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TOM TAT

Bai bdo trinh bay két qua nghién ciru anh hudng ciia TCS dén kha ning tiang toc ctia
6 t6 ban tai khi bat dau tdng tde tir 0 trén didu kién mat duong udt véi ham hé s6 bam mat
duong theo cong thuc Pacejka. Trong nghién clru nay tac gia da su dung phuong phap
tach cdu trac hé nhiéu vat Muti-Body System (MBS) dé thiét 1ap mé hinh dong luc hoc
khong gian 6 t6 ban tai, sir dung phuong phap Newton-Euler dé xay dung hé phuong trinh
dao dong cua 6 t6 ban tai va str dung phan mém Matlab-Simulink dé khao sat anh hudng
ctia TCS dén kha ning ting tc clia 0 t6 ban tai. Két qua nghién ctru cho thay khi 6 t6 ban
tai bat ddu tang toc trén diéu kién mat duong udt hé thong TCS gitip 1am giam do trugt &
banh xe chu dong va duy tri hé sb trugt & mire t6i wu véi gia tri 0.3, tir d6 6 t6 ban tai tang
tdc v6i gia toe va van toc 6n dinh hon so vai 6 t6 ban tai khong sir dung TCS.

Tir khoéa: O t6 ban tai, TCS, kha niang tang tdc, hé sb truot.

ABSTRACT

The article presents the research results on the impact of the TCS on the acceleration
capability of a pickup truck starting from 0 on a wet road surface, considering the road
adhesion coefficient based on the Pacejka formula. In this study, the author utilized the
Multi-Body System (MBS) structure decomposition method to establish a spatial dynamic
model of the pickup truck, applied the Newton-Euler method to formulate the system of
oscillation equations for the vehicle, and used Matlab-Simulink software to analyze the
influence of TCS on the pickup truck's acceleration capability. The research results show
that when the pickup truck begins to accelerate on a wet road surface, the TCS reduces
the slip of the driven wheels and maintains the slip coefficient at an optimal level of
0.3, enabling the pickup truck to accelerate with more stable acceleration and velocity
compared to a pickup truck without TCS.

Keywords: Pickup truck, TCS, acceleration capability, slip coefficient.
1. Pit van dé toc do6 thap [1].

Trén 6 t6 hé théng TCS 1a mot hé thong Trong cac nghi€én citu nhém tac gia
an toan, dong vai tro quan trong trong viéc  Tran Gia Khiém, Nguyén Van Nhién, co
gitip xe bam duong tét hon va chéng truot  tiéu dé “Nghién citu mé phong hoat dong
khi tang toc hay di trén dudng tron trugt & cuia hé thong kiém sodt e kéo (Traction
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Control System — TCS) trén o t6 khi tdng
toc”, két qua ctia nghién ctru cho thay duoc
nhitng anh huéng tich cyc ciia hé thong
kiém soat luc kéo dén qué trinh tang toc
cua 0 td so v&i phuong tién khong trang
bi hé théng nay [2]. Nhém tac gia Dong
Minh Tuén, Khéng Van Nguyén, véi tiéu
dé “Nghién ciru va vmg dung phan mém
Matlab-stateflow mé phong bo ecu diéu
khién dién tir hé thong diéu khién lec kéo
TCS trén xe 6 t6 du lich”, két qua budc dau
cho théy voi mot s6 ché do lam viée cua
TCS thi cac thong s6 md6 men dong co,
ap suat phanh, d6 truogt dugc ECU diéu
khién c6 két qua pht hop véi duong dic
tinh thyc té cta hé thdng [3] va nhém tac
gia K.Yamada, M.Hashiguchi va M.Ito,
voi tiéu dé “Traction control system -
simulation analysis of the control system”,
nghién clru két luan r?mg d6 6n dinh cua bo
diéu khién c6 thé duogc cai thién bang cach
diéu chinh cc h¢ s6 diéu khién va hon nita,
viée str dung phanh c¢6 hiéu qua tot dé ngan
banh xe truot quay qua muc.

Nhin chung, cic dé tai nghién ctru vé
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TCS cho thiy duoc nhiing tac dong tich
curc va tim quan trong cuia hé thong nay voi
phuong tién giao thong hién nay, tuy nhién
viéc nghién cttu nhitng anh hudng cia TCS
dén kha nang tang toc cua 6 to ban tai trong
cac truong hop cu thé khi bat dau tang tdc
trén cac loai mat duong khac nhau van con
han ché. Muc tiéu ctia nghién ctru nay la
1ap mot hinh md phdéng dong luc hoc tang
toc clia O to ban tai va khao sat nhitng anh
hudng cua TCS dén kha ning ting toc cua
6 t6 ban tai trong diéu kién mit duong wdt
v6i ham hé s6 bam mit duong theo cong
thirc Pacejka. Trong bai bdo nay, tac gia da
tién hanh khao sat 6 to ban tai Toyota Hilux
2020 céu sau chi dong khi bit dau tang toc
trén diéu kién mat dudng uot.

2. M6 hinh dgng luc hoc

Nghién ctru nay 1ap md hinh dong
luc hoc 6 t6 ban tai Toyota Hilux 2020 su
dung hé théng treo trudc doc 1ap va hé
théng treo sau phu thuéc. Nhém téc gia sir
dung phuong phép tach cu truc hé nhiéu
vat MBS dé thiét 1ap mé hinh dong luc hoc
cua 0 t0 ban tai nhu hinh 1 [5] [6].
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Hinh 1. Mé hinh déng luc hoc khéng gian 6 té bdn tadi
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Trong do:
- Oxyz: hé toa do ¢d dinh.

- ¢: trong tam cua khéi lugng duoc
treo.

-m; khéi luong duge treo quy vé tim
C (kg).

- z: chuyén vi theo phuong thing dimg
cua trong tam khoi lugng duoc treo (m).

- . goc lic doc cua than xe theo truc
Y (rad).

- B gbc lic ngang cua than xe theo
truc X (rad).

- fijz chuyén vi thiang dung cua trong
tdm khoi luong khong dugc treo trude (m).

-G d6 cung cua phan tir dan hoi hé
thong treo (N/m).

-K;: hé s can giam chan cta hé thong
mx=F  +F ,+F, +F

x11 x12 x21 x22
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treo (Ns/m).

-G d6 ctmg hudng kinh cua 16p tha
ij (N/m).

- L: chiéu dai co sé caa xe (m).

Véiilasd cau, i=1 (cau trude); i =
2 (cdu sau); j 1a trai phai, j = 1 (bén trai);
j =2 (bén phai).

Nhu vay, mo hinh ctua xe 0 t6 ban tai
s& ¢6 7 bac tu do bao gdbm: 3 bac ty do mod
ta chuyén dong cua than xe (z, o, B, 4
bac tw do m6 ta dao dong khéi lwong khong
dugc treo tai 4 banh xe (€, €, &,,,€,,)-
Céc tac gia st dung phuong trinh Newton-
Euler dé xay dung hé phuong trinh dong
luc hoc dao dong 6 to dugc thé hién qua
cac phuong trinh tir (1) dén (10) [5] [6].

Phuong trinh vi phan chuyén dong tinh
tién theo phuong x:

-F _—f.F,cos0—F_sinf (1)

Phuong trinh chuyen dong tinh tién theo phuong thang dimg cta than xe:
=F .+ F tEo,+ e+ Fo +Foy +Fopy + Fsy (2)

Cl11 K11 Cl12 K12

Phuong trinh chuyén dong tinh tién
theo phuong thang ding cua khdi luong
khong duoc treo:

JzC 'l/‘/C

(F,,-sin0, + F,.8in6, + F,.c086,, + F,,.c080,,).], + (F,,,

m; 93 =—(F] ki T Cy)+FCLy 3)

Phuong trinh xac dinh goc xoay than
xe quanh truc OZ:

- F;c21)'W2 (4)

+(F,,.cos0, —F,.cos9,, +F,,. sino,, — F,- sino,,).w, — (F +F22).l2

»21

Phuong trinh chuyén dong quay cta banh xe quanh truc y:

y
Céc tai trong thang ding F, duoc xac
dinh tur tai trong dong. Gia str xe tang toc
trén dudng bang voi gia toc ¥, luc quan
tinh m¥ gy ra thay doi tai trong & cac xe:

F =myx (6)
Phuong trinh phan luc ¢ banh xe:
[ hy X
F =F,22+F 22 (7
/ * 1 "7 g

Sy =My =My, =My, =My, — My, — F e (5)

2ijCxij

Trong do, F_ phu thudc vao céc yéu to
nhu mip mé mat duong, d nghiéng mat
du’ong, gid, luc quan tinh ly tdm khi ting
toc khi phanh hoic quay vong. Dé ting
tdc, ta phai tao ra luc twong tac 16p duong
bang cach cung cap mo men tai banh xe.
Luc kéo tiép tuyen F_ty 1€ véi luc phap
tuyén F_vah¢ s bam doc va dugc xac dinh
theo cong thuc:

TAP CHi KHOA HOC | rvsns52u00s



JOLIPI’ICI' o]( Science - V L U T E

F, = ur, ®)

Hé s6 bam 4, phu thudc vao cac yéu
t0 nhu cau trac cua 16p, bé mat duong, hé
s0 trugt theo phuong doc.

Hé sb truot doc A, cua bdn banh xe
khi tang toc do bién dang cua 16p xe trén
mdt duong. Khi tdng toc, van toc chuyén
dong tinh tién ctuia banh xe 16n hon van toc
chuyén dong tinh ti€n ctia 6 t6 (7, @, > X).

Heé sb truot doc & banh xe:
_ Ly Py X

Tay Pi

Khi hé sb truot nhd hon 10% thi hé sb

A

vij

©)

u(A) = D.sin{C.arctan[ B.A — E.(B.A —arctan(B.1))]}

Trong d6 voi mat duong udt ta co: B
=12 (1a hé sb do cung), C = 2.3 (1a hé sb
hinh dang), D = 0.82 (14 h¢ sb dinh), va E
=1 (1a hé s6 d6 cong), A 1a hé sd trugt cua
tung banh xe [7].

Dua vao h¢ phuong trinh dong luc
hoc dao dong cua 6 t6 ban tai, tdc gid xay
dung dugc mo6 hinh m6 phong dao dong
ctia 6 t bang phin mém Matlab-Simulink
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bam doc tuyén tinh. Khi hé sb trugt gan
bang 20% thi hé s6 bam doc dat cuc dai.
Khi h¢ s0 trugt 20 % <A, < 100 % thi h¢
sO0 bam doc 4, vuot qua can cuc dai, banh
xe bat dau bi truot.

Trong khi d6, diéu kién can va du dé 6
to chuyén dong 1a luc kéo < luc bam. Banh
xe bat dau truot dong nghia vai luc kéo o
banh xe chu dong dat té1 gidi han bam:

B > M (10)

Tac gia sit dung cong thirc Pacejka dé
mo ta hé s6 bam va moi quan hé cua no voi
hé so truot doc [7].

Ta c6 cong thirc:

(11D
nhu hinh 2. So d6 nay bao gém cac khbi
chtrc ndng nhu: khéi than xe, khdi banh xe,
khéi phan luc F, khéi luc can khong khi
F ., khéi tinh h¢ sb bam va lyc kéo tiép
tuyén F, khdi tinh hé sb trugt. Cac khéi
nay dugc lién két voi nhau qua cac khoi
chirc ning From va Goto, gitip dé dang
quan sat va kiém soét tinh chinh xac ciia
chuong trinh mé phong.

R aarag =

D_
E— n
e i B
< - JI|Y(0
D I
D' i o+ 8o 8
s =
= el
=B MR
B = * rL

Hinh 2. So d6 mé phéng déng luc hoc tdng téc 6 té bdn tdi
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3. Két qua nghién ctru va thio ludn

St dung phin mém Matlab-
Simulink dé khao sat anh huéng ciia TCS
dén kha ning ting téc cia 6 to ban tai
Toyota Hilux 2020 cdu sau chu dong trén
didu kién mat duong uét véi ham hé sd
bam mat duong theo cong thuic Pacejka.
Cho 6 t6 ban tai nay bat dau ting toc tir 0,
v6i dau vao mo hinh md phong theo d6 mo
clia budm ga tir 0 % dén 100 %, tir d6 suy
ra md men tuong (mg véi gia tri 0 Nm dén
400 Nm. Véi thong sb ky thuat cua ban tai
Toyota Hilux 2020 [8].

04 : _Giatbcxe

0.35

03

01

0.05

0 2 4 [ 8 10
Théni gian (s)

Hinh 3. Gia téc xe

Hinh 3 thé hién gia téc xe. Truong
hop xe ¢ TCS gia toc ting nhanh trong
gidy dau tién, dat gia tri hon 0.35 m/s* va
giit 6n dinh. Piéu nay cho thdy TCS giup
giam do truot & banh xe, cho phép ting toc
6n dinh ngay tir dau. O trudng hop khong
¢6 TCS, gia toc giam va ting cham hon.
Gia tc khong duy tri & mirc cao nhu xe
co TCS. Thay vao do, gia tri nay dao dong
quanh 0.1 - 0.15 m/s*, & giai doan dau
cho thiy hién tuong truot va mat kiém soat
hiéu qua tang toc.
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G Van téc xe
——— Khong TCS
CoTCS
35F
3 =
25F
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Théi gian (s)

Hinh 4. Vén téc xe

Hinh 4 thé hién van téc xe, & truong
hop ¢6 TCS xe tang toc 6n dinh dat gia tri
hon 3.5 m/s. Xe khong c¢6 TCS, kha nang
tang toc thap hon do tinh trang trugt & banh
xe chu dong, xe chi dat van téc hon 2 m/s.
Qua d6 cho thay xe c6 TCS c6 kha nang
tang toc tot hon.

Hidmulbﬁnpxeﬂ

——— Khéng TCS
CoTCS 4
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Hinh 5. Hé sé truot tai bdnh xe 21

Hinh 5 va hinh 6 thé hién hé s6 truot
& banh xe 21 (banh xe cau sau bén trai) va
banh xe 22 (banh xe ciu sau bén phai). O
banh xe 21, truong hop xe co TCS, hé s6
trugt duge duy tri On dinh ¢ mdc A=0.3
trong sudt thoi gian khao sat, cho thay TCS
d3 giup giam dang ké hé sé truot va lam cho
banh xe c6 d6 bam duong tét hon. Trudng
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hop khong c¢6 TCS hé s trugt ting nhanh
sau 1 gidy va duy tri & muc cao voi gid tri la
A =1, cho théy su truot 1on & banh xe nay
khi khong ¢6 TCS kiém soat. O banh xe 22
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4. Két luan

Nghién ctru d3 cho thiy rang khi 6 t6
ban tai Toyota Hilux 2020 bit dau ting

tdc tir 0 trén diéu kién mat duong udt voi
ham hé sb bam mat duong mat duong
theo cong thirc Pacejka. Hé théng TCS
gitup duy tri hé sb truot & muc phu hop
08} 1 voi gia tri 4=0.3, qua d6 lam giam d¢
04 {  trugt & banh xe chu dong, gitip banh xe
”r’ bam duong tot hon. Tir do, 1am cho 6 t6
il ban tai nay tang toc tot hon v mot gia
tdc va van tde 6n dinh hon so véi 6 té ban
tai khong su dung TCS.

cling twong tu nhu vay.
> Hé sé truot tai bin‘h xe 22

Khdng TCS

08

A22

0 2 4 6 8 10
Thoi gian (s)

Hinh 6. Hé sé tru'at tai bdnh xe 22
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