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TOM TAT

Duya trén Iy thuyét dong luc hoc vé hé thdng 14i trén 6 t6, bai bao nghién ctru cac van
dé sau: Thir nhét, tic gia xdy dung mo hinh dong luc hoc 6 to theo phwong ngang. Thir
hai, str dung phan mém Matlab/Simulink dé khao sat sy anh hudng ctia goc xoay vo ling
1ai dén vén toc goc léch, van tée ngang, goc truot ngang ciia 6 to, goc trugt ngang tai banh
xe trude va sau tai van toc 30 km/h va 90 km/h. Tir két qua khao sat, tic gia nhan thiy xe
sur dung hé thong 14i 4WS c6 tinh co dong t6t hon & toc do thép va 6n dinh hon khi chay
v6i toe dd cao so v6i xe sir dung hé thong 1ai 2WS truyén thong Tuy nhién, khi tai xé
chay xe ¢ toc do cao, ca xe 4WS va xe 2WS cung cO van toc ngang va vén toc goc léch
16n hon nhiéu so véi xe khi dang chay ¢ van tde thap. Tai xé nén chay xe & van tdc cho
phép theo quy dinh.

Tir khéa: Hé thong 14i bén banh, 6n dinh hudng, dong luc hoc 6 t6.

ABSTRACT

Based on the dynamic theory of vehicle steering systems, the article studies
the following issues: Firstly, the authors build a dynamics model of 4WS vehicle in
horizontal plane. Secondly, the authors use Matlab/Simulink software to investigate
the influence of the steering wheel rotation angle on the angular velocity, horizontal
velocity, horizontal slip angle of the vehicle, and horizontal slip angle at the front
and rear wheels at high speed as 30 km/h and 90 km/h. From the survey results, the
author found that vehicles using the 4WS steering system have better maneuverability
at low speeds and more stability when running at high speeds compared to vehicles
using the traditional 2WS steering system. However, when the driver drives at high
speed, both the 4WS and 2WS vehicles also have much larger lateral and angular
velocities than the vehicle when running at low speed. Drivers should drive at the
allowed speed according to regulations.

Keywords: Four-wheel steering, directional stability, automotive dynamics.
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1. GIOI THIEU

Hé théng lai 1a mot trong nhimg hé
thong quan trong quyét dinh huéng chuyén
dong cta 6 t6. Hé thong lai kiéu 2WS va
4WS da dugc sir dung phd bién hién nay
[1]. Hé thong 14i 4WS di cai thién 1d dic
tinh 141 cua phuong tién so vdi cac phuong
tién 1ai banh trudc truyén théng. O to sir
dung hé thong lai kiéu 4WS co thé diéu
khién banh trudc va banh sau riéng biét dé
quay vong, do d6 ning cao kha ning 6n
dinh hudng chuyén dong, giam hién tugng
thira 1ai va thiéu lai, tor do nang cao do an
toan cua 0 to [2].

Qua qué trinh tim hiéu, tic gia nhan
thiy hé théng lai bon banh dan hudng
(Four Wheel Steering - 4WS) 1a mdt cong
nghé méi duge ap dung nhiéu vao hé thong
lai trén cac dong xe hién nay, do do can
¢6 nhiéu nghién ciru khao sat hé thong nay
trén cac dong xe hién nay. Nhiéu nghién
clru trong va ngoai nude lién quan dén hé
thong 1ai 4WS di duoc thuc hién [3-11].
Cac nghién cuu da xay dung dugc mo
hinh mé phong hé thong 14i bon banh xe
dan hudng dung cho 6 t6 con bang phan
mém Matlab/Simulink va mé phong trong
mot s6 truong hop dién hinh. Két qua cho
thdy hé thong phu hop vdi tai lidu cia nha
san xuat dua ra. Cac nghién ctru [6-9] da
cho thdy sy anh huong cua cac yéu td 1én
kha ning dan huéng ciing nhu dong luc
hoc phuong ngang cua 6 t6. Nhitng nghién
ctru [10-11] da xay dung dugc cdc mo hinh
khao sat 6 t6 hé thong 14i 4 banh dan huéng
tir 46 cho thdy hiéu qua cua 6 t6 dung hé
thong 14i 4WS so véi cac 6 t6 2WS.

Vi¢c xdy dung md hinh dong luc hoc
hé thdng 1ai 4WS dé khao sat cac yéu td
anh huong 1 rat can thiét. Tur cac két qua
nghién ciru dugc, tac gia tién hanh thiét 1ap
mo hinh h¢ thong 14i 4WS.
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2. M6 hinh dong lwc hoc ciaa 6 to sir
dung hé thong lai 4WS

Hinh 1. Luc va moment tdc dung lén 6 t6
trong mdt phdng ném ngang

Mas
N(T O mo

Fa Ocs ms§  Fe
h| h _§ Ss
S! Ss S4
Zs B Z

Hinh 2. Luc va moment & cdu sau

Fe O mi R

ll
Si S S Yo Xo
Z B Z

Hinh 3: Luc va moment & cdu trué'c
Ghi chu:

v" Luc doc F;; luc bén S; luc cén lan
P.; moment can quay cta cac banh xe (M,)).
Vi i 1a chi so chi cac banh xe dan hudng
(i=1+4).
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v Trong tdm T cua 6 t6 dat cach tdm
truc cau sau mot doan la b; cach tam truc
cau trudc mot doan la a. Chiéu dai co sé L
=a+b

v h,h : chiéu cao tir trong phan kh01
lugng khong dugc treo cau trude va cau
sau téi mat duong [m]

v Luc can khong khi xét theo phuong
doc truc xe la P va theo phuong ngang la N.

v" Tai trong tam 6t6 (T) c6 lyc quan
tinh F, va luc I tdm P. Khi than xe quay
vong, xuat hlen mo men quan tinh xung
quanh truc T vacogiatrilal, .e

v' Do day la hé thong 1ai 4 banh dan
huéng nén goéc quay cua cac banh xe dan
huong lap,, leh thudc chiéu rong ciia vét
16p cua hai cau 1a B.

Trong bai bao nay, tac gia gia thuyét
céc banh xe ludn tiép xtic véi mat duong
va phan luc thing dung tac dung 1én cac
banh xe bang tai trong phan bd 1én cac
banh xe. Tai trong phan b 1én cac banh
xe phu thudc vao toa do khdi tdm cua xe
va cac thanh phan gia toc ctia than xe theo
cic phuong thing dung (gia tdc trong
truong), doc xe (gia toc phanh hay ting
toc) va phuong ngang xe (gia toc bén).
Gia thiét gia tc trong trudng khong doi,

ISSN 261 5-9945

khi c6 gia tbc doc va ngang than xe, co su
phén bb lai trong lugng trén cac banh xe.
H¢ phuong trinh dong luc hoc tham khao
tai liéu [5].

21=21T+%.AZ—A21 ()
zZ=z§+%.A2—AZ2 (2)
Z3:ZST.+%.AZ—AZ3 (3)
Z4=ZZ+%.AZ—AZ4 (4)

Trong d6, Z" 1a trong lugng phan bb &
trang thai tinh 1én cac banh xe, AZ 1a phan
trong luong phan bb lai gitra cau trudc va
cau sau do gia tbc doc gy ra, At va As lan
luot 14 phan trong lwong phan bé lai giira
hai banh xe ciu trude va giita hai banh xe
cau sau do gia toc bén giy ra.

Luc tac dung ctua khong khi dugc phan
tach thanh hai thanh phan: Thanh phan tac
dung trong phuong doc Pu va thanh phan
tac dung theo phuong ngang N (gia thiét
luc tac dung tai trong tdm 6 t0). Tai trong
tam O to con xudt hién cac lyc quan tinh
theo phuong doc F , theo phuong ngang
(lye li tam) P va md men quan tinh trong
mit phing nam JE.

2.1 Phuong trinh dong lwe hoc theo phuwong x cta 6 t6:

m.X = F;.cos(B,) +F,.cos(B;) +F3.cos(B3) + F,.cos(Bs) — S;.sin(B;) — S,.sin(B,)
+ S;.sin(B3) + S,.sin(B,) — P, — B

1
ox= o [F1.cos(By) + F;.cos(Bz) +F.cos(Bs) + F, . cos(By) — Sy.5in(B,)
—S,.sin(B,) + S;.sin(B3) + S4.sin(B,) — P, — P

OX= f .[F1.cos(By) +Fy.cos(B,) +F5.cos(Bs) + Fy.cos(Bs) — S;.sin(B;)

— S;.8in(B,) + S3.sin(B3) + S4.sin(B,) — B,

ox = [xdt+x,

- Pf] dt + Vox

)
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2.2 Phuong trinh dong luc hoc theo phuwong y ciia 0 to:

m.§ = S;.cos(By) + Sz. cos(Bz) + S3.cos(B3) + Sy cos(B4) + Fy.sin(By) + Fy.sin(By)
— F3.sin(B3) — F4.sin(B,) + N

oy= %-I[Srcos(ﬁl) +5;.cos(B2) + S3.c08(B3) + S4. cos(By) + Fy.sin(B,) + F,.sin(By)
— F3.sin(B3) — Fy.sin(B,) + N]dt + voy
oy=[y.di+y, (6)

2.3 Phwong trinh xoay quanh truc Z tai trong tam T cia 6 to

J,-& = [F1.sin(B,) + Fy.sin(B;)].a + [F3.sin(B3) — F4.sin(B,4)]. b
+ [S;. cos(By) + Sz.cos(By)].a — [S. cos(B3) + Sy cos(B4)].b

B B
+ [Sy.sin(B) — S, Sin(Bz)]-E — [S3.sin(B3) — S, Sin(B4)].§
B B
— [Fy.cos(By) — Fs. COS(BZ)]-E — [F5.cos(Bs) — Fa. COS(B4)]-E
oE= l{[Fr sin(B,) + F.sin(B3)]. a + [F5.sin(B3) — F4.sin(B4)]. b

I,
+ [Sy. cos(By) + Sz.cos(Bz)].a — [S;. cos(B3) + S cos(B4)].b
B B
+ [Sy.sin(B;) — S, Sin(Bz)]-E — [S3.5in(B3) — S, Sin(Bzx)]-E

B B
— [Fy.cos(By) — Fy.cos(B;)]. 5 — [F3.cos(B3) — Fy. COS(BA})]-E}-dt +&

2
oe=[t.dt+e ™
Cac lyc tdc dung cua mat duong 0 |
lén banh xe theo phuong doc F, va theo Bénh frge |

phuong ngang S, dugc xac dinh theo tai
trong thing dimg Z, dg truot s va goc léch
bén cua banh xe alpha tir cac quan h¢ trén
hinh 1. M6 hinh tinh todn céc luc tuong tac

2 >/
A

10 /

Goéc quay banh xe (d6)

Baph sau

gilta banh xe v6i mat duong va tinh toan 0 n '*200\ o

cac thong ) dong luc hoc cua toan bd 0 to /Séc vanh 14 (d6)

duoc xdy dung trong moi truong Matlab/ 10 : /
imulink.

Simu o 7 o

Trong bai bao nay, tac gia nghién curu
xay dung md hinh mo phong 16p xe 1a dwa

trén cac dd thi dic tinh thuc nghiém [7] Hinh 4. Lién hé gitta géc quay vanh ldi
va chuyén déng cta bdnh lai

g 0 Q0
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Theo tai li¢u [3] va quan sat hinh 2, ta
nhan thiy tai géc quay vanh lai ¢ khoang
tir 240°tr6 1én, chiéu quay cta banh sau bat
dau thay doi va nguoc chiéu véi banh trude
(diéu nay thuong dugc str dung khi xe chay
& van toc thap, dic biét khi dd xe). Con
khi goc quay vanh lai tir 240° tré xudng,
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chuyén dong cua banh trudc va banh sau
1a cung chiéu (diéu nay thudng xay ra khi
xe chay trén duong, dic biét & cac diy toc
dd cao). Trong bai bdo, tdc gia mdé phong
& hai gia tri van toc lan lugt 1a 30 km/h va
90 km/h va xem goc vanh lai bang 240° 1a
diém chuén dé danh gia cac gid tri khao sat.

3. X4y dung m6 hinh mé phéng dong luc hoc 6 t6 trong Matlab/Simulink
Bing 1. Thong s6 co ban ciia 6 t6 Lexus LS500h 2017 [13]

Wheelbase L

. b
Steering Wheel tum '———=1

(0.43 deg)

R2WS (m) R4WS (m)

4WS Operation j”

Beta (deg)

Vehicle Slideslip Beta b

rad -deg

Ao [

Hinh 5. So dé khéi mé hinh khdo sdt kha ndng én
dinh huéng cua xe 2WS va 4WS

E ora (og to front Axle)

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

Pai luwgng Gia tri Pon vi
Chiéu dai co so (L) 2500 mm
Chiéu rong co s& (B) 1639 mm
Khoang cach tir trong tim dén cau trudc (a) 1100 mm
Khoang cach tir trong tdm dén cau trude (b) 1400 mm
Chiéu cao gam (tdi thiéu) 169 mm
Goéc nghién chinh 14 bo
Goc khoi hanh 16 bo
Cau trudc 1135 kg
Khéi luong khong tai Cau sau 1080 kg
Toan bd 2215 kg
Cau trude 1220 kg
Khdéi lwong toan tai Céu sau 1505 kg
Toan bd 2725 kg
Téc d6 toi da 250 Km/h
Thoi gian tang toc tir 0 km/h 1én 100 km/h 5.4 gidy
Quy trinh mé phéng:

Budc 1: Xay dung cac phuong trinh
dong luc hoc hé thong 14i 4WS va 2WS.

Bude 2: Lap mo6 hinh mo phong hé
thong 1lai 4WS va 2WS trong Matlab/
Simulink.

Budc 3: Nhip cac thong sb can thiét
theo bang 1.

Budc 4: Chay md phong va nhan két
qua qua do thi.

15
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Budc 5: Phan tich, danh gid, so sanh
két qua mo phong

4. Két qua khao st va thao luin

Gia thuyét xe chay trén duong phang
¢6 hé s6 bam 14 0.8 va luc can gi6 1a khong
dang ké.

4.1 Khéo sat van toc goc léch va van

toc ngang cua xe 4WS va 2WS

2 3] =—4wWS 90km/h

]

s 2.5 4

= 2WS 90km/h

S

W1 o em—4WS 30km/h

&

s 0s __/
<.

> 0 - T T T v ]

0 50 100 150 200 250 300 350 400 450
Goc quay vanh lai (d6)
Hinh 6: Vén téc goc léch cua xe 4WS va 2WS
theo goc quay vé ldng Idi
12 -

_ e 4W'S 30km/h

T 191 ——4wso0kmh

% 8] ==——2WS90kmh

go 64 =—2WS30km/h

.(§ 4

=3

.

0 E

0 50 100 150 200 250 300 350 400 4
Goc quay vanh lai (dg)

Hinh 7: Vén téc ngang cia xe 4WS va 2WS
theo goc vanh ldi

Nhan xét 1: Xe 4WS (ké ca xe 2WS)
di chuyén ¢ van tc cao (v=90km/h) co
van toc ngang va vén toc goc 1éch 16n hon
nhiéu so véi xe khi dang chay & vén tdc
thip (v=30km/h). Néu nguoi 1ai diéu khién
xe & toc do twong ddi cao & mot goc cua
gap, didu nay s& khién xe c6 xu hudng bi
14t cao hon. Tai xé nén chay voi tdc do dinh
murc cho phép.

Nhan xét 2: Goc quay vanh lai dudi
240°, van tbc ngang va van toc goc 1éch cua
6 t6 4W'S déu thap hon nhiéu so véi xe véi

16
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2WS. O van téc 30 km/h, thip hon 57%.
Tuong tu & van toc 90m/h, thap hon 20%.
Diéu nay cho thy xe 4WS c6 xu hudng 6n
dinh hon xe 2WS ¢ gdc quay vanh lai dudi
240°. Van téc ngang thip hon chimg t6 kha
ning chong lat d6 ciia 4WS ciing t6t hon
nhiéu so v6i 2WS. Diéu ndy gitp giam tinh
trang tai nan giao thong.

Nhan xét 3: Goc quay trén 240°, van
tbc ngang va van toc léch cua 6 to 4WS
cao hon so voi 0 t6 2WS va su chénh
léch nay c6 xu huéng ting dan ¢ goc
quay vo ling cang 1on. Piéu nay ching
t6 6 t6 4WS c6 kha ning co dong tt hon
khi xe quay dau, day 1a mot loi thé cia
xe 4WS trong cac truong hgp nhu dd xe
hodac vao cua.

4.2 M6 phéng goc trugt ngang

4.2.1 Goc trugt ngang cua xe 8
30 -
251  ——4WS
20 -
15 A
10 -
5 4

0 50 100 150 200 250 300 350 400 450

Géc trugt ngang xe (dd)

Goc quay vanh lai (do)

Hinh 8: Géc truot ngang ctia xe theo géc ddnh Idi

Nhin xét 4: Ta nhan thiy khi goc
quay vanh lai dudi vo lang 240°, xe 4WS
c6 do truot ngang it hon 2WS, nghia 1a xe
it c6 xu hudng Iéch hudng hon so voi xe
2WS. Pay 1a uu diém cta 4WS khi vo ling
duéi 240° s& it bi mat on dinh & téc do cao
(nhu chung ta da quan sat ¢ hinh 2 va tai
liéu [12] ngudi 14i hiém khi cam quay vo
lang qua nhiéu khi lai xe ¢ toc do cao trén
duong. Nhung ¢ toc d6 thap, xét khi quay
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JOUPnal 01( Science - V L U T E

dau xe hodc dd xe, khi vo ling quay hon
240° thi gia tri goc trugt ngang lai 16n hon
(16n hon 56% & goc quay 400°), diéu nay
chiing t6 xe 4WS c6 xu huéng dé dang
quay dau xe hon

4.2.2 Goc trugt banh xe

e Banh x¢ trude - trai 2WS

@ 14 { == Banh xe trudc - phai 2WS
3, 12 em=Binh xc trudc - tréi 4WS
£ 1g e B4nh xe trudc - phai 4WS
g 6
B
&
o 0
S 2
-4 + T T T T T T T T ]
[1} 50 100 150 200 250 300 350 400 450
Goc quay vanh lai (d9)
Hinh 9: Géc truot ngang cta bdnh xe truéc
ctia xe 2WS va 4Ws

207 ——Binhxcsau- phai 2WS
= e Banh x¢ sau - trai 4WS
€ 154  ==Banhxc sau- phai 4WS
%" e B4nh xe sau-trai 2WS
2 10
‘g.
s 54
R
@)

0 4

100 150 200 250 300 350 400 450
Goc quay vanh lai (d9)

0 50

Hinh 10: Goc truot ngang cia bdnh xe sau
ctia xe 2WS va 4WS

Nhén xét 5: Trong hinh 7 va §, ta nhin
thdy goc truot ngang cua xe 2WS gin nhu
1a duong thang. Trong khi d6, dd thi cua
xe 4WS la mot duong cong nhu mat dd thi
hinh sin. Diéu nay cho thay kha ning thich
mg ctia xe 4WS & cac diy van tc khac
nhau 13 tét hon.

Nhén xét 6: Trong hinh 7 va hinh 8§,
gbc trugt ngang cua banh trude dat cuc dai
trong pham vi tir 150° dén 200°, v6 ling
quay la do tai thoi diém do6, xe 4WS dang
dat cac didu kién gidng nhu xe 2WS goc
quay banh sau ctia 4WS dat dén mirc 0. D6
1a 1y do tai sao lai c6 duong cong nhu vay.
Sau d, gia tri s& giam dan vi kha ning quay
banh sau ctia 4WS dang dat mac sir dung
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t6i da; trong d6 goc quay cua banh sau dat
5% (gbc quay toi da), anh huong dén tac
dung cua gbc truot ngang cia banh trudc.

Nhan xét 7: Ching ta s€ xem xét giad
tri goc trugt ngang t6i da cho ca 2WS va
4WS. Con d6i v6i 2WS, gbc trugt ngang
cua banh xe c6 thé 1én t6i 12° d6i v6i banh
trude va 18° d6i voi banh sau. D6i véi 4WS,
goc truot ngang banh ti da chi dat khoang
6,8° dbi v6i banh trudc (it hon 79%) va
11° (it hon 63%) d6i véi banh sau. Dir liéu
nay cho thiy banh xe 4WS ¢6 pham vi goc
truot ngang thap hon so véi banh xe 2WS.
Goc truot ngang thip hon c6 nghia 14 banh
xe 4WS ¢6 ty 16 mon 16p thap hon, giup
banh xe 4WS sir dung 16p 1au hon va tinh
6n dinh ciing t6t hon.

5. Két luan va huéng phat trién

Nghién ctru nay da xay dung dugc mo
hinh va mo6 phong khdo sat &nh huong cua
goc xoay vO lang lai (4WS va 2WS) dén
van toc goc léch, van toc ngang, goc trugt
ngang cuia xe, goc trugt ngang tai banh
xe trudc va sau tai van tde 30 km/h va 90
km/h. Két qua cho thay ¢ goc quay vo ling
nho hon 240°, xe 4WS c¢6 cac gia tri danh
gi4 tinh On dinh tot hon rat nhiéu so vdi xe
2WS, diéu nay cho thiy xe 4WS 6n dinh
hon khi chay & van tc cao. Nguoc lai, ¢
goc quay vo lang 16n hon 240°, xe 4WS co
tinh co dong tot hon, diéu nay giap xe dé
dang d6 xe hay vao cua. Ngoai ra, nghién
ctru cho thay 16p cua xe 4WS sir dung duoc
lau hon v c6 tinh 6n dinh t6t hon.

Nghién ciru cho thay 6 t6 4WS & van
toc cao tuy 6n dinh hon xe 2WS nhung
cling rat nguy hiém, diéu nay khuyén céo
tai xé nén chay xe trong van tdc an toan.

Pé tai c6 thé khao sat van toc nguy
hiém cua 6 t0 & cac goc cua khac nhau
tai cac van tdc khac nhau cho cac xe khéc
nhau, tir d6 dua ra cac canh bao an toan &
cac giao 1.
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