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NGHIEN CUU ANH HUONG CUA TAN SO DANH LA
DEN ON DINH CHUYEN DONG CUA DOAN XE SO MI RO MOOC

A STUDY ON EFFECTS OF STEERING FREQUENCY ON STABILITY OF TRACTOR SEMI TRAILER

TOM TAT

Boan xe so mi ro modc ¢6 kich thude 16n, két cau hai than ¢ khdp ndi nén
tinh chét chuyén dong rat phic tap. Chuyén lan dwong la qua trinh di chuyén
thirong gap trong diéu kién mat d phurong tién di chuyén cao nhu ¢ Viét Nam.
Bai bao trinh bay phuong phap thiét 1ap md hinh dong luc hoc doan xe so mi
ro moéc theo phuong phap hé nhiéu vat va hé phuong trinh Newton-Euler.
Trong mét phéng drdng, moi vat tach cdu tric duoc md ta véi 3 béc tv do: doc,
ngang, quay than xe. St dung md hinh déng luc da xay ding dé khao sat anh
hudng clia tan sG danh I4i dén 6n dinh chuyén dong cla doan xe so mi re mode
khi chuyén lan duong.

Tir khda: Boan xe so mi ro modc, mat do phurong tién cao, chuyén lan duong
don, dong lyc hoc hé nhiéu vat, tan s6 danh lai.

ABSTRACT

It is difficult to predict exactly the lateral stability of tractor semi-trailer
since the complicated structure of the vehicle with a fifth wheel especially in the
case of several motion. Lane change is a common motion process in the high
density of vehicles in Vietnam. This paper presents a dynamic model of tractor
semi-trailer is developed based on Multi-body System and Newton-Euler
Equations. In yaw plane, the bodies of tractor semitrailer are described by 3
degrees of freedom as longitudinal, lateral, yaw. The established model is
applied to evaluate the effects of steering frequency of on stability of tractor
semi-trailer while single lane change process.

Keywords: Tractor semi-trailer, high density of vehicle, single lane change,
dynamics of Multi-body Systems, steering frequency.
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1.DAT VAN BE

O Viét Nam hién nay s6 lugng doan xe chii yéu la doan xe
so mi ro modc (DXSMRM) phat trién rat nhanh, dac biét [a &
cac dia phuong cé nhiéu bén cang, khu cong nghiép. Tinh
dén thang 9 ndm 2012 thanh phé H6 Chi Minh cé hon 9.000
DXSMRM [1]. PEn thang 9 nam 2014 Hai Phong c6 gan 6.000

Nguyén Tién Diing*",
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DXSMRM [2]. & Viét Nam, theo théng ké ctia Uy ban An toan
giao théng qudc gia nam 2016 ca nudc xay ra 21.589 vu tai
nan giao thong, lam 8.685 nguoi chét va 19.280 nguoi bi
thuong [3]. Tai nan giao thong xay ra déi voi PXSMRM do
nhiéu nguyén nhan, trong d6 chii yéu la do doan xe méat 6n
dinh chuyén dong trén dutng khi tang téc, khi phanh, khi
vuot xe, tranh chwéng ngai vat, khi chay trén duong cé hé s6
bam thap hodc khi doan xe chuyén huéng.

Hanh lang chuyén dong clia doan xe la yéu t6 quan
trong khi thiét ké duong. Mbi lan dwong thudng duoc quy
dinh do réng theo tiéu chuén ctia hé théng giao théng nhu
tiéu chuén lan duong 6 t6. Sv quy dinh lan dwong va mat
dd phrong tién giao thong ngay mot tang dan dén nguoi
i khi dieu khién xe thudng phai diéu khién dé xe luén nam
trong lan duong an toan. Tuy nhién, v6i cac diéu kién
chuyén dong thuc té thi ¢ bi vi pham lan duong (chuyén
sang lan duong khéc hodc ra khéi dutng) dac biét la déi voi
cac loai xe c6 kich thuéc 16n nhu BPXSMRM.

DXSMRM c6 thé chuyén lan dwong ding tie la két thic
qué trinh chuyén lan duong thi xe ndm trong ving lan
dueng mong mudn. Chuyén lan dwong khéng dam bao khi
xe bi vi pham trong (m6t phan ctia xe van nam & lan duong
ban dau), vi pham ngoai (van con phan xe ndm ngoai lan
dwong mong mudn). Ca hai dang vi pham lan duong nay
déu la cac nguyén nhan co thé gay ra hién tuong va cham
V@i cac phuong tién khac hoéc thanh 1é duong. Digu d6 co
thé dan dén xe bi 1at do vap (Tripped Rollover) hoac bi léch
huréng chuyén déng hoéc gap than xe (Jackknife).

Qijmax, |Pijmin, hu

Qijmax, |Qijmin, bij

Hinh 1. So d0 trong tac Buong - DXSMRM - Nguoi léi
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Trong diéu kién duong Viét Nam, nguoi lai thuong
xuyén phai diéu khién tich hop (phanh, ga, lai) dé xe c6 thé
di nhv mong muén. Ngoai cac yéu t6 tac dong tir duong,
can khi déng thi phan ting ctia ngui lai anh huéng 16n dén
on dinh chuyén déng ctia DXSMRM nhu so d6 hinh 1. Bai
bao nghién ctru &nh huéng clia tan s6 danh lai ctia quy luat
danh lai sin don dén chuyén lan dwong trong diéu kién
duong c6 hé s6 bam thdp bang mé hinh déng luc hoc
DXSMRM.

2. MO HINH BONG LU'C HOC BOAN XE SO MI RO MOOC

Hinh 2. M6 hinh d6ng lirc hoc DXSMRM trong mét phang duong

Phuong phéap tach cdu tric hé nhiéu vat thuc hién viéc
tach céac phan cdu trdc riéng théng qua cac diém lién két.
Tai cac lién két khi tach cau truc ta thay cac lvc hodc mé
men c¢6 cung tri s6, khac chiéu va cung phuong, hwéng
duong la huéng ctia chuyén déng. Véi mdi phan tach ciu
trac dung phuwong trinh Newton-Euler [4] c6 thé thiét lap
phwong trinh mé ta chuyén dong. BXSMRM dugc tach
thanh hai phan twong (ng véi hai hé quy chiéu cuc bo la
C.X1Y; ng v6i xe dau kéo (XPK) va C,x,y, tPng v6i so mi ro
modc (SMRM) dat tai cac trong tdm nhuv hinh 2. Tir d6
thanh lap dwgc hé phuong trinh mé ta chuyén déng
DXSMRM trong méit phang dudng duoc viét riéng cho
tirng phan.

Hé phuwong trinh mo ta chuyén dong clia XPK:
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MX, —My W, =F,,, cosd,, — Fy11 sind,, +F,,C0sd,, — Fy12 sind,,
+Fx21 + szz - Fkxl - wal
My, +Mx, = Fynsinéﬁ11 + Fy11 €0sd,; +F,,sind,, + Fy12 sind,,

1 +F +Fy =R ( l)

‘]z1':p1 = |:(Fx12 005612 - Fy12 Sin61z ) - (Fxll 005511 - Fy11 Sin611)]b1

o coséu)+ (FXlz

+[(FesSin,, +F, i3, +F,, sind,, ) |

+(sz2 _Fx21)bz _(Fyn +FyZZ)IZ +Fky1|k1 +Fvw1|w1
Hé phuwong trinh mo ta chuyén déng SMRM:
M, X, —MZyZL]J2 =F, +F4 +F 4 +F

a1 T Fao VR YR —Foo

M,V +MX W, =R, +F5 +Fyp +Fu +F0 +Fy0

30 = (Fap =Fuy )y + (Fuas = Fug )0y +Fiohes )
~(Fyan+Fyso )ls = (Fyer +Fyaz )le +Fuolao

Céc ngoai lirc va mo6 men bén tréi bao gom: Fyq, Fiyy, Fi,
Fiy2 la luc lién két tai khop néi dwoc tinh tir gid thiét khop
ndi dang ly twéng [5]; Fy; Fy; la céc luc tir dudng tac dung
Ién banh xe dan hoi duoc xac dinh qua md hinh 16p phi
tuy&n st dung ham mau Ammon [6]; Foa, Fuys Fuer Fuye 12
cac luc can khi dong. b,, b,, b;, b, 1a vét ti€p xuc tai cac cau
x€; I, I, 2 12 khodng cach tir cac trong tam cla tirng xe dén
cac cau xe i va khép nbi tvong tng. I, 1., 1a khodng cach tir
trong tam xe dén tam dat luc khi dong twong ¢ng.

Khi giai dwoc cac hé phuong trinh (1) va (2) c6 thé xac
dinh dwoc vi tri trong tdm C, (X, Ym) cla tirng xe (m = 1
XDK; m = 2: SMRM), toa do céc diém gidi han P (X;,Y;) (nhw
hinh 2) clia tirng xe trong hé quy chiéu ¢6 dinh nhv sau:

Xy = f(xmcoswm -y, sing,)dt

Y, = f()’(m siny,, +y,,cosy,, )dt ©))
X =Xy + (=1L cosy,, +(=1)'B; siny,,

Y; =Y, + (=1L sing,, +(-1'B;cosy,,

Trong dé:

i = 1;2: Cac vi tri gi¢i han truwéc va sau clia XBK;

i = 3;4: Cac vi tri gi¢i han truéc va sau clia SMRM,;

j =1, 2: Cac vi tri gi¢i han trdi va phai cla tirng vi tri i;

Lj: Khoang cach tir trong tam C, dén diém P; theo
phuong doc xe, m;

B; Khodng cach tir trong tam C,, dén diém P; theo
phuong ngang xe, m.
3.KHAO SAT VA DANH GIA

St dung phan mém Matlab-Simulink thiét Iap cac khoi
mo phéng mo hinh dong luc hoc clia DPXSMRM. Cac théng
sO két cau duoc xac dinh tr PXSMRM gdm XPK 2 cau MAZ
543203-220 va SMRM 2 cau DV-CSKS-400NA [7].

Nghién cru khao sat trang thai chuyén lan duong don
V@i cac van téc 50km/h & goc lai dang Sin don dang mé [8]
bién do goc lai 4° voi tan s6 danh lai f tir 0,455 dén 0,370Hz
(thoi gian danh 1ai mot chu ky At bang 2,2 + 2,7s) nhu hinh
3. Lva chon dudng phang cép thiét k& Il voi bé rong mot
lan duong la 3,5m theo TCVN4054:2005 [9] v6i hé s6 bam
0,max DANg 0,5; Panh gia sv vi pham lan dwdng théng qua
toa do ngang Y; clia cac diém gi¢i han phai trai truéc sau Py
clia tirng xe nhu biéu dién trén hinh 4 + 11.



SCIENCE TECHNOLOGY

5 ! ! ; 6 . I
? —0.455Hz —(0.455Hz
---0.435Hz ==-0.435Hz
L \ —0417Hz 2 —0417Hz
N \ ==-0.400Hz A ===0.400Hz
h i bl
| e —0.385Hz —0.385Hz
g o 0370H: -=0.370Hz
0 1 2 3 4 5 6 1 8 9 10 10
1(s) 1)
Hinh 3. Quy luat d4nh I4i sin don cho géc quay bénh xe dan hiréng bén tréi Hinh 9. Toa dd ngang Y,, clia diém P,
6 T T I
2 1 —0.455Hz | — —— — !
A e R S SR e e == 435Hz | p T —0455Hz |
2 w4 L —04TH L pe— e R S G R S Pl
=2 — : ===0.400Hz | E ol - — DAl
: = |==-0.370Hz]] L S —0.385Hz
) — — L SN a1
¢ — i
0 1 2 3 4 5{(5) 6 7 8 9 10 e ——
Hinh 4. Toadd ngang Y, clia diém P,
6 .
' I —0.455Hz 6 , .
i -=-0.435Hz —0.455Hz
B —0.41THz Lot S it ST A O Y SO S s SIS A -=-0.435Hz
& ; {1 ==-0.400Hz 2 —0.417Hz
w |—0.385Hz 2 2|---0.400Hz
0 ---0.370Hz > —0.385Hz
2 i i . i -=-0.370Hz
o 1 2 3 4 5 6 1 8 9 10 r : ii i
) o 1 2 3 4 5 6 1 8 9 10
Hinh 5. Toa do ngang Y,, cia diém P,, o
6 Hinh 11. Toadd ngang Y, cliadiém P,,
! R S S— e —0 2552 e e e _
o |——0455Hz Bang 1. CAc chi tiéu danh gia st vi pham lan duong clia DXSMRM theo tan s6
v s o o e S IR P
) : i —0.417Hz
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S D L maxYy(m) | 4009 | 4261 | 4525 | 4801 | 5088 | 5387
Hinh 6. Toa dd ngang Yy, clia diém P, maxY,(m) | 3,913 4168 | 4435 | 4,713 | 5003 | 5,304
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Hinh 7. Toadd ngang Y,, clia diém P, axt,(m)
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i X o vi pham lan duong trong khi chuyén lan dwdng véi tan s
Hinh 8. Toa dd ngang Y,, clia diém P,,
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danh lai 0,455 va 0,435Hz (Cac diém vi pham sém nhat
twong tng la Py, va P,, nhw bang 1). Biéu dé dan dén xe co
thé bi va cham véi cac phuong tién tham gia giao théng
khac. Khi chuyén lan dwong & tan sé danh lai 0,37Hz xe bi vi
pham lan dudng ngoai & diém P,; (nhw bang 2). Khi dé, cac
diém gidi han trai bi virot ra khéi lan dudng ngoai, diéu do
dan dén DXSMRM c6 thé bi va cham voi thanh, & duong...
Ca hai dang vi pham nay déu c6 thé dan dén xe bi lat vap.
Khéo sat ciing chi ra 3 mic tan s6 danh lai (0,417; 0,4;
0,385Hz) DXSMRM nam trong lan dudng mong muén khi
chuyén lan duong (bang 1).

4. KET LUAN

Khi chuyén lan dwdng nguoi lai can co diéu khién tuy
theo trang thai thuc té ctia xe. C6 nhiéu yéu t6 anh huéng
dén kha nang chuyén lan duong clia DXSMRM. Bai bao da
trinh bay mé hinh dong luc hoc hai day ctia BXSMRM
bang phwong phap hé nhiéu vat va hé phuong trinh
Newton - Euler;

Kh&o sat véi quy luat danh lai Sin don cho cac trang
thai chuyén lan dwong don. Khi chuyén lan dwong don voi
tan s6 danh lai cao, DXSMRM c6 kha nang bi vi pham
trong. O cac céc tan s6 danh lai thap, PXSMRM bi vi pham
lan dwdng ngoai;

Véi phrong phap khao sat trén, cé thé khao sat xac dinh
duoc viing diéu khién nhiéu thong so dé xe cé thé chuyén
lan dwong ma khoéng bi va cham véi 1é dwong hodc cac
phuong tién khac. Lam co s& cho hé thdng lai tw dong khi
chuyén lan duong.
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