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Tom tat: Hé thong treo lign két mém giia bg phdn duoc treo va bé phdn khéng duwoc treo, dong vai trd on
dinh, ddn hwéng cho 6 t6 va ddp tdt cdac dao dong tir mat dwong. Hé thong treo ludn co sw doi ldp giiza tinh
ém dju khi ldi xe va d¢ an toan. Bai bao nay nhém tac gid thiét ké 02 bé diéu khién cho hé thong treo chii
déng trén md hinh Y4 6 td dién dwa trén phwong phdp diéu khién LOR: bé diéu khién thir nhdt ndng cao dé
ém diu cia 6 t6 dién, bé diéu khién thir hai ndng cao dé an todn cia é té dién. Cac két qua md phéng cho
thay hé thong treo chu dong sir dung bé diéu khién LOR ndng cao dwoc dé ém dju va dé an toan cua 6 to

dién khi so sanh véi hé thang treo b déng.

Tir khoa: Hé théng treo cha dong, Piéu khién LQR, Pong luc hoc 6 t0.

1. PAT VAN PE

Hé thng treo déng vai trd quan trong trong 6 t6,
dugc su dung rong rdi cho céc loai 6 t6 hién nay. Hé
thong treo bi dong co su ddi 1ap giira tinh thoai mai
ctiia nguoi lai xe va tinh nang an toan. Khi tinh nang
an toan dugc nang cao thi tinh thoai mai ciia nguoi
st dung giam di va nguoc lai. Hé thng treo chu
dong c6 kha nang cung cap nang lugng tir bén ngoai
dugc tng dung dé ning cao cac tinh ning cia 6 to.
Toshimura va cong su (Toshimura, 2001) d4 thiét ké
mot hé théng treo chii dong cho mé hinh ¥4 6 tO sir
dung bo didu khién trugt. Bo diéu khién truot thiét
ké dua trén ly thuyét diéu khién bac hai tuyén tinh
LQ. Két qua thi nghiém chi ra rang hé thong treo
chu dong dugce d& xuit co hiéu qua hon trong viée
giam rung dong so voi hé thdng treo bi dong.

Sam va cong su (Sam, 2003) thiét ké bo diéu
khién ché do trugt cho mé hinh ¥ 6 t0. Két qua cho
thay tinh hiéu qua va 6n dinh cta hé thong treo chi
dong so voi hé théng treo bi dong. Gursel va cong su
(Gursel, 2006) d& sir dung bo diéu khién PID dé
nghién ctu tinh an toan ciia hé thong treo chu dong.
Son va Isik (Son, 1996) sir dung phuong phap diéu
khién logic md cho hé thong treo chu dong trong
mot sé tinh hudng mo phong. Hiéu suét ciia b diéu
khién mo tot hon so véi hé théng treo bi dong & cac
diéu kién va ché do duong khac nhau. Wu va cong
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su (Wu, 2005) thiét ké bo diéu khién hé théng treo
chu dong dung Neural Network Based Fuzzy Logic.
Mb& hinh mang no ron dua trén logic mo dung céc
tap tin hiéu tr mé hinh dong luc hoc %2 6 t6 khéng
tuyén tinh. Sy phat trién cta hé thong treo chu dong
khdng nhimg giam dugc cac va dap tr mat duong,
giam nhiéu tir cam bién ma con cé thé dap tmg dugc
nhiing sai s6 khong chiac chin. Két qua mo phong
cho thay h¢ thong treo chi dong duoc thiét ké c6 thé
cai thién cac tinh nang ém diu va an toan cua 6 to.
Tamai va Sotelo (Tamai, 1995) d& nghién cuu hé
thdng treo chu dong sir dung phuong phap LQG —
LTR trong d6 ké dén do bién dang ciia than xe.

Trong bai béo nay nhom téc gia thiét ké 02 bo
diéu khién cho hé thong treo chi dong trén md hinh
Y 6 t6 dién dya trén phuong phap diéu khién LQR:
bo diéu khién thir nhat quan tim nhiéu dén nang cao
d6 ém diu cta 6 t6 dién, by dicu khién thr hai quan
tdm nhiéu dén nang cao do an toan cua 6 to dién.
Céc két qua cua hé thng treo chui dong sir dung b
diéu khién LQR dugc so sanh voi hé thdng treo bi
dong. Cac mod phong dugc thyc hién bang phan mém
MATLAB/ Simulink.

2. MO HINH NGHIEN CUU

2.1. Md hinh

Trong bai b&o nay, nhom téac gia str dung mot mo
hinh ¥ 6 t6 dién bon banh xe dé nghién ctru. Khoi
luong xe duoc chia 1am hai: khéi lugng dugce treo
m, va khéi lugng khong duge treo M, . LO x0 va bd
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phan gilarn cha,n cu.a hé thong treo dugc mo hinh hoa = Ax+ BW +B,U
nhu hinh 1. Tin hiéu kich thich tir mat duong dugc

ky hiéu 1 q. Tin hiéu didu khién cia hé théng 1a f,. y=Cx+DW +DU

Céc ky hiéu va thdng sé6 mo hinh dugc thé hién trong Trong d6:
bang 1 (Nguyén Dirc Ngoc, 2017). Véc to trang thai x=[z, z, z, 2, ,
ze Véc to daura y =[Z"S Zu z.-12, 2, 2,] |
o Véc to kich thich la tin hiu tr mat duong
) w=[q].
Tin higu diéu khién u =[f, ]
Cac matran A, B, C, D:
A=[0 0 1 0
fa
0 0 0 1
ke $ ol
Kk, /m, k,/m, -c,/mg c,/m;
zy k/m, ~(k,+k,)/m, c,/m, -c,/m,]
m
’ B,=[0 0 0 k,/m,T"

; B,=[0 0 -1m_ 1/m ]’

q C=[-k/m,  k /m, -C,/m, c,/m;
ki/m, -(k,+k,)/m, c./m, -c,/m,
Hinh 1. M6 hinh 1/4 6 t6 dién 1 1 0 0
Béng 1. Bang thong s6 mé hinh 1 0 0 0
- 0 1 0 0]
R . Ki ... .| Don
TT Tén goi higu Gia tri vi D,=[0 k,/m, 0 0 0]
L | Knoiluong m 500 ) D,=[0 k,/m, 0 0 0]
dugc treo ’ g 2.3. Co sé' ly thuyét diéu khién LQR
) Khbi lugng m - " Diéu khién LQR la xac dinh luat diéu khién cho
khong duogc treo v g hé théng cho trudc sao cho tbi thiéu hod mot hoidc
3 bo C}rn% cualo K, 18000 | N/m m(f).t; vai C»hi ti?g chat lu’(‘)"I'lg.A C(’) 2 I?huo?lg p?ép diéu
X0 h¢ thong treo khién phan hoi trang thai t0i vu 1a phan hoi duong
4 | Do ctmgcualdp | K, 132000 | N/m va phan hoi 4m. Trong bai bao nay, nhom tac gia sir
A A A o dung diéu khién phan hdi 4m c6 ciu triac nhu hinh 2.
5 | Mesocancia o000 | Ns/m
giam chan
/4
. . g dx X
2.2. Phuong trinh dong luc hoc U s Ax + Bu i -
Tu hinh 1, &p dung nguyén ly Dalambe va dinh il
luat II Newton ta c6 phuong trinh dao dong cua xe
duoc xac dinh nhu cong thuc:
— { K -

m,.z.+ Kk (z, —2,)+¢,(z,-2,)+ f, =0 (1)

—nL.iJ+CS.(ZS—ZU)+kS(ZS—A)+ f_k(z-)=0 () Hinh 2. Bg diéu khien LOR phdn héi am

Phuong trinfl (1) va (2) c6 the viet lai theo Déi véi vide thiét ké bo diéu khién, ching toi
phuong trinh khong gian trang thai: gia dinh rang moi thong s déu co thé do dugc hay
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wéc lugng duge. Tir d6 chung ta xem xét dén luc
diéu khién:

u=-K.x

Trong d6 K 1a ma tran phan hoi trang thai. Qua
trinh t6i wu can x4c dinh tin hiéu ddu vao dé giam
thiéu mot sb tin hiéu trong ham muc tiéu J dugc biéu
dién nhu sau:

J :'[(xTQx+ u'Ru+2x"Nu)dt
0

V6i ma tran Q duoc gia thiét 1a ma tran di ximg,
xac dinh khéng 4m va R 12 ma tran déi ximg xéac
dinh duong. Theo ly thuyét diéu khién t6i vu tuyén
tinh thi K duoc xac dinh nhu sau:

K=R'B'P

V6i P 1a nghiém cua phuong trinh Riccati:

AP+A"P-PBR'B'P+Q=0

2.4. Lwa chon ham muc tiéu

Muc dich ciia hé théng diéu khién t6i wu 1a nang
cao tinh 6n dinh va an toan cua 6 6. Do d6 ta chon
ham muc tiéu nhu sau:

© 2 2
. ) , ,
J :I(Pl Z, +pp 2y + psZs +p,z,)dt
0
Trong d6 1a p;, p,, p5, P, > 014 cac trong sé cho
trugc. Gid tri cua cac trong sb thé hién muc do wu

tién khac nhau cho céc chi tiéu khac nhau. Do ém
diu cia 6 t6 dugc danh gia thong qua cac thong sd
Z,,Z,. Do an toan cia 6 t6 duoc danh gia thong qua
cac thong s6 z,,z, . Gid tri ciia cAc trong s6 thé hién
mirc d0 wu tién khac nhau cho cac chi tiéu chat
luong. Khi muén uu tién bai toan tdi wu theo chi
tiéu nao thi phai thuc hién viéc tang gia tri cua
p;tuong tng véi cac tin higu lién quan. Néu ta

Sprung mass displacement
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quan tim dén d¢ ém diu thi: p;,p, ting. Néu ta
quan tim dén do an toan thi: P,,p, tang. V&i mo
hinh 1/4 6 t6 dién nhu dé xuét ¢ trén tac gia thiét
ké 2 bo diéu khién:

+ Bo diéu khién sé 1: 1°' LQR Active: chi quan
tam dén d6 ém diu.

+ B diéu khién sé 2: 2" LQR Active: chi quan
tam dén d6 an toan. ‘ »

Do vay gia tri p; tuong tmg cua 02 bo dieu khién
duoc lya chon nhu bang 2.2:

Bang 2. Bang thong s6 p; ciia 02 b diéu khién

P P Ps Pa

1" LQR Active 1 [1000| 1 | 1000

2" LQRActive | 1000 | 1 |1000| 1

Luwu y: Viéc lya chon gia tri cua p; trong bang 2
chi mang tinh chat vi du minh hoa hiéu qua cua
viéc chuyén d6i ham muc tiéu t5i wu theo hai
huéng wu tién khac nhau. Ching ta co thé hoan
toan lya chon cac gia tri khac cua p; dé thoa man
cac muc tiéu khéc.

3. MO PHONG VA KET QUA

Nh6m tc gia so sanh 2 bo didu khién trén véi hé
thdng treo bi dong trén mién tin sd va trén mién thoi
gian va mién tan sb theo 2 tiéu chi d6 1a d6 ém diu
va do an todn. Trong mién thoi gian, nhom tac gia
xét dao dong ciia hé thong treo khi 6 to di trén dang
mit dudng hinh sin véi tan sé 107 (rad/s) va bién d6
dao dong 0.01m. Trong mién tin sd, nhom tic gia
khao sat dao dong ctia hé théng treo trong khoang
tan sb tir 0-100rad/s.
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Unsprung mass displacement
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Hinh 3. Dé thi thé hién dao déng ciia hé thong treo trén mién thoi gian
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Hinh 4. Dé thi thé hién dao déng ciia hé thong treo trén mién tan sé

Dua trén ca 4 d6 thi a,b,c va d ta thay ca 4 yéu té
la dich chuyén than xe, dich chuyén cau xe, gia toc
dich chuyén than xe va gia toc dich chuyén cau xe
déu co6 dao dong khéa lon va khong 6n dinh trong
khoang thoi gian 1 gidy dau tién khao sat sau khoang
1,5 gidy thi dao dong diéu hoa. Giai doan nay dic
trung cho trang thai dao dong khdng 6n dinh khi moi
chiu kich thich.

O hai d6 thi trén cing cuaa hinh 3 va hinh 4, bo
diéu khién sb 2 c6 gia tri 16n vi bo diéu khién nay
khong chi trong d6 ém diu. Céc gié tri 1on nhét cua
tin hiéu trong bo diéu khién “Ist LQR Active” la
nho nhat khi so sanh véi Passive va “2nd LQR
Active”. Do vay nd thoa man muc tiéu thiét ké bo
diéu khién dé nang cao tinh ém diu cua 6 o dién.

O hai db thi dudi cua hinh 3 va hinh 4, bo diéu
khién s6 1 ¢6 gia tri 16n vi bo diéu khién nay khong
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chd trong d6 an toan. Céc gia tri 16n nhét cua tin
hiéu trong bo diéu khién “2nd LQR Active” 1a nho
nhit khi so sanh véi Passive va “1st LQR Active”.
Do vay né thoa man muc tiéu thiét ké bo diéu khién
dé nang cao tinh an toan cua 6 to dién.

4. KET LUAN

Trong bai béo ndy nhom tac gia da thiét ké bo
diéu khién cho hé thong treo chi dong trén mé hinh
Y4 6 t6 dién theo phuong phap diéu khién LQR nhim
t6i wu hai chi tiéu chinh 14 nang cao d6 ém diu va
tinh nang an toan cua 6 t6 dién. Chung toi da khao
sat 02 bo diéu khién theo 02 muc tiéu khac nhau.
Céc két qua mo phong trén mién thoi gian va mién
tan s trong bai béo cd thé 1am co s phat trién va
hoan thién bo diéu khién t6i vu LQR cho hé thong
treo chu dong nham nang cao chat lugng 1am viéc
cua 0 t0 dién.
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Huéng nghién ctu tiép theo cta bai béo 1a phdi  vé do ém diu va an toan chuyén dong. Trong d6
hop giita cAc bo diéu khién dé dam bao hé thdng treo  phuong phap diéu khién véi thdng sé thay doi lién
hoat dong lién tuc va thoa man cac diéu kién thuc t&  tuc LPV c6 thé duoc &p dung.
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Abstract:
DESIGN OF LQR CONTROLLER FOR ACTIVE SUSPENSION
ON FOUR WHEEL ELECTRIC CAR MODEL

The suspension connected the sprung mass and the unsprung mass, which provide vehicle stability and
directional control during handling manoeuvres and to provide effective isolation from road disturbances.
There is an opposition between ride comfort and safety. In this paper, we designed two controllers for active
suspension on linear quarter electrical car model base on LQR control theory: the first one, controller only
focus on improving comfort of electrical car; the second, controller only focus on enhancing safety of
electrical car. The simulation results show that the active suspension system equipped LQR controller to
improve the features of electric car when compared with passive suspension.

Keywords: Active suspension, LQR controller, vehicle dynamics.
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