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NGHIEN CU’U ON BINH QUY BDAO CHUYEN DONG CUA O TO BIEN
CO NHO KHI CHUYEN LAN BUONG

RESEARCH ON THE STABILITY OF SMALL ELECTRIC VEHICLE WHEN
CHANGING LANES

Nguyén Tién Diing, Lé Béo Viét, Tran Pinh Tuin, Dwong Ngoc Khanh
Khoa Co khi Bong luc, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Giao théng van tdi bang 6 té déng vai tro rat quan trong trong doi song xd héi hién dai. O
16 la mot phwong tién giao thong dang dan dan phé bién ¢ nuede ta va giit vai tré quan trong trong
mang lwGi giao thong dwong bd. Hé thong ha tang giao théng cung ky thudt hién dai cho phép 6
16 chuyén dong véi toc dé cao, ndng cao ndng sudt van chuyén. Véi sw tang trudng toc do va mdt
dé chuyén dong ciia é 6 ngay nay doi héi 6 t6 phai dam bdo tinh diéu khién, tinh nang én dinh &
mikc dg cao nham ndng cao tinh an toan chuyén dong ciia né. Do chi phi cho viéc thir nghiém phuc
vu thiét ké va ché tao 6 16 la twong doi I6m, nén trong bdi bdo nay nhém tdc gia tién hanh sir dung
phirong phdp mé phéng sé dé nghién civu on dinh qu dao chuyén dong cho é té dién c& nho khi
chuyén lan dwong, két qua ciia nghién ciru ¢é thé ap dung dé lam giam chi phi thi nghiém trong sdn
xudt é 16 va la tién dé cho nhitng nghién ciru sau nay.

Tir khéa: Xe dién co nhé; Mé phéng s6; Quy dao chuyén déng.
ABSTRACT

Transport plays a very important role in modern social life. Cars are a means of transport
that are gradually becoming popular in our country and play an important role in the road traffic
network. Modern transportation technology and infrastructure allow cars to move at high speeds,
improving transportation productivity. With the increasing speed and density of car movements
today, cars are required to ensure a high level of control and stability to improve the safety of their
movements. Because the testing costs for designing and manufacturing cars are relatively large, in
this article the authors use numerical simulation methods to study the stability of the car's motion
trajectory small electric vehicle when changing lanes, the research results can be applied to reduce

experimental costs in automobile production and serve as a premise for future research.

Keywords: Small electric vehicle; Numerical simulation; Car's motion trajector.
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1. TONG QUAN

Theo cac tai li€u [1, 2, 3], khi khao sat
dao dong 0 t6 trong khong gian thuong st dung
cac moO hinh dao dong tuong duong cua 6 to
thay cho mé hinh vat Iy thyc. Viée thiét 1ap va
lga chon cdc mo6 hinh dao dong tuong duong
cua 0 to phu thudc vao muc ti€u nghién cuu,
d6i tugng nghién ciru, kha ning tinh toan va
phuong tién tinh toan. Trong phan téng quan,
tac gia chi dwa ra mot s6 mo hinh dic trung véi
muc dich c6 mot cach nhin tong quan vé 1ap mo
hinh.

Khi xe di trén dudng c6 rat nhiéu yéu
t6 anh huong nhu: Ngoai lyc, dudng, ngudi
14i, tai trong cua xe... Tac dong ctia dudng gom
c6: Lién két lép duong duoc thé hién theo hé
s0 bam ¢,, bién dang duong & va l}énh lang
duongL,... Tég dong ctua nguoi lai gom: Dar’lg
danh 1ai, van toc danh lai, goc danh lai va tan
s6 danh 14i... Tac dong cta ngoai luc gém: Luc
gio doc F_ va luc gio ngang F

Giao thong van tai bang 6 t6 dong vai
trd rat quan trong trong doi song xa hoi hién dai.
O to 1a mot phuong tién giao théng dang dan
dan pho bién ¢ nudc ta va giir vai trd quan trong
trong mang ludi giao thong duong bo. Hé thong
ha ting giao thong cung k¥ thuat hién dai cho
phép 6 t6 chuyén dong véi toe do cao, nang cao
nang sudt van chuyén. Véi su ting truong toc
do6 va mat do chuyén dong cua 6 t6 ngdy nay
doi hoi 6 t6 phai dam bao tinh diéu khién ¢ murc
do6 cao. Tuy nhién & tdc do cao, 6 to doi hoi tinh
ning on dinh cao nham nang cao tinh an toan
chuyén dong cia n6. Chinh vi vay, trong nghién
clru nay, nhom tac gia tap trung nghién curu xay
dung mo nghién ctru tinh 6n dinh khi chuyén lan
dudng cua xe dién ¢ nhé VFe34, cho phép danh
gia duge su 6n dinh quy dao chuyén dong ctia xe
trong qua trinh chuyén lan.
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Hinh 1. Céc théng sé ddc trung ddc tinh quay vong.

Hinh 2. Céc yéu té anh hwéng.

2. THIET LAP HE PHUONG TRINH VI
PHAN CHUYEN PONG CUA XE PIEN
CO NHO

2.1. Cac phwong trinh xéac dinh chuyén dong
trong mit phing dwong

Ap dung hé phuong trinh Newton Euler
cho xe véi khdi lugng M (bao gdm khéi luong
duoc treo va cac khdi luong khong duoc treo)
trong mit phang duong. Vi 3 bac tu do, ta thiét
1ap dugc 3 phuong trinh mé ta chuyén dong cia
xe trong mit phang song song vi mat dudng.
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Hinh 3. M6 hinh lyc tac dong lén xe trong mdt
phang song song voi mat duong.

Phuong trinh mé ta chuyén dong doc
trong hé quy chi€u cuc by Cxy viét nhu sau:

Mi=F, cosé+F,- s1n§+Mx//y-—pC A, xcosy (2.1)

Phuong trinh mé ta chuyén dong ngang
cua xe nhu sau:
My = F, 088, +F,c088, +F sind, +F,sind, +F,+F,~Myi(2.2)

Trong d6 co céac ky higu: §,, 6,: Goc
quay banh xe dan hudng bén trai va bén phai,
F . Phan lyc tr mat duong tac dung Ién banh
xe thtr i (i = 1+4) theo phuong doc; F.: Phan
luc tor mat duong tac dung 1én banh xe thir i (i
= 1+4) theo phuong ngang; F : Phan luc tir mat
duong tac dung 1én banh xe thir i (i = 1+4) theo
phuong thang dimg.

2.2. Cac phwong trinh dao dong ciia khoi
lwong dwoc treo trong mit phang doc

Ap dung hé phuong trinh Newton Euler

trong mit phang doc (Cxz) cho phan khdi lugng
duogc treo dac trung boi khéi lugng m dat tai

trong tam than xe. Trong tdm nay thuc hién hai
chuyén dong 1a dao dong thang ding (z) va goc
lic doc (¢) (hinh 4).

4
o) = -
AL

Hinh 4. M6 hinh céc lyc téc dong trong mt phang doc

Phuong trinh vi phdn mo6 td dao dong
thang dung cua trong tdm phan khoi lugng
duoc treo duoc viét nhu sau:

mZ = Feqy + Frnn + Fern + Fiia + Fean + Fipn + Feon + FK22(2-3)

i véi gbc lic doc than xe, ta can xac
dinh cac thanh phin mé-men gy ra goc nay.
Céc thanh phan nay gdm c6 cac luc lién két hé
treo trude — sau, cac luc doc tai diém treo trén
cua xe. Phuong trinh x4c dinh goc lac duoc viét
nhu sau:

¢ = (Feat + Fiat + Feap + Frao)ly — (Feqq + Fran + Feaa + Fri)ly
. —(Fr11008811 + Fyq5008615 — Fyq8in6y; — Fyapsind;p) (h—1) (2_ 4)
—(R3=72)(Faa1 + Fizp) — (Myy + My + Myy + Myy) — By Chyy — hy)

Trong d6 c6 cac ki higu: F Va F .. la
luc dan hdi va luc can giam chén cua hé thong
treo gan banh xe thir ij (i = 1+2, j = 1+2). Céac
luc nay dugc xac dinh tur cac chuyén Vi trén
va dudi ciia hé thong treo; M,: M6-men quay
banh xe thtr ij quanh truc y (i = 1+2, j = 1+2);
F_.: Luc dan hoi 16p banh xe thirij (i = 1+2,j =
1= 2), ,» I,: Ban kinh dc}ng luc hoc cua cac banh
xe trudc Vé sau; h : Chi€u cao tdm khi dong;
h: Chiéu cao trong tam xe; I : Khoang céch tur
tam khi dong dén trong tdm xe theo phuong x;
F : Luc nang do khong khi tao ra theo phuong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

thing dung; M : Mo-men quay cua lyc khi
dong quanh truc y.

Hinh 5. M6 hinh cdc lyc tac dong trong mat phang
ngang.

2.3. Cac phuong trinh dao dong trong mat
phang ngang

Goc lac ngang cua khoi lugng duoc treo
duoc mo ta nhu sau:

ToB = (Fers + i — Ferr — i)Wy + (Feag + Fras — Fran — Fiaa)Wo (2 5)
—Fyy(hw = hg) = My + Fry(hy — hpy) + Fro(hg — hpo) — My — My \=°

Déi voi cac cau trude va sau dugc xét
2 bac ty do la dao dong thang dimg (E,,) va goc
lic ngang (B,)- Déi véi cau trude duge viét nhu
sau:

mua = Foras + Feun) — (Fcu + Fy11 + Feia + Fr1z)

JaxtBar = Ferz + Fyr — Fcu FKII)WI + (Feran — Fenaa)by + (26)
(Fy11c05811 + Fyy4sinyy + F, 12c0s812 + Fxlzsmcosé‘lz)rl Fri(hgy — 1) + Mpy

Poi voi cau sau duoc viét nhu sau:

Mupé gy = (Feran + Feuzn) — (FCZI. + Fya1 + Feao + Fizz)

( y21 T Fyzz)rz Fga(hgy —13) + M,
2.4. Pong luc hoc banh xe

Nghién ciru dong luc hoc 6 t6 can thiét
phai xac dinh duoc tinh chat lién két giira 16p
va dudng boi cac cac lyc nay tryc tiép giy ra
chuyén dong cua 6 t6. Chuyén dong xe duoc
xac dinh boi cac luc tuong tdc banh xe véi
duong F, F , F,. Chuyén dong cua banh xe
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c6 dugc nho moé-men M, (m6-men kéo hoac
mo-men phanh) va trang thai mat duong (hé sd
bam doc max ¢ y max x va hé sé bam ngang o).
Mo-men M, lam cho banh xe quay quanh truc
y cta banh xe. Tuy nhién, do twong tac banh xe
v6i duong 1a c6 truot nén chuyén dong quay
ctia banh xe doc 1ap v6i chuyén dong tinh tién
cua no, nghia la khi Ian, banh xe co trugt va ton
hao van toc. Do d6, khi mo phong can thiét 1ap
mo hinh dong luc hoc banh xe.

i
Saj T FS Lo

m:\1"r\| 1

Hinh 6. M6 hinh dong luc hoc banh xe dan hoi.

Phuong trinh cin bang mé-men theo
truc y cua banh xe 11:

Jay11911 = Myg — (Fean + fFa0)m1 2.8)

Phuong trinh cin bang mé-men theo
truc y cua banh xe 12:

Jay12P12 = Myz — (Feaa + fFz12)112 (2.9)

Phuong trinh cin bing mé-men theo
truc y cua banh xe 21:
Jay21921 = Mp1 — (Fra1 + szzl)?"zl(z_]O)

Phuong trinh cin bang moé-men theo
truc y cua banh xe 22:

Jay22022 = M3

— (Fygz + fFp2)m3 (2.11) &
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Bdng 1. Théng s6 dau vao cho bai todn mé phong

TT Théng sb Ky hiéu | Giatri | Ponvi
1 Gia tdc trong truong g 9.81 m/s?
2 Hé s6 can lan f 0.02
3 Ban kinh tinh banh xe rt 0.59 m
4 Do cting hé¢ théng treo trudc C,C, 76640 N/m
5 Do cung hé théng treo sau C,C, 178870 N/m
6 Hé s6 can giam chan truéc K,K, | 7347 N.s/m
7 Hé s6 can gidgm chan sau K,K, | 11106 | N.s/m
8 Do cling hudng kinh 16p trude C,,C, | 209067 N/m
9 Do cting hudng kinh 16p sau C..C,, | 209067 | N/m
10 Khéi lvong khong dugc treo trude m, 110 kg
11 Khéi lwong khéng duoc treo sau m,, 120 kg
12 Khéi luong dugce treo M 1216 kg
13 Khéi lugng toan bd phan cho cau trude M, 870 kg
14 Khéi lugng toan bd phan cho cau sau M, 666 kg
15 Chiéu dai toan bg ciia xe LW 4.3 m
16 Chiéu rong toan b cua xe BW 1.768 m
17 Chiéu cao toan bd cua xe HW 1.613 m
18 Chiéu dai co s& L 2.610 m
19 Khoang céach tir trong tim dén cau trudc 1 1.132 m

20 Khoang céach tir trong tim dén cau sau 1, 1.478 m

21 Mot ntra khoang cach vét banh xe trudc b, 0.737 m
22 Mot nira khoang cach vét banh xe sau b, 0.745 m
23 Mot ntra khoang céch treo trudc w, 0.7 m
24 Mot ntra khoang cach treo sau w, 0.6 m
25 Chiéu cao trong tim h, 1.5 m
26 Ban kinh dong banh xe trudc r, 0.4572 m
27 Ban kinh dong banh xe sau T 0.4572 m
28 Mo-men quén tinh khdi luong cta than xe quanh truc doc x J 8992 kgm?
29 | Mé-men quéan tinh khéi lugng cia than xe quanh truc ngang y J, 96040 kgm?
30 Moé-men quan tinh khéi lu:qulg cta than xe quanh tryc thang 7 101940 kem?

ding z z
31 Mo6-men quan tinh khoi lugng cia cAu trude quanh tryc doc x Al 285 kgm?
32 Moé-men quén tinh khdi lwong ciia ciu sau quanh truc doc x o 335 kgm?
13 Mé-men quan tinh khdi lwong ctia cac banh xe trudc quanh Id 10 kem?
truc ngang y Ayl T Ay2
34 Mo-men quén tinh khéi lugng clia cac banh xe sau quanh truc 1T 20 kem’
ngang y y3? " Ay
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3. KHAO SAT SU'ANH HUONG CUA VAN
TOC PANH LAI PEN CHUYEN LAN DON

Khao sat voi goc lai dang Sin don nhu
Hinh 7 v6i 8, bang 30, tan so danh lai f =
0,33Hz trén dudng 40 c6 h¢ s6 bam ¢__ bang
0,8; & cac van toc [40...60] km/h.
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Hinh 7. D6 thi goc 6, Hinh 8. Do thi gia toc
ngang a,.

Cac két qua khao sat biéu dién cho ba
mure véan te 13 48, 50 va 52 km/h cho thiy, van
tdc tang thi cac thong sb phan tmg nhu gia toc
ngang a,, van toc goc quay than xe ... bién doi
tuong u’ng Quy luét bién d6i cta gia tc ngang
Xe a_ gan bam sat VO’l quy ludt goc lai 6 ,. Khi
tang van toc thi gia toc nganga tang len tu’ong
tmg. Van tdc cang cao, gia toc ngang cang lon.
O van tbc 52 km/h, gia tdc ngang xe co thé dat
duoc 2,2 m/s%.
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Hinh 10. D6 thi toa dg
ngang Y.

Hinh 9. D6 thi géc
quay goc than xe .

Su thay d6i ctia goc xoay than xe
dugc thé hién trong do thi Hinh 9. Tir d6 thi c6
thé thay rang gia tri nay thay doi lién tuc khi
xe danh 1ai. Khi xe da trd 141, gia tri nay c6 xu
huéng tién dan vé “0”. O van tdc 16n, goc xoay

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

than xe ciing thay ddi 16n hon. X¢ét trang thai
thira, trang thai thiéu khi chuyén lan duong qua
toa d0 ngang cua cac trong tam xe nhu Hinh 9.
Vi cung mot diéu kién diéu khién, & van toc
48 km/h thi xe gan dat dén trang thai chuyén
lan duong du. Khi van tdc cang ting thi trong
tAm Xe cang ra ngoai tim duong mong mudn.
Khi van tdc cang giam thi 42 trong tim xe cang
vao trong ctia dudng mong mudn.

4. KET LUAN

Nhom tac gia da xay dung duoc mo
hinh dong luc hoc khi xe Chuyén lan don va st
dung phan mém Matlab — Simulink tién hanh
mo phong qué trinh chuyén lan don cua xe tai.
Tién hanh thay doi céc thong s dau vao la cac
nhan t6 anh erong dén qua trinh chuyen dong,
ta co dugc cac két qua 1a cac thong s6 dau ra.
Vi loai duong c6 mot hé s6 bam nhét dinh, khi
cho xe tién hanh khao sat chuyén dong véi cac
van tdc, goc danh lai va thoi gian danh 14i khac
nhau da danh gia dugc quy dao va kha nang
chuyén dong ctia xe dé tir d6 dua ra duoc cac
bién phéap khic phuc nhdm giam tinh trang mat
141, mat 6n dinh khi xe chuyén dong trong qua
trinh chuyén lan.

Ngay nhan bai: 16/3/2024
Ngay phan bi¢n: 17/4/2024

Tai li¢u tham khao:

[1]. Nguyén Hiru Cin, Du Qudc Thinh, Pham Minh Théi,
Nguyén Vin Tai, Lé Thi Vang, 2007; Ly thuyét 6 t6 mdy
kéo, NXB. Khoa hoc va K¥ thuat.

[2]. Luu Vian Tuln, 2019; Ly thuyét 6 t6, NXB. Gido duc Viét
Nam.

[3]. Nguyén Trong Hoan, 2019; Thiét ké tinh todn 6 t6, NXB.
Giao duc Viét Nam.

[4]. VO Vin Huong, Nguyén Tién Diing, Duong Ngoc
Khéanh, Hoang Pam Phuc 2019; Pong luc hoc 6 1o,
NXB. Gido dyc Viét Nam.

[5]. Nguyen burc Son, 2022; Nghzen clru khao sat quy dao
chuyén dgng ciia xe tai bang phan mém chuyén dung,

Luén van Thac si, Pai hoc Bach Khoa Ha Noi.



