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NGHIEN CUU MO PHONG XAC LAP NGUONG DIEU KHIEN ABS
CUA HE THONG PHANH DAN PONG KHi NEN
Tran Vin Hoang', Tran Vii LAm'
Tém tit: Bai bdo nay ding phan mém Matlab - Simulink dé mé phong nguong diéu khién ABS cia
hé thong phanh dan déng khi nén. Dé xdc dinh nguéng diéu khién, trude hét thiee hién mé phong hé
théng phanh ABS theo d¢ triegt dé xdc dinh mién bién thién cia gia toc goéc banh xe. Sau d6 thuc
hién mé phong hé thong phanh ABS theo gia toc géc banh xe dé xdc dinh nguéng gia toc goc, xdy
dung mo hinh mo phong voi hai bo diéu khién khdc nhau: Diéu khién theo do truot va diéu khién
theo gia toc go’c banh xe. Do do bai bdo xdy dung bo diéu khién trong méi trwd’ng Matlab — State
Flow. Bé diéu khién dwoc xdy dung gom bon mé dun déc ldp cho timg banh xe. Két qua nghlen cuu

cho thdy, xdc ldgp dwoc cdc thong sé nguong diéu khién ciia ECU theo dé treot va gia toc goc;
ngudng gia téc géc banh xe trude va banh xe sau.

Tir khoa: Van téc gdc, gia tdc goc, khi nén, d6 truot.

1. PAT VAN DE

Heé thdng phanh 1 h¢ thong an toan chu dong
cta 6t6, dung dé giam téc do hay dung va dd
6td trong nhitng trudng hop can thiét. Nén cong
nghiép 6t6 dang ngay cang phat trién manh, sd
luong 6td6 tdng nhanh, mat do luu thong trén
duong ngay cang 16n. Cac xe ngay cang duoc
thiét ké v6i cong suit cao hon, toc do chuyén
dong nhanh hon thi yéu cau dit ra véi hé thong
phanh cling cang cao va nghiém ngat hon. 10%
sO vu tai nan xay ra trong trudng hop khi 1ai xe
dap phanh manh dgt ngét lam banh xe bi truot
1ét, dan dén 6t6 bi mat tinh 6n dinh. Theo thng
ké, nam 2021 Vi¢t Nam c6 khoang 5.799 nguoi
chét vi tai nan giao thong. Hé thong phanh trén
610 ¢6 trang bi ABS giup khic phuyc tinh trang
nay khong phu thudc vao ky thuat phanh cua
nguoi 1ai. Do tdm quan trong cta hé thong
phanh trén 6t vé sy an toan giao thong trong
qua trinh hoat dong nén cin nghién ctru ngudng
lam viéc ctua bd ECU ABS dé nang cao k¥ thuat
xir 1y cho hé thong phanh. Pi c6 rat nhiéu
nhitng nghién ciru vé dan dong khi nén cé diéu
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khién ABS, luan an tién si k¥ thuat cua (Hé Hiru
Hung, 2015) nghién ctru hé théng phanh ABS
din dong khi nén, (Ashley L. Dunn, Gary J.
Heydinger, Dennis  A.
Guenther, 2003) nghién ctru mo phong dong luc

Giorgio  Rizzoni,
hoc banh xe tai hang ning dan dong khi nén co
diéu khién chdng khéa tich hop, véi nghién ctru
cia (Cem Hatipoglu, Amer Malik, 1999) phat
trién thuat toan ABS duya trén md phong, nghién
cau cua (Diego Pedroso dos Santos, Eduardo
Lobo Lustosa Cabral, 2008) phuong phap diéu
khién méi cho hé théng phanh ABS, véi nghién
ctu ty 1€ truot banh xe dugc t8i wu hoa clia tac gia
(F. Yu, J.-Z. Feng, J. Li, 2002) thiét ké bo diéu
khién logic mo dé xac dinh ty I truot trén tuyén
cua banh xe, hay vdi nghién clru cua cac nha khoa
hoc (Shady Ashraf Abd El-Fatah, Abdel-Nasser
Sharkawy, Ahmad O. Moaaz, Nouby M. Ghazaly,
2021) nghién ctru cho thay ring viéc diéu khién
bang bd diéu khién logic md cho hiéu suét tot hon
so voi didu khién PD va PID vé thoi gian va
khoang céach dung xe. Céc nghién clru trong va
ngoai nudc trén da phan nao noéi lén duge tam
quan trong cua viéc diéu khién truot ciia hé théng
phanh ABS dan dong khi nén. Trong nghién ctru
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nay, tac gia di danh gid xac dinh gia tri ngudng gia
tdc goc banh xe, tir d ECU dua ra tin hiéu diéu
chinh phu hop.

2. NOI DUNG NGHIEN CUU

2.1. Co sé xac dinh ngudng gia tdc goc
banh xe

Quy trinh nghién ctru duoc thé hién trén hinh
1. Dya vio céac thong sb két ciu ciia hé thong
phanh, nguyén Iy hoat dong ctia hé théng phanh
ABS dan dong khi nén, xdy dung mo hinh cua
hé théng trén phan mém Matlab — Simulink
(Alvaro Gonzalez San Miguel, 2019). Qua trinh
hoat dong ciia hé théng phanh dugc mé phong &
cac ché d6 khac nhau, tir d6 chon duge ngudng
theo do truot diéu khién ABS. Phan tich céc két
quéa nhu; quing duong phanh, van tdc goc, gia
tri gia toc goc banh xe 1y thuyét. Trén co s cac
Kkét qua thu dugc, moé phong hoat dong cua hé
thong theo gia tdc goc banh xe, tiép tuc phin
tich cac két qua chay mo phong. Tir d6 xac dinh
duoc ngudng gia tde goc banh xe.

&y dyng md hinh mé phong heat dong cia hé thong bing
Matlab-Smmulmk

‘ Chon gis tri nguréng theo d@ trirot ditu khitn ABS tir md phong

Ly thuyet

Phantichkét qui chay mé phéng
+ Quing dwimg phanh
+WVantdc goc cacbanhxe

+ Gid tr gia tde goc, 46 trrot

Khong dat

| Dbi chifu véi thdi gizn hoat déng cita van ABS tzi cée bb difu khifn |

Déi chidu voi 36 thi gia toe goc theo thii gian difu khitn da
xac dinh sobd gid ui gia the goc

| 116 phong hoat dong cia hé thong thee gia toc goc cic banh xe |

Phén tich két qua chay mé phéng
+ Quing dwimg phanh

+ WVantdc goc cacbanhxe

=+ Gia tr gia toc goc, 6 trrgt

Khong dat

| ic dinh ngwdng gis tri gia the goc banh xe

Hinh 1. Thudt todn dé xdac dinh nguong trugt
theo dé trwot va gia toc géc
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Hinh 2. Co s6 dé xdc dinh nguéng trueot
gia toc géc

Qua dd thi diéu khién thoi diém tang, giam,
giit ap ciia bd ECU ABS ta c6 thé x4c dinh dugc
thoi diém ECU diéu khién, qua d6 xac dinh
ngudng gia tri cia Epxilon  tuong trng véi thoi
gian ECU diéu khién.

2.2. Pdi twgng nghién ciru

Xe tai loai 5T dugc lya chon trong nghién
clru ndy voi cac thong sb6 co ban duoc thé hién
trong Bang 1, xe tai loai nay duoc sir dung phd
bién & Viét Nam.

Bang 1. Cac thong s6 chung xe tham khio

Cic thong s6 chung: Gia tri
Trong lugng ban than: 5295 Kg
Tai trong chuyén tré hang hoa: 4150 Kg
Chiéu dai co s 4895 mm
Ong dan tir tong van dén nga ba 3,5 m; @
cau trude: 0,012
Ong din tir ngd ba dén cac bau 1,5m; @
phanh cau trudc: 0,008
Ong dan tir tong van dén van nga ba) 7 m; @
cAu sau: 0,012
Ong dan tir ngd ba dén cac bau 0,5 m; O
phanh cau sau: 0,012
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2.3. M6 hinh mé phéng dugc xdy dung trén phin mém Matlab —
Nhu d thao luan & trén, md hinh mo phong  Simulink nhu thé hién trén Hinh 3.

3
Dervsas EpwionFL

CO— Omega 7
M2 Omega_FR
Wree FR

Drbavel EpxdonFR

Hinh 3. M6 hinh moé phong dong luc hoc cua xe

3.KET QUA NGHIEN CUU VA THAO LUAN Oté chuyén dong véi V = 90km/h (25mv/s);
3.1. M6 phéng theo dd truot m = 9640kg, mat duong c6 hé sé bam emax = 0.8
Bang 3. Bang ngudng diéu chinh theo dd truot ciia h¢ thong phanh khi ABS
Chuyén pha Nglr(”)'ng’trqu*t (%lip) dif‘eu khién | Ngudng t’ru'q‘t (Slip) diéu khién
banh xe cau trudc banh xe cau sau
Téng ap - gilr &p 0,2 0,2
Gilr &p - giam dp 0,4 0,4
Gidm ap - gilr ap 0,3 0,3
Gilr &p - tang ap 0,2 0,2
DPéi v6i cac banh xe ciu trudce, banh xe ciu
(e e | o |gEag:%hgugnﬁ‘ 2ol ET‘(?E;?%F.,; ‘ sau: ngudng chuyén tir pha ting ap sang pha
it L gitt ap khi d6 trugt A > 20%; tr pha git ap
[Stip=0.2] . (Slip>0.4] sang pha gidm ap A >40%; tu pha giam éap
(Sip<02] G (sips3) sang pha gilt ap A < 30%; tir pha gilr ap sang
pha ting 4p A < 20%.

I o 4.1. M6 phéng theo gia téc goc
sznh 4. So: do mo dun trong mo hinh mo phong b Oto chuyén dong véi V= 90km/h (25m/s);
diéu khién hé thong ABS theo do truot banh xe m = 9640kg, dudng c6 hé sé bam pmax — 0.8
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Bang 4. Bang ngudng diéu chinh theo gia téc goc clia hé thong phanh khi ABS

Chuyén pha

Ngudng gia tdc goc (¢) diéu
khién banh xe cu truéc

Ngudng gia toc goc (g) dieu
khién banh xe ciu sau

Téng ap - gilt &p

gl =-78,5 (rad/s)

gl =-79,5 (rad/s’)

Gilr &p - gidm ap

€2 =-79 (rad/s?)

€2 = -80,5 (rad/s”)

Giam 4p - git &p

€3 = 65 (rad/s?)

€3 = 62 (rad/s?)

Gilr &p - tang &p

4 = 67 (rad/s?)

4 = 63,2 (rad/s’)

D6i voi cac banh xe cdu trudc ngudng
chuyén tir pha ting ap sang pha giit ap khi gia
téc goc banh xe dat €] < -78,5 (rad/s); tlr pha giir

a. Banh xe cau truoc

(Tang_ap 1 1 P —
!en Ditang = 1; | [vez0; (Phanh_Thuong | E:frll:‘:iawpng:;.-
|Dkgiam=0; 2 en: Dktang = 1; | [v=20L 1 0 o :
1 |Dkgiam=0; =i '

[Epxitan=-T8_5]

[Epriloh=6T]

Giu_ap

15
en: Dktang =0; |
Dkgiam=0;

ap sang pha giam éap €2 < -79 (rad/s); tu pha
giam 4p sang pha gilt 4p €3 > 65 (rad/s); tir pha
gilr ap sang pha tang ap €4 > 67 (rad/s).

b. Banh xe cau sau

(Tang_ap [Phanh_Thuang | (Giam_ap
en; Dktang = 1 {en: Dktang = 0] éen' Dktang =0
!DEiamm. ; \Dkgiam=0; ¢ |Dkgiam=1;
Han:
i i pilan
[Epxilon=63 2] [Giu_ap H
|en: Dkiang = 0;
o |Dglam=0;

Hinh 5. So @6 mé dun StateFlow trong mé hinh mé phong bé diéu khién
hé thong ABS theo gia téc goc banh xe

Déi voi cac banh xe ciu sau, ngudng chuyén tir
pha ting ap sang pha gii 4p khi gia toc géc banh xe
dat €1 <-79,5 (rad/s); tir pha gilr &p sang pha giam
ap €2 < -80,5 (rad/s); tir pha giam é&p sang pha gilr
ap €3 > 62 (rad/s); tir pha gilr 4p sang pha tang ap
€4 > 63,2 (rad/s).

a. Van toc goc banh trucc trai

Co ABS

Khing oo ABS

Wan to¢ gog [kmih

Mb hinh mo phong bo diéu khién ABS theo
gia tdc goc ctia banh xe gdm bdn md dun tuong
ty nhau. Trong mé hinh bd diéu khién nay, dau
vao 1a van téc dai cia xe va gia téc goc cua
banh xe.

b. Vén toc géc banh sau trdi

M | Khéng oo ABS

Co ABS

3

Hinh 6. D6 thi vén téc goc banh xe khi phanh o t6¢ dé 90km/h

Trén do thi van toc géc ctia banh xe trudc va
sau, van toc goc banh xe c6 h¢ thong phanh ABS
dicu khién giam déu tir dén khi van toc cta xe giam
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vé Okm/h nhung do quan tinh ciia xe nén cac banh
xe bi truot 1ét trong khoang 1 gidy cudi clia quéa
trinh phanh. Khi hé thong ABS trén xe khong hoat
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dong, van tc goc ctia banh xe nhanh chong giam
vé Okm/h tai thoi diém 0,3 gidy dau. Khoang thoi
gian sau banh xe bj truot 1ét hoan toan do lic nay
Iyrc quén tinh clia xe van rat 1on.

- —Khong co ABS | |
Co ABS

Toc do xe [kmih]
(=]
r

o 1 4 5 &

L]
Thol gian [s]

Hinh 7. D6 thi téc do xe khi phanh
& van téc 90km/h

Khi xe dang hoat dong & toc d6 90km/h sau
d6 thyc hién phanh gip. Két qua, hé thong

a. Banh xe truoc

Do truot {x100%]

phanh ABS khi nén hoat dong & thoi diém 4,78
gidy, hé thong phanh ABS khong hoat dong & thoi
diém 5,35 gidy thi dimg xe.

60 e 55

50 el | ;. %
= ‘ Co ABS

~ Khong cb ABS

Quang duong phanh [m]

o 1 2 3 4 5 &
Thaoi gian [s]

Hinh 8. Do thi quéng dwong phanh cia xe
khi xe & van téc 90km/h

Chi tiéu vé quing dudng phanh, quing dudng
phanh trén xe c6 hé thong phanh ABS diéu khién
a4 60m so v&i 67.2m trén xe hé thong ABS
khong lam viéc.

b. Banh xe sau

o8 [ Co ABS

| Kheng oo ABS

s truat [xq0
D Iruat [x 102

Thai gian [s]

Hinh 9. D6 thi do truot ciia banh xe trai

Hé thong phanh co trang bi ABS: d6 truot
cua banh xe trude, khoang 2,5 giay dau do truot
cta banh xe trudc va sau dao dong trong khoang
gia tri tir 10 — 30%. Banh xe sau, diu qua trinh
phanh (khoang 3,3 gidy dau) do trugt cua banh
xe trugc va sau dao dong trong khoang gia tri tur
10 — 30%, trong gia tri nay dJ trugt va 6n dinh
ctia xe dam bao yéu cu. P9 truot ting 1én gan
60% trong khoang 0,5 gidy tiép theo sau d6 cudi
qué trinh phanh (khoang 1 gidy cudi) gia tri do
trugt ting 1én 100% nhung do tdc do xe lic nay
thip (20km/h) nén it anh hudng dén tinh 6n dinh
cua xe.
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Hé théng phanh khong trang bi ABS: khi
phanh gép ngay lap tirc cic banh xe xuat
hién truot 1&t hoan toan. Piéu nay lam cho
xe mat tinh 6n dinh gdy ra nguy hiém trong
qua trinh phanh.

Tai thoi diém V = 90km/h khong xuét hién
hién tuong bi truot 18t trong qua trinh phanh.
Gia tri gia toc goc banh xe dao dong tir -92
rad/s* dén 78 rad/s> & 2 banh xe sau trong
khoang tan s6 6Hz va trén banh xe trudc 1a -90
rad/s* dén 86 rad/s* & tan s6 5Hz. Khoang thoi
gian 3,7 gidy ddu bo ECU ABS van diéu khién
qua trinh phanh.
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a. Banh xe truoc
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b. Banh xe sau
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Hinh 10. D6 thi gia toc géc ciia banh xe trdi

4. KET LUAN

- Xac lap duoc cac thong sé ngudng diéu
khién ctia ECU theo d6 truot va gia tde goc;
ngudng gia toc gbc banh xe di xic dinh dugc
nhu sau:

- Gi tri ngudng gia toc goc banh xe trudc:

+Didu khién chuyén tir pha ting 4p sang pha giit
ap khi gia toc goc giam nho hon gia trj -78,5 rad/s’

+ Diéu khién chuyén tir pha giit 4p sang pha
giam ap khi gia tdc goc giam nho hon gié tri -79
rad/s’. + Diéu khién chuyén tir pha giam ap sang
pha giir ap khi gia téc goc ting vuot qua gia tri
+65 rad/s>. + Diéu khién chuyén tir pha giir ap

TAI LIEU THAM KHAO

sang pha tang 4p khi gia toc goc ting vuot qua
gié tri +67 rad/s’.

- Gi tri ngudng gia tdc goc banh xe sau:

+ Piéu khién chuyén tir pha ting ap sang pha giit
ap khi gia tdc goc giam nho hon gié tri -79,5 rad/s’.

+ Diéu khién chuyén tir pha giit 4p sang pha
giam ap khi gia tdc goc giam nho hon gia tri -
80,5 rad/s’.

+ Piéu khién chuyén tir pha giam &p sang
pha giit 4p khi gia tdc gbc ting vuot qua gia tri
+62 rad/s’.
sang pha tang ap khi gia tbc goc ting vuot qua
gié tri +63,2 rad/s’.

+ Piéu khién chuyén tir pha giit ap
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Abstract:
RESEARCH FOR ABSOLUTELY ESTABLISHED ABSOLUTELY CONTROL OF
PNEUMATICALLY DRIVEN BRAKING SYSTEM

This paper uses Matlab/Simulink software to simulate the threshold braking of the pneumatic
drive brake system. To determine the threshold value, first perform a simulation of the ABS
braking system according to the slip to determine the variable domain of the wheel angular
acceleration. Then simulate the ABS braking system according to the wheel angular acceleration
to determine the angular acceleration threshold, and build a simulation model with two different
controllers: slip control and angular acceleration control, wheel. In this study, a controller in
the Matlab-State Flow environment was built from four independent modules for each wheel.
The research results show that the threshold braking parameters of the ECU can be established
according to slip and angular acceleration, including the threshold of angular acceleration of
the front and rear wheels.

Keywords: Angular velocity, angular acceleration, pneumatics, slip.
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