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Abstract. With the increasing demand for high-performance and energy-efficient electric
vehicles, enhancing the torque control of traction motors has become a key research focus.
Axial flux permanent magnet synchronous motors (AFPMSMs), known for their compact
structure and high torque density, are widely used in modern electric drives. This paper
presents a method to boost the torque of AFPMSMs in electric vehicles through a
combination of predictive control (MPC) and a deep learning network (DNN) to optimize the
cost function. MPC adjusts weight values to minimize the cost function (J) while adhering to
voltage and current constraints. The DNN comprises five layers: an input layer with five
neurons for parameters like required torque, motor speed, current, motor torque, and load
torque; three hidden layers with 224 neurons using ReLU activation; and an output layer with
three neurons and a Sigmoid activation. This architecture enables real-time weight
adjustments for torque, current, and control voltage, enhancing observation accuracy,
reducing torque ripples, and increasing system efficiency. The MPC-DNN controller’s
adaptability ensures high precision even under noise or varying conditions. Implemented in
Python, the proposed hybrid controller shows promising results, paving the way for
advancements in intelligent control and modern electric drive systems.
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Tém tit. Trude nhu ciu ngdy cang ting vé cac phuong tién giao thong hiu suit cao va tiét
kiém nang lugng, viéc nang cao kha nang diéu khién mo-men xoan ciia dong co kéo tré thanh
mot hudng nghién ciru quan trong. Trong do, dong co dong bo nam cham vinh ctru tir thong
doc truc (AFPMSM) véi wu diém cau tric phang gon va mat 6 mé-men cao dang dugc ung
dung rong réi trong cac hé théng truyen dong dién hién dai. Bai bao nay dé xuit mot phuong
phap nham ting cudng mo-men xoian cia AFPMSM trong xe dién thong qua su két hop gitra
diéu khlen du doan (MPC) va mang hoc sau (DNN) dé t6i uu ham chi phi. MPC diéu chinh
cac hé s trong s6 nham giam thiéu ham chi phi (J) trong khi van tuan thi cac rang budc vé
dién ap va dong dién. Mang DNN gdm nam tang: mot ting dau vao véi ndm nut tuong ung
v6i cac tham s6 nhu md-men yéu clu, tdc do dong co, dong dién, mé-men dong co va mo-
men tai; ba téng an véi 224 nut st dung ham kich hoat ReLU; va mot téng dau ra v&i ba nat
cting ham kich hoat Sigmoid. Kién tric nay cho phép diéu chinh trong s6 theo thoi gian thuc
dbi v6i mo-men xodn, dong dién va dién ap diéu khién, tir 46 nang cao do chinh x4c quan sat,
giam gon moé-men va ting hiéu suat hé thong. Tinh thich nghi ciia bo diéu khién MPC-DNN
dam bao d6 chinh xac cao ngay ca trong diéu kién c6 nhiéu hodc thay d6i. Thuat toan diéu
khién lai dugc trién khai bang Python cho thdy két qua ddy hira hen, mé ra huéng di méi cho
cac hé théng diéu khién thong minh va truyén dong dién hién dai.

Tir khéa: Piéu Khién Dy Béo, Pong Co Pong B6 Nam Cham Vinh Ctru Tir Truong Doc
Truc, Mang Hoc Sau, Xe O t6 Dién.
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1. PAT VAN PE

Su phat trién ctia cong nghé xe 6 t6 dién dang tao ra nhu cdu ngay cang 16n di véi cac
hé thdng truyén dong hiéu suit cao, trong d6 dong co dién déng vai trd trung tam [1]. Pong
co dong bd nam cham vinh cau tir théng truc (Axial Flux Permanent Magnet Synchronous
Motor - AFPMSM) la mét trong nhiing loai dong co duoc nghién ctru va ing dung rong rai
do co mat d6 cong suat cao, mod men 16n va thiét ké gon nhe, phu hop voi cac hé théng truyén
dong yéu cau hiéu suét cao [2]. Tuy nhién, do tinh chét phi tuyen ctia hé thong va anh hudng
clia cac yéu td nhu bio hoa tir, dao dong m6 men va su thay doi cua tai trong, viéc diéu khién
chinh xac mé men ciia AFPMSM van la mot bai toan day thach thuc [3]. Neu khong c6 mdt
phuong phap diéu khién phu hop, hé théng truyén dong co thé gap phai van dé nhu dao dong
mo men, ton hao ning luong cao va anh hudng tiéu cuc dén tudi tho cua dong co ciing nhu
trai nghiém van hanh cua xe [4]. Hién nay, nhiéu phuong phap didu khién mo men da duoc
phat trién dé toi uu hoa hoat dong cia AFPMSM. Tuy nhién, phan 16n cidc phuong phap
truyén théng déu co nhirng han ché nhat dinh, dic biét 1a trong diéu kién van hanh phuc tap
nhu tai thay d6i lién tuc hodc yéu cau diéu khién mé men chinh x4c ¢ téc do cao. Diéu khién
v6 hudng 1a phuong phép don gian nhat, trong d6 dién ap dau vao cia dong co dugc diéu
chinh theo tan sd, thudng theo phuong phap V/f. Phuong phap niy c¢6 uwu diém 1a d& thuc hién
va cO chi phi thép, nhung nhuoc diém 1a phan hdi cham, d6 chinh xac diéu khién kém, va
khong phu hop cho cac hé thong yéu cau hiéu suit cao nhu AFPMSM [5]. Diéu khién vector
1a m6t phuong phap tién tién hon, cho phép diéu khién doc 1ap dong dién theo tryc d va g, tir
d6 giup kiém soat mo men chinh xac hon. Dy la phuong phap dugc st dung phd bién trong
cac h¢ thong truyén dong hién dai nho kha nang dap ng nhanh va hiéu suét cao. Tuy nhién,
FOC yéu cau cam bién toc d6 hodc bo quan sat toc do, lam tang do phuce tap cua he thong [6]
va [7]. Piéu khién truc tiép mo men 1a diéu khlen tryc tiép mo men va tir thong cua dong co
thong qua lwa chon vector dién 4p trong bo bién tan. Phuong phap nay couu dlem 1a phan hoi
nhanh, nhung nhuoc dlem lon la gy dao dong m6 men cao va yéu cau tan s chuyén mach
cao, lam giam hiéu suét téng thé cua hé thong [8-10]. Picu khién dy bio md hinh (Model
Predictive Control - MPC) la mot trong nhimg phuong phap diéu khién tién tién nhat hién
nay, st dung mé hinh toan hoc cua hé thong dé du bao trang thai tuong lai va tim kiém dau
vao t6i uu trong mdi chu ky diéu khién. MPC c¢6 uu diém 16n 1a c¢6 thé xir 1y cac rang budc phi
tuyén va tbi uu hoa tin hi¢u diéu khién mot cach linh hoat [11- 13] Tuy nhién, nhuoc diém
chinh ctia MPC 14 can luong tinh toan 16n va viéc lya chon trong sd trong ham chi phi khong
dé dang, c6 thé anh huong dén hiéu suét diéu khién trong diéu kién thyc té [14].

Trong nhirg nam gan day, dd c6 nhiéu cong trinh trong va ngoai nudc tdp trung
nghién ctru diéu khién mo- men cho dong co AFPMSM nham nang cao hiéu suat truyén dong,
giam dao dong mo-men va t01 uu hoa kha nang phan hdi. Cac nghién ctru nhu [8], [10], [14],
[15], [16], va [17] d& dé xut cac chlen lugc diéu khién dya trén MPC két hop véi cac thuat
toan quan sat nhiéu, diéu chinh trong s, hodc két hop véi cac phuong phap hoc sau. Chang
han, cong trinh [15] st dung b quan sat nhiéu (Disturbance Observer) dé cai thién tinh 6n
dinh caa MPC, trong khi nghién ctru [16] va [17] tich hgp Deep Neural Network (DNN) hoac
giai phap DTC+MPC dé thich ing nhanh hon véi méi trudng van hanh phirc tap. Tuy nhién,
cac phuong phap nay van ton tai mot sé nhuoc diém nhu chi phi tinh toan cao, tinh thich nghi
theo thoi gian thuc con han ché, va chua tdi wu duoc toan dién ham muc tiéu theo nhiéu trang
thai van hanh thuc té. Dé khic phuc nhiing han ché néu trén, bai bao nay dé& xuét mot giai
phap diéu khién mo-men tién tién cho dong co AFPMSM duya trén két hop giita didu khién du
bao mé hinh (MPC) va mang hoc sau (DNN). DNN duoc thiét ké dé hoc trong s6 t6i wu tir dit
lidu thyc té, gitip MPC thich nghi nhanh, giam dao dong mo-men, cai thién phan hdi va ting
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hiéu suét tong thé ctia hé thong truyén dong xe dién. Bai bao trinh bay mot giai phap nang cao
hiéu qua diéu khién MPC bang str dung mang no-ron sau dé hoc céc trong s toi wu tir dir liu
thuc t& gitp cai thién dang ké do chinh xac cta dleu khién mé men, dam bao hé théng phan
hdi nhanh hon, giam sai s0 m6 men va thich ng t6t hon véi diéu kién hoat dong. Bén canh
do, bang cach tdi wu hoa diéu khién dong dién, _phuong phap MPC két hop hoc may giup giam
t6n hao niang luong cua hé thong Cac trong s6 ham chi phi thich ing gitp han ché dao dong
dong dién, giam ton that chuyen mach trong bién tan va tdi uu héa hiéu suat truyén dong.
I—?leu nay khong chi giup tiét kiém dién ning ma con kéo dai tudi tho cua dong co va bod bién
tan.

Bai bdo gdm nam phan chinh. Phan 1 néu tinh cap thiét va giai phap cai thién dap ung
mo men cho AFPMSM trén xe dién. Phan 2 xdy duyng mo hinh toan hoc AFPMSM va tai xe
dién. Phan 3 thiét ké diéu khién MPC két hop mang no-ron sau hoc trong s6 tdi wu tir dit lieu
thuce, gitp nang cao do chinh xac diéu khién moé men, ting téc dd phan hoi, giam sai s6 va cai
thién kha nang thich tng. Phin 4 chimg minh hiéu qua giai phap qua moé phong duoc 1ap trinh
code Python. Phan cudi dwa ra danh gia, két luan va huéng nghién ctru twong lai.

2. MO HINH TOAN HQC PONG CO AFPMSM VA XE O TO PIEN

2.1 M6 hinh toan hgc AFPMSM

AFPMSM mét mit c6 stator va rotor, do d6 ¢ thé ap dung mé hinh dong co déng bd nam
cham vinh ctru (PMSM) [8]. Tuy nhién, md hinh toan hoc cia AFPMSM khac biét ¢ gia tri
tham s6 cudn day stator va Back-EMF do nam chdm vinh ctru va cudn day kich tir tao ra.
Phuong trinh dién ap stator trong hé quy chiéu d-q dugc xac dinh bang cong thic (1) va (2).
Phuong trinh dién ap duoc viét nhu cong thire (1):

. dL, L
+— o :
u sq m —sd | A
u |
0 -o,L, Ry+—%|-*
dt
Phuong trinh mémen dugc xac dinh nhu sau cong thirc (2):
3 . i
=Tp(|‘sd|sd +2’m)| (qu sq) (2)
Trong do: L, va L, la dién cam ddng bo trén truc d va g; A, 1a tir thong; i, I, 12

dong dién stator trén truc d va qg;pla s6 doi cuc.
Vi tir thong 1a mot hang s, nén mo men ty 1¢ thuan véi dong stator truc ¢. Phuong trinh
mo men dién tir dugc cho badi cong thire (3):

d
T, =T, +Ba, +J d—‘: )
Trong d6: T, 1a mémen tai, B,1a hé s ma sat, J 1a mdmen quan tinh, @, 1a tbc do rotor (rad/s)
2.2. M6 hinh toan hoc xe 0 to dién

Phuong trinh mé ta md hinh banh xe truyén dong nhu cong thiic (4):
{ Vin = Oy Ry (@)
Toan =T =FRRy,
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Trong d6: T, 1a m6-men tac dong 1én banh xe; @, 1a toc d banh xe; R, 1a ban kinh
ban xe; F 1a lyc can; T, 1a m6 men tai.

Khi banh xe ti 1én mat dudng vé6i luc N va dugc truyén dong béi moé men 1a Twn thi xe
s€ tac dong lén mat duong moét luc F, twong ing thi mat duong tdc dong nguoc lai xe mot luc
c6 cung gia tri ngugc hudng 1a Fr. Trong truong hop nay thi F 1a lirc ma sat va la thanh phan
I 6 ich tao ra chuyén dong cta xe v6i van toc Vy

Ft - mvg:u (5)

Ap dung dinh luat II newton cho cac thanh phan ngoai luc tic dung 1én than xe theo

cong thire (6):
dv,,
=k -F,,—F

v aero roll
dt

—-m,.g.sin(a) (6)

Trong do6: F,: l1a luc kéo cua xe; F,,,: 1a luc can khi dong hoc hay luc can khong khi;

aero *

F

roll

la lyc ma sat lan cta banh xe; m, : 1a tong khdi luong cua xe; g :1a gia tde trong tuong; E—l
oL : 1a goc nghiéng ciia dudng ma xe dang di chuyén; s : hé s6 bam.
Luc can khong khi dugc thé hién qua cong thire (7):

Faero = pC;AF (Vev +Vwind )2 (7)

=0.
Trong d6: p : 1a 1a mat d6 khéi luong cta khong khi; C,:lahé sd can khi dong hoc; A :lakhu

Trong mot s6 trudng hop hodc trong mé phong ta co thé coi van toc gio Viing

vuc can phia trudce cua xe (dién tich mat can gio).
Luc can lan t6n tai trong truong hop 16p bi non duge viét nhur cong thirc (8) va (9):
roII - f F (8)
F,y =m,gcos(a) 9)
Trong d6: F,, 1a phan lyc mat duong theo phuong thang dung, f 1a hé sé can lan.

3. THIET KE BQ PIEU KHIEN DU BAO KET HQP MANG HOQC SAU (MPC-DNN)
Céu truc diéu khién mdé men cho AFPMSM ung dung cho xe 6 t6 dién st dung bo diéu

khién lai MPC-DNN nhu Hinh 1:

I_ Mang hoc sau (DNN)

.. B9 diéu khién MPC

- B} diéu } T (k) ! i, (K), iy (K), iy (K) T ()
@ Khi — o
-0 _e) m‘;‘) i Bién déi Tinhtoanham | MO Nghichtweu ——"[ Déngco Tai |
thong sb chi phi J ngudn ap | | AFPMSM xe 6 to di¢n

Truyén dong dong co + banh xe |

) PID \ e : "l
s
0, A () Lo (0 L aw] |
! Ty | Mbhinhwie 4 (K .
| Ll lugng md men, j Chuyén hé toa :’l_
| N0 tir thong - ® o <
‘ 0 >
O S 23 Wt

Hinh 1. Cau tric hé thong diéu khién mé men cho AFPMSM sir dung MPC_DNN.

232



Transport and Communications Science Journal, Vol 76, Issue 03 (04/2025), 228-242

Céu triic didu khién trén mo ta hé thong diéu khién truyén dong dién, bao gdm cac khdi
diéu khién va truyén dong kéo. Pau tién, bo diéu khién tdc d6 PID nhan sai sb giira tbc do dat
va toc do thuc té, sau d6 tao tin hidu diéu khién md-men dit va thuc dé diéu chinh toc d6 dong
co. Tin hiéu ndy duoc dua vao bd didu khién du bao MPC, noi thuc hién bién ddi thong sb,
tao toa do pha, diéu chinh mé men va tir thong nham ti vu hoa diéu khién. Sau khi xu 1y, tin
hiéu duogc truyen dén hé thong dong co va tai, qua bo loc nhidu dé dam bao tin hi¢u dau ra on
dinh. Tai bao gobm hop s6, do lon tai va m6-men tai, giap h¢ thong dap g yéu cau van hanh
chinh xé&c. Bén canh do, hé thong st dung mang hoc sau gdm 5 16p dé tbi uu cc trong trong
ham muyc tiéu cia MPC dé t6i wu héa hiéu sudt ciia dong co va dam bao truyén dong hiéu qua.

3.1 Thiét ké di bao mé hinh
a. Ham chi phi caia MPC

Ham chi phi J cia MPC duoc thiét ké nham tbi thiéu hoa sai s6 mo men, han ché dong
dién theo truc d, va toi vu hoa dién ap dau vao nhu cong thirc (10):

J= %[WT (T = T)(K)* + W (i, —ig))* +w,Au(k)’] (10)

Trong d6: T 1a md men dit; i, 1a dong dién tham chiéu theo truc | (thudng bang 0 dé
t6i da hoa mo men), Au(k)1a thay doi dién 4p diéu khién; N 1a chiéu dai dy bao; w;,w;,w, &
cac trong s6 md men, dong dién va dién ap diéu khién.

b. Giai bai toan t6i wu ham chi phi

Bai toan t6i wu ham chi phi tim gia tri trong s6 phu hop, thich nghi sao cho ham chi

phi J nho nhat, vdi cac rang budc nhu c()ng thae (11):

usd min < usd (k) < usd max’usqmm - d (k) usqmax (11)
Tinh Gradient ctia ham chi ph1 J theo ug,u, nhu sau:
= aw(, i) S 2w, (0~ (D)
a;d sd al sd (12)
- — 2w, (i; —isq)auiJFZWu (U — Uy (k=1))
sq sq sd
Dong dién iSOI igy €O mdi trong quan dén Ugg » U, nhur cOng thure (13):
disd Rslsd + a)m qulsq
dt L
. (13)
dlq _ usq B R I — Wy I-sdlsd a)m/lf
dt L,
Do d6 Gradient T theo dién ap U, U, theo cong thirc (14):
o)
sd Lsd)
ausd usd
. (14)
a\] -k - alsq *
= _Z\Ni(lsq _Isq)ﬁ-i_zwu(u sq _usq(k _1))
sq sq sd

Thuit toan Gradient Descent cap nhét dién 4p ug, U, nhu sau:
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Uy (K +1) = (K) aj—‘]

sd

U, (k+1)=ug(k)- aaa—‘]

sq
Trong d6: «a 1a tbe d6 hoc (learning rate)
bé dam bao rang budc theo cong thirc (11) s€ dugce cap nhat sau moi buge huan luyén rang
budc nhu cong thirc (16):
Uy (K +1) = max(Uy i » Min(ug, (k+), U
Uy, (K +1) = max(u min(ug, (k+), u

(15)

sd max (16)

sqmin ? sqmax
Két qua mo phong xac dinh cac dién ap t6i wu sao cho ham chi phi J nho nhét dugc
thé hién qua Hinh 2. Trong cac mo phong trinh bay trong bai bao, nhom tac gia s dung sb

budc du bao N =10 va sd budc diéu khién Nc¢ = 3.

Ho6i tu cua Vg va V, véi toc do hoc da diéu chinh
400 |

3501

300¢F

2 250t

—
MG 200¢F
—

q
= 150

100

50+

0 20 40 60 80 100
Sé lan lap

Hinh 2. Héi tu U, U,

Két qua m6 phdéng Hinh 2 cho théy thuat toan Gradient Descent véi toc do hoc duoc
diéu chinh gitp dién ap dat muc bao hoa 400V véi do déc hop 1y va duy tri & mirc thap, tranh
bién doi dot ngot. Picu nay t6i wu héa qua trinh tim kiém dién ap, gitip mo men dat gia tri
mong muén 6n dinh, khic phuc tinh trang "overshooting". Thuat toan nhay bén hon, tién gén
gia tri muc tiéu ma khong vuot qué, rat ngin thoi gian mé phong va dam bao tinh 6n dinh hé
thong, giam thiéu bién dong mo men. Viéc duy tri mic thap cia ciing bao vé cac thanh phan
dién tir, kéo dai tudi tho hé thdng bang cach tranh cac tac dong tiéu cuc tir dién ap thay doi
nhanh.

3.2 Thiét ké mang hoc sau (DNN)

Dua vao tai liéu [17,18] mang hoc sdu NN ¢6 ciu trac gom 5 16p nhu sau:
> Lép vao (Input): 5 no ron la cac déc trung dau vao gom mo6 men tham chiéu T, toc d6

quay e, , dong dién iy,i,, , m0 men dong co T, , tai dong co T, .

» Lop efm 1 (Hidden Layer 1): 128 no ron véi ham kich hoat ReLU.
» Lop an 2 (Hidden Layer 2): 64 no ron v6i ham kich hoat ReLU.
» Lop an 3 (Hidden Layer 3): 32 no ron v6i ham kich hoat ReLU.
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> Lop ra (Output): 3 no ron trong sb t6i wu W, w,,w, cho MPC, véi ham kich hoat
Sigmoid dé giir gia tri trong khoang hop 15.

Mang DNN duoc huén luyén béng dir li€u thuc nghiém hoac moé phdong thu thap tr dong
co AFPMSM trong nhiéu diéu kién van hanh khac nhau. Ham mAt mat duoc thiét 1ap dua trén
sai s6 md men va mirc tiéu thu ning luong.

Ham mét mat J c6 thé duge thiét 1ap nhu sau cong thirc (17):

Z( True Pred) +( True Pred) +( True ll:’red)Z (17)

Mang hoc sdu duoc huin luyén véi ham mét mat Mean Squared Error (MSE), la trung
binh binh phuong cia sai s6 giita gia tri thuc té va gia trj du doan. Qua trinh huan luyén dugc
thuc hién trong 100 vong 1dp (epochs) nham t6i wu héa mé hinh mot cach toan dién trén toan
b tap dir lidu. Dt liéu dau vao dugc chia thanh cac nhom nho (mini batches), mdi nhom gdm
32 mau (batch size = 32). Viéc sur dung mini batch giip m6 hinh hoc on dinh hon, cai thién
tbc d6 hoi tu va ting kha niang tong quat hoa d6i véi dir liéu chua timg thay.

4. PANH GIA KET QUA MO PHONG

Dua vao tai liéu [19], trong cong trinh nghién ctru nay s€ lya chon chu ky 14i xe 6 t6 dién
dién hinh nhu Hinh 3. Chu ky lai xe dugc sir dung dé mé phong diéu kién hoat dong thuc té
cta xe dién, tir 46 danh gia hiéu suit ning luong, kha ning bam dudng va dap tmg diéu khién
ctia hé théng.
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Hinh 3. Chu ky lai xe 6 t6 dién.

Hinh 3 chi ra rang chu ky 1ai xe c6 ba giai doan chinh. Giai doan dau (0 s - 600 s) mo
phong diéu kién 1ai d6 thi v6i nhiéu pha dimg va tang toc lién tuc, toc do cao nhat dat khoang
50 - 60 km/h. Giai doan gitra (600 s- 900 s) phan anh diéu kién giao thong thay do6i véi cac
dao dong toc d6 va mot so pha dimg lau hon, tuong tu nhu khi gap den do hodc un tac. Giai
doan cubi (900 s- 1200 s) md phong xe di chuyen trén cao tdc, voi tbe do ting 1én hon 100
km/h, sau d6 két thiic bang pha giam téc manh vé 0 km/h.

Két qua mo phong dugc thyc hién bang thong s6 AFPMSM, tai dong nhu Bang 1. Céc
thong ) quan trong cia AFPMSM bao gém dién tr¢ stator, dién cam truc d va g, tir thong,
md men quén tinh. Tai dong duoc xac dinh dua trén mé hinh dong luc hoc cua xe, bao gdm
luc can lan, lyc can khong khi va quan tinh hé théng. Nhimg thong sé nay déng vai trd quan
trong trong vi¢c danh gia hiéu suét diéu khién va toi vu héa thuat toan van hanh xe tu hanh.
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Bang 1. Bang cac thong s6 mé phong.

Théng s6 S6 lwong Théng s6 S6 lwong
AFPMSM Tai dong
DPién tro stator (ohm)- RS 0,1 Mat do khong khi (kg/m?) 1,225
Dién cam tryc d (H)-Ld 0,0005  Hé sb can khong khi 0,2
Dién cam truc q (H)-Lg 0,0005 Dién tich mat can (m?) 2,2
Tur thdng nam cham vinh ciru (Wb) 0,015 Hé s6 ma sat 1an 0,015
S6 cap cuc- p 4 Khéi luong xe (kg) 1500
M®&-men quén tinh (kg.m2)-J 0,005 Gia toc trong trudng (m/s?) 9,81

Két qua mo phong chu ky 1ai véi tdc dd xe, mdé men dong co, md men tai dong, tiéu
thu cong suét, hiéu suat hé théng va dong dién 3 pha duoc thé hién qua Hinh 4 dén Hinh 8.
Cac két qua dap tmg nay giup danh gia tryc quan tac dong cua thuat toan diéu khlen 1én qua
trinh van hanh caa xe. Tdc do xe phan anh kha ning bam duong va diéu khién vén tdc, trong
khi md-men dong co va mo-men tai dong the hién sy dap rng cua hé thong truyen dong. Tiéu
thu cong suit va hiéu suat hé thong cung cap thong tin quan trong vé muc do tiét kiém ning
lugng, con dong dién 3 pha gitp danh gia su 6n dinh cua hé théng dién dong co.

Chu ky lai xe va toc do thyc té

120 1 mmm Chu ky lai xe
— Toc d xe thuc té
100 -

80 1

60 -

Téc dd (km/h)

204

0 200 400 600 800 1000 1200
Thai gian (s)
Hinh 4. Dap tng tdc d6 xe thuc té so véi chu ky 14i.

Hinh 4 cho théy tdc d6 xe thuc té bam sat chu ky 1ai dat trudc, minh chirng hé théng
diéu khién (MPC DNN _PID) hoat dong hiéu qua, véi do sai léch khong dang ké. Bo diéu
khién thé hién kha nang diéu chinh linh hoat, chinh x4c cao trude cac bién d6i cia chu ky lai.
Céc thuat toan bén trong xtr 1y dit liéu dau vao hiéu qua, phan hdi kip thoi, ddm bao hiéu suit
on dinh. Sy két hop gitra MPC, DNN va PID giup tdng do chinh xac, gidm nhiéu, va cai thién
d6 muot ma, do tin cdy cua hé théng. Két qua nay khang dinh tinh kha thi va tiém ning ap
dung trong thuc té, dac biét véi cac ung dung yéu cu dd chinh xé4c cao nhu xe ty hanh hodc
kiém so4t phuong tién trong moi truong phirc tap.
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Hinh 5. Bap trng m6é men dong co.

Két qua Hinh 5 nhan thay Trong toan bd chu ky mé phong kéo dai 1200 s, mo-men
dong co dao dong trong khoang tir 700 Nm dén +500 Nm, phan anh rd rét cic giai doan ting
tbc va phanh tai sinh ctia phuong tién. Bién d6 dao dong trung binh ctia mo-men dat khoang
+350 Nm, v6i chu ky ldp lai déu din khoang 60 s—70 s, twong ung vdi cac pha thay doi tai
theo chu ky lai xe thuc. Dac biét, su xuit hién lién tuc cia moé-men am 16n tai cac pha giam
toc cho théy hé truyén dong co kha nang tai sinh nang luong hiéu qua. Do bién thién mo-men
16n nhung 6n dinh ching t6 thuét toan diéu khién c6 kha nang bam tai tot, phan tmg nhanh
voi thay d6i va dam bao gi61 han an toan. Day la minh ching quan trong vé hiéu qua cua
chién luoc diéu khién dé xuit trong viéc nang cao hi¢u suét van hanh va hd trg phanh téi sinh
trong xe dién

Moment tai dong
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400 A
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—200 A1

Moment tai dong (Nm)
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—800 1 L
(’) 2(')0 40IO 6(IJO 860 10‘00 12‘00
Thai gian (s)
Hinh 6. DPap tmg mo6 men tai dong.

Két qua Hinh 6 md-men tai dong cho thay su bién thién dang ké trong sudt 1200 gidy
mé phong, voi gia tri dao dong tir khoang —800 Nm dén +600 Nm. ‘Bién dg dao dong trung
binh nam trong khoang +£350—400 Nm, phan anh r6 dac tinh khong 6n dinh cua tai trong qua
trinh van hanh theo chu ky 1ai xe. Tan suat thay d6i mo-men tai ciing bam sat chu ky mo-men
dong co, voi khoang 17-18 chu ky dao dong, twrong ng khoang 65 s— 70 s mdi chu ky. Pic
biét, cac dinh moé-men tai am lon xuat hién trong cac pha giam toc, 1a diéu kién thuan loi cho
viéc tai tao nang luong qua h¢ truyen dong. Su thay doi lién tuc va c6 bién do 16n ciia mo-
men tai tao ra thach thirc trong diéu khién, yéu cdu thuit toan phai c6 kha nang phan hoi
nhanh va duy tri 6n dinh, dic biét trong cac giai doan ting — giam tai lién tuc. Két qua nay
minh chimg cho tinh thuc té va khit khe cta kich ban mé phong ddi véi hé thdng diéu khién.
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Hinh 7. Pap tmg cong suit tiéu thu.

Dang song cong suét tiéu thy Hinh 7 cho thay dic tinh dao dong manh mé theo chu ky
1ai xe, v6i bién do6 thay doi tir 60 kW dén +35 kW, phan 4nh qua trinh luan chuyen gitra hai
ché d6: tiéu thy niang luong (cong suat duong) va tai sinh nang luong (cong suat 4am). Trong
phan 16n thoi gian md phong, cong suét tiéu thy duy tri 6n dinh trong khoang 5-20 kW, cho
thdy muc tai trung binh tuong dm 6n dinh trong diéu kién van hanh thong thuong. Tuy nhién,
& nhitng pha ting tc va giam toc nhanh (dic biét sau thoi diém 1000 s), cong suat vot 1én hon
+30 kW hodc giam manh Xuong dudi —50 kW, thé hién rd tinh phan ung tirc thoi cua hé
truyén dong. Gia tri cong sudt am 16n & nhitng doan phanh xac nhan kha ning tai tao ning
luong déng ké, dong vai tro quan trong trong viéc nang cao hi¢u suét tong thé ciia hé thong
truyén dong xe dién. Nhitng dic diém nay cho thay hé thong diéu khién da dap tng duoc yéu
cau diéu phdi cong sut theo timg pha van hanh mot cach hiéu qua.

Céng thirc tinh hiéu suat tai sinh ning lugng duoc tinh theo cong thirc (18):

j  gen (D)

_[ Pbracke (t)dt
Trong d6: P, cong suit thyc té thu hdi vé pin (Wh hoic J);

regen

tiéu tan do qua trinh phanh.

(18)

I:)bracke cong suat co hQC

Hiéu suat hé théng
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20 lI
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T T
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S

Hinh 8. Dap tmg hiéu suét hé thong.
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Hinh 8 minh hoa mic tiéu thy nang lugng thap, khang dinh hé thdng quan 1y nang
lwong hi€u qua. Du nang luong tai tao nho nhung dang ké, voi hiéu suét cao (~85%), h¢ thong
phanh tai tao cho thdy kha ning t6i wu hoa st ' dung nang luong. Két qua ciing thé hién su phdi
hop nhip nhang gitra dong co dién va hé théng tai tao, dam bao van hanh mugt ma, khong
lang phi nang luong. Diéu nay nhin manh vai trd quan trong cia viéc t6i uu thudt toan didu
khién trong str dung nang lugng thong minh.Ty 1¢ nang luong tai tao so voi téng tiéu thu cho
thiy tinh bén viing ciia hé théng, vira cai thién hiéu suét ky thuat vira giam phat thai, vuot troi
so vO1 phuong ti€n dung nhién liéu hoa thach. Do d6, moé hinh hé thong duoc thiét ké, hiéu
chinh tdt, ddp ung yéu cau tiét kiém ning luong va bao vé moi trudng. Sy trién khai cac giai
phap nay hira hen hiéu qua cao hon cho phuong tién giao thong trong tuong lai.

Pé 1am rd tinh hiéu qua cua phuong phap de xut, bai bao tién hanh so sanh két qua
diéu khién voi mot cong trinh da dugc cong bb gan ddy — cu thé 1a phuong phap MPC str
dung bd quan sat nhiéu theo [15]. Cac mé phong dugc thyc hién trong cing diéu kién tai, tc
d6, va thong s6 dong co. Bén canh d6, dé danh gia kha nang thich nghi cta hai phuwong phap
diéu khién trong céc tinh hudng thuc té, bai bao sir dung mét chu ky l4i xe bién thién c6 dang
tang dan — thé hién qua Hinh 10 va 11 trong khoang thoi gian 1200 s, vo1 van toc dao dong tir
0 dén 120 km/h (Hinh 9). Chu ky nay mo phong qua trinh tang tdc — giam toc lién tuc nhu khi
chay trong d6 thi hodc giao théng ngat quing, rat phu hop dé danh gia phan Gmg va do 6n dinh
ctia b dicu khién mo-men va van tdc. Dudi tac dong cua chu ky lai nay, h¢ thong truyén
dong duogc diéu khién theo hai phuong phap: MPC két hop Disturbance Observer (DO) [15]
va MPC két hgp Deep Neural Network (DNN.
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Hinh 9. Chu ky 14i xe 6 t6 dién.
Hinh 10 va Hinh 11 1an luot thé hién dap img mo-men dau ra va van toc thuc té cia xe
ung voi hai phuong phap trén.
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Hinh 10. Pap tmg vén toc thuc té cua xe tng véi phuong phap MPC _ DNN va MPC_DO
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Hinh 10 thé hién dap img mo-men diéu khién dau ra cta hai phuong phap: MPC két
hop bd quan sat nhidu (MPC_ DO) va MPC két hop mang hoc sau (MPC_ DNN). Két qua
cho thdy ca hai phuong phap déu hoi tu vé moé-men muc tiéu 200 Nm. Tuy nhién, MPC _
DNN dat gi4 tri nay nhanh hon (sau khoang 25 s), trong khi MPC_ DO can dén 40 s méi 6n
dinh. Mtrc dao dong mo-men (overshoot) cia MPC_ DNN nhé hon 2%, trong khi MPC _ DO
dao dong khoang +6%.
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Hinh 11. Pap tmg mé-men dau ra tng véi phuong phap MPC _ DNN va MPC_DO.

Hinh 11 minh hoa dap ung van toc thuc té cua xe dudi tic dong cua hai phuong phap
diéu khién so voi chu ky tham chiéu. Phuong phap MPC + DNN bam sat chu ky tot hon, thé
hién qua sai s6 trung binh (MAE) chi khoang 2,7 km/h, so véi 5,4 km/h cia MPC + DO.
Ngoai ra, sai sd cuc dai (Max Error) cia MPC + DNN chi khoang 6,8 km/h, trong khi phuong
phap con lai co sai s6 cuc dai lén dén 13,2 km/h trong cac pha ting toc dot ngot. Dua trén cac
két qua dinh luong khang dinh rang viéc tich hop mang hoc siu trong céu tric diéu khién dy
bao gitip hé thong thich nghi t6t hon véi chu ky 1ai xe phirc tap, phan ung nhanh hon véi
nhiéu tai, dong thoi giam thiéu dang ké dao dong mo-men va sai s6 toc do.

5. KET LUAN

Cong trinh thiét ké thanh c6ng ké bo didu khién mé men cho AFPMSM tung dung cho 6
t6 dién su dung b diéu khién lai MPC _ DNN dé t6i uu cac trong sO trong ham muyc tiéu cua
b6 diéu khién MPC, giip giam dao dong md men, ting 6n dinh, hiéu suat va tiét kiém nang
luong. Nghién ctru dé xuit tdi wu tham sé qua thuat toan hién dai dé hé thdng thich nghi tot
hon trong céac diéu kién van hanh khac nhau. Két qua cho thdy DNN khong chi nang cao hiéu
sut mdé men ma con rut ngan thoi gian xir 1y, cai thién hiéu qua tong thé va mé ra tiém nang
tmg dung cho nhiéu loai dong co va hé théng khac, mang lai d6i méi cho nganh 6 t6 dién.
Tuy nhién két qua nghién ctu chi dung lai két qua mod phong, vi vay dé nang cao do tin cay
clia giai phap dé xuat nghién ctru can thir nghiém trén AFPMSM tich hop v6i quan 1y nang
luong xe di¢n dé t6i vu ca dong co 1an hé thong. Ung dung tri tué¢ nhan tao va vat li¢u tién
tién hira hen tao dot pha cho dong co va bo diéu khién, gop phan phat trién bén ving nganh 6
to dién trong twong lai.

LOI CAM ON

Téc gia xin chan thanh cam on Truong Pai hoc Giao thong van tai da hé trg trong qua
trinh thuc hién nghién cau.
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