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APPLICATION THE LINEAR QUADRATIC REGULATOR CONTROL ALGORITHM
FOR AN ACTIVE SUSPENSION SYSTEM WITH MULTIPLE INPUT OBJECTS

Nguyén Pire Ngoc, Nguyén Tudn Anh, Ping Ngoc Duyén
Khoa Co khi, Truong Pai hoc Thuy lgi

TOM TAT

Map mé mat dwong la nguyén nhdn chinh gay nén cdc dao dong cho xe. Néu xe bi dao dong
manh, do an toan va tinh tién nghi co thé bi anh hwong. Trong cac tinh huéng dac biét, he thé’ng
treo bi dong khong thé dam bao dwoc cdc chi tiéu vé dao dong. Do do, hé théng treo chu dong dwoc
dé xudt sir dung dé thay thé hé thong treo co khi thong thuwong. Bai bdo nay da thiét ldp mé hinh
dong luc hoc métphdn hai dé mé phong dao dong cua xe. Bén canh do, thudt toan diéu khién toan
phirong tuyén tinh LOR ciing dwoc sir dung dé kiém sodt hoat dong ciia hé thong treo. Qud trinh mé
phong duoc thuc hién boi phc”in mém MATLAB-Simulink véi hai truong hop cu thé. Theo két qua
mé phong, dao dong ciia xe da giam di khi hé thong treo chit dong dwoc sik dung. Thudt todn nay cé
thé duoc ung dung trén nhiéu mé hinh phikc tap hon.

T khéa: Hé thong treo chii dong; M6 phong; Piéu khién LOR.
ABSTRACT

Road surface roughness is the main cause of vehicle oscillations. If the vehicle is subject to
strong oscillations, safety and comfort may be affected. In special situations, the passive suspension
system cannot guarantee the oscillation quality. Therefore, the active suspension system is proposed
to replace the conventional mechanical suspension system. This paper has established a half
dynamics model to simulate vehicle oscillations. Besides, the LOR (Linear Quadratic Regulator)
algorithm is also used to control the operation of the suspension system. The simulation process is
performed by MATLAB-Simulink software with two specific cases. According to simulation results,
vehicle oscillation is reduced when the active suspension system is used. This algorithm can be
applied to more complex models.

Keywords: Active suspension system; Simulation; LOR control.
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1. TONG QUAN VAN PE NGHIEN CUU

Do ém diu cia xe 1 van d¢ quan trong
khi xe di chuyén trén duong. Sy méat ém diu c6
thé bi gay ra boi cac kich thich tir mat dudng
va céc kich thich tir bén ngoai. Hé thong treo
duoc trang bi trén xe nham muc dich dam bao
su ém diu cho xe & mtrc do cho phép. Mot hé
thdng treo co ban s& ¢6 3 thanh phan, bao gdm:
Bd phan dan hoi (10 xo, nhip 14, thanh X04n,
balloon khi), bo phan gidm chin va bo phan dan
huéng (don ngang, don doc, thanh lién két da
diém) [1]. Cac dao dong truyén tir mat duong
1én than xe s& duoc hap thu mot phan boi hé
théng treo. Do do, d6 ém diu cua xe khi chuyén
dong cé thé duoc cai thién tét hon. Hé théng
treo noi trén dugc goi 1a hé théng treo bi dong
(hay con duoc goi 1a hé théng treo co khi).

Trong mét s tinh hudng xe dao dong
manh, hé thong treo bi dong khong thé dam
béo duogc cac van dé veé tién nghi va on dinh
cho xe. Giai phép duoc dua ra chinh la st dung
cac hé thong treo dugc didu khién dién to nhu
1a hé théng treo khi nén [2], hé thong treo ban
cha dong [3] va hé thdng treo chi dong [4]. Hé
thdng treo chu dong (con duoc goi 1a hé théng
treo tich cuc) 1a mot hé théng kha phtc tap. Doi
vo1 hé théng treo loai ndy, bén canh viéc sé hitu
ba phén tr thong thuong, né con dugce trang bi
thém mot co cAu chap hanh thuy luc [5]. Co
cu chap hanh thiy lyc nay dugc dat ¢ giira
phén khdi luong dugc treo va phén khdi luong
khong dugc treo. Khi than xe dao dong, co ciu
chap hanh sé& sinh ra cic luc twong tng F dé
tac dong lén ca hai phan khoi lugng nham giam
dao dong cho xe.

Hiéu ning cua hé thong treo chi dong
s€ phu thudc vao thuat toan diéu khién cua bo
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diéu khién. V&i md hinh dong luc hoc mét
phan hai, dbi tuong dugc xem xét c6 dang
MIMO (Multi Input — Multi Output). Do do,
cac thuat toan diéu khién dang SISO (Single
Input — Single Output) nhu PID (Proportional
Integral Derivative) la chua thuc sy phu hop
[6]. Bai bao nay dé xuat thuat toan diéu khién
toan phuong tuyén tinh LQR (Linear Quadratic
Regulator) cho hé thdng treo chu dong. TAt ca
céc thong s6 dau ra ciia md hinh s& dugc kiém
soat mot cach chat ché.

2. MO HINH DPIEU KHIEN
2.1. M6 hinh dong luc hoc

Mo hinh dong lyc hoc mdt phén hai
dugc sir dung dé mo phong dao dong cua xe
khi di chuyén trén duong (Hinh 1). Tach phan

khéi luong dugc treo m va khdi luong khong
dugc treo m , m,.

Céc phuong trinh mé ta dao dong cua
xe duoc dua ra nhu sau:

mz=Fy +Fo + Fyy+ Foy—Fo + Fy, (1)

J¢:(_FC1_FK1+FC2_FK2_FSI_FSZ)b 2

mzy = Fyr) —Foy = Fyy + Fg (3)
MyZy = Fyry —Fey —Fyr — Fg, “4)
Trong do:

Luc cua 10 xo:

FKIZKI(ZI_Z_b¢) (5)(@:
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Hinh 1. M6 hinh déng lvc hoc métphc?n hai.
2.2. Thuit toan diéu khién
bé nang cao hi¢u qua cua h¢ thong, tat
Luc cua giam chan: ca céc thong so6 dau ra cua h¢ thong bao gom:
) Chuyén vi cia khoi lugng duogc treo (z), goc
Fq =C (z'l —zZ— b¢) (7) nghiéng cua khoi lugng dugc treo (o), chuy?:n
vi cua khoi lugng khong duoc treo (z,, z,) can
) phai dugc kiém soat mot cach thich hop. Do
Fey =G, (Z'z —z+ b¢) (8)  d6, thuat toan LQR cho hé MIMO duoc dé xuat

st dung cho mo hinh nay.

Luyc cua 16p:

Fer =Kp(ri—2) 9 o

= n—z
KT1 A ©) X\ =Z X=X X3=Q X, =Xy
Fyrs :Krz(”z_zz) (10) Xs =2 Xg=Xs X7=Z; Xg=X;
Luc cua co cdu chp hanh: H¢ phuong trinh da thiét 1ap dugc viét
Fy =Fgy=u (11 lai dudi dang ma tran nhu sau:

X = A1x+ A2u + A3r

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 292, thang 7 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn

(12)



NGHIEN CU’U - TRAO BOI

i 0 1 0 0 0 0 0 0
_(K1+K2) _(C1+C2) _(Kl—Kz)b _(CI—C2)b K, G K, C,
m m m m m m m m
0 0 0 1 0 0 0 0
(K -K)b (G-G)b (K +K)b (C+G)b’ Kb Ch Kb _Gb
Y J J J J J J J J
1 0 0 0 0 0 1 0 0
K S Xb Gb _(KiAKn) G 0 0
m, m, m, m, m, m,
0 0 0 0 0 0 0 1
K, C, Kb _Cpb 0 0 (K +Kn) G
L m, m, m, m, m, m2_
2b 1 | !
4,=0 0 0 — 0 — 0 —
J m, m,

Tin hi¢u di€u khién cia h¢ thong duoc

xac dinh theo nguyén 1y phan hoi am.
u=-Rx (13)

Theo [7], ham chi phi cta bo diéu khién

can phai giam vé muc nho nhat:

0 :%[(xTA4x+uTA5u)dti>min (14)
0

Trong do6: A, 1a ma trdn trang thai, A,
12 ma tran tin hiéu diéu khién, A, la ma trén tin
hi¢u kich thich, A, 1a ma trén du ra, A la ma

tran diéu hudng.

Céc tham s0 cuia bg di€u khién LQR can
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phai duogc lga chon mot cach hop ly dé nang

cao hiéu qua dao dong cta hé thong.
3.MO PHONG VA KET QUA
3.1. Céc thong s6 mé phong

Vi tin hiéu dau vao cua bai toan dao
dong 1a cac kich thich tor mat duong, bai bao
nay dé xuét str dung hai tin hiéu kich thich nhu
Hinh 2. Hai tin hidu nay lan luot tvong ing véi
hai trudng hop khdo sat. Trong mdi trudng hop,
két qua dau ra ciia bai todan mod phong s& bao
gdém chuyén vi va gia tdc cua khéi luong duoc
treo. Cac gia tri nay duoc lay theo chi tiéu gia
tri 16n nhat va chi tiéu gia tri trung binh RMS.

Céc thong s phuc vu cho qua trinh mo phong

duogc ldy theo Bang 1.
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Hinh 2. Kich thich tir mat duong.

Tin hiéu kich thich dang tuin hoan:
r(t)= Asinwt (15)

Tin hiéu kich thich dang ngau nhién theo tiéu chuan ISO:

F(t)==27 fr(t)+ 27 Gva(r) (16)

Bdng 1. Céc théng s6 tham khao:

Ky hiéu Y nghia Gia tri Pon vi
m Khéi lwong duoc treo 600 kg
m /m, Khéi lugng khéng dugce treo 45 kg
2b Chiéu rong co s 1.46 m
K /K, Do cing cua 1o xo 38600 N/m
C,/C, Do cling ciia giam chan 3300 Ns/m
K, /K, Do ciling ctia 16p 172000 N/m
J Moment quan tinh khdi luong 580 kgm?
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3.2. Két qua va thio luin

Két qua ctia quéa trinh mé phong duoc
danh gia thong qua hai trudng hop nhu da dé
cap o trén.

O truong hop tht nhat, véi kich thich
tudn hoan dang hinh sine, goc nghiéng ctia xe
c6 xu hudng thay doi tuan theo quy luat nay

(Hinh 3). Khi xe str dung h¢ théng treo bi dong,
goc nghiéng cuc dai cia than xe dat 4,38°. Gia
tri nay s& bién doi tuan hoan bam theo kich thich
mit dudng. Néu xe str dung hé thong treo chu
dong, gia tri nay giam con 2,95° Gia tri trung
binh cua dao dong dugc tinh theo chi tiéu RMS
tuong Gng v6i hai tinh hudng trén lan luot 13
2,94°va 1,97°.
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Hinh 3. Géc nghiéng thdn xe (TH ).

Gia tbc cua xe 1a thong sd dic trung cho
dao dong. B9 ém diu cua xe dugc quyét dinh
rat nhiéu boi thanh phan nay. Su thay do6i cia
gia toc ldc than xe theo thoi gian dugc chi ra
trén Hinh 4. Theo két qua nay, gia tc goc 1on
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nhét cua than xe c6 thé dat duoc khi st dung h¢
thdng treo co khi 13 0,98 (rad/s?). Gia tri ndy co
thé giam di 13,3%, chi con 0,85 (rad/s?) khi hé
théng treo chu dong dugc su dung. B§ ém diu

cua xe co theé dugc cai thién mot phan.
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Hinh 4. Gia toc géc than xe (TH ).

Dao dong tuan hoan véi tan s6 thap
khong thé hién duoc hét cac anh huong ddi véi
d6 ém diu cia xe. Do d6, can phai mé phong
dao dong cuia xe véi cac kich thich dang ngau
nhién. O truong hop tha hai, kich thich mat
duong dang ngau nhién véi tan sb 16n dugce st
dung. B&i vi day 1a kich thich dang ngau nhién,
do d6, goc nghiéng cua than xe thay doi lién
tuc theo thoi gian moé phong (Hinh 5). Gia tri
16n nhét va gi4 tri trung binh cta goc nghiéng
khi xe khong str dung hé thong treo chu dong 1a
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4,359 va 1,59°. Trong khi d6, hé thong treo chii
dong duogc di€u khién boi thuat toan LQR giup
giam cac gia tri nay, chi con 3,16° va 1,20°.

Gia tc cia than xe trong truong hop
nay ciing bién dong lién tuc (Hinh 6). So véi
truong hop trén, gia tri cua gia toc dat duoc
trong truong hop nay la kha 16n. Nho vao hé
théng treo chu dong voi thuat toan diéu khién
tuyén tinh, cac gia tri nay co thé giam di. Do do,
do ém diu cua xe da duoc cai thién.

er lRi i
i

2

Chinding |1
s ding

H 5 f B il [11]
I hiiwi ginn §3)

Hinh 5. Goc nghiéng thdn xe (TH).
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Hinh 6. Gia toc géc than xe (TH,).

4. KET LUAN

Tinh tién nghi va sy 6n dinh cua xe khi
di chuyén trén duong phu thudc vao dao dong
ciia xe. Map mo mit dudng 12 nguyén nhan
chinh gy ra nhimg dao dong nay. Néu dao
dong cang 16n, sy ém ai s€ cang bi anh huong
nhiéu hon. Hé thdng treo ¢6 vai tro didu hoa va
dap tat cac dao dong nay nhiam nang cao tinh

tién nghi cho xe.

Hé théng treo chu dong dugc st dung
dé cai thién hiéu qua dao dong cho xe. Trong
bai béo nay, thuat toan diéu khién toan phuong
tuyén tinh LQR duoc sir dung dé diéu khién
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cho hé théng treo chu dong. Mo hinh dong luc
hoc mot phan hai dugc thiét 1ap dé mo phong
dao dong cuia xe. Két qua ciia nghién ctru cho
thdy rang, cac gia tri vé chuyén vi va gia toc ctia
than xe dd giam di dang ké khi hé théng treo
chu dong dugc st dung dé thay thé hé thong
treo bi dong thong thuong. Trong ca hai truong
hop khao sat, hi¢u qua ctua hé théng treo chu
dong déu rat 6n dinh. Trong tuwong lai, c¢6 thé
két hop thuat toan LQR véi mot sb thudt toan
diéu khién thong minh nham nang cao hiéu qua

cua h¢ thong treo. %
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