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TOM TAT

O Viét Nam, doan xe so mi ro modc (DXSMRM) bao gom xe dau kéo (XDK) va so mi ro
modc (SMRM) la dwoc sir dung tiwong déi phé bién trong vdn chuyen cia nhiéu linh viec thuong
mai, kinh te . [1]. Khi quay vong, DXSMRM thuong de bi mat 6n dinh ngang. Mat 6n dinh ngang
gom: (i) mat on dinh ‘hwdng (Yaw Instability), (ii) mdt on dinh it ngang (Roll Instability). Tai nan
giao thong xay ra doi véi PXSMRM do nhzeu nguyén nhan, trong dé chi yéu la do dodn xe mat
on dinh chuyén dong trén dwong khi tang toc, khi phanh, khi vieot xe, tranh chuwéng ngai vat, khi
chay trén dwong cé hé sé bam thap hodc khi doan xe di vao dwong vong [2], [3]. Bai béo trinh bay
phirong phdp thiét Igp mé hinh déng lwc hoc doan xe so mi ro modc theo phwong phap hé nhiéu vit
va hé phwong trinh Newton-Euler. Trong mdt phang dwong, moi vat tach cau tric dwoc mé ta voi
3 bdc tr do: doc, ngang, quay than xe. Si dyng mo hinh dong lyrc da xay dung két hop véi phirong
Pphdp mé phong so6 thong qua phan mém Matlab-Simulink d@é khdo sdt anh hwéng ciia bién dé danh
lai dén 6n dinh chuyén déng ciia doan xe so mi ro moée khi chuyen lan duong.

Tir khoa: Podn xe so mi ro modc; Xe dau kéo; Chuyen lan dwong don; Pong luc hoc hé
nhiéu vt; Bién d¢ déanh ldi.

ABSTRACT

In Vietnam, fleet of semi-trailers (DXSMRM) including tractors (XDK) and semi-trailers
(SMRM) are relatively commonly used in transportation in many fields of commerce, economy, etc...
When revolving, the DXSMRM is often prone to lateral instability. Horizontal instability includes:
(i) Yaw Instability, (ii) Roll Instability. Traffic accidents happen to the SMRM due to many reasons,
of which the main reason is due to the unstable convoy moving on the road when accelerating,
when braking, when overtaking, avoiding obstacles, when running on the road with high traffic,
low coefficient of traction or when the convoy enters a roundabout. This paper presents a method
to establish a dynamic model of a semi-trailer convoy by the method of many-body systems and
the system of Newton-Euler equations. In the road plane, each structural splitter is described with
3 degrees of freedom: longitudinal, transverse, and body rotation. Using the built-in dynamic
model in combination with the numerical simulation method through Matlab-Simulink software
to investigate the influence of the steering amplitude on the movement stability of the semi-trailer
convoy when changing lanes.

Keywords: Convoy of semi-trailers, Tractors, Single lane change; Multi-body dynamics;
Steering amplitude.
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1. GIOI THIEU CHUNG

Khi diéu khién doan xe so mi ro modc
(DXSMRM), nguoi 1ai thuc hién phdi hop cac
thao tac diéu khién nhu ga, phanh, quay vo
lang... Nhimg phan tng d6 nhiéu khi 1a chu
quan. Poan xe so mi ro modéc chuyén dong
trong moi truong giao thong duogc dic trung
boi mat do giao thong, mép md mat duong, hé
s6 bam (diéu kién ngoai canh). Mdi doan xe c6
cAu trac riéng; dac biét doan xe la td hop cua
cac khau lién két qua khép yén ngya. Khi doan
xe dugc diéu khién, nhét 1a ‘quay vo lang, tuy
thugc ham déanh lai va Van tc xe, tly vao diéu
kién dudng ciing nhu ciu tric doan xe, phan
{mg cua doan xe c6 thé khong nhu ¥ dinh cua
14i xe: PXSMRM c6 thé mat dn dinh.

Trong diéu kién duong Viét Nam, nguoi
14i phai thuong xuyén phai diéu khién tich hop
(phanh, ga, la1) de xe ¢6 thé di nhu mong mudn.
Ngoai cac yéu td tac dong tir duong, can khi
dong thi phan rng cia nguoi 1ai anh hudng 16n
dén 6n dinh chuyén dong cia PXSMRM nhu
so' d hinh 1.
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Hinh 1. So' do twong tic Puong — DXSMRM —
Nguoi lai

Céc thong sb ky thuat ciia xe DPXSMRM
4 cau gdbm XDK 2 cau MAZ 543203-220 [3] va
SMRM 2 céu c6 ky hiéu DV-CSKS-400NA [4]
duoc chon 1am déi tuong nghién ctru.

2. MO HINH PONG LUC HQC POAN XE
SO MI RO MOOC

Nhom tac gida lya chon phuong phéap
tach ciu trac hé nhiéu vat thuc hién viéc tich
cac phan ciu trac riéng thong qua cac diém lién
két. Tai cac lién két khi tach ciu truc, ta thay
cac lyc hodc mo6 men c6 cung tri s6, khac chiéu
va cung phuong, huéng duong la hudéng cua
chuyén dong. V&i mdi phan tach ciu tric dung
phuong trinh Newton-Euler [4] ¢ thé thiét 1ap
phuong trinh mé ta chuyén dong. DPXSMRM
duoc tach thanh hai phan twong mg véi hai
hé quy chiéu cuc bo 1a C x,y, ung voi xe dau
kéo (XDK) va Cx,y, tng v6i so mi ro mooc
(SMRM) dét tai cac trong tAm nhu hinh 2, tir d6
thanh 1ap dugc hé phuong trinh mo ta chuyén
dong DXSMRM trong mit phang duong duoc
viét riéng cho ting phan.

Hinh 2. M6 hinh dong lyc hoc PXSMRM trong
mdt phang diong

Hé phuong trinh mé ta chuyén dong cua XDK:

M, X, - My, = XDCOSSD
M, ¥,- My, =

T = [( F,;,c088,,- F,,,sind, ) (xncosﬁn F,,;sind ]b

+|: F,8in8,,+ F,;;c088,, ) +(F.,sind ,+ F,, sind ]1 + (F -
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Hé phuong trinh mé ta chuyén dong SMRM:

M 2X2' Mz?ijzz Fh;:"' Fx31+ Fx32+ Fx4-1+ Fx-'ﬂ- waz
M 1351' IVIIXI“[JIZ Fky2+ Fy3l+ Fyi-1+ F_vai.z' Fm‘}-‘l

szz' Fxsl)bs' (anfz'

Céc ngoai lyc va mo men bén trai bao
gom: F_,F,_,F_,F, 14 luc lién két tai khop
noi dugc tinh tor gia thlet khép nbi dang 1y
tuong [S]; F JFo la cac lyc tur duong tac dung
1én banh xe dan hoi duogc xac dlnh qua md hinh
16p phi tuyén st dung ham mau Ammon [6];
F . Fwyl’ waz, F ,1a cac luc can khi dong; b ,
b, b, b, la vet tlep Xuc tai cac ciu xe; L, 1, lk2
la khoang cach tir cac trong tdm cua ting xe
dén cac ciu xe i va khop nbi twong tmg; L1,
1a khoang céch tir trong tim xe dén tAm dat luc
khi dong tuong ung.

leqjlz(

Viéc xac dinh vi tri trong tam C_(X_,Y )
cta tirng xe (m = 1: XPK; m = 2: SMRM) phu
thudc vao giai h¢ phuong trinh vi phan (1) va
(2), toa do cac diém gioi han P, (X,)Y,) (nhu
hinh 2) cua tung xe trong h¢ quy chiéu c6 dinh
nhu sau:

Xﬂ_=j (% cosy_-y_simy_)dt

Yﬂ_=j (% jcosy_+vy_cosy_)dt

X=X+ (-l)i'lLucoswm(-l)jBusinwm (3)
Y=Y, + (-1)"L,siny_ (-1)’B cosy,,

Trong do:

1=1; 2: Cac vi tri gio1 han trudc va sau
cua XDPK;

1=13; 4: Cac vi tri gidi han trude va sau
cua SMRM;

j=1;2: Cac vi tri gidi han trai va phai
cua tirng vi tri 1;

L Khoang céach tir trong tam C_ dén
diém P theo phuong doc xe, m;

B Khoang céch tur trong tim C dén
diém P theo phuong ngang xe, m.

(2)

Fx—‘i—l)b-‘i-- Fkyllﬂ (Fx-31+ F 32 )1 (Fyu+ Fy4:)14 + Fw_vzlwz

3. KET QUA VA PANH GIA

Tur hé phuong trinh vi phan da dugc
thiét lap & muc 2, két hop st dung ph?m mém
Matlab-Simulink, thiét 1ap cic khéi mod phong
md hinh dong luc hoc cua BPXSMRM. Cac
thong s6 két cAu duoc xac dinh tr PXSMRM
gém XPK 2 cau MAZ 543203-220 va SMRM
2 cau DV-CSKS-400NA [7].

Nghién ctru khao sat trang thai chuyén
lan duong don véi cac van tée 50km/h & goc lai
dang Sin don dang m¢ [8], bién do goc lai 6A
= [2°:0,5°:4°] véi tan sb danh 14i f = 0,37 Hz
(thoi gian danh 1ai mot chu ky At bang 2,7s)
nhu hinh 3. Khoang A duoc lya chon khao sat
v6i myc tiéu c6 cac phuong an khao sat cho két
quéa chuyén lan duong dung, vi pham trong, vi
pham ngoai dé danh gia 6n dinh quy dao cua
DXSMRM khi chuyén lan duong don. Luya
chon dudng phing cap thiét ké I11 véi bé rong
mot lan duong 1a 3,5m theo TCVN 4054:2005
[9] v6i hé s6 bam ¢ bang 0,5; Dénh gié su
vi pham lan duong thong qua toa do ngang Y,
ctia cac diém gi6i han phai, trai, trudc, sau P
ctia ting xe nhu biéu dién trén hinh 4 + 11.

A\t
NSO e 1,59
4

I?s)
Hinh 3. Quy dinh danh ldi sin don cho goc quay
bdnh xe dan hudéng bén trdi d,,
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Khi chuyén lan duong, sy thay doi cac
thong s6 dong hoc dan dén cac thong sé dong
I hoc thay doi. Su thay ddi tai trong dong cac
banh xe anh huéng truc tiép dén chuyén dong
cia DPXSMRM. Khi bién d¢ dA cang 16n thi
su thay ddi tai trong cang 16n. Trong giai doan
tang goc lai (goc lai duong) thi tai trong banh
xe bén trai ting dan, tai trong banh xe bén phai
giam dan. Céc tai trong khi khao sat déu chua
giam vé 0, tic 1a chua c6 hién tuong tach banh
xe. Poan xe khong bi mat 6n dinh 14t ngang.

---------------------------------------------------------

Yy (m)
-,

11s)

.........................................................

1(s)

Hinh 7. D6 thi toa dé ngang Y, cua diém P,
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Toa d§ ngang cua céac trong tdm XDK
va SMRM cho thiy, khi ting 3A thi dich chuyén
ngang ting lén. Chuyén lan duong ding 1a quéa
trinh chuyén lan khi vi tri cta trong tdm xe s&
bang ding tim lan dudng mong mudn (chuyén
lan duong 1y tuong). Trong thuc té, doan xe rat
kho bam hoan toan theo duong mong mudn.
Qua trinh chuyén 1an dudng 14 thira (overshoot)
khi toa do trong tdm cac xe 16n hon toa do cua
lan duong mong mubn. Con chuyén lan duong
thiéu (undershoot) thi nguoc lai. Cac khao sat
cho théy, vO1 0A bé‘mg 3,5°, toa d§ trong tdm
gan bam véi duong mong mudn. Tire 14 toa do
ngang ctia ca XDK va SMRM déu gan bam véi
duong mong mudn, tuy nhién sau do thi ¢ xu
huéng bi huéng vao trong mot chit. Dicu nay
12 do quy luat danh lai dang khong phan hdi.
Dbi v6i qua trinh danh 1ai c6 phan hdi (close
loop) thi nguoi 1ai s€ danh lai bam theo lan
duong véi mot quy luat gan véi dudng Sin don
c6 thay dbi theo diéu kién duong. Doi véi cac
truong hop 5A nho thi DPXSMRM bi chuyén lan
duong thiéu; SA 16n thi DPXSMRM bi chuyén
lan duong thira. Nhung van dé dit ra 1a chuyén
lan duong thira hodc chuyén lan duong thiéu
bao nhi€u thi xe khong bi vi pham lan duong.

Xét cac chi ti€u gioi han ngoai (maxY )
tir hinh 4 dén hinh 7 cho thy: Sy vi pham ngoai
xay ra khi danh 14i v6i A bang 4° thi xdy ra vi
pham lan duong ngoai & cac diém gidi han P o
P, P,. Con vGi A bang 4,5° thi su vi pham
ngoai xay ra ¢ ca 4 diém gi6i han.

Trong d6, sy vi pham xdy ra sém nhat
& diem P, , danh gid qua vi tri Y, (d0 thi hinh
4). Su vi pham ngoai dan dén kha nang xe bi va
cham véi thanh, 1& duong... dan dén cac trang
thai mat 6n dinh nguy hiém.
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Yz (m)

Yy (m)
T

Hinh 10. D6 thi toa dé ngang Y., cua diém P,

Yy ()

5
1is)

Hinh 11. Do thi toa do ngang Y, cua diém P,

Vi cac diém gidi han trong, su vi pham
xay ra khi bién d¢ goc 1ai dA 1a khong du 1on.
Vi A bang 2° va 2,5° thi cac diém gidi han
P, déu bi Vi‘pham trong. ’§u: vi pham trong dan
dén mot phan doan xe van chua chuyén sang
duoc lan duong mong mudn. Piéu d6 ¢ thé
dan dén sy va cham véi cac phuong tién ciing
chiéu trong lan dudng di chuyén hodc phuong
tién di nguoc chiéu.

Bdng 1. Bang tong hop cdc chi tiéu theo bién dé goc ldi

[0
Chi tica OA() 2 2,5 3 3,5 4 45
maxY, (m) 3,414 3,93 4434 | 4921 5,387 5,817
maxY (m) 3,375 3,879 4371 | 4,848 5,304 5,727
maxY, (m) 3,389 3,902 4402 | 4,886 5,349 5,778
maxY, (m) 3,337 3,827 4302 | 476 5,196 5,598
maxY (m) 0,915 1,433 1,937 | 2,426 2,892 3,324
maxY  (m) 0,875 1,379 1,871 | 2,348 2,804 3,227
maxY _(m) 0,912 1,426 1,928 | 2,414 2,88 3,311
maxY, (m) 0,857 1,347 1,822 | 228 2,716 3,118
maxY (m) 2,123 2,626 3,117 | 3,592 4,046 4,468
maxY (m) 2,097 2,587 3,062 | 3,52 3,956 4,359
Thoi dlé?:)“ pham | 5o (p12) 4,26(P12) X X 3,982(P11) | 3,734(P11)
Két luan Vi pham trong | Vi pham trong Dat Dat Vip h:@m Vip h:@m
ngoai ngoai
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Su vi pham lan duong ngoai thudong xay
ra voi cac bién do goc lai 6A 16n. 6A cang l6n
thi sy vi pham ngoai cang nhiéu. Sy vi pham
nay bat dau ¢ cac diém trude trai (P11) cia
XPK, sau d6 méi dén cac diém gidi han dudi.
Khi bi vi pham lan duong ngoai thi cac diém
giéi han vuot qua lan ngoai, dan dén xe c6 kha
ning bi va cham véi thanh 1& duong...

Su vi pham lan duong trong thuong xay
ra voi cac bién do 0A nho. 6A cang nho thi su
vi pham trong cang nhiéu. Sy vi pham nay bat
dau & céc diém trude phai (P,) cua XPK. Khi
bi vi pham lan duong trong thi cac diém gidi
han khong vuot qua dugc lan duong ci, diéu do
c6 thé gay ra su va cham vdi cac phuong tién
di cung chiéu (néu doan xe dang vuot) hodc cac
phuong tién di nguoc chiéu (néu doan xe dang
tranh xe khac).

Nhu vay, 6 truong hop khao sat voi cac
bién do danh 1ai SA tir 2° dén 4,5° thi ¢ thé xac
dinh duoc voi 3° va 3,5° thi DPXSMRM khong
bi vi pham lan duong. Tuy nhién, dé xac dinh
duoc chinh xac khoang A dé DPXSMRM con
chuyén lan duong dugc (chuyén lan duong du)
thi cAn khao st rat nhiéu céc gia tri 6A hodc su
dung phuong phap gan dung.

Véi phuong 4n khao sat nay co thé xac
dinh dugc khoang gié tri bién d§ danh 1ai 0A &
van toc xe 50km/h va tan sé danh 14i 1a 0,370Hz
ma DPXSMRM c¢6 thé chuyén lan duong dugc
tir 2,9240 dén 3,8530 va khoang hé sd twong
duong dam bao 1a tir 0,67 dén 0,679 [10].

4. KET LUAN

Khi chuyén lan duong, nguoi l4i can cé
diéu khién tuy theo trang thai thyc té cua xe. Co
nhiéu yéu t6 anh huéng dén kha ning chuyén
lan duong cua BPXSMRM. Bai bao da trinh bay
mo hinh dong luc hoc hai day cia BPXSMRM
bang phuong phap hé nhiéu vat va hé phuong

trinh Newton — Euler két hop mé phoéng sb
thong qua phan mém Matlab-Simulink.

Khao sat véi quy luat danh 1ai Sin don
cho céc trang thai chuyén lan duong don. Khi
chuyén lan duong don véi cac bién do danh
lai cao, PXSMRM c6 kha ndng bi vi pham
lan dudng ngoai. O cac bién do danh lai thap,
DBXSMRM bi vi pham lan duong trong.

V61 phuong phap khdo sat trén, co
thé khao sat xac dinh duoc ving diéu khién
nhiéu thong sé dé xe c6 thé chuyén lan dudng
ma khéng bi va cham véi 1& dudng hodc cac
phuong tién khac, 1am co sé cho hé thong 14i tur
dong khi chuyén lan duong.

Ngay nhan bai: 22/6/2023
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