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XAY DUNG BO BIEU KHIEN TRUNG TAM CHO HE THONG TREO
VA ON BINH NGANG CHU BONG TREN O TO CON

A CENTRAL CONTROLLER DESIGN FOR ACTIVE SUPPENSION
AND ACTIVE ANTI-ROLL BAR SYSTEMS ON AUTOMOBILES

TOM TAT

Nhu cau st dung 6 t6 con trén toan thé giéi dang ngay cang tang cao, trong
d6 hai chi tiéu quan trong ma ngui st dung mong mudn d6 la o ém diuva an
toan chuyén dong. Cac nha san xuét 6 to cling ludn hiréng dén viéc néng cao tinh
tién nghi clia 6 to voi hai chi tiéu trén. D& nang cao dd ém diu thi hé thdng treo
chil dong la giai phap hiéu qua nhét, ddi voi o an toan chuyén dong thi dé la hé
thdng 6n dinh ngang chi dong. Trong bai bao nay, nhom tac gia sir dung phuong
phap diéu khién toi vu toan phan LQR dé digu khién dong thoi hai hé thong trén
nham néng cao dong thoi do ém diu va do an toan khi 6 to chuyén dong. Két qua
md phdng trén mién thoi gian va mién tan sb thé hién rg higu qua clia bg ditu
khién dé xuat khi gidm cac tin hiéu mong mudn trén 30% so véi 0 to khi st dung
hé thdng treo bi dong thong thuong.

Tir khda: Bong lyc hoc 6 t6; HE thdng 6n dinh ngang chil dong; Hé thong treo
chdi dong; Biu khién tGi wu; BO diéu khién trung tam.

ABSTRACT

The demand for cars around the world is increasing, of which two important
criteria that customers want are the comfort and the road safety. Car
manufacturers are also always aiming to improve the car quality with these two
criteria. To improve the comfort criteria, the active suspension is the most
effective solution, meanwhile for the road safety, it is the active anti-roll bar
system. In this paper, the authors use the optimal control method LQR to build a
central controller for these two systems to improve simultaneously the comfort
and the road safety when the car is moving. The simulation results on the time
domain and frequency domain clearly show the effectiveness of the proposed
controller when reducing the desired signals by over 30% compared to the cars
use the normal passive suspension system.

Keywords: Vehicle dynamics; Active anti-roll bar system; Active suspension
system; Optimal control LQR; Central controller.
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1.GIOI THIEU

Khi 6 td chuyén dong thi méat duong la ngudn kich thich
dao dong chinh, gy 1én sy rung lac lam anh hudng tiéu
cwc dén nguoi lai cling nhe hanh khach trén xe. DE cai
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thién duoc diéu nay c¢6 nhiéu nghién cru duoc thuc hién
ddi véi hé théng treo, hé théng phanh, hé théng lai hoac
két hop chdng [1, 2], trong dé nghién ctru vé hé théng treo
duwoc chirng minh la gidi phap hiéu qua nhat. Hién tai cé ba
loai hé théng treo chinh bao gom: loai thi* nhat la hé théng
treo bi dong duwgc trang bi gidm chan bj dong va phan ti
dan hoi, loai thit hai la hé théng treo ban tich cuc, loai thiv
ba la hé théng treo tich cuc.

Hé thong treo tich cwc da dugc nghién clru tir ndm 1970
[1]. Ngay nay hé thong nay kha phdo bién trong cac phrong
tién hién dai véi cach bd tri nhu trong hinh 1. Mét s
nghién clru méi da ap dung phurong phap diéu khién nang
cao cho hé thdng treo chd déng nhu trong [3], cac tac gid
da trinh bay mét so chién lwvgc kiém soat doi vai hé thong
treo cht dong dua trén phuong phap Skyhook, Ground-
hook, ADD va LPV. Cac van dé kiém soat hé thong treo
cling da duoc nghién ctru trén mod hinh nira xe nhu trong
[4,5, 6] bang cach st dung diéu khién t6i vu da muc tiéu.

N

Hinh 1. H& thdng treo durgc digu khién trén 6 t6 con
Bén canh d6 ngoai viéc nang cao dé ém diu cho 6 t6 thi
dd an toan cling rat quan trong. Khi nguoi lai danh l1ai hoac
khi quay vong trén duong voi téec do cao sé rat nguy hiém
badi vi khi d6 lvc quan tinh ngang clia 6 t6 tang Ién rat
nhanh, diéu nay dan dén kha nang 6 td bi lat ngang. Tai
nan do lat ngang thuong rat tram trong va gay nguy hiém
dén tinh mang con nguoi cling nhu phwong tién va co sé
hatang [7, 8]. D& nang cao tinh dn dinh ngang clia 6 0, cac
gidi phap cé thé duogc ap dung bao gbm: thay déi két cau
clia thanh 6n dinh ngang bi dong, st dung cac hé thong cé
diéu khién nhu hé théng treo, hé théng lai va hé thong
phanh... Tuy nhién dé dat hiéu qua cao nhat véi muc tiéu
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nay phai ké dén hé thdng on dinh ngang chd dong [9]. Hé
thong 6n dinh ngang chil déng dwgc phan thanh hai dang
khac nhau cho hai d6i twgng chinh la 6 t6 con va 6 to tai
trong Ién. Véi dac trung la tai trong 16n va chiéu cao trong
tdm cao nén cac nghién ctru vé hé thdng nay trén 6 to tai
trong 16n duoc nhiéu tac gid quan tam hon [8, 10, 11, 12].
Trong khi dé céc nghién ciru vé& hé théng nay trén 6 to van
chuwa duoc hoan thién.

Hinh 2. M ta nguyén Iy hoat ddng clia hé thdng on dinh ngang chii dong

Vi 6 t6 con, hé thong 6n dinh ngang chi déng thuong
duoc thiét ké bao gdm mdt mo to dién hoac mé to thiy luc
dat gitra thanh 6n dinh ngang thong thwong, dugc mo ta
nhu trong hinh 2 [13]. Tuy theo trang thai dao dong khac
nhau cuda 6 t6 thi hé thdng nay sé tao ra cdc md men theo
hai chiéu nguoc nhau tac déng lén hai bén banh xe, tir dé
lam gidm goc nghiéng ngang ctia than xe cing nhw dich
chuyén cla cac banh xe. Cac phwong phap diéu khién hé
thong 6n dinh ngang chil dong cé thé ké dén la PID, LQG
CNF [14]. Tuy nhién cac nghién ctru trén méi dirng lai & muc
co ban khi so sanh dé dich chuyén ctia banh xe trén mién
thoi gian trong ba trwdng hop, cé diéu khién, cé va khéng
c6 hé thdng 6n dinh ngang bi dong.

Trong bai bdo nay, nhém tac gia dé xuat mot bo diéu
khién trung tam két hop hai hé théng chii déng la hé théng
treo va hé thdng 6n dinh ngang. Lwc clia co cdu chap hanh
tlr hé théng treo chil déng c6 tac dung gidm gia toc, dich
chuyén than xe ciing nhu gia téc lac ngang dé dam bao
muc tiéu nang cao ém diu chuyén déng. Mémen cla co
cdu chap hanh tlr hé théng 6n dinh ngang chd dong cé tac
dung lam giam dich chuyén banh xe va géc Iac ngang than
xe dé dam bao muc tiéu nang cao d6 an toan chuyén dong.
Viéc ap dung phuong phéap diéu khién t6i vu dang toan
phuong LQR dé giai quyét muc tiéu trén la mot cach tiép
can mai vé két hop hai hé thong nay.

Bai bao dugc phan bd véi cu tric gom 5 phan. Phan 1
giGi thiéu téng quan vé hé thong treo chil ddng, hé théng
on dinh ngang chl dong va tvong quan clia nghién ctu
nay so véi cac nghién ctu trvée day. Phan 2 gigi thiéu mo
hinh 6 t6 nghién clru, trong dé dac biét nhdan manh dén
viéc két hop tin hiéu diéu khién cla hai hé théng la luc va
momen diéu khién ctia co cdu chadp hanh. Phan 3 thiét ké
b6 diéu khién trung tdm LQR vi muc tiéu nang cao dd ém
diu va do an toan chuyén dong cla 6 td. Phan 4 la mot s
két qua mod phoéng trén mién thoi gian va mién tan s6. Phan
5 lakét luan va dé xudt huéng nghién ctru tiép theo.
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2. MO HINH O TO CON
M6 hinh 6 td dugc tac gia sﬂ: dung la mé hinh 1/2 6 t6
con v&i 4 bac tu do duoc biéu dién nhu hinh 3.

fzS
.S

% Ce
Cl Kltj F1 Ketj Fa

O

Z1

C+1 Moct

ql

Hinh 3. Md hinh 1/2 6 t6 con

M hinh bao gém 3 phan: Khéi lvgng duoc treo m,, khéi
lvgng khdng duwgc treo bén trai m,, khéi lwvong khong duoc
treo bén phai m,. Hai lic diéu khién clia hé thong treo chi
déng la F,, F,, Mément diéu khién clia hé théng 6n dinh
ngang chi doéng la M, Cac ki hiéu va théng s6 ctia mo
hinh duwoc thé hién trong bang 1.

Bang 1. Thong s6 ctia mé hinh 60 [13]

Kihiéu Thong s6 Giatri | Ponvi
m, Khéi lvong duac treo 1300 kg
I Moment quan tinh khdi lrgng duoc treo 500 Kgm?
' Khoéng cach tir tam kh(”)i lwong d_uzcrc 08 m
treo dén banh xe bén tréi vabén phi ’
. Ktjoén,g cach t}r tém w géu chép hanh 03 m
@M | dénbanhxe bén tréi va bén phai ’
k;, | H&s0cangidm chanbén trai, phai 4500 Ns/m
C,, | PAcing 10 xo bén tréi, phdi 50.000 N/m
ct,, | Ddclng I6p bén tréai, phai 200.000 N/m

Phrong trinh dong lic hoc téng quéat cla 6 t6 khi xét
dén su ton tai déng thoi cla hé thdng treo va 6n dinh
ngang chd dong duoc xac dinh nhw sau;

m, Z, = —(c,+c,) Zs+ (c,— ¢, o — (k,+ k, ) Zs

+(k,—k,)rQ+c,Z,+¢,Z, +k, Z, )
+k,Z,~F -F,
c,Z,—c,rog+k,Z,—k,ro—k,z,
. —(ct,+c,)Z,+ct g, +F +M,, 2
m,Z, =
2a

arm

C,Z, +C,rQ+K,Z +k,ro—k,Z,
(Ct2+cz)zz+0t2 q, +Fz — Mact (3)
2a

arm

mZZZ -
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1@ = (C,— €, ) Zs—(c,+ ¢, )r* @ + (k,—k,)rZs
— (K + K, 2 Q—c, Zyr+ ¢, Z,r =k, Zjr 4)
+K,Z,r+Fr—Fyr

Phuong trinh déng lwc hoc (1-4) dwoc viét duéi dang
khong gian trang thai téng quat & phuwong trinh (5):

{X:AX+81W+BZU ©)

Y =CX+D,W +D,U
Trong dé:; Vécto trang thai
.
ez 220222
U . .

X:[QJZS 2z 97 4 Zz:|’Y:|:Zs ¢ 0 Z Z Zz:|'

Kich thich tir mét dwong w =[q, q,]" . tin hiéu diéu
khién U=[F F, M,].

A,B.,B,,C,D,,D, lacac matran.

3. THIET KE BO BIEU KHIEN TOI UU LQR
3.1. Co s& ly thuyét diéu khién t6i vu

M6 hinh LTI dwgc m6 ta béi phwong trinh (5). B6i v6i
thiét ké bo diéu khién, gia dinh rang tat ca cac bién trang
thai c6 thé xac dinh tir cac phép do bang cam bién hodc co
thé duoc wéc lwgng. Quy luat bd diéu khién toi wu phan hoi
am co dang:

U=—KX (6)

Trong do, K la ma tran phan hoi trang thai. Quy trinh toi
wu hoa bao gém xac dinh tin hiéu diéu khién U giGp giam
thi€éu mot so chi so hiéu suét J. Chi sd nay bao gdm yéu cau
dac tinh hiéu ndng cling nhu cac gi¢i han dau vao cta bd
diéu khién, thuvong duogc thé hién:

J= j (X" QX +U'RU+ 2X"NU)dt @)
0

Trong d6, Q vaR, N la ma tran trong s6 xac dinh duong.
Dé cd duoc giai phap cho b diéu khién téi wu (6), hé théng
LTI phai 6n dinh, diéu nay dlng véi hé thong (5). T ly thuyét
diéu khién toi wu tuyén tinh ma tran K c¢é dang sau [15]:

K=R7'B'P 8)

Trong d6, ma tran P la nghiém cda phuong trinh dai s6
Riccati:

AP+A"P-PBRB'P+Q=0 9)

Hé théng vong kin t6i vu duoc ldy tir cac phuong trinh
(5), (6) nhuw sau:

X =(A—B,K)X+B,U (10)

3.2. Xay dung bd diéu khién LQR cho bo diéu khién
trung tdm

Trong nghién ctu nay, nhom tac gid xay dung 03 bd
diéu khién dé danh gia so sanh nhu sau:
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- BO diéu khién LQR1 khi chi xét dén hé théng treo chd
dong.

- BO diéu khién LQR2 khi chi xét dén hé théng 6n dinh
ngang cha dong.

- B6 diéu khién LQR3 khi xét dén ca hé thong treo va 6n
dinh ngang cha déng.

3.2.1. Boi véi hé théng treo chi dong (LQR1)

Muc dich ctia hé thong diéu khién t6i vu la nang cao do
&m diu ctia 6 t6. Do vay ta lya chon ham muc tiéu nhv sau:

J= I(pu (b+ Pi Z“s + +p|3Zs ) dt (ll)
0

DaGi voi hé théng treo chd dong thi do ém diu cla 6 td
duoc danh gia thong qua @,Z,,Z, tirc 1a théng qua gia tdc
g6c lac than xe, gia téc dich chuyén than xe va dich chuyén
than xe. Trong d6 p,,p,,,P,; =0 la cac trong s6. Gia tri cua
céc trong so thé hién mic d6 wu tién khac nhau cho cac chi

tiéu da xac dinh & trén. Trong nghién clru nay, nhém tac gia
Iwa chon gid tri trong s6 nhu sau: p, =0,1:p, =0,1'p, =100.

3.2.2. B6i véi hé théng 6n dinh ngang chii dong (LQR2)

Muc dich cta hé thong diéu khién téi vu la nang cao
tinh an toan ctia 6 t6. Do vay ham muc tiéu duoc lya chon
nhu sau:

0

J= j(plll(p + pnzZ1 + pnazz )dt

0

Doi voi hé thdng 6n dinh ngang thi tinh an toan cla 6
td dugc nhan manh va dwgc danh gia thdong qua ¢,Z,,Z,
tirc 1a dich chuyén hai bén banh xe va goc lac ngang than
xe. Trong d6 p,,,P,,-Pys =0 la cac trong s6. Trong nghién
ctru nay, nhém tac gia lwa chon gia tri trong s6 nhu sau:
P = 10, Piz :104;p|l3 =100.

3.2.3. B6i voi hé théng treo chi dong két hop voi hé
théng 6n dinh ngang chii ddng (LQR3)

Muc dich cta hé thong diéu khién téi vu la nang cao
déng thoi d6 ém diu va dd an toan chuyén dong cua 6 to.
Do vay ham muc tiéu xac dinh nhu sau:

(12)

‘] = j(pllll <p+ pIIIZ Z“S-i_pIIIB(p + p|||4ZS + p\I\SZl +p\|\622 )dt (13)

0
Nhém tac gia muén nhan manh rang muc tiéu nay duoc
két hgp gilta 2 hé théng trén nén cac thdng s6 danh gia
bao gdm tat ca cac thong s6 ©,Z,,¢,Z,,Z,,Z,. Trong dé
pllll’ pIII25pIII35pIII45pIII55pIII6 2 0 Ia CéC trong 56 Nhém téc glé
Ia chon gid tri trong s6 nhw saup,, =p, =0,1:p,, =p, =0.1;

Puz =Pu =10%; Pus =P =100;py5 =Py, =10%; Pus =Py =100.
4. KET QUA MO PHONG VA BANH GIA

O phan nay, nhém tac gia danh gia hiéu qua cla bd
diéu khién dé xuét trén cd mién thoi gian va mién tan sé.
Vi dudng nét dirt cho hé théng bi ddng, nét lién manh cho
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hé théng treo chd dong (LQR1), nét chdm gach cho hé
thong 6n dinh ngang chtl déng (LQR2), nét lién sao cho hé
théng két hop (LQR3).
4.1. Két qua trén mién tan sb

DPé danh gia két qua trén mién tan so tac gia khdao sat
véi tin hiéu kich thich mat duong la g,, tan s6 gi¢i han khao
sat |a 100rad/s. Hinh 4 thé hién ham truyén bién do gia tin
hiéu kich thich g, dén gia t6c goc lac ngang than xe ¢ (a),
gia téc dich chuyén than xe Z, (b), goc lac than xe @(c) va
dich chuyén banh xe bén trai Z,(d). Chiing ta thay rang bién
dd cac muc tiéu lya chon déu gidm so voéi hé thdng bi
déng. Cu thé doi véi hé thong treo chl dong (LQR1) tac gia
mudn nang cao dé ém diu thi muc tiéu lya chon la gia toc
géc lac ngang than xe ¢ gidm khoang 15dB, gia téc dich
chuyén than xe Z_ giam khoang 17dB va géc lac ngang
than xe @ giam khoang 16dB so véi hé théng bi dong.
Nhuoc diém clia hé théng treo chii dong la do an toan clia
hé théng nay kém so v6i hé théng bi dong. Boi voi hé
thong on dinh ngang chil dong (LQR2) thi tac gia mong
muén nang cao do an toan chuyén déng nén gia téc goc
lac ngang than xe ¢ giam khoang 50dB, géc lac ngang
than xe @ gidm khoang 48dB va dich chuyén banh xe bén
trai Z, giam khoang 5dB. Nhuoc diém clia hé théng 6n dinh
ngang chl dong la khdng tac dong dén dich chuyén than
xe cho nén gia t6c dich chuyén than xe (hinh 4b) cla hé
théng nay khéng giam so v6i hé théng bi dong. Chinh vi
vay khi két hgp hai hé thong treo va on dinh ngang chu
déng da giai quyét hoan toan cac nhugc di€ém ma hai hé
thong trén dé lai. Tt ca cac muc tiéu déu giam so voi hé
théng bi dong cu thé 1a gia tdc goc lac ngang than xe
giam khoang 52dB, gia téc dich chuyén than xe Z, giam
khoang 47dB, goc l&c ngang than xe ¢ gidam khoang 50dB
va dich chuyén banh xe bén trai Z, giam khoang 30dB so
vGi hé théng bi dong théng thudng.
Giatoc goc lac than xe

Giatoc dich chuyen than xe
10 e —

i1 [ ——Passie

; [ R 1]

[ a1 Lo r

i P L oms _ RS

10 10 10° s ' iy
a) Frequency (rad’s) b) Frequency (rad’s)

i i —— Passie
frend — LORY

Magnitude (dB)
Magnitude (dB)

Goc lac than xe Dich chuyen banh xe ben trai

T 1 | Passie
Lo LRt
LR
+OHR

1| ——Passielt !
Dt |

Magnitude (dB)
Magnitude (dB)

0 I _ 8 I i
10 10 1 10 10 1
¢) Frequency (radss) d) Frequency (rads)

Hinh 4. Ham truyén bién do tir g, dén gia tdc gc lac ngang than xe ¢ /q,
(a), gia tdc dich chuyén than xe Z, /g, (b), goc lac ngang than xe ¢ /q, (C),
dich chuyén banh xe béntréi z, / q, (d)
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4.2. M6 phdng trén mién thoi gian

O phan nay, dé danh gi4 hiéu qua ctia phuong phap
diéu khién LQR3 trén mién thoi gian, nhém tac gia khao sat
tin hiéu kich thich tir mat dwdng cho banh xe bén tréi g, véi
dang mit duong ngau nhién Chirp Signal véi giéi han bién
dd £0,1m. Trong khi d6 mat duong & banh xe bén phai la
bang phéng, tic la g, = 0. Thi gian gi¢i han khao sat dwoc
xac dinh la t = 10s. K&t qua mé phong duoc thé hién trén
hinh 5. Chlng ta thdy rang véi bd diéu khién trung tam
LQR3 tat ca céc tin hiéu déu giam dang ké so véi mo hinh 6
t6 str dung cac hé théng bi dong.

Giatoc goc lac than e Giatoc dich chuyen than xe

===Passive === Passive

Phidd [rad/s?]

R T S S S M B : H I S R R
2 3 4 5 6 7 8 9 10 o1t 2 3 4 5 6 7 8 9 10
&) Time 5] b) Time 5]

Goc lac than e Dich chuyen banh xe ben trai

018 T

§ia S ; === Passite === Passie
i ! nav Y A
o f}r”}ﬁ,‘m"lﬁf.flﬁ,‘lﬁ““ + R DIWT‘TEQV'\“ QAR o
R T ‘ :
095'r“”l|flH‘J"Hl’,lll‘:‘||,'l’,'\l':H”IIJH‘H':" RO GABONIIN m SO
g 14 | || ?*0 SOV iHR RO b
a O ED'+#’ AT e Y
= - il "
AT ! il “I ] T oI ¥ t

4.
t

Ui

wl\llflhnunn » B

£ t 1l
£ 2B

(N RN
IHRERE)

02

I S S T R
203 4 5 8 7 8 9 10
d) Time [5]

I S I S S ; i
0 1 2 3 4 5 6 7 8 9 10 K
¢) Time [¢]

Hinh 5. Bép (ing thoi gian clia §, . , g, z, v6i tin hiéukich thich q,

Pé thay rd hon hiéu qua cla bd diéu khién trung tam
LQR3 da dé xuat, nhém tac gid théng ké gia tri sai léch binh
phuong trung binh RMS [12] gitra 6 t6 st dung hé thdng
treo bi dong théng thuong va hé théng két hop chd déng
LQR3 nhu trong bang 2. Ching ta thdy rang tat ca céc tin
hiéu khao sat déu giam trén 30% trong trvong hop st dung
hé thdng chii dong két hop LQR3.

Bang 2. So sanh gi tri RMS gilta hé thong chd dong két hop LQR3 va hé
thdng bi dong

(0 Z, 0 I L
Bidong | 20,8517 | 9,0053 | 00861 | 00366 | 0,036
Chidong | 49434 | 60834 | 00075 | 00149 | 0,0608
Giam 7629% | 3245% | 9129% | 5929% | 41,31%
5. KET LUAN

Trong nghién cru nay, nhém tac gia da tap trung trong
viéc ap dung phuong phap diéu khién téi wu LQR vao thiét
ké bd diéu khién trung tam két hop gitra hai hé thong chu
déng trén 06 t6 con la hé théng treo va hé thong 6n dinh
ngang. Két qua md phéng trén mién thoi gian va mién tan
s0 thé hién ré muc tiéu nang cao do ém diu va do 6n dinh
ngang cua 6 td da dugc ddm bao véi do giam trén 30% cho
tat ca cac chi tiéu khi so sanh véi hé théng treo bi dong.
Nhu vay viéc két hop diéu khién hai hé théng sé dem lai
giai phap tich cuc trong diéu khién 6 t0, cu thé la giam
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dugc cac hé thong diéu khién riéng Ié tir d6 giam duoc gia
thanh 6 to.

Hwdng nghién ctru ti€p theo co thé ké dén la xay dung
b6 diéu khién trung tdm cho cac hé thong trén 6 t6 nhw
treo, phanh, lai dé hoan thién khai niém “Global Chassis
Control”.

LOI CAM ON

Nghién clru nay duwogc tai trg béi dé tai nghién ctru khoa
hoc va cong nghé cép tredng trong diém clia Dai hoc Giao
théng Van tai, MS: T2019-CK-012TD.
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