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TOM TAT

Duea trén nguyén tic hoat déng ciia hé thong chong bé cimg banh xe khi phanh ABS (Anti-
lock Braking System), bai bdo gioi thiéu phuwong phap xdy dung cac phwong trinh toan hoc mo ta
déng lyc hoc ciia hé théng phanh ABS dan dng thity lwc ddc ldp bén kénh, bao gom: xi lanh phanh
chinh hai buéng, cdc van diéu khién dp sudt, b tich ndng, bom thiyy lwc va xilanh phanh banh xe.
Phan mém Matlab-Simulink dwoc sit dung dé gidi cdc phwong trinh dong lec hoc mé phong cdc
trieong hop phanh khdc nhau khi hé thong ABS khéng lam viéc va khi hé thong ABS duwoc kich hoat.
Cdc két qua mé phong thé hién sw bién doi cua dp sudt thity lwc & cdc xilanh phanh banh xe theo
hanh trinh ciia piston xilanh chinh cho thdy mé hinh phit hop véi thuec té, dam bdo do tin cdy khi sir

dung cho cac muc dich nghién ciru tiép theo.
Tir khéa: Hé thong phanh ABS; Dan déng thity lwe; Mé hinh dong e hoc; Simulink.
ABSTRACT

Based on the anti-lock braking system (ABS) operation principle, the paper introduces the
method of building mathematical equations describing the dynamics of a 4-channel ABS, including
tandem master cylinder (TMC), inlet and outlet valves, hydraulic accumulator, hydraulic pump
and brake calipers. Matlab-Simulink software is used to solve dynamic equations that simulate
different braking cases without ABS and ABS being activated. The simulated results representing
the variation of hydraulic pressure in the brake calipers according to the displacement of the TMC
piston show that the model is consistent with reality, ensuring reliability when used for subsequent

research purposes.

Keywords: Active safety systems, Automotive dynamics; Anti-lock braking system.
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1. PAT VAN PE

Hé théng chéng b6 cing banh xe khi
phanh ABS (Anti-lock Braking System) la mot
trong nhirng hé théng an toan chii dong dau tién
duogc hang Bosch nghién ciru, phat trién va san
xuat hang loat trén 6 to tir nim 1978 [1] va ngay
sau d6 da tré thanh thiét bi an toan tiéu chuén &
nhiéu nudc trén thé giéi. Bang cach ty dong didu
chinh ap suat dau thuy luc & cac xi lanh phanh
banh xe dé ngan ngira céc banh xe bi bd cung
va trugt 1ét khi phanh gap, hé thong glup nguoi
lai duy tri duoc kha ning diéu khién hudng
chuyén dong va giam quing duong phanh ciia
6 to trong céac tinh hudng khan cap. Ngay nay,
bo chép hanh cua hé théng phanh ABS duogc
tich hop trong nhiéu tmg dung an toan chu
dong khac trén 6 t6 nhu hé théng chong truot
quay banh xe TCS (Traction Control System),
hé théng phan phdi lyc phanh dién tir EBD
(Electronic Braking Force Distribution), h¢
thong hd trg phanh khan cdp EBA (Emergency
Brake Assist) va hé thong 6n dinh dién tir ESP
(Electronic Stability Program). Vi viy, viéc
nghién ctru xay dung mo hinh mo ta chinh xéc
dong luc hoc hé théng ABS, lam co sé cho viéc
nghién ctru diéu khién hé théng ABS ciing nhu
cac hé thdng an toan chu dong khac sir dung bd
chép hanh cua hé théng ABS 1a rat can thiét.

Phan 16n céc cong trinh nghién ciru vé
hé thong ABS déu chil yéu tap trung vao céc
phuong phap diéu khién lyc phanh nham duy
tri hé sd truot tdi wu cta banh xe trong qua trinh
phanh [2, 3]. Trén thuc té, dong luc hoc cua
hé thong dan dong va bo chap hanh thuy luc
ABS c6 anh hudng rat 1on dén hoat dong ctua hé
thong phanh ciing nhu do tin cay lam viéc cua
bd diéu khién ABS [4, 5, 6].

Dya trén két ciu va nguyén ly lam
viéc ctia hé thong ABS dan dong thuy luc doc

1ap bon kénh, bai bao tién hanh xay dung cac
phuong trinh todn hoc md td qua trinh dong
luc hoc cua xilanh phanh chinh hai buéng,
cac van diéu khién ap sudt, bo tich nang, bom
thuy luc va xilanh phanh banh xe. Cac phuong
trinh dong luc hoc ciia hé théng ABS dan dong
thity luc duoc giai bang phdn mém mé phong
Matlab-Simulink véi tin hiéu dau vao 1a hanh
trinh dich chuyén cia piston xilanh chinh va
dau ra 1 ap suét thuy luc & cac xilanh phanh
banh xe. Két qua mo phong biéu dién mdi quan
hé gitra ap suat thuy luc ¢ céc xilanh phanh
banh xe va hanh trinh dich chuyén cta pistion
xilanh chinh trong cac truong hop phanh khac
nhau khi khong c6 ABS va khi ABS hoat dong
cho thdy mé hinh dam bao do tin cay.

2.MO HINH PONG LUC HQC HE THONG
PHANH ABS DAN PONG THUY LUC

2.1. Nguyén ly hoat dong ciia hé thng phanh
ABS din dong thiiy lrc

Hé thong phanh ABS dan dong thay luc
¢6 thé dugc so ¢ héa nhu Hinh 1, bao gom: xi
lanh phanh chinh hai budng (1), cam bién ap
sudt (2, 4), van ting 4p (3), xi lanh phanh banh
xe (5), van gidm ap (6), bo tich nang (7) va bom
thay luc (8). Hé théng c6 hai trang thai 1am
viéc: trang thai phanh binh thuong va trang thai
ABS hoat dong khi cac banh xe c¢6 kha nang bi
b6 cung.
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Hinh 1. So d6 hé théng phanh ABS ddn dong thity luc &
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® Ché dp phanh binh thuwong

O ché do nay, h¢ théng ABS khong hoat
dong, van tang ap (3) ¢ trang thai mo, van giam
ap (6) dong, bom thuy luc (8) khong lam viéc.
Khi dap phanh, dau phanh tir xilanh phanh
chinh qua van ting ap dén cac xilanh phanh
banh xe dé tao ra ap suét phanh ti 1& v6i hanh
trinh ban dap.

o Ché dp ABS hoat dong

‘Trong truong hop ngudi lai dap phanh
khan cap, ap suét thity luc tai cac xilanh phanh
banh xe tang cao, banh xe c6 nguy co bi bd
ctng va bi truot 1ét 1am giam hiéu qua phanh va
mat kha nang diéu khién hudng chuyen dong
ctia 6 t6. Dé tranh hién tuong nay, bo diéu khién
ABS - ECU s¢ lién tyc cap tinh hi¢u diéu khién
bd chip hanh thuy luc hoat dong theo chu ky
ba pha: giam ap, giit ap va ting ap dé duy tri do
trugt toi uu cho cac banh xe [1, 2].

- Pha giam dp sudt: Khi d6 trugt cua
banh xe 16n hon 20%, ABS - ECU sé& cip tin
hiéu dién cho céc cudn diy cia van dién tir dé
tao ra tur truong du manh théng luc 10 x0 hoi vi.
Van ting ap (3) ¢ trang thai dong ngan dau tir
xilanh phanh chinh dén céc xilanh phanh banh
xe. Van giam ap (6) mé cho phép dau tir cac
xilanh phanh banh xe tro vé binh tich ning dé
giam ap sut phanh. Bom dau (8) hoat dong
chuyén dau ngugc vé xilanh phanh chinh va tao
tin hiéu canh bao ABS cho lai xe.

- Pha giir dp sudt: Khi ABS - ECU xac
dinh do truot nam trong gidi han ti wu (10%
- 20%) s& ra 1énh cho bo diéu khién thuc hién
duy tri 4p suat bang cach tiép tuc dong van ting
ap (3) ngin khong cho dau phanh tir xilanh
phanh chinh dén cac xilanh phanh banh xe. Luc
nay van giam ap (6) va bom dau (8) khong hoat
dong, dau phanh giit nguyén trang thai, khong
di chuyén duoc vé xi lanh chinh va ciing khong

tré vé dugc binh chira dau.

- Pha tang dp sudt: Khi van toc goc
banh xe tang 1én va d¢ truot nho hon 10% cén
tang ap suat trong xi lanh phanh banh xe de
giam toc do chuyén dong. Luc nay ABS - ECU
s& diéu khién mo van tang ap (3) va dong van
giam ap (6), dau phanh s& di tir xilanh phanh
chinh dén cic xilanh phanh banh xe nhu & ché
do phanh binh thuong. Tuy nhién lic nay bom
dau (8) van duoc cip ngudn va hoat dong binh
thuong voi muc dich thuong truc dé dap ung
nhu cdu khi can chuyén sang pha giam ép.

Qua trinh trén dugc lap lai lién tuc nhiéu
lan trong mot gidy cho dén khi hién tuong bod
cliimg banh xe khong con nita. Trong sudt qua
trinh phanh, bo diéu khién kich hoat bom thuy
lyc hut dau thoat ra tir xilanh phanh banh xe
va bo tich ap dé hoi lai cho mach dau cung cép
tur xilanh phanh chinh nén ap luc trén ban dap
phanh luén duoc duy tri 6n dinh.

Khi dung tac dong 1én ban dap, cong
tac phanh giri tin hidu dén bo dicu khién trung
tam, cudn day cua van dién tur khong dugce kich
hoat, con truot di chuyén vé vi tri ban dau, dau
trong xilanh phanh banh xe hdi vé xilanh phanh
chinh va két thiic qua trinh phanh.

2.2. XAy dung mé hinh dong lwe hoc hé thong
phanh ABS din déng thiy hrc

1. Xilanh phanh chinh;
2. Bom thuy luc;
1 | 3. B¢ tich nang;
—_— 4. Van giam ap;
—~ 5. Xilanh phanh banh xe sau
v o | TP " bén phi;
6. Van tang ap;
p— 7. Xilanh phanh banh xe sau
N e—® bén i
ol o 2 8. Xilanh phanh tuwong dwong

‘4":‘“&. cua cac banh xe phia trudc

Hinh 2. M6 hinh dong e hoc hé thong ABS dan
dong thuy luc
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Hinh 2 trinh bay mé hinh dong lyc hoc
hé théng ABS dan dong thuy luc 4 kénh doc
1ap, trong d6 céc chi sd 1, 2 twong g véi dong
thuy lyc tir budng thtr nhat cta xi lanh phanh
chinh (din dong cic xi lanh phanh banh xe
phia sau) va budng thir hai cua xi lanh phanh
chinh (dAn dong cac xi lanh phanh banh xe phia
trudc). Mo hinh chi mé ta chi tiét mach didu
khién thuy luc ctia banh xe sau bén phai (banh
xe s6 4), phuong phap xdy dung cac phuong
trinh dong luc hoc biéu dién mdi quan hé giira
hanh trinh piston xi lanh phanh chinh x, va ap
sut xilanh phanh banh xe sau bén phai p , duoc
ap dung tuong ty ddi v6i cac banh xe con lai.

m Dong luc hoc xilanh phanh chinh

Xilanh phanh chinh hai budng dugc mé
hinh héa nhu mét hé co hoc 2 bac ty do tuong
tmg v&i cac dich chuyén cua piston xilanh
phanh chinh x, va x,, trong d6 x, la tin hi¢u dau
vao. Vi vay, ch1 can duy nhat mot phuong trinh
mo ta chuyén dong ctia hé thong:

my%, + Fsignt, = b, (%, - %, )+ by%, =k, (x, - x, )+ k,x, = (p, - p,) § (1)

Trong phuong trinh: m, (kg) la kh01
hrong cua piston thur i, b, (N/m/s) 1a hé sb can
ctia dau thuy luc buong thtr 1, k(N/m) la do¢
cung ctia 16 xo hdi vi buong thtr i, p, (N/m?) 4p
suét ctia dau thity lyc budng xilanh phanh chinh
thir i, F(N) la Iyc ma sat gitra piston va xilanh
budng thu i,vaS (m? la dlen tich lam viéc cua
xilanh phanh chinh. Chi sé i = (1, 2) twong g
v6i budng thir nhat va budng thir hai cua xilanh
phanh chinh.

m Dong luc hoc bo tich nang thuy luc
B0 tich nang thuy luc dugc mo hinh hoa
nhu mdt h¢ dong luc mot bac tu do theo dich

chuyén cua piston x :

mjX, +bx, + Ffasignfca +kx,=p,S, (2)
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Trong d6:m, b, k, Py F,S, lan luot
1a khdi lugng plston he sO can thuy luc, do
cung 10 xo, ap suét, luc ma sat va dién tich lam
vi€c cua bg tich nang thuy lyc.

m Dong luc hoc dong chdy thuy luc

Luu luong dong chay ciia dau thuy luc
qua van tang ap O, va van giam ap Q, duoc
xac dinh tir phuong trinh sau:

2 —
QIn = Cq,InA]n M‘S‘lgn(pl _p4)
L (3)
/2 Py— Pl .
QOut = cq,OutAOut |4TSlgn (p4 - pa)

Tuong ty v6i luu lugng dong chay cua
dau thay lyc dén xilanh phanh banh xe sau bén
trai O, va luu lugng dong chay dén cac xilanh
phanh banh xe cau trude Q,

2|pl—p3|
o)

2p. —
0, =Cq)12A12\/@Sign(p2 _p12) ®)

Can béng luu lugng tai nit dugc biéu
dién qua phuong trinh:

0=0,+0,— Qp (6)

0, =c,;4 sign(p, — p;) 4)

Trong cac phuong trinh trén, A (m?)
1a dién tich 1am viéc cta van tiét luu the i, Q,
(m?/s) 1a Iuu lugng dong chay qua phan tir thir i,
p (kg/m?) 1a khi lugng riéng cta dau thay luc,
va Coi 14 hé s6 luu lugng phu thudc vao sut ap
Ap va suc can thuy luc A [7]:

c tanh(2 ﬂ_) @)

q,z q max

cr
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2ot ] N
v\ p

Y(’yi h, (m) la duong kinh lam vigc cua
duong ong thuy luc, v (kg/ms) 1a d0 nhot dong
hoc cua ’déu thuy luc, Cot max la gia tri cuc dg}i
cua hé so luu lugng dat duogc khi A 16n hon rat
nhiéu so voi gia tri strc can téi han cua dong
chay khi chuyén tir ché do chay tang sang chay
roi A .

Quan hé giita su thay doi cua ap suit
p, theo thoi gian va sy thay d6i cua luu luong
dong chay trong thé tich V.dugc biéu dién bang
phuong trinh [6]:

dp, _ﬂ D
— =0, V) ©)

Trong d6: i = (1, 2, 3, 12) 1a chi s cua
cac phan tir twvong (mg trong m hinh, V.(m’) la
the tich ctia phan tir thi i, luu lugng Q. ¢6 gid tri
duong khi dong chay di vao thé tich V, B. (N/m?)
12 m6 dun khéi cua dau thay lyc phu thude vao
ap sudt p, theo cong thirc:

1+a( patm )l/n
patm+pi (10)

1/n
(Pum) B,

n(patm+pi

B =5,

| BN

)(n+l/n)

O day: B_1a md dun khéi cua chat 16ng
tinh khiét, a 1a ham lugng khi twong dbi tai
ap suét khi quyén P _,vanlati s6 nhiét dung
riéng cua chat khi.

m Dong luc hoc xi lanh phanh banh xe
Tuong ty nhu trén, su thay doi cta ap
suat trong xilanh phanh banh xe sau bén phai

p,va su thay do6i cta 4p suat trong bo tich nang
thuy lye p, duoc xac dinh nhu sau:

. _Bio _o _y
dt - V:‘ (an QOut I/4) (11)
dp, _ B, O 7
dt - V; (QOut QIn I/a) (12)

Sy thay doi thé tich & budng thtr nhét
V, va budng thtr hai V, cua xilanh phanh chinh
do su dich chuyén cua hai piston dugc xac dinh
theo cong thuec:

Vi=Vy+8(x,—x) (13)

V, =Va = 5%, (14)
vOi 'V, va V,, tuong (mg 1a thé tich ban dau
cua buong thir nhat va thir hai cua xilanh phanh
chinh khi chua tac dung vao ban dap phanh.

Khi str dung co cdu phanh dia c6 thé
b6 qua hanh trinh dich chuyén cua cac piston
xilanh phanh banh xe, thé tich dau tai cac xilanh
phanh banh xe dugc xem nhu hang sd. Vi vay,

V2V~ 20,
Quan hé gitta thé tich V., va dign tich
lam viéc A, ctua dong thuy luc twong duong

dén cac banh xe cau trudce vii cac banh xe cau
sau dugc biéu dién nhu sau:

V=V,

Vo=a(Vs+V,)=2q7, (15)
A3 = A[n

4, =24,

Trong d6, hé s6 q thé hién twong quan

thé tich giira xilanh phanh banh xe ciu trudc va
xilanh phanh banh xe cau sau.

m Dong luc hoc bom thuy luc

Khi ap suét trong bo tich qua thip, bom
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thuy luc s€ khong hoat dong. Vi vay, luu luong
dong chay 0, do bom thuy luc tao ra phu thudc
vao ap suat trong bd tich nang p theo cong
thirc:

0,=0, |1 | (16)

voi O la gia tri luu luong dong chay ¢ trang
thai on dinh va p, la ngudng ap suat kich hoat
bom thuy luc lam viéc.

3. KET QUA MO PHONG

Céac phuong trinh dong lyc hoc cua
hé théng phanh ABS dan dong thuy luc duoc
giai bang phan mém Matlab-Simulink véi cac
thong s6 ky thuat cta 6 t6 Lexus GX 470 va cac
tham s lién quan dén dau thiy lyc tham khao
va hiu chinh tir [6] nhu trong Bang 1.

Bdng 1. Théng s6 mé hinh dong hec hoc hé thong phanh ABS dan déng thity lec

Ki Théng sb Gisej | DOm | Ki Théng s6 Gigei | DOM
hi¢u : vi | hi¢u : vi
Khéi lugng cia piston Thé tich ban dau cua
- -3 A g At <3 -6 3
M, | 4 ¢ hai xilanh chinh 40.10 kg Vi buf)ng thtr nhat xilanh 13.10 m
chinh
Khoi lwong cua piston The tich ban dau cisa
m 01 Uong P 10.10° | kg | V, | budng thi hai xilanh 12,5.10¢ | m’
@ | bo tich nang 20 ‘
chinh
Hé s6 can nhot trong Thé tich xilanh phanh P
b,b, wilanh chinh 100 | N/m/s| V, banh xe 338,9.10 m
p | Hesocannhtoong | g5 |yl | DOnhGtdong hoc cua 100.10° | kg/ms
a | bd tich nang dau thuy luc
Do cung 10 xo xilanh Ti s6 nhiét dung riéng cua
K. | chinh budng thirnhdt | 2222 | MM 1l & khi L4
Do cling 16 xo xilanh Ham luong khi twrong ddi
K | chinh budng thirhai | 4000 | NVM 10 e sudt khi quyén 0,37
Dg cting 10 xo trong Mb dun khdi ctia chat ¢ 5
K, b tich ndng 33 N/m B, long tinh khiét 27.10 N/m
Luc ma sat trong xilanh Gia tri 16n nhét cua hé s
Fo B chinh va bd tich nang 14 N Co luu lugng dong chay 0.7
S Tiét dién lam viéc cua | 4,91.10° g He s6 Iuu luong dong 100
xilanh chinh 4 er | chay to1 han
Tiét dién lam viéc cua | 1,56.10° 5 Ngudng ap suat lam viéc
S, bd tich nang 4 m P ctia bom thuy luc 0.6 bar
Tiét dién lam viéc ctia | 0,29. , (o Aii. 2
AL van ting dp 106 m . | Ap sudt khi quyén 1,0 bar
Tiét dién lam viéc caa 0,59. 5 Luu lugng bom ¢ trang % 3
Aou van giam ap 10¢ m 0, thai 6n dinh 4.3.10 m'/s
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bong luc hoc cua hé théng phanh ABS
dan dong thiy luc dugc md phong & hai ché
do: 1) hé thong ABS khong lam viéc, va 2) khi
hé théng ABS duoc kich hoat. O cac ché do
mo phong, tin hiéu dau vao 1a hanh trinh dich
chuyén cta piston xilanh chinh va tin hiéu dau
ra 14 4p sut thity luc & cac xilanh phanh banh
Xe.

3.1. Trwong hgp ABS khong lam viée
Két qua mo phong sy thay doi ap suit
dau ¢ cac xilanh phanh banh xe theo hanh trinh

dich chuyén cua piston xilanh chinh & cac ché
do phanh khéac nhau dugc thé hién trén Hinh 3.

Ap suat xilanh phanh banh xe

100 e —
i
0

0 2 4 6 0 2 4 6

100

J L
0

100

) L
0 |

o 2 4 6 0 2 4 6
Thoi gian mo phong [s]

Hanh trinh piston xilanh chinh

N
%, [em]
- T =Y
py, [bar]

b)

x, [em]
4 S = N W
Py, [par]

&

x4 [em]
e = oW

Py, [bar]

Thoi gian mo phong [s]
Hinh 3. Quan hé giita dp sudt dd‘u'xilanh phanh
banh xe va hanh trinh dich chuyén cua piston
xilanh chinh khi ABS khong lam viéc

Trudong hop thi nhat, ¢ thoi diém 0,5
gidy, nguoi lai dap phanh hét ¢& (Hinh 3a),
hanh trinh piston xilanh chinh x, tang tir 0 dén
gia tri cyc dai 2,5 cm trong khoang 0,5 giay
va gitr nguyén trang thai nay, ap suit dau tai
xilanh phanh béph xe p, tang tur 0 1én 100 bar
va khong thay doi.

Truong hop thir hai, sau khi dap phanh
hét cd ¢ thoi diém 0,5 gidy, dén thoi diém 3,0

gidy thi nguoi 1ai nha hét phanh (Hinh 3b),
hanh trinh piston xilanh chinh x| ting dén gia
tri cyc dai 2,5 cm ¢ thoi diém 1,0 gidy roi giam
vé 0 tir thoi diém 3,0 gidy, ap suat dau tai xilanh
phanh banh xe ting 1én 100 bar va 6n dinh trong
khoang thoi gian 1,0 - 3,0 gidy trude khi giam
veé 0.

Truong hop thu ba, sau khi dap phanh
hét ¢d, tai thoi diém 2,0 gidy nguoi lai nha
phanh va giit phanh & mot phan hai hanh trinh
ban dap trude khi nha phanh ¢ giay thu 4,
(Hinh 3c), ap suat dau tai xilanh phanh banh xe
tuong g tang 1én 100 bar sau d6 giam xudng
khoang 5 bar va tro vé 0.

3.2. Trwong hop ABS hoat dong

Pé mo phong su 1am viéc cta hé théng
ABS, khi ap suét du tai cac xilanh phanh banh
Xe vugt qué gia tri 60 bar, hé thong ABS sé kich
hoat sy ph6i hop dong mé cua cac van tang ap
va giam ap dé duy tri gia tri 4p suat cho phép
& cac xilanh phanh banh xe. Két qua mo phong
cho truong hop ngudi lai dap phanh hét hanh
trinh dugc thé hién trén Hinh 4.

Hanh trinh piston xilanh chinh

:
0 — ABS off
0 z i 6 0 2 4 6
Thoi gian ma phong [s]

Ap suat xilanh phanh banh xe

%, [em]
- D - N

Thoi gian mo phang [s]
Hinh 4. Quan hé giita dp sudt dau xilanh phanh
banh xe va hanh trinh dich chuyén cua piston
xilanh chinh khi ABS hoat dong

Khi h¢ théng ABS khong lam viée, ap
sudt dau tai xilanh phanh b’énh xe p, dat gia tri
cuc dai 100 bar. Khi hé thong ABS hoat dong,
ap suat duoc duy tri 6n dinh ¢ gié tri p, = 60 bar.
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4. KET LUAN

Két qua mo phong mo ta cac qua trinh
phanh khac nhau di cho thdy mé hinh dong luc
hoc hé théng phanh ABS dan dong thuy luc
duoc gidi thi¢u trong bai bao phu hop véi thuc
té va dam bao do tin cdy. M6 hinh c6 thé dugc
su dung Kkét hop véi cac mo hinh dong luc hoc
chuyén dong cta 6 t6 dé nghién ctru didu khién
hé théng phanh ABS ciing nhu diéu khién cac
hé théng an toan chu dong khac st dung bd
chdp hanh thiy luc ctia hé thong phanh ABS
trén O t0. %

Ngay nhan bai: 09/7/2022
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