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TOM TAT

Trong nghién ctru nay, tac gia da xay dung dugc mo hinh mé phong anh hudng cta
cac yéu to nhu hé s6 bam mit duong (0.1 dén 0.85) va téc d6 6 t6 (30 km/h dén 120 km/h)
trong trudong hop chuyén lan dén tinh 6n dinh huéng cua 6 t6 dung hé thong 14i 4WS bang
phan mém Carsim. Két qua cho thiy, du 4WS cai thién dang ké d6 an toan va hiéu suat
véan hanh, nhung ¢ toc d cao, nguy co mat 6n dinh van rat Ién. Trong cac truong hop bé
mat duong tron truot (hé s6 bam mat duong thép tr 0.1 dén 0.25), nguoi lai can tudn thu
gidi han toc d9, dac biét khong nén vuot qua 40 km/h trén dudng tron hoic ¢6 hé sé bam
thap dé giam thiéu rui ro tai nan. Trong diéu kién dudng cuc ky tron truot, viéc duy tri te
dd hop ly va than trong khi 14i xe 1a vo cung quan trong.

Tir khéa: hé thong 14i bén banh, 6n dinh hudéng, CarSim, dong luc hoc 6 t6.

ABSTRACT

In this study, the author developed a simulation model to evaluate the influence
of factors such as road adhesion coefficient (0.1 to 0.85) and vehicle speed (30 km/h
to 120 km/h) on the directional stability of four-wheel steering (4WS) vehicles during
lane-changing maneuvers using CarSim software. The results showed that although
4WS significantly improves safety and performance, the risk of instability remains high
at high speeds. In slippery road surfaces (with a low adhesion coefficient from 0.1 to
0.25), drivers should adhere to speed limits, particularly avoiding speeds over 40 km/h
on slippery or low-adhesion roads to minimize accident risks and under highly slippery
conditions, maintaining a reasonable speed and exercising caution while driving is
crucial.

Keywords: four-wheel steering system, directional stability, CarSim, vehicle dynamics.
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1. GIOI THIEU

Hé thdng lai giup ngudi diéu khién
phuong tién kiém soat hudng di chuyén
mot cach hi¢u qua. Hién tai, hai loai h¢
thong 1ai dugc sir dung phd bién trén céac
phuong tién 1a hé thng 1ai hai banh trudc
truyén thong (2WS) va hé thong 1ai bon
banh (4WS). So voi hé théng 2WS, hé
théng 4WS mang lai nhiéu cai tién dang ké
vé tinh ning diéu khién. Véi kha ning diéu
chinh ddc 1ap banh trudc va banh sau trong
qua trinh van hanh, hé thong 4WS gitp
phuong tién dé dang quay dau, ting kha
nang 6n dinh hudng di chuyén, dong thoi
giam thiéu tinh trang thira 14i hogc thiéu l4i.
Dic diém nay gép phan ning cao mic do
an toan cho phuong tién [1-2].

Thong qua qué trinh nghién ctu, tac
gia nhan thy ring hé thong 4WS 1a mot
cong nghé¢ moi duge ung dung rong rai
vao hé thong 14i trén cac phuong tién hién
nay, do d6 can c6 thém nhiéu nghién ciru.
Can nghién ctru va khao sat hé thong nay
trén cic mau xe hién tai. Nghién ctru vé su
anh huong ciia cac yéu té dén hé thong lai
4WS sé gitp dua ra cac canh bdo an toan
cho tai xé

Nhiéu nghién ciru lién quan dén hé
théng 4WS da dugc thuc hién. Cac nghién
ctru nay di st dung phan mém Matlab/
Simulink hodc CarSim dé khao sat anh
huong ciia mot sb yéu td dén tinh dan dong
cua phuong tién. Cac nghién cuu da xay
dung m6 hinh dong lyc hoc va khao sat
mot sb yéu td anh hudng dén do 6n dinh
ctia hé thong 1ai [3-10]. Trong nghién ctru
[3], tac gia dd mo phong hé thong 1ai 4WS
bang phan mém Carsim va ché do tao mo
hinh dé thuc nghiém. Cac nghién ctru [4-
6] da nghién ctru md phong hé thong didu
khién cho xe 4WS. Nghién ctru [7] khao sat
nghién ctru tinh 6n dinh hudng ciia hé thong
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lai doc 1ap phia trudc, 4 banh va 4 banh
doc lap. Nghién ctru [8] da khao sat sy anh
huong cua hé s6 bam mat duong dén tinh
6n dinh huéng cta xe 4WS. Nghién ctru [9-
10] da thiét 1ap cac ché do didu khién cia
hé théng 1ai bon banh dan hudng.

Viéc xay dung mo hinh dong luc hoc
cho hé thong 14i 4WS (b6n banh 14i) nham
khao sat cac yéu té tac dong dén 6n dinh
clia phuong tién 12 mot yéu cau cip thiét
trong nghién ctu hién dai. Trong nghién
clru ndy, tac gia da phat trién moé hinh dong
Iuc hoc cua hé théng lai 4WS, tap trung
vao viéc phan tich anh hudng cta van toc
va hé s6 bam mit duong dén kha ning duy
tri 6n dinh hudng cua 6 t6 khi sir dung cong
nghé 14i bén banh. Cac két qua nghién ciru
khong chi cung cdp cai nhin siu sic vé
su van hanh cia hé théng, ma con dua ra
nhitng canh béo thiét thuc danh cho tai xé
trong cac tinh huéng giao théng khac nhau,
chang han nhu khi chuyén lan hoic khi di
chuyén trén cic doan dudng tron truot.
Day 1a mot dong gop quan trong, dac biét
trong bdi canh giao thong ngay cang phirc
tap va nguy hiém

2. XAY DUNG MO HINH KHAO
SAT CAC YEU TO ANH HUONG DEN
HE THONG LAI 4WS BANG PHAN
MEM CARSIM

Dé mo phdéng bang phan mém CarSim,
ta can vao man hinh chinh. Sau d¢, ta thuc
hién cac budc sau.

Buére 1: Tao mo hinh xe trong CarSim:

Nhap thong sé ky thuat: St dung céac
thong s6 da thu thap dé thiét 1ap mo hinh
xe trong CarSim, bao gém kich thuédc, khdi
luogng, hé thong treo, hé thong 1ai, hé thong
phanh, dong co, truyén dong, 10p xe, ...

Thiét 14p hé thong diéu khién: Céac hé
thdng hd tro 14i xe nhu ABS, TCS, ESC,
... (néu co).
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@ ca {** Quick Start Guide Example } Mo phong banh ]
File GoTo View Help.
- - Run_73d4f4b0. ] E
& @ [+¥] B [DC £ (B mnTame | X = 2] ?
Ml ) E e e e ol G e i

CarSim Run Control

This is a baseline example used in the *
CarSim Demo Tutorial (see Help >

Simulated Test Specifications

: ; e Vehicle Configuration: Ind_Ind ~
Guides and Tutorials). It is similar to ‘ e o -
the example used in the CarSim Quick tiass ecan
e Code. Procedure -

| DLC @ 120 km/h (Quick Start) (nominal)  ~
B show more options on this screen
Miscellaneous Data

Miscellaneous: 4-Wheel Steer "

This example has the box checked to
"Write all outputs.” That simplifies the
use of this run as a reference for
comparisons with other runs that
might have different plot settings. ‘

E-Class, Sedan 2017: Manual R&/P -
Miscellaneous: "

- CarSim R Contrl M phang €
© Animator: Camera Setup: 13 deg. Az Miscellaneous: -

@ Vehicle: Assembly: E-Class, Sedan 2(
@ Procedures: DLC @ 120 km/h (Quick
@ Steering: E-Class, Sedan 2017: Mant
@ Plot: Setup: Vehicle Sideslip Angle

[Oset driver controls here

[DJAdvanced settings

Run Control: Built-In Solvers
Run Math Model

Analyze Results (Post Processing)
Video + Plot @ set color Il
13 deg. Azimuth, Veh. Ref. -

Models: \' Video

Output: Excel CSV ¥ Ewrite all outputs  Keep Last ¥ Most Recent Output b

Plot  More plots: 8 ¥ [(JOnly these plot

{No dataset selected) -
{No dataset selected} d
B set time step here  Time step  Freq. (Hz) = !
Math model:  0.001 1000 Vehicle Sideslip Angle -
Output file:  0.025 40 {No dataset selected} \'
Stop run at specified time v {No dataset selected) M
Time (s) Path station (m) {No dataset selected) ~
Start: 0 {No dataset selected} -
25 Roed forward g {No dataset selected) -

B overlay videos and plots with other runs

{No dataset selected) ~
{No dataset selected) -
{No dataset selected} "
{No dataset selected) -
{No dataset selected) -

Hinh 1. Giao dién phdn mém Carsim

Budc 2: Thiét 1ap diéu kién mé phong:

Moi truong 14i xe: X4ac dinh loai duong,
diéu kién thoi tiét, hé sb ma sat mat duong.

Kich ban lai xe: Dat cac tinh hudng lai
xe cu thé nhu ting tdc, phanh gap, quay
vong, 1ai xe trén dudng vong cong, ....

Budc 3: Chay mo phéng va phan
tich két qua:

Thuce hién cac mo phong dua trén kich
ban da thiét lap.

Str dung cac cong cu cua CarSim dé
phan tich két qua, bao gdm d6 thi, sb liéu
va hinh anh.

Dénh gia hiéu sudt va hanh vi cia xe
trong cac tinh hudng khac nhau.

3. KET QUA MO PHONG

Nhom tac gia sit dung cac thong sb xe
khao sat 1a Lexus LS500h 2017

Bang 1. Théng sé co ban ciia 6 t6
Lexus LS500h 2017 [11]

Dai lwgng
Chiéu dai co so (L)

Gis tri

2500

Don vi

mm

38

Dai luwgng Gia tri [Pon vi

Chiéu rong co s& (B) 1639 | mm
Ifhoarig ca‘}ch tu,trong 1100 | mm
tam dén cau trudc (a)
Khoang cach tir trong
tam dén cau sau (b) 1400 | ‘mm
Chiéu cao gam (t4i thiéu)| 169 | mm

Goc nghién chinh 14 do
Goc khoi hanh 16 do
1135 | kg
1080 | kg
2215 | kg
1220 | kg
1505 | kg
2725 | kg
250 | km/h

Cau trudce

Khéi lugng

N Cau sau
khong tai

Toan bd

Cau truoc

Khéi lugng

. Cau sau
toan tai

Toan bd

Tbc d6 tdi da

Thoi gian ting tdc tir

0 km/h 1én 100 km/h >4

giay

3.4.1 Khio st su 6n dinh xe sir dung
hé théng 14i 4WS khi chuyén lan

Trong nghién ctru nay, tac gia cho xe
tang toc dén van toc can thict, sau do cho
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xe chuyén lan hai 1an. Xe s& chay ¢ céc
mure toc dd khac nhau (30 km/h, 60 km/h,
90 km/h va 120 km/h) va cac hé s bam
mat duong khéac nhau (0.25; 0.45; 0.65 va
0.85). Cac thong s6 dau ra dugc ghi nhan
bao gdm gbc xoay than xe (rad) va goc léch

huong (rad/s).
0.1
=
g 0.005
= 0
5
< -0.005
-
z -0.01
S 0 10 20
3 Thaoi gian (s)
© ——H¢ s6 bam 0.25 H¢ s6 bam 0.85
——Heé s6 bam 0.45 —— Heé s6 bam 0.65
Hinh 2. Goc xoay thdn xe V=30 km/h
01
2 0.05
L)
~ 0
£ VoV
:E -0.05
= -0.1
&8 0 10 20
] , Thoi gian ffs) ,
O —Hé s6 bam 0.25 ¢'s0 bam 0.85

Hé sb bam 0.45

Heé sb bam 0.65
Hinh 3. Goc léch huéng V=30 km/h

Nhén xét 1: O van téc 30 km/h, gbc
xoay than xe va goc 1éch hudng thay ddi
khong dang ké khi hé s6 bam mat dudng
khac nhau. Pidu nay cho thdy, o toc do
thip, hé thong 1ai bon banh dan hudng
(4WS) duy tri tinh on dinh tot ngay ca trén
mdt duong tron trugt.

0.006
0.004
0.002
0
-0.002
-0.004
-0.006

] 5 10 15
Thoi gian (s)
——Hé s6 bam 0.25 —— Hé s6 bam 0.85
—— Hé s6 bam 0.45 —— Hé s6 bam 0.65

Goc xoay than xe (rad)

Hinh 4. Goc xoay thdn xe V =60 km/h
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0.1
0.05
0
-0.05

-0.1

0 5 10 15
) Thai gian (s)
— Hé s6 bam 0.25 Hé s6 bam 0.85

———Heé s6 bam 0.45 —— Hé s bam 0.65

Goc 1éch hwéng (rad/s)

Hinh 5. Géc léch huéng V=60 km/h

Nhén xét 2: Dya trén két qua nghién
ctru dugc thé hién & hinh 4 va hinh 5,
ching ta nhan thay ring ¢ hé sb bam 0.25,
gbc xoay than xe va goc 1éch hudng tang
dang ké so voi cac hé s6 bam cao hon. Tuy
nhién, cac gia tri nay van nam trong gidi
han an toan cho phép. Ngoai ra, & van tdc
30 km/h, ca hai thong s6 trén déu 16n hon
dang ké so vai khi xe di chuyén ¢ van tdc
60 km/h. Diéu nay cho thdy ¢ toc do thap
nhu 30 km/h, xe 4WS c¢6 kha nang co dong
rat tot, trong khi & dai toc d6 trung binh nhu
60 km/h, xe 4WS phat huy tinh 6n dinh.

01

=

E 0.5

= 0

<§ -0.05

z o1

S 0 5 10
2 L Thoi

Heé sb bam 0.65 —— Heé s bam 0.85

Hinh 6. Goc xoay thdn xe V=90 Km/h

_ 01

=

g 0

£ 0.1

\b = .

=

= -0.2 r '
(5]

< 0 5 10
3 Thai gian (s)

3—He s6 bam 0.25 —— Hé s6 bam 0.45

——Heé s6 bam 0.65 —— Hé s6 bam 0.85
Hinh 7. Géc téc léch V = 90 km/h
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Nhén xét 3: Dya trén két qua nghién
ctru, nhan théy réng & hé sb bam 0.25, cac
gi4 tri goc xoay than xe va gdc 1éch hudng
tang dang ké so véi cac mirc hé s6 bam cao
hon. Quan sat hinh 6 va hinh 7 cho thay xe
khong thé tré vé trang thai ban du. Trong
video mo phong, xe da 1éch khoi quy dao
an toan. Pidu nay cho thiy ring ¢ hé sb
bam thdp, xe mat 6n dinh va khé kiém
soat, dan dén nguy co mat an toan khi van
hanh. Do d6, can than trong khi 141 xe trén
cac bé mit ¢ hé sb bam thip dé dam bao
an toan.

01

b

o -0.1

=

= -0.2

<

= -0.3

E’ 0 5 10
z Thoi gian (s)
=)

&

——Hé sb bam 0.25 —— Hé s6 bam 0.45
——Hé sb bam 0.65 —— Hé s6 bam 0.85
Hinh 8. Géc xoay thdn xe V=120 km/h
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0.3
=z 0.2
?: 0.1
\=3
g 01
Z2-02
g. 0 5 10
E Thoi gian (s)
©]

—— Hé s6 bam 0.25 —— Heé s6 bam 0.45
——Heé s6 bam 0.65 —— Hé s6 bam 0.85
Hinh 9. Goc léch huéng V = 120 km/h

Nhén xét 4: Dya trén két qua nghién
ctru, & h¢ s6 bam 0.25 va van téc 120 km/h,
cac gid tri goc xoay than xe va goc léch
huéng tang dang ké so v6i cac mirc hé sb
bam cao hon. Quan sat hinh 8 dén hinh 9,
ta nhan thdy xe khong thé trg vé trang thai
ban dau. Trong video mé phéng, xe da 1éch
khoi quy dao an toan. Piéu nay cho thay
& hé sb bam thap va tdc do cao, xe mét 6n
dinh nghiém trong, dan dén nguy co mat
kiém soat va tai nan. Do do, can than trong
khi 14i xe ¢ téc d9 cao trén bé mat c6 hé s6
bam thap dé dam bao an toan.

Hinh 10. Hinh dnh mé phéng & véan téc 30 km/h va hé s6 bdm 0.1

_ 100

S

= 50

&

o 0

<«

= 50

z

S -100

g 0 5 10 15 20 2

Q Thoi gian (s)
—V = 70 km/h

Hinh 11. Géc xoay thdn xe & vdn téc 30 km/h dén 70 km/h va hé s6 bam 0.1

=)

£

]

»

=

<

=

-

>

&

]

= 0 5 10 15 20 25

3 Thoi gian (s)
~V=40kmh — V=50kmh
——V=60km/ h ——V=30kmh

40
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0.1
0.05
0
-0.05
-0.1
o 5 10 15 20 25
——V=30kmh ——V=40kmh
- V=50kmh ——V=60kmh
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0.8
04

0.4

-0.8

—— V=70 km/h

Hinh 12. Géc xoay thén xe & vdn téc 30 km/h dén 70 km/h vé hé sé bdm 0.1

Nhén xét 4: Quan sat hinh 06 dén hinh
09 cho thdy, & van toc 90 km/h va hé sd
bam mat duong 0.25, xe bi vang khoi quy
dao chuyén dong. O van tdc 120 km/h, tinh
trang nay nghiém trong hon khi xe ro1 khoi
quy dao sdm hon. Tur hinh 10 dén 12 (voi
hé sé bam mat dudng 0.1), xe di chuyén
on dinh va bam sat quy dao ¢ van tde 30
km/h. Tuy nhién, géc léch hudng ting dan
& céc van toc 40 km/h, 50 km/h va 60 km/h,
nhung xe van tré vé trang thai can bang. O
van tdc 70 km/h va hé s6 bam 0.1, xe 1éch
han khoi quy dao va khong thé tré vé trang
thai cAn bang. Didu nay cho thdy hé s6 bam
anh huong dang ké dén tinh 6n dinh cia 6
t6. Dac biét, & hé s6 bam thip va van toc
cao, xe d& mét on dinh va viang khoi quy
dao tdng nguy co tai nan glao thong. H¢
s6 bam 0.1 twong ng v6i didu kién mit
duong tron truot va 16p xe mon dén gidi
han. Theo két qua mo phong, trong diéu
kién nay, xe khong nén vuot qua 40 km/h
trong diéu kién cuc ky tron truot dé dam
bao an toan.

4. KET LUAN

Trong nghién clru nay, tac gia da khao
sat anh huong cta van toc (30-120 km/h)

va hé sb6 bam (0.1-0.85) dén tinh 6n dinh
huéng cua 6 t6 sir dung hé théng 1ai 4WS
khi chuyén lan. Két qua phan tich cho thay,
mic du hé thong lai kiéu 4WS gitp cai
thién kha ning diéu khién, nhung xe van
tiém 4n nguy co mat on dinh khi van hanh
& tde do cao. Do do, tai xé can tuan thu gioi
han tdc d6, dac biét khong nén vuot qua
40 km/h trén mat duong tron trugt cd hé
s6 bam thap dé giam thiéu rui ro tai nan.
Ngoaira, kh1 vao cua hodc quay Vong, ngay
ca khi hé s6 bam duong tot, tai xé van can
giam toc d6 dé tranh 1éch khoi quy dao do
anh huong cua lyc ly tm va cac tac dong
dong luc hoc, lam giam do on dinh cua xe
& toe dd cao.

Dé tai c¢6 nhidu huéng phat trién nhu
khao sat sy anh hudng ctia mat duong (hé
s6 bam, dong map mo cua mat dudng, ... )
dén tinh nang 6n dinh ciing nhur tudi tho cua
hé théng 1ai bon banh dn huéng. Ngoai ra,
dé tai co thé khao sat van toc nguy hiém
cua 0 t0 & cac goc cua khac nhau tai céc
van téc khac nhau cho cac xe khac nhau,
tor d6 dua ra cac canh bdo an toan & céc
giao 10.
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