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TOM TAT

Xe khdch la mot trong nhiing phudng tién quan trong va pho bién dung dé chuyén chd nhiéu
ngudi trong giao thong vdn tdi duong bo. Khi xdy ra tai nan xe khdch cd thé gay ton thdt I6n vé nguoi
va tai san. Mot trong nhiing truong hop nguy hiém va dé xdy ra tai nan nhdt la khi xe chuyén hiudng
hodc quay vong & van toc I6n. Bai bdo trinh bay mo hinh dong lyc hoc cia xe khdch sti dung mé hinh
[6p Burchkhardt bang phuong phdp hé nhiéu vat. Mé hinh dugc sit dung dé khdo sdt sy 6n dinh chuyén
déng trén cdc loai dudng khdc nhau. Két qud ctia nghién ciiu c6 thé lam co sé dé dé xudt cdc gidi phdp
tang tinh on dinh va an toan chuyén dong ctia xe khdch.

Tu khoa: Xe khdch; Mo hinh dong luc hoc 6 to; Mdt on dinh lat ngang; Quy dao chuyén dong;
Mo hinh l6p Burchkhardt.

ABSTRACT

Because of carrring many people, bus is one of the most important and popular means in road
transportation. It will cause great losses, both human and property when an accident happened. One of
the most dangerous and prone to accidents is when the vehicle changes direction or turning maneuver
at high speed. This paper presents a dynamic model of bus based on Burchkhardts tire model and
multibody system method. This model is used to examine the motion stability on different types of road.
The results can be a basis for proposing solutions to improve the stability and safety motion of bus.

Keywords: Bus; Vehicle dynamic model; Rollover condition; Trajectory, Burchkhardt’s tire
model.
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1. PAT VAN DE

Nén kinh té Viét Nam dang ngay cang
phat tri€n, ciing véi do cé s& ha tang giao théng
cling ngay cang dugc hoan thién, ning cép,
nhdt 13 cac tuyén giao théng dudng bd. Bén
canh viéc mang lai sy thuén tién trong viéc luu
thong di chuyén trén dudng thi viéc di chuyén
V@i téc do cao cling dan dén xu hudng mit on
dinh chuyén dong ctia xe 6 t6 trong mdt sG trang
thai chuyén dong nhu phanh, quay vong... diéu
nay gay hau qua dac biét nghiém trong, nhit
la déi voi cic loai xe khach ché nhiéu nguoi.
Theo s6 liéu thong ké tii nam 2017 - 2019, ¢co
nhiing thoi diém, tai nan giao thong do xe 6t6
chd khach, taxi va xe 6 t6 tai gay ra, chiém han
45% s6 vu, 52,1% vé s6 ngudi chét va 80,5% so
ngudi bi thuong [1, 9].

Cé hai trang thai mat 6n dinh cta 6
t6 khi chuyén hudng 1a mét én dinh 14t ngang
hodc mdt 6n dinh hudng. Lat ngang xay ra khi
goc lac ngang cna than xe ting nhanh khi xe
chuyén huéng hoac gip cic trang thai duong
mdap mo I6n [2]. Mat 6n dinh hudng xéy ra khi
c6 sy trugt ngang ctia cac banh xe. Diéu do dan
dén hudng ctia xe khong di theo mong mudn
ciia nguoi 1ai. D€ danh gid 6n dinh chuyén
dong ctia 6 t6, ¢ thé su dung céc hé thdng thi
nghiéem dé do khi xe chuyén dong. Ngoai ra,
ciing co6 thé danh gia bang cac mé hinh déng
luc hoc ctia O t6.

Bai bdo trinh bay nghién ctiu danh gia
6n dinh chuyén dong cta xe khach khi chuyén
dong trén cac dudng co hé sé bam khac nhau.
Nghién ctiu stt dung phuong phap hé nhiéu vat
dé xay dung hé phuong trinh vi phan mé ta
chuyén déng ctia xe khéch trong khéng gian.
Céc luc lién két 16p-duong duogc xac dinh bing
mo hinh 16p Burchkhardt. Mé phoéng va danh
gia 6n dinh chuyén dong cta xe khach trong
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mot s6 trang thdi chuyén dong trén cic loai
duong co hé s6 bam khac nhau.

2. THIET LAP MO HINH PONG LUC HQC
XE KHACH

2.1. Cac gia thiét khi xay dung mé hinh

Dai tugng nghién ctiu la xe khach c6 hé
théng treo phu thudc déi voi cdu trudc va cdu
sau. Mo hinh dugc xay dung véi cdc gia thiét:

- Cdu truc cta xe khach déi xing qua
mit phing doc than xe;

- Bdnh xe dugc xem la dan héi chuyén
dong trén nén duong cling tuyét doi;

- Théan xe co khai lugng dugc treo m va
mo men quan tinh khéi lugng theo cac truc J
)8 vaJ;

- Cdc cau xe c6 khéi lugng m,, dugc lién
két vdi than xe qua hé thdng treo gébm phén ti
dan hoi c6 d6 cling C,, phdn t gidm chdn co hé
sO can Kij (i=1: cdu trudc; i=2: cdu sau; j=1: banh
xe bén tréi; j=2: banh xe bén phai), cac thanh 6n
dinh ¢6 d6 cung C_..

2.2. Hé phuong trinh vi phan mé ta chuyén
dong

Sti dung phuong phap hé nhiéu vat [3]
dé€ xay dung hé phuong trinh mé ta chuyén
dong cta xe khach trong khong gian. Gan hé
quy chiéu cuc bd Cxyz vao trong tdm cta khéi
lugng treo nhu hinh 1. Goi v, v, v, w,, W, w,
la cac van téc tiic thoi ctia 6 chuyén dong cua
khéi lugng dugc treo déi voi hé quy chiéu cuc
b6 Cxyz. Ap dung phuong trinh Newton-Euler
6 bac tu do [3,4] cia than xe nhu sau:
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Fzit

Hinh 1. M6 hinh déng luc hoc cua xe khach

Voi cac cdu xe, chi xét 2 chuyén dong
tuong déi gilia cau trudc va sau véi khdi luong
dugc treo la dao dong thing diing va lac ngang.
Hé phuong trinh véi cdu 1 dugce viét nhu sau:

Hé phuong trinh véi cdu 2 dugc viét
nhu sau:

‘m(v, v, +v,0)=F, +F;,+F,+F,;-F,
m(v, —v,w, +v.w)= l'l‘“ +E5 +F‘?
m(v, —v,o, t v )=k, +Fq + Fo, +F + By + B +Fooy + Ry

) 1o+, T e, =(F,, +F —Fo; —F)w, + (Feyy +Feyy —Fopp —Fgpdw, -
g (h=hy R, (b )4 F,(h-h )-M; —-M,;,

Ié +(, ~T))oo, =—(F, + F +Fo, + )b +(Fop + Feay +Feas + Feap)ly

-F.h, _(F;ll +F,.)(h _rax)_(Fm +F».:.' )(h Tox )
Jo,+(J, =1 o m =Fl, —F.lL +F 1 (F

xil

}*;\;)Wwf(F“\-F,‘;g)W:
Vé6i cdc cdu xe, chi xét 2 chuyén dong
tuang doi gitta cau trudc va sau vdi khoi lugng

dugc treo 1a dao dong thing diing va lic ngang.
Hé¢ phuong trinh vai cau 1 dugc viét nhu sau:

my,,v,,, 7mA1(myAlval —(DxAlvyAl) =Fe i +Fan
—(Fepy + By + Fo + Feip)
(2)

JAm(bei - (JyA1 i J.’,Ai)m,mmmi =(Feri — ch )bl

H(Fes + Feyp = Feyy — B )Wy + My

Hé phuong trinh véi cau 2 dugc viét nhu
sau:

m,, V.., ’mm(mymvmz ’C')mz"m: ) = FCLZI + FCLzz
*(VF(‘zz + Flu: + Fc:: +FK22) (3)

‘IA\E(';‘)XA2 :(ch —FCLB)bZ +(Fp R - oy _FKEI)WE "MTz

Trong d6: m, va ], la khéi lugng va
moé men quan tinh ctia cdu thi i; v, 14 van téc
thang ding ciu thi i; w , 1a van téc goc theo
truc x,, ctia cau thii i trong hé quy chiéu cuc bo

AiXAiYmZm‘

Van toc goc quay banh xe la thong s6
ddu vao dé tinh cac do trugt doc va goc trugt
ngang. Cac thong sé nay la dau vao cho cic mo
hinh 16p dé€ tinh cac luc tuong tac 16p duong. Vi
vay, can thiét lap mo hinh dong luc hoc banh xe
dan hoi cho 4 banh xe dang t6ng quat nhu sau:

+1E)r; (4

Xij 7ij

JByiJ(bBij = Mmj -M Bij (F,

Trong d6: M, M 1a m6 men cha dong
va md men phanh dat lén cc banh xe ij; ],  1a
mo men quan tinh cta banh xe theo truc B,y
ry;1a ban kinh dong ctia banh xe. Khi bdnh xe
khong phanh M =0, con khi banh xe bi dong
MAiiZO; '

Dé gidi cac hé 14 phuong trinh vi phian
(1), (2), (3) va (4) cdn xac dinh tat ca cac thanh
phan ngoai lyc vé€ phai. Cac thanh phan nay bao
gém: Céc lyc lién két thing ding hé théng treo
[5]; cdc m6 men thanh 6n dinh; cac luc can khi
dong [4]; cac luc tuong téc 16p duong...

Bdng 1. Hé so thuc nghiém trong mo hinh

Burchkhardt:
Logi dudng | C, C, C,
i Pudng nhua kho 1,281 23,99 0,5274
Dudng nhya uét 6,857 :’»3,527 0,347
Duong bé tong kho  1,1973 | 25,168 | 0,5373
B Dudng da kho 1,3713 | 6,4565 0,66917
Dudng pht tuyét 00,1946 | 94,129  0,0646
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Trong nghién ctu nay, mé hinh 16p
Burchkhardt dugc sti dung dé xdc dinh cic
thanh phan lyc lién két E, FY vdi ba hé¢ s6 C,,
C,, C, tuy theo tinh chat mit dudng [5, 6]
(Bang 1).

DPau vao ctia mo6 hinh 16p dang nay la
cac hé so trugt doc S, va goc trugt ngang s
dugc xdc dinh tu van toc doc v_, van toc ngang
v, Va goc quay banh xe dén hudng 8, [7]. Tai
trong thing ding F; tai cic banh xe duoc tinh
tit dich chuyén theo phuong thing ding cta
banh xe (Zm,-) dugc tinh nhu sau:

. F:ii
C,,(h, -z,) khi h, - Z“i"_c:tij >0
F('I|| = {
. F: (6)
15 khi h, | zy,-—= <0
CL;
Fz1j :F(‘Llj +F;lj

3. MO PHONG VA PANH GIA

M6 phong dong luc hoc chuyén dong
xe khiach bing phin mém Matlab-Simulink
v6i cdc thong s6 cna xe khach Samco Felix Ci
34 ché theo Béang 2 [8]. Mot quy luat dénh lai
nhu hinh 2 cho géc quay banh xe dan hudng
bén trdi §11 dugc dé xuit dé€ khao st tinh todn
trong mot s6 méat dudng ¢ van toc chuyén dong
56 km/h. Panh gia 6n dinh cta xe thong qua
mot s6 thong s6 nhu cdc d6 thi tit Hinh 3 dén
Hinh 9.

Bdng 2: Cdc thong s6 ky thudt xe khdch Samco Felix Ci.34

I

TT Théng s6 Ky hiéu | Gia tri Don vi

71 Khéi lugng phan dudgc treo m 7007 ‘ kg

2 | Khéi lugng phan khong dugc treo trude m, [ 266 | kg

3 ! th‘ﬁ lené ph;dnikhéng dugc treo sau m,, s 427 kg

4 | Mo men quan tinh theo truc x ctia khéi lugng dugc treo J, 8371,8 kgm?

5 | Mo men quan tinh theo truc y cta khéi lugng dugc treo J, 50612 kgm’ 1

6 | Mo men qudn tinh theo truc z ctia khoi lugng dugc treo : 493& kgm’

7 D¢ cting cta hé thong treo trudc va sau Clj; Czj 193844;177013 N/m

8 H¢ 50 can cua hé thong treo trudc va sau - K, 7733; 9804 Ns/m

9 D¢ cling ctia 16p trude va sau CLU, Csz 493211;986422 N/m

10 Khoang cach tif trong tam dén cau trudc, sau L, 2.400 m

11 Khoang cach tif trong tim dén ciu sau L 1.685 m

12 Chiéu cao trong tam khéi lugng dugc treo h 1,1 | ‘ m
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Céc két qua khao sat cho thdy su anh
hudng ctia duong dén tinh chat 6n dinh cua
xe khach khi quay vong véi cung mét van t6c¢
va goc léi. Déi véi cac dudng c6 hé s6 bam cao
(duong nhua kho, bé tong khd) xe bi lat ngang
nhanh véi sy ting nhanh cta goc lic ngang
(Hinh 4), sy gidm cta gia t6c ngang khi dat
dinh (Hinh 5) va su vang ra khoi quy dao (Hinh
3). Trong cdc trudng hop nay, su gidm nhanh
vé 0 cua tai trong thang diing ctia banh xe phia
trong F_,F_ (Hinh 6 va 7) la dau hiéu cta lat
ngang. Khi banh xe bj tach khoi miat duong thi
khong con tuong tac véi mat duong. Vi vay, céc
luc ngang Pyll vaF  cing giam vé 0 cung luc
v4i tai trong thang ddng (Hinh 8 va 9). Diéu
nay co thé giai thich la do khi gia téc ngang 16n
dan dén quén tinh 16n lam tang goéc lic ngang
nhanh. Déi voi cac trudng hgp cé hé sé bam
thép (duodng da, duong phu tuyét) thi xe khong
bi 1at ngang, nhung c6 xu huéng bi léch ra khoi
cung quay vong (Hinh 3).
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4. KET LUAN

V6i cac hé thong cam bién hién cé dugc
trang bi trén 6 t6 hién nay, khong dé cé thé tryc
ti€p canh bdo duoc su mit én dinh cta xe khi
di chuyén trén dudng, nhit la khi danh l4i trén
dudng vong & téc do cao. Bai béo da thiét lap
mo hinh déng luc hoc véi cac luc tuong tac 16p
duong dugc tinh tit mé hinh 16p Burchkhardt.
St dung mé hinh d6, bai bdo da khao sat, danh
gid 6n dinh cua xe khéch khi quay vong trong
mot s6 loai dudng. Céc két qua cho thdy su lat
ngang xay ra nhanh & céc loai dudng c6 hé s6
bdm cao. Con cic loai dudng c6 do bam thap
thi xe ¢6 xu hudng léch quf dao chuyén déng.
V6i mo hinh da thiét lap, c6 thé khao sdt trong
nhiéu trang thai chuyén déng. Két qua cta bai
bdo c6 thé la co s¢ d€ dé xudt cac giai phap ky
thuat nhiam nang cao tinh an toan chuyén dong
ctia xe khach. <

ISSN 2615 - 9910

Ngiy nhan bai: 25/02/2021
Ngay phan bién: 10/3/2021

Tai liéu tham khao:

[3].

l4].

[5].

. 50 li¢u thong ké ctia Cuc Canh sat Giao thong,

B Cong an, ti 16.11.2017 - 15.6.2019.

. Ta Tudn Hung, V6 Vin Huong, Duong Ngoc

Khénh (2018); Nghién citu mdt én dinh It
ngang cia xe khdch trén dudng cao t6c & Viét
Nam, Tap chi Co khi Viét Nam, s6 10/2018.
M. Blundell, D. Harty (2015); Multibody
Systems Approach to Vehicle Dynamics. 2nd
edn. Butterworth-Heinemann. Elsevier Ltd.

D. Schramm, M. Hiller, R. Bardini (2014)
Vehicle Dynamics Modeling and Simulation,
Springer-Verlag Berlin Heidelberg, Germany.
V6 Van Hudng, Nguyén Tién Ding, Duong
Ngoc Khdnh, Dam Hoang Phuc (2014); Dong
luic hoc 6 t6, NXB. Gido duc Viét Nam, Ha Noi.

. Nguyén Trong Hoan, Nguyén Khic Tuin

(2018); Hé thong truyén lyc 6 to, NXB. Gido
duc Viét Nam, Ha Noi.

. R. Rajamani (2012); Vehicle Dynamics and

Control, Springer New York, USA.

. http://samcobus.vn/samco-felix-
. http://www.csgt.vn/tintuc/9549/Lam-gi-de-

ngan-chan-nhung-vu-tai-nan-giao-thong-
dau-long.html

¥l TAP CHI CO KHI VIET NAM, Sé 3 nim 2021

http://cokhivietnam.vn





