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TOM TAT:

Cac goc dat banh xe anh huong rat 16n dén d6 6n dinh chuyén dong va tinh niang dong
lyc hoc chuyén dong ciia 6 t6. Bai bao nay trinh bay noi dung thiét 1ap phwong trinh vi
phan chuyén dong ctia banh xe dan hudng tinh dén goc nghiéng try ding clia nd trong mat
phing doc (goc caster). Muc tiéu nghién ctru 1a thiét 1ap dugc hé phwong trinh vi phan
chuyén dong cua banh xe dan huéng phuc vu khao sat cac yéu td dong luc hoc, lam tién
d@é khao sat tim ra gia tri goc nghiéng tdi wu (goc caster t6i wu) va dé xuit giai phap thiét
ké hé théng treo c6 goc caster thich Ung theo tai trong va tdc do 6 t6 khi van hanh nhiam
dam bao tinh nang dong luc hoc va 6n dinh chuyén dong cua 0 to.

Twr khoa: Goc caster, phuong trinh lagrange, on dinh chuyén dong, dong luc hoc
banh xe.
ABSTRACT

The angles of wheel placement greatly affect the motion stability and dynamics of
the car. This paper presents a method to determine the differential equation describing
the motion of the guide wheel with its tilt angle of vertical cylinder in longitudinal plane
(the caster angle). The research objective is to establish the differential equation system
of the guide wheel motion to serve the investigation of dynamic factors, as a premise for
the investigation to find the optimal tilt angle value (optimal caster angle), to propose
solutions to design a suspension system with a caster angle that adapts to the car's load
and speed when operating in order to ensure the car’s motion dynamics and stability.

Keywords: caster angle, lagrange equation, motion stability;, wheel dynamics.

1. PAT VAN PE né trong mit phang doc ctia 6 té nham lam
léch hudng chuyén dong cua 6 t6. Nghia
1a banh xe dan hudéng va tru ding lién két
. v6in6 1a mot co hé gdm céc vt c¢6 chuyén
dong luc hoc chuyén dong cua 6 t6. Khi  gpng rieng, chang lién két voi nhau va khi
vao doan vong, banh xe dan huéng phai  chung hoat dong thi méi tao ra chuyén
xoay di mot goc quay quanh try dimg cia  dong cho hé. Do do viéc lap phuong trinh

Goc dit banh xe anh huoéng rit 16n
dén d6 6n dinh chuyén dong va tinh ning
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chuyén dong cho hé vat trong truong hop
nay can sir dung 1y thuyét co hoc hé nhiéu
vat. Tur cac phuong trinh vi phan lap ra cé
thé khao sat dugc cac yéu td dong luc hoc
ctia banh xe dan hudng dudi sy thay doi
gbc nghiéng cua tru dung, lam co s& xac
dinh goc nghiéng t6i wu cua try dung trén
banh xe dan hudng thay ddi phu thudc vao
ché do van hanh, dam béao yéu t6 toi wu On
dinh chuyén dong 6 6.

2. POI TUQONG NGHIEN CUU,

NOI DUNG VA PHUONG PHAP
NGHIEN CUU

2.1. Poi twong nghién ciru

Banh xe dan huéng cau trude trén 6 to
du lich va goc nghiéng try dung ctia banh
xe dan hudng

2.2. N§i dung nghién ciru

Lap phuong trinh vi phan chuyén dong
ctia banh xe dan huéng trén 6 to tinh dén
gbc nghiéng tru ding (goc caster) theo 1y
thuyét co hoc hé nhiéu vat
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2.3. Phuwong phap nghién ctru

Phuong phap nghién ctu ly thuyét:
Thiét 1ap phuong trinh vi phan theo mo
hinh co hoc hé nhiéu vat va toan hoc

3. KET QUA VA THAO LUAN
3.1. Céc gia thiét dwoc sir dung

- Banh xe chuyén dong trén mat dudng
bé“mg, bo qua céc luc kich dong tir mat duong;

- B6 qua anh huong cua luc can khong
khi;

- Tai trong phan b6 1én cac banh xe d6i
xtng qua mit phing thing dimg doc;

- Banh xe ldn khong trugt trén mat
duong;

- Bo qua sy anh hudéng cua 10 xo va
giam chin & hé thdng treo.

3.2. M6 hinh khao sat goc caster

Céc dich chuyén ctia co hé c6 thé duoc
xac dinh theo so dd hinh 1.

Hinh 1. Mé hinh chuyén déng cta bdnh xe tinh dén géc nghiéng cia tru ding
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Céc ky hiéu sur dung trong mo hinh:

m,, m,- lan luot 1a khdi luong cua
than xe, banh xe dat tai vi tri nhu hinh 1;

¥ - goc nghiéng cua try ding;

F . - luc ma sat gilra banh xe véi mét
duong;

M - m6 men phuc hdi;

F, - luc kéo tiép tuyén tai banh xe chu
dong;

F. - phan Iyc phap tuyén tir mat dudng
tac dung 1én banh xe;

F, - luc ngang tir mat duong tac dung
Ién banh xe;

P - trong luong ciia than xe phan b
1én banh xe dan huéng;

P,- trong lugng cua banh xe din
huodng;

R - ban kinh banh xe;

J. - m6 men quan tinh cua banh xe [1]

va dugc xéac dinh theo cong thure:

J =%.R2.m2

c
@®- van toc goc cua banh xe;
I - mo6 men quan tinh cua than xe;

V;,V,- lan lugt 1a van toc cua than xe,
banh xe;

f.- hé s6 ma sat giita banh xe v&i mit
duong;

B, - hé s6 can lan tai 6 bi, do h¢ s6 can
lan khong dang ké c6 thé bo qua;

k,c -14an lugt 1a hé sb can giam chin va
hé s6 d6 cling cua lop;

0,%,V,Z, - hé toa dd cb dinh.

3.3. Lap phuong trinh dong luc hoc

Phuong trinh chuyén dong cta 6 to viét
theo toa do suy rong dugc lap tr phuong

42
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trinh Lagrange loai 2 [1]:

d|(oT) o oIl oD .
— Tttt =9 ()
dt\oq;, ) 9q; 0Oq, 0g;

Trong do: T, I1, @ lan luot 1a cac ham
dong nang, thé nang va hao tan ciia hé; O
la luc suy rong khong thé twong ung voi
toa do suy rong ¢, [8]

¢ Xac dinh dong nang cua hé: Dong
ning cua hé s& dugc xac dinh bang tong
dong nang cua dong nang cua than xe (7))
va banh xe (7))

T=T+T, (2)

+ Dong nang cua banh xe 7, la téng
dong nang chuyén dong quay va chuyén
dong tinh tien [1], 7, dugc xac dinh nhu
sau:

1 1
T2 :E.mz.\é +E.JC.(02

R [WT

:%.mz.()'c2+z'2)+%.7.m2. z

= l.m2 X+ l.m2 2+ l.m2 X+ l.m2 2
2 2 4 4
Vay T, = %.mz X +%.m2 2z (3)

+ Dong ning cia than xe 7, 1a tong
dong ndng cua chuyén dong tinh tién va mo
men cua than xe [7] dugc xac dinh nhu sau:

1 |
TI = E.ml .V12 + 51}/2 (4)
Van tdc v, dugc xac dinh theo cong
thirc:
V= AJX 2
Trong do:
{xl =x—L.siny {)’cl =x—Ly.cosy

zy=—(z+L.cosy) |z =—z+Ly.siny
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= %.ml.[()&—L.}Zcos ) +(=z+Ly.sin 7)2}%.1.%

1 ) .. . . . S 1 .
= E.ml.[x2 ~2.L.cosy.px+(Lcosy) 7 +(Lsiny) j? —2.Lsiny.p.z+ zz] + 5.1.72

1 .. . . Sl 1 .
Vay T, = E.ml.()'cz —2.L.cosy.yx+L.y*—2.L.sin y.y.z+zz)+5.[.72 (5)

Thé (3), (4), (5) vao (2), ta dugc tong dong ning cia hé:

3

.2

4

3 1 1
T="mx*+=m 2 +—m.(x*=2.L.cosyyx+ L' y* =2 Lsiny.yz+z*)+—.17"
L 2 yyi+Ly rried) e Ly

== m, % + %.mz 2 +%.m1 X —m,.L.cosy.y.x+ %.ml Ly —m.Lsinyy.z: +%.m1 2 +%.I 7

1 3 . 1 3 . 1 1 . .. L
= (Eml o J X+ (Eml o, j 2 (5 Lo+ EIJ gt =m.Lcosy.yi-m.Lsinyyz (6)

% Xac dinh thé ning cta hé: Thé ning
ctia h¢ duoc xac dinh théng qua thé ning
ctia banh xe va thé ning cia than xe [2],
[3], [7] va duoc xac dinh nhu sau:

= mz.g.z+%.c.(R—z)2 +m.g.(L.cosy+z) (7)

+» Xac dinh hao tan cua hé: Hao tan
cua h¢ duoc xac dinh thong qua hao tan cua
banh xe [4], [5], [7] va dugc xé&c dinh nhu
sau:

1 e 1 N
CD:E.k.[(R—z)] :E.k(—z) =2k ®)

+ Xac dinh lyc suy rong: Luc suy
rong dugc xac dinh theo cong thirc tinh luc
suy rong [1]:

& Ox,

oy 0z
=Y F —k4F kiR Tk 9

i
Trong do: x,,y,,z, - toa do cua cac luc
suy rong;
F.. b, F.- 1an luot 1a hinh chiéu
cua cac lyc suy rong lén cac truc toa dd
0,,0,,0.

Toa dg cac luc suy rong trong h¢:

o F,(x00);

o F, (x:0,0);

o F.(x;0,0);

e F, (x0,0);

Hinh chiéu céac luc suy rong trong hé
1én céc truc toa dd O,,0,,0.:

o F(F;0,0)

* £(0:F30);

o F(0,0,-F,);

o F, (-F,;0;0)

% Luc suy rong trong h¢ toa do:

o Déivsi O,

Trong h¢ toa d§ suy rong O, cac luc va
mod men tac dung bao gom: Phan luc gitta
banh xe v&1 mat duong s€ can bang voi tai
trong tac dung Ién banh xe nén khong phai
la lyc suy rong. Ngoai ra trong hé toa do
suy rong Q. con co:

- Luc kéo cta banh xe chu dong F,
(hodc luc déy trén banh xe bi dong);
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- Luc ma sat giira banh xe v6i mat duong F, = f,.F,
- M6 men phuc hdi M [6] dugc tao ra boi lyc ngang F; M =F,Rsiny
Ap dung biéu thirc ) dé tinh luc suy rong trong hé toa d9 suy rong Q_, ta dugc:
O =F-F,-M.=F~f.F -F.Rsny (10)

° Qy =0
° Qz =0
% Tu phuong trinh (6), tinh gia tri cac dao ham:

+ Trong h¢ toa d9 suy rong Q.

or orT
o —=—=0

0q. Ox

oT _oT ( 3 j .
o —=—7=|m+—.m, [x—Lm.cosy.y

0oq, Ox 2

d|(oT d(oT 3 .. .. .
° E(é_q,j :Z(G_x) :(ml +E.m2jx—(L.ml.cosy.y—L.ml.sm}/.y )

+ Trong hé toa do suy rong Qy

or orT L .
o —=—2=Lm.siny.yx+Lm.cosyy.z
0q; Oy
T oT . . .
. 6_ = 6_ =—Lm.cosyx+m.L.y—Lm,.sinyz+1y
oq, oy

o 40T ) _4d[oT
di\ og )" di\ oy
=—L.m,.cosy.i+ Lm,.siny.y.x—Lm.siny.z—Lm,.cosy.y.z+ (L2 m +1 ) 7

+ Trong h¢ toa do suy rong Q.

or oT

o — =—=(
0q, Oz
oT _or ( 3 j .
—=—=|m+—m, |Z—Lm.siny.y
0q, 0z 2

o 4 6_T =i(alj=(ml+—.m2j.2—(L.ml.sin}/.j/'JrL.ml.cosy.y?z)
dt\ oq, ) dt\ oz 2
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¢ Tu phuong trinh (7), tinh gia tri dao
ham:
e Trong h¢ toa d9 suy rong O :
an_or_
0q, Ox
e Trong h¢ toa do suy rong 0, :
olt _or

—=—=—L.ogm,.siny.y
5q,» oy g-m, 24

e Trong h¢ toa d¢ suy rong Q. :
an _or

2 —EIC.R+C.Z+(I’I’!I +m2)g

¢ Tu phuong trinh (8), tinh gia tri dao
ham:

4. KET LUAN

Viéc 1ap phuong trinh vi phan mo ta
chuyén dong cta hé banh xe din huéng
dudi tac dung cua goc caster lam co so
cho qua trinh khao sat, danh gia qua trinh
hoat dong ctia hé bang phan mém matlab —
simulink dugc thuan loi

H¢ phuong trinh vi phan (11) 1a hé
phuong trinh vi phan phi tuyén, khong
thuan nhat c¢6 cac hé sb phu thudc vao
thong s6 két cau cua banh xe va thong sd
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e Trong h€ toa d6 suy rong O, :
o _ar_,
2, o

e Trong h¢ toa do suy rong 0O, :

o _or_,
oq, 0y

e Trong hé toa do suy rong Q. :
0 _or_, .
oq, 0z

Thé cac dai lugng da tinh dao ham
7,I1,® twong ng vao phuong trinh tong
quat (1), ta thu dugc hé phuong trinh vi
phan (11) mé ta chuyén dong ciia hé 1a:

(ml - %mz)x —Lmy.cosy.j+Lm.siny.y’=F,—f, F,—F,Rsiny—Lm.cosyi+L"m.j+17
—L.m.siny.x.jy + Lm,.siny.y.x—Lm.cosy.zjy—Lm.siny.z—Lm.cosyyz=Lgm.siny (11)

(ml +%.m2).'z'—L.ml.sin 7.7 —Lm.cosy.y’ +cz+ki=—cR—(m +m,)g

két cdu cua tru dung trong hé thong treo 6
to, vé phai phu thudc vao céc tai trong bén
ngoai. Pay la co s¢ 1y luén quan trong cho
qua trinh khao sat danh gia kha nang hoat
dong cua co hé trong diéu kién tai trong
chuyén cho thay doi

Pé xac dinh cac thong ) dong luc
hoc cua hé, c6 thé gidi h¢ phuong trinh vi
phan (11) theo phuong phap sé nhd céac
phan mém thuong dung trong k¥ thuat nhu
Mathematical, Maple, Matlab- Simulink.
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