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Tom tat

Bai b&o trinh bay két qua nghién ciru dnh hweng
cua vdn toc den dao dong cua 6 td Toyota Vios
1.5G khi qua go giam toc. Tac gia sir dung phirong
phap tach cau tric hé nhiéu vdt MBS va phirong
trinh Newton-Euler d@é thiét lap hé phuong trinh
agng luc hoc 6 td Toyota Vios 1.5G. Sir dung phan
mém Matlab-simulink d@é khdo sét anh huong cua
vdn téc dén dao dong cua 6 td Toyoya Vios 1.5G
khi qua go- giam tac. Két qua nghién cizu cho thay,
dé dam bdo dé ém dju chuyén déng, an toan dong
luc hoc va tuéi the 6 t6 thi khi 6 td Toyota Vios
1.5G chay qua gor giam toc ¢6 chiéu cao 0.06m va
chiéu dai map md 2,5m thi toc dé chuyén dong cua
0 t6 phdi nhé hon 40km/h.

Tir khéa: Dao dgng 6 t6, ém diu chuyén dong, go
gidm toc, map mé don hinh sin.

Abstract

The article presents the results of research on the
influence of speed on the vibration of Toyota Vios
1.5G cars when passing the speed humps. The
author uses the method of separating the structure
of the MBS system and the Newton-Euler equation
to establish the Toyota Vios 1.5G car dynamics
equation system. Using Matlab-simulink software
to investigate the effect of speed on vibration of
Toyoya Vios 1.5G car when passing speed humps.
The research results show that, in order to ensure
the smoothness of movement, dynamic safety and
car life, when the Toyota Vios 1.5G car runs
through the speed bump with a height of 0.06m
and a bumpy length of 2.5m, then the speed of the
car must be less than 40km/h.

Keywords: Car oscillation, smooth motion, speed
bump, simple sinusoidal bump.

1. Pit van dé
Khi 6 td chay vao khu vuc dong dan cu hoac qua
cac giao 16 thi can giam téc do dé dam bao an toan

giao thong. Do do, tai cac giao 16 hay bat dau vao khu
d6ng dan cu nguoi ta thuong lap cac go giam toc dudi
dudng dé canh béo cho lai xe giam toc d6 nham giam
thiéu t6i da tai nan giao thong. Khi xe chuyén dong
qua go giam toc véi cac toe do khac nhau thi dao dong
thay ddi lién tuc, c6 thé dan dén méat 6n dinh chuyén
dong do xay ra hién tugng truot quay banh xe va do
ém diu chuyén dong vuot qua ngudng chiu dung cua
con ngudi. Vi vay, tac gia xay dung mé hinh déng lyc
hoc va khao sat dao dong 6 t6 Toyota Vios 1.5G dé
xac dinh muc d6 anh huong cua toc do chuyén dong
dén dao dong va do ém diu cua 6 to Vios 1.5G. Tir d6
dua ra 161 khuyén cho ngudi st dung lya chon van toc
phu hop nhét khi chay qua go giam téc dé dam bao
tudi tho cua 6 t6 va d6 ém diu cho hanh khéach. Bai
bao st dung tiéu chuan 1SO 2631-1:1997 dé danh gia
dao dong va d6 ém diu chuyén dong cua 6 t6. Theo
tiéu chuan 1SO 2631-1:1997 thi c6 thé sir dung tiéu

chi gia toc thang dimg cuc dai 7___ vatiéu chi binh

phuong gia téc trung binh 7 dé dénh gia dao dong
va d6 ém dju chuyén dong cua 6 to, cu thé nhu sau:

<1,6m/s2Va Z,,<0,16m/s? rat ém diu.

S,max —

5

1,6m/s*<Z,,, <315m/s2Va 016m/s’<Zg,

<0,315m/s* ém diu.

3,15m/s? < Z <6,3m/s?Va 0,315m/s” <

S,max —

Zs,, <0,63m/ s’ ngudng chiu dung.

z >6,3m/s? Va Zsu>0,63m/s? qua muc

S,max

chiu dung.
2. M hinh d¢ng luc hoc

Dé nghién ciru dao dong 6 t6 Toyota Vios 1.5G,
tac gia xay dung md hinh khdng gian mé ta dong luc
hoc 6 t6 nhu Hinh 1.

O t6 Toyota Vios 1.5G 1a hé nhiéu vat c6 cAu triic
phtc tap gdm khdi lugng duoc treo va khéi luong
khéng dugc treo ndi voi nhau qua hé thong treo nhip,
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duoc mo ta b?mg cac ndi luyc hé théng treo 1a cac ham
phi tuyén. Téac gia st dung phuong phap tach ciu tric
hé nhiéu vat MBS dé thiét 1ap mé hinh dong hec hoc
0 t6 Toyota Vios 1.5G. Bai bao nay chia 6 t6 1.5G
thanh 4 vat (khéi lugng) co ban nhu sau:

(i) Khéi luong duoc treo cua 6 td (ms) ¢6 3 chuyén
dong gdm chuyén dong tinh tién theo phuong Z 1a (Zs),
chuyén dong xoay quanh truc X mot goc 1a (0sx),
chuyén dong xoay quanh truc Y mot goc 1a (6sy);

(i) Khéi lugng khong dugc treo cau trudc bén
phai (my1) chuyén dong tinh tién theo phuong Z 13 Zy;

(iii) Khéi luong khong dugc treo cau trude bén tréi
(my2) chuyén dong tinh tién theo phuong Z 13 Zy;

(iv) Khdi lugng khong dwoc treo cau sau (mys)
chuyén dong tinh tién theo phuong Z 1a Zy3 va chuyén
dong xoay quanh truc x mot goc 1a (By3).

K3

Cieerd

Hinh 1. Mé hinh déng luc hoc 6 t6 Toyota Vios 1.5G

Téac gia st dung phuong phéap tach cAu tric va
phuong trinh Newton-Euler dé thiét lap hé phuong
trinh dao dong 6 t6 gém 7 phuong trinh nhu sau:

Phuong trinh chuyén dong tinh tién caa khéi lugng
duoc treo theo phuong thing ding z:

mZ, =Ky, (22,420, -7, -7,,)-Cpy (2Z,+20,), -2~ 2,,) )
Ky (22,-26,),-27,5)-C,., (22, - 26

sy'2 sy'2

-22,4)

Phuong trinh chuyén dong quay cua khéi lugng
duoc treo quanh truc y (géc lic doc cua than xe) la:

‘]syésy = _KLxlll (225 + Zésyll - Zul - Zuz)_CLxlll (225 + 295)/'1 - Zul - ZuZ) (2)
sy'2

+K [zz’s-29’sy|2-2zu3j+cmlz(2zs-29 ,-Z,)

Phuong trinh chuyén dong quay cua khéi luong
duoc treo quanh truc x (gdc lc ngang cua than xe) la:
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JSXéSX =-K Lde (295)((1 *Z.u]_vLZ.uz) - CLde (2495xd *Zu]_JrZuz) (3)
K x2d(265xd |-CLx2d (20d))

Phuong trinh chuyén dong tinh tién theo phuong
thang dung cua khdi lugng khong duoc treo cau trudc
doc lap bén phai la:

MZu1 = Ka (Zul‘ZS‘HSY'l‘HSXd)‘ CLa (Zul‘ZS‘(’Sy'l‘HSXd)

(4)

K [zul‘hll] -Cn (Zul‘r!Ll)

Phuong trinh chuyén dong tinh tién theo phuong
thang dung cua khbi lugng khong dugc treo cau trudce
doc lap bén tréi la:

Mol o = K g (Zuz-Zs O+ )~ (Zua-Zs-Oyh )

®)

_KLl(ZUZ - hlZ)_CLl(ZUZ _h12)

Phuong trinh chuyén dong tinh tién theo phuong
thang ding cua khdi lwong khong duoc treo cau sau
phu thuoc la;

MyaZua = 2K o (Zus~Zs+syl2) - 2C 5 (Zus-Zs+05yla+) ©)
K| 5 [Zu37f121*f122] +C\ 5 (Zuz-hp1)

Bdng 1. Thong sé khdo sat
Ky Pon Gia

Tén goi )
hiéu vi tri
Khéi lugng dugc treo me kg 1100
Moment quan tinh khdi luong
Jox kgm? | 606,1
dugc treo quanh truc x
Moment quan tinh khdi luong
Jy kgm? 4192
dugc treo quanh trucy
Khéi luong khong duoc treo cau | my,, 90
kg
trudc My, 90
Khoi lugng khong duoc treo cau sau M kg 180
Do cing bo phan dan hdi phia | Cua N 16000
m
trudce va phia sau Cie 16000
Do cung cua l6p phia trusc va | Cpy N 160000
m
phia sau Cw2 160000
Hé s6 can giam chén phia truéc | Kiq 910
o Ns/m
va phia sau Kixe 910
Hé sb can I6p phia truéc va phia 14000
Kt Ns/m
sau 14000
Khoang cach hai diém lién két
B m 1.475
banh xe trai, phai
Khoang céch tir tam khéi luong | 17
dugc treo dén tam diém chiu luc ! m '
I, 0,845

trudc va phia sau
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Phuong trinh chuyén dong lic cua khdi lugng
khong duoc treo cau sau 6 td quanh truc x (géc lic
ngang cua cau sau 0 to) la:

. 2, . 2
Ju3 3 = —2KLX2d (49u3 —esx)—ZCszd (49u3 —st) (7)

—KLZB(29u3B —h21+h22) —CLZB(ZéusB —hyy +hyy)

3. Két qua khao sat

Tac gia s dung phan mém Matlab-Simulink dé
khao sat dao déng cta 6 td Toyota Vios 1.5G. Sir dung
map md don dang sin 1am ham dau vao cho mé hinh
khao sat nhu Hinh 2. Mdp mo léch pha gitra 2 bén ¢
két cdu don gian, dwoc sir dung khé phd bién, chiéu
cao cia map mo duoc tinh theo cong thiic sau:

_H(l_cos[zﬂ%n khi 0<x<L (8)

0 khi x<0 , x=L

Véi van téc khong d6i cua xe la v thi chiéu cao
map md theo thoi gian duoc tinh theo cong thic:
e (1—cos[2;zﬂD khi 0<vt<L(9)
h(t)=12 L

0] khi vt<O vt>L

Trong do:
H - chiéu cao map mé cyc dai (m);
L - chiéu dai map md (m);
v - vn téc chuyén dong caa xe (m/s);
t - thoi gian qua map md (s).

Hinh 2. Mdp mé don dang sin

Hinh 3 dén Hinh 6 1a d thi chuyén vi thing ding
cua than xe, gia toc thang dung than xe, goc lac doc
than xe, goc lic ngang than xe khi 6 to chay qua map
mo hinh sin ¢6 chiéu cao 0,06m, chiéu dai map mo
2,5m & van tdc 40km/h.

Tir Hinh 4 ta thay khi 6 t6 di map mé léch pha giita
2 bén c6 chiéu cao 0,06m, chiéu dai map mo 2,5m Vi
van téc khao sat 40km/h thi gia téc cuc dai
Z, e = 5-5m_/ s* <6.3m/s” y3 binh phuong gia tbc
trung binh Z., =0.3m/s* <0,315m/s” nan 6 t6 lam
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viéc dam bao do ém diu chuyén dong, khéng gay mét
moi cho ngudi Ngodi trén xe va dam bao tudi tho 6 t6 [4].

Chuyénvi than xe

Thiri gian s

Hinh 3. Chuyén vi than xe Zs khi V=40km/h

Gia t8c than xe

Giatéictan xe (m/s?)

Thei gian (s)

Hinh 4. Giatécthan xe 7 khi V=40km/h

Goc lic doc than xe

Theigian (s]

Hinh 5. Gdc lic doc than xe @y, khi V=40km/h

Goc lac ngang than xe

Thisi gian [s)

Hinh 6. Géc ldc ngang than xe B, khiV=40km/h

Hinh 7 d&én Hinh 10 1a d thi chuyén vi thing dung
cua than xe, gia téc thiang dung than xe, géc lic doc
than xe, goc lic ngang than xe khi 6 t6 di qua map mo
hinh sin ¢6 chiéu cao 0,06m, chiéu dai map mé 2,5m
vai van toc khao sat 60km/h.

Quan sat Hinh 8 ta thay khi 6 t6 di qua map mo
hinh sin ¢6 chiéu cao 0,06m, chiéu dai map mé 2,5m
v6i van toc khao sat 60km/h thi gia toc cuc dai va binh
phuong gia téc trung binh nén dao dong cia 6 t6 vuot
Qué gidi hang cho phép danh gia vé d6 ém diu chuyén
dong va hu hong xe khi di qua map mé trén [4].
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Chuyén vithdn xe

chuyén vi than xe (m)

Thoti gian (s

Hinh 7. Chuyén vi than xe Zs khi V=60km/k

Gia t6c than xe

Giatdcthén xe (m/s?)

\
-

Therigian (s)

Hinh 8. Gia téc than xe 7_khi V=60km/h

Géc lic doc than xe

Thoigian(s)

Hinh 9. Goc lic dgc than xe @5, khi V=60km/h

e G6c lic ngang than xe

1 2

Thavigian |

Hinh 10. Géc ldc ngang than xe 6, khi V=60km/h

Hinh 11 dén Hinh 14 1a dd thi chuyén vi thing
dung cua than xe, gia tc thing ding than xe, géc lic
doc than xe, goc lac ngang than xe khi 6 t6 di qua map
mo hinh sin ¢6 chiéu cao 0,06m, chiéu dai map mo
2,5m véi van téc khao sat 80km/h.

Theo Hinh 12 ta thiy khi 6 t6 di qua mip mo
léch pha giita 2 bén c6 chiéu cao 0,06m, chiéu dai
map md 2,5m véi van téc khao sat 60km/h thi gia
téc cuc dai va binh phuong gia tdc trung binh nén
dao dong cua 6 té vuot qué gisi hang cho phép danh
gia vé d6 ém diu chuyén dong va hu hong xe khi di
qua map mo nay [4].
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Chuyén vithan xe

Thvigian s

Hinh 11. Chuyén vj than xe Zs khi V=80km/h

Gia tfc than xe

)

(m/s?)
.

Giatdcthan xe

-6
Theigian (s)

Hinh 12. Giatéc than xe 7 khi V=80km/h

Goc lic doc than xe

0.006

Hinh 13. Géc ldc dec than xe 0, khi V=80km/h

Goc lic ngang than xe

Thaigian(s)

Hinh 14. Géc ldc ngang than xe 6, khi V=80km/h

4. Két luan

Pé dam bao d6 ém diu chuyén dong, an toan dong
luc hoc va tudi tho cua 6 t6 Toyota Vios 1.5G thi khi
l4i 6 t6 map mo léch pha giira 2 bén cé chiéu cao
0,06m, chiéu dai map mo 2,5m tai xé phai cho xe chay
cham & toc do tir 40km/h tré lai. Néu chay qua mip
mé léch pha giita 2 bén ¢ chiéu cao 0,06m, chiéu dai
map mod 2,5m & toc do trén 40km/h thi 6 td s& dao
déng manh vugt qua giéi han cho phép va kha nang
chiu dung cta con nguoi, 6 t6 khong dam bao an toan
chuyén dong va tudi tho cua 0 to s& giam.
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