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TOM TAT

Nghién ciru ndy dwoc thire hién nham xdy dung mé hinh va mé
phong dong lyc hoc 6 t6 dién sir dung hé thdng vi sai dién tu (EDS)
diéu khién doc lap bdng hai dong co dien mot chiéu tai cau sau
thay thé cho vi sai co khi truyén thong. M6 hinh dwoc thiét lap dua
trén h¢é phwong trinh Newton-Euler, két hop véi mé hinh 16p phi
tuyén Pacejka va mo hinh dong co dién. Bo diéu khién PI dwoc tich
hop trong cdu triic vi sai dién tir nham tinh todn va phdn b6 hec
kéo gitta cdc banh xe chii dong. Két qua mé phong trén phan mém
MATLAB/Simulink trong nhiéu diéu kién van hanh khac nhau cho
thd'y van téc doc bam sat gia tri tham chiéu, mé-men xodn duoc
phan phéi hop Iy cho ting banh xe khi chuyén hudng, dong thoi
goc trugt than xe va sai so bam quy dao dwoc duy tri o mic thap,
nam trong vimg on dinh. Két qua nghién ciru giiip chitng minh tinh
kha thi, hiéu qua cua cau triic vi sai dién tir va la nén tang cho viéc
phat trién cdc thudt todn diéu khién cdp cao hon.

Tir khéa: Diéu khién PI, dong luc hoc xe dién, MATLAB/Simulink,
phan bo mé-men xoan, vi sai dién tir

ABSTRACT

This study develops and simulates a dynamic model of an electric
vehicle equipped with an electronic differential system (EDS) that
independently controls two DC motors on the rear axle, replacing
the conventional mechanical differential. The model is derived from
the Newton-Euler equations, coupled with a nonlinear Pacejka tire
model and a DC motor model. A PI controller is integrated into the
EDS to compute and distribute traction forces between the driven
wheels. MATLAB/Simulink simulations under various operating
conditions demonstrate that the longitudinal velocity closely tracks
the reference; torque is dynamically and appropriately distributed
to each wheel during steering maneuvers, and both the vehicle
sideslip angle and trajectory tracking error are consistently
maintained at low levels, ensuring stable and safe operation. These
results demonstrate the feasibility and effectiveness of the proposed
electronic differential structure, providing a solid foundation for
developing more advanced control algorithms.

Keywords: Electronic differential, electric vehicle dynamics,
MATLAB/Simulink, PI control, torque distribution
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1. GIOI THIEU

Trong nhitng nim gan day, xe 6 to dién dang dan
tré thanh xu hudéng phat trién chinh trong nganh
cong nghi€p van tai do myc dich bao vé moi truong
va giam thiéu khi thai phat ra tir cac loai phuong tién
su dung nhién li¢u hoa thach. Theo Ehsani et al.
(2018), su phat trién ctia cong nghé nang lwong pin
va dién tr cong suat ¢ mo ra mot hudng di méi cho
cac cAu hinh xe dién, trong d6 ndi bat 1a loai xe su
dung dong co dién mot chiéu dat truc tiép trong banh
xe (In-wheel motors - IWM). Cu tric nay mang lai
ru diém vuot troi nho tiém ning loai bo hé thong
truyén dong co khi phirc tap, tir d6 giup giam trong
luong hé thong truyén dong va tdi wu hoéa khong
gian thiét ké.

Tuy nhién, khi cac banh xe duogc dan dong doc
1ap, 6 t6 mat di su lién két co hoc vén co, dan dén
mot bai toan thach thirc vé dong luc hoc. Cu thé, bo
vi sai co khi truyén thdng dong vai trd cho phép su
chénh léch van tbc g0c cia cac banh xe chu dong
khi vao cua dé tranh hién tuong trugt banh va on
dinh quay vong (Jazar, 2017). Khi cum co khi nay
bi loai bo, chirc ning phan bé mé-men xodn dugc
dam nhan hoan toan boi hé théng vi sai dién tir
(Electronic Differential System - EDS). H¢ thong
EDS hoat dong dua trén cac thuét toan phﬁn mém
quan 1y viéc phan b luc kéo va tde do doc 1ap cho
ting banh xe dua vao goc danh lai va trang thai dong
lyc hoc cua xe (Patil et al., 2018). Do do, dé giai
quyét bai toan dong luc hoc va ngin ngira nguy co
mat 6n dinh khi van hanh, viéc tich hop mot thuat
toan diéu khién chinh xac vao hé théng EDS la yéu
ciu bt budc.

Nham giai quyét van dé néu trén, cac chién lugc
diéu khién EDS da khong ngung dugc hoan thién.
Bét d4u tir nhitng nghién ctru nén tang vé cau tric
hé théng vi sai dién tir so khéi (Yildirmm et al.,
2015), cac phuong phap di dan tré nén phic tap
hon. Tiép can tir goc do diéu khién _vong kin, Liu
(2025) da dé xudt mot chién luoc didu khién vi sai
dién tir dya trén viéc uoc lugng tde do vahé $6 truot
t6i ru, két hop co ché phan hdi. Trong viée tdi uu
hoa hiéu suét, Asperti et al. (2024) va Liu et al.
(2025) da nghién cliru va phat trién cac thudt toan
phan bd mo-men xoan chit ddng theo ciu tric phan
tang. Phuong phap nay gitp cai thién 16 rét tinh on
dinh ngang va kha nang xur Iy cta xe khi van hanh &
ngudng giéi han bam. Pong thoi, nham t6i da hoa
d9 an toan chu dong, Hu et al. (2024) da phat trién
mot khung dleu khién téi wu tap trung vao viéc kiém
soat tryc tiép mo-men quay vong cho cac dong xe
truyén dong phan tan.
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Céc nghién ciru trude ddy da giai quyét mot phan
bai toan phéan phéi van tdc goc, nhung chua tich hop
mot cach toan dién mé hinh 16p phi tuyén. Khi xe
véan hanh & cac diéu kién phirc tap hodc tién sat t&i
gi61 han bam, dac tinh lyc — goc truot cua 16p s&
chuyén sang trang thai phi tuyén cao d6. Pic biét,
theo Guo et al. (2020) va Asperti et al. (2024), viéc
sir dung mé hinh tuyén tinh héa don gian va khong
xem xét k§ dén goc trugt ngang va bién thién mo-
men quay vong rat dé dan dén viéc udce luong sai
ngudng an toan thyc té, dan den nguy co mat on
dinh. Piéu nay dat ra nhu cau cap thiét vé mot mo
hinh danh gia toan dién hon, phan anh ding gidi han
vét 1y cia phuong tién khi van hanh trong céc diéu
kién phuc tap.

Tai Viét Nam, vi€c nghién cuu vé 6 to dién va
dong luc hoc phuong tién dang 1a mdt hudng di thu
huat duoc sy quan tim manh mé&. Nén tang 1y thuyét
va cac cong cu mo hinh héa nhdm déanh gia dong luc
hoc 6 t6 da duoc xay dung va kiém chimg qua nhiéu
cong trinh uy tin. Cu thé, Ngoc va ctv. (2022) d4 g
dung mo hinh dong luc hoc khong gian phtc hop
két hop 16p phi tuyén Pacejka dé khao sat d6 on dinh
khi chuyén lan; trong khi Anh va ctv. (2019) sir dung
phan mém CarSim dé kiém ching d tin cay ciia mod
hinh hai vét khi xac dinh quy dao quay vong. Ké
thira nhitng nén tang d6, Huy va ctv. (2026) d tiép
tuc phén tich chi tiét anh huéng cta goc danh 14i dén
do 6n dinh ngang cua phuong tién khi van hanh ¢
diéu kién xudng dbc phirc tap.

Tuy vay, phan 16n ket qua cua cac nghién ciru
van chi tp trung vao ciu hinh xe truyén dong tap
trung. Cac cong bd khoa hoc di séu vao h¢ thong
EDS nhdm phan bd moé-men xodn ddc 1ap cho xe cau
hinh IWM van con rat han ché. biac biét, viéc tich
hop mot thuat toan diéu khién ciing m hinh 16p phi
tuyén Pacejka trong cac diéu kién van hanh sat gioi
han bam dé danh gia toan dién kha ning bam quy
dao van 1a mét khoang tréng 16n chua duogc khai
thac trigt dé.

Chinh vi vay, nghién ctru nay duoc thuc hién
nhim huéng dén viée xdy dung mé hinh dong luc
hoc d6 trung thyc cao va mo phdong 6 to6 dién véi
EDS sir dung cau trac diéu khién bu trude két hop
hoi tiép PI. Dong thoi, md hinh 10p phi tuyén tinh
Pacejka dugc sir dung nham mo ta chinh xac cac
tuong tac vat 1y phirc tap, hiéu qua phan phbi mo-
men va tinh én dinh cua hé théng vi sai dién tir khi
quay vong. Cach tiép can nay khong chi tap trung
vao thuét toan ma con uu tién xay dung mot nén tang
moé phong tin cdy, 1am co s dé kiém chung va so
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sanh cho viéc phat trién cac thuat toan diéu khién
thich ing cap cao va hi¢n dai hon trong tuong lai.

2. PHUONG PHAP NGHIEN CUU
2.1. Phuong trinh dong luc hoc thian xe

Dé mé phong chinh xac hanh vi cia xe, cac
phuong trinh dong luc hoc tong quat dugc xay dung
trén co s& hé phuong trinh Newton-Euler (Jazar,
2017; Rajamani, 2011). Trong bai bao nay, gia thiét
xe 0 to dién cau sau chii dong doc lap voi hai dong
co dién mot chiéu da dugc su dung va dan huéng
bang hai banh trudc duoc trinh bay ¢ Hinh 1.

Hinh 1. M6 hinh déng luc hoc 6 to dién IWM

Dé phan tich dong luc hoc cua phuong tién, hé
phuong trinh chuyen dong dugc xay dung dua trén
hé quy chiéu dong gén v6i khdi lwong than xe c6 gbe
tai trong tdm CG theo h¢ truc toa d xOy bao gém:
phuong doc theo truc X, phuong ngang theo truc ¥,
va chuyén dong ‘quay quanh truc ding Z. Vi vy, vy
lan luot 1a van tdc theo phuong doc, ngang, r 1a van
tbc goc quay than xe. Sy cén bang lyc va mé-men
tac dung 1én xe dugc thé hién qua hé phuong trinh
sau (Rajamani, 2011):

m. Uy = Fypy + B — ( fl+Fyfr) siné
+ (Fe1 + Fyfr).cos8 — F (1)
+ m. Vy.T;

M.V, = Fypy + Fypyr + (Fyp1 + Fypr). cOSS
+ (Fyp1 + Fupr)-sind ()
+ —-m.v,.r;

/ZT' = Lf ( yfl + Fyf?") cosd +(Fxfl
+ Fysr).sind]- L,.(F. yrl

+F,,)
d
+ E (Fxrr - Fxrl) 3)
d
+ E[(Fyfl
- Fyfr)sinS
- (Fxfl + Fxfr). cosé].
Voi:
F =F, + Fp; “)
1
E, =§.p.Cd.A.vx.|vx|; (5)
Fr=m.g.f 6)

Trong do: /,1a m6-men quan tinh cua khéi lugng
than xe; Fy;;, Fy;; (chi s6 i, j biéu thi vi trf clia cac
banh xe, v&i i € {f,r} biéu thi truéc hodc sau va
j € {1,7} biéu thi trai hodc phai) 1a cac thanh phan
luc doc va lyc ngang tac dung 1én than xe; F, 1a tong
cac lyc can doc than xe, cac thong s6 tinh luc can
duge thé hién & Béang 1 (Robert Bosch GmbH,
2018).

Bang 1. Thong s tinh toan lyc can

Théng sb Gia tri

Dién tich’cén chinh diéq A (m?) 2,1
He s6 can lan cua 1op f 0,015

Hé s0 can khi dong hoc Cu 0,28

Khoi lugng riéng ctia khong khi p
3 1,225
. (kghm)
Gia toc trong truong g (m/s?) 9,81

Dé g1a1 phuong trinh vi phan D), (2), (3) thi cac
thanh phan ngoal luc Fyi; va Fy;; bén ve phdi cua
phuong trinh can dugc x4c dinh théng qua mé hinh
16p phi tuyén & Muc 2.2.

2.2. M0 hinh I6p phi tuyén Pacejka

Trong nghién ciru nay, mé hinh 16p thuc nghiém
ctia Pacejka (2005) da dugc sir dung dé mo ta trang
thai cua banh xe dudi sy tac dong cua lyc va mo-
men tai 16p nham thé hién tinh chat phi tuyén cia
18p xe khi tuong téc voi mat dudng. Vi Fyy; va Fy,j
1a thanh phan lyc lién két giita banh xe va mit duong
(Huy va ctv., 2026). Cac luc nay thay ddi lién tuc
theo thoi gian, phu thudc vao diéu kién mat dudng
va cac yéu t6 danh 1ai va dugc xac dinh bang cong
thirc tong quét nhur sau:
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Fyij = D;.sin(Cy. arctan(By;. k;;
— Eyi. (Bui- k) (7
— arctan(By;. k;)))))
Fy;j = D;.sin(Cy;.arctan(By,;. a;;
— Eyi' (Byi' aij (8)
— arctan(Byi. aij))))
Ck
B .=
*C.D; ©)
Cai
By = ——
YiTC,. D (10)
D; = u.Fy (11)
m.g.L
E, = Z—Lf (12)
m.g.L,
Fr=—1 (>

Trong d6: B, C, D, E 1a cac hé $b thuc nghiém
cua mo hinh lép. Céc hé sb B, D duoc xac dinh qua
céc phuong trinh (9), (10), (11). Cac hé s6 C, E dugc
thé hién ¢ Bang 2.

Céc thong sb dau vao mo hinh 16p Pacejka bao
gém do6 trugt doc 4; j va goc truot ngang banh xe a;;
dugc xac dinh thong qua van tdc doc U, Va van tde
ngang v, va vin toc goc quay 7.

wyp.R- (vX - %r)

kyy (14)

Wyr.R- (vX + %r)

kyr 15)

’UX+7.T

Goc trugt ngang cac banh xe trudc - trai ag,
truge - phdi ay,., sau - trdi a,; va sau — phdi @, lan
luot duge xac dinh theo cong thirc:

v, + Le.1

ap =6 — arctan % (16)
vx—f.r
v, + Le.7

ap = 6 — arctan % (17)
Ux+7.r
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ay = —arctan i Zrl r (18)
Uy — 7 .r
a,, = —arctan o lgl (19)
Uy + 7 .r
Béng 2. Thong s6 6 té dién khao sat
Théng sb Gia tri
Do cung viing trugt ngang banh
trude Cop (N/rad) 75000
Do cing viing trugt ngang banh sau
Cor (N/rad) 90000
Do cling vitng trugt doc banh sau C,
(N/rad) 100000
Hé s6 hinh dang duwong cong Pacejka 13
theo phuong Y G, ’
Hé s6 hinh dang dwong cong Pacejka 1.65
theo phuong X C,, ’
Heé s6 d6 cong dinh cua 16p E 0,3
Mo-men quan tinh cuia banh xe Jw 5
) (kg.m?)
H¢ s6 bam duong 0,9
Khéi luong toan b xe m (kg) 1836
Ban kinh lam viéc cua banh xe R (m) 0,33
Chiéu rong co s6 d (m) 1,58
Chiéu dai co s¢ L (m) 2,88
Khoang cach tir trong tam (CG) dén 138
cau trudc Ly (m) ’
Khoang cach tir trong tam (CG) dén 15
cau sau L, (m) ’
Mod-men quan tinh J: (kg.m?) quay 2000
quanh truc Z
D6 ty cam cudn day phan ung L, (H)  0,5.1073
Dién tré cudn day phan img R, (Q) 0,05
Héng $6 stre dién dong nguoc K, 0.2
(V/(rad/s)) ’
Hing s6 mé-men xoan K; (N.m/A) 0,2
Ty s6 truyén tir dong co dén banh xe 9

N

Trong d6, van téc doc Uy, Van tbe ngang v, va
van tdc goc quay r dugc tinh tir cac phuong trinh
(1), (2), (3). Goc 1ai ctia banh xe dan huéng & dugc
cho trugc theo timg kich ban mé phong. Tdc do goc
céc banh xe sau w;; dugc xac dinh tir dau ra cia mod
hinh dong luc hoc quay banh xe c6 cong thitc nhu
sau:
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TT]' - FijR
Jw

PAu vao cua md hinh dong luc hoc quay cua
banh xe bao gém lyc doc tai cac banh xe Fy;; duge
tinh tor phuong trinh (7) va mé-men xoan tai cac
banh xe 7;; duoc lay tir dau ra cua cac md hinh dong
co dién mot chiéu.

oy = (20)

Céc thong s6 hinh hoc xe ¢ Bang 2 duoc lya
chon dya theo thong s6 hinh hoc cua dong xe dién
Tesla Model 3. Thong $6 dong co dién co di¢n mot
chiéu dugc chuin hoa dé dap ing yéu ciu mo phong,
ddng thoi van giit dugc ddc tinh co ban ciia hé truyén
dong dién. Cac thong sé cia mo hinh 16p duoc lya
chon dé dai dién cho xe 6 to dién c& trung véi do
ciing viing trugt ngang va do cing vimg trugt doc
chon theo Robert Bosch GmbH (2018), cac hé sb
thuc nghiém E, C dugc chon theo Pacejka (2005).

2.3. Pong co di¢n mot chiéu

Dé mé phong qua trinh sinh Iyc kéo tai banh xe
chu dong, dic tinh dong lyc hoc cia dong co dién
dugc mo hinh hoa trén mién tin sb Laplace theo
dinh luat Kirchoff vé dién ap va nguyén ly co dién,
ham truyén dong dién phan tng i, j va phuong trinh
mé-men truyén xudng banh xe 7, ; duogc xac dinh
nhu sau (Thim, 2024):

— Ky.w,;.N). (21)

farj = (U L.S+R,

Trj = N. Kt-iarj (22)

Trong d6 w,,,; 1a dién 4p didu khién dau vao,
wWyj la van toc goc ciia banh xe, N 1a ti s truyén co
khi. Cac thong s6 dién tir bao gdm hang s6 suét dién
dong nguoc K;, hang so0 mo-men K;, dién tré R, va
d6 tw cam L, cua cudn ddy phan ung, dugce trinh bay
cu the tai Bang 2.

2.4. Bj diéu khién vi sai dién tir

Trong nghién ctru nay, bo didu khién PI dugc lya
chon nham dam bao kha nang bam téc do véi cau
tric don gian va do on dinh cao. So vé&i PID, thanh
phan vi phan khong duoc sir dung do hé thng
truyén dong dién nhay voi nhidu do téc do va bién
thién mo-men tai. B PI dam bao sai s6 xac lap bang
khong va dap ung quéa d6 phu hgp cho hé vi sai dién
tir (Setiawan et al., 2024).

2.4.1. Thanh phan b tricéc

B¢ diéu khién bu truéc dugc thong qua cong
thirc:
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Upj = Kp. 0y jec. N (23)
Thanh phan nay cung cap mtc dién ap can thlet
dé can bang suét dién dong nguoc twong tmg véi te
d6 tham chiéu ciia timg banh xe. Nho @6, hé thong
khong hoan toan phu thudc vao sai sé phan hdi ma
cha dong dua dong co vé diém lam viéc mong
mudn. Viéc tich hop gia tri diéu khién uéc luong &
trang thai xac 1ap giap cai thién dap ung qua do va
giam sai s6 bam, ddc biét hidu qua trong cac hé
truyén dong c6 yéu cau phan phdi toc dd khac nhau
gitta cac banh khi quay vong (Zhang et al., 2021).
2.4.2. Thanh phan hoi tiép PI

Dua trén ciu trac diéu khién vong kin, tin hiéu
dau vao ctia bo didu khién PI 14 sai 1éch vén toc goc
tai tng banh xe chu dong. Gid tri sai $6 nay duogc
tinh todn duya trén sy chénh 1éch gitra tde do gbc
tham chiéu dinh mirc — thu duoc tir cac phuwong trinh
(21), (22) két hop vai toe do goc banh xe hoi tiép tir
phuong trinh (20) dé tinh ra sai s theo cong thc:

€rj = Wrjtc — Wrj (24)

Sai s6 tir cong thire (24) duge dua vao bo diéu
khién hoi tiép PI dé tinh dién ap diéu khién hoi tiép.
Tin hiéu diéu khién nay dugc xac dinh bang cong
thirc tong quét sau (Aggarwal, 2013):

u(t) = Ky.e(t) + Ki.f e(t)dt (25)

Cac h¢ s6 K, K; ciia bd diéu khién hoi tiép PI
dugc xac dinh bang phuong phap thur - sai, dam bao
han ché vot 16 va giam thoi gian xac lap, trinh bay
cu thé ¢ Bang 3.

Bing 3. Thong s6 by diéu khién hoi tiép PI

Théng sb Gia tri
Hé s0 ti 1¢ K, 75
Hé sb tich phan K; 1

2.4.3. Ludt diéu khién tong

_ Dién 4p diéu khién dong co di¢n dwoc xéc dinh

bang cong thurc:
Uy = U(t) + Uy (26)

Dién 4p diéu khién tong u,; dugc dua vao

phuong trinh (21) cua dong co dién dé xac dinh

dong dién phan Gng. Dong dién nay sinh ra mo-men

dién tir theo phuong trinh (22), sau d6 thong qua ti

sO truyén co khi, mo-men duoc truyén xubng banh
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xe dé tao luc kéo doc, 1a thanh phén déu vao cua hé
phuong trinh dong luc hoc chuyén dong cta xe.

2.5. Tiéu chi danh gia mé hinh

Dé danh gi4 tinh chinh x4c va higu qua ctia mo
hinh vi sai dién tir, cac tiéu chi tham chiéu dugc xay
dung dya trén nguyén ly vi sai co khi va 1y thuyét
dong }uc hoc 6 t6 theo Jazar (2017). Céac ti€u chi
bao gom:

2.5.1. Tuédn thi diéu kién hinh hoc Ackermann

Trong diéu kién quay vong 6n dinh, quy dao cua
than xe khado sat phai théoa méan nguyén ly
Ackermann, theo dé cac banh xe phai quay quanh
cung mot tam tirc thoi voi ban kinh R :

L
tan(6)

ch = 27)

Tuong tng, téc do goc banh trong w; va banh
ngoai w, theo nguyén ly hinh hoc dugc xac dinh boi:

_d
w0, = %RCQZ) (28)
w0, = M (29)

R.Reg

2.5.2. Kha ning phan bé md-men xoén giita hai
banh xe chu dong
Hé ghéng vi sai dién tir dugc xem la co khéiqnéng
thay the vi sai co khi thong qua dac tinh phan bo mo-
men gitra hai banh chu dong theo thoi gian:

At(t) = 1R () — 7, (8)

Trong diéu kién chuyén dong thang, mé-men hai
banh xap xi bang nhau (7, 7. ). Khi quay vong,

(30)

~
=~

hé thong phai tao ra d6 chénh léch mé-men. Trong

do, moé-men tai banh bén ngoai phai 16n hon banh

xe phia trong. Sau khi két thuc quay vong, mé-men

hai banh phai hoi tu tr¢ lai trang thai can bang.
2.5.3. D¢ on dinh ngang khi quay vong

Dé o t6 van hanh 611 dinh khi quay vong, can dam
bao cac yeu t6 van toc goc quay than xe 7, goc truot
than xe f nam trong vung lam viéc ciia van tc goc
quay than xe tham chiéu 7, va goc trugt than xe
tham chiéu B, dugc xac dinh theo cong thirc
(Rajamani, 2011; Huy va ctv., 2026):

Vtc

— 5
L + Ky. 0,2 G1)

Tte =
Lp.m. vy >
2.C L
L+ K,.v.?

L- (32)

Brc -6

Trong d6 K, 1a h¢ s thiéu lai:

m
==

L

L, Ly
\2.Cy 2.Co

3. KET QUA VA THAO LUAN

(33)

Céc phuong trinh dong luc hoc, mé hinh 16p va
hé théng vi sai dién tir dwoc md phong bang phan
mém MATLAB/Simulink nhu Hinh 2 véi cac théng
s6 xe dién cd trung, dan dong clu sau st dung hai
dong co doc lap nhu trinh bay trong Bang 2. May
tinh chay mo6 phong ¢6 cdu hinh Acer Nitro AN16-
41, trang bi bd vi xtt Iy AMD Ryzen 5 7535HS (~3.3
GHz), RAM 16 GB, db hoa Radeon tich hop va
DirectX 12. Thoi gian thyc hién mdi kich ban mo
phong 1a 10 phut.

/] Ky
-[ outTaul |
u Vehicle Body Dynamics
o) o o
2 vl v ‘ e Xa outx
.
" Wheel Dynaric R VA =
s [ )t = ;
H — £
f i
— g
w4 o]
M K
'
= N
o
e

Hinh 2. M6 hinh Simulink mé phéng dfng ll;’c hgc 6 tb dién sir dung hé théng vi sai dién tir
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3.1. Kich ban quay vong chir L

Viéc md phong dugc thuc hién theo kich ban
quay vong chit L (L-turn maneuver) véi tin hi¢u
danh 1ai dang bac thang, nhu thé hién ¢ Hinh 3. Cu
thé, goc 1ai & = 0° trong 10 gidy dau, sau do6 tang 1én
6° va giit ¢6 dinh trong 4,5 gidy nham thiét 1ap trang
thai xe quay vong én dinh, sau @6 duogc dua tro lai
trang thai can bang. Kich ban niay mo phong tinh
hudng chuyén hudng va duy tri quy dao cong chir L
trong diéu kién van hanh thuc té, thudng dugc sir
dung dé danh gia dic tinh 6n dinh huéng va kha

v [m/s]

0 5 10 15 20

nang phan phoi mé-men giilta cac banh xe (Zong et Time [s]
al., 2025). . s )
. . . Hinh 6. Vén toc doc cua xe
6 -
80 S 1
5 I Quy dao dicu khién PI
B = ==+ Quy dao tham chiéu (Iy thuyét)

41 60 |
7t
= o |

Y [m]

20

1 1 1 0
0 5 10 15 20

Time [s] 0 20 40 60 30

X [m]

Hinh 3. Géc quay ciia banh xe din huéng

Hinh 7. Quy dao cia 6 t6 khi quay vong

T T T

400

300

200 |

T [Nm]

100 |

Time [s] 0 5 10 15 20

Hinh 4. Mé-men xoin tai cic banh xe chii dgng Time [s]

Hinh 8. Vin tdc géc quay thin xe

Két qua md phong chimg minh ring bo dicu

Rt 1 khién PI dép tng tot véi cac tin higu tham chiéu,

dam bao tinh kha thi va an toan ciia h¢ thong EDS
dugc trinh bay tai Bang 4 va tir Hinh 3 dén Hinh 8.

Cu thé, Hinh 4 va Hinh 5 cho thay hi¢u qua phan

bd mé-men xodn va téc do goc banh xe cua EDS

s | trong kich ban danh 1ai chit L. Khi xe chay thang,

| | g md-men va toe dd goc cia hai banh chu dong 1a hoan

0 5 10 1s % toan dong nhét. Khi danh lai sang trai tir gidy thi 10,

Timetd sau khoang 1 gidy dao dong qua d9, banh bén phai

Hinh 5. Téc d§ goc ciia banh xe chi dong tang mo-men khoang 104,92 Nm va banh bén trai

w [rad/s]
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giam con 38,16 Nm, tao ra d6 chénh léch mo-men
At xép xi 67 Nm. Qua trinh tra 1ai ciing ghi nhan sy
hoi tu nhanh chéng vé& mirc can béng ban déu (50,49
Nm va 30 rad/s) chi sau 1 gidy. Két qua cho thay hé
thdng EDS c6 kha nang phén bd md-men tuong
duong cau trac vi sai co khi trong ca pha chuyén
dong thang va quay vong.

Hinh 6 thé hién vén tdc doc clia xe bam rat sat
gia tri tham chiéu véi sai s6 xéac 1ap nho, khoang 0,03
m/s ngay khi vao cua. Pbi véi quy dao tai trong tim
xe (Hinh 7), trong giai doan quay vong (tu giay 10
dén 14,5), phuong tién chuyen tiép mugt ma va bam
sat quy dao 1y thuyét. Sai s6 quy dao tich lity khoang

tryc tiép dé danh gi4 an toan. Thay vao do, tinh én
dinh cta phuong tién dugc danh gia dya trén cac
trang thai dong lyc hoc cot 161.

/

2

—_0

Pl
P |
te

193
192
191

1.9

3 [deg]

1.89

1,8 m xuét hién & cudi hanh trinh do dic tinh cia md 0 3 e 15 20
phong vong hé, khong cé su can thi€p bu lai cua tai L
xé. Gia tri nay khong dugc sir dung nhu mot tiéu chi Hinh 9. Géc trugt thin xe
Bing 4. Két qua md phong hé thong vi sai dién tir khi diéu khién PI
Thoi v v Sai Tpr Tic Sai Sai
. Ty Tpr At x te % £ Ber PBic A
gian m m\ sov (rad rady sor o o so f
o O amoam () G) e ) ) oem QO
2 426,84 426,84 0 2,42 25 3,2 0 0 0 0 0 0
4 427,26 427,26 0 4,88 5 2,4 0 0 0 0 0 0
6 428,97 428,97 0 735 7,5 2 0 0 0 0 0 0
8 431,39 431,39 0 9,82 10 1,8 0 0 0 0 0 0
10 50,49 50,49 0 9,98 10 0,2 0 0 0 0 0 0
12 38,16 104,92 66,76 9,97 10 0,3 0,35 0,34 0,64 192 193 0,05
14 37,96 105,11 67,15 9,97 10 0,3 0,35 0,34 0,64 192 193 0,05
16 50,46 50,46 0 9,98 10 0,2 0 0 0 0 0 0
18 50,49 50,49 0 9,98 10 0,2 0 0 0 0 0 0
20 50,49 50,49 0 9,98 10 0,2 0 0 0 0 0 0

Cu thé, su on dinh cua hé théng ED duoc minh
chung qua viéc céc trang thai dong luc hoc (5, 7)
ludn duoc duy tri nghiém ngét trong ngudng an toan
dinh luong. Vé van toc goc quay than xe r (Hinh 8),
hé théng bam sit tham chiéu theo hinh hoc
Ackermann v&i sai sb rat thap, chi khoang 0,64%.
Df)ng thoi, goc truot than xe £ (Hinh 9) ¢6 dao dong
on dinh va dat cyc dai 6 muc 1,92°, thip hon goc
truot tham chiéu véi sai s6 0,05%. Gia tri nay nam
hoan toan trong vung lam viéc tuyén tinh cta lop
Gia tri nay nam hoan toan trong ving lam viéc tuyen
tinh cua 16p, thuong duoc xac dinh dudi 4° dén 5°
trén mat duong co hé s6 bam cao u = 0,9 (Pacejka,
2005; Rajamani, 2011). Diéu nay khing dinh 16p xe
chua bi bao hoa luc ngang, xe duy tri dugc d6 bam
duodng ti vu va hoan toan khong co nguy co mat 1ai
hay xoay vang khi vao cua.

Dé danh gia & hon kha nang kiém soat phuong

tién trong cac tinh hudng chuyen dong ngang phirc
tap va c6 tinh chuén hoa cao, phan tiép theo s& xem
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xét kich ban chuyén lan kép (Double Lane Change —
DLC) theo tiéu chuan ISO 3888-1 (International
Organization for Standardization, 2018). Kich ban
nay cho phép kiém ching bé sung hiéu qua cia hé
thdng ED trong diéu kién qué do manh, véi yéu cau
cao vé& On dinh ngang va kha ning dap tmg nhanh
ctia hé thong diéu khién.
3.2. Kich ban danh lii chuyén lan

Viéc md phong dugc thuc hién theo kich ban
danh 1ai DLC véi tin hi¢u danh lai thay ddi lién tuc
dé chuyén lan duong sau do tro vé lan duong cii, thé
hién & Hinh 10. Cu thé, goc 14i & = 0° trong 10 gidy
dau, sau do 1an luot tang 1én 2.5°, giam xudng -2.5
do, roi tra 14i thang. Sau 1 gidy, hanh dong danh lai
v6i bién do nguoc lai duoc thuc hién lai dé xe tro lai
lan duong ct. Kich ban nay mé phong tinh hudng xe
chuyén lan duong trong diéu kién van hanh thyc te
thudng dugc sir dung dé kiém tra tinh an toan va on
dinh cua xe, két qua phan tich cu thé duoc thé hién
qua Bang 5 va tir Hinh 11 dén Hinh 16.
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§ ldea]

10

Time [s]

Hinh 10. Géc quay ciia banh xe din hwéng

400

300

100

20

Time [s]

Hinh 11. Mé-men Xoin tai cic banh xe chii dgng

w [rad/s]

e (W

L
10 20

Time [s]
Hinh 12. Téc dd goc ciia banh xe chit dong

Hinh 11 va Hinh 12 Ian luot thé hién kha ning
phan bé mé-men xoan va toc do goc banh xe cua
EDS trong kich ban danh lai DLC. Su chénh 1éch
mo-men xodn thay d6i nhanh va 6n dinh thé hién kha
ning kiém soat mo-men ciia EDS hoat dong t6t ké
ca trong diéu kién goc danh 1ai thay doi lién tuc.
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05}

3 [deg]

05F

\

10
Time [s]

Hinh 16. Goc trwot than xe

20

Hinh 13 cho thay khi xe danh l4i véi goc danh lai
nho thi van tdc xe ¢ thé giit khong thay ddi déng
ké, khoang 0,2% trudc va sau khi vao cua. Déng
thoi, c6 thé thiy quy dao tai trong tim xe dugc trinh
bay tai Hinh 14, trong giai doan chuyén lan tir gidy

10 dén 14 va tir gidy 15 dén 19, xe chuyén lan muot
ma va bam sat quy dao 1y thuyét. Sai léch theo
phuong ngang ctia than xe so véi quy dao tham chiéu
khi dang chuyén lan 1a khoang 0,16 m va sau khi da
chuyén lan, danh lai thang 1a khong dang ké, nam
hoan toan trong ving cho phép cua tiéu chuin ISO
3888-1 (International Organization for
Standardization, 2018).

V& tidu chi van tc goc quay than xe » (Hinh 15),
h¢ thdng bam sat tham chiéu theo hinh hoc
Ackermann véi sai sb rat thip, chi khoang 0,001
rad/s. Song song do, goc trugt than xe £ (Hinh 16)
c6 dao dong 6n dinh va dat cuc dai & khoang 0,8°.
Gi4 tri nay nam hoan toan trong ving lam viéc tuyén
tinh cta 16p. Piéu nay khing dinh 16p xe chua bi bao
hoa luc ngang, xe duy tri dugc d6 bam dudng tdi uu
va hoan toan khong co nguy co mat lai hay xoay
vang khi vao cua.

Biang 5. Két qua md phong hé thong vi sai dién tir khi diéu khién PI

Thoi v v Sai Tpr T¢c . K Sai
gian (;1::1) (;1:;) (13;) (ﬁ) (th) 0w (ﬂ) (ﬂ) ia(l/sg l(?)' I({f)c s
(s) s s (%) s s (%)
2 426,84 426,84 0 2,42 2,5 3,2 0 0 0 0 0 0
4 42726 427,26 0 4,88 5 2,4 0 0 0 0 0 0
6 42897 428,97 0 7,35 7,5 2 0 0 0 0 0 0
8 431,39 431,39 0 9,82 10 1,8 0 0 0 0 0 0
10 50,49 50,49 0 9,98 10 0,2 0 0 0 0 0 0
12 58,57 41,75 -16,82 9,98 10 0,2 0,004 0,005 10,70 0,037 0,036 2,77
14 41,75 58,57 16,82 9,98 10 0,2 -0,004 -0,005 10,72 -0,037 -0,036 2,76
16 76,09 33,33  -42,76 9,98 10 0,2 -0,14  -0,139 0,83 -0,792 -0,793 0,12
18 33,33 76,09 42,76 9,98 10 0,2 0,14 0,139 0,83 0,792 0,793 0,12
20 50,49 50,49 0 9,98 10 0,2 0 0 0 0 0 0

4. KET LUAN

Trong nghién ctru nay, viéc md hinh héa va mo
phong dong lyc hoc 6 to dién cau hinh truyen dong
doc 1ap tich hop hé thong vi sai dién tur didu khién
trén moi truong MATLAB/Simulink da dugc thuc
hién. Céac két qua md phong trong hai truong hop
quay vong chit L va danh 1ai chuyén lan déu phan
anh chinh xac dac tinh dong luc hoc cua xe. B diéu
khién PI hoat dong hi€u qua khi tich hgp cung mo
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