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Tém tat:

Bai bao nghién ctru tinh én dinh chuyén dong cta 6 té hai cdu trong quay vong dong luc hoc khéng
déu, tap trung vao céc hién tuong truot ngang (skid) va lat xe (rollover). Chiing t6i da xay dung céc phuong
trinh xéc dinh phan luc ngang va phép tuyén trén truc xe, ciing nhw téc dé téi han gay truot va lat xe. Két
qua cho thay truot ngang thuong xay ra & cu sau triée tién, néu khong kiém soét, xe co thé Iat. Téc do téi
han géy lat tdng khi chiéu réng co s& bénh xe téng, chiéu cao trung tdm khéi luong gidm, géc nghiéng
duong 16n va ban kinh quay vong tang; trong khi téc dé t6i han gy truot ngang ting khi hé sé ma sét va
ban kinh quay vong tang. Cac céng thirc ndy co thé &p dung dé dw doan hanh vi xe hai cau trén duong thuc
té va tinh toén géc nghiéng mét dudng & cac doan cong, gép phén néng cao an toan véan hanh.

Tir khéa: 6 t6 hai cdu, théng sé van hanh, tinh n dinh, truc xe, téc dé t&i han, quay vong déng luc hoc

khéng déu.
DOI:

Calculation of turning parameters of four-
wheel-drive vehicles and their effect on
operational safety

Abstract:

This paper investigates the stability of a two-axle
vehicle during non-uniform dynamic cornering,
focusing on skid and rollover phenomena.
Mathematical models have been developed to
determine the lateral and normal reactions on the
vehicle axles, as well as the critical speeds for
skid and rollover. The results show that skid
usually occurs at the rear axle first, and if not
controlled, may lead to rollover. The critical
rollover speed increases with greater track width,
lower center of gravity height, larger road
banking angle, and larger turning radius;
whereas the critical skid speed increases with a
higher tire-road friction coefficient and a larger
turning radius. These formulas can be applied to
predict the behavior of two-axle vehicles under
real road conditions and to calculate road
superelevation on curved sections, thereby
enhancing operational safety.

Keywords: two-axle vehicle, operational
parameters, stability, vehicle axle, critical speed,
on-uniform dynamic turning.

1. Mé dau

Kha nang quay vong dugc goi la tinh
chit ciia 0 t6 thay doi huéng chuyén
dong ma khong can xoay cac banh xe
dan huéng. C6 hai nguyén nhan chinh
gdy ra kha ndng quay vong nay: Do
truot bén cta banh xe, xuét hién do tinh
dan hdi ngang cua 16p; DO nghiéng
ngang (khi thdn xe bi nghiéng), lién
quan dén do dan hoi cua hé thong treo.
Khi c6 hién tugng goc trugt ngang 6 to
c6 thé di chuyén theo quy dao cong ngay
ca khi géc quay trung binh ctia banh lai
0 = 0. B cong cua quy dao phu thude
vao quan h¢ gilra cac goc trugt &1 va &2
Néu 81 = &, xe duoc goi 1a ¢o tinh quay
vong trung tinh (hinh 1.a). Khi c6 luc
ngang tac dung 1én xe voi 16p cimg, xe
s& gift nguyén hudng chuyén dong cho
dén khi lyc ngang dat dén gia tri bang
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luc bam. Vi xe c6 quay vong trung
tinh, khi bi tdc dong bodi luc ngang, xe sé
chuyén dong thang nhung léch mot goc
so v6i huéng ban dau, ngay ca khi 6 =
0.

Néu 81> & , thi R,> R. D¢ 6 6 ¢6
16p dan hoi di chuyén theo quy dao co
ban kinh R, banh li phai dugc quay véi

gdc 16n hon so véi truong hop dung 16p
cing. Truong hop nay goi 1a quay vong
thiéu 14i (understeer) (hinh 1. b). Khi do,
vecto van toc ctia banh 14i bi 1éch so véi
truc doc xe it hon so véi xe c6 quay vong
trung tinh, ddn dén ban kinh quay vong
tang. Didu nay lam giam lyc ly tm, tir
do giam goc trugt ngang, gitp xe cd xu
hudng giit chuyén dong thang.
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Hinh 1. So db chuyén dong 6 t6 theo cac mirc d6 kha ning quay vong

a — trung tinh; b— thiéu 14i (understeer); c — thira 1ai (oversteer); 81,8, — goc trugt ngang
clia 16p tai cau trudc va cu sau; @ — goc trung binh quay ctia cic banh xe diéu khién; R,

— ban kinh quay vong cua 6 t6 voi 16p dan hoi; R — ban kinh quay vong véi 16p cimg.

Néu 81> & , thi R,> R. D¢ 6 6 ¢6
16p dan hoi di chuyén theo quy dao co
ban kinh R, banh 14i phai dugc quay véi
goc 16n hon so véi truong hop dung 16p
cing. Truong hop nay goi 1a quay vong
thiéu 14i (understeer) (hinh 1. b). Khi do,
vecto van toc ctia banh 14i bi 1éch so véi
truc doc xe it hon so véi xe c6 quay vong
trung tinh, dan dén ban kinh quay vong
tang. Didu nay lam giam lyc ly tm, tir
do giam goc trugt ngang, gitp xe cd xu
hudng giir chuyén dong thang.

Néu 81 < &2, thi R,<R. D& 6 t6 c6 16p
dan hoi di chuyén theo quy dao ¢ ban
kinh R, banh 1ai phai dugc quay véi goc
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nhd hon so véi truong hop dung 16p
cing. Truong hop nay goi 1a quay vong
thtra 1ai (oversteer) (Vakhlamov et al.,
2003). Trong qua trinh quay vong, dac
tinh quay vong cta 6 t6 anh huong truc
tiép dén an toan giao thong. Néu xe co
quay vong trung tinh, tirc 1a goc trugt
cau trudc va sau tuong duong nhau, xe
di dung quy dao nguoi l4i mong mubn,
dé diéu khién va 6n dinh, nh¢ d6 dam
bao an toan cao. Vi quay vong thiéu
14i, cau trude bi trugt nhidu hon khién
xe ¢6 xu huéng lao thing ra ngoai
duong cong. Tuy nhién, hién tugng nay
trong d6i dé kiém soat, tai xé chi can
giam tdc d0 1a xe trd lai On dinh, do d6
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it nguy hiém hon. Nguoc lai, quay vong
thira 14i xay ra khi cau sau trugt nhiéu
hon, lam xe quay gt hon so véi y dinh,
dan dén vang dudi, mét 14i, tham chi lat
xe, ddc biét nguy hiém & toc do cao hodc
trén dudng tron. Chinh vi vdy, cac nha
san xuat thuong thiét ké xe c6 xu hudng
trung tinh hodc hoi thiéu l4i nhim nang
cao do an toan van hanh (Lap & Vi,
1995).

2. Co s6 1y thuyét

2.1. Kha nang quay vong khi xe bi
nghiéng ngang

Kha nang quay vong do d§ nghiéng
than xe phu thudc vao két cAu hé théng
treo ctia 6 t6. Xét chuyén dong quay cua
cau sau khi than xe bi nghiéng (hinh 2).
Pau trude ciia nhip dugc ndi voi than xe
bang khop don gian, con dau sau duoc
nbi qua cang chir U. Khi nhip bj udn
cong, cau sau di chuyén theo cung tron
m, v6i truc quay nam gan khép ndi.

Dudi tdc dung cua luc ngang P,, than
xe bi nghiéng, 1am cac nhip bén trai bi
nén va cac nhip bén phai gian ra. Nhip
bén trai khi bi nén s& ddy cau sau lui vé
diém A, trong khi nhip bén phai khi giin
s& kéo cau tién 1én diém B. Két qua la
cau sau quay trong mat phéng ngang
(Hieu & Lap, 2005).

Néu goc quay cua ciu trude va cau
sau khong giéng nhau vé do 16n hoic
hudng, thi do hién tuong nghiéng than
(khi quay vong), 6 t6 van bi quay mic
du cac banh trudc dang & vi tri trung
tinh. Vi dy, dudi tac dong cung mét luc
ngang Py, xe A (hinh 3) s€ quay sang
phai, con xe B lai quay sang trai. Luc ly
tam sinh ra khi quay vong ¢ xe A cé
huéng nguge voi luc gay nhiéu, trong
khi ¢ xe B lai cting chiéu véi luc nay. Vi
vay, xe A duy tri hudng chuyén dong tot
hon dudi tac dong cta cac luc ngang gay
nhiéu. Theo cach dién dat twong tu, xe
A dugc coi la c6 kha nang quay do
nghiéng than khong du, con xe B 1a du
thtra (Antonov et al., 1970).

e
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[

Hinh 2. Su quay (xoay) clia cdu sau khi than xe bi nghiéng
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Hinh 3. Kha nang quay do nghiéng thén cta 6 to

a — khong du; b — du thira

O 6 t6 c6 dic tinh quay do nghiéng
than du thura, khi chiu tdc dong cua luc
ngang, d6 cong cua quy dao chuyen
dong lién tyc tang 1én. Picu nay dan dén
su gia tang luc ly tdm va lam gidm thém
ban kinh quay vong. Tuy nhién, gia tri
cuc dai cia goc nghiéng ngang thudng
duogc gidi han boi cac chan co khi trong
két cAu hé théng treo, do do hién tugng
quay do nghiéng than cua than xe khong
thé tang 1én vo han.

bic tinh quay do nghiéng than cua 6
t6 gin lién v6i bién dang cua 16p, boi vi
hién tuong truot ngang cua banh xe
khong chi phat sinh dudi tdc dong cua
luc va moment, ma con khi banh xe bi
nghiéng so v6i phuong thiang dimg (goc
camber). Néu huéng cua lyc ngang
trung v6&i hudéng cia goc nghiéng
camber, thi d§ trugt ngang cta banh xe
s& tang 1én. Khi goc camber thay doi 1°,
thi gbc truot ngang thay doi khoang 10
dén 20 phut goc (Gasparyants, 1960;
Litvinov, 1971).
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2.2. Quan hé géc quay cta cac banh
xe dan huwéng

Khi 6 t6 quay vong, cac vecto van tde
clia tAm tat ca cac banh xe déu vudng
gdc voi cac ban kinh dugc ké tr tdm
quay (hinh 4). Déi véi 6 6 ¢6 16p cing
theo phuong ngang, cac vecto vén toc
trung v&i mat phang trung binh ctia banh
xe, va tam quay O nam trén phan kéo dai

cua truc cau sau. Quan h¢ gitra cac goc
quay cua banh ngoai va banh trong dugc

xac dinh tr cac tam gidc OABm va
OCD:

ctgl,, =0C/ L;ctgd, =0A/ L,
(1)
Trir 2 vé cho nhau, ta c6 duogc biéu
thirc:

ctg0, —ctgl, =(0OC—-04)/L=L, /L,

Trong d6: Ly« - khoang cach giira cac
tam chot dung, xap xi bang khoang cach
vét banh xe cla cac banh dan huéng, m
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Hinh 4. Mdi twong quan gitra cac goc quay cua banh xe dan hudng

Tir dang thirc thu dugce ta ¢6 thé suy
ra rang banh xe ndm & phia trong so véi
tam quay phai dugc quay mdt goc 16n
hon so véi banh xe phia ngoai. Dé dam
bao quan hé yéu ciu giira cac goc quay
clia banh dan huéng, ching duoc lién
két v6i nhau bang hinh thang l4i. Tuy
nhién, hinh thang lai khong dam bao
thyc hién chinh xac dang thirc. Vi véy,
khi thiét ké co cau hinh thang, ngudi ta
coi la chép nhan dugc néu nhu 88 =
5...8°, sai léch giita gia tri ly thuyét va
thuc t& khong vuot qua 12...15' va khi
OH = 25...30°, sai I¢ch khong vuot qua
3°. O cic goc quay dén 12...15°, quan hé
8x = f(85) gan tuyén tinh, cho phép thay
thé céc goc 8B va 8u trong tinh toan bang
goc trung binh & = (8, + du)/2.

Tir d6 suy ra rang d6i voi 6 to sir
dung 16p c6 tinh dan hoi theo phuong
ngang, khi tbc do tang 1én thi ty 1 goc
quay giita cic banh xe dian hudng ciing

phai thay doi. Tuy nhién, diéu nay chi
c6 thé dat duge khi co co chu tu dong
diéu chinh hé thdng 14i, ma viéc bo sung
co cAu nay s& lam két cau 6 t6 tré nén
phuc tap hon (Stepanov, 1993).

2.3. Dac tinh quay vong

Tuy thudc vao két cAu hé théng treo, dac
tinh quay vong do anh huong cua do
nghiéng ngang c6 thé lam ting hoic
giam muc d6 quay vong. Khi chuyén
dong, xe c6 dac tinh quay vong du céd
thé bi mét tinh diéu khién. Dé giai thich
hién tugng nay, ta xac dinh theo cong
thic géc quay cua cic banh xe dan

huéng tr hinh 1 nhu sauw
R - L N L
© 1g(0-05)+1gs, O0-35,+06,
()
Suy ra:
0= RL - (51 - 52)

&
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Céc goc truogt bén 61 va o ti 1€ voi
cac luc ngang Py va Py, ma ban than
ching lai ti 1& véi binh phuong vén tdc:

fotiomy
1 s
kybl Ré‘kyhl
P 2
5= t=om 4
kbe ngbe

Trong d6: kyb1 va kyp — hé s chong
trugt ngang (strc can udn 1éch) twong
ung cua clu trude va ciu sau, don vi
N/rad; m; va my — khéi lugng phan bd
1én cau trude va cau sau, don vi kg.

Khi tc d6 6 to ting, cac goc trugt
ngang (goc udn léch) ciing ting 1én,
trong do goc &2 tang nhanh hon goc 9.
Piéu nay dan dén sy giam cua hiéu sb
trong  ngoac biéu  thirc

L
9=R——(5, —45,), va khi x4c dinh céi

&

cua

goi 13 téc do t6i han theo diéu kién trugt
ngang vyb, hiéu sd nay bang khong. O
toc do do, xe co thé chuyén dong theo
quy dao cong ngay ca khi cac banh xe
dan hudng dang & vi tri trung tinh. Néu
V> vy , thi (62—81) > L/R, va gbc d tro
nén 4m. Piéu d6 c6 nghia la dé quay xe
sang phai thi banh xe dan huéng phai
quay sang trai. Nhu vy, 6 t6 c6 déc tinh

quéa do quay (oversteer) s& mat kha ning
diéu khién, néu v > vyb (Farobin, 1970;
Chudakov, 1947).

Dé xac dinh tbe do toi1 han, ta dat goc
& bang khong, khi ta nhan d6 biéu thirc
sau:
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k

yb2 ybl

(52—51){&—&}2/&4/&

)

Do d6, tbc @6 t6i han theo diéu kién
goc truot bén sé tinh theo biéu thirc sau,
m/s:

(6)

O 6 t6 ¢6 tinh thiéu quay vong hodc
trung tinh quay vong thi khong ton tai
toc do toi han, vi khi &, > &, thi biéu
thire dudi can trd nén 4m va van tde téi
han vy 14 $6 a0, con khi 5, = &, thi né
bang vo cung.

Dé dam bdo cho 6 to co tinh thiéu
quay vong, nguoi ta thudong giam nhe ap
suat khong khi trong 16p banh trudc so
v6i 16p banh sau, nho d6 1am giam hé s6
kyy. Ngoai ra, trong tam xe dugc dich
chuyén mot chit vé phia cau trudc, lam
tang phan lyc ly tim tac dung lén céac
banh xe dan huéng (Lap, 2015).

3. Phuong phip va mdt sé két qua
nghién ciru

3.1. So dd khong gian ciia chuyén
dong quay vong 6 to hai ciu

Mot trong nhitng hudng chu yéu
nhiam bao dam an toan giao thong duong
bd 1a cac hoat dong hudng téi phong
nglra nguyén nhan gay ra tai nan giao
thong. Khi 6 t6 di chuyén trén duong, c6
thé phat sinh rat nhiéu nguyén nhan nhu
vay. Trong bai bdo nay xem xét mot
trong nhitng nguyén nhan dé: sy mét én
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dinh cua 6 t6 khi quay vong dong luc
hoc.

On dinh cta 6 t6 duoc hiéu la kha
nang di chuyén ma khéng bi truot ngang
hodc 1at, tirc 1a duy tri dugc trong gidi
han vé thoi gian va quing dudng xéac
dinh hudng chuyén dong va su dinh
hudng cta truc doc — tryc ding, bat chép
tdc dong cua cac luc quan tinh bén
ngoai. Nhu vay, tinh 6n dinh 1a mot dac
tinh khai thac quan trong, bdo dam an
toan van hanh cua 6 t6 va su an toan cua
con nguoi cling nhu hang hoa dugc van
chuyén.

Trong thyc tién khai thac 6 t0, khi
chuyén dong trén quy dao cong, gia tri
téc do thudng thay ddi nhidu hon 1a giir
nguyén. Khi vao cua dé thay d6i huéng
chuyén dong, téc do thuong giam
xuéng. Nguoc lai, khi vuot xe va
chuyén sang lan trai so voi xe bi vuot,

Cycosp

tbe do lai tang lén. Do do, trong da )
truong hop, 6 t6 thyc hién quay vong
dong luc hoc khong déu, trong qua trinh
nay c6 thé xay ra ca hién tuong truot
ngang (lang, ving dudi) 1an 14t xe (Quy,
Dung, & Tung, 2018).

Do 6n dinh cua 6 t6 duoc xac dinh
boi sy ton tai ciia cac phan luyc phap
tuyén tir mit dudng tic dung 1én banh
xe khi 0 t6 quay vong.

Céc thong sb co ban dic trung cho
tinh on dinh cia 6 to trong qua trinh
quay vong dong luc hoc khong déu bao
gdm: phan lyc ngang va phan luc phap
tuyén tac dung 1én cac banh xe 6 10, toc
do6 to1 han gay trugt ngang, va tde do to1
han gay lat xe.

Dé giai quyét bai toan xac dinh cac
thong s6 co ban vé 6n dinh cua 6 t6 hai
cau trong qua trinh quay vong dong luc
hoc khong déu, can thiét 1ap so @6 khong
gian ciia chuyén dong quay vong 6 to hai
cau (Phung, 2009; Stepanov, 1993).
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Hinh 5. So d6 khong gian ciia qua trinh quay dong luc hoc khong déu ciia 6 t6 hai truc
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3.2. Xac dinh phan lwe ngang 1én cac
truc

Dua vao hinh 5, ¢6 thé xdy dung so
d6 luc va mdémen dé xac dinh cac phan
luc ngang tac dung 1én cac ciu xe S; va
S, ctia 6 t6 hai cau nhu hinh 6 dudi day.

Cycosp — Gsing

n

Theo so d6 lyc va momen, ta 1ap cac
phuong trinh mémen ddi voi cac diém
m va n, ta co:

S, cosaL—(Cy cosﬂ—Gsin,b’)a2 -M,-M,=0
S,L—(C,cos B—GsinB)a,+ M, +M,=0
(7

S, cosa

4

M, -

m @———

S;

Hinh 6. So d6 Iyc va momen dé xac dinh phan lyc ngang trén cac truc cia 6 t6 hai cau

Gidi h¢ phuong trinh c6 dugc ¢ trén
theo S; va S;, cho phép ching ta thu
dugc cac cong thic xac dinh phan lyc
ngang tai cac truc cua 6 to:

3.3. Xdc dinh phan lyc phép tuyén 1én
cac truc

B (Cy cos ff — Gsinﬂ)a2 +M, +M, .

b

Lcosa
(Cy cos 3 — Gsin,B)a1 -M.-M,
L
(8)
Dé xac dinh _phan lyc phap tuyén trén
cau trudce va cdu sau, can dya vao hinh

5 dé lap so do tinh toan céac lyc nhu hinh
7.

S, =

C.cosp

>

G cosp + Cysinp

a Zl
!
!

9 n

me
Y]

1

a4

»
»

&
<

P«

L

>
>

”
<

Hinh 7. So d luc dé x4c dinh phén lyc phap tuyén trén cac truc cua 6 to hai cau
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B az(Gcosﬁ+Cy sinﬂ)+thxcosﬂ'

Dua vao hinh 3, ta lap duoc hai L "(10)
phuong trinh moémen nhu sau: a (G cosf+C, sinf ) —h,C cos

Z, =

Z.L—h,C cosf—(Gceos B+ C sinf)a, =0; L

Z,L+h,C,cos f—(Geos f+C, sin B)a, = 0. 3 3. Xac dinh phan luc tic dung lén
cac banh xe

9)
Giai h¢ phuong trinh trén theo cac
phan luc phap tuyén Z; va Z; cho phép
thu duoc cic cong thic dé xac dinh

Trén hinh 5 (phia trén) thé hién cac
phan Iyc phap tuyén Z’ va Z*’, tac dung
1én banh xe bén trong va bén ngoai khi
6 t6 quay vong. Pé xac dinh cac phan

ching: luc nay, dua vao hinh 5 ta lap so dd tinh
toan nhu hinh 8 dudi day.
G sinpg - Cycosp
F 3 >
G cosp + Cysing
ZII hg 4 ZI
|
o
B/2 | B/2
[~ 1 l
Hinh 8. So dd tinh toan dé xac dinh phan lyc tac dung 1én cac banh xe
Dua vao so dd trén, ta lap duoc 2 S, <pZ;

phuong trinh moment nhu sau: S, < pZ,.

B
Z'B—(Gsinfg—-C, h, — (G +C si —=0;
(Gsinfi=C, cos b, = (Geos i+ Cysinf) Néu géc quay cta cac banh xe lai

Z"B+(Gsin B~ C, cos B)h, —(Geos f+C, sin ﬂ)g =0. nho, cac bat dang thirc duoc thay bang
(11) mdt bat dang thirc duy nhat nhu sau:

Giai hé phuong trinh trén theo cac S<oZ.
phan luc tac dung 1én banh xe Z’ va 72’ Trongdo: S=S, +S,vi Z=Z, + 7,

, cho chung ta thu dugc cac cong thirc o I . R

dé xéc dinh chung nhu sau: I(th 0 to di chuyeqn trerAl dudng, b’an dau
Xay ra sy trugt cua mot trong cac truc,

Z':(Gsin,/}—cvcosﬂ)ﬁuGcosmcysinﬂ)l; sau do trugt truc con lai, va néu 6 t0
khong thoat khoi sy trugt cac truc

=—(G C, G C, f. A J4 £ , F O A L1
(Gsinfi=C,cosh ) +(Geos G, sinf); nay, diéu tat yéu co thé xdy dén do la

(12) xay ra lat xe. [3] [13]
3.4. Dieu kién trugt ngang (mat lai) Khi 6 t6 hai truc quay, truc sau la truc
cua xe 0 to dau tién bi trugt. Thuc vay, néu dudi tac
Pé 6 t6 khong bi truot ngang, can thoa dOng cua xung nhiéu ngang, tryc trusce
man cac didu kién sau: bi quang sang mét phia v6i van toe (hlnh

9a), thi van tdc cua tryc trude sé bang:
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(13)

V=V v,

a)

Trong do: v_=v - van tdc cua 6 to 2
cau trudc khi bi truot

b)

Hinh 9. So db tac dung lyc va trugt cia truc trudc (a), so dd tac dung lyc va trugt cla
truc sau (b)

3.5. Diéu kién 1at ngang ciia 6 td

Trugt ngang cua 6 t6 1a hién tugng
chic chan nguy hiém, va didu quan
trong nhat 14 néu khong thoat khoi trang
thai truot, co thé xay ra quéa trinh con
nguy hiém hon — 14t xe. Lat xe xay ra
khi téng cac phan lyc phap tuyén cua
mdt dudong tac dung 1én cac banh xe &
mot bén than xe bang khong. Do do,
theo hinh 5, diéu kién nay duoc biéu
dién nhu sau:

=0vazZ’ =0,

Nhu da biét, 1at xe xay ra khi luc ly
tam tac dung 1€n 6 t6, dic biét 1a thanh
phan ngang ciia nd, tao ra cac phan luc
bén 16n trén cac banh xe cua mot bén
than xe, vuot qua tich cua hé s6 ma sat
véi trong luong chiu tai 1én cac banh xe
bén do6 (pGy). Trong trudng hop banh xe
clia bén di trudc bi nhc 1én, céc phan
lyc phap tuyén trén ching bang khong,
dan dén 6 to chuyén sang trang thai lat
(Ha & Dao, 2020).
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So d6 lat xe dudi tic dung cua luc ly
tam quanh bén di trude khi quay khong
déu duogc xay dung theo hinh 10 dudi
day.

Dé dang nhan ra dugc chiing ta hoan
toan co theé cho phép lap phuong trinh
moment doi véi phan quay phia sau ctua
0 t6. Trong do, gia thiét dugc dua ra la
7’ =0.

(Gsinﬁ—C_cos,B)£+(Gcosﬂ+ C,sinﬁ)l =
y B J 2

(14)

q s Mmoo
Str dung cong thae C| = = khi do
van tdc chuyén dong cua 6 t6 ma tai do

c6 thé xay ra lat xe, s€ dugc tinh theo
cong thirc nhu sau:

(B + 2hgtg,3)gR
2h, - Big

Ix

, (15)



Cao Xuan biép

B

Hinh 10. So d6 qua trinh 14t xe khi 6 t6 quay vong.

Theo cong thuce trén, van tdc toi han
gay lat xe phu thudc vao do nghiéng cta
mat duong B. Khi d¢ nghiéng B cang
16n, véan tdc t6i han cang cao, tur do co
thé xdy ra lat xe bat ctr luc nio.

Néu do nghiéng mit duong B =0, khi
doé rat gon cong thure tinh vy ta thu dugce
cong thirc sau:

_ |8BR
\/ 2h,

Tir cac cong thire xac dinh vén tdc t6i
han dan dén hién tuong 1at xe nhu trén,
ta suy ra dugc réng hién tugng lat xe phu

v, (16)

X

thudc vao goc nghiéng cuia duong ( ),

d6 cong ciia duong (R), chidu rong co s&
xe (B) va chiéu cao dit trong tam (hg ).

Lat xe chi co thé xay ra trong truong
hop céc banh xe c6 d6 bam du véi mat
duong, hoac néu khi truot, banh xe gap
luc can ngang (vat can) ddi véi chuyén
dong truot (Hung, 2017; Vakhlamov,
Shatrov, & Yurchesky, 2003).

Viéc bién doi cac phuong trinh da
duara ¢ trén cho phép ching ta thu dugc
cac phuong trinh thong sé S va Z nhu
sau:

§=8+8"=C cosB—Gsinpf,

. (17)
Z=7'+7"=C,sinB+Gcospf,

Trang thai t61 han cia 6 to vé truot
ngang xay ra khi phan lyc ngang bang
tich ctia hé s ma sat (@) voi phan luc
phap tuyén 1én banh xe (Z), tirc 1a: S =
9Z,

MV?

Boivi C) = , nén khi dé cong
thirc xac dinh van toc tdi han cua 6 t6 vé
truot ngang cd dang:

(¢+1gp)gR
I-gigh
Néu nhu duong giao thong bang

phang va nam ngang, tuc la f = 0, khi

do: v, = \/@ So sanh cac cong thirc
thu dugc khi tinh todn vix va vy, ching
ta c6 thé di dén két ludn nhu sau, rang

tr

(18)

X B . L, A
néu: ¢ < ——thi lic do s€ xdy ra hién
4
tuong trugt ngang, chir khong phai lat
Xe.
4. Mot s6 nhéan xét va két luin
- Trong diéu kién di chuyén binh
thudng trén dudong bang phing, diéu
A B \ . ~
kién ¢ < —thuong duoc thoéa man.
2 4
Tuy nhién, khong nén qué phu thude vao
diéu nay, vi luén c6 kha ning xay ra thay
ddi cuc bd vé do bam, it nhét 1a do
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nhitng chd go ghé trén duong, ma diéu
nay ludn ton tai trén moi con dudng.

- Dé dam bao téc do cao khi di
chuyén qua cac doan cong ctia duong,
tirc 1a khi 6 t6 quay, mat duong can duoc
tao d6 nghiéng duong (con goi la duong
cong nghiéng hodc dbc). Khi do, theo

cong thirc v, = xac dinh

gia tri van toc téi han cia 0 to vé trugt
ngang s€ 16n hon dang ké.

Nhu vay, két qua nghién ctru vé quay
dong luc hoc khong déu cua 6 t6 hai truc

da cho ra cac cong thirc xac dinh céac
tham s6 chinh ctia quay khong déu: phan
luc ngang va phan lyc phap tuyén trén
cac truc cua 0 to.

Theo cac co s& 1y thuyét va phuong
phap toan hoc dé tinh toan cac thong s6
anh hudng dugc trinh bay & trén, do on
dinh cta 6 t6 chdng 1at ngang phu thudc
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