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NGHIEN CUU XAY DUNG MO HINHBONG LUC HOC 0 TO
KET HOP BANH XE TUONG TAC MAT BUONG

STUDY ON THE ELECTRIC VEHICLES DYNAMICS MODEL COMBINING

THE WHEEL INTERACTIVE ROAD SURFACE

TOM TAT

Ma hinh dong luc hoc 6 to két hop mo hinh trong tac gitra I6p xe va mat
duong cd ¥ nghfa quan trong trong viéc nghién ctu cac hé thong diéu khién
chuyén dong trén 0 td nhu hé thdng chdng bo ciing khi phanh, hé thdng can
bang xe, hé thng diéu khién Iyc kéo tao cam giac I4i an toan. Mo hinh I6p xe
twong tac mat drong Pacejka la md hinh phi tuyén md ta rét tot déc tinh bam
clia I0p véi mat dwong. Tuy nhién trong qua trinh chuyén dong ban than IGp xe
[udn ¢4 hién trong trirot, bién dang IGp va thay dbi phu thudc vao diéu kign mét
duong, trong lugng xe. Bai bao tap trung xay dyng md hinh ddng hoc than xe va
md hinh IGp xe twong tac mat dwdng trong (ng véi nhiing thay ddi hé sb trirot va
hé s6 hién dang khac nhau clia I6p xe phat trién dua trén md hinh Pacejka.

Tir khda: Bong luc hoc than xe, mo hinh [6p xe tuong tac mat drong, mé hinh
Pacejka.

ABSTRACT

Automobile dynamics model incorporating the interaction model between
the tire and the pavement is important in the study of vehicle motion control
systems such as anti-lock braking systems, By vehicle, traction control system
makes driving sense feel safe. The Pacejka interactive pavement tire model is a
nonlinear model that best describes the tire's adhesiveness to the road surface.
However, during the movement of the tire itself there is a slip, tire deformation
and change depending on the road condition, vehicle weight. The paper focuses
on modeling the body dynamics and the interactive tire model in
correspondence to the sliding coefficients and different deformation coefficients
of tires developed based on the Pacejka model.

Keywords: Modeling the body dynamics, interactive tire model, Pacejka
model.
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KY HIEU
Kyhieu  Ponvi Y nghia
m kg Khdi lrgng xe
B rad Gac nghiéng mat dudng

Ha Huy Giap*”

A m? Dién tich can gid
h m Chiéu cao ti trong tm xe dén mat dudng
ab m Khodng cach dén tryc trude va sau xe
v, m/s Van toc dai xe
Fio Fo N Luc doc truc Ién banh tredc va banh sau xe
Fi Fy N Phan lyc [én banh trudce va banh sau xe
Cy Ns/kg.m  Hésd cangio
p Kg/m? Mat do khang khi
F N Lirc can gid
r, m Ban kinh banh xe
Q rad/s Van toc goc banh xe
Q rad/s Van tdc gdc tai diém tiép xtc banh xe-mét dwong
v, m/s P truot toc do
V' m/s B0 truot tc do tai diém tiép xtic
K % Hé s0 trugt
K' % Hé s truot khi cd bién dang I6p
CHOU VIET TAT
CG Center of gravity Trong tm
1. MO DAU

Tiép theo su phat trién 6 t6 hybrid, 6 t6 dién dang duwoc
nhigu héng 6 t6 nghién ctu phét trién nham khac phuc céc
yéu diém clia nhién liéu héa thach vé 6 nhiém moi treong
va tinh hinh can kiét nguén nhién liéu. So véi 6 t6 st dung
déng co dot trong, 6 td dién ¢ mot s6 lgi thé dang ké vé
cdng nghé nhu sau:

+ C6 thé diéu khién dong co dién dé sinh momen theo
cd hai hvéng tang téc va giam t6¢c mot cach nhanh chéng
va chinh xac.

+ D& dang do va xac dinh momen ctia dong co.

+ Tiét kiem nang lvgng khi van hanh.

DE nghién ctru 6 t6 dién doi hdi phai xay dung dugec mo
hinh déng luc hoc 6 td dac biét véi nhitng nghién ctru vé
tinh an toan, kha nang van hanh ém ai, cdm giac lai thoai
mai hodc qua trinh phanh cuta xe thi can phai xay dung
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dwoc mo hinh 16p xe twong tac véi mat dwong mot cach
chinh xac tir d6 méi danh gia duoc cac phuong phap diéu
khién trng dung cho xe.
2. MO HINHBONG LUC HOC O TO
2.1. M6 hinh ddng luc hoc théan xe

Truc xe ndm trong modt mat phéng song song véi mét
duwdng. Huwéng x doc theo truc xe va song song véi mat
duwong, huéng z vubng goc véi mat duong. Gia thiét xe
dang di chuyén trén duong doc nghiéng B.

Hinh 1. M6 hinh than xe trén mat phang nghiéng
Chuyén déng clia xe phu thudc vao tat ca cac luc tac
déng 1én than xe. Céac lvc doc truc kéo xe di chuyén tién
hodc Iui. Tay thudc vao goéc nghiéng ma trong luc kéo xe vé
phia trwéc hodc phia sau. Lic can gié luén c6 chiéu ngugc
véi chiéu chuyén dong clia xe. D€ don gian ta dich chuyén
cac véc to lic vé trong tam clia xe.
Phurong trinh déng lvc hoc mé ta chuyén dong than xe:
m\./x =F, +F, —mg.sinf (1)
Trong dé luc doc truc tai diém tiép xic mat dwong va
lwc can gi6 duoc mo ta béi phwong trinh:
Fx = Fxf + Fxr
2
F, = —%CdpAVf.sign(VX) @

Lvc vubng géc voi mat duong tai diém ti€p xdac cla
banh tru¢c va banh sau véi mat duong:

h(F, —mgsin g — m\./) +b.mgcos g
a+b ©)

sz =

h(F, —mgsin/?—m\./)+a.mgcos/f
a+b

Ta thdy rang luc tac dung theo phuong doc truc
(phwong chuyén dong cla xe) lam thay doi lyc tac dong
vubng goc voi mat duong tai diém tiép xic. Luc nay duoc
phan tich trong bai toan 8n dinh can bang xe.

F,=—

r

2.2. M6 hinh 16p xe tuvong tac mat dudong

L6p xe la bd phan quan trong lién két gitia than xe va
mat duong. Pay la yéu td quan trong quyét dinh dén dong
lvc hoc clia 6 td theo 3 phuong: Phuong thang ding,
phuvong doc va phueong ngang. Trong do, theo phuong
thdng ding, 16p xe c6 tac dung nang do toan bd khéi
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lvgng clia 6 t6 dong thoi anh hudng truc ti€p dén cac tinh
chat dao dong cua 6 td. Theo phwong doc va phwong
ngang, lién két 16p - mat duong c6 anh hwdng quyét dinh
dén tinh chat kéo, tinh chat phanh va tinh én dinh huéng
chuyén dong cua 6 té.

Fx

Hinh 2. M@ hinh 16p xe - mat dudng

2.2.1. Md hinh Pacejka

Lwc phat dong F, duoc tinh theo céng thic:

F =1KF,)

=F, .D.sin(C.arctan[{B.K-E.[B.K-arctan(B.K)]}]) )

Trong d6: B, C, D, E la cac hé s6 phu thudc do cirng, loai

mat duong, dé6 map mo, va do cong clia duong.

K: hé s6 trvot doc duoc xac dinh theo biéu thirc:
— reQ _Vx
A

Trong d6: Q - van téc géc clia banh xe, V, - van toc dai tai
tam banh xe; r, - ban kinh lam viéc trung binh ctia banh xe.

()

2.2.2. M6 hinh 16p xe tuong tac mat dwdng phat trién
dwa trén mo hinh Pacejka

Xét mo hinh I6p xe nhw hinh 2. L6p xe chiu tac dung ctia
cac luc bao gom: phan lyc mat duong F,, luc doc truc F,.
Phan lwvc F, phu thudc vao trong lvong phan b6 Ién cac
banh xe va lyc ddng twong tac gilra banh xe v&i mat dudng.
Thanh phan phan luc F, anh huéng dén luvc ma sat do dé né
quyét dinh do 16n cta thanh phan luc doc truc F,. Banh xe
quay véi van téc goc Q va van téc dai tai tam banh xe V, so
vGi hé truc ¢6 dinh gan trén duong.

Néu I6p xe khdng bi bién dang va khéng bi trugt thi xe
s& chuyén dong véi van tée dai V, = r, Q nhung thuc té khi
xe chuyén dong ludn cé hién twgng tregt. Van toc truwot
twong d6i dugc tinh theo cong thuc:

V=V, —1rQ (6)
V! [V [

Khi cé luc tac dong vao 16p xe do c6 dd dan hoi nén 16p
c6 hién twong bién dang. Van téc goc cla I6p xe tai diém
ti€p xtc méit dedng sé bithay déila Q = Q.

Van t6c treot tvong doi tai diém tiép xtc duoc tinh theo
cong thuec:

V, =V -rQ (7)

SX

Hé sO truot K =
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Hé s trugt tai diém tiép xtic K' = —V'_ /| V, |

Goi u la dai lvgng dac trung cho do bién dang cua I6p. u
gay tac dong truc ti€p dén su thay doi tdc do triot clia banh
xe. T6c do bién dang 18p dwoc biéu dién bang biéu thic:

du ,

E =V sx st (8)

Theo cong thirc (4) md hinh Pacejka ta thdy lwc doc truc
la moét ham phu thudc vao bién K’ vaF,.F, = f(K', F,). Tl cong
thirc (7) va (8) ta thay K'phu thudc vao hé s6 bién dang cla
I6p xe u.

Khi quay va cé ap luc dat 1én thi trang thai clia I16p xe sé
luébn bi thay doi. Hé so trwot tai diém tiép xic K'va hé sb
bién dang u cling thay déi.

Ta xem xét s anh huwéng gilra lwc doc truc F, dén u va
tlr u dén K’ khi u va K’ thay doi di nhé va c6 thé coi tirng
anh huéng la tuyén tinh.

R =Cqu :CFK'KY 9)
Trong do: C,, = OF, ,Co = 0ny

ou u=0 oK K'=0
u=o, K (10)
Trong d6: o, = @ OFx = Cac

oK K'=0 ou u=0 CFx

Tir cdng thikc (8) va (10) bién d6i ta dwgc phuong trinh
mo ta hé s6 bién dang I6p xe u:
%+L|Vx |U: 7st
dt oy
O téc do thap hién twong truot xay ra it d do theo tai
liéu [1]. Hé sb truot dwgc tinh theo cong thic:

(11)

, k
K :i_ — st (12)
Ok FK
Trong dé:
v
ikv (0)41+cos ’/TM Vel < Vigw
Ky, =12 ™ low (13)
0 AVl = Vi
1 |dF :
— | =24V, [K ==V, (14)
C ) dt

Mat khéac, lyc tvong tac doc truc F, cling phu thudc vao
hé s6 truot va phan lyc thang dirng theo cong thirc Pacejka
(4), F, =f(K,F),dodd:

dF,  OF dK'  OF, dF,
— X X7 T X7z

X

dt oK dt OF, dt
Thay vao cong thirc (14) ta dwoc:
1 |oF, dK , 1 |0F, dF
o e LS P P S )
Cy JOK dt Cy | OF, dt

Xét trong trang thai gi¢i han trugt, coi F, phu thudc
tuyén tinh vao K’, F, = C. K’ va xét F, khong thay déi theo
thoi gian, tir (15) ta duoc:

&«

dt

Phuong trinh (15) va (16) la phuong trinh dong lwc hoc
mé t& quan hé gilra banh xe v&i mat dudng.

Ap dung dinh luat 2 Newton voi hé gdm banh va than
xe ta dugc phwong trinh dong lyc hoc clia xe nhw sau:

= Vo= IV [K ==V [K =V, +1,0 (16)

d = Tdrive - reFx
dt
Py (17)
m dtx =F, +F, —mgsing

3. MO PHONG BONG LUC HOC O TO BON BANH THEO
PHUONG DOC

M6 phéng xe 6 t6 v&i cac thdng sb nhuv bang 1, 2.
Bang 1. Thdng s6 than xe

Thong s6 than xe Giatri
Khdi lrong xe m 1500 [kg]
a 14[m]
b 1,6[m]
h 0,5[m]
Tiét dién can gio A 3[m]
Hé s6 can gid C, 04

Bang 2. Thdng s6 banh xe

Thong s6 banh xe Giatri
Ban kinh banh xer, 0,3[m]
F, 3000 [N]
Hé so truot K’ 10 [%]
Hé s6 g, 0,2[m]

A - e

WV?
[
. E
?ﬁ

7
I——»% B

L}
[e]

Hinh 3. Md hinh md phéng dng luc hoc 6 t6 4 banh theo phuong doc

M6 hinh mé phéng déng luc hoc 6 t6 4 banh theo
phuong doc nhw hinh 3. Momen dat 1én mdt banh xe nhu
hinh 4.
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T_drive [N.m]
T T T

Hinh 4. Momen dat Ién mot banh xe

Thoi diém dau tir 0 dén 3 gidy ta tdng dan momen dat
lén banh xe. T 3s tré di gitr 6n dinh momen dat Ién mdi
banh xe nhuv hinh 4. Khi dé ta do dwgc cac thanh phan
phan lyc F, va lyc doc truc F, tdc ddng Ién banh truéc va
banh sau ctia xe nhw trén hinh 5.

Vertical tire forces (N)
T T T

8000

T T T T T T
7800 |- | | I I —Fa] |
—

Fz
PO
g

o 1 2 3 a s e 7 8 o 10

Horizontal tire forces [N]
T T T

Hinh 5. Phén lyc va lyc doc tryc tac dong Ién banh trude va banh sau xe

Ta nhan thdy do momen sinh ra chua di I6n dé thang
strc ¥ clia xe nén xe ¢ hién twgng giat sau d6 tang dan toc
do6 1én nhu hinh 6.

Van téc dai
.

Hinh 6. Van tdc dai va van toc khi khang cd sy truot clia banh xe

Hinh 7 thé hién do truot toc do cla xe, & thoi diém dau
do quén tinh va momem kéo chwa du I&n nén xe bi truot va
¢ hién twong rung lac nho trong khoang 1s, khi téc do
tadng lén & thoi diém toc dé cham hién twong treot xay ra it.
Khi t6c dd cao hon ta nhan thay do truot téc do tang dan
Ién nhu trén hinh.
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B4 trugt toc do

V_ox

Hinh 7. D4 truot toc dd clia xe
4. KET LUAN

Tac gid da xay dwng mé hinh déng lwc hoc than xe va
mé hinh twong tac gira banh xe véi mat duong. Trén co
s& mo hinh hda, tac gia da xay dung phuwong trinh vi phan
cla hé s6 truot tuong dbi gilra banh xe véi mat duong. St
dung cong thiic Pacejka dé mo ta déc tinh luc bam phu
thudc vao hé sd trugt. Hé s truot duoc xac dinh bang
cach gidi phuong trinh vi phan gitp mé t4 dap rng déng
luc hoc lyc twong tac gilra banh xe véi mat dudng trong
giai doan qua do nhu khi bat dau truyén momen kéo hoac
& trang thai gi¢i han trvgt. KEt qua mo phéng cho thay su
lam viéc 6n dinh trong giai doan qua do, két qua mo
phong phan anh ding ban chat bam gil*ta banh xe véi méat
duong & giai doan qua do cling nhu giai doan 6n dinh. Bai
bao chi dirng lai & mé phdng trén may tinh, can cé cac
nghién ctu thuc nghiém dé khéng dinh sv chinh xéac cla
mé hinh nghién ctru.
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