KHOA HOC - CONG NGHE

Mo phong bo diéu khién hé thong phanh

ABS khi nén

Tém tat: Hé théng chéng ham cuing banh xe trén
hé théng phanh khi nén diéu khién ap suat khi nén
trong bau phanh dé duy tri khd ndng diéu khién
hudng chuyén déng va hiéu qua phanh tét. Thuat
toan diéu khién cua cac hang cé khac nhau va la bi
mét céng nghé, khéng dugc céng bé. Bai bao trinh
bay mé hinh mé phdng bé diéu khién hé théng
phanh ABS khi nén st dung thuat toan diéu khién
theo d¢ trugt ctia cac banh xe khi phanh.

Tu khéa: Bé diéu khién, Hé théng phanh khi nén,
Do truot, ABS

Abstract: Apneumatic anti-lock brake system
controls air pressure in the chambers to maintain
controllable the direction of movement and good
braking performance. Control algorithm of firms is
diffirent and technology secrets, unpublished. This
article presents a simulation model of the pneumatic
anti - lock brake controller and a control algorithm
follows the sliding of each wheel when braking.

Keywords: Controller, Pneumatic brake system,
Slip, Anti - lock Brake System

Ky hiéu

Ky hiéu |Don vi Y nghia
® Rad/s | Van t6c goc bénh xe
Omega FR | Rad/s | Van t6c g6c banh xe trudc bén phai
Omega RL | Rad/s | Van t6c géc banh xe sau bén trdi
V__FR km/h | Van t6c banh xe trudc phai
V__RL km/h | Van t6c banh xe sau trdi
V__Vehicle| km/h |Van t6c dai clia xe

Chir viét tat

ECU Electronic Control Unit

ABS Anti-lock Brake System

1. Dat van dé

Trong qua trinh phanh gép, cac banh xe 6 t6 ¢o
nguy cg bj trugt 1&t, lam mé&t kha nang dan huéng va
rdt dé dan dén tai nan giao thong. Hé théng chéng
ham cung banh xe khi phanh (ABS) lién tuc theo doi
van téc goc clia cac banh xe khi phanh va diéu khién
ap suét khi nén trong bau phanh dé dam bao do trugt
clia cac banh xe luén ndm trong khoang tinh toan
trudc. Do dd, cac banh xe duy tri dugc kh& nang bam
t6t (ca theo phudng doc va theo phuong ngang), gitp
dat hiéu qua phanh cao trong khi van duy tri dugc kha
nang diéu khién huéng chuyén déng cla xe.

Luc phanh t6i da dugc tinh theo cong thuic [6]:

Frmax = F,0x (1)
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Luc bam ngang t6i da dugc xac dinh theo cong
thuc [6]:

Fymax - qu)y (2)

Trong dé: F, - Tai trong thang diing

- Hé s bam doc gilia banh xe va mat dudng

(py Hé s6 bam ngang gilia banh xe va mat du’c‘ing

V6i mét loai xe nhat dinh, tai trong F, khéng ddi, dé
duy tri dugc luic phanh I6n va kha nang diéu khién
huéng can phai dam bao hé sé bam doc o, va bam
ngang ¢, c6 gia tri I6n.

Hé s6 bam doc ¢,, bam ngang o, phu thubc vao
nhiéu yé&u t6: Tinh trang mat dudng, kiéu I6p, chat
lugng 16p, nhiét do, téc do, dé trugt.. Quan hé gilia hé
s6 bam va do trugt clia banh xe nhu dé thj Hinh 1. Hé
s6 bam doc dat dugc cuc dai trong ving co6 do trugt
td 10 - 30%.
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Do truot

Hinh 1: D6 thi quan hé gilia hé sé bam va dé trugt

Hé théng ABS gém mot bo diéu khién (ECU), van
diéu chinh ap suat khi nén trong cac bau phanh (co
c&du chdp hanh) va cac cam bién do van téc géc banh
xe. ECU theo ddi van toc cla xe théng qua cac cam
bién t6c dd & cac banh xe. Khi bat dau phanh, t6c do
banh xe s& dudc so sanh vdi t6c dd cla xe da tinh
toan, ti dé tinh ra do trugt clia tling banh xe.

Do trugt clia banh xe khi phanh dudc tinh theo
cbng thuc [4]:

=" 100%

Y
Trong dé: v - Van téc cla xe; o - Van téc goc cla
banh xe; r - Ban kinh banh xe.
ECU sé can cu vao do trugt cla tliing banh xe dé
diéu khién &p suat khi nén trong bau phanh tuong (ing
nham dam b&o do trugt cac banh xe ludén trong
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khoang tii 10 - 30% dé dam b&o kha nang diéu khién
huéng chuyén dong khi phanh va hiéu qua phanh cao.

2. Thuat toan diéu khién

Phuong phap diéu khién qua trinh phanh nay nham
dam bao hé s6 bam doc va bam ngang cla cac banh
xe khi phanh c6 gia tri I6n. B4t dau qua trinh phanh, ap
suét khi nén trong bau phanh tang lam do trugt cla
banh xe ting dan. Khi do trugt vugt qua ngudng gidi
han A,, ECU diéu khién chuyén sang trang thai giii
nguyén ap suét trong bau phanh. Theo quén tinh, do
trugt ti€p tuc tang 1&n, khi vugt qua gidi han A,, ECU
sé diéu khién gidm &p suét trong bau phanh.

T8¢ do banh xe tang dan va doé trugt giam dan dén
khi nhd han gia tri A5, ECU diéu khién chuyén sang
trang thai git nguyén ap suét. Do trugt ti€p tuc giam
dén khi thdp hon gia tri A,, hé théng quay lai chu ky
tang ap suét. Trong trudng hgp néu dd trugt qua cao
(A > X5) can phai gidm nhanh dé trugt, khi d6 ECU sé
diéu khién gidm ngay 4p suét trong bau phanh ma
khong qua trang thai giG ap suat. Khi dé trugt qua
th&p (A < A¢), ECU diéu khién ting ngay &p suét trong
bau phanh ma khéng qua trang thai gili ap suét. Chu
trinh diéu khién 1ap di lap lai lién tuc nhu vay cho dén
khi k&t thiic qua trinh phanh. Céac trang thai lam viéc
clia ECU - ABS va céc ngudng giGi han diéu khién va
dugc mé ta nhu trén Hinh 2.

A=A

.
>

Tang ap suat Giam ap suat

A< A
y, 1o,
A<A, A<,
Giit 4p suat

Hinh 2: Trang thai lam viéc cua ECU - ABS
Lua chon dugc cac gia tri dd trugt gidi han A4, A,, .. Ag
phu hgp, ABS sé& diéu khién dam bao dugc do trugt
clia banh xe khi phanh luén nam trong ving t8i uu.
Khi do gia tri hé s6 bam sé bié€n thién qua lai gitia cac
diém 1, 2, 3 nhu trén Hinh 3.
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Do truot
Hinh 3: Piéu khién & vung truot t6i uu
3. Mé hinh mé phdng
Chon xe cé cac théng s6 sau:

Bang 1. Théng sé xe tham khao

Chiéu dai cd s¢ (mm) 4.260

Trong lugng ban than (kG)| 4.215

Trong lugng toan b (kG) | 12.520

Hé thang phanh Khi nén, co ABS

Lop trudc/sau 8.25R16-16PR/8.25R16-18PR

Xe st dung van ABS clia hang Wabco, c6 so do
nguyén ly nhu Hinh 4 [5].

Khoang diéu
khién
Van mang khoang
Cbng cap cap lfhi
khi nén (Mo)
Cudn
cap Céng cap khi nén
toi bau phanh
Van mang khoang
P cap khi
Cudn xa (Bong)
Khoang diéu

khién
Cura xa

Hinh 4: So dé nguyén ly van chap hanh ABS
clia Wabco

Van chdp hanh ABS c6 hai van khi nén & bén
trong. Hai van khi nén nay dugc diéu khién bang hai
van dién ti théng qua céc trang thai ON/OFF. Bang
cach phoi hgp céac trang thai lam viéc cla hai van khi
nén ma van ch&p hanh ABS tao ra dugc cac pha diéu
khién tang, gidm hodc gili nguyén &p suét khi nén
trong bau phanh.

Luu lugng khi nén di qua van ABS dén bau phanh
dudc xac dinh theo cong thic [1]:

0, = Kng\/ (7= P"”“G)(TP““ e sup (4)

Luu lugng khi nén x& qua van ABS trong pha gidm
ap sudt dugc xac dinh theo cong thtc :

(Poa =P )(P+P)
Qout :Kgcv\/ L GT;

Trong dé: P - Ap suét khi nén & clia vao van ABS;
P.a - Ap sudt khi nén trong bau phanh; P, - Ap suat
khi quyén; Ctr_Sup va Ctr_Exh - Bién diéu khién dong
khi nén di vao bau phanh va bién diéu khién xa khi
nén ra khoi bau phanh.

Trang thai tang ap suét dién ra khi bién Ctr_Sup =
1 va Ctr_Exh = 0 (C&p khi nén vao bau phanh trong
khi khéng cho khi nén trong bau phanh x& ra ngoai);

Trang thai gili 4p suét dién ra khi bién Ctr_Sup = 0
va Ctr_Exh = 0 (Khdng cdp thém khi nén vao bau phanh
va khéng cho khi nén trong bau phanh xa ra ngoai);

Trang thai gidam ap suét dién ra khi bién Ctr_Sup
=0 va Ctr_Exh = 1 (Khéng c&p thém khi nén vao bau
phanh nhung cho phép khi nén trong bau phanh xa
ra ngoai);

Bo diéu khién sé diéu khién ap sudt cho céac co
cédu phanh tai cac banh xe mét cach doc lap dua trén
do trugt clia banh xe do.

Ctr _Exh (5)
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Mé hinh b6 diéu khién dudgc xay dung nhu Hinh
5[3]:

DO—lv ctr_sup_FL— (8 )
v cuEx_FL
h_F
®_’ Stp_FL Ctr_Sup_FR Cr_Bxh FL »(6)
Slip_FL o Ctr_Sup_FR )
Slip_FR T Ch:Exh_FR
Slip_FR cu_sup_RR—(2 )
st . Ex0 R Ctr_Sup_RR
Slip RL Cﬁ’_EXh_RR
- Ctr_Sup_RL »(1)
@—’ Sho_RR Ctr_Exh_RL Ctr_Sup_RL >3
Slip_RR Ctr_Exh_RL
ECU - ABS

Hinh 5: So d6 mé phdng bé diéu khién
hé théng phanh
B6 diéu khién dugc xay dung trong méi trudng
Matlab - StateFlow nhu Hinh 6. Trong mé hinh bé diéu
khién nay, dau vao la van téc cla xe va do trugt clia
tiing banh xe, dugc xac dinh t& mé hinh mé phong
chuyén dong clia banh xe va than xe.

Giam_ap
5 en: Ctr_Sup =0[;

Hinh 6: M6 hinh bd diéu khién phanh cho mét
banh xe

Né&u phanh gédp khi van t6c ban dau ctia xe nhd
hon 20 km/h thi bd diéu khién khéng lam viéc, hé
théng phanh ABS hoat déng nhu hé théng phanh
khéng c6 ABS.

Khi phanh xe vai t6c dé ban dau cla xe I6n han
ho&c béng 20 km/h, b6 diéu khién sé& kich hoat ABS,
lic do trang thai lam viéc dau tién sé la tang ap suét
trong bau phanh. Sau do, can cu theo dé trugt do
dugc va cac gia tri ngudng dé diéu khién ap suat khi
nén trong cac bau phanh.

Méi trang thai trong mé hinh StateFlow (trang thai
tang ap, trang thai giti ap, trang thai giam ap) co hai
bi€n diéu khién, 1a bién Ctr_Sup va bié€n Ctr_Exh.
Chuic nang cla hai bién nay lan lugt la diéu khién van
cép va diéu khién van x& trong van ch&p hanh ABS.

M6 hinh hé théng phanh ABS khi nén dugc xay
dung trong méi trudng Matlab — Simulink. Théng s&
dau vao ctia mé hinh Ia lyc ban dap phanh cla ngugi
lai va ap sudt khi nén trong binh chua.

Hé th6ng phanh ABS khi nén dugc mé phdng
bao gém: Van phan phdi, nit phadn nhanh cla
dudng 6ng dan khi nén, cac van chdp hanh ABS,
céc bau phanh, cdc co cdu phanh. Ngoai ra, mé
hinh con mé phdng dong luc hoc than xe va bé diéu
khién (ECU — ABS). M6 hinh dudc xay dung nhu so
dé Hinh 7.
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Hinh 7: M6 hinh mé phdéng hé théng phanh ABS
khi nén trén 6 t6

4. Két qua mé phéng

M6 phdng qué trinh phanh clia 6 t6 ¢ cac théng
s8 chinh nhu trong Bang 1 vgi van téc ban dau cla xe
la 20 m/s (72 km/h). Gia thiét ap suét khi nén trong
binh chia la khéng déi va béng 0,8 MPa, luc dap
phanh clia ngudi lai dat gia tri 160 (N) tai thoi diém t
= 0 (s) va khong thay déi trong suét qua trinh phanh.
Gia sl phanh trén dudng cé hé s6 bam @, = 0,6.
Thuc hién mé phdng hai trudng hgp: Khi hé thong
ABS khong lam viéc va khi hé thong ABS lam viéc.
Quy luat bi€n thién van tdc goc va do trugt cac banh
xe khi phanh dugc theo ddi va kh&o sat nham danh
gia so bo hiéu qua hoat dong clia bd diéu khién téi
qua trinh phanh.

M6 hinh mé phdng c6 tinh chét déi xiing nén bai
bao chi dan két qua mé phdng d6i v6i banh xe phia
trudc bén phai va banh xe phia sau bén trai.

K&t qua md phong van téc géc cac banh xe va ap
sudt khi nén trong cac bau phanh khi ABS khong hoat
déng trong qué trinh phanh thé hién trén Hinh 8 va 9:
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a) Banh xe phia trudc phdi; ~ b) Banh xe phia sau trai
Hinh 8: Van téc goc cltia cac banh xe khi phanh

khéng st dung ABS
5
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Thoi gian [s] Thoi gian [s]

a) Bau phanh phia tridc phéi; b) B4u phanh phia sau trai
Hinh 9: Ap suét khi nén trong bau phanh
clia cac banh xe khi ABS khéng hoat déng
trong qua trinh phanh

K&t qua mo6 phdng khi ABS hoat dong trong quéa
trinh phanh nhu Hinh 10, 11:
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Hinh 10: Van téc cta cdc banh xe va cta xe khi
ABS hoat dong trong qua trinh phanh
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a) bé trugt banh xe phia b) Bé trugt banh xe phia
trudc trude phai sau trai

Hinh 11: D6 truot ctia cac banh xe khi ABS
hoat déng trong qua trinh phanh
K&t qua mo phong & cac trudng hgp trén cho thay:
-Bo6 diéu khién c6 diéu khién &p suat khi nén trong
bau phanh cla tiing banh xe. Trudng hgp phanh cé
kich hoat ECU - ABS, van t6c goc cac banh xe giam,
tang theo chu ky va giam dan vé khong; doé trugt clia
cac banh xe dao dong quanh gia tri 20%. Khi van t6c
dai cia xe nhd hon 20 km/h, ECU - ABS ngting diéu
khién nén cac banh xe nhanh chong bi trugt I&t.
Tuong tng véi thdi diém dé, do trugt clia cac banh xe

tang 1&én dén 100%.

- Trudng hgp phanh khéng kich hoat ECU - ABS,
qua trinh phanh dién ra binh thudng, ap suét khi nén
trong bau phanh tang nhanh dén gia tri cyc dai khién
cac banh xe bj trugt 1&t.

5. Két luan

- K&t qua mo phdng phu hgp véi hoat déng clia hé
théng phanh ABS khi nén trong thuc té.

- M6 hinh m6 phdng hé théng phanh khi nén co
ABS nay c6 thé sl dung cho céc nghién cudu, khdo
sat ti€p theo vé hé thdng phanh ABS khi nén trén
6t6 0
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S DUNG NHIEN LIEU...

(Tiép theo trang 61)

chat & nhiém trong khi thai cla
cac xe buyt chay CNG so vdi xe
Diesel chay trén dudng db thij
dugc tinh theo phudng phap “Hé
s6 6 nhiém” do Co quan B&o vé
méi trudng My (USEPA) va Té
chic y t& thé giéi (WHO) thiét lap.
TU két quéa cho thay: Trén tuyén
thi diém chay xe buyt CNG da
gidm téng lugng phat thai cac chat
doc hai da giam 39,30 tdn/nam so
vGi xe buyt chay diezel. Trong dé,
dac biét quan trong la lugng bui o
Itng TSP (Hat r&n PM,, va b6
hong) giam 1,81 tdn; NO, giam
20,92 t&n; CO giam 7,78 tan; HC
gidm 2,04 t&n; SO, gidm 0,4 tan;
VOC gidm 6,36 tan trong 1 nam.
4.3. Do tiéng 6n va danh gia
tiéng 6n do xe buyt CNG phat ra
Trung tdm Khoa hoc céng
nghé va moi trudng giao thong da

ti€n hanh khao sat do tiéng 6n do
xe buyt CNG gay ra va di dén két
luan: Mtc 6n do xe buyt phat ra
khi dé ctia 02 loai xe déu nhé han
QCVN cho phép. Xe buyt CNG cé
muc 6n phat ra khi dd nhd hon xe
buyt Diesel tudng ung la 4dBA.

5. M6t sé két luan qua qua
trinh thi diém xe buyt CNG

Qua thdi gian trién khai thi
diém, S& GTVT TP. H6 Chi Minh
nhan thady viéc xe buyt st dung
nhién liéu sach CNG da gidm
thiéu 6 nhiém méi trudng mét cach
ré rét so vdi xe buyt st dung nhién
liéu diesel. Cu thé 1a: Giam lugng
khi thai doc hai gay 6 nhiém moi
trudng; gidm lugng khi nha kinh
CO, phat thai; giam ti€ng 6n va
rung dong. Budc dau thanh coéng
trong viéc xay dung cac tuyén
buyt ki€u mau vé chat lugng dich
vy thdng qua viéc trang bi cac hé
thong GPS, ban vé ty dong...
dudc hanh khach va nhan dan thanh
phd Gng ho vi xe ¢o6 tinh tién nghi

cao va giam 6 nhiém mai truéng.

D&c biét, véi su hd trg clia Tap
doan Dau khi Viét Nam, Céng ty
Kinh doanh Khi héa 1dng Mién
Nam nén xe buyt CNG ti€t kiém
dugc khodng 30% chi phi nhién
lieu so vdi xe st dung diesel, qua
dé lam gidm gia thanh van tai.

Toan thanh phd c6 2.470 xe
buyt s dung nhién liéu diesel,
binh quédn moét xe hoat ddng
60.838 km/n&m. Nhu vay, téng s6
km lan banh cla loai xe s dung
nhién liéu diesel la: 150.269.470
km/ndm. Né&u ti€n hanh chuyén
déi hét sang xe buyt s dung
nhién liéu CNG thi toan thanh phd
s& gidm thiéu dugc mot sé lugng
rat I6n lugng phat thai va khi thai
doc hai. Méi trudng khéng khi clia
TP. H6 Chi Minh sé trong lanh
haon, chi phi chita bénh clia nhan
dan gidm, tudi tho trung binh tang,
déng thai Nha nudc cé thé giam
chi phi d& phong chéng bién ddi
khi hau O
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