BAI BAO KHOA HOC

KHAO SAT SU ON PINH CUA XE KHI CHUYEN LAN BANG
MO HINH PONG LUC HQC PHUC HQP

Nguyén Dirc Ngoc', Nguyén Tuin Anh', Ping Ngoc Duyén'

Tém tat: Bai bdo nay tién hanh khdo st sw on dinh cia 6 t6 khi chuyén lan diwa trén mét mé hinh dong
liee hoc phire hop. M6 hinh nay la sw két hop gita mé hinh dong luc hoc khéng gian, mé hinh dong lec
hoc hai day phi tuyén va mé hinh 16p phi tuyén. Cdc thong sé dau vao cia bai todn mé phong bao gom
vdn toc va géc danh ldi. Céc két qua dau ra thu dwoc la géc nghiéng than xe, géc xoay than xe, qu dao
chuyén dong cua xe, ... Qud trinh mé phong dwoc thuc hién béi phan mém MATLAB-Simulink véi hai
triweong hop cu thé. Két qua cia nghién ciu cho thdy rang khi xe chuyén déng & toc do cao hodc danh
1di véi goc 1om hon, sy thay déi ciia cdc thong sé dau ra ciing 1om hon. Piéu ndy c6 thé gdy nén sw mdt
on dinh cho xe khi di chuyén trong mot s6 tinh huéng dac biét. Do dé, can xdc dinh diéu kién di chuyén

tai tieng thoi diém dé cé thé lwa chon géc danh lai chuyén lan phit hop.

Tir khoa: Dong luc hoc 6 t6, chuyén lan don, mé phong.

1. GIOI THIEU

Su ra doi va ton tai cia nganh cong nghiép 6 to
da trai qua hon 130 nam. Bi cing véi sy phat trién
manh mé cia Cudc cach mang Khoa hoc — Cong
ngh¢ 4.0, nganh cong nghi¢p 6 to6 ngay cang dugc
chii trong va phat trién manh mé. Bén canh céc
tinh nang van chuyén, su an toan cua xe luon la
van dé dugc quan tdm hang dau. Khi xe di chuyén
trén dudng, co rit nhiéu cac tac dong co thé anh
huong dén sy 6n dinh cua xe cling nhu hanh
khach va hang hoa trén xe. Pac biét, khi xe danh
lai dé chuyén lan, tranh chuéng ngai vét hoic di
vao dudng vong, sy mét 6n dinh ndy 14 cao hon ca
(Poussot-Vassal C., et al., 2011). Khi xe danh lai,
luc ly tam s€ xuét hién. Duéi anh huong cua luc ly
tam, than xe s€ bi nghiéng. Bén canh do, goc xoay
than xe cling s& xuét hién. Diéu nay c6 anh hudng
dén sy 6n dinh va an toan cua xe. Néu van toc di
chuyén cang 16n hodc géc danh lai cang 16n, su
mat on dinh ciing s& 16n hon (Poussot-Vassal C.,
etal., 2007).

Trong nhitng nam tré lai ddy, c6 nhidu céac

! Khoa Co khi, Trieong Pai hoc Thity lgi

nghién ctru vé& dong luc hoc quay vong va tinh 6n
dinh coa xe dd dugc cong bd. Trong (Nguyen
Trong Hoan, et al., 2021), hai tic gia Nguyén
Trong Hoan va Tran Phuc Hoa dd thuc hién
nghién ctru vé& dong luc hoc quay vong cua 6 to tai
ba truc. Trong bai b4o nay, cac tac gia da sir dung
mo hinh dong luc hoc mét vét tuyén tinh voi su
bién dang dan hoi cua 16p dé mod phong quy dao
chuyén dong cua 6 t6. Voi van tdc 14 nho, quy dao
chuyén dong cua 6 t6 khi giir 1ai co thé dugc coi
nhu mot duong tron. Trong (Nguyén Tuén Anh, et
al., 2019), céc tac gia da dua ra quy luat danh 1ai
kiéu J-turn va Fish-hook dé x4c dinh quy dao
chuyén dong ciia xe. Quy dao nay 1a mot ham phu
thudc vao van tdc, goc hudng va gbc xoay than
xe. M6 hinh dong luc hoc dé mé phong dao dong
va chuyén dong cua xe co thé duoc thiét lap dua
trén phuong phap nang lugng véi phuong trinh
Laganger loai 2 hodc nguyén Iy D’alembert (Liaw
D.C., et al.,2006; Taewon A., et al., 2021). PAiu ra
ctia bai toan dao dong khi danh lai c6 thé 1a goc
nghiéng ngang than xe, goc xoay than xe, toc do
xoay than xe va cac nhan t6 khac (Wielitzka M., et
al., 2014; Zhang H., et al, 2018).
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Bai bao nay tap trung vao viéc thiét lap mo
hinh dong luc hoc khong gian phic tap dé md
phong dao dong cua xe khi chuyén lan don. Pay 1a
md hinh phi tuyén cé xét dén sy anh huong cua
cac yéu td bén ngoai. Noi dung cu thé cia bai bao
dugc trinh bay & cac muc tiép theo.

2. MO HINH PONG LUC HQC

Dé mé phong dao dong cua xe khi danh 14i, mo
hinh dong luc hoc can phai dugc thiét lap. Trong
nghién clru nay, mo hinh dong luc hoc khong gian
v6i 7 bac ty do (Hinh 1) dwgc két hop v6i mé hinh
dong luc hoc hai diy phi tuyén (Hinh 2). So véi
cac su két hop truyén théng (md hinh dong luc
hoc mét phan hai két hop véi mé hinh dong luc
hoc mot ddy tuyén tinh), mé hinh nay c6 ké dén su
anh hudng cua tit ca cic goc nghiéng than xe va
chuyén vi cua ddy du cac banh xe. Bén canh do,
su bién dang cua 10p ciing dugc xem xét téi khi
khao sat. Tuy nhién, m6 hinh nay la kha phuec tap.

Str dung phwong phap tach hé nhiéu vat, cac
phuong trinh mé ta dao dong cua xe dugc dua ra
nhu sau:

Hinh 1. M6 hinh dong luc hoc khong gian
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Cac thanh phﬁn chuyén dong cta xe co thé duoc xac dinh dya trén mo hinh dong luc hoc quay vong.

Mo hinh nay ¢6 3 bac ty do twong tng véi 3 phuong chuyén dong ciia xe (Tuan Anh Nguyen, 2020).
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Pé c6 thé giai duogc cac phuong trinh trén, cac
lyc va moment tai banh xe nhu F,, Fy va M, can
phai dugc xac dinh trude. C6 nhidu phuong phap
dugc s dung dé xac dinh cac gia tri nay. Trong
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d6, mo hinh 16p Pacejka véi cac thong sé thuc
nghiém thudng c6 nhiéu tinh vu viét hon (Pacejka
H.B., et al.,2007).
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Hinh 2. Mé hinh dong luc hoc hai day phi tuyén
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3. MO PHONG VA KET QUA

3.1. Piéu kién mé phéng

Qua trinh m6 phdéng dugc thuc hién trong
moi truong MATLAB-Simulink véi hai truong

hop cu thé twong tng véi hai goc danh 1ai (Hinh
3). Trong mdi trudng hop, van tc cua xe s&
duoc thay ddi lan luot v6i cac gid tri: vi = 30
(km/h), v, = 50 (km/h), v5 = 70 (km/h). Cac két
qua diu ra cua bai toAn md phong bao gdm goc
nghiéng than xe, goéc xoay than xe, quy dao than
Xe, V.V..

Céc thong sb clia qua trinh mé phong dugc dua
ra nhu trong Bang 1.

Biang 1. Cac thong so6 tham khao

Théng sb KY hiéu Gia tri Pon vi
Khbi lugng dugc treo mg 1640 kg
Khbi lvgng khong duoc treo Myij 38 kg
Khoang cach tir trong tim dén cau trudc va cau sau b,/b, 1210/1610 mm
Mot nira chiéu rong co so cau trude va cau sau twi/tw2 720/715 mm
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roll angle (deg)

time (s)

Hinh 3. Goc danh ldi

3.2. Két qua va danh gia

Trwong hop 1

Trong trudng hop thtr nhat, goc danh 14i & banh
xe dan huéng 1a kha nhé. Bién d¢ cua goc danh l4i
chi khoang 0,8°. Do d6, cac gia tri dau ra ciing
chua thyuc sy 16n. Hinh 4 chi ra sy phu thudc gitia
goc xoay than xe (y) va gia téc ngang (ay) 6 3 dai
van tbc tuong tng vi, v» va vs. Theo két qua nay,
khi gia téc ngang xuit hién, than xe s& bi xoay.
Goc xoay thay ddi lién tuc dua theo tin hiéu cua
gia téc ngang. Khi qua trinh danh lai két thuc (gia
tbc ngang a, = 0), goc xoay than xe cling giam dan
veé khong, xe quay trd lai trang thai 6n dinh ban
dau. Néu xe di chuyén & toc do cang cao, gia tri
cua gia tbe ngang cang 16n, diéu nay khién cho
g6c xoay than xe cling 16n hon.
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Hinh 4. Sy phu thudc gitta goc xoay than xe
va gia toc ngang

Dudi anh hudng cua luc ly tam, than xe s€ bi
nghiéng. Néu lyc ly tim cang 16n, tirc 1a gia toc
ngang cang 16n, thin xe s& bi nghiéng nhiéu
hon. Sy thay d6i cta goc nghiéng than xe theo
thoi gian tai cac gia tri van tdc khac nhau duge
chi ra trén do thi Hinh 5. Gia tri cia gbc
nghiéng than xe dat 16n nhit ¢ van toc v3 = 70
(km/h), dat 0,53°. Cac gia tri nay giam din
tuong (g voi van tde v, = 50 (km/h) va v, = 30
(km/h), 1an luot dat 0,39° va 0,25°. Boi vi xe
chuyén lan véi goc danh lai nho, gia tri cia goc
nghiéng s& khong 16n. Diéu nay khong thé gay

ra hién tuong lat xe.
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Hinh 5. Sy thay doéi ciia géc nghiéng than xe

Mébi quan hé gitra tbc do xoay than xe va van
téc ngang duoc thé hién nhu trén Hinh 6. Goc
xo0ay chi xuét hién khi xe danh lai. Do do, toc do
xoay s& ton tai dong thoi cting voi van tdc ngang
cta xe. Néu van tc chuyén dong ciia xe cang 16,
tdc do xoay than xe ciing s& 16n hon. Sy thay doi
nay la phi tuyén, rdt kho dé xac dinh chinh xéac

moi lién hé gitra chung.
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Hinh 6. Sy phu thudc gitra toc dé xoay

cua than xe va vagn toc ngang

Khi xe chuyén lan, thong sé dwoc quan tdm
nhét chinh 1a quy dao chuyén dong cua xe. Gia tri
nay giup danh gia mot cach chinh xac hi€u qua
chuyén lan cua xe. Vi ciing mot goc danh 14i, néu
van toc cua xe cang 16n, quy dao cua xe cling s&

16m hon (Hinh 7).
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Hinh 7. Quy dao chuyén dong cua xe
Trwong hop 2

Trong truong hop thir hai, goc danh 1ai ctua xe
da duogc tang 1én 16n hon véi bién d6 dat 1,6°. Do
do, céc gia tri thu dugce tir qua trinh khao sat cling

s& c6 sy thay ddi. V&i goc danh 1ai ting gip doi,
céc gia tri vé gia tdc ngang ciing ting 1én gin gip
doi. Vi vay, goc xoay than xe cling tang lén tuong
ung (Hinh 8). Nhin chung, bién dang duong cong
thé hién sy phu thudc giita goc xoay than xe va
van tdc ngang trong trudng hop niy van tuong tu
nhu trudng hop thir nhat. Diém khéc biét duy nhat
chinh 1a d6 16n cua chung.
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Hinh 8. Sw phu thudc gitta goc xoay than xe
va gia toc ngang.

Goc nghiéng cua than xe theo thoi gian trong
truong hop nay cling I6n hon (Hinh 9). Cac gia tri cuc
dai trong g véi ba dai van toc 1an luot 1a 1,06 0,78°
va 0,50°. So véi truong hop & trén, cac gia tri thu duoc
ciing c6 xu hudng ting gap 2 1an. Sau khi xe tra 14,
gbc nghiéng s& giam dan vé khong,
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Hinh 9. S thay doi ciia géc nghiéng than xe
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Véi goc danh 1ai 16n hon, su bién dang cua
banh xe ciing 16n hon. Vi vdy, van tdc ngang cta
xe sé& tang 1én. Diéu nay khién cho goc xoay va tan
s6 goc xoay thin xe ciing ting 1én mot cach nhanh
chong. O téc d6 cang 16n, sy thay doi cling s& 16n
hon (Hinh 10).
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Hinh 10. Su phu thudc giita toc do xoay cua
théan xe va vin toc ngang
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Hinh 11. Quy dao chuyén dong ciia xe

TAI LIEU THAM KHAO

Vi goc danh 1ai 16n hon, quy dao chuyén dong
cua xe ciling 16n hon, diéu nay duogc thé hién trén
d6 thi Hinh 11. Do d0, can phai wdc luong duoc
khoang cach gilta cac lan duong va van toc tai
thoi diém di chuyén dé c6 thé danh lai véi mot
g6c hop Iy dé tranh hién tuong xe bi 1éch khoi lan
duong khi chuyén lan.

4. KET LUAN

Sw 6n dinh va an toan cla xe khi danh 1ai 1a
van dé luén duoc quan tAm hang dau. Cac thong
sb dic trung cho su on dinh nay cé thé duoc ké
dén nhu 1a goc nghiéng ngang than xe, goc xoay
than xe, quy dao chuyén dong cua xe, ... Néu su
thay d6i clia cac gia tri ndy qua Ién, tinh 6n dinh
ctia xe khi danh 14i c6 thé bi anh hudng.

Bai bao nay tap trung vio viéc danh gia su 6n
dinh cua xe khi chuyén lan. D& mé phong chuyén
dong cua xe, mot mo hinh dong luc hoc phtrc hop
da duoc thiét 1ap. Qua trinh mé phdéng duoc thuc
hién v6i hai truong hop cu thé. Trong mdi trudng
hop, van tdc chuyén dong cua xe s& duoc thay
ddi. Theo két qua cua nghién ctru, khi goc danh
141 hodc van téc di chuyén ting 18n, cac thong sb
dac trung cho su on dinh cua xe cling tang lén.
Trong mét s6 trudng hop nguy hiém, diéu nay co
thé gy anh hudng téi d6 6n dinh cia xe. Do do,
can phai xac dinh cac diéu kién cu thé trude khi
danh lai dé dam bao quy dao cua xe khong bi
léch khoi lan duong mong mudn. Bén canh do,
gi6i han 6n dinh cia 6 t6 (gi6i han cua goc
nghiéng ngang va goéc xoay than xe) ciing c6 thé
duoc thiét 1ap dua trén cac sb liéu da thu thap
duogc tir qua trinh mo phong.
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Abstract:
INVESTIGATION OF VEHICLE STABILITY WHEN CHANGING LANES
BY COMPLEX DYNAMICS MODEL

This article investigates the stability of automobiles when changing lanes based on a complex dynamics
model. This model is a combination of spatial dynamics model, nonlinear double-track dynamics model
and nonlinear tire model. The input parameters of the simulation problem include velocity and steering
angle. The output results obtained are the roll angle, yaw angle, and trajectory of the vehicle, ... The
simulation process is performed by MATLAB-Simulink software with two specific cases. The results of
the study show that when the vehicle is moving at high speed or steering with a larger steering angle,
the change of output values is also larger. This can cause instability of the vehicle when moving in some
special situations. Therefore, it is necessary to determine the travel conditions at each time in order to
be able to choose the appropriate steering angle to change lanes.

Keywords: Dynamics vehicle, Single Lane Change, Simulation.
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