BAI BAO KHOA HOC

DPE XUAT BQ PIEU KHIEN TOI UU LQR
CHO HE THONG TREO CHU PONG

Vii Vin Tén'

Tém tit: Ngdy nay, hé thong treo chii dong duwoc sir dung rong rdi trong nganh cong nghiép 6 t6 nham
cdi thién ca vé do ém diu va do an toan chuyén ddng. Bai bdo nay tdp trung vdo viéc dp dung phirong
phdp diéu khién t6i wu tuyén tinh bac hai LOR cho hé thong treo chii dong sir dung mé hinh 1/2 theo
phurong ngang ciia 6 t6. Bang cdch bién doi hop 1y chi tiéu ddc tinh hiéu sudt J va véc to trang thdi x, c¢é
thé tong hop bo diéu khién dap vmg cdc muc tiéu thiét ké cia hé thong treo chii dong. Ba bé diéu khién
LOR di duwoc thiét ké, trong dé bé diéu khién dau tién tdp trung vio tiéu chi ndng cao do an toan chuyén
déng, trong khi bo diéu khién thir hai va thir ba wu tién tiéu chi ndng cao dé ém diu chuyén dong. Két qua
mé phong trén mién tan sé cho thiy bang cach thay doi gid tri cia cdc trong s6 ciing nhw déc tinh hiéu
sudt, ba bg diéu khién nay déu nang cao chat lwong dao dong ciia 6 16 theo cdc cach khéc nhau.

Tir khéa: Hé thong treo tich cuc, Piéu khién téi vu LQR, Chi tiéu ém diu chuyén dong, Chi tiéu an toan

chuyén dong, Dao dong 6 t6.

1. GIOI THIEU

Heé thong treo 1a mot trong nhirng hé thdng quan
trong nhét cta 6 t6. Hau hét cac xe 6 t6 ngay nay st
dung hé théng treo bi dong, bao gém phﬁn tir dan
hoi va phén tir giam chdn dé giam tic dong tir mat
duong dén than xe. P9 clig ciia phan tir dan hdi va
hé s can cua giam chin trong truong hop nay
duoc thiét ké & trang thai tinh va n6 thuong co6 mot
su thay doi nho trong pham vi hep. Tuy nhién, khi
6 to chuyén dong, cac gia tri ndy c6 thé khong tdi
wu cho cac ché d6 chuyén dong twong tmng.

Hé thdng treo ¢ diéu khién ngay nay dugc st
dung rong rii trong nganh cong nghiép 6 t6 nham
cai thién déng thoi ca vé do ém diu chuyén dong
va d6 an toan chuyén dong. C6 hai loai co ban cta
hé thdng treo co diéu khién d6 1a chii dong va ban
chii dong. Hé thong treo chii dong thudong duoc
nghién ctru va Ung dung trén cac dong xe O to
hang sang vi yéu cau chit luong dao dong cao va
thuong c6 gia thanh cao. Trong khi d6, hé thong
treo ban chu dong, nho c6 gid thanh ré hon va
murc tiéu thy ning lugng thdp hon nén 1a mot giai
phap hitu hiéu dé ap dung cho cac dong xe thuong
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mai thong thuong. Tuy nhién, cac ddc tinh chinh
cho hé thong treo ban chu dong 1a thuong dwa trén
cong nghé cta hé¢ théng chua dong (Poussot, et al
2012), (Kaleemullah, et al 2011).

C6 réat nhiéu cong trinh nghién ciru duge thuc
hién cho hé thdng treo chu dong. Yoshimura ciing
cong sy da trinh bay viéc xay dung mot bo diéu
khién hé théng treo chu dong cua mdé hinh mot
phin tu 6 t6 sir dung diéu khién mo va bd quan sat
(Yoshimura, et al 2005), (Leegwater, et al 2012).
Mouleeswaran cting cong su di phat trién mot hé
thong treo chii dong cho mo hinh % cia 6 to du
lich dé cai thién hiéu suit cua né bang cach sir
dung mot bo diéu khién PID (Mouleeswaran, et al
2008). Phuong phap diéu khién LQR ciing duoc
str dung cho hé thdng treo chu dong bang cach sir
dung mdé hinh 6 t6 c6 hai va ba bac tu do
(Taghirad, et al 1997), (Kaleemullah, et al 2011),
(Nagarkar, et al 2011), (Kumar, et al 2006).

Muc dich chinh cta hé théng treo chu dong la
nang cao d6 ém diu chuyén dong va cai thién do
an toan chuyén dong. Bing cach sir dung mo hinh
14 theo phurong ngang cuia 6 t0, phuong phap diéu
khién LQR duoc sir dung dé tong hop cac bo didu
khién. Do d6, nhitng sy déng gop chinh cta bai
bao nay la:
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e Mo hinh 2 theo phuong ngang cua 6 t6 dugc
sit dung dé danh gia dic tinh dao dong cua hé
thong treo bi dong va tong hop cac bo didu khién
cho hé théng treo chu dong. H¢ théng treo bi dong
c6 hé s6 can cua giam chén cang cao thi d6 bam
duong cang tot, trong khi hé s6 can cua giam chan
cang nho thi 6 ém diu chuyén dong cang tdt.

e Phuong phap diéu khién LQR di dugc sir
dung dé tong hop ba bd didu khién nhim muc dich
nang cao ém diu chuyén dong va do an toan chuyén
dong. Bang cach hop 1y bién d6i véc to trang thai
va chi tiéu chit luong J, chiing ta hoan toan c6 thé
tong hop bo diéu khién t6t dé dap tmg cac muyc tiéu
thiét ké ctia hé thong treo co didu khién.

e Két qua mo phong trén mién tan s khi so
sanh ba b diéu khién LQR v&i hai truong hop
cua hé théng treo bi dong la: hé sb can cua giam
chin cao va thap (c6 gid tri hé s can 16n va nho).
N6 chi ra rang bo diéu khién LQR hoan toan dap
ung duoc muc ti€u thiét ké.

Bai bao bao gdm cic phan nhu sau: Phan 2
trinh bay mo6 hinh Y2 theo phuong ngang cia 6 to.
Phan 3 13 co s¢ Iy thuyét bo didu khién téi uu
LQR. Phan 4 tong hop ba b diéu khién LQR cho
hé thdng treo chu dong. Phan 5 trinh bay cac két
qua md phong trén mién tan s6. Cubi ciing, mot s6
két luan duoc rat ra trong phﬁn 6.

2. MO HINH DAO PONG O TO

Hinh 1 m6 t4 mo hinh '2 theo phuong ngang
ciia 0 to chung st dung hé théng treo c6 didu
khién. Trong mo hinh niy, than 6 t6 dugc coi 1a
ctng tuyét d6i va duoc dit trén hé théng treo. Mo
hinh ¢6 4 béc ty do: (1)-dich chuyén than xe Z,
(2)-goc nghiéng ngang than xe (a), (3) va (4) lan
luot 1a dich chuyén banh xe bén trai (Z;) va banh
xe bén phai (Zs). Bién dang mat duong tac dung
vao hai banh xe bén trai va bén phai 1an luot 1a q,
qs. Trong khi d6, fy va fi lan luot 13 luc didu
khién ctia co cau chdp hanh ¢ bén trai va bén phai.

~
- p L

Hinh 1. M6 hinh % theo phuwong ngang cia 6 to.

Phuong trinh dong luc hoc ctia mé hinh % theo phuong ngang cia 6 td6 duoc xac dinh nhu sau:

La= {ku,(zl —z;)+c1.(Zl—Z;)}.1L - {k42.(z4 ~Z,) +c4.(Z4—Z;)}~lR ~lSat e Sus
mZ'ZZ =k, (Z, —Z£)+k42.(Z4 _Z;l)+cl'(Zl_Z£)+C4'(Z4_Z;l)_.f;il — Jas (D
ml'Zl =k, .(Z, _%)‘*'ku'(zlv _Zl)+cl'(Z£_Zl)+fd1

m,.Z, =—k,.(Z, —q4)+k42.(Z; _Z4)+C4~(ZQ_ZA4)+fd4

Céc phuong trinh dong luc hoc (1) ¢ thé viét lai dudi dang khong gian trang thai nhu sau (Sam, et al 2000):

x=Ax+Bw+B,u
z=Cx+Dw+ Dyu
dau  vao diéu

Trong do, tin hicu

_ T
khiénu_[fa’l Jas , tin hi€u kich thich tir mat

_ T
duc‘mgw_[ql ‘A . Véc to trang thai x, véc to
dau ra z dugc chon mot cach khéo 1éo va

2

thuong phu thudéc vao muc dich cua thiét ké
diéu khién. Trong nghién ctru nay, tic gia s& st
dung 3 dang khac nhau cia véc to trang thai x
va céc véc to dau ra z khi ap dung phuong phap
diéu khién LQR:
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a — Truwong hop thir nhat:
Véc to trang thai va cac véc to dau ra:

T
x:[a, Z., 2, Z, a, Z., Z, 24} z=x

b — Trueong hop thir hai:
Véc to trang thai va cac véc to dau ra:

T
xz[a, Z, 72, Z,, a, Z_, Z, 24} Dz

¢ — Truong hop thit ba:

2[05, Z, 72, Z,, a, Z_, Z, 24}

=[a, Z,a, Z, Z, 24}

T

T

T
Véc to trang thai: x{zl, Z-q, Zy Z,-q,, 2\, Z,-Z,, Z,, Z'4—Z4} ;

T
Véc to dau ra: z=x={Zl, Z-q,2,, Z,-q,, Z,, Z\,-Z,, Z,, Z'4—Z4}

Luu )} 01: A, Bl, Bz, C, Dl, D2 la cac ma
tran. Ung vdi timg trudong hop trong ba truong
hgp trén, ching s& c6 cac kich thuéc tuwong
ung khéac nhau.

3. CO SO LY THUYET VE PIEU KHIEN
TOI UU LQR

LQR 1a mot phuong phép diéu khién cung cip
hiéu suét tot nhat c6 thé dbi véi mot sb sb do nhét
dinh cua hiéu suat. Van dé thiét ké bo diéu khién
LQR 1a thiét ké bo diéu khién phan hdi trang thai
K sao cho ham muc tiéu J 1a nho nhat. Trong
phuong phép nay, mot ma tran dwoc phan hoi da
duogc thiét ké dé giam thiéu ham muc tiéu nhim
dat dugc sy hai hoa gitra viée sir dung ché do diéu
khién, do 16n va tdc do phan hoi s& dam bao cho
hé théng 6n dinh. P6i voi hé thdng tuyén tinh lién
tuc theo thoi gian dugc thé hién trong phuong
trinh (2), ham chi tiéu chat lvong duoc x4c dinh
nhu sau (Vu, et al 2017):

J= j: (X"Ox+u"Ru+2x"Nuwydt  (3)

Trong d6 Q va R 1a cac ma trén trong s6, Q
duoc yéu cau 1a ma tran ddi xtng xac dinh duwong
hoac ban xac dinh duong. R dugc yéu ciu 12 ma
tran d6i xing xac dinh duong. Thuc té Q va R 1a
ma tran duong chéo. Gia tri cta cac phﬁn tor trong
Q va R c6 anh hudng dén ham chi tiéu chat luong
J. Quy tic diéu khién phan hoi dé giam thiéu gia
tri cua ham J la:

u=-Kx 4)

K dugc xac dinh la:

K=R'B'P (5)

Va P co thé duoc tim kiém bang cach giai
phuong trinh dai s Riccati:

AP+ A"P-PBR'B'P+Q=0 (6)

Hé thdng vong kin tdi wu nhan duoc tir cac
phuong trinh (2), (4) va (5) nhu sau:

x=(A-B,K)x+B,w (7)

Ban chét cua thuat toan LQR la mot cach tu
dong dé tim trang thai thich hop. Do d6, khong c6
gl la khi thiy ring nguoi thiét ké diéu khién
thuong thich cac phuong phap thay thé nhu phan
hoi trang thai toan phan (ciing dwoc biét nhur 13 vi
tri cuc) dé tim bo diéu khién bang cach sir dung
thuat toan LQR. Vi nhitng didu nay, ngudi thiét
ké c6 mdi lién hé rd rang gitra cac tham sd duoc
diéu chinh va nhirng thay doi cia bo diéu khién.
Khé khin trong viéc tim kiém cac gioi han ham
trong sb 1a dé phu hop ap dung tong hop bo diéu
khién dua trén LQR.

Lueu y 02: Viée Iya chon ham chi tiéu chat lwong
J, véc to trang thai x va tin hiéu diéu khién u s& anh
huoéng 16n dén viéc tim cac ma tran Q, R, N.

4. THIET KE BQ PIEU KHIEN TOI UU
LQR CHO HE THONG TREO CHU PONG

Theo 3 cach biéu dién va 3 su lua chon cta véc
to trang thai x va véc to dau ra z trong phﬁn 2.
Trong phdn nay, tac gia thiét ké 3 bo diéu khién
bang cach sir dung phuong phap diéu khién téi wu
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LQR. Chi tiéu hiéu suit J anh huéng dén cac bién 4.1. Thiét ké bd diéu Kkhién thi nhat
trang thai va cac dau ra, va n6 co dang tiéu chuan (LQR1)
nhu trong phuong trinh (3). Chi tiéu hiéu suat J duoc chon nhu sau:

J= IO (o, @+ p, Z24+p, 2+ p, Zi+ pad” + p 22 + p. 27 + p, 73 )dt (8)

Trong do, p...p, la céac trong s cuaJ. D6l v6i  nay la dé tap trung vao viée cai thién d6 bam dudng.
trudng hop ndy, tat ca cac bién cua véc to trang thai Tir cac phuong trinh (3) va (8), cac ma trdn Q,
da duoc tinh dén. Muyc dich chinh ctia sy lya chon R, N duogc biéu dién nhu sau:

5, 0000000 | -
0 000000 -
00500000 o 00
_000,340000;[31{1 } 00
©=0 000p000 0 R] M=y,
00000 p00 00
000000 p,0 00
0000000 p, | 00,

Viéc lwa chon cua chi tiéu hiéu suét J trong 4.2. Thiét ké bd diéu khién thir hai (LQR2)
truong hop nay 1a d& dang nhét cho viéc téng hop Chi tiéu hiéu suat J duoc chon nhu sau:
b diéu khién t6i vu LQR.

J= L‘”(q Z2+r, P+ 12+, + T2+ ZY)dt )

Trong d6, 7,...7,1a cac trong sb cia J. B4i an toan chuyén dong. Tl cac phuong trinh (3)
va (9), cac ma tran Q, R, N duogc biéu dién

sy thay doi1 gia tri cuar,, by diéu khién nay sé
nhu sau:

tap trung vao viéc nang cao do ém diu hodc dd

_Qll Q12 Q13 Q14 QIS Q16 Q17 QIS | i
Q12 Q22 Q23 Q24 Q25 Q26 Q27 Q28

Q13 Q23 Q33 Q34 Q35 Q36 Q37 Q38 R |:M1 Mz}.
b 2 N2 _

=

8]

z =

w
R

Q14 Q24 Q34 Q44 Q45 Q46 Q47 Q48 ;
QIS Q25 Q35 Q45 QSS Q56 Q57 Q58
Q16 Q26 Q36 Q46 Q56 Q66 Q67 Q68
Q17 Q27 Q37 Q47 Q57 Q67 Q77 Q78
_Q18 Q28 Q38 Q48 Q58 Q68 Q78 QRS _

=

MM

3 4

zzzzz3z3zz=
=

%
ocz
(83

Vi cac phan tir ciia cac ma tran Q,, Ry, N,  gian, nhung né cho phép bo didu khién dap ung
(0., M,, N, ) dang phu thuoc vao cac trong sé  truc tiép cac muc tiéu diéu khién.
4.3. Thiét ké bd diéu khién thir ba (LQR3)

(7,...74) va cac thong s6 cua hé théng. Mic du _ _ g
Chi tiéu hiéu suat J duoc chon nhu sau:

vi€c xac dinh cac ma tran nay mat rat nhi€u thoi
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J= [ (L @4 A2 2 (2 =20+ A 224 22y~ + (2~ 4 )+ A(ZE+ 2Dyt

Trong d6, A,...4,1a cac trong sb cua J.
Muc dich chinh cua lya chon nay Ia cai thién
d6 ém diu chuyén dong va giam bién do dich

H, H, H; H, H; Hg H, Hy

H, Hy, Hyy, H), Hy, Hy H, Hy

Hy Hy Hy Hy Hys Hy Hy Hiyg . R
0, = H, H, Hy, H, Hys Hyg H; Hy |’ "3

Hy Hy Hy Hy Hys Hyg Hy; Hgg

Hyg Hy Hy Hy Hyg Hog Hgy Heg

H, H, Hy, H, Hy;, H, H, H

_H18 Hy Hy Hy Hy Hg Hoyg Hxx_

Tuong tu trudng hop thir hai, cac phan tir cia
cac ma tran Q;, R;, N3 phu thudéc vao cac ham
trong s6 (4,...4,) va cac thong s6 cua hé thong.
Tat nhién chung khac nhau khi so sanh véi trudng
hop thur hai.

Luwew y 03: Gia tri cua cac trong s
(D) PysT)--Tg> Ay ... A, ) s& anh huéng dén higu
suit cta cac bo diéu khién. Sy lwa chon cua cac
gi4 tri nay phu thudc vao muc tiéu diéu khién.

5. PHAN TiCH KET QUA MO PHONG

Nhu da dé cap & trén, hai myc ti€u chinh khi
thiét ké bo diéu khién cho hé thong treo 1a d6 ém
diu chuyén dong va do an toan chuyén dong. Tuy
thudc vao cac diéu kién chuyén dong va cac mong
mudn ctua nguoi lai xe, hé thong treo cb diéu
khién s& d4p ng hai myc tiéu nay. Trong nghién
clru nay, tac gia ,Sfl’ dung’ gia toc dich chuyén than
xe (Z, ) va gia toc goc lac ngang than xe (& ) cua
khéi lwong dugc treo dé danh gia do ém diu
chuyén dong. Trong khi d6 dich chuyén theo
phuong thing ding cia khdi luong khong duoc
treo (Z, ,) dugc str dung dé danh gia cho kha niang

bam dudng cua xe (Manh, et al 2015).

Trong phan nay, cac két qua md phong dugc
dua ra trén mién tan sd, dé danh gia hiéu qua cua
cac bod diéu khién LQR cho hé théng treo chu
dong da dé xuat. Cac gia tri thong s ctia mé hinh
% theo phuong ngang cua 6 t6 dugc dua ra trong
(Poussot, et al 2008). O ddy, tac gia so sanh 3 bd

(10)

chuyén ciia hé thong treo. Tl cac phuong trinh
(4) va (10), cac ma tran Q, R, N duoc biéu
dién nhu sau:

Fy F,
{Gl Gz] Fy By
G, G _|Fu P

diéu khién LQR cho hé thdng treo chu dong véi
hai trudong hop cua hé thong treo bi dong. Truong
hop thir nhat, khi chiing t6i sir dung giam chén bi
dong voi hé sé do clng cao (cung) 1a 8000 Ns/m.
Truong hop tha hai, n6 1a gidm chén bi dong véi
hé s d6 cung thip (mém) 1a 500 Ns/m. Gia tri
cua cac trong sb cho ba bd diéu khién dugc lua
chon nhu sau:

Bo diéu khién LQRI:
Pi=Pr=P=Ps=P;= L =1;p5 = Ps =107;
Bo diéu khién LQR2:

r,=1,=10"7,=7,=7,=7,=10°; B§ diéu
khién LQR3: 4, =4000;4, =4, =4, =0

Lueu y 04: Chung ta hoan toan c6 thé lya chon
cac gia tri khac nhau cia céc trong sd theo céac
muc tiéu mong muén khac. Céc Iya chon khac co
thé dem lai hidu qua cao hon tily theo k¥ ning cta
nguoi thiét ké diéu khién.

5.1. Phan tich chi tiéu d¢ ém diju khi 6 to
chuyén dong

Hinh 2 va 3 biéu thi ham truyén bién do
twong Ung cua gia toc dich chuyén thin xe va
gia téc goc lic ngang than xe cia khdi lugng
duogc treo. Chung ta c6 thé thiy rang trong
truong hop ciia hé thong treo bi dong, khi hé sb
can cua giam chn 16n, chi tiéu do ém dju s&
khong dugc dép ung. Nhin chung, do0 ém diu
chuyén dong duoc cai thién voi hé sd can cua
giam chan thap. Tuy nhién, ¢ dai tan sé tir 5 dén
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10 rad/s va tir 75 dén 83 rad/s, do ém dju chuyén
dong khong tot v6i truong hop hé sb can cua
giam chin thip. Ddi v6i ba bo diéu khién LQR
duoc dé xuit, cac két qua mo phong cho thiy
rang trong trudng hop cua bo diéu khién LQRI,
hiéu sudt d6 ém diu duong nhu di diéu chinh &
mirc trung gian giita hai truong hop hé thong
treo bi dong. O dai tan sb 1én dén 42 rad/s, bd
diéu khién LQR2 tbt hon bd diéu khién LQR3.
Trong khi d6, bd didu khién LQR3 1 t6t hon bd
diéu khién LQR2 tir tan s 42 rad/s. 6 ém diu
chuyén dong dugc cai thién véi hai bo didu
khién LQR2 va bo diéu khién LQR3 khi so sanh
v6i bo didu khién LQR1. DPiéu nay l1a phu hop
muc tiéu khi thiét ké bo diéu khién vi trong
truong hop bd diéu khién LQRI, gia toc dich
chuyén than xe va gia téc goc lac than xe khong
duoc tinh dén mot cach truc tiép.

T T
Bi dong HSC cung

=+~ Bi dong HSC mem
--=Bj dong HSC cung
===LGR1

ToloR2 s
-:- LaR3 P T e

Bidong HSC mem

LQR1

Bien do ham truyen [1/s"]

1 2

Hinh 2. Ham truyén bién dj cua gia toc dich chuyén

).

P , , £, Z
thang dung cua khoi luong diroc treo (—=
1

T T
Bi dong HSC mem

= Bi dong HSC mem
- B dong HSC cung
==-LaR1
—Lar2

300f| .- Lar3

f
u&

Hinh 3. Ham truyén bién dg cua gia toc géc ldc

ngang ciia khéi lwong duoc treo ( o ).
q,

Dich chuyen thang dung cua banh xe ben trai

= Bidong HSC mem
-~ Bi dong HSC cung
4s]|---Lor1 /
—Lare Lar3 Y
—-Lars i

Fi )
i L
/ ﬁ‘\ Wy Bi dong HSC mem
i
P A |
i

Hinh 4. Ham truyén bién d¢ cia dich chuyén theo
phirong thang dirng ciia khéi lwong khéong duwoc

treo bén tradi ( Z ).
q,

5.2. Phan tich chi tiéu d¢ bam dwong khi 6
t6 chuyén dong

Hinh 4 biéu dién ham truyén bién d6 cua dich
chuyén theo phwong thiang dung cua khéi luong
khéng dugc treo & bén trai. Di voi hé thdng treo
bi dong, kha nang bam dudng ludén duge duy tri
v6i hé s can cua giam chin 16n. V6i hé sé can
ctia giam chin mém, chi tiéu nay khong dép tng
trong dai tan sb tir 40 rad/s. O dai tan sd cao, co
su khac biét dang ké. Bo diéu khién LQRI ludn
luén cai thién d0 bam duong. Trong khi do,
truong hop cia bo diéu khién LQR3 gia tri ham
truyén nay da tang 1én dang ké. Két qua nay thém
mot 1an nita cho thdy sy phu hop véi muc tiéu
thiét ké bo diéu khién.

6. KET LUAN

Bai bao nay trinh bay tng dung cua phuong
phap diéu khién t6i wu LQR cho hé théng treo
chu dong trén 6 t6. Bang cach khéo 1éo bién ddi
véc to trang thai va chi tiéu dac tinh hiéu suét J,
chung ta hoan toan c6 thé tong hop bo didu
khién dap ung cac muc tiéu thiét ké cho heé
théng treo c6 diéu khién. Két qua mé phong cho
thiy, d6i v4i hé thong treo bi dong, hé sb can
ctia giam chan cang 16n thi kha ning bam dudng
cang tdt, trong khi voi hé sb can cua giam chin
cang nho thi d6 ém diu khi chuyén dong cang
duogc cai thién. Ba bd didu khién LQR di duoc
tong hop va da dugce so sanh, véi bo diéu khién
dau tién tap trung vao kha ning bam dudng,
trong khi bo didu khién thir hai va tha ba tap

92 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 70 (9/2020)



trung vao viéc bang cao d6 ém diu khi chuyén
dong o cac muc d6 khac nhau. Bang cach thay
d6i gia tri cac trong sd, phuong phap diéu khién
nay s& chuyén ddi cac vai tro khac nhau trong
viéc cai thién d6 ém diu hoac kha nang bam
dudng cua 6 t6 khi chuyén dong.

Céc két qua cia nghién ctru hé théng treo
chu dong nay 1a co so dé xay dung hé thong

tiém can khac nhu diéu khién phan hdi trang
thai Hy/H,, s€ dugc ap dung, cung vdi viéc su
dung cac bd quan sat dé danh gia sau hon cac
dac tinh cua hé théng.
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Abstract:
PROPOSAL OF AN OPTIMAL LQR CONTROLLER FOR
THE ACTIVE SUSPENSION SYSTEM

Nowaday, active suspension system is widely used in the automotive industry in order to improve both
ride comfort and road holding criteria. This paper focuses on applying the Linear Quadratic Regulator
(LOR) control method to the active suspension system using an half roll car model. By cleverly
transforming the performance index J and the state vector x, it is possible to design a controller that
meets the goals of a controlled suspension system. The three LOR controllers have been synthesized, in
which the first controller is focusing on the road holding criteria, meanwhile the second and third
controllers on the ride comfort criteria. Simulation results in the frequency domain show that by varying
the values of the weighting parameters, these three controllers will play different roles in improving the
quality of the car's vibration.

Keywords: Active suspension system, LQR control method, Comfort criteria, Road holding criteria,
Vehicle’s vibration.

Ngay nhdn bai: 16/9/2020
Ngady chdp nhéin dang: 25/9/2020

94 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 70 (9/2020)



