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TOM TAT

On dinh chuyén déng ciia 6 16 trong qud trinh chuyén hwéng cé vai tré quan trong doi véi an
toan giao théng, déc biét & vin toc cao va khi thiee hién cdc thao tac danh ldi dot ngét. Nghién ciru
nay khao sat dac tinh dong luc hoc ngang cua 6 to con khi chuyen huong thong qua phuong phap
mo phong. Mot mo hinh dong lice hoc ngang — quay théin xe nhiéu bdc tir do dwoc xdy dbmg, két hop
véi mé hinh 16p phi tuyén Pacejka dé mé ta tong tac 16p — mat deong. M6 hinh dwoc trién khai dé
mo phong cdc kich ban déanh lai dién hinh, bao gom chuyén lan don va chuyén lan kep Anh hieong
cua vdn téc xe va thao tac danh ldi dén cac dai lu"ong déng luc hoc ngang nhw vin toc ngang, van
toc quay thdn xe, gia toc ngang va quy dao chuyén dong dwrgc phan tich. Két qua cho thdy khi vin
toc va mire d danh ldi tang, cdc dap iimg déng liec hoc ngang tang manh, lam gia tang goc truegt
16p va mé réng quy dao chuyén dong; trong do kich ban chuyén lan kép thé hién xu hu’o’ng mdt 6n
dinh 16 rét hon. Cdc két qud thu dwoc cung cap co 5o khoa hoc cho viéc danh gia on dinh chuyen
dong va ho tro phat trién cac hé théng hé tro lai va diéu khién on dinh cho 6 t6 con.

T khéa: Dong liec hoc ngang; Chuyén hwéng; M6 hinh lop Pacejka.

ABSTRACT

Vehicle stability during cornering is a critical factor directly affecting traffic safety,
particularly at high speeds and under abrupt steering maneuvers. This study investigates the lateral
dynamic characteristics of a passenger car during cornering using a simulation-based approach.
A multi-degree-of-freedom lateral-yaw dynamics model is developed and coupled with a nonlinear
Pacejka tire model to describe tire—road interactions. The model is implemented to simulate
representative steering scenarios, including single lane change and double lane change maneuvers.
The effects of vehicle speed and steering inputs on key lateral dynamic responses — such as lateral
velocity, yaw rate, lateral acceleration, and vehicle trajectory — are analyzed. The simulation results
show that increases in vehicle speed and steering severity significantly amplify lateral dynamic
responses, leading to larger tire slip angles and wider trajectories; notably, the double lane change
maneuver exhibits a more pronounced tendency toward instability. These findings provide a scientific
basis for evaluating vehicle handling stability and support the development of driver assistance and
stability control systems for passenger cars.

Keywords: Lateral dynamics, Steering maneuver, Pacejka tire model.
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1. PAT VAN PE

Trong qué trinh chuyén dong, dic biét
& van toc cao, 6 to thuong phai thuc hién cac
thao tac chuyén huéng nhu chuyén lan, tranh
chudng ngai vat hoic quay vong gap, tiém an
nguy co mat on dinh chuyén dong do truot
ngang, thiéu 14i hodc thira 1ai, lam gia ting nguy
co tai nan giao thong [1]-[3]. Chuyén huéng la
mot qua trinh dong lyc hoc phuc tap, chiu anh
hudng cua nhiéu yéu td nhu véan tdc xe, dic
tinh hé thong lai, ddc tinh 16p — mat duong va
thao tac diéu khién cua nguoi 1ai [4], [5]. Khi
van toc tang hodc bién do danh lai lon, cac dai
lwong dong luc hoc ngang nhu vén toc ngang,
van toc quay than xe va gia tdc ngang c6 thé
tang nhanh, dan dén sai 1éch quy dao chuyén
dong va suy giam 6n dinh hudng cua xe [6].

Trong céc yéu td anh hudng dén 6n dinh
chuyén dong ngang, tuong tac 16p — mit duong
dong vai tro quyét dinh thong qua kha ning tao
luc ngang phu thudc vao goc trugt va diéu kién
bam [7]. Phuong phdp m6 phdng dua trén mo
hinh dong luc hoc dugc sir dung rong rai nho
tinh an toan va kha nang khdo sat cac trang thai
gan gi6i han 6n dinh; trong d6, mé hinh 16p phi
tuyén Pacejka dugc ap dung phd bién do mo
ta t6t moi quan hé gitta dong luc hoc tac dung
1én 16p va goc truot [8]. Trén co sé do, bai bao
nay nghién cuu dac tinh dong luc hoc ngang
ctia 6 to con khi chuyén huéng thong qua mé
phong, sir dung mo hinh dong luc hoc ngang —
quay than xe két hop v6i mo hinh 16p Pacejka
dé phan tich cac kich ban chuyén lan don va
chuyén lan kép, nham danh gia anh hudng cua
van tdc va thao tac danh 1ai dén 6n dinh chuyén
dong cua 6 to con.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét 14p hé phwong trinh vi phan chuyén
dong cia xe trong mit phwong dudng

Ap dung hé phuong trinh Newton-Euler
cho xe 6 t6 con chuyén dong trong mit phing
song song v&i mat duong, véi khdi lugng toan
xe bao gém khéi luong duoc treo va cac khéi
lugng khong dugc treo. Xét md hinh dong
luc hoc ngang cua xe véi ba bac ty do, bao
goém chuyén dong tinh tién theo phuong doc,
phuong ngang va chuyén dong quay quanh truc
thang dung di qua trong tim xe. M6 hinh Iyuc
tac dung 1én xe trong mit phing chuyén dong
duoc thé hién trén Hinh 1. Tir cac gia thiét trén,
hé phuong trinh vi phdn mé ta chuyén dong cua
xe trong mat phang duong duoc thiét 1ap nhu
sau:

oy
#. "

Hinh 1. M6 hinh lyc tac dong lén xe trong mat
phang song song voi mdt duong

M(u-vr) =F;cosdy, - Ey 8indy; + Fppcosdy, - Fle.Sinsll +Ey tEp -F ( 1 )
M(V-ur) =F;sind;; + Fy; cosdy; +Eysindy, +Fypc0s8), +Fy +Fpy +Fy (2)

Izt =[(E,;c088y, - F, 5108,y ) - (F,y c0sd,, - Fy\cosdy, )b, +(Fy - Fyy b, ( )
H(F,sind,, +F,,, cosd,)+(F,,sind,, +F, 0088, )]l = (Fy +Fop)ly +F, 1

Trong cac phuong trinh (1)-(3), 3, va
d,,1a gbc quay cua banh xe‘dén hudng bén trai
va ‘bén phai; inj, Fyij va inj lan luot 1a cac thz:mh
phan luc doc, lyc ngang va phan luc thiang
ding cua mat duong tac dung 1€n banh xe thir ij
(1=1,2;5=1,2). Céc luc khi dong theo phuong
doc va phuong ngang dugc ky hi¢u 1a F|_va
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F y Céc dai lu:orng u, v va r twong ng la van
toc doc, van toc ngang va van toc quay than
xe quanh truc thing ding; J la momen quan
tinh cua xe quanh truc z. Céac ‘tham s6 hinh hoc
b,b, 11, Lval, b1eu thi cac khoang cach dac
tru:ng cua xe. He phuong trinh (1)-(3) 1a co s&
dé xay dung mo hinh mo phong dong luc hoc
ngang cua 6 to con khi chuyén huéng.

2.2. X4c dinh lyc twong tac 16p — dwong

Cac lyc tuwong tac gilra banh xe va mat
duong theo phuong doc va phuong ngang, ky
hiéu l1an luot 12 inj va Fyij, la cac dai luong chua
xac dinh trong h¢ phuong trinh dong luc hoc
cua xe. Cac luc nay dugc xac dinh thong qua
mo hinh 16p nham phan anh dic tinh twong tac
16p — mat duong trong qué trinh chuyén dong.
Hinh 2 minh hoa mo6 hinh lép véi céac dai lugng
chuyén dong tai ving tiép xuc va cac phan lyc
tac dung 1én banh xe, bao gém luc doc F, luc
ngang F luc thing dung F_ va momen quay
M, du’oc sir dung lam dau vao cho mé hinh
d(_)ng luc hoc cua xe.

Hinh 2. M6 hinh lép

Trong nghién ctru trén, nhom tac gia da
su dung mé hinh 16p Pacejka (Magic Formula)
la mo h1nh dugce coi 13 ¢6 cong thirc mo ta tot
nhat mdi quan h¢ gitta lyc F va do truot A, khi
khong xét dén anh huong cia goc dat banh xe,
ta co6 cong thirc xac dinh:

F =D.sin [C -arctan {B_?L -E(B.A +arctan (BX))”@)

Dbi véi luc doc F , mo hinh 16p Pacejka
mo ta quan hé phi tuyén giita luc kéo/phanh va
hé s6 trugt doc A theo Magic Formula khi bo
qua anh huong ctia goc dit banh xe. Hé sb truot
A dugc xac dinh tr v, ® va ban kinh dong luc
hoc 1, trong khi cac tham s6D,C,BvaE phu
thudc vao tai trong théng ding; cac hé s6 thuc
nghiém dugc tham khao tir cac nghién cuu da
cong bd cho 16p co dic tinh twong tu.

Tuong tu, luc ngang F cua 16p duoc
mo ta thong qua mdi quan hé ph1 tuyén giira luc
ngang va goc truot o theo mo hinh Pacejka nhu
sau:

F,(0)=D,.sin [C},-arctan {B},a - E},(Bya + arctan(By.a))}] (5)

Luc ngang F_ tai modi banh xe dugc Xac
dinh boi ham Maglc Formula véi cac tham sb
B C D va E Trong md phong, cac gia tri
tham 5O du:orc lu:a chon la B =3,0,C,=12,D,
= 115000 Nva E =-1,9, phu hop VO’1 dac tlnh
cua 16p xe con thong dung. Goc trugt cua tu:ng
banh xe duge xac dinh tir van téc doc, van tdc
ngang tai tdm banh xe va géc danh lai, qua do
phan anh dung sy phan bd lyc ngang tai bon
banh xe trong qua trinh chuyén lan va quay
Vong Cac lyc F  va F . xdc dinh tr m6 hinh
16p Pacejka du:orc sir dung 1am dau vao cho hé
phuong trinh dong luc hoc, phuc vu mo phong
va phan tich 6n dinh chuyén dong ngang cta 6
to con.

2.3. Quy luét danh lai khi chuyén huéng

Trong qué trinh chuyén huéng, ngudi
lai tac dong 1én hé thong 1ai thong qua goc
quay banh xe dan hudng, tir 46 quyét dinh quy
dao chuyén dong va cac dac tinh dong lyc hoc
ngang ctia xe. Quy luat bién thién ciia goc danh
14i theo thoi gian anh huong truc tiép dén muc

do kich thich cac dap img dong luc hoc va on <~

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026 321
cokhivietnam.vn



NGHIEN CUU - TRAO DPOI

dinh chuyén dong cua 6 t6. Trong nghién ctru
nay, nham thuan tién cho viéc phan tich va so
sanh, quy luat danh lai duogc xac dinh trudc va
sir dung 1am tin hiéu dau vao cho mé hinh mé
phong; dong thoi, anh huong cua do dan hodi
hé thong lai dugc bo qua va goc quay banh xe
dan huéng dugc xem la dai luong diéu khién
tryc tiép. Hai quy ludt dénh lai dién hinh duoc
lwa chon dé d4nh gia 6n dinh chuyén dong, bao
gdém chuyén lan don (Hinh 3a) va chuyén lan
kép (Hinh 3b).

5 [46)

(@) 7 )
Hinh 3. Quy ludt chuyén lan: a) Chuyén lan don,
b) Chuyén lan kép

Phuong trinh (6) mod ta quy luat bién
thién cua goc danh lai §(t) trong kich ban
chuyén lan don. Trong khoang thoi gian 0 < t
<T,__, gbc danh lai dugc bicu dién dusi dang
ham sin voi bién do cuc dai §,, phan anh thao
tac danh lai sang mot phia cua nguoi 1ai. Khi t
> T, .. goc danh lai dugc dua vé gia tri bang
khong, tuong Ung voi trang thai tra 1ai va xe
chuyén sang giai doan on dinh chuyén dong.
Dang ham nay dam bao goc danh 1ai bién thién
lién tuc va tron theo thoi gian, phu hop dé mo
phong cac thao tac danh 1ai thong thuong trong
diéu kién van hanh thuc té

i 27
(5, sinf 2%t ) 0 <<,
50 =1 sm'..hTm Joo (6)

0. t2T,,,.

Phuong trinh (7) mo ta quy luat goc
danh 1ai trong kich ban chuyén lan kép, trong
d6 goc danh 1ai gdm hai pha lién tiép c6 déu
nguoc nhau. Pha thtr nhat (0 <t<T_ ) tuong

steer

g voi thao tac danh 1ai ban dau, trong khi pha

thr hai (T S t<2T ) mo phong thao tac
danh lai 601 chleu dé hoan thanh chuyén lan lan
thtr hai. Sau thoi diém t > 2T ., gboc déanh lai
dugc dua vé gia tri bang khong Quy luat nay
tao ra kich thich manh hon déi véi chuyen dong
ngang va chuyén dong quay than xe, dong thoi
van dam bao tinh lién tuc cia goc danh lai tai
cac thoi diém chuyén pha, tranh xuat hién xung
kich khong thuc té trong mé phong.

8ysin| 7—|.0<t<T.,

5(t)=15, sin| y |0<t<2T, (7)

e

0, t=2T

eer

Trong cac phuong trinh trén, 5(t) la goc
danh lai theo thoi gian, 3, 1a bién do goc danh
lai cyc dai va T la th(‘)i’ gian thyc hién m(:)t
pha danh 14i. Cac tham s6 nay dugc thay doi
trong cac kich ban khao sat nham phan tich anh
huong ciia thao tac danh 1ai dén cic dap tmg
dong lyc hoc ngang va 6n dinh chuyén dong
cua o to con.

3. KET QUA VA THAO LUAN

Trén co s m6 hinh dong lyc hoc ngang
va cac quy luat danh l4i da thiét 1ap, qua trinh mé
phong dugc thyc hién cho hai kich ban chuyén
lan don (Single Lane Change — SLC) va chuyén
lan kép (Double Lane Change — DLC). Cac dai
lu:orng dong luc hoc dugc phan tich bao gom van
toc ngang v, van toc quay than xe r, gia toc ngang
a va quy dao chuyén dong cuia xe.

Hinh 4 thé hién anh huong ciia van toc
xe dén cac dép ung dong luc hoc ngang trong
kich ban chuyén lan kep, bao gdom goc danh 1ai,
van toc ngang v, gia toc ngang a va goc quay
than xe y. Két qua cho thay khi Van tc xe ting
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tr 16 m/s 1én 20 m/s, bién do cac dap L'mg dong
luc hoc ngang tang rd rét. Cy thé, van toc ngang
va gia tdc ngang xuat hién hai dinh lién tiép
twrong tng v6i hai pha danh 1ai doi chiéu, trong
d6 bién do dinh ting theo van toc. Pong thoi,
gbc quay than xe dat gia tri 16n hon va suy giam
cham hon & van tdc cao, phan anh muc d6 kich
thich chuyén dong quay than xe manh va xu
huéng giam 6n dinh dong luc hoc ngang cua xe
trong qua trinh chuyén lan kép.
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Hinh 4. Anh hwéng ciia van téc dén goc danh ldi
khi chuyén lan kép

Hinh 5 thé hién anh hudng cia van toc
xe dén cac dap tmg dong luc hoc ngang trong
kich ban chuyén lan don, bao gdm goc danh
14i, van toc ngang v, van toe quay than xe r va
goc quay than xe y. Két qua cho thay khi van
tde xe tang, bién d cac dap ung dong luc hoc
ngang ting theo, tuy nhién mirc tang thdp hon
so vo1 kich ban chuyén lan kép. Cac dai lugng
van téc ngang va véan toc quay than xe chi xuat
hién mét dinh chinh tuwong ung VOl pha danh
14i, sau d6 nhanh chong suy gidam vé gia tri on
dinh khi két thuc thao tic. Goc quay than xe dat
gia tri cuc dal trong giai doan danh 141 va nhanh
chong tro vé gan vi tri trung hoa, phan anh kha
nang phuc hoi 6n dinh tot hon ctia xe trong kich
ban chuyén lan don, ngay ca khi van toc ting.

T

we Xeve

2 3 . s

van téc ngang (v)

-
\/

gc/\J

< 1 2 3 4 s L3
Goc quay than xe |«

=

Vin téo goc quay (r)

3 ‘ [ t
T gtan is]

Hinh 5. Anh huong cia vin toc dén goc danh ldi
khi chuyén lan don

Hinh 6 cho théy khi van tdc xe tang,
bién d6 goc truot cua tit ca cac banh xe trong
kich ban chuyén lan kép déu ting rd rét, phan
anh sy gia tang luc ngang tac dung 1én 16p. Cac
banh trudc cod goc trugt 1on hon do chiu tac
dong truc tiép ciia goc danh 1ai va xuat hién cac
dinh lién tiép trong hai pha danh 1ai d6i chiéu.
Goc truot cua cac banh sau c¢o bién d nho hon
nhung suy giam cham hon & véan toc cao. Két
qué cho thay khi van toc ting, 10p xe lam viéc
gan gidi han bam hon, din d&én giam dy trit 6n
dinh va gia ting nguy co mét 6n dinh chuyén
dong ngang ciia 6 t6 con trong kich ban chuyén
lan kép.

Trwrde - Tril (o) Trwde - Phil foyg)
g '
Eo
‘g -1 1
“o s 10 “o s 10
Sau - Tri (o) Sau - Phai fogs)
15 1
1 os
g
E oS 0
=]
£ o :
=
T a8 -1
Al a8
0 s 10 0 B 10
Théi gian [s] Théi gian [5]

Hinh 6. Anh hudng ciia vin toc dén goc trueot ciia
cdc banh xe khi chuyén lan kép
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Hinh 7 thé hién anh huong cua van toe
xe dén goc trugt cua cac banh xe trong kich ban
chuyén lan don. Két qua cho thiy khi van toc
tang, bién do goc truot cua cac banh xe tang
theo, trong d6 cac banh trudce cd goc trugt lon
hon do chiu tdc dong truc tiép cua goc danh 1ai.
Tuy nhién, so véi kich ban chuyén lan kép, goc
trugt trong chuyén lan don c6 bién d6 nho hon
va chi xuit hién mot dinh chinh trong pha danh
14i, sau d6 nhanh chong suy giam vé gia tri on
dinh. Diéu nay cho thay 1p xe lam viéc trong
ving bam an toan hon va xe duy tri dugc 6n
dinh chuyén dong t6t hon khi chuyén lan don,
ngay ca ¢ van toc cao.

Banh Treoc - Phil | ay,)

Banh Trwoe - Trsl | ay,)

Goc it g

“e " . 6 "o 2 &

Banh Sau - Tral{ asg

G0C it
o

&

= 4

Thin glam ] T gtan fs]

Hinh 7. Anh hwéng ciia van toc dén goc truot ciia
cdc banh xe khi chuyén lan don

Hinh 8 thé hién anh hudng cia van toc
xe dén quy dao chuyén dong trong kich ban
chuyén lan kép. Két qua cho thay khi van toc xe
tang, do 1éch quy dao theo phuong ngang tang
13 rét, thé hién qua bién d6 dich chuyén 16n hon
s0 voi 1an duong danh dinh. O vén tdc cao, quy
dao chuyén dong md rong va dat gia tri léch
cuc dai 16n hon, d@)ng thoi thoi gian dé xe on
dinh tr¢ lai quy dao mong muén kéo dai hon.
Diéu nay phan 4anh sy gia ting manh ciia cac
dap ung dong luc hoc ngang va xu hudng suy
giam 6n dinh chuyén dong cia xe trong kich
ban chuyén lan kép khi van hanh ¢ van tde cao.

Kich bén 1: Anh herdng cla Vn t5¢: QGuf Gac Chuyén Lan kep (Doubée Lane Change)

0alg trag) ¥ o)
» . " -

-*® ¢ # P 500 e

2uby ’-’:“G X jm)
Hinh 8. Anh hwéng cia van toc dén quy dao
chuyén dong khi chuyén lan kép

Hinh 9 thé hién anh hudng cta vén toc
xe dén quy dao chuyén dong trong kich ban
chuyén lan don. Két qua cho thay khi van toc
xe tang, do 1éch quy dao theo phuong ngang
tang 1én, thé hién qua vi tri quy dao 6n dinh
dat duogc cao hon so voi lan duong danh dinh.
Tuy nhién, quy dao chuyén dong trong chuyén
lan don c6 dang bién thién twong déi tron va
xe nhanh chong dat trang thai 6n dinh sau khi
hoan thanh thao tac d4nh 1ai. Diéu nay cho thy
mic du van toc ting lam gia ting muc do léch
quy dao, xe van duy tri duoc kha ning 6n dinh
t6t hon trong kich ban chuyén lan don so véi
cac kich ban danh lai phuc tap hon.

Kich bin 1: Anh hudng cua Vi the: Quy dpo chuyén ddng

— w1

— o
L —y > 20 TV

o ]

durmg ¥ ]

Cuaing

X & 60 a0 100 120 14

Quling dwdmg X [m]
Hinh 9. Anh hwoéng cia vin toc dén quy dao
chuyén dong khi chuyén lan don
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4. KET LUAN

Trén co s& mo hinh dong luc hoc ngang
— quay than xe két hop v6i mo hinh 16p phi
tuyén Pacejka, nghlen ctru da phan tich anh
hudng cua van toc xe dén cac dap Gmg dong luc
hoc ngang cua 6 to con trong qua trinh chuyén
hudng thong qua cac kich ban chuyén lan don
va chuyén lan kép. Két qua mod phong cho thy
khi vén toc xe téng, cac dai lu:orng dong luc hoc
ngang nhu van téc ngang, gia tbc ngang, van
toc quay than xe, goc trugt 16p va do léch quy
dao déu tang rd rét, phan anh sy gia ting luc
ngang tac dung 1én 16p va su suy giam muc du
trit On dinh cua xe. Cac banh trudce chiu anh
hudng 16n hon do tac dong truc tiép cua goc
danh 1ai, trong khi & vén tdc cao, cac banh sau
c6 xu hudng suy gidm dap ing cham hon, lam
gia ting nguy co mat 6n dinh. Dic biét, trong
kich ban chuyén lan kép, cac dap ung dong luc
hoc ngang c6 bién do 16n va dién bién phtic tap
hon, 16p xe 1am viéc gan giéi han bam va quy
dao chuyén dong léch nhiu so véi lan duong
danh dinh, cho thiy day 14 kich ban khic nghiét
dé danh gia 6n dinh chuyén dong. Cac két qua
thu dugc khang dinh vai trd quan trong ctia van
tc va thao tac danh 1ai dbi v6i on dinh dong luc
hoc ngang cua 6 t6 con, dong thoi cung cip co
s& khoa hoc cho viéc danh gia an toan chuyén
dong va phat trién cac hé théng hd tro 14i, diéu

khién 6n dinh trong di€u kién van hanh ¢ van
toc cao.%*
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