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TOM TAT

Ngay nay vdi sir phat trién cua khoa hoc ki thudt, md phong sé 1a mét cong cu
manh mé gilp viéc tao ra san pham méi mét cach nhanh chong. Khdng nhitng vdy, nd
con cho phép ching ta c6 thé kiém tra chdt lwong cua cac san pham da cé trén thi
triong. Trong bai bao nay ching toi six dung phan mém mé phéng Matlab Simulink 1am
cdng cu ding dé kiém tra, so sanh tinh hiéu qud ciia mét hé théng an toan chu déng trén
xe 0 td co trang bj hé thong VSC (Vehicle Stability Control). Céc két qud nghién cizu
gilip cho moi nguwoi hiéu ré hon vé hé théng VSC, dwa ra cdc 1oi khuyén cho nguoi sir
dung 6 16, dong thoi ciing la co sé dé nghién cizu sdu hon vé déng luc hoc quay vong
cua xe 0 to.

Tar khéa: Pong luc hoc 6 t6, VSC, Quay vong 0 to.

SUMMARY

Today, with the advancement of science and technology, numerical simulation has
become a powerful tool for quickly creating new products. Moreover, it also allows us
to evaluate the quality of products already on the market. In this paper, we employ
Matlab Simulink, a simulation software used to test and compare the effectiveness of an
active safety system in cars equipped with a VSC (Vehicle Stability Control) system. The
research results aid in deepening understanding of the VSC system, provide
recommendations to car users, and also serve as a foundation for further research into
vehicular rotational dynamics.

Keywords: Automobile dynamics, VSC, Vehicle turning

1. PAT VAN DE
Trong qua trinh di chuyén cua 6 to,

dugc hang Toyota dua vao su dung tu
nhiing nam 1996 [1].

khi di vao quay vong c6 nhiéu nguy co co
thé 1a danh 14i thiéu hogc thira, 1am cho
quy dao cua xe 6 t6 khdng chinh xac. Hé
théng VSC s& gilp cho xe chuyén dong
theo dung quy dao. Hé théng VSC la hé
thdng an toan dugc st dung & nhiéu hing
xe 0 t6 vai cac tén goi khac nhau nhu: voi
hdng Toyota, tén hé théng 13 VSC; hang
BMW, tén goi tat ciia hé thong 1a DSC;
hang Ford dat tén ESP... Hé thong VSC

Theo tai liéu [2], [3] ta thdy ring
trong qua trinh 6 t6 quay vong thi ban kinh
quay vong dugc tinh theo cong thirc:

I . I
fta-a) T W
Trong do:

Ri: Ban kinh quay vong thuc té, (m):;
Ri: Ban kinh quay vong ly thuyét, (m);

Rtt =
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I: Chiéu dai co sé cua 0 to, (m);

Bt: Goc quay banh xe dan hudng, (rad);
au: Goc léch bén béanh xe cau trude, (rad);
as: Goc léch bén béanh xe cau sau, (rad);

Khi xe chuyén dong trén nén dudng
khéng biang phang hoic quay vong, dudi
tac dung cua luc theo phuong ngang, lam
cac 16p bi bién dang, tao ra géc bén cua
banh xe cau trudc va banh xe cau sau, dan
dén béan kinh quay vong thuc té khéc voi
ban kinh quay vong Iy thuyét tao ra sy sai
léch vé quy dao chuyén dong cia o to.

Khi da quay vanh lai thich hop véi
cung cong cua mat duong nhung tinh
trang chuyén dong xay ra voi ban kinh
quay vong I6n hon dan toi can phai quay
thém than xe (trang thai quay vong
thiéu). Véi xe duogc trang bi hé thong
VSC, sy phanh duoc tién hanh & banh xe
sau phia trong gilp tao nén kha nang tu
dong diéu chinh than xe vé ding quy dao
cong cua duong.

Nguoc lai, khi da quay vanh lai thich
hop véi cung cong cua mat duong nhung
tinh trang chuyén dong xay ra véi ban
kinh quay vong nho hon dan téi can phai
giam su quay than xe (trang thai quay
vong thira). Trang thai nay rat nguy hiém
Vi ¢6 kha ning gy nén ting gia toc bén
qua 16n va c6 thé lat xe, lai xe thiéu kinh
nghiém kho c6 kha nang hiéu chinh. Su
phanh duoc tién hanh & cac banh xe cua
cau trudc hoic cau sau gilp tao nén kha
ning tr dong diéu chinh than xe vé dang
quy dao cong cua duong.

Hiéu chinh tic quay vong thiéu vé quy

Hiéu chinh tic quay vong thita vé quy

dao chuyén dgng dao chuyén dgng

Hinh 1. Hiéu chinh quy dao chuyén
dong cia 0 t0

Nhu vay hé théng VSC s& gilp 6n dinh
quy dao chuyén dong cia xe trén duong
vong bing cach giri cac tin hiéu diéu khién
phanh riéng r& toi cac banh xe.
2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU
2.1. Péi twgng nghién ciru

- Béi tugng nghién ciru: Xe Toyota
Camry 2009 nhap khau My dugc trang bi
hé thdng VSC.

- Khao sat chuyén dong cua xe 0 to
trong diéu kién mat duong nhua kho
bang phang, hé sé bam cua cac banh xe
la giéng nhau va la 0.8, hé sé can lan 1a
0.015 [2].

2.1. Phwong phap nghién ciu
2.2.1. Phuong phdp ké thira tai ligu

Thu thap, suu tam céc tai liéu
chuyén mon lién quan dén linh vuc dong
luc hoc cta xe 6 t6 dé 1am co sé cho viéc
nghién ctu ly thuyét,

2.2.2. Phuong phdp nghién cuu ly thuyé't

Str dung ly thuyét 6 t6, co hoc k¥
thuat dé xay dung moé hinh tinh toan dong
luc hoc chuyén dong cua xe Toyota
Camry 2009 khi di vao duong vong vai
cac van téc khac nhau.



3. KET QUA VA THAO LUAN
3.1. M6 hinh dong luc hoc

Trong qua trinh 6 t6 quay vong, cac
luc va m6 men tac dung vao xe 0 t6 duoc
mo ta trén Hinh 2 va Hinh 3.

. Y
1‘359

Hinh 2. Cac lwc va m6 men tac dung
lén 6 td trong mit phiang ngang

Hinh 3. So' @b céac lwc tac dung 1én 6 to
theo mit phang doc
Theo tai liéu [1] va [4] ta cO cac
phuong trinh dong luc hoc quay vong cua
0 to:
V:%{[(Sl+52)cosﬂ+(F1+ F,)sin B+, +S,Jsina -

—[(S, +S,)sin B—(F, + F,)cos B — (F, + F,)]cosa} (2)
1

a= S, +S,)cos B+S,+S, +(F, +F,)sin
mvcosa[( 1 2) IB 3 4 ( 1 2) ﬂ]

_\'/sma_g_ (3)
VCoSa

§=%{(31 +S,)a.cos B—(S, +S,)b+ (S, —Sz)%‘.sin B+
+(F, + F,)asin B —(F, - FZ)%‘cosﬁ—(FS - FA)%S} (4)

Tai trong thang dung tac dung lén 4
banh xe nhu sau:

1 (b
2,=32,-AZ, :z(m.gL—AZj—AZt (5)

1 1( b
Z,=72,+0Z, =2(m.gL-Azj+Azt (6)

1 1 a
Z.=-7 -AZ.==|mg=+az|-az. (7
3 2 S S 2( gL j S ( )

Z, :%zs FAZ, :;(m.gi+AZj+AZs (8)

Su chénh léch tai trong gitta banh
trude va banh sau:

AZ =[Vcosa —v(a + £)sin a]ml_.h 9

Su chénh léch tai trong gitra 2 banh xe
phia trudc:

1V b
AZ, EE[m T P+
+C m'h'_m("(pt_ht")_ms"(ps_hsu)+m"h[|l] (10)
ot Cy+Cy—m'gh’

Su chénh léch tai trong gitra 2 banh xe
phia sau:

1v? a'
AZ ==—[m"=
s T3 R[ 7P

S

m'h'-m"(p, —h")-m"(p.—h.") . . (11)
*Co Cy +C,—m'gh’ +moh

Trong do:

v : Gia téc caa 6 td (m/s);

¢ : Van toc goc léch than xe (rad/s);

& Gia toc goc xoay than xe (rad/s?);

F.: Luc doc t&c dung Ién 6 td trong qua
trinh chuyén dong (N);

P, : Luc can lan (N);

S,: Cac phan lyc ngang cia mat duong
tac dung lén vét ciia banh xe (N);

M_: M0 men céan quay (rad/s?);

B : Goc danh 1ai (rad);

t,, ts: Chiéu rong vét 16p banh xe trude va
banh xe sau (m);

m: Khéi lugng cua toan xe (kg);

m’. Khdi lugng phan dugc treo cua o to
(k).

m¢”: Khéi luong phan khong duoc treo cau
trudc (kg);



ms”: Khéi lwong phan khong dugc treo
cau sau (kg);
h: Chiéu cao trong tdm xe (m);
h’: Chiéu cao trong tdm phan duoc treo
cuaa 6 to (m);
ht”: Chiéu cao ciia phan khong dugc treo cau
trude (m);
hs”: Chiéu cao cua phan khong duoc treo
cau sau (m);
I: Chiéu dai co s& cua 6 td (m);
R: ban kinh quay vong thuc té cta 6 t6 (m):;
Cqt: P cling cua cau truge (N/m);
Cgs: DO cting cau sau (N/m).
3.2. Két qua khao sat

Tur cac phuong trinh dong luc hoc
cf}a xe 0 t6 khi di vao duong vong tur (?)
dép phuong trinh (11), sit dung phan
mém Matlab S‘imulink nhém téc,gié da
xé}/ dung so d6 m6 phong hé thong, cu
thé la:

Hinh 4. So d6 khdi md phéng phwong
trinh (2)

Hinh 5. So d6 khéi md phéng phwong
trinh (3)

trinh (4)

To Warkspace 18

Hinh 7. So @6 khéi md phéng phuwong
trinh (5), (6), (7). (8), (10), (11)

vantocdot

X

Scope16

alpha] -

O
[alphadot] J

X To Workspace12
epxiondot] +

Hinh 8. So 6 khéi md phéng phuwong
trinh (9)

Khao sét xe 6 t6 c6 hé thong phanh
tich cuc, dong co dit phia trudc, cau sau
chu dong va voi cac théng sé cua xe
Camry 2009 nhu Béng 1 [1].



Bang 1. Thong sé cia xe 6 td khao sat

. . Pon | Gia
TT Tén gol . .
Vi tri
Khéi luong toan
L | b xekhidaytai | "9 | 2000
5 Chiéu dai co s6 0 m 313

to

Khoang cach tu
3 |trong thm - cau| m | 1,5
trudc

Khoang cach tu
4 |trong thm - cau| m | 1,63
sau

Chiéu rong vét 16p
banh xe trudc

Chiéu rong vét 16p

6 banh xe sau m | 1,560
Chiéu cao trong 0,512
7 PR m
tam 6 t6 1

Chiéu cao trong

8 |tam cua phan| m 0.542
5
duoc treo
9 Ty so truyen cua 912

hé thong i

V6i hé phuong trinh dugc trén, sir
dung chuong trinh Matlab Simulink [5]
mo phong ta duoc két qua md phong tng
véi truong hop diéu khién goc xoay vanh
tay lai duoc xac lap (Hinh 9).

4

w
T

goc quay vanh tay lai (rad)
N N}
T

o

thoi gian (s)
Hinh 9. M6 phéng goc xoay vanh tay lai
Vi cach mo phong goc xoay vanh
tay 1ai nhu trén ta thay ngudi l4i ban dau

o

s& cho xe di thiang trong vong 1 gidy, sau
d6é quay vong tay lai 1 goc la 4 rad
(229°C) trong vong 1 gidy, sau do giir
nguyén tay lai.

Khao séat xe 6 td chay & cac van tdc
ban dau 1a 30 km/h va 60 km/h, van toc
cua xe 6 td trong qua trinh chuyén dong
duoc thé hién & Hinh 10 va Hinh 11.

T T T
[— kh‘ﬁng co VSC
|—VsC

thdi gian (s)
Hinh 10. VVan téc cia xe 6 t6 trong
qué trinh chuyén déng véi van téc
ban dau la 30 km/h

=——khdng cé VSC
—VSC

théri gian (s)

Hinh 11. Van téc ciia xe 6 t trong
qué trinh chuyén déng véi van téc
ban dau 12 60 km/h

Khi van tdc ban dau cua xe 6 t6 1a
30 km/h (nhu Hinh 10) trong thoi gian
dau tir 0 - 1 giay khi 6 t6 di thang thi van
téc ciia ca 2 truong hop xe dugc trang bi
hé théng VSC va khéng dugc trang bi hé
thdng VSC la gidng nhau. Do ¢6 lyc quan
tinh, nén van téc cua 6 6 dugc ting 1én
tir 8,3 m/s & gidy dau tién dén 8,5 m/s &
giay thi nhat. O gian doan tir 1.4 - 3 gidy,
do tén hao cong suat cho quay vong nén
van toc cua ca 2 trudng hop duoc va
khong duoc trang bi VSC déu giam. Sau
d6 do c6 thém luc ly thm, do vay van téc
trong truong hop xe khong dugc trang bi
VSC tang 1én. Vi truong hop xe 0 t0



duoc trang bi VSC, tao ra luc phanh ¢
banh xe dé gilp quy dao cua chuyén dong
0 td gan vai quy dao ly thuyét, do d6 van
tdc co xu hudéng giam nhe.

Khi van téc ban dau 1a 60 km/h thi
van toc cua xe trong ca hai truong hop
dugc va khong duoc trang bi VSC déu co
xu hudng tdng, tuy nhién trong truong
hop c6 trang bi VSC do cé luc phanh &
banh xe nén téc d6 ting nho hon trudng
hop khong duogc trang bi VSC, nhu vay
s& lam giam dugc gia téc bén tranh duoc
nguy co lat xe.

Goc léch than xe cua xe 6 t6 duoc
thé hién & Hinh 12 va Hinh 13.

gac léchthan xe (rad)

théri gian (s)

Hinh 12. GAc léch than xe trong truong
hop van téc ban dau 12 30 km/h

T T T
= khong c6 VSC
s \/ S C —
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goc léch than xe (rad)
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-0.25

thoi gian (s)
Hinh 13. Goc léch than xe trong truong
hop van toc ban dau 12 60 km/h
Trong giai doan dau tién khi xe o t6
di thang thi goc léch than xe & hai truong
hop dugc va khong dugc trang bi hé
théng VSC la giéng nhau. Véi truong
hop dugc trang bi hé théng VSC thi goc
Iéch than xe dugc giam.

Quy dao chuyén dong cua xe 6 td
duoc thé hien & Hinh 14 va Hinh 15.

xecofrangbi VSC
27 = =quayvong Iy thuyét
xe khéng trang bi VSC

Hanh lang an tean
0 =

-5

0 5 10 15 20 25 30

Hinh 14. Quy dao chuyén dong cia 6 to
trong truong hep van téc v = 30 km/h

Trong Hinh 14 duong nét dit mau
den thé hién quy dao ly thuyét cua xe 6
t6, duong mau do nét lién thé hién quy
dao cua xe 6 to dugc trang bi hé thong
VSC, dudng nét dat mau xanh thé hién
quy dao cua xe 6 t6 khong dugc trang bi
hé théng VSC.

Pé tién cho qué trinh quan sat qua
trinh chuyén dong cua xe 0 td, ching toi
dé ra hanh lang an toan 1 c6 chiéu rong
14 4 m va hanh lang nay s€ dugc tinh khi
xe bat dau quay vong 6n dinh (nghia I3
tinh tir gidy tha 2 tir khi chuyén dong).
Hanh lang an toan duogc thé hién 1a duong
nét lién mau xanh.

Tir Os dén 1s chua quay vo lang, xe
chuyén dong thang nén quy dao chuyén
dong trong cac truong hop quay vong ly
thuyét, quay vong voi xe khong dugc
trang bi hé thong VSC, xe c6 trang bi hé
théng VSC déu trung nhau va la duong
thang. Tir 1s dén 2s ta tién hanh quay vo
ling 4 rad hay 229°C, sau d6 gitt nguyén
vi tri vo lang, khi d6 xuat hién lyc ly tm
lam banh xe bi bién dang va khi d6 ban
kinh quay vong thyc té khac voi ban kinh
quay vong ly thuyét. Qua Hinh 14 ta thay
do c0 luc ly tam lam xe ¢6 xu hudng quay
vong thiéu, khi xe c6 trang bi hé thong



VSC tao luc phanh & cac banh xe, lam
ban kinh quay vong thuc té sat véi quy
dao quay vong ly thuyét. Véi téc do 30
km/h thi quy dao chuyén dong trong
treong hop xe 6 td6 khong duoc trang bi
hé théng VSC s& chuyén dong ra ngoai
hanh lang an toan. Tuy nhién trong qua
trinh l4i xe, ngudi l4i s& phat hién ra diéu
nay va c6 du thoi gian dé tac dong vao
vanh tay 141, giup xe 0 t6 di vao hanh lang
an toan.

80 | —xe cdtrang bi VSC
= =—gquayvong Iy thuyét
xe khong trang bi VSC
70

60 -
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Hanh lang an toan
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Hinh 15. Qu¥ dao chuyén ddng ciia 6
to trong trwong hop v =60 km/h

Khi xe 6 td quay vong véi van toc

60 km/h do do6 lam luc ly tdm tang, lam

qui dao quay vong thuc té c6 xu hudng

khac xa véi quy dao quay vong ly thuyét.

Ddi véi xe khong cb trang bi hé thong

VSC thi khoang sau 3 gidy, quy dao
chuyén dong cua xe 6 td s& ra ngoai hanh
lang an toan, ngudi lai s& khdng cé nhiéu
thoi gian dé dua xe 6 t6 vé ding quy dao,
do d6 s& ¢d nhiéu kha nang bj tai nan. Doi
Véi xe 6 t6 duogc trang bi hé théng VSC
thi thoi gian dau nho tac dung cua hé
thdng phanh tich cuc gitp quy dao caa xe
0 td gan véi quy dao ly thuyét. Tuy nhién
theo sau do6 lyc ly tam tang, lam quy dao
cua xe ra ngoai hanh lang an toan. Vi
thoi gian dai giup nguoi lai co phan xa va
dua xe 6 t6 vé hanh lang an toan.

4. KET LUAN

Nhom tac gia da st dung phan mém
Matlab Simulink d¢ md phong md hinh
xe 0 t6 di vao duong vong vai hai trueong
hop 1a c6 va khong ¢ hé théng VSC. Qua
d6, nhom tac gia dua ra mot s6 két luan
va khuyén nghi sau:

- Khi xe di vao duong vong dé dam
bao an toan thi ngudi lai nén cha dong
giam tbc do.

- Vi cac xe 0 to duoc trang bi hé
thdng VSC sé& gitp 6 t6 an toan hon khi
quay vong, khi chuyén dong voi toc do
I6n thi giup nguoi lai ¢6 thém thoi gian
phan xa dé diéu khién quy dao cua 6 t0
gan véi quy dao Iy thuyét.
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