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TOM TAT

Hé thang chong bo cieng phanh (ABS) 1a mét hé thong an toan gidp banh xe khong bi khoa
cing trong qué trinh phanh khdn cap, dam bdo nguroi 1ai co thé kiém sodt dugc phuong tién va toi
uu quang dwong phanh. Vi vdy, nghién cizu va thi: nghiém vé mot bg dieu khién phi tuyén mgnh
mé c6 thé ap (dung duwot cho h¢ thong nay 1a rat quan trong va can thiét. Nghién ciu nay sé dé
xuat mét chién liroc diéu khién thoi gian xac dinh (FTC), dwa sai léch do truot hoi tu trong mét
khodng thoi gian xdc dinh duoc tinh toan tir truéc. Nghién cieu ciing dé xudt mét bé woe heong do
trueot dat toi wu két hop véi b diéu khién dé nang cao su bén vimng cia hé thong khi xe di trén cdc
diéu kién dwong khac nhau. Bg diéu khién trurot toan cuc (GSMC) dwoc dia ra dé so sanh véi bo
diéu khién dé xuat. Két qua mé phang trén phan mém CarSim két hop MATLAB/Simulink dé chimg
minh dueoc tinh khd thi ciia hé thang.

Tir khoé: Hé thdng chéng b6 cing phanh; Didu khién thoi gian xac dinh; Diéu khién truot; Diéu khién truot toan cuc;
Udc lugng d6 truot dat.

1. GIOI THIEU CHUNG

Hé théng chéng bo cirng phanh (ABS) 13 mét hé thdng diéu khién dién tur duoc thiét ké dé ngan
banh xe khdng bi khoé cimg va dam bao ngudi lai cd thé 1am chu dugc phuong tién trong subt qua
trinh phanh. ABS lan dau tién dugc gigi thiéu cho viéc ha canh may bay vao nim 1952 va dugc
phét trién boi Bosch. Mercedes-Benz 1a hing dau tién &p dung hé thdng nay vao 6 to. ABS la mot
thanh phan quan trong trong cac phwong tién hién dai, gop phan dang ké vao viéc ting cuong sy
an toan cho nguoi lai va hanh khach [1]. Hiéu qua ctia ABS da dugc chung minh boi hang chuc
trigu tai xé trén khap thé gisi, khién né tré thanh mot phan vo cling quan trong trong cac phuong
tién giao théng ngay nay. Do do, viéc sir dung hé thong nay da duoc dua vao cac quy dinh bat
budc theo luat phap cua nhiéu nudc trén toan thé gisi [2].

ABS truyén thng thiét ké dua trén do truot gitta banh xe va mat duong, khai niém nay duoc
dinh nghia 1a sai 1éch giita toc d6 dai cta xe va téc do ciia banh xe [11]. Khi do truot qué Ién thi
ngudi l4i s& mat kha nang kiém soat phuong tién. Thong thuong, hé thong nay sé diéu khién do
trugt cuia banh xe dé toi wu hoa luc ma sat doc gitra banh xe va mit duong dua trén diéu kién duong
hién tai. Dé dat dugc diéu nay thi can phai c6 nhitng théng tin chinh xac vé hé s6 ma sat giira banh
xe va mat duong (TFC) va toc do dai ciia phuong tién. Toc do dai duoc sir dung dé xac dinh do
trugt ciia banh xe va ddy 1a muc tiéu chinh cho cac hé thong diéu khién ABS. TFC duoc st dung
dé thiét lap do truot mong mudn nham giup xe dat dwoc mac giam téc toi da. Cac phuong phap
diéu khién truyén théng duya trén do truot ciia banh xe duoc thiét ké voi gia dinh rang do truot 1a
hang s6 ¢ thé do duoc va gié tri d6 1a ti wu khi thay doi diéu kién duong [12]. Tuy nhién, trong
g dung thuc té, viéc do toc do dai va TFC khi thyuc hién diéu khién ABS dua theo do truot 12
mét thach thac 16n [11]. Mot sé bo diéu khién da duoc dé cap trong cac nghién ciru trude day dé
&p dung trong cé4c chién luoc diéu khién dya trén do6 truot cua banh xe. Bo didu khién trugt cudn
chiéu (BSMC) da dugc d& xuit dé ap dung cho mé hinh ABS mét phan tu xe [8]. Ngoai ra, mot
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nghién ctru khac ciing da ap dung chién lugc diéu khién truot toan cuc (GSMC) cho hé thong ABS
trén xe dién va chiing minh nhiing cai tién dang ké ciing nhur tinh ¢ng dung thyc tién cao hon so
v6i md hinh mot phan tu xe [8].

Nghién ctru nay dé xuat mot chién Iuge diéu khién bam vai thoi gian xac dinh két hop véi bo
wdc luong do truot dat tdi vu dé dam bao sai léch d6 truot banh xe tién vé khdng trong khoang
thoi gian xac dinh va chi sir dung thong tin phan hoi vé tir cam bién do téc do banh xe cho hé thong
ABS. Chién lugc d& xuat bao gom mét bo ude lugng do truot mong mudn téi wu va mot bo didu
khién bam thoi gian xac dinh. Bo wéc lugng do truot mong mudn tbi wu duoc thiét ké dé hoat dong
theo thoi gian thuc, dua trén viéc tinh todn luc ma sét doc gitra banh xe va mat duong. N6 tao ra
d6 truot mong mudn téi wu dé duy tri TFC dat gia tri gin nhu ti da. Bo diéu khién bam thoi gian
xac dinh duoc thiét ké dé dam bao rang thoi gian hoi tu la c6 thé xac dinh dwoc va khdng phu
thudc vao diéu kién dau cua do truot [13]. Hiéu qua cua chién lugc dé xuat da duoc xac thuc thong
qua cac két qua mo phong sir dung CarSim va MATLAB/Simulink.

Céc dong gop chinh cua nghién ciru ndy bao gom: Chién lugc dé xuat chi yéu cau cam bién toc
d6 banh xe dé trién khai va do trugt banh xe mong mudn dugc tao ra dwa trén bo uée luong TFC
va didu kién mat duong dé t6i da hoa lyc ma sat doc. Ngoai ra, phuong phap nay con dam bao ring
gidi han trén cua thoi gian hoi tu duoc xac dinh, khong phu thude vao diéu kién dau cua do truot
va so sanh véi chién luoc diéu khién cé trong cac nghién ciru trudc day.

2. MO HINH PONG LUC HOC CUA XE

Mo hinh dong luc hoc cua xe dugc phéan tich nhu trong hinh 1. Trong mé hinh nay, xe dugc

xem nhu mdt 1a mot khdi ddng nhat [2]. M6 hinh cua banh xe trudc, sau, trai va phai dugc xem

xét riéng lé. Tuy nhién, cac yéu t6 nhu géc xoay quay quanh truc doc, dong luc hoc ngang, luc can
lan va d¢ doc dudng khong duge xét dén trong nghién cau nay.

i = [left, right] _ﬁ] d, d,

Hinh 1. M6 hinh déng luc hoc cua xe.
Véi diéu kién d6 thi khi xe giam tdc, mo hinh dong luc hoc cuia xe va caa banh xe [9] c6 thé
dugc mo ta nhu sau:

o1 .
vx_m(Zin cvxj

@, :%(—R Fo-T)

eff * xi i

(1)

trong do, i e[ fl, fr,rl,rr] laky hiéu tuong tng véi mdi banh xe, v, 12 téc do dai tai trong thm cua
xe (CG), @, la van téc goc ciia mdi banh xe, T, 1a mo-men phanh ctia mdi banh xe, “fl, fi, rl, rr”
Iz‘inr luot 1a banh trudce bén trai, banh tméc bén phai, banh sau bén trai va banh sau bén phai, m la
khoi lugng cua phuong tién, ¢ 1a hé s6 can cta khong khi, J 1a mé-men quén tinh cua banh xe va
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R, 1a ban kinh banh xe. Luc tiép xuc doc giita banh xe va mat duong cia ting banh F,, c6 thé
duoc thiét ké nhu sau [6]:

Fi (Aiﬂ in):/u(ﬂi)in (2)

trong d6, A, 1a do truot cua mdi banh xe, F, 1a phan luc ma mit duong tic dong Ien cac banh xe.
F, €0 thé dugc dinh nghia:

_d.mg-d mv,

7 2(d, +d,)
d,mg +d,mv,

@)

trong d6, je[l,r] 1a ky hiéu cho truc trai va tryc phai cia xe, g la gia toc trong truong, d, la
khoang céch giira truc néi hai banh truéc voi CG, d, la khoang cach giira truc ndi hai banh sau véi
CG va d, la khoang céach giita mat duong véi CG. Mot mbi quan hé phi tuyén giita TFC va do
truot dwoc minh hoa trong hinh 2.
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Hinh 2. TFC va dé truot [8].

TFC bi anh hudng béi ca diéu kién duong va cac thong s6 k thuat ciia banh xe, tir do khién
cho viéc do luong chinh xac gia tri cua luc ma sat doc giira lop xe va mét duong tré nén kho khan
vi méi quan he phi tuyén nay. Do d6, luc ma sat doc gitra banh xe va mat duong duoc xem la bat
dinh va c6 thé dinh nghia la:

Fa=4 (4)

Vi vy, (1) dugc viét lai nhu sau:

v, = i(zgﬁ —cvf}
LLANGY

. (®)

@ = 3(_Reffé:i _Ti)

3. CHIEN LUQC TOI U PQ TRUQT PAT

Phan nay trinh bay mét chién lugc dé tao ra b6 u6e lugng do truot dat toi vu dya trén lyc ma
sat doc giira banh xe va mt duong. Thuc t€, vi cac banh trudce va banh sau thuong di chuyén trén
cung mot be mat duong trong hau hét cac tinh huong lai xe, vi vay nén TFC cua banh trusc va
banh sau dugc Xem la nhu nhau [8]. Do do, TFC c¢6 thé dugc dinh nghia riéng biét cho bén trai va
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bén phai, sa0 cho u(Ay)=p(A4)= (4 ), (A )= 1(A, )= 11(2,) . Dya trén (2), méi quan he
TFC va lyc tiép xuc doc gitra banh xe va mat duong c6 thé duoc thiét ké nhu sau:

Fq +Fa
{Fxﬂ e _ﬂ(il) ©)
xfr xrr fu(/lr)
TFC c6 thé dugc biéu dién duya trén cac lec ma sat doc giira banh xe va mit duong nhu sau:
250 +&0)
u(h)=—"—"2
i 7)
2(5 + &)
p(A,)=—"—"-
mg

Hinh 3 minh hoa chién luoc d& xuét dé tao ra do truot dat mong mudn tdi wu.
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Hinh 3. Chién liroc tao ra dg trurot dit mong muon toi wu.

Do trugt mong mudn dugc thiét ké dé dam bao rang dao ham cia TFC 1a bang khong, tuong
ng v6i diem ma TFC dat cuc tiu. Do do, luc ma sat doc gitra banh xe va mat duong duoc toi da
hoéa. Chién lwgc nay c6 thé duoc biéu dién nhu sau:

AL () = A4 (t=1) + xsat (1)
lLe>A
sat(e) =<e,—A<e<A
-1,e<A

(8)

trong d6, A" 1a do truot dit toi wu tai mdi banh xe, « 12 hang s6 duong va A Ia gié tri dwong. Ham
bdo hoa (sat) 1a mot ham twong ty nhu ham dau sign, dwoc st dung dé giam thiéu cac dao dong
nho. Khi d truot dat mong mudn toi wu ndm trong viing M thi nd s& giam do dao ham cia TFC la
am. Nguoc lai, khi d¢ truot dat mong, mudn téi wu nam trong ving K thi nd s& tang 1én vi dao ham
ctia TEC 1a duong. Do d6, néu bo diéu khién bam do truot dat mong mudn ti wu thi TEC c6 thé
dugc duy tri trong ving L dé t6i da hoa luc ma sat doc gitta banh xe va mat duong.

4. THIET KE PIEU KHIEN BAM THOT GIAN XAC PINH
4.1. B6 @@
He phi tuyén %= f (x(1)),x(0) =0, f (0) =0,x e K, cR" V6i X=[X,X,,.... X, ]T va f(e)la mot
ham phi tuyén lién tuc trén K, néu ton tai céc hiang s6 », > 0,7, >0,0< p <1,q>1 sao cho [12]:
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V() <=V P () =7V (X) 9
Thi hé phi tuyén s& 6n dinh theo thoi gian ¢6 dinh véi thoi gian xéac lap:
T<T 1 ! (10)

Cc max = +
7n9A-p) r.9(0-1)
trong do, 0<¢<1.
4.2. Thiét ké by diéu khién

Nhu di dé cap & phan trude, do trugt dit cua banh xe duoc tao ra dya trén TFC nham tdi da
héa lyc tiép xdc doc giita banh xe va mit duong. Khi phanh, do truot banh xe A dugc dinh nghia
nhu sau:

O teff x (11)

trong @R, <V, va v, #=0véi i [fl, fr,rl,rr]. Theo [9], toc do banh xe dit c6 thé dwoc biéu
din bang (8) vai toc do dai cua xe:

AV, 4V,
o =———= (12)
Reff
trong do, j e[left, right, left, right]. Sai lénh tc do banh xe duoc tinh nhu sau:
&= —0 (13)
Pao ham sai léch tdc do banh xe:
& zd’lr _%(Reff Fi—T) (14)
Chon mit trugt s, =k.e,, vai k; 1a cac hang s6 duong, két hop véi (14):
s, =k =k (a).r _%(Reﬂ Fe—Ti )) (15)
Dé dam bao sy hoi tu theo thoi gian xac dinh, nghién ctu dé xuit tin hiéu md-men phanh:
T, =Ry Fy —J(af +Te" +Ae/")—xisgn(s,) (16)

trong d6, ', A VA «, 1a cac théng sb diéu khién duong, o va A la cac hing sb thoa man diéu
kién ¢ >1va 0< B<1.

Nhan xét 1: Khac véi b diéu khién duoc xay dung trong nghién cau [8] s& bi anh hudng bgi
tac dong cua cac thanh phan bat dinh, nghién ctru nay de xuat bo dieu khien c6 thém ham dau sign,
giup h¢ thong on dinh va ben virng véi cac thanh phan bat dinh nhu nhieu mé hinh tham so6 cua
xe, bat dinh tir hé truyén dong gitra dong co va banh xe va cac thanh phan nhiéu bén ngoai.

Nhan xét 2: Néu bo diéu khién dé xuat (16) dugc &p dung cho (14) thi sai léch s& hoi tu vé
khong trong gigi han trén cua thoi gian hoi tu T, ma khong phu thudc vao diéu kién ban dau cua
do truot:

ZTa 2
T. < +
Ma-1) Al-p)

- Lp
2

(17
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5. KET QUA MO PHONG
5.1. Kich ban md phéng

Dé xéc thyc higu qua cua phuong phép dugc dé xuat, md phong da duoc thyc hién trén CarSim,
mot phan meém chuyén dung d€ md phong dong luc hoc cho xe dign, cing voi
MATLAB/SIMULINK. Méi truong mo phong dugc thict 18p nhu sau: M6 hinh xe ap dung trong
mo phong la xe Hatchback B-Class. Cac thong s6 cua xe dwgc s dung trong cac mé phong la:
m=1110kg, J =0.6kgm?,R,, =0.298m va ¢ =0.298kg/m. Thong s diéu khién duoc tinh chinh
la: T'=1200,A =10,k, =10, x, =1000, =1.5va 8 = 0.2. CAc @i tri ban d4u dugc ap dung trong
mo phong nhu sau: @, (0) =102km/h (i e[fl,fr,rl,rr]) vav, (0) =102km/h. Dya theo (17) va thong
s6 diéu khién, gioi han trén cua thoi gian hoi tu cho phuong phap dé xuét 1a T, = 0.166 gidy. Dé
danh gia hiéu suat, GSMC da duoc dua ra dé so sanh véi phuong phap dé xust.

Kich ban m phong trong nghién ctru nay 1 khi xe bét dau phanh ¢ thoi diém 0,2 gidy dudi diéu
kién duong thay doi. Trong quang duong phanh 50 m dau tién, hé¢ so ma sat cua mat duong la
4, =0.2, sau d0 s€ thay doi thanh g, = 0.85 nhu trong hinh 4. B¢ tranh d¢ trugt dat gia tri vo cung
I6n khi toc d6 cua xe tién dén khong thi mé phong sé dumng lai khi téc do caa xe nho hon 1m/s.

—
—

Hinh 4. Kjch ban mé phong.

5.2. Két qua md phéng
Hinh 5 thé hién su so sanh vé hiéu qua tdi wu do truot banh gitra banh trudc bén trai va banh
sau bén trai.

0.1 T T T T T 0 I T I T
— Ref — = Actual
0051 1 20.05 F 4
ok 1
-0.05 | 1 -Or 1
-0.1 1 R

-_—r

Wheel slip
Wheel slip

=3
w

4 5 6 0 1 2 3 4 5

0 1 2 3
Time (s) Time (s)

(a). Banh trai trudc cua GSMC. (b). Banh trai trudéc cua FTC.
0.1 . . . . . 0 T T T T
m— R of
u
-0.05 1
e Of 1 =
ke 3 o1f ]
z =
-0.1F 1
-0.15 \~ 1
-0.2 - . . L L 202 ! . . .
0 1 2 3 4 5 6 0 1 2 3 4 5
Time (s) Time (s)
(c). Banh tréi sau cua GSMC. (d). Banh trai sau cua FTC.

Hinh 5. D¢ trueot dat woc lwong va dé truot thuc.
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Hinh 6. Toc dé dai va toc do quay cua banh xe.
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(a). GSMC. (b). FTC.

Hinh 7. M&-men phanh tac déng 1én bon banh xe.

Su khac biét vé do truot banh gitra hai hé thdng hoi tu vé khdng véi thoi gian hoi tu ngan, nhung
bo didu khién dé xut cho thiy sy 6n dinh hon trong sut qué trinh phanh so véi GSMC. Hinh 6 cho
thiy toc do dai va toc do quay cua bon banh. C6 thé thdy rang, phuong phap dé xuét c6 thoi gian
phanh | ngén hon 1a 4,883 gidly so véi 5,343 gidy cua GSMC. Hinh 7 cho thiy mo-men phanh tac dong
Ién m&i banh xe. C6 thé thay rd rang rang md-men phanh cua phuong phap dé xuat on dinh hon so
v6i GSMC. Khi phanh, khbi lugng ciia xe s& don vé phia trudc, 1am thanh phan bt dinh tac dong
1én hai banh trudc cua xe ting 18n, diéu ndy khién md-men phanh khdng 6n dinh. Tuy nhién, phuong
phap dé xuat cho thiy mo-men phanh twong d6i 6n dinh trong giai doan ndy. Bang 1 dua ra mot s6
thong s6 dé danh gia chit lvong cua hé thdng ABS &p dung hai chién luoc diéu khién FTC va GSMC.
Giam téc trung binh (Mean Fully Developed Deceleration - MFDD) la chi s6 thé hién do 6n cua gia
téc doc trung binh a_, tinh trong khoang thoi gian tir 90% dén 5% cua van tdc ban dau (tic 12 thoi

diém bét dau phanh). MFFD dung dé danh gi4 hiéu suat giam téc cua xe trong thoi gian ABS hoat
dong. Tiép dén 12 hiéu sudt ABS (77,4 ) 12 ti 1¢ ciia &, véi gid tri ly thuyét I6n nhét caa né. @ duoc
tinh tir khi van toc cua xe dat 80% dén 5% van toc ban dau. Chi s6 nay duoc thiét ké dic biét dé danh
gia hiéu suat giam téc cua hé théng ABS & trang thai 6n dinh. D6 giat doc (Integral Time-weighted
Average of the longitudinal jerk - ITAEJ, ) la mot chi s6 nham ma ta su thoai méi khi lai xe. Anh
huong tiéu cuc dén nguoi lai xe trong qué trinh phanh ABS xay ra do sy dao dong cua luc phanh
thuc té, tao ra viéc xdc, giat trong qua trinh giam téc cua xe [14]. O day, do giat cua xe cang thap thi
cac dic tinh thoai mai do ABS mang lai cang tot va mo-men phanh dugc thé hién trén hinh 7 ciing
cho thay r sy 6n dinh nay, nhat 1a trong giai doan van tdc ciia xe chuan bi vé khong. Qua bang 1 ¢6
thé thay rang, chién lugc diéu khién FTC c6 su hiéu qua hon dua trén ca ba chi sb so v6i GSMC,
qua d6 thé hién dugc chat lugng cua chién lugc diéu khién dé xuét trén két qua moé phong trén phan
mém CarSim va céc chi s danh gia chat lugng ABS.

28 P. X. Dikc, ..., L. D. Thinh, “Diéu khién bam thoi gian ... chéng b6 cieng phanh trén xe dién.”



Nghién ciru khoa hoc cong nghé

Bdng 1. Bang chi sé ddnh gid chat lirong hé thong ABS.

KPI GSMC | FTC
MFFD | -0.5366 | -0.6016
Mass 0.1033 | 0.1174

ITAE], | 1.6988 | 0.8717

6. KET LUAN

Nghién ciru nay dé xuat mot chién lugc diéu khién bam trong thoi gian xac dinh két hop voi bo
wéc luong do truot dat toi wu cho hé thdng ABS va chi str dung tin hiéu phan hdi toc do banh xe
tir cam bién. Do truot dat mong mudn tbi vu duoc tao ra theo thai gian thuc duya trén didu kién mat
duong dé téi da luc ma sét doc giira banh xe va mit duong. Bo diéu khién thoi gian ¢é dinh dwoc
thiét ké dé ¢am bao gisi han trén cua thoi gian hoi tu. Bé chitng minh hiéu qua cua phuong phép
dé xuat, nghién ctru da trinh bay mot kich ban md phong phanh dudi didu kién duong thay doi, sir
dung phan mém MATLAB/Simulink va CarSim dé xac minh tinh kha thi khi &p dung vao thuc
tién cua bo diéu khién dé xuét so voi méd phong toan hoc don thuan [8]. Hon nita, cac mo phong
dam bao ring thoi gian hoi tu cua sai léch toc do cua cac banh xe van nam trong gidi han trén da
dugce dam bao. Do d6, phuong phap dé xuat da mang lai hiéu suat phanh ABS vuot troi so voi hé
thdng ABS GSMC [7]. Thém vao d6, thoi gian va khoang cach phanh dat duoc véi phuong phép
dé xuat ngin hon dang ké so véi phuong phap ABS GSMC. Hién tai nghién ciru méi chi ap dung
phwong phap dé xuat 1én xe con (dang xe 6 t6 khdng qua 9 chd ngdi) va da chimg minh duoc sy
hiéu qua hon so véi cac phuong phap trong cac nghién ciru truge day. Trong twong lai, nhom tac
gia s& phét trién thém cac thuat toan dé 4p dung phuong phéap nay 1én cac dbi tugng xe khéac nhau.

_ Bai bdo nay da dwgc bao cao tai Hgi thao khoa hec Quéc gia “Ung dung Cong nghé cao vao thuc
tien” nam 2024.
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ABSTRACT

Optimal slip estimator-based fixed-time control
for anti-lock braking system in electric vehicles

The Anti-lock Braking System (ABS) is a safety system that prevents the wheels from
locking during emergency braking, ensuring the driver can maintain control of the vehicle
and optimize braking distance. Therefore, research and experimentation on a robust
nonlinear controller applicable to this system are highly important and necessary. This
study proposes a Fixed-Time Control (FTC) strategy, aiming to converge the slip deviation
within a predetermined time interval calculated in advance. The research also suggests an
optimal slip estimator combined with the controller to enhance system robustness when the
vehicle operates under different road conditions. Global Sliding Mode Control (GSMC) is
introduced for comparison with the proposed controller. Simulation results using CarSim
software combined with MATLAB/ Simulink have demonstrated the feasibility of the system.

Keywords: Anti-lock braking system; Fixed-time control; Global Sliding Mode Control; Optimal slip estimator.

30 P. X. Dikc, ..., L. D. Thinh, “Diéu khién bam thoi gian ... chéng b6 cieng phanh trén xe dién.”



