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TREO BAN TiCH cuC

RESEARCH ON APPLICATION OF LQR CONTROLLER IN SEMI-ACTIVE
SUSPENSION SYSTEM
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TOM TAT

Nganh cong nghiép 6 16 trén thé gidi di c6 nhitng budc phdt trién vieot bdc trong nhitng
nam gan day. Ngay nay, o to ngay cang hién dai va la motphzm’ng tién giao thong dwong bo khong
thé thiéu trong viéc phdt trién kinh té, ddc biét la véi kinh té Viét Nam. Dé dap ng nhitng nhu cau
ngdy cang tang cao trong viéc van chuyén ngueoi va hang héa, doi héi nhitng chiéc 6 t6 di chuyén
trén dwong phdi ¢é tinh bén bi, ém diu va c6 tinh da dung. C6 thé néi hé thong treo la mét phan
quan trong khong thé thiéu trén 6 16 hién dai, hé théng nay giup dam bao sy ém diu cho ngwd’i va
hang hoa trén o to, ngoai ra hé thong treo ciing g6p phan khong nho vao viéc dam bdo tinh on dinh
cho xe khl di chuyén trén du"ong Phan lém cdc 6 t6 hién nay van sir dung cdc hé thong treo thy dong
dwoc cdu tao tir cde cum chi tiét co khi, cac hé thong treo kiéu nay thu"ong don glan dé thdo lap va
sika chita nhung tinh ém diu lai chiea cao. Mot s6 cdc hing xe da bdt dau phat trién va img dung hé
thong treo ban tich cuc trén xe cua minh va cho thay nhitng hiéu qua tich cuc trong viéc cai thién do
ém dju va tinh nang dong hoc cia xe. Viéc nghién ciru hé thong treo doi héi chi phi thir nghiém rat
lon, vay nén trong nghién ciru ndy, nhém tdc gia da tién hanh nghién ciru ving dung bo diéu khién
LOR vao h¢ thong treo ban tich cuwc bang phu’ong phap mo phong so két qua ciia nghién ciru c6 thé
dwoc iing dung dé lwa chon va tinh todn bg diéu khién trong thuc té, givip gidm thoi gian va chi phi
thu nghiém.

T khoa: Hé thong treo ban tich cwe; Bo diéu khién LOR; Phuwong phdp mé phong so, Hé
thong treo thu dong.

ABSTRACT

The world automobile industry has made remarkable progress in recent years. Today, cars
are increasingly modern and are an indispensable means of road transport in economic development,
especially the Vietnamese economy. To meet the increasing demand for moving people and goods,
cars on the road must be durable, light and versatile. It can be said that the suspension system is an
important and indispensable part of modern cars. This system helps ensure comfort for people and
goods in the vehicle. In addition, the suspension system also contributes significantly to the success
of the car. Ensures the vehicle's stability when traveling on the road. Most cars today still use
passive suspension systems made up of mechanical assemblies. These types of suspension systems

are often simple, easy to disassemble and repair, but are not highly recyclable. Some automakers &
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have begun to develop and apply semi-active suspension systems on their vehicles and are seeing
positive effects in improving driving feel and vehicle dynamics. Research on suspension systems
requires huge testing costs, so in this study the authors conducted research on applying the LOR
controller to semi-active suspension systems using numerical simulation methods and obtained
results. as follows: Research results can be applied to select and calculate controllers in practice,

helping to reduce testing time and costs.

Keywords: Semi-active suspension systems, LOR controller; Numerical simulation method;

Passive suspension.

1. TONG QUAN
1.1. Hé thong treo ban tich cuc

Khong giéng nhu cac thiét ké hé thong
treo thu dong, h¢ théng treo ban tich cuc ¢ kha
ning diéu chinh dic tinh dong cia hé théng.
V6i kha niang nay, hé thong treo ban tich cuc
c6 thé thich tng véi cac luc giam chan tét hon,
phu hop hon khi hé théng chiu tic dong tur
ngoai lyuc. Dbdi véi hé théng treo ban tich cuc,
cac nha thiét ké da cb ging thay ddi luc can
giam chan bang mot s phuong an khac nhau,
nhu: Thay d6i tiét dién cua van tiét luu trong
giam chan hodc thay doi d6 nhét cua dau ding
trong giam chan. Trong nghién ciru nay, nhém
tac gia da tién hanh nghién ctru vé hé thong treo
sir dung giam chén co thé thay d6i do nhét cua
dau. Hinh 1.1, md ta mot vi du vé xe mot phﬁn
tu mo hinh hé théng treo ban tich cuc su dung
10 xo chung dé d& tai va str dung bd giam chin
c6 thé diéu chinh dé mang lai kha ning giam
chan ti wu cho hé thong.

Hinh 1.1: M6 hinh hé théng treo ban tich cuc.

1.2. TONG QUAN VE GIAM CHAN DAU
TU TRUONG

1.2.1. Chiit Iong MR

Chat long MR 14 viét tat cta chat long
tir luu bién dugc phat hién lan dau tién boi
nha phat minh Willis Winslow, nguoi da dat
dugc bang sang ché cua Hoa Ky vé cac chat
l6ng nay vao nam 1947, va dugc phat trién boi
Jacob Rabinow vao nam 1948. Ung suat chay
clia chét long co thé dugc xac dinh béng cach
thay doi cudong do truong xuyén qua chat 1ong
mét céach lién tuc, dan dén su thay ddi cua luc
giam chan lién tuc. Nhitng chit long dang nay
da dugc Gmg dung rat rong rai trong khoa hoc
va cong nghé hién dai dic biét 1 trong hé thong
treo trén 0 t6. Luan van nay, tac gia tap trung
vao bd giam chan chat long MR, duoc coi 1a
phii hop hon bo giam chan chat long ER cho
ung dung 6 t6 vi nhiing ly do dugc dua ra dudi
day.

Chét 16ng MR bao gdm cac manh kim
loai cuc nhd c¢6 kha nang phan cuc tur tinh,
ching han nhu cac hat sat, lo ling trong chét
long, cé thé ké dén mot sb loai chat long nhu
dau khoang, dau téng hop, nudc hodc glycol.
Mot chit 1ong MR dién hinh s& chta 20 dén
40 phan tram thé tich cac hat sit twong dbi tinh
khiét c6 duong kinh khoang 3 dén 10 micron
va thong thudng, mot sb chat phu gia, twong
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tu nhu chat phy gia trong chat boi tron thuong
mai, dugc thém vao dé gilr cho cac hat kim loai

khong bi von cuc.
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Hinh 1.2. Hoat dong cia chat long MR.
1.2.2. Giam chén ddu tir trwong MRD

Bo giam chan MR vé co ban bao gom
mot pit-tong, cudn day, bau khi nén, vong dém
va mot binh chira chét long MR. Hinh 1.3, cho
thdy bo giam chan dau tir truong MRD. Thong
qua cac 16 & dau piston, can piston dugc diy
vao vo lam cho chat 16ng MR chay tir budng ap
sudt cao sang budng ap suit thip. Bau khi nén
chutra khi nén (thuong 1a nito) va piston ctia nod
hoat dong nhu mdt rao can gitra chét long MR
va khi. Bau khi nén phuc vu ba myc dich: Hoi
vi cho can piston khi bi nén, trén thuc té khi
can piston di chuyén, sy thay doi thé tich & hai
khoang phia bén trén va bén dudi khong déu
nhau nén can khong thé di chuyén do lugng dau
chénh léch khong c6 chd chira, luc nay khi nén
s& bi nén lai hodc né ra dé nhuong chd cho dau
thtra. Ngan chdn hién tuong xam thuc ¢ trong
dau giam chan. Khic phuc hién tuong gidn no
khi du co dan & cac mirc nhiét khac nhau.

Phdt lisn Lia

Crbtibng MR |

Hinh 1.3. MGt cdt ngang cia mét giam chan dau
trr truong MRD

2. XAY DUNG MO HINH HE THONG
TREO BAN TiCH CUC

Mot phuong phap phé bién dé don gian
héa mé hinh hé théng treo trén 6 t6 13 sir dung
mo hinh xe mot phan tu. Cac md hinh xe %
thuong bao gém céac thanh phan dong luc hoc
va khéi luong.

Displacement Sensor
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Hinh 2.1. M6 hinh hé théng treo ban tich cuc Y

Trong d6: Khéi luong dugc treo ky hiéu
lam, la khéi lu’orng cua than xe; trong truong
hop nay, m_s€ bang Y tong khoi lu’ong than xe.
Vitri ciia kh01 10 xo duoc biéu thi bang zZ,. Khoi
luong khong treo, ky hi¢u 1a m , dai dlen cho
khéi lugng ciia banh xe, truc va cum phanh va
vi tri ctia n6 duoc biéu thi bang z. H¢ thong
treo dwoc mo hinh héa bang cach s dung to
hop 10 xo va giam chan (k, va b). Bién dang
duong duoc cung cip boi z, dugc coi la dau
vao duy nhét trong mo hlnh nay, vi khong cé
diéu khién nao duogc tham gia. Lop c6 do cliing
nhung do giam chan rat nho va duoc coi bang
0. P9 clmg cua 16p duoc ky hiéu 1a k. Pau vao
luc glam chan hién du’O‘C ky hiéu la u(t). Bo
giam chdn MR bao gdm, luc ma sat va luc giam
chén c6 thé diéu khién duoc, dugc biéu thi bang

u(t).

Nhom tac gia tién hanh xdy dung mo
hinh todn hoc ciia mo6 hinh mot phan tu gém hai
bac tu do dugc biéu dién nhu sau:
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miz, =k(z,—z)+b(z,—z)+u (2.1)
mz =-k(z,-z)-b(z, -2 )+k(z,—z,)-u (2.2)
Dé thiét ké bo diéu khién cho hé théng,
hoc vién di tién hanh biéu dién cic phuwong
trinh dud1 dang khong gian trang thai. Mo hinh
khong gian trang thai giap chiing ta gidi phuong
trinh vi phan bac mdt thay vi bac hai va da co
nhiéu nghién ctru vé né trén thé gisi. Viée xac
dinh céc trang thai phu thudc vao nguoi thiét
ké bo diéu khién. Nguoi thiét ké nén chon cac
trang thai quan trong d6i voi hé thong ciing nhur
céc trang thai ma nguoi thiét ké quan tam. Céc
bién trong phuong trinh vi phan moé ta hé thong
treo dugc hoc vién gan thanh cac bién trong
vecto biéu thi trang thai cta hé théng. Trong
cong thuc khong gian trang thai, X la vecto
biéu thi trang thai hé thdng.

Bdng 1. Y nghia cdc trang thdi:

Trang thai Bién
Xl Zs
X, Z
X3 Zu
X, z,

Kich dong z

Dang khong gian trang thai cua céc
phuong trinh (2.1) va (2.2) c¢6 dang tong quat
nhu phuong trinh duoi day:

X(t)=A*X()+B*u(t)+L*z (1) (2.3)

Trong do, A 1a ma tran hé ) khong ddi
n*n va n bang s6 trang thai; B va L 1a vecto n*1
hé s6 khong doi. X(t) 1a trang thai va 1a vecto
n*1; u(t) 1a luc diéu khién 1a dau vao gia tri
v0 huong; x (t) 1a mat cat duong 1a gia tri vo
huong. Cac ma tran A,B,L duoc biéu dién nhu
sau:

0 1 0 0
kb kb
m, —m, m, m,
4= 0 0 1 24
kb —k—k —b
| mn, m, m, m, |
0 F o
1 0
B=|"liL=| 0 (2.5)
0 X
= m,
L m” .

3. NGHIEN CUU BO PIEU KHIEN LQR

Muyc tiéu ctia hé thong diéu khién 1a tim
ra lyc giam chan t6i wu nam trong mién lam
viéc ctia bo giam chidn MR. Ly thuyét bo didu
khién bac hai tuyén tinh (LQR) dd duoc nhiéu
nha nghién ciru 4p dung trong nd lyc thiét ké bo
diéu khién t6i wu cho hé thong treo chi dong
va ban cha dong. Loai bd diéu khién nay hoat
dong theo hudng tao ra luc tmyén dong tdi uu
dan dén giam thiéu chi s6 hiéu suét. Chi sé hiéu
suét 1a tiéu chi do ngudi dung xéac dinh dya trén
tinh ndng ctia mo hinh va cac trang thai. Luc
diéu khién dugc xac dinh bang phuong trinh.

u(t)=—Ku(t) (2.6)

Ma tran K 12 ma trin 4x4 v&i dau vao
1a 4 bién trang thai. Ma tran K c6 gia tri thay
ddi, khi cac ma tran trong s6 tinh dén hiéu qua
diéu khién (ma tran Q) va mirc d6 tiéu thu ning
luong (ma trdn R) trong diéu khién thay ddi.
Nhu vay, ¢ ting ving van toc dugc tuyén tinh
hoa ung véi mdi ma tran A lua chon ma tran Q
va R nhu trén thi dugc gia tri K nay khong thay
d6i qua trinh diéu khién.
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Ma tran K dugc xac dinh béng biéu
thie (2.7):
K=R'B'P (2.7)

Trong do, ma tran P phai thoa man
phuong trinh:

A"P+PA-PBR'B'P+0=0 (2.8)

Két hop hai phuong trinh (2.6) va (2.7),
ta duoc:

u(t) =—(R™'B" P)x(t) (2.9)

Viée Iwa chon Q va R xac dinh tinh t6i
uu trong ludt didu khién t6i wu. Nhitg ma tran
nay duoc nguoi thiét ké lwa chon. Cac gia tri
cia ma trdn nay thuong dugc xac dinh bang
phép thir trong mo phong. Ma tran Q va R duogc
chon 1am duong chéo theo quy tic chung. Néi
chung, khi mot trang thai quan trong va c6 do
16n nho thi phan tir duong chéo twong Gmg phai
16n. Bi véi ma tran Q ¢ dinh, viéc giam gia
trj ma tran R s& 1am giam thoi gian chuyén tiép
va do vot 16 nhung 1am ting thoi gian ting va
sai s6 trang thai on dinh. Trong diéu kién khac,
khi R ¢ dinh nhung Q giam, thoi gian chuyén
tiép va do vot 16 s& tang, trong khi thoi gian
tang va sai sO trang thai xac lap sé giam. Trong
luan van nay, cac gia tri dugc chon dé giam gia
toc khdi lwong duoc treo ma khong anh huong
dang ké dén céc khia canh hiéu sut khac. Theo
két qua mo phong, hé $6 trong s6 hiéu nang tdt
nhat duoc lya chon nhu sau:

Q=1e6*[10 5 7 3] (2.10)
R=[1] (2.11)
K =lgr(4,B,0,R) (2.12)

) ' T— %5
Road Input—» L=+

& I o My

[ E S ' -

Hinh 3.1. So' do khoi ciia hé thong treo ban
tich cuc

Hinh 3.2. So' do khoi Ssimulink ciia hét thong treo
ban tich cuc

Thong s dau vao cho so dd khdi
Simulink duoc biéu thi trong bang 2 va hinh

dudi day:

Bdng 2. Théng s6 dau vao:

Ky hiéu Pon vi Gia tri
m | S,
m S|
k, bo C(‘;Inrgn ;C’ X0 26500
k, Do ctng 16p (N.m) | 175000
SR

4. KET QUA KHAO SAT

Nhom tac gia da tién hanh mo phong
hoat dong ctuia hé théng treo ban tich cuc trén
phan mém mé phong Matlab-Simulink, dong
thoi da tién hanh khao sat va so sanh chét luong
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dao dong cua hai hé thong treo thy dong thong
thuong va treo ban tich cuc trén cac loai mat
duong khac nhau, nhu: Puong map moé hinh sin,
duong loai C theo tiéu chuan ISO 8608:2016,
v6i van toc di chuyén cua xe 13 40 (km/h).

0.1 0.6

| ——treo thu dong
fffff treo ban tich cue

0.057F
/

z(m)

0

-0.05

——treothudong
-----treo bantich cuc
01 04

0 5 10 15 20 0 5 10 15 20
i(s) 1(s)

Hinh 4.1. So sanh dao déng theo phirong thing
ding ciia than xe va gia toc theo phiwrong
thang dimg

Két qua trén hinh 4.1 cho thay, khi di
trén mat duong map mo hinh sin c6 chiéu cao
mép mo 1a 0.08 m thi hé théng treo ban tich cuc
duoc tng dung bd diéu khién LQR cho thiy
dao dong va gia toc than xe theo phuong thing
ding da dugc cai thién rd rét.

i —treothu dong
0.05 l i ) --=-treo bantich cuc
W g/ g1
5 | v ¥

=+===map mo
|—treothudong
----- freo ban tich cuc

0 5 10 15 20 "o 5 10 15 20
f(s) i(s)

Hinh 4.2. So sanh dao déng theo phirong thing
ding ciia than xe va gia toc theo phiwrong
thang dimg

Két qua trén hinh 4.2 cho thay, khi di
trén mat dudng map moé dang B-C c6 chiéu dai
la 250m thi hé théng treo ban tich cuc duoc
tmg dung bo diéu khién LQR, bién d6 dao dong
va gia toc than xe theo phuong thiang dung da
duogc cai thién 10 rét, cho phép nhom tac gia co
co s& dé trién khai cac nghién ctru tiép theo.

5. KET LUAN

Nhom tac gia da xay dung duoc mo
hinh dong luc hoc ctua hé théng treo % va da
tién hanh nghién ctru, tng dung thanh cong bod
diéu khién LQR vao hé thdng treo ban tich cuc.
Két qua cho théy muc do ém diu va chat luong
dao dong ciia xe khi sir dung hé thong treo ban
tich cuc duogc cdi thién tuong ddi nhiéu so véi
cac hé théng treo truyén théng. Két qua cua
nghién ciru nay sé& 1a co s& & nhom nghién ctru
thuc hién cac nghién ctru tiép theo va la co s&
dé lya chon bo diéu khién trong thuc té danh
cho hé thdng treo ban tich cyc. %
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