiét nghién ctru, thiét ké sir dung cac giai phap diéu khién thong minh, tri tué nhan tao,
diéu khién lai khac va cac bo diéu khién c6 thé trién khai thyc nghiém xuéng AFPMSM trong tuong lai.

Lo1i cam on

Nghién ctru ndy dugc tai trg boi Truong Pai hoc Giao thong van tai (DH GTVT) trong dé tai ma s6
T2023-DT-001TD".
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