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TOM TAT

Tai Viét Nam, théng ké cho théy nhiéu vu tai nan giao thong lién quan dén 6 t6 bét nguén tir hiéu
suat phanh kém, dic biét khi xe quay vong trén bé mit dudng c6 hé s6 bam thap, nhu duong tron hoic
wdt. Pidu nay nhan manh su can thiét phai nang cao hiéu qua phanh va duy tri 6n dinh huéng cua xe.
Dé giai quyét van d¢, cdc hé thong phanh hién dai véi diéu khién dién tir nhu phan phdi luc phanh
(EBD) va hd trg phanh khan cap (BA) da duoc trién khai rong rii. Nghién ctru ndy st dung phan mém
Matlab Simulink dé mé phong va danh gia hiéu qua cta hé thong EBD va BA trén xe tai trong diéu
kién quay vong. Két qua chi ra rang, khi so sanh xe tai c6 trang bi hé thong EBD va BA v&i xe khong
duogc trang bi trong diéu kién mat duong nhua kho, béng phéng, v6i hé s6 bam 0,8 va hé sb can lan
0,015, cac hé théng nay gitp giam thoi gian phanh tir 8 gidy xudng con 6,2 gidy, quing dudng phanh
tir 45m xudng 32m, ddng thoi cai thién dang ké kha niang 6n dinh hudng cia xe. Nghién ciru d 1am rd
vai trd quan trong ctia cac hé thong phanh tién tién trong viéc ndng cao an toan giao thong, dong thoi
cung cap co sé khoa hoc cho viéc thiét ké va phat trién cac hé thong phanh hién dai trong twong lai.

Tir khéa: Péng liee hoc 6 t6, hé thong phin phéi lwc phanh, hé thong phanh ABS, hé thong hé tro
phanh khan cdp, quay vong 6 t6.

STUDY ON THE DYNAMICS OF TURNING TRUCKS EQUIPPED WITH EMERGENCY
BRAKE ASSIST AND BBRAKE FORCE DISTRIBUTION SYSTEMS

ABSTRACT

In Vietnam, statistics indicate that many traffic accidents involving automobiles stem from poor
braking performance, particularly when vehicles turn on low-traction road surfaces, such as wet or
slippery roads. This underscores the necessity of enhancing braking efficiency and maintaining
vehicle directional stability. To address this issue, modern braking systems with electronic controls,
such as Electronic Brakeforce Distribution and Brake Assist, have been widely implemented. This
study employs Matlab Simulink software to simulate and evaluate the effectiveness of EBD and BA
systems on trucks during turning maneuvers. Results reveal that, under conditions of dry, flat asphalt
roads with a friction coefficient of 0.8 and a rolling resistance coefficient of 0.015, trucks equipped
with EBD and BA systems reduced braking time from 8 seconds to 6.2 seconds and braking distance
from 45m to 32m, while significantly improving directional stability. The study highlights the crucial
role of advanced braking systems in enhancing traffic safety and provides a scientific foundation for
designing and developing modern braking systems in the future.

Keywords: Anti-lock braking system, brake force distribution system, emergency brake assist system,
vehicle dynamics, vehicle turning.
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1.PAT VAN PE

Tai nan giao thong la mdt trong nhiing
van dé nghiém trong & Viét Nam, véi s6 luong
vu tai nan ¢ lién quan dén 6 t6 ngay cang gia
tang. Theo thong ké ctia Bo Giao théng Van
tai, nhiéu vu tai nan xay ra do hi¢u sudt phanh
kém, dic biét trong céc tinh hudng xe quay
vong trén mat duong tron hodc udt, khi luc
bam gitta banh xe va mat dudng giam sat. Didu
nay dan dén nguy co mat kiém soat phuong
tién va gia tang kha nang va cham.

Pé cai thién tinh hinh nay, cic hé théng
phanh hién dai d3 duoc phat trién va ung dung
rong rai, ddc biét 1a hé thdng phan phdi luc
phanh (EBD) va hd trg phanh khan cip (BA).
Céc nghién ctru trude day da nghién cuu céac
khia canh 1y thuyét va tmg dung cua cic hé
théng phanh trong diéu kién dudng khé rdo,
nhung chua tap trung vao hiéu qua cta cac hé
thng phanh dién tir khi xe quay vong trén mit
duong tron (Nguyén Hitu Cin & cong su,
2000; Nguyén Hiru Can, 2004). Viéc thiéu
nghién ciru vé cac yéu té nay khién cho cac
giai phap an toan giao thong chua dugc ti uu
héa hoan toan trong thyc té.

Bai nghién ctou cua Gunjate va Khot
(2023) da chi ra rang hé thong hd trg phanh
khan cap (BA) két hop v6i cong nghé diéu
khién béng Pulse Width Modulation (PWM)
va Fuzzy Logic, cung v6i hé théng phanh
chdng b6 cting (ABS), c6 thé cai thién dang ké
hiéu qua phanh va giam thiéu céc tai nan giao
thong trong diéu kién phanh khan cap (Gunjate
& Khot, 2023). Tuy nhién, mac du cac h¢
théng nay da duoc ap dung rong rii trong cac
phuong tién hi¢n dai, nhung chua c6 nghién
ctru day du vé sy hiéu qua cua chung khi xe
quay vong, dic biét 1a trong diéu kién xe tai.

Chinh vi vy, nghién ctru ndy nham lam rd
va danh gia hiéu qua cia cic hé thong phanh
EBD va BA trén xe tai trong diéu kién quay
vong. Mic du cac hé thong phanh dién tir hién
dai da duoc ap dung phd bién trén nhiéu dong
xe, nhung van thiéu nghién ciru chuyén sau vé

hiéu qua cta cac hé théng nay trong diéu kién
van hanh thuc té tai Viét Nam. Diéu nay dac
biét quan trong ddi voi cac phuong tién tai
trong lon, noi sy on dinh va hiéu qua phanh
cang tré nén quan trong hon bao gio hét.

Phuong phép nghién ctru ma nhom téc gia
su dung trong nghién ctu nay 1a mo phong
dong luc hoc cua xe tdi trong phﬁn mém
Matlab Simulink, nhiam danh gia cac tic dong
cia hé théng EBD va BA trong tinh hudng
quay vong. Nghién ctru nay khong chi giup xac
nhan hiéu qua cua cac hé théng phanh dién tir
hién dai trong tinh hudng thuc t& ma con dong
gbop vao vi¢ce cai thién cac gidi phép an toan
giao thong, nang cao dJ tin cay va hi¢u qua ctia
hé thdng phanh trong céc tinh hudng khan cap.

Nghién ctru cta chung t61 sé gitip lam rd
cac diém manh va yéu ctia hé thong phanh dién
tir trong diéu kién quay vong, tir d6 dua ra
khuyén nghi cho viéc thiét ké va tmg dung cac
hé thong phanh trong twong lai, giup ting
cudng an toan giao thong va giam thiéu tai nan.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. P6i twong nghién clru

Déi twong nghién ciru: Hé théng hd trg
phanh khén cap dugc lap trén xe 6 to tai khi di
vao duong vong.

Khdo sat chuyén dong ciia xe 0 to tai
trong diéu kién mat duong nhwa khd bang
phang, hé s6 bam cia cic banh xe 1a giéng
nhau va 13 0.8, hé s6 can lin 12 0.015 (Nguyén
Hiru Can & cdng su, 2000).

2.2. Phuwong phap nghién ciru ké thira tai
liéu

Thu thap, suu tam cac tai lidu chuyén mon
lién quan dén linh vuc dong luc hoc cua xe 0 td
dé 1am co s& cho viéc nghién ctru 1y thuyét.
2.3. Phuwong phap nghién ciru ly thuyét

Tac gia s€ nhan dugc Biéu mau theo quy
dinh cia Tap chi. Str dung 1y thuyét 6 t0, co
hoc k§ thuat dé xdy dung mé hinh tinh todn
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dong luc hoc chuyén dong cuia xe 6 to tai nho 3.1. M6 hinh dong lwc hQc
c6 trang bi hé théng phanh khan cap khi di vao

. . CoeE ) Trong qué trinh 6 t6 quay vong, cac luc va
duong vong véi cac van toc khac nhau.

mo men tac dung vao xe 0 to6 dugc mo ta trén
3. KET QUA VA THAO LUAN Hinh 1 va Hinh 2 (Nguyén Hitu Can va cong
su, 2000; Nguyén Hiru Can, 2004).

Hinh 1. Cac lyc va mé men tic dung 1én 6 t6 trong mit phiang ngang

Nguén: Nguyén Hitu Can va cong s (2000) va Nguyén Hiru Can (2004)
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Hinh 2. Cac lyc tac dung 1én 6 té trong mit phang doc

Nguén: Nguyén Hitu Can va cong s (2000) va Nguyén Hiru Can (2004)

Theo nghién ctru ciia Nguyén Hitu Can va cac phuong trinh dong luc hoc quay vong cua
cong sy (2000) va Nguyén Hiru Can (2004) ta cd 0 t0:
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Tai trong thang ding tac dung 1én 4 banh xe nhu sau:
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Tmeg+az'+az  (7)
s P Z s

Su chénh I¢ch tai trong gitra banh trudc va banh sau:

AZ=[v'cosaL — (o’ +¢&)sin oc]m;h ®)
)

Su chénh I¢ch tai trong gilta 2 banh xe phia trudc:

A 142 b

Z, =——[m'.—p,+
’z,R[ TR

M6 men phanh ciia co cdu phanh banh xe

Trong do:

v: Gia tdc cia 6 to (m/s?);

o : Van toc goc I¢éch than xe (rad/s);

¢ : Gia tdc goc xoay than xe (rad/s);

F: Luc doc tac dyng 1€n 06 t6 trong qua
trinh chuyén dong (N);

p,: Luc can lan (N);

s: Cac phan lyc ngang cia mat dudng tac
dung 1én vét ctia banh xe (N);

_: M6 men can quay (rad/s);

B : Goc danh lai (rad);

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

m: Khéi lugng cua toan xe (kg);

m’: Khéi lugng phan duge treo cua 6 to
(kg).

m,”: Khi luong phan khong duoc treo cau
trude (kg);

ms”’: Khdi lugng phan khong duoc treo cau
sau (kg);

+C m'h'_m_i(.gz___hz_")_m_i(.gv_iv_i).+m A n] (9)
& Cg,+ng _mvghv t ot

(10)

TCdz 2
M, =KC——rs=1.57K,Crd 1

h: Chiéu cao trong tdm xe (m);

h’: Chiéu cao trong tim phéan duoc treo ciia
0 t6 (m);

h,”: Chiéu cao ctia phan khong dugc treo cau
trudc (m);

hs”: Chiéu cao cua phan khong duogc treo cau
sau (m);

I: Chiéu dai co s& caa 6 t6 (m);

R: ban kinh quay vong thuc té cia 6 to
(m);

K,: Hé sb tang ap suit;

C: Ty sb truyén tong cta co ciu phanh;

d: dudong kinh xy lanh (m).
3.2. Két qua khao sat

Tur cac phuong trinh dong luc hoc cta xe
6 t6 khi di vao duong vong tir (2) dén phuong
trinh (11), sit dung phan mém Matlab Simulink
nhom tac gia da xay dung so d6 mo phong hé
thdng, cu thé 1a:
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Hinh 3. So' @6 khéi md phéng phwong trinh (1)

Nguon: Két qua xir 1y tir di¥ liéu khdo sdt

Hinh 4. So' d6 kh6i mé phéng phwong trinh (2)

Nguon: Két qua xir 1y tir dir liéu khdo sat

Hinh 5. So' @6 khdi md phéng phwong trinh (3)
Nguon: Két qua xir 1y tir di¥ liéu khdo sat

Hinh 6. So d0 khéi md phéng phwong trinh (4), (5), (6), (7), (9)
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Nguon: Két qua v Iy tir dir liéu khao sat
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Hinh 7. So' @6 khoi mé phéng phwong trinh (8)

Nguon: Két qua v 1y tir dit liéu khdo sét

BangbangpyqraulicLagz  Brake  Fowez
1 pressutet 1 orqued 1

controller

Hinh 8. So' @ khoi mé phéng phwong trinh (10)

Nguon: Két qua v 1y tir dit liéu khao sét

Khao sat xe 6 to c6 hé thong phanh tich va véi cac thong s cia xe Suzuki Carry Pro
cuc, dong co dit phia trude, cau sau chu dong 2023 nhu Bang 1 (Gunjate & Khot, 2023).
Bang 1. Thong s ciia xe 6 td khao sat

Tén goi Pon vi Gia tri
Khoi lugng toan bg xe khi day tai kg 2010
Chiéu dai co s¢ 0 tO m 2,205
Khoang céch tir trong tdm - cau trudc m 1,1
Khoang céch tir trong tdm - cau sau m 1,105
Chiéu rong vét 16p banh xe trudc m 1,465
Chiéu rong vét 16p banh xe sau m 1,46
Chiéu cao trong tdm 0 t0 m 0,506
Chiéu cao trong tam cua phan duogc treo m 0,547
Ty s0 truyén cua hé thong lai 21.2

Nguon: Gunjate va Khot (2023)

V6i hé phuong trinh dugc trén, sit dung {mg v6i truong hop diéu khién goc xoay vanh
chuong trinh Matlab Simulink (Shinko & cdng tay lai dugc xac 1ap (Hinh 8).

su, 2020) mo phong ta duoc két qua mo phong

Signal 1

0 1 2 3 4 5 6 7 8 9 10

S0 16(2025), 73-82 78 Tap chi Khoa hgc va Cong nghé




KY THUAT VA CONG NGHE

Pao Dirc Thu va cfng sw

Hinh 8. M0 phéng goc xoay vanh tay lai

Nguon: Két qua xir Iy tir dir liéu khdo sdt

V61 cach mo phong goc xoay vanh tay 1ai
nhu trén ta thiy ngudi 1ai s& quay vong tay li 1
gbc la 2 rad (114,59 d9) trong vong 2 gidy, sau
d6 gitt nguyén tay 1ai dé xe di 6n dinh trén
duodng vong.

80

Khao sat xe 0 t6 chay & cac van toc ban
dau 1a 60 km/h, van téc goc banh xe khi xe
khong dugc trang bi hé théng EBD va duoc
trang bi hé théng EBD duoc thé hién ¢ Hinh 9
va Hinh 10.
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Hinh 9. P thi van tdc géc banh xe khi phanh khong c¢6 EBD

Nguon: Két qua xir 1y tir di¥ liéu khdo sat
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Hinh 10. Do thi vin téc goc banh xe khi phanh c6 EBD

Nguon: Két qua xir 1y tir di¥ liéu khdo sat

Trén hinh v€ trén, khi xe c6 trang bi h¢
théng phanh ABS c6 chtic ning EBD thi van
tdc goc cac banh xe khi phanh giam nhanh hon
va sau 6,2s thi bang 0, con v6i xe khong co
EBD thi khi phanh trén duong vong cac banh
xe sau hon 8s moi bang 0, nhu vay thoi gian
phanh xe c6 EBD ngin hon xe khong c6 EBD.

M6 men phanh & cédc banh xe khi xe
khong dugc trang bi hé théng EBD va duoc
trang bi hé thong EBD dugc thé hién & Hinh 11
va Hinh 12.

a 5
thoi gian t(s)

Hinh 11. D6 thi md men phanh ¢ cac banh xe khi phanh khéng ¢6 EBD

Nguon: Két qua xir 1y tir di¥ liéu khdo sat
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Hinh 12. P6 thi m6é men phanh & cac banh xe khi phanh c¢6 EBD

Nguon: Két qua xir Iy tir dit liéu khdo sdt

Qua d6 thi ta thay khi xe di vao duong
vong, do co su thay ddi tai trong tac dung 1én
cac banh xe bén trong va bén ngoai duong
vong, tang tai ¢ cac banh xe (banh xe 1) bén

md men phanh tai cac banh xe bén trong duong
vong (giam md men phanh tai cac banh xe
2.4).

Van toc goc banh xe khi xe khong dugc

ngoai va giam tai ¢ cac banh xe bén trong
(banh xe 2), khi phanh xe c6 trang bi hé thong
EBD s& phan b tai rong tac dung 1én cac banh
xe, tdng mo men cho cac banh xe bén ngoai
(tang m6 men phanh cho banh xe 1,3) va giam

trang bi hé théng BA va duogc trang bi h¢ théng
BA duogc thé hién ¢ Hinh 13 va Hinh 14.

S e
w o\
- \
\J\/\

w
o AN
2o \’\'\«
10 \

o \

o E Bl E) B B © ki B

Hinh 13. Do thi van téc goc banh xe khi phanh khong c6 BA
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Hinh 14. Do thi véan tdc goc banh xe khi phanh cé BA

Nguon: Két qua xir Iy tir dir liéu khdo sdt
Qua db thi trén ta théy khi phanh xe trén
duong c6 hé sé bam cao, xe trang bi hé¢ théng
ABS ¢6 chtic niang BA khi phanh van tdc goc
c4c banh xe nhanh chong giam xudng, véi xe
c6 BA 14 6,2s con vai xe khong c6 BA 1a 7,2s.

Quang duong phanh khi xe khong dugc
trang bi hé thé)ng BA va dugc trang bi hé thé)ng
BA dugc thé hién & Hinh15 va Hinh 16.
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Hinh 15. Quang duwdng phanh khi phanh khong c6 BA

Nguon: Két qua xir 1y tir di¥ liéu khdo sat
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Hinh 16. Quang duwdng phanh khi phanh ¢6 BA

Nguon: Két qua xir 1y tir di¥ liéu khdo sat

Qua db thi trén ta thay, khi xe c6 trang bi
hé théng phanh ABS+BA thi khi phanh trén
duong c6 hé s6 bam cao thi van tdc giam
nhanh hon xe ¢6 trang bi ABS khong c6 chuc
nang BA.

Khi phanh xe c6 ABS+BA quang duong
phanh 1a 32m, trong khi xe khong c6 chuc

nang BA, quang duong phanh 1a 45m. Nhu vay
v6i xe ¢6 trang bi hé thong phanh ABS +BA sé&
rt ngin duoc quing dudng phanh khi phanh.

Hé s trugt banh xe khi xe khong duogc
trang bi hé théng BA va duogc trang bi hé théng
BA duoc thé hi¢n & Hinh 17 va Hinh 18.

0.25
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Hinh 17. Hé s6 trwot cic banh xe khi phanh khong c6 BA

Nguon: Két qua xir 1y tir di¥ liéu khdo sat

So1

a
thoi gian s)

Hinh 18. H¢ s6 trwot cac banh xe khi phanh c6 BA
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Nguon: Két qua xir 1y tir di¥ liéu khdo sat

Ta thdy tai thoi diém t= 3s v6i xe ¢o trang
bi hé théng phanh ABS+BA thi hé sb trugt cac
banh xe tdng nhanh, bién d¢ giao dong 16n hon
xe ¢6 hé thong phanh khong co chirc ning BA,
khi t=4s ltic nay bién do giao dong cua hé sb
trugt cac banh xe trong hai truong hop 1a nhu
nhau do luc nay hé thong ABS-ECU dang diéu
khién do trugt theo gia tri ngudng.

4. KET LUAN

Nhom tac gia di s dung phan mém
Matlab Simulink dé nghién ctru dong luc quay
vong clia xe O to tai co trang bi hé thong phanh
ABS c6 chiic nang EBD va BA. Thong qua két
qua nghién ctru thi ta d3 dwa ra cac vu diém noi
bét ctia hé thong phanh c¢6 diéu khién dién tir so
v6i hé théng phanh thong thuong nhu sau:

Tao ra dugc luc phanh theo céc ché do
lam viéc ciia xe dam bao diéu kién bam giita
banh xe voi mat duong, duy tri duoc hé sb
trugt cic banh xe ndm trong gia tri ngudng, tao
ra dugc md men phanh thay doi phu hop véi
cac trang thai lam viéc cua xe khi mang tai va
khi phanh xe trén duong vong.

Tao ra dugc lyc phanh c6 gia tri 16n trong
thoi gian ngan, qua d6 nang cao hiéu qua
phanh.

Qua nghién ctru ndy cho thiy tdm quan
trong ctia xe c6 trang bi hé théng phanh dién tir
ABS ¢6 cac chirc nang EBD va BA ddi véi su
an toan cua xe khi luu thong trén duong va
nang cao dugc cc tinh ning ciia xe nham giam
cing thang cho ngudi diéu khién tiét kiém thoi
gian.
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