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Nghién ctru xdc dinh nguéng mat 6n dinh 14t ngang ciia xe khach
Study on Determination of the Dynamic Rollover Threshold of a Coach Vehicle
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Tom tat

L&t ngang ctia xe khéch la mét trong céc dang tai nan nguy hiém nhét cé thé xay ra. Céc tai nan déi véi xe
khéch x3y ra véi mirc dé tén hai cao béi vi loai phuwong tién nay ché nhiéu ngudi. Mat én dinh 14t ngang phu
thudc vao phén (ing ctia nguoi I4i, diéu kién mét duong, két cau xe... Lat ngang cta xe khéch thuong xay ra
khi chuyén huéng & téc dé cao. Nguoi 14i thuong kho xéc dinh duoc déu hiéu cua Iat ngang la suw tach banh
xe khdi méat dwong, déc biét trong céc truong hop chuyén dong véi téc dé cao. Trong bai bao nay, phuong
phép xéac dinh trang thai mat én dinh Iat ngang cta xe khach dwoc dé xuét trén co sé& st dung mé hinh déng
Iwe hoc duorc thiét 14p theo phuong phap hé nhiéu véat va hé phuong trinh Newton-Euler. Phurong phép nay
c6 thé lam co sé& dé xac dinh ngudng cdnh béo sém va diéu khién bang mé hinh déng luc hoc cla xe
khéch.

Tir khoa: Xe khach, nguéng mét 6n dinh dong Iwc hoc, ngudng canh bao sém, hé sb phan bé tai trong,
phwong phap hé nhiéu vat.

Abstract

Rollover condition is one of the worst accidents of a coach vehicle that can occur. The casualties in a coach
rollover are often at a high rate and severe because of the large number of passengers. The rollover
condition of a coach vehicle depends on the behavior of a driver, the road, the structure of vehicles... The
rollover of coach vehicles frequently occurs while directional maneuvering at high forward speed. It is difficult
to recognise the rollover risk signals, i.e. the wheel lift-off, especially at high speed. In this paper, a method
to determine the dynamic rollover threshold of the coach vehicle is presented by using a fully dynamic model
of coach vehicle based on the Multi-body System Method and Newton-Euler equations. The method can be
applied as a basis for determining the early warning and controlling thresholds by dynamic models of coach
vehicles.

Keywords: Coach vehicle, dynamic rollover threshold, early warning threshold, load Transfer Ratio, Multi-

body System Method.

1. Dit van dé

Hién nay, van tai hanh khach bang 6 t6 dong vai
tro rat quan trong trong doi séng xa hoi hién dai. O
Viét Nam, ha tang giao thong dang dugc xay dung va
hoan thién. Diéu do6 giap cho cac phuong tién di
chuyen v6i tbe d6 cao hon nhim tang hiéu qua van
chuyen ‘Tuy nhién, didu d6 cling ¢6 thé dan dén 6 t6
bi mét 6n dinh trong mot s6 trang thai chuyén dong
nhu phanh, quay vong... Su mat on dinh xdy ra khi xe
chuyen dong vuot ngudng mat 6n dinh. Co6 hai dang
mat 6n dinh 13 mat 6n dinh huéng va mat 6n dinh lat.
Xe thuong bi mat 6n dinh 1at ngang khi chuyen dong
v6i gia tbc ngang 10n trén dudng c6 hé s6 bam cao.
Qua trinh 1at ngang x4y ra nhanh, nén nguoi lai s€
kho ¢ du thoi gian dé nhan biét va phan tmg [1].

Sy mét 6n dinh 14t ngang bét dau khi c6 su tach
banh xe mdt bén, F.;;=0 (Hinh 1). Pay la dau hi¢u co
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thé quan sat dugc tuy nhién lai kho c6 thé do dé lam
ngudng didu khién trong cac hé théng canh bao va
chéng lat ngang [2]. Do vay, can thiét phai xac dinh
cac ngudng diéu khién twong duong v6i déu hiéu nay
dé 1am dau vao cho céc bai toan diéu khién sau nay.

Téach banh xe
Fi=0
Hinh 1. Trang thai tach banh xe ctia 6 t6
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Bai bao trinh bay nghién ctru x4c dinh ngudng
lat ngang cta xe khach bang mo hinh dong luc hoc.
M6 hinh ddng lyc hoc khong gian xe khach duogc
dung dé xac dinh cac ddu hiéu va cac thong sb tuong
duong tir 46 xac dinh dugc ngudng mat 6n dinh va
giéi han chuyén dong cua xe khach. Két qua cua bai
bao c6 thé dé xuat dugc phuong phap xac dinh ving
6n dinh chuyén dong lam co so thiét ké cac hé théng
canh bao va diéu khién chdng lat ngang.

2. M6 hinh dong luc hoc xe khach
2.1. Mt s6 gid thiét khi xdy dung mé hinh

Xe khach véi dic diém cu trac dang treo phu
thudc cho ca cau trudc va cau sau. MO hinh dugc
thiet 1ap voi mot so gia thiét sau:

- Céu tric xe khach dbi xtng qua mit phing doc
cua than xe;

- Banh xe dugc xét 1a dan hdi trén nén duong
clrng tuyét doi;

- Thén xe c6 khdi lwong m va mé men quan tinh
khoi lugng theo cac truc Jy, J, va J;

- Céc cau xe duogc lién két v6i than xe qua hé
thong treo gdm phan tir dan hdi c6 do cimg Cj, phan
tr giam chin c6 hé sb can K (=1: cau trudc; i=2: cau
sau; j=1: banh xe bén trai; j/=2: banh xe bén phai)...

2.2. Phuwong trinh vi phin mé ti chuyén dpng

Str dung phuong phap hé nhiéu vat [3,4] dé xay
dung hé phuong trinh mé ti chuyén dong cua xe
khach trong khong gian. Gan hé quy chiéu cuc bo
Cxyz vao trong tim ciia khdi lugng duoc treo C (hinh
2). Goi vy, v, V2 0y, @, @, 13 céc vén tdc tic thoi cua
6 chuyén dong cua khéi lugng duoc treo ddi véi hé
quy chiéu cuc bd Cxyz. Hé phuong trinh xac dinh
chuyén dong cua khéi luong dugc treo duoc viét nhu
sau:

Hinh 2. M6 hinh dong luc hoc khong gian xe khach
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mv, —v,.o, +v,0,)= FL“JrFK“+Fm+FK12+FC21+FK21+F622+FK22

Jo +(J,=J,)o.0,=F +Fy —Fop = Fep)W, + (Feyy + Feyy = Fogy = Fipn)W, )
+Fy (h=hy )+ Foy(h—hy, )+ F, yJh=h)=M, —M,,

Jyo,+(J, —J o0, =—(Fp +Fe + Fop + Fep)l+(Fey + Fyy + Fepy + Fiepp)l

~F by =+ Fyo ) h=1,) = (Fopy + Fo) )(h = VM)

S0, +(J, = )0,0, = Fyl, = Fl, + F L, —(F = F )W, = (Fy = Fp,)w,

Vi cac cau xe, chi xét 2 chuyén dong twong doi gitra cau trude va sau voi khoi lugng dugc treo 1a dao

dong thang dung va lic ngang.

H¢ phuong trinh véi cau 1 dugce viét nhu sau:

MV, — Al(a)LAl wal ~ Do yAl) = Foppy + Foppy - (Foyy + Fopy + Fyyy + Fypy)
‘]Axla)xAl (JvAl zAl)a)xAl zAl — (FCLII 'FCle )bl + (FCIZ +F1<12 'Fcu 'FKn)Wl 2
+F (hyy —=1) + (£, sin o, + F,  cos 6, + F,j, 8in 6y, + F 1, 086, + My,
Hé phuong trinh v&i cau 2 duoc viét nhu sau:
MV, —m, (@ a2 Va2 _wazvaz) = Fopg + Fopy —(Feg + Fiyy + Figy + Fieyy)
‘]sz xA2 (J;AZ 242 )a)mz 242 (FCLZI - CL22 )bz + (Fczz +FK22 _Fc21 - KZI)WZ 3)
+ Fpy (Mg, _rz)+(F;,1 +F;2)r2 +My,

trong d6 m4 va Ju 1a khéi luong va mé men quan
tinh ctia cau thi i; v.; 1a van toc thing dimg cAu thi i
(i=1: cdu trude; i=2: cAu sau); w4 13 van tde goc theo
truc x4 cua cau thir i trong hé quy chiéu cuc bod
AX4iYaizai.

2.3. Xdc dinh cdc ngogi lwc va moé men lién két

De giai cac h¢ phuong trinh vi phéan (1), (2) va
(3) can xac dinh tit ca cac thanh phan ngoai lyc vé
phai. Cac thanh phan nay bao gom: cac luc lién két
thing dimg hé théng treo (Fcy, Fiy); cac luc lién két
doc (F'y)) tai cac diém treo va ngang (Fx;) tai cac
tdm quay trc thoi; cdc m6 men thanh 6n dinh; cac luc
can khi dong...

Céc lyc lién két thing dimg hé thdng treo dugc
tinh theo cong thirc nhu sau:

C, ( Z 45— 2y +fdl/)khz de<ZAU z,

F; = Cij(ZAij_Zij)khi Sy 24 =2; < fui @
-C, (ZAij -z, —fd:f,») khi z ; =z, < fy.

Fo =K, (2, -2)

trong do: zsy, zy 1a cac dich chuyén theo phuong
thing ding cua cac diém treo trén va dudi dugc tinh
tor quan hé hinh hoc tr dich chuyen, goc lic doc, lic
ngang cua trong tim khdi lugng duoc treo (z, ¢, f) va
céu Xe (ZAi, ﬁAi)-
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Cac luc lién Két doc tai cac diém treo trén va
dudi cua cac banh xe dugc xac dinh voi gia thiét
khong c6 dich chuyén twong ddi theo phwong doc
giita cau xe voi khdi lugng duogce treo [5]. T diéu
kién cén bang lyc va mo men trén cau xe 6 thé xac
dinh dugc cac nhom luc doc va ngang tir cdu xe tac
dung 1én khéi lwong dugc treo nhu sau:

F +Fyy = Fyysind,, — F,,c0868,, + F, sin 8, — F,c088, —m 4a,
Fly+ Fppy = Fy + Fy —ma,

. ! J 1@oq = (Fpp SN G, — Fc086,, — F,y, 8in 6, + F,c086,,)
Foy—Fy, =

Wy

! ' ‘IA'Zd)AZ_(F'ZZ_FZI)

L . *
W,

Fy, =F,,c086,, — F,,sin 6, + F, ,c080, — F, ), sin,, —ma,
F = Fm +F‘z° —mya,

My =Cpr(B=B.)

6))

trong d6 ax, a, l1a cac gia toc cua khoi lugng duogc
treo; Cri 1a d§ cling thanh 6n dinh trudc va sau;

Céc luc Fiyj, Fy;1a cac luc tuong tac banh xe voi
mit duong dugc tinh theo md hinh 16p phi tuyén véi
ham miu Ammon & hé s& bam Lmar, femin tUy thudc
tung loai dudng [6] theo cong thirc nhu sau:
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s% +a
L_F_(t)f | +——
x1_| (SU ’0'1_1 ) /uxmax > ) zij
sij +a’ij S max Hxmax (6)
o.. 242
ij F (t) 1 ]
y1_| (s1_| ’a‘g) /’lymax 2 ) zij g
ij +0’ij max /“ymax

Pau vao ciia mod hinh 16p dang nay 1a cac hé so
truot doc s va goc trugt ngang oy duge xac dinh tir
van tdc doc vy, van tde ngang vy; va gbc quay banh
xe dan huéng J; [7]. Tai trong thing dung tai cac
banh xe dugc tinh tir dich chuyén theo phwong thang
dting cua banh xe (zp;) dugc tinh nhu sau:

C (h -z ) khi h {z -F—;”}o
Lij ij Bij ij Bij -
y q y y ] CL]J
Foy = I
~F., khi h, - ZB,..__"U}O
1] ) |: y CLij
F, =F,,;+Fj
(7

Céc lyc can khi dong theo cac phuong doc Fi.
va ngang xe Fy, dugc tinh tir dién tich can va cac h¢
s0 can khi dong twong tng vdi loai xe khach [4].

2.4. Déu hiéu It ngang

) Hé $6 phan bd tai trong LTR [1,7] dugc st dung
dé xac dinh trang thai mat on dinh 1at ngang cta xe
khach. LTR dugc tinh theo cong thirc sau:

2
Z(}?zlz F;z])
LTR=E"———— ®)
Z(EIZ + F;I] )

i

trong do F-; 1a céc tai trong dong dat tai cac banh xe
tuong ung duogc tinh theo cong thuc (7). Khi LTR=1,
cac banh xe bén trai tach khoi mat duong, xe bi mat
6n dinh 14t ngang [2].

3. Két qua va danh gia

Mo phong dong luc hoc chuyén dong xe khach
bang phan mém Matlab-Simulink vé&i cic thong sb
cua xe khach County HD 29E3 [8] theo bang 1. Quy
ludt danh 1ai dang mé nhu hinh 3 cho géc quay banh
xe din huéng bén trai 6;; duge dé xuat dé khao sat
tinh toan v&i hé s6 bam 16n nhit 13 f,me bang 0,8 &
cac mirc van toc chuyén dong tir 55 dén 65 km/h voi
bude vén toc khao sat 1a 1 km/h. Két qua do thi cac
thong sb chuyen dong déc trung trong mién thoi gian
& mot s6 muc van tdc dugc thé hién tir hinh 4 dén
hinh 7. Vi cac mirc véan toc thap thi xe chuyén dong
on dinh. Véi cac mirc van tdc cao thi xe bi lat ngang
v6i du hiéu 1a sy tang nhanh cua goc lic ngang (xem
hinh 4) sy giam nhanh cua gia tc ngang (xem hinh 5)
va su dat dén 1 cta hé sb phéan bd tai trong LTR (xem
hinh 6). Biéu dién mbi quan hé giira cac thong sb nay
theo hinh 8 (v=58 km/h, xe khong bi 1at ngang) va
hinh 9 (v=61 km/h, xe bi 14t ngang).

Bang 1. Cac thong s6 xe khach County HD 29E3

TT Théng sb Ky hiéu Gia tri

1 Kich thudc bao ngoai DxRxC(m) 7,06x2,08x2,75
2 | Vétbanh xe trudc/sau 2b;;2bs(m) 1,705/1,495

3 Khoang céch gitra cac diém treo nhip trudc va sau 2wy, 2wa(m) 0,6; 0,68

4 Khoang céch tu trong tam dén cau trudc; sau l;, I; (m) 2.4; 1,685

5 | Chiéu cao trong tam khdi lwong duoc treo h (m) 1,4

6 | Khdi lugng duoc treo m (kg) 5394

7 | Khéi lugng khong duoc treo trude va sau mai; ma2 (kg) 266; 427

8 | M6 men quén tinh theo truc x cua khdi lugng duoc treo Jy (kgm?) 43353

9 | M6 men quén tinh theo truc y cua khdi luong duogc treo Jy, (kgm?) 24906

10 | M6 men quan tinh theo truc z cua khdi luong duogc treo J- (kgm?) 24185

11 | M6 men quan tinh theo truc x ctia ciu xe trudc va sau Jaxt; Jaxz (kgm?) 220; 305

12 | M6 men quan tinh theo truc x clia cdu xe trudc va sau Juzi; Juz2 (kgm?) 220; 305

13 | Po ctng cia hé thong treo trude va sau Cii; C5(N/m) 193844; 177013
14 | Hé s6 can cua hé thong treo trude va sau K, K5 (Ns/m) 7733; 9804
15 | Do cung cia 16p trude va sau Cryj, Cr2i(N/m) 493211;986422
16 | Loai 16p 7.00R16
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Hinh 8. D) thi déu hleﬁ lat ngang theo goc lic ngang
B ov=061km/h.

Khi xe bi 1at ngang, theo quy luat goc quay banh
xe dan huéng thi gia toc ngang tang dén gia trj 16n
nhét sau d6 bi giam vé 0 do xe bi lic ngang. Goc lic
ngang cang l6n thi gia toc ngang cang giam. Véi
truong hop véan toc xe bang 61 km/h, khi gia tdc
ngang vé 0 tai goc lic ngang bang 28,75 do ung véi
trang thai trong tim cua xe bit dau vuot ra khoi vét
bén phai ciia xe, trang thai 1at hoan toan bit dau dién
ra (Absolute Rollover Condition) [9]. Tuong Gng véi
d6 1a sy tang cuia gia tri LTR dat 1 tai goc lac ngang 1a
7,18 d. Tong hop cac gia tri 16n nhat cua a, va LTR
theo cac truong hop khao sat van téc khac nhau thu
duoc gia tri theo Bang 1 va dd thi hinh 9.

Tir két qua & trén ta nhén théy, khi van tc khao
sat tang thi cac gia tri 1on nhit cua gia tc ngang a, va
hé s6 phan bd tai trong LTR ting dan. O van tdc
v=61 km/h (diém C) tuong tng v6i vén téc nho nhat
dé LTR biang 1 (dlem A) va aymax bang 4,428 m/s?
(diém B). Khi van tdc cang tang thi gia tri aymar cang
tang. Nhu vay, co thé nhan thdy gi tri gia toc ngang
tai van toc 61 km/h chinh 13 ngudng mat 6n dinh lat
ngang va ddy chinh la vén toc gidi han (limit
velocity). Vung van tdc 16n hon 61 km/h 1a ving bi
mat 6n dinh 14t ngang ¢ quy luat goc quay banh xe
dan huéng xac dinh (xem hinh 9).
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Bang 2. Gia tri dymax va LTRmax

v(km/h) | LTRmax | @ymax(m/s?) | Trang thai
55 0,892 4,020 On dinh
56 0,911 4,103 On dinh
57 0,923 4,200 On dinh
58 0,941 4,272 On dinh
59 0,960 4,330 On dinh
60 0,985 4,428 On dinh
61 1 4,504 Lat ngang
62 1 4,612 Lat ngang
63 1 4,674 Lat ngang
64 1 4,713 Lat ngang
65 1 4,732 Lat ngang
5 i
4t 1
& o
© 3 ~
g ~
p—
a 2) 0.5
[
1 b +
C
54 56 58 60 62 64 66
v(km/h)

Hinh 9. D thi xac dinh ngudng 1at ngang.
4. Két luan

Bai bdo da trinh bay phuong phdp xéac dinh
ngudng mat 6n dinh 14t ‘ngang bang mé hinh dong luc
hoc. M6 hinh dugc thiét 1ap va sir dung dé tinh toan
céc dau hiéu lat ngang va cac thong s6 ngudng tuong
mg. Khao sat mat 6n dinh 14t ngang ciia xe khach véi
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cdc mitc van toc tir 55 km/h dén 65 km/h. Tir d6, xdc
dinh dugc nguong mat o6n dinh 1at ngang la
4,428 m/s? d6i voi thong sb gia tdc ngang va da xac
dinh duoc van téc gidi han 1a 61 km/h cling vé6i ving
mét 6n dinh 1at ngang twong tmg. Vi phuong phap
nay, ¢6 thé xac dinh dugc cac ngudng mat On dinh 14t
ngang ciia cac théng sb trong duong khac 1am co so
dé thiét ké cac hé thong canh bao cho xe.
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