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TOM TAT

Bé chdp hanh cua hé théng chong bé cirng banh xe khi phanh ABS (Anti-lock Braking
System) duwoc tich hop sir dung trong hé thong on dinh dién tir ESP (Electronic Stability Program)
nham én dinh quy dao chuyén déng 6 6 trong cdc tinh huong danh 1di khan cdp bang cach chi déng
tao ra luc phanh doc ldp o cac banh xe. Trong bai bdo nay, dong luc hoc cua bo chd'p hanh ABS thuy
liee bao gom dong co dan dong, bom thity lyc, bé tich nang, van dién tir va xilanh phanh banh xe
diege mé hinh héa va mé phong bang phan mém Matlab-Simulink, trong d6 dp sudt hé thong phanh
dwoc tao ra nho bom thity luc ciia hé thong ABS va truyén dén cdc xilanh phanh banh xe riéng biét
théng qua diéu khién dién dp cap cho van tang dp. Cdc két qua khao sdt cho thay dp sudt thity liee
tai cdc xilanh phanh banh xe ddp ieng chinh xdc tin hiéu diéu khién, mé hinh dam bdo tin cdy trong
sir dung dé nghién ciru diéu khién dc ldp lec phanh & cdc banh xe nham on dinh quy dao chuyén
dong cua o to.

Tw khoa: Bo chcfp hanh ABS thuy luc, Pong luc hoc van dién ti; Piéu khién ap sudt phanh
banh xe.

ABSTRACT

The anti-lock braking system (ABS) actuator is used in the electronic stability system
(ESP) to stabilize the vehicle trajectory in emergency steering situations by actively creating an
independent braking force at the wheels. In this paper, the dynamics of hydraulic ABS actuators
including motor, hydraulic pump, accumulator, solenoid valves, and brake caliper are modeled and
simulated by Matlab-Simulink software, where the pressure in the brake system is generated by the
hydraulic pump of the ABS system and transmitted to the individual wheel brake calipers through
voltage control applied to the solenoid valve. The results show that the hydraulic pressure at the
wheel brake calipers accurately responds to the control signal, the model ensures reliability in use
to study individual control of the brake force at the wheels to stabilize the vehicle trajectory.

Keywords: Hydraulic ABS modulator,; Solenoid valves modeling; Brake caliper pressure
control.
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1. PAT VAN PE

Bo chip hanh cia hé thdng chéng
b6 cing banh xe khi phanh ABS (Anti-lock
Braking System) duoc tich hop trong nhiéu
ung dung an toan chu dong khac trén 6 t6 nhu
hé théng phan phdi lyc phanh dién tr EBD
(Electronic Braking Force Distribution), hé
thong chdng trugt quay banh xe TCS (Traction
Control System) va hé théng 6n dinh dién tir
ESP (Electronic Stability Program). Chét luong
1am viéc ctia cac hé thong an toan chii dong nay
chiu anh huong 16n boi dong luc hoc cua bd
chap hanh thity lyc, dic biét 1a cac van dién tir
(solenoid valves). Nhiéu bai bao di gi6i thiéu
cac mo hinh dong luc hoc khac nhau cua van
dién tur. Trong khi Zhe [1], Chen [2] va Che-
Pin [3] xay dung mdi quan hé giita 4p suat dau
ra cua van dién tu twong Ung theo dién ap va
cudng d6 dong dién diéu khién, Tota [4, 5] lai
biéu dién quan hé gitra tiét dién lam viéc cua
van dién tir va dién ap diéu khién thong qua
ham truyén.

Hau hét cac van dién tir trong bo chap
hanh ABS déu duoc diéu khién on/off bang
cach diéu ché d6 rong xung PWM (Pulse Width
Modulation) va chu ky xung DC (Duty Cycle).
Tuy theo dac tinh dong luc hoc cua cac van
dién tir, viéc diéu khién PWM va DC s& tao
ra nhitng dap tng khac nhau cta 4p suét trong
xilanh phanh banh xe [4-6]. Viéc diéu khién ap
suat xilanh phanh banh xe bang phuong phap
on/off thuong gy ra cac dao dong ap suat kho
kiém sodt.

Trong bai bdo nay, dua trén mo hinh
dong luc hoc cua bd chép hanh ABS thuy luc,
bao gém dong co dan dong, bom thuy luc, bd
tich nang, van dién tr va xilanh phanh banh xe,
moi quan hé gitra ap sut xilanh phanh banh xe
va tin hiéu dién ap diéu khién van ting ap duoc

thiét 1ap va mo phong bang phin mém Matlab-
Simulink. Céc két qua khao sét cho thdy, trong
ca truong hop diéu khién chung ca bon banh xe
hay diéu khién doc lap timg banh xe, ap suét tai
céc xilanh phanh banh xe déu dap tmg chinh
xac tin hiéu diéu khién, mo hinh dam bao d¢ tin
cay khi sir dung dé nghién ctru diéu khién luc
phanh nham 6n dinh quy dao chuyén dong cua
0 to.

2. XAY DUNG MO HINH DONG LUC
HOQC BQ CHAP HANH ABS THUY LUC

Hinh 1 trinh bay so d6 mach thiy luc
tu dong diéu chinh ap suat xilanh phanh banh
xe ctia bo chap hanh ABS. Khi hé théng ESP
hoat dong, bo diéu khién ESP s& kich hoat bom
dau 1am viéc tao ra p suat cao trong hé thong
thuy lyc. Van tang 4p & cac banh xe ¢ trang
thai thuong mé cho dau thay luc 4p suat cao di
vao cac xilanh phanh banh xe dé tao lyc phanh.
Trong trudng hop luc phanh chi yéu cau duoc
sinh ra & mot banh xe dé tao md men on dinh
hudng chuyén dong, van ting ap & cic banh
xe khac s& dong lai. Khi can giam ap suét, van
giam ap s& dugc mo ra dé dau thay lyc thoat
khoi xilanh phanh banh xe tr¢ vé bo tich ning.
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Hinh 1. So d6 mach thity lyc diéu khién dp suat
xilanh phanh banh xe ciia bé chap hanh ABS

Dé nghién ciru diéu khién sy thay doi
ap suat riéng bi¢t trong ting xilanh phanh banh
xe, trude hét can xay dung mo hinh dong luc
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hoc qua trinh lam viéc cua hé thong, bao gém
mo hinh dong luc hoc cia bom thuy luc, bo tich
ndng, cac van dién tur tdng/giam &p va xilanh
phanh banh xe.

2.1. Pong luc hoc cia bom thiy luc

Két ciu ciia bom thuy lyc va binh tich
niang dugc thé hién trong Hinh 2 [7]. Bom thiy
luc duoc dan dong nho dong co dién co tdc do
gboc quay o (rad/s). V&i géc pha barl dau o,
(rad) va do léch tdm e (m) cua cam dan dong,
thé tich V_(m?) va luu lugng Q, (m?/s) cta dau
thiy luc chdy qua bom trong khoang thoi gian
t (s) dugc xéac dinh nhu sau:

V, =S8 esin(p,+at), )
0,=V,=S8,ewcos(p,+or)

Trong do, Sp (m?) 1a dién tich lam viéc
cua piston bom thuy lyc. M6 men can M, (Nm)
do bom thuy luc tac dong vao dong co dién
duogc tinh theo cong thurc:

M,=0,(pr-np,) )

Véi p, va p, (N/m?) tuong ung la ap
suit cua khoang day va khoang hut cua bom
thuy luc, 1 12 ti s6 dién tich giita khoang déy va
khoang hut.

5 Khoang it

i+ Khoang ddy

Hinh 2. Két cau bom thuy luc va bo tich nang

2.2. Pong e hoc ciia dong co din dong bom
thuy luc

bong luc hoc cua dong co dién mot
chiéu st dung nam cham vinh ctru dan dong
bom thuy luc duge mé ta bang hé phuong trinh
dudi day:

dl,, /dt=(U, =1, R,~k, o)/ L,,

3)
=k, L, ~M,-M)!J,.
Trong d6: U_ (V) la dién ap cap cho
dong co, I (A) la dong dién trong cudn day
dong Co, R (Q2) 1a dién tré cua cudn day, k la
hé so dién tlI L_ (H) la dién cam cua cudn day,
M, (Nm) 1a mé men ma sat, ] (kgm?) la mo
men quan tinh khéi luong cua dong co dién dan
dong bom thuy luc.

2.3. Dong luc hoc cua b tich nang thiy luc

Phuong trinh dong luc hoc ctia bd tich
nang thiy luc duoc biéu dién bang cong thic [4]:
myX, +bx, + Fpsignx, +k,x, = p,S, @)

Trong d6: m_(kg) va x (m) la khoi
lugng va dich chuyén cua piston b tich nang, b
(Ns/m) 1a h¢ s6 can cua dau thuy luc, k, (N/m)
1a do cung cua 10 xo bd tich nang, F (N) la luc

ma sat, p, (N/m*) va S_ (m?) la ap suat va tiét
dién t lam viéc cua bd tlch nang.

Luu luwong dau thuy luc qua bo tich
nang dugc tinh nhu sau [7]:

0, =%,5,p(Pa)/ P 6))
Véi p (p,) va p (kg/m®) tuong ng la

khéi lugng rleng cua dau thity luc tai ap suat D,
va tai ap suit khi quyén.
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2.4. Pong luc hoc cia van dién tir

Van ting ap trong bd chdp hanh ABS
thuy luc 1a loai van thuong mé, chi dong lai
khi ¢6 tin hiéu diéu khién giit ap va giam ap
tor hé théng ABS hoac khi khong c6 tin hi¢u
diéu khién tang 4p sudt phanh khi hé thong ESP
hoat dong. M6 hinh ctia van ting ap dugc thé
hién trong Hinh 3. Khi khong c6 dong dién cp
vao cudn day dién tur, van ¢ trang thai mé nho
tac dung cua 10 xo. Khi cudn day dién tir duoc
cép dién, luc dién tu théng luc 10 xo lam van
dong van lai, ngan dau thiy lyc tir bom dau dén
xilanh phanh bénh xe.

Khi di chuyén, cac lyc tac dung 1én 161
van theo phuong doc truc bao gdm: luc dién tir
F_(N), luc dan hdi cua 10 xo F_(N), luc nang
F, (N) va luc cén nhc')“t‘ F, (N) cﬁa’ dau thuy
luc. Phuong trinh can bang dugc viét nhu sau

[2]:

Thiin vem L X

Bd van

Hinh 3. So do cdc luc tac dung khi van ting dp

lam viéc

m, X, =-F,+F, —Fg+F), (6)

v

Trong do, m _ (kg) va x (m) tuong (g
1a khoi lugng va dlCh chuyén ctia 15i van.

- Lyc dién tir tac dung 1én 151 van c6 thé
duoc xac dinh gan dung theo cong thirc:

F,=K,U,(t)+Kx,(¢) (7)

Vé6i U, (V) la dign ap diéu khién van
ting ap vaK | (N/V) K (N/m) la cac hé s6 thuc
nghi¢m.

- Do van tang 4p ¢ trang thai thuong mé
nén luc 10 xo dugc xac dinh nhu sau:

F:v:ks(x0+xm_xv) (8)

Trong do, x, (m) la dich chuyén ban dau
cua 10 xo tuong ing vdi trang thai van mo binh
thuong, x_ (m) 1a dich chuyén 16n nhét cua 1o
X0 trong ung voi trang thai van mé hoan toan,
vak (N/m) la d6 cuang cua 16 xo dan hoi.

- Lyc can nhdt phu thudc vao hé )
can b (N/m/s) cua dau thuy lyc va van toc dich
chuyén cua 161 van theo cong thtrc:

Fg=b%, ©9)

- Lyc nang cua dau thuy luc tic dung
1én 161 van c6 thé duoc xac dinh nhu sau:

F, = 7er2 (cosa)2 Ap —2c§AiApcosa (1 -4 /AO)—pLQ1,1 (10)

Trong cong thirc trén: R (m) 1a ban
kinh chém cau cua 151 van, a (°) la gbc nghleng
cta dé van, A, (m?) 1a dién tich mit cit ngang
cua van tang ap, A, (m*) 1a tiét dién lam viéc
phu thudc vao R du:ong kinh trung binh cua
dé van d_(m)va dlCh chuyén cta 15i van x, [2],
Q, (m3/s) 1a luu lugng dong chay qua van phu
thuoc vao tiét dién lam viéc A, . vado chénh ap
Ap (N/m?) gitra ctra vao va cu:a ra clia van tang
ap, L (m) 1a chiéu dai dudong dng tir van ting
ap dén van giam ap, ¢, 13 hé s6 luu luong phu
thudc vao do chénh 4p va stic can thuy luc [4].

2|A
QIn = chIni |pp|sign(Ap), (11)
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nd /2 d?
AIni: Rvm Rv _mew (12)

Thay cac phuong trinh (7-10) vao
phuong trinh (6) ¢ trang thai van tang ap dong
hoan toa‘ln2 ngfﬁa la X, = 0,A,=0vaqQ_=0,
sau khi bién d6i c6 thé nhan dugc phuong trinh
biéu dién mbi quan hé tuyén tinh giita do chénh
ap Ap va tin hiéu dién 4p diéu khién U, nhu sau:

Ap(t) _ K,U, (t)—ks (xo +xm).

(13)

ﬂsz (cosoz)2

Céc phuong trinh dong luc hoc cua van
tang ap trinh bay ¢ trén hoan toan co6 thé duoc
ap dung d6i voi van giam ap, voi luu ¥ van
gidm 4p ¢ trang thai thuong dong. Khi duoc
cap dién ap, luc dién tir s& hat 16i van dé mo
thong duong dau tir xilanh phanh banh xe chay
vé binh tich ning.

2.5. Pong luwc hoc xilanh phanh banh xe

Ap suét trong xilanh phanh banh xe p,
dugc quyet dinh boi luu lugng Q, tir cira ra
cua van tang ap va luu luong Q cl,léy vao van
giam ap va dugc xéac dinh tr cic modi quan hé:

Py=pPr+4p,
O — Qo = 4y dxp, / dt, (14)

‘ Trong do: A, (m?), x, (m) va kp (N/m)
lan luot 1a dién tich 1am vi¢e, dich chuyén va do
ctmg dan hoi cta piston xilanh phanh banh xe.
Tir phuong trinh (11) va (14) c6 thé viét:

dp ) k,
7;’=pb(r)=A—’;2(Q,n—Q0m). (15)

Céc théng sb dong luc hoc chu yéu cua
mo hinh dugc cho trong Bang 1 dudi day [2, 4, 7].

Bdng 1. Cdc théng s6 co ban ciia mé hinh dong luc hoc bé chap hanh ABS thiy e

. Théng sb Giatri | Ponvi | . Théng sb Gia tri Don vi
hlgu ° ° hlgu . .
m .Kh01 hAIq'ng cla 10.10° ke bién tro cla dong co 0.125 o)
a | piston bg tich nang m dién
m Khoi lqulg C}la 161 2.1.10° ke bién cam ?Pa dong co 9.34.10° o
v van tang ap m dién

Hé so can nhot cua

MO0 men quan tinh

Xe

C - 5 A -5 2
b dau thity Ic 85 N/m/s khoi luongfua dong 9,5.10 kgm
co dién
K b6 cl{nzc?r 1o x5> trong 35 N/m ‘ Mo rAnen ma §2A1t cua 0.3 Nm
a b tich nang ! dong co dién
K bo curvlg 10’ X0 van 340 N/m bo léch tqam cua bom 1 10° m
s tang ap thay luc
D9 cling piston , n £
k | xilanh phanhbanh | 4000 | N/m Goc nghiéng d¢ van 114 Po

tdng ap
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F, Luc r?lz; Ear: ;;c;ng bo |, N Dich i}:ﬁl;ylébn)?oan dau |5 ps m
NS R R+ ICU
A, ch; %E{{ I{hﬁf 13.10¢4 | m’ Ban f&:};;hf;; ciu 0,8.10° m

3. KHAO SAT SU'DPIEU KHIEN PQC LAP
AP SUAT XILANH PHANH BANH XE

Céc phuong trinh m6 tad dong luc hoc
ctia bo chap hanh ABS thuy lyc dugc giai bang
phan mém mé phong Matlab-Simulink véi tin
hiéu du vao 1a dién ap diéu khién cac van dién
tlr va tin hiéu dau ra 1a ap suét dau thuy luc ¢
céc xilanh phanh banh xe. Khi hé thong ESP
duoc kich hoat, dong co dién dan dong bom
thuy luc s& lam tang ap suat trong hé thong.
Dau thuy luc s& dugc cip cho cac xilanh phanh
banh xe thong qua tin hiéu diéu khién van ting
ap.

Két qua mé phong su thay ddi cua ap
sut trong cac xilanh phanh banh xe theo cling
mot tin hiéu dién ap diéu khién van ting ap
dugc trinh bay trén Hinh 4. Do cac van ting
ap la van dién tr ¢ trang thai thuong mé nén
khi khong c¢6 nhu cau ting ap suit trong xilanh
phanh banh xe, dién ap s& dugc cap toi da dé
van tang ap dong hoan toan, ngan khong cho
dau thuy luc vao cac xilanh phanh banh xe.

Trong Hinh 4a, tin hi€u dién ap diéu
khién c6 dang xung hinh thang giam dan tir 10V
& thoi diém Is vé 0 dé mo hoan toan van ting
ap va tang dan tir 0 dén 10V tir thoi diém 4s
dé dong chat van. Ap suat trong xilanh phanh

banh xe twong (mg ting dan tir 0 dén 50bar va
giam dan ve 0 twong ing voi cac thoi diem mo
va dong van.

Tin hieu dieu khien ESP Ap suat phanh banh xe

10 - = 50
s H
s 5 | &25
= =
4] 2 4 (]

2 4 B

4] 2 4 [} [i]
Thoi gian mo phong [5] Thoi gian mo phong [s]

Hinh 4. Su thay d6i ciia dp sudt xilanh phanh banh
xe theo dién ap diéu khién van tang dp

O Hinh 4b, tin hiéu dién ap diéu khién
c6 dang xung bac, dién ap giam tir 10V vé 0
trong khoang thoi gian tir 1s dén 2s, sau d6 duy
tri mirc dién &p 5V trong khoang thoi gian 2s
dén 4s va tang 1én 10V trong thoi gian con lai.
Ap suit xilanh phanh banh xe ting 1én 50bar va
giam xudng 25bar twong tng véi tin hiéu dién
ap diéu khién van tang ap.

Hinh 5 gi6i thiéu két qua mo phong diéu
khién doc 1ap ap suat & cac xilanh phanh banh
xe, trong d6 tin hi¢u xung dién ap diéu khién
mé van ting ap duoc duy tri Is xuat hién lan
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luot tir banh xe s6 1 dén banh xe s6 4. Xung ap
suat trong cac xilanh phanh banh xe ciing xuat
hién 1an luot theo tin hiéu dién ap diéu khién.
Trong Hinh 5, cac duong nét lién thé hién tin
hiéu diéu khién va 4p suét xilanh phanh banh
xe sb 1 va banh xe s6 4, cac dudng nét dit 13 tin
hiéu diéu khién va 4p suat xilanh phanh banh
xe sb 2 va banh xe s6 3.

Tin hieu dieu khien ESP
10 10

[ T e pp——

o 2 4 [ 0 2 4 [
Thoi gian mo phong [s] Thai gian mo phong [s]
Ap suat phanh banh xe

50 . 50 i
E 2 1!
2 325 & as| P
| e p
o
a [ R
0 F a 6 0 2 a 6
50 50
o
) 1 n £
£ 25 ' £ 25
= L] =7
0 1 o

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

Hinh 5. Diéu khién djc ldp dp sudt ¢ cdc xilanh
phanh banh xe

4. KET LUAN

Bai bao da gioi thiéu mé hinh dong
luc hoc ctia bo chip hanh ABS thuy luc bao
gom dong co dan dong, bom thuy lyc, binh
tich nang, van dién tir va xilanh phanh banh xe,
trong d6 ap suat tai cac xilanh phanh banh xe
duoc diéu khién doc 1ap thong qua tin hi€u di¢n
ap cap cho van tang ap. Cac két qua khao sat
bang phin mém mo phong Matlab-Simulink
cho thay 4p suit trong cac xilanh phanh banh
xe dap tng chinh xac tin hiéu diéu khién. Két

quéa cuia bai bio 13 co so tin cdy dé phat trién
nghién ctru 6n dinh quy dao chuyén dong cua 6
t6 bang cach diéu khién doc 1ap luc phanh & cac
banh xe nhd b chip hanh ABS thity luc. <
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