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TOM TAT
Trong qud trinh xe 6 16 di chuyén, hé sé bam ¢ cdc banh xe va hé sé cdn lin & cdc
banh xe cé thé khéc nhau, do @6 danh hwdng dén quy dao chuyén dong ciia xe 6 té. Bai
bdo trinh bay két qua nghién ciru dnh hirdng ciia hé sé bam va hé sé can lan twong iing
ciia logi mat dwong nhwa khé dén ddc tinh quay vong ciia xe 6 té con bang phwong phdp
Monte Carlo. Két qud nghién ciru cé thé vmg dung dé danh gia dong e hoc quay vong
cia 6 t6 con va dwa ra mot sé khuyén nghi trong khai thdc sir dung 6 t6 con khi di vdo

dwong vong.

Tir khéa: Phwong phdp Monte Carlo; dong lwc hoc 6 t6; tham sé khéng chdc chdn.
SUMMARY

During the car's movement, the traction coefficient of the wheels and the rolling
resistance coefficient of the wheels may be different, thereby affecting the car's
movement trajectory. This article presents the results of research on the influence of
adhesion coefficient and corresponding rolling resistance coefficient of dry asphalt
pavement on the turning characteristics of passenger cars using the Monte Carlo
method. The research results can be applied to evaluate the turning dynamics of cars
and provide some recommendations in the exploitation and use of cars when entering
roundabouts.

Keywords: Monte Carlo method; automobiles dynamics, random variable.

1. PAT VAN PE nén van dé dit ra thudc linh vuc diéu
Trong qua trinh xem xét quy dao khién quy dao chuyen dong va phuong

chuyén dong, bao gio ciing phai khao sat phap nghién’cfru‘ o dan Féc bai toin

mbi quan hé véi goc didu khién vanh 1ai,  trong Iy thuyet dicu khién tong quat.

nhu viy van dé dit ra ¢ dang chuyén Tinh 6n dinh chuyén dong cua 6 t6

déngqquay Vbng téng quat ma trong do 1a kha ning dam bao dugc quy dao

chuyén dong thang chi la mot trudong hop

dac biét. Do mdi lién quan ciia quy dao

chuyén dong véi goc diéu khién vanh 1ai
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chuyén dong theo yéu ciu trong moi
chuyén dong khac nhau cta 6 t6. Khi xem
xét 6 t6 chuyén dong quay vong tong qua
v6i céc diéu khién 1am viéc khac nhau:

- O t6 vuot chudng ngai vat don diéu
trén dudng vong.

- Khi quay vanh lai vuot chudng ngai vat.
- Khi quay vanh lai theo dang hinh sin.

- O t6 thay ddi toc do trén dudng vong.

- Chuyén dong déu déu trong duong
vong voi goe quay vanh 14i ¢ dinh.

==

Hinh 1. Quay vanh lii vugt chuwéng
ngai vat

Vé6i nhitng diéu kién chuyén dong
phuc tap nhu vay 6 t6 phai gitr dugc quy
dao chuyén dong cta né sao cho khong
bi 14t do, bi trugt doc, bi truot bén, cau xe
bi quay léch trong gidi han cho phép (gitr
duoc hudng quay vong theo vanh lai), dé
dam bao dong luc hoc quay vong tdt va
an toan trong chuyén dong.

Tuy theo diéu kién loai duong khac
nhau va tinh trang ctia mat duong thi hé
s6 bam va hé s6 can lan ciing thay d6i 1am
quy dao chuyén dong cua xe 6 tO ciing
thay ddi theo. Hé s6 bam va hé sb can 13n
twong trng voi cac loai dugc nhu trong
Bang 1.

Bang 1. Hé s0 bam va hé so can lin
cia mot so loai dwong [1]
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Loai duong | Hé s6 bam | Hé sb can lan
Pudng nhua | 0.70 - 0.80 | 0.015-0.018
kho

Puodng nhya | 0.35-0.45 | 0.012-0.015
uot

Puong dat | 0.50 - 0.60 | 0.025 - 0.035
kho

DPuong dat | 0.20-0.40 | 0.05-0.15
uot

Puong cat | 0.20-0.30 | 0.10 - 0.30
kho

Puong cat | 0.40 - 0.50 0,12

uot

Trong bai bdo nay tadc gia s€ su
dung phuong phap Monte Carlo dé khao
sat dong luc hoc cua xe 6 t0 tai khi di vao
duong vong v6i hé sé bam & cac banh xe
1a khac nhau va véi van tdc ban dau vao
duong vong 1a khac nhau.

2.2.2. Phuong phdp nghién civu Iy thuyét

Str dung 1y thuyét 6 t6, co hoc k¥
thuét dé xay dyng mé hinh tinh toan dong
luc hoc chuyén dong cua xe 6 t6 khi di
vao duong vong véi cac van téc khac
nhau.

2.2.3. Phwong phap Monte Carlo

Tén goi cia phuong phap nay dugc
dat theo tén cua mot thanh phé o
Monaco. Véi phuong phap nay sé& liy
ngau nhién mau va tinh toan tryc tiép trén
cac mau nay, nhu vay sd luong mau lay
cang 16n thi két qua cang chinh xac. Do
chinh x4c cua két qua phu thudc vao sb
luong va cach chon mau. DBé c¢6 két qua
chinh x4c can tinh toan véi sb luong mau
16n, do d6 véi can thoi gian tinh toan rat
16n. Nguoi ta st dung phuong phap nay
dé kiém chimg két qua.
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Hinh 2. So' dd khoi
phuong phap Monte Carlo

Véi & 1atap hop cac mau dugc 14y,

theo luat s6 1on thi gia tri trung binh dugc
tinh theo cong thuc [2]:

1 Ny
azﬁl x(5;)

4. KET QUA VA THAO LUAN
3.1. M6 hinh djng luc hoc

(1)

Xuc

Trong qua trinh 6 t6 quay vong,
cac lyc va md men tac dung vao xe 0 to
duoc mo ta trén Hinh 3 va Hinh 4.

Hinh 3. M6 hinh khong gian
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Hinh 4. Cac lyc va mo men tac dung

1én 6 td trong mit phing ngang
Theo tai liéu [1] ta ¢c6 cac phuong trinh

dong luc hoc quay vong cua 0 to:

‘;:l{[(sl +8,)cos B+ (F, +F,)sin S+, +8, |sin a -
m

= [(S, +8,)sin B (F, + F,)cos B— (F, + F,)]|cos ar} (2)
G [(S,+5,)cos B+S,+8, +(F +F,)sin B8]
mvcosa
_ysma_ (3)

veosa

t
g:%{(sl +5,)a.005 = (S5 +S)b+(5, = 8,) L sin f+

z

+(F + Fyasin f-(F —Fz)%’cosﬂ—(F3 —FA)%} 4)

Tai trong thang dung tac dung 1én 4
banh xe nhu sau:

lelz,—AZ,zl(m.gé—Az)—AZ, Q)
2 2\"5 L

1 1 b
7,277,447, :2(m.gL—AZj+AZ, (6)
Z3:fZS—AZ§:%(mg—+AZJ—AZ§ (7)
Z,=~7 +AZ, =f(mg—+AZJ+AZY (8)

Su chénh Iéch tai trong gitta banh
trudce va banh sau:

)

AZ = [\'/cosa —Wv(a +¢&)sin a]mT'h

Su chénh 1¢ch tai trong gitra 2 banh xe
phia trudc:



1v? !
A, =——[m'.—
" R[ IR
+C,m himt (p’,h, )7m‘> (ps7ha )+mz"hr"] (10)
& C,+C, —m'gh'

Su chénh 1¢ch tai trong gitra 2 banh xe phia
sau:

1V a'
AN =——[m' —
=1 R[ L
+C, m'h'- —-m, '(pr ") m ”(p 7hs”)+m, ”h[”] (1 1)
® C,+Cy—m'gh'

Go6c nghiéng thung xe

m,"(p,—h") —m,"(p, h")v (12)
C,+C,—m'gh'

=
Trong do:

v: Gia toc cta 0 to (m/s?);

¢ : Van toc goc 1éch than xe (rad/s);

& Gia tc goc xoay than xe (rad/s?);
F,: Luc doc tac dung 1én 0 t6 trong qua
trinh chuyén dong (N);

P, : Lyc can lan (N);

S.: Céc phan lyc ngang cta mat duong
tac dung 1én vét ctia banh xe (N);

M ;: M6 men cén quay (rad/s?);

p: Goc danh lai (rad);

t,, t: Chiéu rong vét lép banh xe trudc
va banh xe sau (m);

m: Khéi lugng cia toan xe (kg);

m’: Khéi luong phan duoc treo ciia 6 to
(kg).

m;”: Khéi lugng phan khéng duoc treo cau
trudce (kg);

ms”: Khoi lwgng phan khong dugc treo
cau sau (kg);

h: Chiéu cao trong tAm xe (m);
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h’: Chiéu cao trong tAm phan dugc treo
cua 0 td (m);
h,”: Chiéu cao ctia phan khong dugc treo
cau trudc (m);
hs”’: Chiéu cao ctia phan khong dugc treo
cau sau (m);
I: Chiéu dai co s6 cia 6 to (m);
R: ban kinh quay vong thuc té cta 6 t (m);
Cg: PO cing cua cau trude (N/m);
Cgs: PO clmg cau sau (N/m).
3.2. Két qua khio sat

Tt cac phuong trinh dong luc hoc
cua xe 0 t6 khi di vao duong vong tur (2)
dén phuong trinh (12), sit dung phan
mém Matlab Simulink nhém tac gia da
xay dung so dd mo phong hé théng, cu
thé la:

Hinh 5. So @6 kh6i md phéng phwong
trinh (2)

Hinh 6. So @6 kh6i md phong phwong
trinh (3)



Hinh 7. So 6 kh6i md phéng phwong
trinh (4)

Hinh 8. So 6 kh6i md phéng phwong
trinh (5), (6), (7), (8), (10), (11)

jvantocdot] S g
[alpha]
+

[alphadot]
epxiondot]

0

>

ool

]

Scope16

To Workspace 12

Hinh 9. So 6 khéi md phéng phwong
trinh (9)

Khado sat trén xe 0 t0 tai nho Suzuki

Super Carry 650 kg c6 dong co dat phia

trudc va cau sau chu dong va véi cac

thong s6 cua xe & Bang 2.

Bang 2. Cdc thong so cuia xe 0 to tdi

khao sat
. Don | Gia
TT Tén goi
Vi tri
Khéi luong toan
1 e k 1450
bo xe khi ddy tai | °
Chiéu dai co so
2 m 1.84

oto

Khoang cach tur
3 |trong tdm - cau| m 0.843
trude

Khoang cach tur
4 | trong tAm - cau m 1.007
sau

Chiéu rong vét
5 | 16p banh xe m | 1.3503
trude

Chiéu rong vét
Jenrone Vel 113716
16p banh xe sau

Chié tr
7 | CHCUEAOHONE 1 0s121
tam oto

Chiéu cao trong
8 | tim cua phan m | 0.5425
duoc treo

Ban kinh banh xe
9 0.2682
finh m

Ty s0 truyén cua

10 21.2

hé thdng lai

Véi hé phuong trinh dugc trén, su
dung chuong trinh Matlab Simulink [5]
mo phong ta duoc két qua md phong tng
v6i truong hop didu khién goc xoay vanh
tay lai dugc xac 1ap (Hinh 10).
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Hinh 10. M6 phéng géc xoay vanh tay lii

Khao sat xe 6 t tai & cac van tdc ban
dau 1420 km/h, 30 km/h, 40 kmv/h, 50 kmv/h.
St dung phuong phap Monte Carlo véi
phuong phép 14y mau Uniforme, s luong
ldy mau 14 1000 [3], [5].

Van tdc cua xe 6 td tai dugc biéu
dién tuong mg véi cac van tdc & cac
Hinh 11, Hinh 12, Hinh 13, Hinh 14.
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Hinh 11. Van tdc ciia xe véi van toc
ban dau 12 v=20 km/h
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Hinh 12. Vin toc ciia xe v6i van toc
ban dau la v=30 km/h
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Hinh 13. Van tdc ciia xe véi van toc
ban dau la v=40 km/h
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Hinh 14. Van tdc ciia xe véi van toc
ban diu la v=50 km/h



Do s6 lugng 1y mau 1a 1000, nhu
vély sau 1000 1an chay chwong trinh ta c6
1000 két qua. Trong cac hinh v& trén van
tc clia xe 6 tO theo thoi gian s& dugc thé
hién 13 ving mau d6. Dya vao két qua
trén cho théy khi chay véi van tdc ban
dau nho (v=20 km/h) van tdc xe 6 6 co
xu huéng giam xudng khi di vao duong
vong. Khi véan tdc ban dau cua 6 to 16n
hon 30 km/h thi van tdc cia xe 6 to s&
tang 1én khi quay vong do luc ly tdm ting
1én.

Go6c nghiéng thung xe cua 6 to tai
duoc biéu dién tuong tmg véi cac van tde
0 cac Hinh 15, Hinh 16, Hinh 17, Hinh
18.
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Hinh 15. Géc nghiéng thung xe véi
vén toc ban dau 1a v=20 km/h
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c. Puong dit kho d. Puong dit w6t
Hinh 16. G6c nghiéng thiung xe véi
van toc ban dau la v=30 km/h
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Hinh 17. G6c nghiéng thiung xe véi
van toc ban dau la v=40 km/h
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Hinh 18. G6c nghiéng thung xe véi
van téc ban dau 1a v=50 km/h



Dua vao két qua & cac Hinh 15,
Hinh 16, Hinh 17, Hinh 18 ta thiy ring
trong trudng hop khi xe di chuyén &
duong bé tong kho thi goc nghiéng thung
xe nhiéu hon khi di chuyén ¢ duong bé
tong wot. Khi chuyén dong & duong dat
kho thi géc nghiéng thung xe nhiéu hon
khi chuyén dong & duong dat uot.

Quy dao chuyén dong cua xe 6 to
tai duoc biéu dién twong tmg véi cac van
tdc & cac Hinh 19, Hinh 20, Hinh 21,
Hinh 22.
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Hinh 19. Quy dao chuyén déng ciia xe
v6i van téc v=20 km/h
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Hinh 20. Quy dao chuyén dong ciia xe
v6i van téc v=30 km/h
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Hinh 21. Quy dao chuyén dong ciia xe
vé6i van toc v=40 km/h
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Hinh 22. Qu§ dao chuyén dong ciia xe
vé6i van toc v=50 km/h

Trong cac hinh vé trén quy dao
chuyén dong cua xe 0 t6 tai duoc thé hién
1a cac dudng cong nét lién. Hai dudng nét
dut thé hién ving chuyén dong an toan
cua xe 0 t6 tai. Hai duong nay dugc xac
dinh biang cach st dung quy dao quay
vong ly thuyét ciia xe 6 to tai voi vanh tay
1ai duwoc md phong ¢ Hinh 2, rdi cong va
trir 2 mét. Nhu vay tuwong irng véi cac van
téc khac nhau thi ving an toan niy ciing
khac nhau.

Do mdi 1an méd phong quy dao
chuyén dong cua xe 6 t6 thi hé sb bam &
cac banh xe 1a khac nhau va hé s can lan
ciing thay ddi do d6 ta nhan duoc cac két
qué khac nhau tuong tng véi cac duong
nét lién mau do.

Khi vén téc ting 1én lam lyc ly tim
tang va lam cho quy dao thuc té ciia xe 6
t6 khac nhiéu so v6i quy dao quay vong
ly thuyét, quy dao ctia xe 6 to tai co xu
huéng quay vong thiéu.

Thoi gian tdng thi quy dao cua xe
tai c6 thé ra ngoai ving an toan. Bang 3
thé hién thoi diém c6 thé xay ra hién
tuong xe 0 to tai ra ngoai vung an toan
tuong tng voi van toc va loai dudng.

Bang 3. Thoi diém xe c6 thé ra ngoai
vung an toan (giay)

Van toc

' 20 | 30 | 40 | 50
(km/h)

Bt

wongnhua | )3 1301 | 3.04
kho

DPuong nhya | 3.2

, 230 (21419
uot 0
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Duffngdat - 320 (243 (217
kho

Buongdat | 18 ) o1 1174 1.56
uét 7

Duya vao Bang 3, khi xe 6 t6 tai di
chuyén véi toc do thap (20 km/h) véi
duong nhya kho hoic duong dat kho thi
quy dao ciia xe ludn nam trong ving an
toan.

Khi xe 6 t6 tai chuyén dong & 50
km/h d6i véi dudng nhua kho thi sau 3.04
gidy xe c6 thé ra ngoai viing an toan. Tuy
nhién véi thoi gian nay thi nguoi 1ai co
thé nhan ra duoc xe sap ra ngoai ving an
toan va s& tac dong vanh tay lai dé gitp
xe chuyén dong vao ving an toan.

Dbi véi loai duong dit udt thoi
gian xe 6 t6 c6 thé ra ngoai vung an toan
kha ngin, dbi voi cac 1ai xe méi c6 thé
khong phan tng kip, lam cho xe 6 t6 lao
ra khoi lan duong.

4. KET LUAN

Nhom tac gia da su dung phuong
phap Monte Carlo két hop v6i phan mém
Matlab Simulink dé mé phong mé hinh
xe 6 to tai di vao dudng vong v6i nhiéu
loai duong khac nhau. Qua d6, nhom tac
gia dua ra mot s6 két luan va khuyén nghi
sau:

- Khi xe 6 t6 tai di chuyén vdi tbe
d6 thap (20 kmv/h) véi duong nhira kho
hoic dudng dat kho thi quy dao cua xe
luén nam trong ving an toan.

- Khi xe 6 t6 tai chuyén dong & 50
km/h d6i v6i duong nhya kho thi sau 3.04
gidy xe 0 thé ra ngoai ving an toan. Tuy
nhién véi thot gian nay thi nguoi 1ai co



thé nhan ra dugc xe sap ra ngoai vung an
toan va s€ tac dong vanh tay lai dé giup
xe chuyén dong vao vung an toan.

- Khi di chuyén & duong bé tong
kho s& giup cho xe 6 t0 an toan hon khi

quay vong. Khi xe chuyén dong & loai
duong dat uét sé rit nguy hiém, can phai
giam tdc do dé co thé dam bao an toan
trong qua trinh quay vong.
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