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NGHIEN Cl’U ON BINH CHUYEN DONG CUA XE KHACH
BANG MO HINH LOP BURCHKHARDT VA PHUWONG PHAP
HE NHIEU VAT

STUDY ON STABILITY MOTION OF BUS BASED ON BURCHKHARDT’S TIRE
MODEL AND MULTIBODY SYSTEMS METHOD

Luong Ngoc Minh'*, Nguyén Thanh Cong?
Nguyén Quang Anh? V6 Van Huong®, Ta Tudn Hung?
"Truong Pai hoc Vinh
*Truong Dai hoc Giao théng Van tai
‘Trudng Dai hoc Cong nghé Giao thong Vén tai

TOM TAT

Xe khdch la mot trong nhiing phuong tién quan trong va phd bién ding dé chuyén chd nhiéu
ngudi trong giao thong van tdi dudng bg. Khi xdy ra tai nan xe khdch cé thé gay ton thdt 16n vé nguigi
va tai san. Mot trong nhiing trudng hgp nguy hiém va dé xdy ra tai nan nhdt la khi xe chuyén huéng
hodc quay vong 6 van tdc I6n. Bai bdo trinh bay moé hinh dong luc hoc ciia xe khdch sit dung mo hinh
16p Burchkhardt bang phuong phdp hé nhiéu vat. Mé hinh dugc sii dung dé khdo sdt su on dinh chuyén
dong trén cdc logi dudng khdc nhau. Két qua ctia nghién ctiu c6 thé lam co sé dé dé xudt cdc gidi phdp
tang tinh 6n dinh va an toan chuyén dong ciia xe khdch.

T khoa: Xe khdch; Mé hinh dong lyic hoc 6 t6; Mdt 6n dinh 14t ngang; Quy dao chuyén dong;
M6 hinh 16p 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, Burchkhardts tire
model. &
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1. PAT VAN BE

Nén kinh té Viét Nam dang ngay cang
phét trién, cung v6i d6 c6 s& ha ting giao thong
cling ngay cang dugc hoan thién, nang cap,
nhit 14 cac tuyén giao théong duong bo. Bén
canh viéc mang lai sy thuén tién trong viéc luu
thong di chuyén trén duong thi viéc di chuyén
v6i t6c do cao cling dan dén xu huéng mit én
dinh chuyén dong ctia xe 6 t6 trong mot s6 trang
thai chuyén dong nhu phanh, quay vong... diéu
nay gay hau qua dic biét nghiém trong, nhat
la doi véi cac loai xe khach ché nhiéu nguoi.
Theo s6 liéu théng ké tii ndm 2017 - 2019, cé
nhiing thoi diém, tai nan giao thong do xe 6t0
ché khach, taxi va xe 0 to tai gay ra, chiém hon
45% s6 vu, 52,1% vé s6 ngudi chét va 80,5% so
nguoi bi thuong [1, 9].

C6 hai trang thdi mét 6n dinh cta 6
t0 khi chuyén huéng la mét 6n dinh lat ngang
hoac mét 6n dinh huéng. Lat ngang xdy ra khi
gbc lic ngang ctia than xe tang nhanh khi xe
chuyén huéng hodc gap cac trang thai duong
map mo6 16n [2]. Mt 6n dinh hudng xay ra khi
co su trugt ngang ctia cac banh xe. biéu dé dan
dén hudng cta xe khong di theo mong muén
ctia nguoi lai. D€ danh gid 6n dinh chuyén
dong ctia 6 t0, 6 thé st dung cac hé thong thi
nghiém dé do khi xe chuyén dong. Ngoai ra,
ciing c6 thé danh gid bang cic mé hinh dong
luc hoc cua 6 to.

Bai bdo trinh bay nghién ctiu danh gia
6n dinh chuyén dong cua xe khach khi chuyén
dong trén cac duong c6 hé s6 bam khac nhau.
Nghién ctiu sti dung phuong phap hé nhiéu vat
dé x4y dung hé phuong trinh vi phdn mo ta
chuyén dong cta xe khach trong khong gian.
Cac luc lién két 16p-duong dugc xac dinh biang
mo hinh 16p Burchkhardt. M6 phdng va danh
gia 6n dinh chuyén dong cta xe khach trong
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mot s6 trang thai chuyén dong trén cac loai
duong c6 hé s6 bam khéac nhau.

2. THIET LAP MO HINH PONG LUC HOC
XE KHACH

2.1. Cac gia thiét khi xdy dung md hinh

Daéi tugng nghién ctiu la xe khach c6 hé
thong treo phu thudc doi véi cau trudce va cau
sau. M6 hinh dugc xay dung véi cac gia thiét:

- Cau truc cta xe khach déi xting qua
mdt phang doc than xe;

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

- Than xe c6 khoi lugng dugc treo m va
moé men quén tinh khéi lugng theo cdc truc J,
J,val,;

- Cdc ciu xe c6 khéi lugng m . dugc lién
két véi than xe qua hé thong treo gom phan ti
dan hoi c6 do cling Cy phén tl giam chén c6 hé
s can K, (i=1: cdu tru6c; i=2: cdu sau; j=1: banh
xe bén trdi; j=2: banh xe bén phai), cdc thanh 6n
dinh ¢6 d¢ cling C_.

2.2. Hé phuong trinh vi phan mé ta chuyén
dong

St dung phuong phéap hé nhiéu vét [3]
dé xiy dung hé phuong trinh mé ta chuyén
dong ctia xe khach trong khong gian. Gan hé
quy chiéu cuc bo Cxyz vao trong tam cua khdi
lugng treo nhu hinh 1. Goi v, v, v,, 0, ,, @,
1a céc van toc tic thoi cta 6 chuyén dong cta
khoi lugng dugc treo déi véi hé quy chiéu cuc
b Cxyz. Ap dung phuong trinh Newton-Euler
6 bac tu do [3,4] cta than xe nhu sau:
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Fzi1

Hinh 1. Mo hinh dong lyc hoc ctia xe khdch

V6i cac cu xe, chi xét 2 chuyén dong
tuong doi gitia cdu trudc va sau véi khoi lugng
dugc treo 12 dao dong thing diing va 14c ngang.
Hé phuong trinh véi cau 1 dugc viét nhu sau:

Hé phuong trinh véi cau 2 dugc viét
nhu sau:

m(v, —v,0,+v,0)=F,+F,+F, +F,-F,

m(V, - v,0, +v,0,) =F, +F, +F,

m(V, -V, 0, +Vywx): Fey + By +Fey, +Fp, +Foy + By +Feo, + Ky

Joo +(, —Jy)m,m3 =(F., +F, —Fo, —Fe)w, +(Fep, + Feyy —Fep, = Feoo )W,
+F (h=hy)+ B (h=hy) + F, (h =h ) =My, — My,

J}(’by +( =)o, = —(F +Feyy +Fopp + Fep)l + (Fegy + Feyy + Fepy + Fepp)ly
—Fh, —(Fy +F,)(h=1,) = (F, + E, Xh—1,)

1,0, +(J)¢ _Jx)(oyw). = F|;1]1 - Fl‘zzlz + Fuy]“ _(F;.u _F;{IZ)WI _(F;u _F;;zz>wz

M

V6i cac ciu xe, chi xét 2 chuyén dong
tuong doi gitia cdu trudc va sau véi khoi lugng
dugc treo 12 dao dong thang diing va 1ic ngang.
Hé phuong trinh véi cdu 1 dugc viét nhu sau:

m,,V,. _mAl((DyAleAl _(’OXAIVyAI) =Fo +Fen

_(Fcn +FKII +Fc12 +FK12) (2)

T i @i — (JyAi - JzAi)('oyAimzAi = (Feryy —Feun)b,

+(Fe, + Fepp —Foi —Fa)w, + My,

Hé phuong trinh v6i cau 2 dugc viét nhu
sau:

My, Voa, ~My, ((‘OyAZVxAZ _(DXAZVyAZ) =F0+Fus
_(F(‘,Zl + FKZI + F(tzz + szz) (3)

JAXZ(beZ = (FCLZI _Fcuz)bz + (Fczz + FKZZ _FCZI - FKZI)W2 + MTZ

Trong d6: m, va J, la khéi lugng va
moé men quan tinh cta ciu thi i; v, 1a van téc
thang diing cdu thi i; w_, 12 van tc géc theo
truc x,. cia cdu thi i trong hé quy chiéu cuc bo
AiXAiYAiZAi'

Van téc goc quay banh xe la thong s6
dau vao dé€ tinh cac do trugt doc va gdc trugt
ngang. Cac thong s6 nay la ddu vao cho cdc mo
hinh 16p d€ tinh cac luc tuong tac 16p dudng. Vi
vay, can thiét 1ap mo hinh dong luc hoc banh xe
dan hoi cho 4 banh xe dang téng quat nhu sau:

J Byij(bBij = MAij - MBij - (inj + szij)rdij (4)

Trong d6: M, , M. 1a m6 men cht dong

s A VoA 1 . )

va m6 men phanh dat 1én cdc banh xe ij; J,  1a

mo men quén tinh ctia banh xe theo truc B,y

r;1a ban kinh dong cta banh xe. Khi banh xe

khong phanh M =0, con khi banh xe bi dong
MAijZO;

Dé giai cac hé 14 phuong trinh vi phin
(1), (2), (3) va (4) c4n xac dinh tat ca cac thanh
phén ngoai luc vé€ phai. Cc thanh phan nay bao
g6m: Céc luc lién két thdng dting hé théng treo
[5]; cdc m6 men thanh 8n dinh; cac luc can khi
dong [4]; cac luc tuong tac 16p duong...

Bdng 1. H¢ 56 thuic nghiém trong moé hinh

Burchkhardt:

Loai duong C, C, C,
buong nhuya kho 1,281 23,99 0,52
DPudng nhya udt 0,857 | 33,822 | 0,347

Pudng bé tong kho | 1,1973 | 25,168 | 0,5373
Pudng da kho 1,3713 | 6,4565 | 0,6691
Puong pht tuyét | 0,1946 | 94,129 | 0,0646
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Trong nghién ctu nay, m6é hinh 16p
Burchkhardt dugc st dung d€ xac dinh cac
thanh phén lyc lién két F, Fy v6i ba hé s6 C,,
C,, C, tuy theo tinh chit mdt dudng [5, 6]
(Bang 1).

bau vao cia mo6 hinh 16p dang nay la
cac hé s6 truot doc Syi va goc trugt ngang S,
dugc xac dinh tli vén toc doc v, van téc ngang
V,; va goc quay banh xe dan huéng §, [7]. Tai
trong thing diing F; tai cic banh xe dugc tinh
ti dich chuyén theo phuong thing ding cta
banh xe (ZBiJ') dugc tinh nhu sau:

C.(h khi h s >0
Lij( ij'ZBij) 1 ij ~ ZBij-C_Lij =
F i =
“o . E, (6)
-F,, khi h,-|zy;-—2-|<0
CL,
inj =FCLij+F:ij

3.MO PHONG VA DANH GIA

Mo phong dong luc hoc chuyén dong
xe khach bing phin mém Matlab-Simulink
v6i cac thong s6 cua xe khach Samco Felix Ci
34 cho theo Bang 2 [8]. Mot quy luat danh lai
nhu hinh 2 cho goc quay banh xe dan huéng
bén tréi 11 duoc dé xuat dé khao st tinh todn
trong mot s6 mat dudng & van toc chuyén dong
56 km/h. Panh gia 6n dinh cta xe thong qua
mot s6 thong s6 nhu cac d6 thi tit Hinh 3 dén
Hinh 9.

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

TT Thong s6 Ky hiéu Gia tri Don vi
1 Khéi lugng phan dugc treo m 7007 kg
2 Khéi lugng phan khong dugc treo trudc m, 266 kg
3 Khoi lugng phan khong dugc treo sau m,, 427 kg
4 | M6 men quan tinh theo truc x ctia khéi lugng dugc treo J. 8371,8 kgm?
5 Mo men quan tinh theo truc y cia khéi lugng dugc treo ]y 50612 kgm?
6 Mo men quan tinh theo truc z cta khoéi lugng dugc treo , 49361 kgm?
7 Do cting ctia hé thong treo trude va sau 5 Gy | 193844;177013 N/m
8 Hé 56 can ctia hé théng treo trudc va sau i Ky 7733; 9804 Ns/m
9 D¢ cling cua l6p trude va sau Cp» Cpy | 493211;986422 N/m
10 Khoang cach tui trong tam dén cdu trudc, sau 1, 2.400 m
11 Khoang cach tii trong tam dén ciu sau 1, 1.685 m
12 Chiéu cao trong tam khoi lugng dugc treo h 1,1 m
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Céc két qua khao sat cho thiy sy anh

hudng cta dudng dén tinh chit 6n dinh cta =

xe khach khi quay vong véi cuing moét van toc o Bueng nhya kho
va goc lai. Doi véi cac dudng cé hé s6 bam cao i =
(dudng nhya kho, bé tong kho) xe bi lat ngang a0 B St
nhanh v6i sy ting nhanh cta géc lic ngang =

(Hinh 4), sy gidm cua gia t6c ngang khi dat ©ubng da ks e :
dinh (Hinh 5) va sy vang ra khoi quy dao (Hinh B 1 e = & Y
3). Trong cac trudng hop nay, sy gidm nhanh =

vé 0 clia tai trong thing ding ctia bdnh xe phia Hinh 4. D6 thi géc lac ngang j
trong F_,F_ (Hinh 6 va7)la d4u hiéu cua lat

ngang. Khi banh xe bi tdch khoéi mat duong thi

khong con tuong tac véi méat duong. Vi vy, cac

lyc ngang F | va F ) cling gidm vé€ 0 cung luc g
voi tai trong thang dling (Hinh 8 va 9). biéu %} ; burtng niya o
nay c6 thé€ gidi thich 1a do khi gia t6c ngang 16n =

dan dén quan tinh 16n lam ting goc lic ngang :
nhanh. D6i véi cac trudng hop cd hé s6 bam . ; ; : .
thdp (dudng da, dudng phu tuyét) thi xe khong 0 ! o s +
bi lat ngang, nhung cé xu hudng bi léch ra khoi Hinh 5. D6 thi gia téc ngang a
cung quay vong (Hinh 3). g

2.5 10

:Ehﬁ_d?_r_lg phid Iuygll.h

‘t \Bubng dikho
Fie =T bng e Lt

2 Durdmg b thng kha

Burérng nhiva Rhe

0 1 2 e 4
o 1 2 3 4 e
t(s) Hinh 6. Do thi tdi trong F_,
Hinh 2. Do thi goc quay banh xe dan hudng bén trdid,
5 10"
0
E)r_rtrng nhu-rj khd
au-crng b tang khe: 2 ! ] ! 1
Burérn ; :
- B, N Promeni
)‘ : |
. Budng L
= f - fa—— G K L 1
aEa /- :
: BErdrng W
bar 0.5 nhga kllﬂ
10 d,—r"';
% e E I mmng?hq -
‘__ ----- Elubn-n phil tuy\é-t |'J
o e =)
o 20 a0 Bo .
X} Hinh 7. DO thi tdi trong F_,

Hinh 3. D0 thi quy dao chuyén dong
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4.KET LUAN

V6i cac hé thong cam bién hién c6 dugc
trang bi trén 6 t6 hién nay, khong dé cé thé truc
ti€p canh bdo dugc su mét 6n dinh cua xe khi
di chuyén trén duong, nhét 1a khi danh 14i trén
duong vong & téc do cao. Bai bao da thiét lap
mo6 hinh dong luc hoc véi cac luc tuong tac 16p
duodng dugc tinh tii m6 hinh 16p Burchkhardt.
Stt dung mo hinh do, bai bao da khao sat, danh
gia 6n dinh ctia xe khach khi quay vong trong
mot s6 loai duong. Cac két qua cho thdy su lat
ngang xdy ra nhanh & cdc loai dudng cé hé s6
bam cao. Con cac loai duong c6 dé bam thap
thi xe c6 xu huéng léch quy dao chuyén dong.
V6i mo hinh da thiét lap, cé thé khao sat trong
nhiéu trang thai chuyén dong. Két qua cta bai
bao c6 thé la co sd dé dé xuit cac giai phap ky
thuat nhdm néng cao tinh an toan chuyén dong
ctia xe khach. <
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