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1. Pat van dé

Khi Chuyén dong, doan xe chiu cac tac dong tur
ngudi lai, duong, ngoai canh (Hinh 1). Tai nan giao
thong xay ra dbi voi doan xe do nhiéu nguyén nhan,
trong d6 nguyén nhan chu yéu 1a do xe mat 6n dinh
chuyén dong trén dudng. Su mat 6n dinh phu thudc
c4u triic doan xe nhu trong lurgng, chiéu cao trong tam,
khop lién két gitra cac than xe, dac tinh 16p; hé s6 bam

Tom tat

Mdt én dinh ngang Cia dodn xe somi romodc
thwong Xay ra khi quay vong, ting téc hodc
phanh,... Mdt én dinh ngang cia doan xe c¢é thé
dwoc phan logi theo 2 dang: mat én dinh huéng
va mat on dinh ldt ngang. Sw mat on dinh huéng
thuong xay ra khi phanh hogac quay vong trén

duong c6 hé so bam thap. Mat 6n dinh lat ngang duong;dd nghiéng va do doc cua duong; phan tng l4i
thuong Xay ra khi quay vong trén duong co h¢ so xe khi phanh, ga va quay vé ling. Néu duong c6 hé sé
bam cao. Mgt mé hinh dong luc hoc doan xe dugt bam thap, du gia tc ngang khong 16n, nd s& trugt
thiét ldp theo phuong phap hé nhiéu vdt véi mo ngang va vap phai via dudng, doan xe c6 thé lat. Néu
hinh 16p Burchkhardt. Mé hinh dwoc &p dung dé duong c6 hé s6 bam cao, doan xe c6 thé van hanh voi
ddanh gid anh hiong cia diéu Kién dong dén mat van téc lon, khi quay vong s& c6 gia téc ngang lon va
on dinh ngang ciia dodn xe khi quay vong. do kha ning bam ngang t6t nén xe cé thé b lat ngang.

Tir khéa: M6 hinh I6p Burchkhardt, trgng thai
duongd, mat on dinh ngang, doan xe somi ro mooc,
quay vong.

Abstract

Lateral instability of tractor semitrailer vehicle
often occurs in during turning maneuver,
accelerating, or braking,... Lateral instability can SO MI RG MOOC @ XEDAUKEO
be classified into two types: yaw instability and (SMEND (XDK)
rollover. The yaw instability usually occurs on low
adhesion surface road. The rollover occurs while

Pijmax, [Pijmin, hij

turning maneuver on high adhesion surface road. puome

In this paper, a dynamic model of tractor Hinh 1. So dé diéu khién agng luc hoc doin xe
semitrailer vehicle is established based on Multi- somi ro modc

body System Method and Burchkhardt tire model. Dé nghién ctru danh gia én dinh ngang cua doan
This model is applied to analysis the effect of road xe somi ro modc can thiét phai thiét lap dwoc tuong
condition on lateral stability of the tractor tac 16p duong théng qua md hinh 18p. Khi xac dinh
semitrailer vehicle while turning maneuver. duogc tuong tac nay thi co thé xac dinh dwoc cac luc

Keywords: Burchkhardt tire model, road va md men lién két tir duong tac dong 1én xe. Tur d6
condition, Lateral instability, tractor semitrailer méi co the x4c dinh dugc cac thong so chuyén dong
vehicle, turning maneuver. cua xe. Hién nay, c6 nhieu md hinh 16p duoc sir dung
nhu Ammon [2], Pacejka [3], HSRI, Burchkhardt
[4].... Trong &6, md hinh 16p Burchkhardt c6 nhiéu wu
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diém vé cach thirc md phong va céc hé sb thue nghiém.

Bai béo trinh bay nghién ciru 4p dung méd hinh 16p
Burchkhardt phén tich d¢anh gia dong luc hoc chuyén
dong cua doan xe somi ro modc. Mot md hinh dong
luc hoc khdng gian cia doan xe somi ro modc Vai luc
tuong tac 10p duong duge xac dinh tir mé hinh 16p
Burchkhardt dwoc trinh bay. Két qua cua nghién ciru
¢6 thé 1am co s¢ dé nghién ciru danh gia dong luc hoc
chuyén dong doan xe. Tir d6, c6 thé dé xuat cac giai
phap diéu khién nham ting tinh 6n dinh chuyén dong
cua doan xe.

2. M6 hinh dong luc hoc khong gian doan xe
somi ro mooc

2.1. Phuwong trinh vi phdn mo ta chuyén dgng

Doan xe somi ro modc vai két ciu hai than trong
d6 c6 mot phan tai trong ciia so mi ro modc dat 1&n xe
dau kéo qua khép ndi dang chdt kéo-mam xoay. Xe
dau kéo c6 3 cau trong d6 cau truéc bi dong dan
huéng, hai ciu sau chit dong véi hé théng treo can
bang. So mi ro modc ¢ 3 cau dang treo can bang lién
tiép. Bé md ta chuyén dong cua cac phan dugc treo Cy
(k=1: phan duoc treo xe dau kéo; k=2: phan dugc treo
SMRM) ddi véi hé quy chiéu cb dinh OXYZ gan cac
hé quy chiéu cuc bd Cixkykzk VAo trong tdm cua vat
ran k (xem Hinh 2).

Hinh 2. Hé quy chiéu doan xe somi ro modc 6 céu

Trong hé quy chiéu dat tai Ck goi
— T 1 , N

vk—[vxk,vyk,vzk RONM IR O la véc to van

toc tc thoi cua khdi lugng dugce treo ddi voi cac hé

quy chiéu twong ung. Hé 6 phuong trinh Newton-

Euler [5, 6] cho céc khdi lugng dugc treo thir K véi
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tam quay dat tai trong tim Cy dugc viét nhu sau:
m, (Vy — Vi @y + Vzko‘)yk) = Fu
mk(vyk =V, Oy + Vy0,) = Fyk

m, (V, — Vi Oy + Vyk(’oxk) =F, (1)
L@ + (1 — 1) o 0p =My,

I @y + (L — )00, = M.,

@y + (ka -

ka)myko‘)xk = Mzk

Trong d6: Iy, lyk, lzx1& mé men quén tinh cua cac
khéi lugng dugc treo thir K; Fu, Fyk,Fzk, Mxk,Myk Mak
la tbng cac ngoai luc v md men ngoai luc tac dung
1&n khéi lwong duoc treo k.

MJi cau xe duoc xac dinh bai dao dong thing
dung (Vzai) va lic doc cau xe (oxai) duoc Viét nhu sau:

{mAi (Va1 = Viai Oy + VyAi(DxAi) =Fai

Lai®sai + (Iai — IyAi)('OzAi('OyAi =M

2

Trong d6: mai VA laxi, layi, lazi 1a khéi lugng va md
men quan tinh cta cau th i; Fazi, Maxi |4 tong cac
ngoai luc vd m6 men ngoai luc theo phuong Aizai cua
cau thir i.

Dé giai céc hé phuong trinh vi phan (1) va (2) can
xéc dinh tat ca cac thanh phan ngoai luc va md men
ngoai lyc cua vé phai. Cac luc lién két tai khop ndi
dugc xac dinh tir didu kién khép ndi 1y twong c6 xét
dén anh huong cua goc lic ngang tuong ddi [7]. Cac
lyc va md men cua hé thdng treo nhip va treo can bang
dugc tinh tir bién dang thang dung va goc tai cac diém
treo twong tng [4, 8]....

2.2. Mb hinh 16p Burchkhardt

Nghién ciru dong luc hoc 6 t6 can thiét phai xay
dung duoc tinh chét lién két gitra 16p va duong boi cac
lién két nay la thanh phan truc tiép gay ra chuyén dong
cua 0 t6. Lién két banh xe - mat duong 12 lién két phuc
tap gom 3 thanh phan luc Fyj, Fyij, Fz (b6 qua cac
thanh phan mé men). Pay 1a cac luc thay ddi lién tuc
theo thoi gian, phu thudc ciu tric 16p, d6 map mo té
vi ctia duong va céac yéu té didu khién cua nguoi l4i.
M0 hinh I6p thudng duoc st dung dé xac dinh lyc lién
két 16p dwong khi xay dung mé hinh dong luc hoc 6
t6. Mot trong nhitng md hinh 16p dé sir dung va cho
két qua gan véi thuc té 1a md hinh cua Burchkhardt [4,
9]. Theo md hinh nay, hé sé bam dugc xac dinh theo
cong thirc. Cac hé sé Ci dwoc xac dinh bing thyc
nghiém cho céc loai duong khac nhau theo bén dudi.
Khi banh xe chiu luc tong hop, c6 thé xac dinh Fyj,
Fyij nhu sau:
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Syij o\ +% 2 2
Fi = — (C,|1-e n _C3\/Sxij + Sy )inj (3)
Sxij + syij
S .. _c, [2 152
_ yii o\ 2 L2
Fi= o (o4 (1—6 v j—CS S *Sui )F4

xij vij

Dau vao caa md hinh 16p dang nay la cac hé sé
truot doc Syij va goc truot ngang syij duoc xac dinh tur
van toc doc Vyij, van tdc ngang vyi; va goc quay banh
xe dan huéng ;.

Khi biét van téc doc va van téc gc caa cac banh
xe ¢6 thé xac dinh dugc cac hé s trugt doc sij nhur sau:

V. — 0y
-4 9B khi -1<s,<0
_ Vi 4)
ij
re@o. — V... .
B4 khi 0<s; <1
I3 Dgi;

Céc goc léch bén cac banh xe dan huéng (cau 1)
duoc Viét nhu sau:

Vv ..
oy, =8, —atan (L“
Vxlj

Céc goc léch bén cua cac banh xe & cac cau 2 dén
cau 6 duoc viét nhu sau:

V.
o, =—atan| =
inj

Trong d6: Céc van téc doc vij duoc tinh tir cac hé
phuong trinh (2) vé6i van tdc ban dau vijp cho trudc.
Céc van téc goc quay banh xe wgij dugce xac dinh tu
md hinh banh xe dan hdi. i vai cac goc quay banh
xe dan huéng bén trai du duoc tinh gian tiép tir goc
quay vo lang thong qua ty s6 truyén cua hé thong lai

()

(6)

Is.

by, = dsu ()

Is

Ddi véi doan xe somi ro mode nghién ctru, is=25.
Quy luat géc quay banh xe dan hudéng bén phai (d12)
duoc tinh tir quan hé Ackermann [10] véi khoang cach
hai tru l4i 1a w=2,05 (m) va chiéu dai co so xe dau kéo
dén tam cau can bang la L=3,91m [11, 12] theo cong
thurc sau:

(8)

w
cotd,, —cotd,, = T

2.3. Mgt sé chi tiéu dinh gid

Hé s6 phan bé tai trong LTR (Load Transfer Ratio)
[11, 12] cho doan xe somi ro modc 6 ciu xe duoc Viét
nhu sau:
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Z (inz 'inl)

i=1
6

>

i=1

LTR= )

I:Zi2 +F, il)

4

Trong d6 Fyj (i=1+6; j=1: bén trai, j=2: bén phai)
14 tai trong tai tirng banh xe, bang 0 khi tach banh xe.
Go6c lic ngang Pk khéi lugng duoc treo thir k [5]:

1
by :jcos

3. Két qua khao sat va danh gia

(0,,C080, +0, Sinp, sing, +a,, sing,cosp, )dt (10)
k

M@ phong hé phuong trinh vi phén (1), (2),... va cac
phuong trinh xac dinh lyc, md men lién két caa hé thong
treo va cé4c thanh phan luc twong tac 16p duong va cac
ngoai lyc tac dung khac bang phin mém may tinh véi
céc thong sb ciia doan xe somi ro mode 6 cau [12].

Bdng 1. Hé sé thiec nghigm ciia mo hinh

Burchkhardt
TT Loai dwong C1 C2 Cs
1  Dbuongnhyakhd 1,281 23,99 0,52
2 Puong da kho 1,3713  6,4565 0,6691
3 Puong da udt 0,4004 33,7080 0,1204
4  Puongphutuyét 0,1946 94,129  0,0646
5 Puongphabing 0,05 306,39 0

Khao séat véi mot quy luat goc quay vo lang nhu
Hinh 3 véi muc van téc 60km/h trén 5 loai dudng mo
phong bang md hinh 16p Burchkhardt [9] vai céc hé
s6 thuc nghiém theo Bang 1. Mot sé két qua cho thiy
sw anh huong rd nét cua didu kién duong dén kha ning
mét 6n dinh ngang cia doan xe somi ro modc. Khi xe
chuyén dong trén duong tét (c6 hé sb bam cao nhu
duong Nhua kho, Pa kho) thi xe bi 1at ngang. Su lat
ngang xay ra nhanh. Diéu do thé hién qua d thi hé s6
phén bé tai trong LTR.

150

100

sz(dcg)

50

0
0 2 4 6 8

t(s)
Hinh 3. Pé thi géc quay vé ling

10
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Phu tuyét
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i
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Hinh 4. Pé thj LTR
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Hai trudng hop khao sat nay cho thay LTR tién dén
1 rat nhanh. Trong d6 dudng nhua kho c6 hé s6 bam
cao hon nén LTR tién dén 1 nhanh hon (Hinh 4).
Tuong ung la sy gia ting nhanh ctia goc lic ngang cua
céc khéi luong duoc treo. Tir khi bat dau danh 1ai dén
khi goc lac ngang khdi lugng dugc treo xe dau kéo dat
40 deg & duong Nhua kho va da kho 1an luot 14 2,6s
va 4s (Hinh 5). Ddi vai céc loai duong c6 hé sé bam
thap nhu phii tuyét va pha bang, xe khong bi lat ngang,
nhung ta nhan thay céc gia tri danh gia 6n dinh cua xe
diéu & muc thap. Vi du, gia téc ngang cua khdi lugng
dugc treo ay1 chi dat dudi 2m/s? va 0,5m/s? dbi véi
duong phu tuyét va pha bang. Trong khi véi diéu kién
duong tét thi gia tri nay cao hon rat nhiéu. Didu d6
cho thay kha nang doan xe khong dap tmg dugc kha
ning quay vong theo mong mudn ciia ngudi lai. Piéu
d6 c6 thé dan dén sy mat 6n dinh huéng nhu truot
ngang, mat on dinh quy dao chuyén dong, gap than xe.
Vén dé nay s& dudng nghién ciru chuyén siu trong cac
nghién cuu tiép theo.
4. Két luan

Su mét 6n dinh ngang cua doan xe somi ro modc
c6 hai dang 12 mit 6n dinh huéng va mét 6n dinh lat
ngang. Bai bao da trinh bay mé hinh dong luc hoc
cua doan xe somi ro moodc¢ trong do cac lyc tuong tac
16p duong duoc xac dinh biang méd hinh 16p
Burchkhardt. Bai bao d phén tich danh gia trang thai
mét 6n dinh lat ngang cua doan xe somi ro modc &
khi quay vong & muc van téc 60km/h trén 5 loai
duong khac nhau. Cac két qua cho thay, véi cac loai
duong nhya kho va da kho thi xe bi 1at ngang. Véi
cac loai duong c6 hé sb bam thap xe khong bi lat
ngang nhung d& bi mat 6n dinh huéng. Véi phuong
phap nghién ciru ndy c6 thé nghién ctru danh gia xac
dinh céc trang thai mat 6n dinh hudng trén cac loai
duong c6 hé s6 bam thap. Tir d6 c6 cac dé xuit vé hé
thdng diéu khién 6n dinh doan xe.
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