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Ngay phan bign. 20/1/2024 Currently, most personal cars applied Anti-lock Braking
Ngay chap nhan: 15/2/2024 Systems (ABS) to meet increasing requirements for speed and
Title: Influence of speed and safety when operating. Braking efficiency is one of the criteria to
adhesion coefficient on the evaluate the quality or reliability of the braking system through
brake effectiveness of the criteria such as braking distance, deceleration when braking, and
ABS brake system on cars. braking force applied to the wheels. This study aimed to present

the process of investigating the influence of vehicle speed and
road surface adhesion coefficient on the effectiveness of ABS.
This simulation based on automotive theory combined with

Keywords: abs braking
system, adhesion coefficient

matlab/simulink

) Matlab/Simulink to visually describe the relationship between
Tir khoa: phanh abs, h¢ so variables in the ABS. Simulation resulted from Matlab/Simulink
bam, matlab/simulink showed that braking distance and braking time were proportional

to the speed before braking and inversely proportional to the
adhesion coefficient. This simulation result was completely
consistent with the published experimental results. It showed that
this study was reliable and can be applied to calculate and
simulate specific types of cars under specific conditions.
TOM TAT

Hién nay, phan lén cdc 6 16 cd nhan déu sir dung hé thong
phanh chéng ham cimg, Anti Braking System (ABS) nham ddp
Ung yéu cdu ngay cang cao vé toc dé va mirc dg an toan khi vin
hanh. Hiéu qua phanh o mét trong nhitng tiéu chi danh gid chdt
lirong hay do tin cdy cia hé thong phanh théng qua cdc chi tiéu
cdc chi tiéu nhw quéng dwong phanh, gia téc chdm dan khi phanh,
licc phanh téc dung & cdc banh xe. Nghién ciru nay trinh bay tién
trinh khao sat sy anh huong cua van t6¢ xe va hé sé bam cia mdt

93



Tap chi Khoa hoc va Kinh té Phat trién T ruwong Pai hoc Nam Can Tho

ISSN: 2588 1272. 56 28 (2024)

dieong dén hiéu qua ciia phanh ABS, nay dira trén co sé 1y thuyét

6 16 két hop véi phan mém mé phong Matlab/Simulink, nham mé

ta mot cach triec quan moi quan hé giita cdc bién so trong hé
thong phanh ABS. Két qua mé phéng tie Matlab/Simulink cho
thdy, quang dwong phanh va thoi gian phanh ti 1é thudn véi vin

toc triede khi phanh va ti 1é nghich voi hé sé bam. Két qua mé

phong hoan toan phit hop véi cdc két qua thwe nghiém da dwoc

céng bo, cho thay mé hinh nay cé dg tin cdy va cé thé dwoc img

dung dé tinh todan va mé phéng cho cdc logi 6 t6 cu thé trong

nhirng diéu kién cu the.

1. GIOI THIEU

Trong truong hop phanh khéan cp, hau hét
nguoi lai xe s€ ngay lap tirc dap va giir ban dap
phanh. Khi 6 t6 phanh gip, néu banh xe bi b6
cirng va truot thi luc bAm ngang gitra banh xe
va midt duong s& bién mat hoan toan. Néu chi
¢ xe dan hudng bi bo cling va truot trong khi
banh sau van lan thi xe s& bi mat kha ning lai;
Néu chi khéa banh sau va trugt trong khi banh
trude van lan thi xe ciing s& xay ra hién tugng
trugt ngang ngay ca khi nhan mot luyc tac dong
ngang nho. Pay 1a nhitng diéu rat dé gay ra tai
nan giao théng nghiém trong. B¢ tranh tai nan
giao thong do xe truot, can phat trién hé théng
chdng b6 cung phanh (ABS) ldy toc do truot
lam muc tiéu dé kiém so4t [1],[2]. ABS 1a mot
trong nhitng yéu té chinh giup nang cao hiéu
suit an toan cua 6 t6. Hién nay, v&i su phat
trién nhanh chong cua céng nghé may tinh va
cong nghé phan mém, viéc md phong hoat
dong cua cac hé théng trén 6 t6 trd nén don
gian. N6 da dugc sir dung rong rai trong nghién
ctru va phat trién 6 t6. Bai bao nay mé ta tién
trinh thiét lap md hinh toan hoc cho h¢ théng
phanh ABS va sit dung phan mém mé phong
Matlab/Simulink dé mé phong. Muc tiéu 1a so
sanh anh huong cua véan tdc va hé sb bam dén
hi€éu qua phanh cua xe 6 t6. V&i muc ti€u tao

ra mo hinh mé phong co cau phanh hé trg hoat
dong nghién ctru va gidng day.
2. PHUONG TIEN VA PHUONG PHAP
Phuong phap nghién ctru chinh trong dé tai
nay 1a két hop gitra viéc tham khao tai liéu va
xdy dung mé hinh mo6 phong trén phin mém
Matlab/Simulink.
2.1 M6 hinh toan hoc
2.1.1 Hé 56 bam
Hé s6 bam phu thudc nhiéu yéu t6 nhu loai
mat duong va tinh trang mat duong, két cdu va
nguyén liéu 16p, ap sudt khong khi & trong 16p,
tai trong tac dung 1én banh xe, toc do chuyén
dong cua xe, diéu kién nhiét d6 lam viéc, do
trugt gitta banh xe vdi mat duong,... Khi xe
chuyén dong ¢ toe d6 khong doi thi ti 16 giira toc
do xe (V) va tdc d6 banh xe (Viy) 14 khong doi.
Tuy nhién, khi nguoi lai xe tdc dong 1én phanh
thi Vi va Vi s& khac nhau. Sy khac nhau dé
duoc déc trung béng hé s6 trugt tuong ddi A va
duoc xéac dinh theo biéu thire nhu sau:

A =W.100% 1)

V, la téc d6 tdm banh xe; ruy 12 ban kinh lan
ctia banh xe; oy la van tde goc cua banh xe. Khi
l3n thuan tay, tde do xe v=o *r, d truot A=0;
trong truot thuan ty, van tdc géc cua banh xe
oy =0, tdc do trugt A=100%; khi banh xe trugt
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v lan 1a 0<A<100 %. Vi thé, kich thudc cta tc
d6 truot phan anh ty 1¢ thanh phan truot trong
quéa trinh banh xe chuyén dong. Tbc dd trugt
cang 16n thi thanh phan truot trong qua trinh
chuyén dong ctia banh xe cang 16n. Theo duong
cong quan h¢ gitra hé s6 bam va tdc do truot khi
phanh, khi gia tri tdc dd truot banh xe dugc
kiém soat gan muc truot toi wu 1a 20% thi 6 t6
s& dat dugc hiéu qua phanh tot nhat dong thoi
¢6 d6 6n dinh hudng tot hon. Gia tri ciia hé s6
bam chu yéu phu thudc vao chat liéu mat duong,
tinh trang mat dudng, cau tric cua 10p, kiéu gai
16p, vt lidu va téc do cua xe [3]. Nhiém vu co
ban cua hé théng ABS 1a gitr cho dé truot tuong
d6i ctia banh xe trong qua trinh phanh dat gia tri
trong gidi han ho. M6i lién hé giita hé s6 bam
doc ¢x va hé s bam ngang ¢y theo do truot
tuong ddi cua banh xe khi phanh.
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Hinh 1. Quan h¢ ciia hé s6 bam doc @«
va bam ngang @, theo dd trugt twong doi A
cua banh xe khi phanh
2.1.2 Nguyén Iy lam viéc hé thong phanh ABS
H¢ thong phanh ABS thuong bao gdm cam
bién téc d6 banh xe, thiét bi diéu chinh ap suat
phanh, thiét bi diéu khién dién tir va dén canh
bao ABS. O céc hé théng ABS khac nhau, cdu
tric va logic diéu khién ciing c6 thé khac nhau.
Thiét bi didu khién dién tir (ECU) gidm sat va
danh gid trang thai chuyén dong cua timg banh
xe theo tin hiéu ddu vao cta tirng cam bién toc

d6 banh xe va hinh thanh céc 1énh diéu khién
tuong tng [4],[5]. Qua trinh diéu khién cia co
cAu ABS duoc thuc hién theo mdt chu trinh kin
nhu hinh 2. Cc cym ctia chu trinh bao gom:

- Tin hiéu vao 1a luc tdc dung 1é€n ban dap
phanh ctia ngudi 1ai xe, thé hién qua ap suat dau
tao ra trong xylanh phanh chinh.

- Tin hiéu diéu khién bao gém céc cam bién
toc d¢ banh xe va ECU. Tin higu téc do cac banh
xe va cac thong s nhan duoc tir nd nhu gia tdc
va dd truot lién tuc duge nhan biét va phan hoi
vé hop diéu khién dé xir ly kip thoi.

- Tin hi¢u tac dong dugc thuc hién boi bo
chap hanh, thay dbi 4p suat dau cip dén céac
xylanh 1am viéc & c4c co cdu phanh banh xe.

- Péi tuong didu khién: 1a lyc phanh giita
banh xe va mat duong. ABS hoat dong tao ra
momen phanh thich hgp & céc banh xe dé duy tri
hé sb bam tdi vu gitra banh xe va mat duong, tan
dung kha nang bam cuc dai lyc phanh 1a 16n nhét.

- Cac yéu té anh huong: nhu diéu kién mit
duong, tinh trang phanh, tai trong cua xe, va
tinh trang cua 18p (ap suét, dd mon...).

2.2 Xay dung mo hinh toan

Mb hinh toén hoc cta hé thong phanh gom
md hinh dong luc 6 t6, md hinh 16p xe va mo
hinh phanh. Do viéc thiét lap mo6 hinh dong luc
hoc 6 t6 13 mot qua trinh phirc tap nén bai viét
nay st dung mé hinh mot banh xe dé thiét lap
mo hinh ddng luc hoc 6 t6. M6 hinh mgdt banh
don gian dugc thé hién trén Hinh 2.

Hinh 2. Cac lyc tac dung 1én banh xe khi phanh
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Dé tinh toan van toc cua xe, ta s& tinh gia toc
gbc dira vao mo men 16p xe, khdi luong va ban
kinh cua banh xe. Cudi ciing ta 1ay tich phan gia
téc goc s& duoc van tdc cua xe.

F=m.a 2)
T=F.R=m.aR 3)
Tu (3) ta cé:

T
a = ﬁ (4)
Va:
v=[a.dt (5)

M6 men 16p xe dugc tinh theo cong thirc:
T = uNR (6)

Trong dé:

u: hé s6 bam

N: lyc mdi banh xe = (mg)/4

R: ban kinh banh xe

1.2

Dé 1am co sé xay dung mo hinh Simulink,
b thi biéu dién quan hé gitta hé s6 bam va ty 18
truot doc nhu hinh 3 duoc tham khao cho moé
phong. Trong d6, hé s bam c6 hiéu qua t6i vu
gid tri trong mot ving cu thé trén duong cong ty
1€ trugt banh xe, gia tri nay la khoang 20%, mac
du gia tri nay c6 thé thay ddi do loai duong thay
d6i, nhu dugc hién thi tir hinh, di véi tit ca cac
loai duong, hé s6 bam c6 gid tri toi vu gan dén
20%, trong khi gid tri ciia né kém nhét & gia tri
ty 1& truot 100%. Vi vay hé théng phanh ABS
co chue nang la dam bao hé sb truot dat gia tri
mong mudn 1a 20%, dé dam bao hé sé bam la
t6i da bt ké loai duong.
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Hinh 3. Puwong cong quan hé giira hé s6 bam va ty 18 truot doc

Khi thyuc hi¢n phanh, can tao ra mdt luc 16n
hon luc cua 10 xo phanh va xi lanh phanh. Dat
luc nay la Py, thi mé men phanh tuong ung co
thé duogc biéu thi bang cong thirc (7)

T, =0 P <P,
n —K(P-Py)  P>B, o
Trong do:
Tp la m6 men phanh (N.m);

K13 hé s6 ham phanh (N.m/kPa);
P 12 4p suét thity luc (kPa);

Van dién tr trong hé théng ABS c¢6 chiric
ning dong/mé dau phanh nham ting hodc giam
ap suét thuy luc. Van dién tir nhan céc tin hiéu
diéu khién 1am dAu vao va diéu chinh dong chay
chat long nhu dau ra. Ham truyén thuy lyc duge
don gian héa co thé duge xac dinh theo cong
thirc (8). Van dién tur c6 thoi gian dép tng (TB)
thuong gan 10 ms, do d6 tham sé quan tinh trg
thanh 0,01 va (K), ttc d6 1oi phanh ldy 1000. Vi
vay ham truyén thay Iyc theo cong thic (9)
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K
a(s)= (TB*S+1) @®
1000

( )_(0.01*S+1) ®

2.3 Xay dwng mé6 hinh Simulink
MBS hinh Simulink dugc thiét 1ap c6 tich hop
02 mo hinh con gém: mo hinh so sanh do truot

(Hinh 7) va mé hinh hé théng ABS (Hinh 6).
Trong md hinh con hé théng ABS nhém tac gia
str dung md hinh b diéu khién bang-bang. Cac
thong sé dau vao dugc 4p dung trong mo hinh
dugc liét ké trong Bang 1. So dd céc khéi trong
mb hinh simulink hé théng phanh ABS mo ta &
Hinh 4.

0.2 —b@
Y

Do treot mong mubn

» ()

D6 truot thurc té

momen |6p xe

1-D T(u)

o truot thuc té

18i
Van téc banh xe C]
Momen I6p -
Van toc banh xe
1 R : J
-1/m s
Van téc xe
STOP
N
khoang cach dirng

Hinh 4. M6 hinh simulink h¢ thong phanh ABS

> - A A 3A \ - A 13 . .
Bang 1. Cac thong so dau vao ciia mo hinh simulink

Théng sb Ky hiéu Gia tri
Gia toc trong truong (m/s?) g 9,81
Quan tinh banh xe I 5
Van toc ban dau (km/h) Vo 36; 54; 72; 90
Bén kinh banh xe (m) R 0,25
Khoi lugng xe (kg) m 1.500
Do trugt mong mudn [0) 0,2

Bo diéu khién bang — bang hoat dong nhu bo
diéu khién bat-tat, con duoc goi 1a bo didu khién
tré st dung trong nhiéu linh vuc cia hé thong
diéu khién cong nghiép, dic biét bo diéu khién
nay con noi tiéng 1a bo diéu khién hai bude, hoat
dong phan hoi. Bo diéu khién chuyén dot ngot
gitta hai trang thai 1a gidi han trén va gidi han
dudi, va né hoat dong khi c6 su khic biét (15i)
gitta diém dat (gid tri mong mudn) va cac gia tri
hién tai. Trong bai béo ndy, bd diéu khién bang-
bang ctiia ABS hoat dong theo céac gia tri lién tuc
sai sb gitra h¢ sb truot thuc té va hé s trugt

mong mudn, trong do: gia tri cua hé sb truot
mong mudn 13 0,2. Bo diéu khién bang-bang ¢
dau ra 1 néu dau vao cao hon 0 va c6 dau ra -1
néu dau vao 1a thap hon 0, bd diéu khién bang-
bang dugc gidi thich trong Hinh 5.

L6i

>
<

Bang-Bang Controller

Hinh 5. B$ diéu khién Bang — bang
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Dé kiém soat tdc do thay doi 4p suat phanh,
mo hinh s& trir d6 trugt thue té khoi do truot
mong mudn va dua tin hiéu ndy vao bo diéu
khién bang-bang (+1 hodc -1, tiy thudc vao dau
hiéu 151). Téc do bat/tat nay vuot qua do tré bac
nhat thé hién do tré lién quan dén duong thuy
luc ciia hé théng phanh.

1000 1
i L8i -+ 0L +1 L/t . : !
N . s
m 001s+1 Van tc banh xe
Bang-Bang Controller D6 08 thiy Ivo

lyc phanh
(@D}
Momen 16p

Hinh 6. M6 hinh hé thong con phanh ABS

M0 hinh so sanh d¢ trugt nay dugc thuc hién
cho mdt banh xe, tdc dd ctia banh xe va xe dugce
tinh todn va so sanh véi két qua truot thuc té,
sau d6 ¢b géng diéu chinh do truot thuc té dén
d6 trugt mong mudn bang 0,2 nhu da trinh bay
Hinh 3. Méi quan hé giita téc d6 banh xe va tdc
do xe thong qua dd truot nhu da trinh bay &
cong thuc (1)

4@‘ <)

Po truot thuc té Van tbc banh xe

e

Van tbc xe

Hinh 7. M6 hinh so sanh d¢ trugt

3. KET QUA VA THAO LUAN
Hinh & thé hién vén tc banh xe va van toc
xe thay d6i khi thyc hién phanh 1an luot & cac

van toc xe ban dau la 36, 54, 72, 90 km/h. Ca
bdn trudng hop ¢b van tde bit dau phanh 13 khac
nhau, quing duong phanh khac nhau. Van toc
giam dan ctia banh xe va clia xe gan nhu tiém
can nhau. Tir so d trén cho thay rang cic dang
song rang cua la sy can thiép ciia hé thong
phanh ABS. Khi hudng di ctia song rang cua xa
dan ra khoi dudong cong van tdc xe dén murc do
gidi han, 1ap tirc hudng song rang cua quay trd
vao tiém can véi dudng cong van tdc cua xe.
Di¢u nay hoan toan phi hop véi cic 1y thuyét
va thuc nghiém di cong bd.

Theo mé phong trén Hinh 10, trong bdn
truong hop thi tée do banh xe va téc do xe cling
giam dan. Khi xe chay ¢ van toc 36 km/h xe s&
dung lai trong khoang 1,7 gidy khi xe chay dugc
khoang 08m, & tdc d6 54 km/h xe sé& dung lai
trong khoang 3 gidy khi xe chay dugc khoang
19m, & tbc d6 72 km/h xe s& dimg lai trong
khoang 3,7 gidy khi xe chay dugc khoang 32m,
6 téc d6 90 km/h xe s& dimg lai trong khoang
4,5 giay khi xe chay duoc khoang 49m. Két qua
nhu Bang 3, khoang cich dung va thoi gian
dirng ciing duge mo ta & Hinh 9. Tir két qua trén
ta c6 thé xac nhan lai rang quang duong phanh
va thoi gian phanh ti 1é thuan véi vén toc xe
trudc khi phanh (Vo).
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Vbx khi V0=36
Vx khi V0=36

4
20
L L

Vbx khi V0=54
Vx khi V0=54

Vbx khi V0=72
Vx khi V0=72

Offset=0

d 2
| ]

Vbx khi V0=90
Vx khi V0=90

4 5

Time (seconds)

Hinh 8. So sanh van toc banh xe va van toc xe khi phanh & cac van toc khac nhau

Bang 3. Bang gia tri thay ddi khoang cach va thoi gian dirng khi phanh

A ‘ r .
Vén toc trude khi phanh (km/h) 36 54 72 90
Thoi gian phanh (s) 1,7 2.8 3,7 4.5
Khoang cach dung (m) 8 19 32 49
60 [ I
50
Khoang cach dimg khi V0=36
Khoang cach ding khi V0=54
Khoang céch dimg khi V0=72
w0 Khodng cach dimg khi V0=90
30 -
20 -
10
0
0,‘5 1{0 t‘ 5 Zl,D 2?5 3.0 Z; 5 4‘0 4‘5
Offset=0 Time (seconds)

Hinh 9. So sanh quiing dwong phanh va théi gian phanh khi phanh & céc van téc khac nhau
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Hinh 9 thé hién do truot thuc té thay d6i
khi thyc hién phanh l1an lugt & cac van toc xe
ban dau 1a 36; 54; 72; 90 km/h. Mac du xe
dugc phanh ¢ cac van toc khac nhau, nhung
b6 diéu khién phanh ABS luén diéu chinh do
trurgt & pham vi t6i uu nhat, trong pham vi lan
can cua gid tri 20%. Diéu nay phi hgp vdi cac

tuyén bd trude day trong ly thuyét 6 to [6].
Dong thoi, cac thong sé md phong ctia bai bao
nay thudc loai 6 t6 cd nhan (xe con) theo
QCVN 09:2011/BGTVT [7]. Két qua mo
phong ciing phu hop vdi tiéu chuan vé hé
théng phanh ciia Bd Giao thong vén tai.

1 T T T T

08

0.7 -

06

0.5

T T I T T
Do trugt thuc té& khi V0=36
D0 trugt thyc té khi V0=54
D6 trugt thuc té khi VO=72 | |
9§ truot thye té khi V0=90

1 | 1 1

25
Time (seconds)

3.0 35 40 45

Hinh 10. So sanh dd truet thue té & cic van tdc xe khac nhau khi phanh

4. KET LUAN

Bai bdo da trinh bay tién trinh xdy dung mo
hinh simulink trén hé thong phanh ABS ciia xe
6 t6, d¢ mo ta mdi quan hé giira cac bién s6 dau
vao nhu van toc va hé sd truot voi cac gia tri
dau ra cia hiéu qua phanh gébm quang duong
phanh, van toc cham dan khi phanh va thoi gian
phanh. Nghién ctru nay da ké thira va 4p dung
céc nén tang cua ly thuyét 6 t6 két hop phan
mém mé phong Matlab/Simulink dong thoi giai
thich tién trinh déu khién phanh ABS dén mo

hinh héa trong Matlab/Simulink. Két qua mé
phong di dugc trinh bay va thao luan. Két qua
cho thdy, ring quang dudng phanh va thoi gian
phanh ti 1& thudn vé6i van toc trude khi phanh va
ti 1¢ nghich véi hé¢ sb bam. Dicu d6 hoan toan
phui hop véi cac két qua thuc nghiém trén hé
thong phanh ABS da dugc cong bo. Do d6 co
thé két luan, mo hinh nay c6 do tin cdy va co thé
dugc ap dung trong hoc tap va nghién ciru vé hé
thdng phanh ABS ciia 6 6.
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