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NGHIEN Cl*U DONG HOC CUA HE THONG LAI BON BANH
RESEARCH KINEMATICS OF FOUR-WHEEL STEERING SYSTEM
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"Truong Cao dang Ly Ty Trong, Thanh phé H6 Chi Minh
*Truong Pai hoc Giao thong Van tai

TOM TAT

Tinh on dinh quy dao chuyen dong la kha nang ginr dwoc huong chuyen dong cua 0 to theo
yéu cau trong moi diéu kién chuyén dong. Viec st dung hé thong ldi bén banh 4WS cho phép cal
thién cdc kha nang hoat dong cia xe nhw tinh 6n dinh, tinh ning co dong. Bai bdo dd phan tich vé
déng hoc ciia hé thong ldi bon banh 4WS trén xe Honda Prelude. Két qud nghién ciru la co s¢ dé
nghién civu gidi phap on dinh quy dao chuyén déng 6 16 bang hé thong lai 4WS.

Tir khéa: Pong hoc hé thong ldi bon banh 4WS; 4 Wheel Steering; Béng hoc hé thong ldi.
ABSTRACT

Trajectory stability is the ability to keep the direction of movement of Trajectory stability is
the ability to keep the direction of movement of the vehicle as required under all moving conditions.
The use of 4WS four-wheel steering system allows improving vehicle performance such as stability,
maneuverability. The article analyzed the dynamics of the 4WS four-wheel steering system on the
Honda Prelude. The research results are the basis for researching solutions to stabilize the trajectory

of automobile movement using the 4WS steering system.

Keywords: Kinematics 4WS,; 4WS; 4 Wheel Steering; Kinematics of Steering.

1. PAT VAN PE

Ngay nay, kha ning co dong va su 6n
dinh quy dao chuyén dong 6 t6 1a mot chi tiéu
quan trong khi téc do 6 t6 ngay cang ting; mot
trong nhitng giai phap 1a str dung 6 t6 c¢6 nhiéu
truc dan hudng. Sy phat trién ciia cong nghé tu
dong hoa, viéc diéu khién céc thong sb 14i da
tao ra cac hé théng thong minh, viéc phan tich
cac quan hé dong hoc chuyén dong quay vong,
cac mo hinh toan hoc va cac thuat toan duoc
dac bi¢t chu trong [1, 2, 3, 4, 5]. Viéc st dung
cac mo hinh toan hoc va mo phong [6, 7] giup
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c6 thé dat dugc cac ché do toi vu cho hé thong
lai, hé théng phanh va hé théng treo theo quan
diém an toan giao thong.

Céc phuong 4n diéu khién lai phia sau
khac nhau da dugc st dung: co khi, thuy luc
va dién [8, 9, 10]. Uu diém cta viéc sir dung hé
thong 14i 4WS 1a kha ning thay d6i hudng quay
ctia banh sau. O toc do di chuyén thap, banh sau
quay nguoc chiéu voi banh trude, 1am giam ban
kinh quay vong. O toc do cao, banh trudc va banh
sau quay ctng chiéu, can thiét khi di chuyén tir

lan nay sang lan khéc & téc do cao [11].
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Hé théng 14i 4WS (Hinh 1), banh din
hudng phia sau dugc diéu khién boi ECU va bo
chap hanh.

*
z—o

B
~
Hinh 1. So d6 bo tri chung ciia hé thong ldi 4WS
co khi-dién
1 — Cdm bién téc do banh xe;

2 — Cam bién géc xoay vé ling; 3 — Motor dién
hé thong ldi 4WS; 4 — Cam bién gia toc ngang,
géc quay than xe; 5 — Bé diéu khién trung tam hé
thong ldi 4WS

2. PONG HQC HE THONG LAI 4WS
2.1. Quan hé dong hoc cic banh xe din huéng

Xét mo hinh dong hoc ddi hudng chuyén
dong 6 t6 4WS thé hién trén Hinh 2 [13], [14].
Trong do: 3,, 8,, 6,, 6, 1a goc quay cac banh xe
dan huéng; O 1a tam quay vong.

« R >« B, >
Hinh 2. Quan hé dong hoc goc quay vong

cdc banh xe dan huéng khi ciing huwéng

Hinh 3. Quan hé dong hoc goc quay vong cdc
banh xe dan hwong khi nguoc huong

L., =L+L, (1)

Trong do: B, = 2L, [é chiéu rong vét
banh xe trudce; B, = 2L _1a chi€u rong veét sau; L
1a chiéu dai co s¢ cua xe; L 1a khoang cach tir
truc trude dén duong giong tir tdm quay vong
vudng goc voi truc ddi Xl’l’ng doc cuaxe; L, la
khoang céch tir truc sau dén duong giong tur
tim quay vong vudng goc véi truc ddi xing
doc cua xe.

L , dugc dac trung boi:
L,=kL=k(L_ -L,) (2)
Véi k 1a hé s6 ty 1é:

- k> 0 lam tang ban kinh quay vong so
vé6i khi quay vong hai banh trude dan huéng.
Khi d6, banh xe dan huéng phia sau quay clng
chiéu banh xe din huéng phia trude.

- k <0 lam gidm ban kinh quay vong so
v6i khi quay vong hai banh truéc dan hudng.
Khi d6, banh xe dan hudng phia sau quay
nguogc chidu banh xe dan hudng phia trudc.

- k =0, khi d6 chi c6 hai banh xe trudc
dan hudng.
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a. Céc banh din hwéng quay cing chiéu nhau

Ta c6 khodng cach tu truc trude dén
duong gidng tir tim quay vong vudng goc voi
truc doi xing doc cua xe:

L =L+L,=(14+k).L=(1+k).(L L)  (3)

Diéu kién quay vong ding 1a tAm quay
tirc thoi clia cac banh xe dan huéng tring nhau
tai mot diém. Tir diéu kién do, ta c6 biéu thic
diéu kién quay vong dung:

9

B
cot gd, —cot g, =%; cotgd, —cot go, =L—2-

cl c2

g0y _ L, 4)
tgé‘l Lcl
Tur (4), ta co:
At _B,
tg52 tgé‘l Lcl

I _B 1 _Bigs+L,

=>—>=—1
g6, L, 186 L tgo,
= 9§, =arctan L.itgo [rad] (%)
Bitgd, + L,
Tu (5), ta co:

= §,=arctan [tg(é‘1 ). %2 ] [rad]  (6)

cl

Tu (6), ta co:

_ 1 _B, N 1 _ Byitgd, +L, %)
g0, L, 189, L,,1g0;
=0,= arctanLgé} [rad] 8)

B,tgo,+ L.,
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Nhu véy, tir thong s dau vao goc quay
banh xe dan hudng s6 1, 6, ta xac dinh dugc
gdc quay cac banh xe dan huéng con lai:

52 = arctan Lgé‘]
Bjgé, + L,

d,=arc tan (tg(él ). %2 J 9

cl

0, =arctan (Lgé}j

Byigo, + L,

b. Céc banh din huéng quay nguec chiéu nhau

L:LCI+L02 (10)
L L L L
1g8, =—L: tgd, =—<4—; 136, =—2; tgo - _Lfa_ (11)
g0, R 80, R+B, g0 R 80, R+B
B 12
Cotgo, —Cotgo, =7 (12)
cl
BZ
Cotgd, —Cotgo, = T (13)

c2

L= B + B, (14)
Cotgo, —Cotgo, Cotgd,—Cotgd,

Tir cac nghién ctu ly thuyét da xay
dung dugc két cau hé thong dan dong lai cau
sau nhu hinh 3:

120G o

WOCH )

&8 o

Hinh 4. Két cau hé thong dan dong lai cau sau

2.2. Mdi quan hé giira géc xoay banh din
hwéng phia truée va phia sau theo van toc

Khi quay vong déu trén duong vong, 6

to chiu tac dung cta luc ly tdim F, = m..V"¢6
R
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xu hudng 1am 6 t6 trugt khoi quy dao chuyén
dong. Khi F >, 0 6 bi Iéch khdi quy dao
chuyén dong va mat 6n dinh hudng chuyen
dong. Do do, ban kinh quay vong nho nhit ma
6 t6 co thé quay vong on dinh 1a:

2
v

Rmin = ( 1 5 )
¢y 'g
Do vy, 6 to gitr dugc hudng chuyén dong
on dinh khi quay vong voi ban kinhR >R _ .

Xét mo hinh mét vét voi goc quay banh
xe dan hudéng phia truge 1a 6, va goc quay banh
xe dan hudng sau 1a 6.

Ban kinh quay vong déu cua 6 t6 duoc
xac dinh:

(16)

e U [wo.-L)+bigs ’ L
(1g6, +1g6, )2 (tg0, +1g0,) ?,-8

biéu kién 6n dinh hudng cua 6 t6 khi

quay vong tr¢ thanh:
2 2 2
e L +{tg§y.(b—L)+b.tg5,} a7
(1g5, +tg5s)2 (tgd, +1g9,) ?,-8

Véi gia tri van toc cta 6 t6 v va goc quay
banh xe dan hudng 6, khac nhau, ta tinh dugc gia

tri goc quay gidi han §_ctia banh xe sau.

Cac banh xe bi bién dang bén do tac
dung lyc ly tim nén goc quay dan huéng phia
trude: B, =6, + a vaphiasauB =0 - a.

Goc Iéch bén do tac dung tur luc ngang
dugc dac trung boi:

a== [18]

Co

Trong do: N 1a lyc ngang duogc xac dinh

tur lyc ly tam tai trong tdm cua 6 t6 va C_la do
clmg bén cua 16p.

Khi 6 t6 quay vong 6n dinh trén dudng
¢06 h¢ s6 bam thap thi n6 c6 kha nang quay vong
on dinh trén duong c6 hé s6 bam cao hon.

Do d0, khi tinh toan gbc quay banh xe
cau sau gi6i han dé xe quay vong déu 6n dinh,
can phai tinh dén truong hop duong c6 hé sb
bam thap.

Trén co so tinh toan géc quay gidi han
ctia banh sau v6i hé s6 bam bam ngang ¢ = 0.5,
ta ¢ thé rut ra banh xe ciu sau quan he voi
banh xe ciu trude va van tdc 6 to thé hién &
bang 1 va ban d6 ludi truc quan hoa duoc thé
hién & hinh 5.

Bang 1. Goc quay banh xe cdu sau theo géc quay banh xe cau trudc B, va van toc v

v (is) P.@) 2 3 4 5 6 7 8
3 036 | -0.72 | -1.08 | -144 | -1.8 | 2.16 | 2.52 | -2.88
024 | 048 | 072 | 096 | -12 | -1.44 | -1.68 | -1.92
9 0.12 | 024 | 036 | 048 | -0.6 | -0.72 | -0.84 | -0.96
12 0 0 0 0 0 0 0 0
15 0.03 | 006 | 009 | 012 | 0.15 | 018 | 021 | 024
18 006 | 0.12 | 0.18 | 024 | 03 | 036 | 042 | 048
21 0.09 | 0.18 | 027 | 039 | 045 | 054 | 0.63 | 0.72
24 0.12 | 024 | 036 | 048 | 06 | 072 | 084 | 096
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Cooer mmyy bemmn T s mma m g A R wE R

Hinh 5. Ban do ludi thé hién moi quan hé goc
quay banh xe cau sau theo goc quay banh xe cau
trueoc va van toc.

3. KET LUAN

Bai bio dd ching minh mbi quan hé
dong hoc cac banh xe dan hudng cau trude va
cau sau. Thong qua mdi quan hé dong hoc, cho
thdy hé s ty 16 k c6 anh hudng dén tinh quay
vong cua 6 t0, 1a co s¢ dé thiét ké hinh thanh
1ai cau dan hudng phia sau. Két qua nghién ctru
dong hoc hé thong 14i 4WS lam tién dé cho bai
toan dong luc hoc hé théng dan dong lai cau
sau va cac nghién ciru tiép theo.
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