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TOM TAT

Sw phat trién cGia nganh cdng nghiép 6 td hién dai d&t ra yéu cau khat khe vé an toan va
6n dinh chuyén dong, trong do hé théng lai dong vai tro then chét quyét dinh quy dao va
kha nang klem soat xe. Du cac cong nghé hé tro ngay cang tién tién, hé théng lai co khi
thuan tay van gilr vai tro 1a nén tang cét I6i, quyét dinh cac dac tinh déng lwc hoc co ban
va |a tién dé cho moi s cai tién ky thuat trén 6 t6.

Do d6, bai bao tap trung vao huéng tiép can: Xay dwng mé hinh toan hoc va mé phang
6 t6 con két hop md hinh dan déng lai cé hinh thang lai Ackermann va mé hinh 16p phi
tuyén Pacejka. Théng qua cac kich ban quay vong déu va chuyén lan kép, nghién ctru
trich xuét cac thong s déng lwc hoc cbt 16i d& danh gia dinh lwgng tinh 6n dinh hwéng,
tao co s& cho viéc tdi wu héa thiét k& va van hanh hé théng lai co khi trén xe con.

Twr khéa: Hé théng lai co khi; hinh thang lai Ackermann; dong lwc hoc 6 td; én dinh
hwéng chuyén dong.

ABSTRACT

The development of the modern automotive industry imposes stringent requirements on
safety and motion stability, in which the steering system plays a pivotal role in determining
the vehicle's trajectory and controllability. Despite the continuous advancement of driver
assistance technologies, the pure mechanical steering system remains the core
foundation, dictating fundamental dynamic characteristics and serving as the prerequisite
for all technical innovations in automobiles.



Therefore, this paper focuses on a modeling approach: developing a mathematical model
and simulating a passenger car by integrating a steering linkage model featuring the
Ackermann steering trapezoid and the Pacejka non-linear tire model. Through steady-
state turning and double lane change scenarios, the study extracts core dynamic
parameters to quantitatively evaluate directional stability, thereby establishing a reliable
basis for optimizing the design and operation of mechanical steering systems in
passenger cars.

Keywords: Mechanical steering system; Ackermann steering trapezoid; vehicle
dynamics; directional stability.

1. DAT VAN BE

Hé thdng lai la cum tdng thanh then chét, quyét dinh truc tiép dén an toan chuyén
déng va tinh én dinh hwéng cda 6 t6. Trong bbi cdnh cdng nghé tro lwc dién ti phét
trién manh, hé thdng lai co khi thuan tay van déng vai trd la nén tdng dong lwc hoc cbt
16i, gitp 1am rd ban chat twong tac gitra ngudi lai va mat dwong. Vé két cau, hé thdng
thiét lap dong truyén mé-men t vanh tay lai qua co cu banh rang - thanh rang dén
cac banh xe dan hwéng, tuan tha hinh hoc Ackermann d& dam bao cac banh xe 1an
thuan tay khi quay vong.

Hinh 1. Hé théng lai trén 6 td con

Tai Viét Nam, cac nghién ctru cua cac tac gia P& Sanh [1] va Nguyén Khac Trai (2]
da dat nén moéng vé dong lwe hoc quay vong va quan hé vat ly banh xe dan héi. Tiép nbi
hwéng di nay, cac tac gid Pao Manh Hung, Cao Trong Hién [3] tap trung vao twong tac
16p - dwdng, trong khi tac gia Nguy&n Tuin Anh [4] huwéng téi cac bd diéu khién lai tich
cwe. Tuy nhién, viéc khdo sat dinh lwong hé théng thuan co khi bang méd hinh mé phéng
do tin cay cao van can dwoc lam ré dé hd tro qua trinh ti wu hoa thiét ké. Vay nén, viéc
danh gia chi tiét mot hé théng "khéng diéu khién" (thuan co khi) Iam nén tang so sanh
van ludn can thiét.

Doéng gop chinh cua bai bao la xay dwng mé hinh va mé phéng mé hinh dwa trén
nén tang Matlab/Simulink, tich hop hinh thang lai Ackermann va mé hinh 16p phi tuyén
Pacejka. Thong qua cac kich ban quay vong tron va chuyén lan & dai tbc do thay dbi,
nghién ctu trich xuét cac chi tiéu gia téc ngang dé danh gia tinh &n dinh. Két qua khong
chi cung cap cdng cu khao sét tin cay ma con dwa ra cac khuyén céo vé van téc gi¢i han
an toan nham chdng hién twong lat ngang cho xe con.



2. XAY DWNG MO HINH HE THONG LAI KHONG €O BIEU KHIEN TREN O TO CON
2.1. M6 hinh hé théng lai co’ khi
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Hinh 2. M6 hinh vat I hé théng 14i co khi [5]

Hinh 2 mé ta hé thdng lai dwoc b tri trén 6 t6 con st dung hé théng treo ddc lap.
Trong doé: 6, la goc quay vanh lai; T, la mo-men tac dung Ién vanh lai; K, ,B, ,0, la do
crng, hé s can xoén, goc quay truc lai; ,, 1a goc quay cua tryc banh rang; Y., ,MS, B,
la dich chuyén, lyc ma sét kho, hé sd can dich chuyén banh réang va thanh rang;
Opt1 10012 10041 100q 2 18 A0 clPng, hé sO can giam chan cua thanh lién két banh xe bén trai va

bén phai; MS,,, ,MS,_, la lwc ma sat kho gilra mat dwdng va banh xe bén trai, bén phai;
M ;.M ,la mé-men tr mat dwdng tac dung Ién banh xe bén trai va bén phai; 8,6,
la géc quay clia banh xe bén tréi va bén phai; n.,ng 1a hiéu suét thuan, nghich cta co cau
lai; R, 1a ban kinh cta banh rang truyén lyc; K la d6 cirng xoan twong dwong cla co
cau lai; M, 1a khéi lwgng cla thwoc 1ai; N, 1a chiéu dai ca thanh lién két tir thwdc lai dén
banh xe.

Phwong trinh vi phan chuyén déng cta vanh lai:

Ivl gvl = Tvl - Ku (é‘vl - 5t| )— Btl (Svl - 5t|) (1)
Phwong trinh vi phan chuyén déng cua truc lai:
Itl gtl = Ktl (5v| - 5t| ) + Btl (5vl - 5‘tl ) - th (é‘tl - 6br) (2)

Phwong trinh quan hé gitva s, va Y, la:

3)



Phwong trinh vi phan chuyén déng cla thuéc lai:
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Phwong trinh ddng lwc hoc cta hé thdng lai co khi viét dwéi dang ma tran ta dwoc:
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Khi biét goc quay vanh lai, gidi phwong trinh ma tran (5) ta sé tim dwoc dich chuyén

cta céac chi tiét trong hé thdng lai va géc quay cua cac banh xe dan huéng.

2.2. Md hinh chuyén déng cta 6 td trong mét phang

Hinh 3. M& hinh chuy&n déng cta 6 td trong mét phang [6]



Hinh 3 thé hién mé hinh chuyé&n ddng hai vét cta 6 té trong mat phang ngang. Trong
do: C la trong tam 6 t0; 8, 1a goc quay cda cac banh xe dan hwong thiv i, 5, 6,#0,6,,

= 0;¢, la gbc léch bén cia banh xe th& i (i = 1 + 4); ywla goc quay than xe quanh truc
thdng dirng qua trong tam; £ 1a goc léch than xe so v&i phwong chuyén déng; v 1a van
téc chuyén dong cua 6 t6;V,¢,v,. 1a cac thanh phan van toc 6 t6 trong hé toa do trong
tam; v, 1a van téc cla banh xe thir i (i = 1 + 4); v la gia toc tiép tuyén ctia 6 t6;a,, = (v + )
la gia tbc ngang cla 6 to; F,; 1a phan lyc ngang tir mat dwdng tac dung Ién banh xe thw
l; b la khoang cach tlr tam truc cau trwdc dén banh xe bén trai, bén phai;b, la khoang
cach tlr tam tryc ciu sau dén banh xe bén trai, bén phai; a,,a, la khoang cach t trong
tam dén vét banh xe phia trwdc, phia sau; F,, = 0,5¢,Ap,v? 1a lwc can khdng khi, trong
do c,la hé sb can khong khi, p,, la mat dd khéng khi, Ala dién tich can chinh dién ctia 6
t6; F,, 1a lyc gi6 ngang; |, la khoang cach t diém dat lwc gi6 ngang téi trong tam xe; F,
la lwc doc tac dung 1én banh xe thiri (i=1 + 4)
Phwong trinh dbi véi truc doc 6 to:

. . 1
V= V(l// + ﬂ)ﬁ +H(Fx1 - I:ylé‘l + sz - Fy252 + Fx3 + Fx4 - wa) (6)
Phwong trinh dbi véi truc ngang 6 t6:

: .V 1
y/j :_V/_VﬂJrW(F”&l +F,+F,0,+F,+F;+F,+F,)

(7)
Phwong trinh can bang mé-men véi trong tam 6 to:
1/7 B i _(Fxl - Fy151)b1 + (Fx151 + Fyl)a'l + Fwylw + (Fx262 + Fyz)al + Fxsbz - Fysaz - I:x4bz
‘]z _Fy4a2 + (FXZ - I:y252)b1 (8)

Két hop phuong trinh (6), (7) va (8) ta duwgc hé phwong trinh mé phéng chuyén
dong cua 6 t6 str dung hé thong lai co khi.

3. MO PHONG VA PANH GIA

Trong nghién cteu nay, cac tac gia st dung hai kich ban mé phong la quay vong déu
va danh lai chuyén lan & cac tbc do khac nhau.

3.1. Danh gia khi 6 té6 thwc hién quay vong déu

Tién hanh mo phéng khao sat chuyén dong khi 6 t6 quay vong vai diéu kién dau
vao la géc quay vanh lai thay doi ttr 0° dén 90°, toc do khao sat V = 40 km/h, thoi gian
mé phdng la 20s.



Quy dao chuyen dong khi xe quay vong Do thi goc quay vanh lai
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Hinh 6. D thi gia téc ngang
Két qua mo ta quy dao chuyén dong, géc quay vanh lai, gia toc ngang clia o to trong
kich ban quay vong v&i géc danh lai 90° dugc the hién trén Hinh 4, Hinh 5, Hinh 6. Két
qua cho thay xe chuyén déng 6n dinh, quy dao tron deu v&i ban kinh quay vong khong
doi. Dieu nay xac nhan tinh dung dan cua mé hinh toan hoc va kha nang duy tri huéng
cta hé thdng lai co khi trong diéu kién van hanh én dinh.
3.2. Panh gia khi 6 t6 thwc hién chuyén lan
~ Tién hanh md phang khao séat chuyén dong khi 6 t6 chuyén lan kép voi diéu kién
dau vao la géc quay vanh lai thay doi lién tuc ttr 90° dén -90°, toc do khao sat VvV = 40
km/h, th&i gian mé phéng la 30s.

Quy dao chuyen dong khi xe chuyen lan Do thi goc quay vanh lai
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Hinh 7. Quy dao khi 6 t chuyén lan Hinh 8. D6 thi goc danh lai



Do thi gia toc ngang

-4
0 5 10 15 20 25 30
Thoi gian t [s]

Hinh 9. P4 thj gia tbc ngang

Két qua mo ta quy dao chuyén déng, goc quay vanh lai, gia téc ngang ctia 6 td trong
kich ban quay vong véi géc danh lai thay déi lién tuc tir 90° t&i -90° dwoc thé hién trén
Hinh 7, Hinh 8, Hinh 9. Két qua cho thay xe chuyén lan &n dinh, quy dao chuyén déng
khéng c6 hién twong dao déng tai cac thoi diém danh lai. Diéu nay xac nhan tinh ding
dé&n ctia md hinh toan hoc va kha ndng duy tri hwéng cta hé théng lai co khi trong diéu
kién van hanh én dinh.

3.3. Anh hwéng ctia van téc véi quy dao chuyén déng cda o to
3.3.1. M6 phdng va danh gia khi 6 té thuc hién quay vong & cac van téc khac nhau

Tién hanh m6 phdng khao sat chuyén dong khi 6 t6 quay vong vai diéu kién dau
vao la géc quay vanh lai thay dbi ttr 0 dén 90°, tbc d6 khao sat V = 10 - 60 km/h, thdi gian
mo phong la 30s.
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Hinh 10. D thj gia tdc ngang

Db thi Hinh 10 mé ta sy bién thién cla gia tdc ngang ay theo cac dai van téc tir 10
- 60 km/h. Két qua cho thy gia tbc ngang tang manh theo binh phwong van téc. Bac biét
tai mirc 50 km/h, gid tri ay da vwot ngudng gi¢i han lat ngang (5 m/s?) [7]. Tai van téc 60
km/h, gia tbc ngang vuot xa ngwdng an toan, gay nguy co 1at xe nghiém trong.

3.3.2. M6 phdng va dénh gia khi 6 t6 thuc hién chuyén lan & cac van téc khac nhau

Tién hanh md phaong khao séat chuyén dong khi 6 to chuyén lan véi diéu kién dau
vao la géc quay vanh lai thay doi tir 50° dén -50°, toc dd khao sat V = 10 - 70 km/h, thoi
gian mo phong la 30s.

Gia toc ngang cioi han gia toe ngang 0.5 I_m
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Hinh 11. D6 thi gia tbc ngang



Do thi Hinh 11 md t& sy bién thién cla gia tdc ngang ay trong kich ban chuyén lan
& cac dai van tbc tlr 10 - 70 km/h. Két quéa cho thay bién dé gia tbc ngang tang manh van
tbc chuyén déng. Tai van téc 70 km/h, cac dinh gia tbc da vwot ngwdng gi¢i han lat ngang
(5 m/s?) [7] gay nguy co' mét an toan cuc cao khi danh lai chuyén lan.

3.4. Thao luan

Két qua md phdng cho thay gia tbc ngang tang theo ham bac hai cta van toc, vwot
ngwdng gidi han an toan lat ngang (5 m/sz) [7] tai 50 km/h d&i vé&i kich ban quay vong va
70 km/h dbi vé&i kich ban chuyén lan. V& méat dong lwc hoc, Iwc ly tam Ién tai cac dai van
tbc nay sinh ra md-men lat, chuyén dich hoan toan tai trong dirng sang cac banh xe phia
ngoai vong cua, lam triét tiéu phan lwc bAm & cac banh xe phia trong va dan dén nguy
co lat xe nghiém trong.

DPong thoi, két qua ciing khang dinh tinh thiét yéu cta viéc sir dung mé hinh 16p phi
tuyén Pacejka. Trong cac diéu kién danh lai ngat nghéo & van téc cao, goc l&ch 16p 16n
khién lwc bam ngang roi vao vung bao hoa. M6 hinh Pacejka phan anh chinh xac sy sut
gidm Iwc bam nay, khac phuc triét dé sai sé ctia cac mé hinh 16p tuyén tinh truyén théng,
tr d6 giup nghién ctu xac dinh dwoc cac ngudng gi¢i han van téc van hanh an toan
thwe té va dang tin cay.

4. KET LUAN

Bai bao da dé xuét va trién khai thanh céng mé hinh mé phéng déng lwc hoc hé
théng lai co khi thuan tdy trén 6 td6 con bang phan mém Matlab/Simulink. Thay vi chi
khao sat cac dic tinh hinh hoc don thuan, nghién ctu d3 tap trung vao viéc két hop
hinh thang lai Ackermann v&i md hinh 16p phi tuyén Pacejka dé danh gia dinh lwong
tinh &n dinh hwéng trong cac kich ban quay vong va chuyén lan. D& dam béo an toan
tuyét déi trong moi diéu kién van hanh, nguwdi diéu khién can tuan thd nguyén tac goc
danh lai cang I&n thi van téc cang nhé. Bbi véi dong xe con dang khéo sét, trong cac
tinh huéng khan cap doi hdi géc danh lai trén 90°, van téc tuyét ddi khédng dwoc vuot
qué 50 km/h dé tranh hién twong mat kiém soat dong lyc hoc. Nhirng két qua nay gop
phan quan trong vao viéc xay dwng cong cu kiém nghiém so hoa, gilp dwa ra cac
khuyén céo van tbc van hanh an toan va t6i wu hoa théng sbé thiét ké cho cac hé thdng
lai co khi thyc té tai Viét Nam.

Trong cac nghién ciu tiép theo, tac gia sé tiép tuc cai tién bang cach tich hop thém
cac bo diéu khién lai tich cwc (Active Steering) ho&c hé théng tro’ lwc dién (EPS).
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