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NGHIEN CUU BIEU KHIEN HE THONG ON BINH NGANG
CHU DONG TREN O TO KHACH 2 TANG

RESEARCH ON CONTROLLING THE ACTIVE ANTI-ROLL BAR SYSTEM OF DOUBLE DECKER BUSES

TOM TAT

0 t6 khéch hai tAng dang ngay cang chiém vai trd quan trong trong van
chuyén hanh khach va du lich trén toan thé gioi. Hién nay hau hét cac 6 t6 khach
hai tang d&u trang bi thanh 6n dinh ngang bi déng, tuy nhién do tai trong Idn va
chiéu cao trong tm cao nén cc tai nan lat ngang cta dang 6 to nay ludn géy ra
hau quéa nghiém trong. Bai bao trinh bay thiét k& mt bd digu khién t6i vu toan
phurong cho hé thdng 6n dinh ngang chii dong & ca hai cAu nhdm myc dich néng
cao d6 6n dinh ngang clia 6 to. C4c tin hiéu iroc xem xét t6i uu bao gdm goc Iac
ngang than xe, gia toc ngang va hé s6 chuyén tai & hai cau. Két qua md phong
trén mién thoi gian va mién tan sG da thé hién rd hiéu qua clia bo didu khién dé
Xudt véi do giam cla cac chi tiéu danh gid tir khoang 45% so véi 6 t6 si dung
thanh 6n dinh ngang bi dong thdng thuong.

Tir khoa: Dang I hoe 6 t6, hé thdng 6n dinh ngang chdi dong, digu khién tdi
wu toan phuong LQR, Tai nan lat ngang, 6 to khach 2 tang.

ABSTRACT

Double-decker buses are increasingly playing an important role in passenger
and travel transportation worldwide. Currently, most of double-decker buses are
equipped with the passive anti-roll bar system, but due to the high load and high
center of gravity, the rollover accident of this type of vehicle always cause serious
consequences. The paper presents the design of an optimal controller for the
active anti-roll bar system on both axles in order to improve the vehicle's roll
stability. Signals that are considered to be optimal include roll angle, lateral
acceleration and normalized load transfer at the two axles. Simulation results on
the time and frequency domain clearly show the effectiveness of the proposed
controller with the reduction of evaluation signals about 45% compared to buses
using the passive anti-roll bar system.

Keywords: Vehicle dynamics, Active anti-roll bar system, Optimal control LQR,
Vehicle rollover, Double-decker bus.
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1.GIOI THIEU

Nhirng chiéc 6 td6 khach 2 tang duwgc coi la hinh anh
biéu twong nhat clia nwéc Anh va day ciing la quéc gia s
dung xe khach 2 tang nhiéu nhat thé gidi, ti€p theo do la
Ireland, Ban Mach, Blrc, Nhat Ban..,, ching dan tré thanh
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phuong tién giao théng céng cong phd bién va dat hiéu
qua van tai cao & nhitng thanh phd déng dac. O Viét Nam,
mic do st dung xe khéch 2 tang dan pho bién hon nhung
khac véi cac nuwdc phat trién thi xe khéach 2 tang & Viét Nam
chll yéu dling dé van chuyén trén cac tuyén dwong dai tir
B&c vao Nam, tir Ha Noi 1én Lao Cai... O t6 khach 2 tang co
dac diém la c6 tai trong lon, toa do trong tam cao trong khi
dé bé réng hai bén banh xe bi gi¢i han khéng vuot qua
2,5m, do do6 kha nang chéng lat ctia 6 td khdng dugc tot.
Diéu nay dan dén nhiéu vu tai nan giao théng lién quan
dén lat ngang clia 6 t6 khach 2 tang, vi du la vu tai nan giao
thong 6 td khach 2 tang & Sapa - Lao Cai nam 2014 da lam
chét 12 ngudi nh & hinh 1.

TA NI o
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Hinh 1. Tai nan giao thdng ctia 6 td khach 2 tang tuyén Lao Cai - SaPa
nam 2014

Tai nan giao thong lién quan dén lat ngang clia 6 td ¢6
thé chia thanh bén nhém nhu sau [1, 2]

+ Phong ngtra duoc: ngudi diéu khién 6 t6 cé thé phong
nglra tai nan bang su hoé tro cla céc thiét bi Iap dit trén xe,
bang cach canh bao nguy hiém cé thé xay ra. Voi nhom
nay, da giam duoc mét sO vu tai nan lién quan dén hién
twong lat, khoang 3,3%.

+ C6 kha ndng phong nglra; tai nan la diéu khé cé thé
tranh duoc. Tuy nhién trong nhiéu treong hop nguoi diéu
khién phuong tién van cé thé tranh dugc nd, phu thudc
vao k§ nang diéu khién va do tin cay clia phwong tién hoac
kha nang lam viéc cla thiét bi cAnh bao. V&i nhém nay, da
gidm duoc rat nhiéu tai nan, khoang 38,4%.

+ Khéng thé phong ngira: bat ké k§ nang lai xe hay kha
nang lam viéc cua thiét bi canh béo, hién twong lat sé ludén
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luén xay ra. Nhém nay chiém I&n nhét trong tong s6 tai nan
lat ngang 6 t6, chi€ém khoang 49,7%.

+ Kha nédng lat khéng thé xac dinh: nhom nay chiém
khoang 8,6% tong s6 vu tai nan lat ngang 0 t6.

Viéc lai xe cdm nhan dwgc cac dau hiéu cla hién twong
lat 12 mdt nhiém vu kho khin bai n6 thuong dién ra trong
céc tinh huéng khan cap va rat nhanh. Cac cudc diéu tra da
cho thdy rang chi c6 mot s6 it cac vu tai nan lat ngang 6 to
¢ thé tranh duoc voi mot thiét bi canh bao, diéu do cang
chiém ti Ié cao hon véi nhitng nguoi tho lai xe lanh nghé,
nhung hon mot nira s6 tai nan lat ngang da khéng thé
ngan chin duoc chi bang cac thao tac cla nguoi lai xe.
Nguyén nhan chinh cta tai nan lat ngang la mat én dinh xe
khi luc tiép xuc gitta 16p voi duong & mot bén banh xe bang
khong, tirc la banh xe bi nhac 1én khdi mat dudng do anh
hudng qua lvc gquén tinh ngang [3, 4]. Hau hét 6 t6 thuong
trang bi cac thanh dn dinh ngang bi dong, nhing hé théng
nay da dwoc chirng minh khdng cung cdp dd m6 men
chong lat trong céc trwvdng hop khan cdp nhu vi du & hinh
1. Viéc nghién ciru ly thuyét vé hé théng 6n dinh ngang
chd dong da duoc nghién ctru tir nhirng nam 1998-2010 &
trwvong Dai hoc Cambrigle - Vwong Qudc Anh, sau dé duoc
cac nha nghién cttu & Pai hoc bach khoa Budapest -
Hungary phét trién & cap dé cao hon.

Cac phuong phap diéu khién cho hé théng 6n dinh
ngang chd dong trén 6 t6 cd thé ké dén: PID, mo (Fuzzy),
H., LPV.... [2, 3, 5]. Trong nghién cltu nay tac gia dé xuat mo
hinh 6 t6 khach 2 tang st dung phuwong phap diéu khién toi
wu toan phwong LQR cho hé théng 6n dinh ngang chtl
dong, véi muc tiéu t6i vu 1a gia téc ngang, goc lac ngang
than xe va hé s6 chuyén tai & tlrng cau. Do vay bai bao co
két cdu nhu sau: Phan 2 gi6i thiéu vé mé hinh 6 t6 khach 2
tang st dung dé nghién ctu. B6 diéu khién t6i wu toan
phuong LQR cho hé théng 6n dinh ngang chi ddng dugc
trinh bay trong phan 3. Phan 4 1a két qua mo phéng trén
mién thoi gian va mién tan so. Két qua va huvéng nghién
clru ti€p theo duogc trinh bay trong phan 5.

2. MO HINH O TO KHACH 2 TANG
2.1. Xay deng mé hinh 6 t6
A

J, \
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Hinh 2. M6 hinh 0 t6 khach 2 tang
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M6 hinh 6 t6 khéch 2 tang dwoc thé hién nhw hinh 2, vai
0 t6 & ché do day tai co toa dd trong tam tai diém O. Cac
thong s clia md hinh 6 t6 duoc trinh bay trong [4]. Phrong
trinh déng luc hoc bao gom:

Phuong trinh can bang mé men tai toa do trong tam
cla khoi lvgng duoc treo:

(L +m P?).f~I W=m_ ghf+Vvh(@+y)
—k (£ £ )b, (f—fu) (1)

+u,—K (£ —f )-b_(f—fv)
+ur+MARf+Tf+MARt+Tr

Phuong trinh can biang moment tai toa do trong tam
theo truc Oz:

—|XZ.¢+IZZ\|/:Fyf.a—wa @)
Phuong trinh can bang luc bén theo phuvong Oy:
mv.(B+w)—mS.h¢:Fyf +Fyr (3)

Phuong trinh can bang mé men ctia khéi lvong khéng
duoc treo ciu sau:

—rFyr = mur.v.(r—hur).(B—w)+mur.ghur.<|>tr —ktr.<|>tr

K (O JHD, (P ) U, A Mg +T

Phuong trinh can bang mé men ctia khéi lvong khéng
duoc treo cau truéc:

4)

—rJ:yf :muf.v.(r—huf).(B—\y)eruf.g,huf.d)tf —ktf.¢tf

+Kp. (=g )+by '(¢_¢tf)+uf +Mpge +T¢ ©)

Trong do, luc bén cha I6p & hai cau trvdc duoc xac dinh
nhu sau:

¥
Fe=n.Ce.(—B+5¢ —T\V)

b.y
Fyr =“~Cr~(_B+TW)

Phuong trinh (1) dén phuong trinh (5) la hé phuong
trinh dong lwc hoc cda 6 t6, duoc viét thanh dang khdéng
gian trang thai nhuv sau:

{XZA.X+BI.W+BZ.U

y=C.x+D,.w+D,.u

Trong dé véc to trang tha dugc lya chon:
x=[B v ¢ ¢ ¢ @ kich thich bén ngoai la goc danh
lai: w =5; ; véc to dieu khién: u=[T, T] . Do cac thong

s can quan tam la goc lac ngang than xe, gia téc ngang, hé
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sO chuyén tai & hai cAu nén véc to thong s6 dau ra duoc lya
chon:y=[x a R R ]T .A B, B, C,D,,D,lacac matran
cla hé théng.
2.2. Céc chi tiéu danh gia

Pé danh gia on dinh ngang cla 6 t6, ba chi tiéu sau
thuvong dwoc st dung [5, 6, 7]

- Goc nghiéng ngang ctia than xe: |¢ |g 60 =80

- Gia t6c ngang cuia than xe a, a
trong truong).

< 0,59 (g la gia téc

- Heé s6 chuyén tai & hai cau Ry, R;:

Rf — k (b — ktr'(btr
F F

> >

Trong d6: F,; va F, lan luot la tai trong tinh & cau truéc
va cau sau; ky, k, lan lvgt la do cliing géc cla I6p trwéc va
sau; % 4, 1a goc Iac ngang cau truoc va cau sau; | 1a 1/2
chiéu rong vét banh xe. Khi |R; /<1 thi khi d6 6 t6 chuyén
dong on dinh, trong khi d6 khi |R;,| = 1 thi khi d6 6 t6 c6
hién tvong nhac mot banh 1én khéi mat dudng, diéu dé cé
nghta la khi 4y 6 t0 sé& bi mat 6n dinh ngang.

3. THIET KE BO BIEU KHIEN TOI WU TOAN PHUONG LQR
3.1.Co's¢ ly thuyét

Bai toan diéu khién t&i wu tuyén tinh bac hai LQ c6 ham
muc tiéu tGng quat:

‘] :%XT (tf )Sf X(tf)

1 b T T
+§' I [X"(£).Q(t).x(t) +u'(t).R(t).u(t)].dt
Chiu si rang budc dong tuyén tinh bac nhat,

X(t) = A(t).X(t) +B(t).u(t)

Vadiéu kién ban dau: x(t,) = X,

Mot hinh thiic déc biét clia bai toan t6i vu bac 2 tuyén
tinh LQ la diéu khién toan phuong LQR. Khi dé tat ca céc
ma tran (A, B,.., Q vaR) la khong ddi, thai gian ban dau duoc
dat & khéng. Ham muc tiéu cla bai todn LQR dugc biéu
dién nhu sau:

j [X'(t u'(t)R.u(®)]dt (7)

Tin hiéu diéu khién phan hoi am cla bai toan t6i wu
toan phuong LQR cé dang:

U(t) = -K(t)x(t)

Trong dé, K(t) 1a ma tran c6 chiéu hop ly, cho béi
K(t) = RLB.S(t)

Va S(t) dugc xac dinh théng qua phuong trinh vi phan
Riccati tdng quat cé dang:

S(t)=—S(t). A—AT S(t)+S(t)BR-LBT.S(t)-Q
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Da4i v6i bai toan LQR, phuwong trinh vi phan Riccati duoc
thay thé bing phwong trinh dai s6 Riccati nhu sau:

—SA-A"S+SBR*B'S-Q=0

Hiéu rang phuong trinh dai s6 Riccati c6 cac ma tran A,
B, Q vaR tat ca déu khéng déi. Néi chung c6 nhiéu céach giai
phuong trinh dai s6 Riccati nhuv xac dinh duwong hoac xac
dinh ban dwong [5, 8].
3.2. Thiét ké bo diéu khién LQR

Ham muc tiéu diéu khién t6i vu LQR co6 dang:

JZI[XT.Q.X+UT.R.U-I—Z.XT.N.U]dt 8)

Muc dich ctia hé théng diéu khién & day la nang cao do
&n dinh ngang cdia 6 t6. Trong d6 gdc lac ngang than xe va
hé s6 chuyén tai & hai cau la cac théng s6 can duoc xem
xét. Ngoai ra mé men diéu khién sinh ra tlr cac co ciu chap
hanh ciing can dwoc can nhac dé tranh hién twong bao hoa
clia chiing. Do dé, ta lva chon ham muc tiéu nhu sau:

‘]:J.(p1¢z +p2'Rf2 +p3'Rr2 +p4 'sz +p5'|:2)dt

Trong d6, py, P2, Ps, Pa Ps la cac trong s6 va py, Py, Pz, Pay
ps =0. Gia tri trong s6 thé hién mac dd wu tién khac nhau
cho céc chi tiéu & trén.

4. MO PHONG VA DANH GIA

O day tac gia danh gia hiéu qua cta bo diéu khién 6n
dinh ngang toan phuong LQR v6i téc dd 6 td khao sat &
100km/h trén cd mién tan s6 va mién thoi gian. Véi duong
nét dirt cho hé théng 6n dinh ngang bi dong va nét lién
cho hé théng on dinh ngang chl dong.

4.1. M6 phdéng trén mién tan s6

Tac gia st dung ham truyén bién doé tir géc danh lai dén
cac chi tiéu nghién ctu. Hinh 3 thé hién ham truyén bién
dod cua goc lac ngang than xe ¢ /8 (a), van téc goc lac

ngang than xe d)/Sf(b) va hé sd chuyén tai & hai ciu
R /8(c.d).

r o: ph

Passive ‘

~, Active |
\\

ta, To: phid

Magnitude (dB)
Magnitude (dB)

Magnitude (dB)
% 3 T
. :
& 3
i =
/] |
i o
! 2 2
A 0
4
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d) Frequency (rad/s)

C) Frequency (rad/s)

Hinh 3. Ham truy@n bign do i tin hidu kich thich &,dén ¢, b R, R,
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Dai vai khao sat 6ng dinh ngang cuia 6 t6 khach hai tang
thi mién tan s6 kich thich dwgc khao sat khong Ién hon
4rad/s [8]. T dd thi hinh 3 ta thdy rang véi goc lac ngang
than xe bién do da giam 10 + 12dB, van téc goc lac ngang
than xe da giam 12dB, trong khi dé hé so6 chuyén tai & cau
trudc da giam 15dB, hé s6 chuyén tai cau sau giam 12dB khi
so sanh gitra hé thong 6n dinh ngang chi dong va bi déng.
Nhu vay véi hé thong 6n dinh ngang chi dong véi phuong
phap diéu khién toan phuong LQR da nang cao dugc do 6n
dinh ngang clia 6 té khach 2 tang trén mién tan s6.

4.2. M6 phong trén mién thoi gian

Tac gia khao sat khi 6 td chuyén lan dé vuot qua mot
treéng ngai vat trén duwong cao tdc & 100km/h, chwéng
ngai vat nay cé thé la mot 6 to khac dang chuyén dong &
téc doé khoang 80 + 90km/h. Goc danh lai duoc thé hién
trong hinh 4 [9, 10]. P4p Gng theo thoi gian cla cac tin hiéu
dwoc thé hién trén hinh 5. Ta thdy rang goc l&c ngang va
van tdc goc lac ngang gidm khoang 35% nhung hé sé
chuyén tai & hai cau giam khoang 45%. Trong dé dac biét
chil y dén dap (ng theo thoi gian clia hé sé chuyén tai cau
sau (hinh 5d), tai thoi diém 1,8s, 3s, 7s va 8,2s da xuét hién
lat ngang cla 6 t6 sir dung hé thong 6én dinh ngang bi
déng, nhung chua xay ra véi hé théng 6n dinh ngang cht
déng. Diéu nay da thé hién ré hiéu qué trong viéc nang cao
on dinh ngang cla 6 t6 véi bé diéu khién dé xuét.

goc danh lai
T

25

Della, [deg]

Timel[s]

Hinh 4. Tin hiéu kich thich tir géc danh 1ai 5,

goc lac ngang than xe van toc goc lac ngang than xe
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Hinh 5. Bap (ng thi giancla ¢, d) R,,R.
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5.KET LUAN

Nghién ctru nay da thanh céng trong viéc xay dung mo
hinh 6 t6 khach 2 tang nham khao sat 6n dinh ngang. Bd
diéu khién tdi uu toan phuwong LQR cho hé théng 6n dinh
ngang chd dong dugc xay dung voi bon thdng s6 co ban
duoc xem xét la goc lac ngang, gia téc ngang, hé s6 chuyén
tai hai cau. K&t qua md phéng trén mién tan sé va mién thoi
gian da thé hién rd hiéu qua ctia phrong phap dé xuat voi
dé giam hé s6 chuyén tai khoang 45% so voi 0 t6 st dung
thanh én dinh ngang bi déng thong thuvong. Két qua mo
phdng trén mién tan sd v6i gia tri danh gia 1a ham truyén
bién d6 cla cac tin hiéu khao sat, diéu nay cho phép phéan
tich dc tinh 6n dinh ngang clia 6 t6 mot cach téng quat.

Hwéng nghién ctru ti€p theo clia bai bao co thé la xem
xét anh hudng ctia phan bd tai trong clia 6 td khach 2 tang
va xay dvng bd quan sat dé wéc lvong cac dau hiéu dau
vao clia bo diéu khién.

LOICAM ON

Nghién clru nay duwoc tai tro béi dé tai nghién ctru khoa
hoc va cong nghé cap trueong trong diém ctia Pai hoc Giao
théng Van tai, MS: T2019-CK-012TD.
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