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THIET KE BQ PIEU KHIEN TOI UU CHO HE THONG ON PINH
NGANG CHU PONG TREN O TO CON

Pham Trung Diing', Vii Viin Tan', Trwong Manh Hung', Nguyén Minh Trung’

Tém tit: Hé thong on dinh ngang chii déng la mot hé thong tiéu biéu c6 chire nang ndng cao tinh on dinh
ngang nho cé thé thay doi lién tuc mé men xodn phii hop véi cdc diéu kién chuyén déng khdc nhau dé
khdc phuc cdc mé men gdy ldt ngang ciia 6 t6 con. Trong bdi bdo nay cdc tic gid trinh bay nghién ciru
thiét ké bo diéu khién t6i wu LOR cho hé thong on dinh ngang chii déng trén 6 t6 con véi tin hiéu diéu
khién dwoc xdc dinh la cuong do dong dién i cua co cau chap hanh, tin hiéu kich thich la map mé bién
dang madt dwong ngau nhién theo tiéu chudn ISO 8608 ¢ hai bén bénh xe. Ba bé diéu khién t6i uu LOR
duge thiét ké véi muc tiéu nang cao tinh on dinh ngang cho 6 t6. Cdc chi tiéu quan trong nhw bién do dao
ddng thang dimg, géc ldc ngang thin xe duwoc khdo sdt, danh gid trén mién tan sé va mién thoi gian.

Tir khéa: Pong luc hoc va diéu khién 6 t6, hé théng 6n dinh ngang chu dong, diéu khién ti uu, 6n dinh

ngang, lat ngang cta 6 to con.

1. PAT VAN PE

O Viét Nam ciing nhu nhiéu quic gia trén thé gidi,
dac biét tai nhimg qudc gia dang phét trién, tai nan
giao thong dugc nhin nhén 13 “tham hoa” boi nhiing
hau qua to 16n nd gy ra d6i véi kinh té - xa hoi, nhit
14 nhirng t6n thuong tinh than khong thé khic phuc.
Trong sb cac hé théng diéu khién nham muc tiéu dam
bao an toan cho phuong tién, hé thong on dinh ngang
chu dong (Active anti-roll bar system - AARB) 14 phd
bién nhét duoc st dung dé cai thién do 6n dinh lat
ngang cho 6 t6, dugc mo ta trong hinh 1.

Hinh 1. Hé thong 6n dinh ngang chii dong

trén 6 to con

"' Bé mén Co khi 6 t6, Khoa Co khi, T) ruong Pai hoc Giao
thong Van tai, Ha Noi, Viét Nam
? Céng ty Volvo Ha Néi, Long Bién, Ha Néi, Viét Nam

Hién nay cac nghién ctu vé didu khién hé
thong 6n dinh ngang chu dong trén 6 t6 con dang
tap trung vao hudng nghién ctru chinh d6 la: diéu
khién t6i vu va diéu khién bén viing (Van Tan Vu,
2017). O trong nudc nhitng cong trinh nghién ctru
vé hé théng 6n dinh ngang chi dong c6 thé ké dén
nhu sau: “Tinh diéu khién va on dinh cia 6 to
khdach véi hé thong chong lic ngang bi dong”
(Nguyén Minh Tuéan, 2019). Cong trinh nghién
ctru “Anh huong cia thanh on dinh dén dao dong
ngang 6 t6” (Nguyén Tuan Anh, 2009). Tac gia
Tran Van Cong da c6 cong trinh nghién ctru “Ung
dung logic mo diéu khién hé thong chong ldic
ngang chi dong trén 6 t6” (Tran Vin Cong,
2013). Trén thé gi6i c6 thé ké toi cong trinh
nghién ctru “Improving o -road vehicle handling
using an active anti-roll bar” (P.H. Cronje’, et al
2010), cua hai cac tac gia P.H. Cronje’, P.S. Els.
“Double anti-roll bar

hardware-in-loop experiment for active anti-roll

Cong trinh nghién clu

control system” (V. Muniandy, et al 2017) cua
nhom cac tac gia V. Muniandy, P. Mohd Samin,
H. Jamaluddin, R. Abdul Rahman, S. A. Abu
Bakar. Tac gia Vu Van Tan da cong bd bai bao
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“Preventing rollover phenomenon with an active
anti-roll bar system using electro-hydraulic
actuators: a full car model” (Vu Van Tan, 2021).

Trong nghién ciru nay, cac tac gia tap trung
thiét ké bo diéu khién t6i vu LQR cho hé théng 6n
dinh ngang chu dong dua trén mo hinh 2 6 t6 con,
sau d6 tién hanh danh gia va so sanh két qua trén
mién tan s6 va mién thoi gian véi kich thich mit
dudng ngau nhién theo tiéu chuin ISO 8608.

2. XAY DUNG MO HINH O TO

Mo hinh 6 t6 dy di duoc xét dén trong bai bao

* Zs
%
ms

nay bao gdm mé hinh ¥4 6 t6 con két hop véi co cdu
chip hanh dugc thé hién thong qua hinh 2a. Khi bd
diéu khién trung tdm giri tin hiéu dong dién i dén co
cau chép hanh thi n6 tao ra mé men 6n dinh M, .
MO0 men nay tdc dung 1én banh xe bén trai va banh
xe bén phai v6i do 16n bang nhau va bang
0.5* M, nhung chiéu thi ngugc nhau tity vao tirng
truong hop cu thé cua 6 t6 khi chuyén dong. Thong
s6 ciia mé hinh 6 t6 va co cdu chip hanh duogc thé
hién trong (Vu Van Tan, 2021).

Van trugi

F, il X

M tor thity e

b)

Hinh 2. M6 hinh % cua 6 to con

H¢ phuong trinh vi phan dong luc hoc ciia mo6 hinh 72 6 t6 con dugc xéac dinh:

m Z, =—c,(Z,-q) +01(Z£ -Z) +k1(Z£_Zl)

Trong do6:
Zlv = Zs - wr
ZZV = Zs - (p”

Thay (2) vao (1) ta dugc:

m,Z,=-c,(Z,—q,) +cz(Zy2 -Z,)+ kz(Z;_Zz)

m Z,=c(Z,~Z)+ k(Z= Z)) + ¢,(Z, = Z)) + ky(Z,~ Z,)

(D

I¢ =_|:01(ZI _Z£)+k1(Zl_Z£)}r+{cz(Zz _Z;)+k2(ZZ_Z;)}r

2
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+CZZZ+kIZl+ kZZ'2

—c, Z,r+ czer—klZ;r+ kZZZr

m. Z, =—(c,+c,)Z +(c,—c,)ro—(k,+k,)Z +(k,-k,)ro+c, Z,

le“l =c,Z,—c,ro+ klzs— klr(b— klzl— (ct,+c,)Z,+ct, q,

3)

mzZ"2 =c,Z, +c, r(0+kZZS+ k2r¢—k222—(ct2+ c,)Z,+ct,q,

o =(c,—c,)rZ —(c,+c,)r’p+(k,—k,)rZ —(k,+k,)r’e

Co ciu chip hanh dugc st dung & bai bao nay la dang dién-thiy luc (Vu Van Tan, 2017) dugc thé

hién trong hinh 2b. Hé phwong trinh tong quat ctia co cau chip hanh dugc thé hién nhu sau:

X =Kiw'—2D X, w,— X w

t t t

9=-d, 8/ J+V P/ J+ M, |J

Trong d6: K - 1a hé s6 khéch dai cta van,
Oy - 1a luu lugng dong dau; AP, - 1a do giam
ap; U, . - la cuong do dong dién 16n nhat; D, -
12 hé sb giam chan cua van; K g " 1a hé sb luu
lwgng; K, - 1a hé s6 ap suat; O, -luu lugng chét
long trung binh; 4 - goc xoay mod to thuy luc,
PL - dd chénh léch ap suit; ﬂE - 1a mé dun dau;

V- 1a thé tich chju ap suat; Vv, -l tiét dién mat

X, =K,iw’=2D, X, w, - X ,w’

t t t t

9=-d, 8/ J+V,P, | J+ M, |J

ect

+c,Z, +k, Z'1+k2 22
+4,P,

~A,P,

-k, er+ k, 22 r

, _4p 48 4B, 1, 5. 4B
PL=7EKqXV— VEPL(KL*%)— VE V.9+ VE

t

, _4p 4 4Py, g, 4B
P ==PEK X, ~=TER (K, +ey) ==LV, 8+ =06, 9

¢y d (4)

cat canh; C;,C;, 1a cac tham s6 dong dau; J - 1a
mo men quan tinh ciia mo to thuy lyc; da - 1a hé
sO giam chan cta co cdu chap hanh; A, - 1a dién
tich cia van; @, - 1a canh tay don dén banh xe.

Két hop hé phuong trinh dong luc hoc ciia 6 t6
va h¢ phuong trinh toan hoc cua co ciu chép hanh
ta dugc hé phuong trinh tong quat cho ca mé hinh
day di nhu hé phuong trinh (5).

m 7, =—(c,+¢,)Z.+(c,— ¢, ro—(k+k,) Z+ (k,—k,)ro+c, Z,

)

m Zl =c,Z, —c ro+k, Zs—k1r¢—k1 Zl—(ct1+ c,)Z+ct,q,

m, Zz =c,Z +c,ro+k, Z-S+k2r¢—k2 Zz—(ct2+ c,)Z,+ct,q,

Lo =(c,—c,)rZ —(c,+¢,)r’ o+ (k,—k,)rZ — (k,+k,)r’ p—c, Zr +c, Z,r
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Hé phuong trinh (5) duoc viét dudi dang khong gian trang thai nhu sau:

X = AX + BW +B,U
Y =CX +DW + DU

(6)

T
Trongdc'),Véctotra_mgthéi:)(:[z1 Z, Z, ¢ Z, Z, Z, ¢ X, X, P, 8 ,9};

T
X{Z@ i 7 o i 7 7 o X X P 3} . Tin hiéu didu khién ddu vao: U =i; Tin

hi¢u kich thich : W =[gq

1

3. THIET KE BQ PIEU KHIEN TOI UU
CHO HE THONG ON PINH NGANG CHU
PONG TREN O TO CON

3.1. Co s6 1y thuyét diéu khién t6i wu

Mot hé didu khién duoc thiét ké & ché do 1am
viéc tot nhat 1a hé ludn & trang thai tdi wu theo
mot tiéu chudn nao do. Trang thai tdi wu co dat
dugc hay khong tuy thudc vao yéu cau chat luong
dat ra, vao sy hiéu biét vé dbi tuong va cac tac
dong 1én dbi twong, vao diéu kién lam viéc ctia hé
diéu khién,... Diéu khién t8i vu 1a di xac dinh luat
diéu khién cho hé thdng dong cho trude sao cho
t6i thiéu hod mot chi tiéu chat luong. Trong
nghién ciru nay cac tac gia st dung phuong phap
didu khién t6i vu phan hoi am dé thiét ké bo diéu
khién, nhu hinh 3.

W U X

%{—zkau

K

Hinh 3. B diéu khién phan hoi ém véc to trang thdi

Thong thuong, néu hé 6n dinh thi khi khong bi
kich thich hé s& ludn c6 xu hudng tién vé diém
trang thai cin bang. Nhu vay diém trang thai can
béng la nghiém ctia: AX=0 va néu cd gia thiét A 1a
ma tran khong suy bién thi hé tuyén tinh ludn c6
mdt can bang 1a gbc toa do 0.

J=T PZi+ D5+ P L+ Pp + P LI+ Py Lk pr 24 py 7+ po X

0

+05 sz + :011PL2 + :012‘92 + 03 &

qz]T; A, By, B,, C, Dy, D, la cac ma tran.

Bai toan dit ra 1a tim tin hiéu diéu khién U(z)
diéu chinh hé thong tir trang thai dau x, bat ky
vé trang thai cudi x=0 sao cho tdi thiéu chi tiéu
chat lugng:

J(XU)=[(X"0X +U'RU +2X"NU)dt (7
0
Bai toan nay con c6 tén goi la LQR (Linear
Quadratic Regulator). Gia st U(?) 1a tin hi¢u diéu
khién duoc tao bsi K da thoa min diéu kién tbi
wu, véi U(¢) ==K (7). Ma trén K duge xéc dinh

nhu sau:

= K=R"'(B"P+N") 8)
Khi d6 phuong trinh (8) ¢6 dang:
AP+PA—(PB+N)R'1(BTP+NT)+Q=—3—11; 9)

Phuong trinh (9) ¢6 tén la phuong trinh vi phan
Riccati.

3.2. Xay dung bd diéu khién t6i wu cho hé
théng 6n dinh ngang chi dong

Trong nghién cliru nay cac tac gia xay dung
mot bo diéu khién t6i vu LQR nhim nang cao dd
an toan chuyén dong. Ham muc tiéu tong quét cua
phuong phép diéu khién t6i wu LQR c6 dang:

J= j(xf OX +URU +2X"NU)dt (10)
0

Do h¢ thong nang cao dd an toan chuyén dong
nén ham muc tiéu J lua chon nhu sau:

dt (11)
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Trong d6 Py, Py--Pp3 = 0 14 céc trong s6, gia
tri thé hién mirc d6 wu tién khac nhau cho céc
chi ti€u xac dinh ¢ trén. Tuy nhién viéc lya chon
gia tri cia bo thong s L. phu thudc rat nhiéu
vao kinh nghiém cta nguodi lam, va hiéu qua
lam viéc cua bd didu khién cua hé théng cling
thay d6i khi cac bo trong sd P thay d6i. Do do
trong nghién clru ndy céc tac gia s dung 03 bd
P.khac nhau dé so sanh hiéu qua lam viéc cua

bd diéu khién. Ung voi moi bo O.1a mot bo dicu

khién khac nhau. Cac tic gia so sanh hiéu qua
ctia 3 bo didu khién trén ca 2 mién thoi gian va
tan sb. Gia tri cua céac p, dugc cac tac gia lua
chon nhu trong Bang 1. Gia tri cua céac trong sb
L. phu thudc dugc xac dinh thong qua qua trinh
thir - kiém tra - danh gia. Mic du cac gia tri co
su khac nhau 16n, nhung gid tri nay phu thudc
vao muc do wu tién cua bai toan tdi wu cho ting
tin hiéu cling nhu phu thudc vao gia tri do 16n
cua cac tin hi¢u va don vi cua chung.

Bing 1. Thong s p, ciia by diéu khién LQR

P, LORI1 LQR2 LQR3
£ 1000 a, .1000 051000
P> Ps: Ps: Pr 1 1 1
P 100000 ., .100000 05100000
s 1000 a, 1000 ;1000
oy 1000 a5, .1000 051000
Py Pio> Piis Pras Prs 0 0 0

Trong d6 @, 1a céc hé s6 céc téc gia thém vao dé nham thay doi gié trj cua bo thong s6 p,. Cu
thé cac tac gia chon &, =0.1 va &;=10. Nhu vay gia tri cua by p, cia LQR3>LQRI>LQR2.
Tu (10) va (11) ma tran Q, R, N duoc xac dinh nhu sau:

(p, 00 0 0 0 0 0 0 O
0 p, 0 0 0 0 0 0 0 O
00 p, 0 0 0 0 0 0 0
00 0 p, 0 0 0 0 0 0
00 0 0 pp 0 0 0 0 0
00 0 0 0 p 0 0 0 O
0={0 0 0 0 0 0 p, 0 0 O
00 0 0 0 0 0 p 0 0
00 0 0 0 0 0 0 p 0
00 0 00 0 0 0 0 p,
00 00000 0 0 0
00 00000 0 0 0
0 0 000 00 0 0 0

4. MO PHONG VA DANH GIA

D¢ khdo sat sy 1am viéc ctia bo diéu khién tdi
vu LQR cho hé thong 6n dinh ngang chu dong
trén 6 t6 con, cac cac tac gia tién hanh khao sat
trén ca mién thoi gian va mién tan so.

0 0 0]
0o 0 0
o 0 0
o 0 0
0 0 0 R=[zeros(13,1)];N =[1].
0o 0 0
0o 0 0
0o 0 0
o 0 0
o 0 0
P 00
0 p, 0
0 0 py

4.1. Két qua khao sat trén mién tin s6

Cac tac gia st dung tin hi¢u kich thich tr mat
duong ¢, véi tan s6 khao sat 1én dén 100 (rad / s) .
Hinh 4 thé hién ham truyén bién do tir tin higu kich
thich g, dén gia toc goc lac ngang than xe @ (a), goc
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ldc ngang than xe ¢ (b), gia toc dich chuyén banh xe
bén trai Z, (c), dich chuyén banh xe bén trai Z,(d),
gia tc dich chuyén than xe Z , (), dich chuyén than
xe Z (). Két qua mo phong duge thé hién rd qua
hinh 4, cu thé nhu sau: ) N

- Két qua md phong cho thay tmg voi moi bd
L. khac nhau da cho ra két qua hoat dong cua hé
thong 14 khac nhau. Cu thé nhu trén bang 1 céc tac
gia da lya chon 03 by O, v6i cac gia tri khac nhau
cu thé 1A by P, cia LQR3>LQRI1>LQR2 vi vay hé
thong LQR3 cho két qua hoat dong 1a tdt nhat, hé
thong LQR2 cho két qua hoat dong la kém nhat.
Tuy nhién do hé thong LQR2 la h¢ thong co di€u
khién cho nén két qua hoat dong van tot hon hé
thong bi dong thong thuong.

- Chung ta thay rang gia tdc goc lic ngang than
xe@ cua h¢ thong 6n dinh ngang chu dong da
giam khoang 20dB d6i voi bo diéu khién LQR3,
18dB doi voi b dieu khien LQRI va 16dB doi
véi bd dieu khién LQR2 so véi hé thong on dinh
ngang bi dong thong thuong.

- Goc lic ngang than xe @ cua h¢ théng 6n

dinh ngang chu dong da giam khoang 18dB dpl
v61 bo dieu khien LQR3, 16dB do1 voi bo dieu

Gia toc goc xoay than xe

a) Tin 6 (radls)

Gia toc dich chuyen banh xe ben trai

— — Bj déng
LOR1

«LOR2 i H

~-= LOR3 |}

(dB)

10° to' 10°
c) Tinsé (radis)
Gia toc dich chuyen than xe

b

(dB)

! LOR3
10" 10' 10°
e) Tin st (radis)

khién LQR1 va 14dB d6i véi bo diéu khién LQR2
so voi hé ,thf)ng on dir}h ngang bi dong.

- Gia toc dich chuyén banh xe bén trdi Z, cia hé
théng on dinh ngang chi dong da giam khoang
33dB dbi v6i bo didu khién LQR3, 31dB ddi véi bo
diéu khién LQR1 va 30dB ddi véi bo diéu khién
LQR2 so v6i hé thong 6n dinh ngang bi dong.

- Dich chuyén banh xe bén trdi Z, cua hé
thong 6n dinh chi dong di giam khoang 33dB d6i
véi by didu khién LQR3, 31dB ddi véi bo dicu
khién LQR1 va 30dB ddi v6i bo didu khién LQR2
so v6i hé thong on dinh ngang bi dong.

- Tuy nhién ddi voi hé thong 6n dinh ngang thi hé
thong nay khong tac dong dén dich chuyén than xe
Z_va gia toc dich chuyén than xe Z, bdi vi md
men sinh ra tir co' ciu chép hanh tac dong mot luc
vao cac banh xe giup cho xe dat dugc trang thai can
bang 6n dinh can thiét, hé théng khong 6n dinh
ngang khong nang cao dugc d ém diu nén dich
chuyén than xe va gia toc dich chuyén than xe khong
bi anh huéng boi hé thong nay.

Goc xoay than xe

(dB)

b} Tén sé  (rad/s)
chh chuyan banh xe ben trai
L] FA L | — — Bidng
H —— LOR1
; +LOR2
“--—-1am3

(dB)

10 10 10°
d) Tinsi (radls)
om toc sn:h chuyan than xe

'.f——Bdws

10’ 10' 10°
] Thns6  (radis)

Hinh 4. Ham truyén tir q, dén gia toc goc ldc ngang than xe @/ q, (a), goc ldc ngang than xe @/ q, ()

gia toc dich chuyén banh xe bén trdi Z,/ q, (c), dich chuyén banh xe bén trdi Z /q,(d), gia toc dich

chuyén thén xe Z / q,(e) va dich chuyén thin xe Z./q,(.
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4.2. Két qua khao sat trén mién thoi gian véi
dang dwdng ngiu nhién tiéu chuin ISO 8608

Trong phan nay céc tac gia s& khao sat chét
luong cua bo diéu khién voi bién d6 mat duong
ngau nhién theo ISO 8608. V&i hai ngudn kich
thich tir mit duong 1a g, va ¢, dén banh xe bén
trai va banh xe bén phai, thoi gian gidi han khao
sat ¢ =10s. Két qua mo phong dugc thé hién

G sie i L myangs thdn e

HHE

TR oAb i I A I.'..:| g Ligt ot | [
E ot vy 'W*Lﬁw*——«.«w-wﬁ-“'—w'“k

Gia tic dich chirvén thiin ve

rf\ ji n@ fl M ]ﬁ w ﬁ [‘} {Hl j'y \
R L [T AT AT LB A j\ﬁ,alh
., \Jr L(‘P Ul U‘L ll'JM Jld'-l kl J U r \J Y l“‘]\l/ \.'PA\.'J ur' u

15 4 | L i L
. 1 2 ] “ 3 O T 0 ¥
Thist gian (5)

qua hinh 5. Qua d6, ta thiy rang d6i v6i bién
dang mat duong ngau nhién thi két qua cua hé
théng 6n dinh ngang chu doéng van hoat dong
t6t, cac chi tiéu nang cao d6 an toan chuyén
dong déu c6 bién d6 nho hon so v4i hé thong bi
dong. Két qua cua bo didu khién LQR3 cho két
qua 1a t5t nhit va LQR2 1a kém nhat trong 3 bd
diéu khién.

B oy
— sam
" womz
1
e
B
T &
g o= s 52
i ! e
o \
e
2
20
" 5
Thin gian (3]
b)
Dich binh xe b
o o
uant
e Lons
ony
e
es =z
I o i i
o B <
- G .
2i0a
a0
am| A
Thisi gaan i
dl
1iich chayén thiin x
™
= e
\ Lt
e ~ AN Loaz
s £\ el Lom
e /
sz N S ~
\ /
¥ \ —
E L
e
e e 1
- - |
ki /
a \/
4 3
This gian 51
f

Hinh 5. Ddp g thoi gian ciia gia toc goc ldc ngang than xe ¢) (a), goc lic ngang than xe @ (b), gia
toc dich chuyén banh xe bén trdi Z, (c), dich chuyén banh xe bén trdi Z,(d), gia toc dich chuyén than
xe Z_(e), dich chuyén than xe Z _(f) véi tin hiéu kich thich q,va q,

Dé danh gia rd hon hiéu qua cta 3 bo diéu khién t6i wu LQR da thiét ké, gid tri sai 1éch binh phwong
trung binh (Root mean square-RMS) ctia céc chi tiéu duoc tong hop trong Bang 2.

Biang 2. Bing thong ké gia tri sai 1éch binh phwong trung binh RMS

¢ (0 Zl Zl ZY Zs
Passive 0.8952 0.0350 1.3736 0.0382 0.5625 0.0469
LQR1 0.1010 0.0228 0.2121 0.0260 0.5621 0.0465
Gidm so voi passive 88,71% 34,85% 84,55% 31,95% 0% 0%
LQR2 0.2458 0.0308 0.5679 0.0332 0.5621 0.0465
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¢ (0 Zl Zl ZS Zs
Giam so voi passive 72,54% 12% 58,65% 13,08% 0% 0%
LQR3 0.0351 0.0100 0.1011 0.0141 0.5621 0.0465
Gidm so voi passive 96,07% 71,42% 92,64% 63,08% 0% 0%

Tir hinh 5 va bang 2 ta thiy, dbi voi bo diu
khién LQR1 bién do cac chi tiéu diéu khién déu
giam trén 31% so voi hé thong bi dong. Dbi véi
bd diéu khién LQR2 bién d6 cac chi tiéu diéu
khién giam trén 12% so voi hé thong bi dong. Con
d6i voi bo diéu khién LQR3 thi bién do cac chi
tiéu giam trén 63% so voi hé thong bi dong. Nho
hé théng 6n dinh ngang chu dong ma do an toan
chuyén dong da dwoc ning cao vao viéc diéu
khién giam bién d6 dao dong ciia cac banh xe va
g0c lac ngang than xe. Tuy nhién hé théng 6n dinh
ngang chi dong dang nay c6 dic diém khong gop
phﬁn vao viéc nang cao do ém diu chuyén dong.

5. KET LUAN

Bai bado nay cac tac gia da xady dung mo hinh
day du két hop gitra mé hinh % 6 t6 va mé hinh co
cau chap hanh dang dién-thiy lyc. Phuong trinh
dong luc hoc da duoc chuyén vé dang khong gian
trang thai dé thiét ké bo didu khién t6i vu LQR.
Tin hiéu diéu khién duoc xac dinh 1a cuong do
dong dién i cho co ciu chdp hanh, tin hiéu kich
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thich 1a map mé bién dang mat duong ngiu nhién
theo tiéu chudn ISO 8608 ¢ hai bén banh xe. Céac
tac gia da thiét ké 3 bo diéu khién LQR khac nhau
dé 1am 5 hiéu qua cua hé thong 6n dinh ngang
chi dong. Két qua khao sat trén mién thoi gian da
cho thay hé théng 6n dinh ngang chi dong da
nang cao dugc an toan chuyén dong trén 31% d6i
véi bo diéu khién LQRI, 12% dbi véi bo dicu
khién LQR2, trén 63% d6i voi bo diéu khién
LQR3 so vdi hé théng bi dong thong thuong.

Huéng nghién ctru tiép theo dwgc xac dinh 1a
nghién ctru va hoan thién bo diéu khién cho hé
thong 6n dinh ngang chu dong trén 6 t6 con c6
thém cac thong s6 dau vao nhu goc quay vanh tay
14, gia toc lic ngang cia than xe va dugc khao sat
trén m6 hinh khong gian toan xe. Ngoai ra ap
dung két hop phuong phap tbi wu bay dan PSO dé
xac dinh bd trong sb P tdi wu cta bo diéu khién
LQR ciing 14 hudng nghién ctru trién vong duoc
xac dinh.
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Abstract:
OPTIMAL CONTROLLER DESIGN FOR AN
ACTIVE ANTI-ROLL BAR SYSTEM ON CARS

Active anti-roll bar system is a typical system with the function of improving the roll stability thanks to
the ability to continuously change the active torque for different driving conditions to overcome the
moments that cause the car to rollover. In this paper, the authors present research and design of the
optimal controller LOR for an active anti-roll bar system on cars with the control input determined as
the amperage i of the actuator, the excitation signal is a random road surface according to ISO 8608 on
either side of the wheels. The three optimized LQOR controllers are designed with the goal of improving
the roll stability. The important criteria such as vertical displacement, roll angle are surveyed and
evaluated in the frequency and time domains.

Keywords: Vehicle dynamics and control, active anti-roll bar system, optimal control, roll stability,
rollover of cars.
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