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TOM TAT

Mo hinh dong luc hoc twong tac gitta l6p va mdt duong theo phuwong doc c6 y nghia
quan trong cho viéc nghién cvuu phat trién cdc hé thong diéu khién dong luc hoc 6 t6 theo
phwong doc nhw hé thong chong bo cing banh xe khi phanh, hé thong diéu khién kéo. Mo
hinh l6p Pacejka la mé hinh phi tuyen mo ta rat 16t ddc tinh bam ciia lop Tuy nhién do la mo
hinh tinh béi vdy khong phit hop dé phdt trlen cdac hé thong diéu khién dong luc hoc theo
phirong doc. Bai bdo nay tdp trung phat trién mot mé hinh dong lwc hoc ciia lop theo phirong
doc trén co sé mé hinh Pacejka. Mot vai két qua mé phong dwoe dwa ra dé cho thdy hiéu qua
cua mé hinh dvwa ra.

Tir khoa: mé hinh dong lwc hoc l6p theo phwong doc; tuwong tac giita lop va dwong; mé
hinh Pacejka.

ABSTRACT

Longitudinal tyre dynamics model of interacting with road is important to developing
the longitudinal dynamic control systems such as the anti-lock braking systems, traction
control systems. The Pacejka’s tyre model is a nonlinear model describing well the
characteristics of tyre-road interaction. However, that is the static model and therefore not
suitable to develop the longitudinal dynamic control systems. This paper focus on developing
a longitudinal tyre dynamics model based on the Pacejka’s tyre model. Several simulation
results are provided to show the efficiency of developed model

Keywords: longitudinal tyre dynamic model; tyre-road interaction; Pacejka’s tyre
model.

1. TONG QUAN

Lop xe 1a mot trong nhirmg bo phén

quan tam cua céac tdc gia trong nudc cling
nhu trén thé gioi.

quan trong, ndé khong chi gép phan tao ra
chuyén dong ma con 1a bo phan anh huong
dén an toan chuyén dong cta 6 t6. Khi 6 to
chuyén dong trén duong, tai vi tri 16p xe tiép
xtic voi mat duong co cac thanh phan Iyc
tuong tac gita chung. Cac thanh phén luc
nay tac dung lén 16p, gdy anh huong dén quy
dao chuyén dong cua 6 to, cb thé gy mét an
toan khi 0 t0 chuyen dong & cac tdc do cao.
Pay 1a mot van dé di va dang nhan duogc su

Lién két gitra 16p-mat duong 1a yéu td
quan trong quyét dinh dén dong luc hoc ctia
6 to theo 3 phuong: phuong thing ding,
phuong doc va phuong ngang. Trong do6 theo
phuong thiang dung, 16p xe c6 tac dung nang
do toan bo kh01 lugng cua 6 t6 dong thoi anh
huong truc tiép dén cac tinh chat dao dong
cua 6 t6. Theo phuong doc va phuong ngang,
lién két 16p-mit duong c6 anh hudng quyét



dinh dén tinh chat kéo, tinh chit phanh va
tinh 6n dinh huéng chuyén dong cuia 6 to.

M0 hinh luc tuong tac gitra banh xe va
mat duong, dic bi€t 1a mo hinh luc doc va
luc ngang cé y nghia quan trong trong viéc
mo6 phong dong luc hoc 6 t6 theo phuong
doc/ngang, thiét ké cac bo diéu khién cho hé
thong nang cao 6n dinh quy dao chuyén dong
clia 6 t6, cic bd dicu khién dong hoc theo
phuong doc cua 6 t6 nhu ABS, TRC, ...

Trén thé gidi c6 nhiéu coéng trinh
nghién ciru mé hinh hoéa cac thanh phan Iyc
tuong tac gitra banh xe va mat duong, dac
bict luc tuong tac theo phuong doc va ngang
dién hinh nhu trong [1] d4 xdy dung mé hinh
toan luc doc, ngang va mé men can quay cua
lép xe, dugc goi tén la mo hinh Pacejka tuy
nhién cac mo hinh nay 1a mé hinh tinh phu
thudc tuong tng vao hé¢ s6 truot, goc lan léch
cia banh xe. M6 hinh nay 1a m6 hinh phi
tuyén, tuy nhién chi ¢6 ¥ nghia cho viéc md
phong ddng Iyc hoc 6 t6 & trang thai 6n dinh,
chua md phong dugc dong luc hoc trang thai
qua do cua banh xe dic bi¢t ¢ trang thai khdi
hanh va trang thai giéi han truot doc. Ban
chit lyc twong tac theo phuong doc/ngang
gitta banh xe va mat duong la luc ma sat.
Lién quan dén mo6 hinh ma sat, trén thé gioi
c6 nhidu tac gia xdy dyng md hinh ma sat
cho phuc vu cho thiét ké diéu kién hé thong
nhu [2] d&& suit moé hinh LuGre va st dung
md hinh LuGre dé xdy duyng md hinh dong
luc hoc lyc tuong tac gitta banh xe va mat
duong theo phuong doc [3], phuong doc va
phuong ngang két hop [4]. Tuy nhién mo
hinh LuGre lam vi¢c khong hiéu qua khi
phan Iyc thang dung thay dbi [5].

Trong nghién ctru nay cac tac gia phat
trién mé hinh dong luc hoc luc tuong téac
giita 16p v6i mat duong theo phuong doc trén
co s& mo hinh Pacejka va m6 hinh “ban chai”
mo ta dong luc hoc ma sat giira 2 bé mat.

2. MO HINH PONG LUC HOQC LUC

TUONG TAC THEO PHUONG DQC
GIUA BANH XE VA MAT PUONG

2.1. M6 hinh pacejka

Pacejka di tim ra biéu thirc toan hoc
mo ta dac tinh bam cua 1op xe voi mat duong
trong cong trinh [1] nhu sau

BA—

F.(4)= Dsm{C atan(E(B/1 ~ atan(B/I))n
(1)
Trongdo B, C, D, E lacac dai lugng
dac trung cua duong cong lyc bam F (4).
Cé}c dai luong nay phu thqéc vao phan luc
thang ding F, va 9 h¢ s0 q,,a,,a,,...,a,.
Thong s6 C =a, anh huong dén gia trj luc
bam doc ¢ trang thai trugt hoan toan (A =
100%). D =aF} +a,F, anh
huéng dén gia tri dinh cia duong dic tinh,
tuong ung véi gia tri lyc bam doc dat cuc
(a,F? +a,F, )e "
a,(a,F? +a,F, )
huéng dén do cing doc cua lép. Do cung doc

ctua 1op C_ dugc xac dinh nhu sau:

Thong sb

dai. Thong s6 B = anh

c =9 _pep @)

A=0

Thong sOE = a F’ +a,F, +a, anh hudng
dén hinh déng cong cua duong dic tinh bam.
Ala hé so truot doc, duoc xac dinh theo bi€u
thirc

_ | a)rbx - I/x

A 3)

B max{a)rbx,V }

X
Trong do6: @ - van toc goc cua banh xe; V,
van toc dai tai tam banh xe; 7_ - ban kinh
lam viéc trung binh cua banh xe.

Hinh 1 thé hién hinh dang duong cong
(1) phu thudc vao cac tham so.

Fi(x)

BCD

Hinh 1. Hinh dang dwong cong Pacejka



2.2. M6 hinh ddng luc hoc lién két giira
banh xe va mat duwong theo phwong doc

Xem xét mo hinh banh xe chiu moé men
kéo (hodc phanh) M. M6 hinh héa lién két
giita banh xe va mat dudng bang cac “1ong
cing” (md hinh ban chai). Khong mét tong
quat khi xét mo hinh c6 mdt “long ciing” cod
d6 cung tong cong theo phuwong doc C. nhu
hinh 2. D6 cing doc cua 16p twong tmg véi
d6 cliing cua “long cung”.

\ /M

N

u |Fz

V;( Fx

Hinh 2. M6 hinh dong liec lién két lop véi

mat duwong
Céc luc tuong tac gitra banh xe va mat duong
gom: phan lyc thang ding F, ; phan luc doc
F_. Phan lyc F, phu thudc vao trong lugng
phan b6 1én banh xe va luc dong tuong tac
gita banh xe va mat duong. Thanh phan
phan lyc F. quyét dinh dén do lon luc doc
F_. Banh xe quay voéi van toc goc @ va van
toc dai tai tim banh xe V; so voi h¢ truc cb
dinh gan trén dudng. Van toc dai tai diem
tiép xlc gitra “1ong cirng” vi mat dudng so
véi h¢ truc c¢o dinh gan trén dudong ky hi¢u
V! . Khi chiu lyc doc F, “Iong ctirmg” bi bién
dang u theo phwong doc. Néu luc F 16n gay
ra su truot gitta ddu “long cimg” voi mit
duong.

Khi khong ¢6 m6 men tac dung do d6
“long cting” khong bi bién dang doc, 10p xe
lan khong truot. Moi quan hé gifra van toc
gdc va van toc dai tai tdm banh xe:

I/x = Vr’ = a)'rbx (4)
Trong do6 7, - ban kinh banh xe.

Khi ¢c6 md men tic dung ’néu gia thiét
do cung theo phuong doc la rat lon (“long
climg” cung tuyét doi), khi d6 “long cimg”

khong bién dang, 16p lan cé truot véi vén toc
trugt twong doi dugc xac dinh theo bicu thic:

V.=V.-V.=aon -V, #0 o)

Trong thuc té 16p c6 do dan hoi theo
phuong doc, van tdc truot tuong ddi khi nay
1a hiéu giita van tdc truot khi “long ctng”
khong bién dang va van tc bién dang cia
“long cling” . Van tdc trugt tong cong V! khi

do6 duoc xac dinh
v vy, =y, -2 ©)
o di

Heé sd truot trong truong hop tong quat duogc
xac dinh:

A=r (7)

Tir biéu thirc (6) va (7) ta c6
A ®
dt

Lyc tuong tdc doc phu thudc vao do
ctng doc cua 16p va do bién dang cua “1ong
cing”. Gia sir d6 ctimg doc cua 16p 14 hang
s6, luc tuong tdc doc dugc xac dinh theo
cong thurc:

F =C.u 9)

Véi do cung doc cua lép C, duoc xac dinh
theo cong thirc:
dF

C =—+=
T oduflu=0

(10)

Tir (9) dao ham 2 vé theo thoi gian ta co
dr, _ . du
dt Cdt
Mat khac, luc tuong tac doc cling phu
thudc vao h¢ so truot va phan lyc thang ding
theo cong thitc Pacejka (1),F. = (1, F),
do do:

dF, _OF, dA' OF, dF,

(1)

= (12)
dt 0A' dt OF, dt
Tur (11) va (12) ta co:
OF d2' OF. dF. _ . du 13)
oA' dt OF dt S dt

Thay (8) vao (13) ta co:



OF, dF, _

oF, dA + —CY(VY —Vr/l’) (14)

OA' dt OF, dt s

— OF, ﬂ:CY(VY _Vr,y)_ﬂﬂ (15)
oA' dt A OF dt

z

Tt biéu thirc Pacejka ta xac dinh dugc
oF oF.

L va .
oA OF,

Phuong trinh (15) 1a phuong trinh vi
phan mo ta dong luc hoc lién két gilra banh
xe vo1 mat duong (h¢ so truot).

2.3. M6 hinh dong luc hoc bianh xe theo
phwong doc

Bo qua thanh phan lyc can lin ta c6 mo
hinh géng luc hoc theo phuong doc cuia banh
xe thé hién trén Hinh 3.

Hinh 3. M6 hinh dong luc hoc banh xe theo
phuong doc

Trong d6 m, - khéi luong ciia 6 to trén mot
banh xe; J,, - md men quén tinh khdi cua
banh xe; C, - hé s6 can khong khi cta 6 to
phan bd cho 1 banh xe. Hé c6 2 toa do suy
rong 1a goc quay @ va dich chuyén theo
phuong doc x cua banh xe.

Ap dung nguyén ly D’ Alambert ta c6

16
mbx).é = F;c(ﬂ‘lﬁ F;) _Caxz ( )

Trong d6 F, la phan lyc thing dung twong
tac gilra banh xe va mat duong. F. xac dinh
theo (1) va (15)

3. MO PHONG PONG LUC HQOC LOP
THEO PHUONG DQC

Trén Hinh 4’12‘1 két qua thi nghiém dac
tinh bam doc cua 16p [6]
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Hinh 4. Két qua thi nghiém dac tinh bam doc
cua lop 195/50R15 [6]

Tu duong dac tinh thi qghiém Hinh 4,
ta xac dinh dugc b thong s6 cho mo hinh
Pacejka:

a,=1.7,a,=0,a,=1.02,a, =0,
a,=021,a,=0,a,=0,a, =0,a, =0.8

’Trén Hinh 5 la duong dac tinh bam d(_)g
cta 16p theo md hinh Pacejka v6i by thong s6
trén, phan luc thang ding tac dung 1én banh
xe F, =2500N.
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Hinh 5. Pac tinh lyc bam doc cua lop voi

phan lyc thang dimg F =2500N

Trén Hinh 6 thé hién so d6 mo phong
dugc xdy dung bang phin mém
Matlab/Simulink. Théng sé ddu vao ciua md
hinh la m6 men M tai truc cua banh xe.
Thong s6 ctia md hinh nhu sau: mé men quéan
tinh ctia banh xe J,, =3.6kgm’; khéi luong
cta 6 to trén mot banh xe m,, = 250kg; hé sb

can cua O t0 trén mdt ban xe
C, =0.5Ns*> /m*. Coi luc F, khong thay d6i
theo thoi gian, F, =m, g voi g 1a gia toc
trong truong. Diéu  kién
x(0)=0; @(0)=0; 2'(0)=0;

ban dau:



tyredyn

£ s 1| -b>— o ,@
M

Tyre model

Hinh 6. So @6 mé phong déng lwc hoc
banh xe theo phuong doc
Trong truong hop banh xe tiép nhan
mb men kéo M thay di theo thoi gian thé
hién trén Hinh 7. M6 men kéo ting dan tuyén
tinh, dat cuc dai va giit khong d6i ¢ gia tri
cuc dai 1000Nm.
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Hinh 7. M6 men kéo thay doi theo thoi gian

Hé s6 trugt twong ddi gitta banh xe va
mat duong thé hién trén Hinh 8 va luc kéo
F thé hién trén Hinh 9. Trén Hinh 8, tai thoi

diém r=11.65s, luc kéo F_ dat gid tri 16n

nhat F,__=2550N, tuong tng voéi hé sb

trugt A; =0.175(Hinh 9) va A’ tang nhanh

vé 1, banh xe truot hoan toan, luc doc giam
dot ngot vé khoang 2045N.

Trong khoang thoi gian tir Os khoang
4s su tang luc doc tuyén tinh tuong ung voi
hé s6 trugt nho hon 0.075. Giai doan nay 1a
g1a1 doan 6n dinh trugt. Trong khoang thot
gian tir 4s dén 11.65s, tuong Umg voi hé s6
truot trong khoang 0.075 dén 0.175 sy gia
tang luc doc 1a phi tuyén, giai doan nay la
giai doan gigi han 6n dinh truot. Khi
t>11.65s su truot xéy ra hoan toan.

Trén Hinh 10 va Hinh 11 twong tng thé
hién so sanh dap tng cia luc doc va hé sd
truot gitta m6 hinh Pacejka va m6 hinh phat
trién. D6i véi mo hinh Pacejka, dé tranh chia
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Hinh 9. Hé 56 trugt A’ thay doi theo thoi

gian
cho 0 khi tinh h¢ s6 truot theo (3), diéu kién
ban dau thuc hién mdé  phong
x(0)=0.31*¥10"°; @(0)=10"° A'(0)=0.

Trong giai doan on dinh, hé sb truot
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Hinh 10. So sanh dap vung luc doc theo thoi
gian
nho hon 0.075 su sai khac luc doc giira md
hinh phat trién va mé hinh Pacejka khong
nhiéu. Tuy nhién trong giai doan gidi han on
dinh trugt doc, hé sO truot trong khoang
0.075 dén 0.175, tuong tng thdi gian mod
phong khoang tir 4s dén 11.65s su khac biét
gitta 2 mo hinh 1a ddng ké. P6i véi mo hinh
Pacejka khi lyc doc dat gia tri cyc dai thi s&
giam dan theo thoi gian. Tuong tu nhu vay
d6i voi hé sb truot (Hinh 11), khi hé sb truot
dat dén gia tri A4;ma ¢ d6 luc doc la 16n nhét
thi s€ trugt nhanh ve 1 (truot hoan toan), diéu
nay 1a phu hop véi thuc té. Véi md hinh
Pacejka thi hé s6 truot dat dén A, thi tiép tuc
tang nhanh va tiém can dén 1, didu nay la
khong phu hop véi thuc té vi mot khi luc kéo
bang gia tri luc bam cuc dai (tai 4y ) thi luc
bam s€ giam dan dén luc kéo 16n hon luc

bam do do s€ truot hoan toan.
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Hinh 11. So sanh dép vmg hé sé truot theo
thoi gian

Trong céac truong hop moé phong, &
trang thai ban dau mdé men kéo bﬁng 0, van
téc dai va goc ctia banh xe bang 0, trong cac
giai doan qué d6 nay md hinh xay dung lam
viéc van on dinh. Khi m6 men kéo tang dan
thi hé s truot cling tang dan tir 0, van toc
gdc va dai ciia banh xe ciing ting dan tir 0.
Khi sir dung mo hinh tinh dé xac dinh do
truot thi trong truong hop qua do nay do
truot khong xéac dinh duge do chia cho 0. bé
tranh hién tuong nay thi can phai khai bao
didu kién van toc goc va dai ctia banh xe ban
dau khac khong.

5. KET LUAN

Céc tac gia da xay dung mo hinh dong
luc hoc lyc tuong tac gilta banh xe vdi mat
duong trén co s mo hinh hoa sy tiép xitic
gitta banh xe v6i mit dudng bang md hinh
“ban chai” dugc dic trung bang cac lién két
“16ng cung”. Trén co s& mo hinh hda cac tac
gia da xay dung phuong trinh vi phan cua hé
s6 truot twong d6i gita banh xe v&i mit
duong. Str dung cong thirc Pacejka dé mé ta
dac tinh lyc bam phy thudc vao hé sé truot

Hé s6 truot duoc xac dinh bang cach
gidi phuong trinh vi phan gitp mo ta dap tng
dong luc hoc luc tuong tac gitra banh xe véi
mat duong trong giai doan qua do nhu khi
bt dau truyén mo men kéo hodc & trang thai
gi61 han truot.

Két qua mo phong cho thdy sy lam viéc
6n dinh trong giai doan qua do, két qua mod
phong phan anh ding ban chit bam giira
banh xe v&i mat duong ¢ giai doan qua do
cling nhu giai doan 6n dinh. Bai bao chi dirng
lai & mo phong trén may tinh, cin co céc

nghién ciru thuc nghiém dé khing dinh sy
chinh xac cia mo6 hinh nghién ctru.
Tai liéu tham khao
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