BAI BAO KHOA HQC

NGHIEN CU'U PIEU KHIEN TOI UU
CHO HE THONG ON PINH NGANG CHU PONG TREN O TO

Vii Vin Tin!

Tom tit: Tai nan giao théng dwong bg lién quan dén cac 6 to tdi trong I6n thwong gay ra cac hgu qud
nghiém trong vé tinh mang con nguwoi ciing nhw phirong tién. Trong dé hién twong ldt ngang dwoc ghi nhdn
V6i mike dg xay ra pho bién nhdt doi véi cac logi phirong tién nay. Hién nay hau hét cdc 6 t6 déu trang bj cac
thanh 6n dinh ngang b déng, tuy nhién nhiroc diém cia ching l1a khdng cung cap dii md men 6n dinh trong
cac tinh huéng khan cdp. Bén cach cac hé thong an toan chi déng nhw hé thong treo, hé thong phanh, hé
théng lai, thi hé thang 6n dinh ngang chu déng dwoc danh gia la mét trong nhiing giai phap hiéu qua nhat
dé ndng cao dé on dinh cia 6 t0. Trong nghién cizu nay tac gia dé xuat hai b diéu khién toi wu la LOR va
LQG cho hé thong on dinh ngang chi déng, bang céach cung cap thém hai md men tir cdc co cau chap hanh
& Cdu trueéc VA cau sau 0 t. Véi muc tiéu dap g hiéu qua thyec té trong viéc ap dung trén 6 to, tac gid sit
dung két hop bg quan sat Kalman dé xdc dinh cac tin hiéu dau vao cho bg diéu khién. Két qua md phong cho
thay, hé thang dn dinh ngang chu déng co thé ndang cao do on dinh ngang cia 6 td trén 30% khi so véi 6 to
st dung hé thong treo bj dong.

Twr khoa: Pong luc hoc 6 t0, Diéu khién myén tinh, Piéu khién t5i wu, BO quan sat Kalman-Bucy, Hé théng
6n dinh ngang chii dong.

1. PAT VAN PE thuy Iuc lién két giita thanh 6n dinh bi dong va

Lat ngang 1a hién tuong nguy hiém ddi véi cac khung xe dé sinh ra momen gitp 6 to on dinh hon.
phuong tién giao thong, tuy rat it khi xdy ra nhung  DE didu khién duge co cAu ndy chling ta cd rat nhiéu
lai d¢ lai hau qua rat ning né. Mat 6n dinh ngang 1a  cach nhu: bo didu khién LQR, bd diéu khién H_ ...
nguyén nhan chinh cho hién tuong 1at ngang trén 0
t6. Theo bao céo cia Cuc quan ly duong bd dung phuong phép st dung bo quan sat Kalman-
(NHTSA) tai My, trong,ném 2012 ¢6 hon 333000 xe Bucy két hop véi diéu khién tdi wu LQR dé xay
hang nang lién quan dén cac vy tai nan giao thong dung bo didu khién LQG.
khién 3912 nguoi thiét mang va 104000 nguoi bi 2. MO HINHO TO

Trong nghién ctru ndy, cac tic gia dé xuét viéc ap

thuong bdi hién tuong lat xe. Trong nam 2013, co
hon 4500 nguoi thiét mang trong cac vu tai nan giao s . x

thong li€n quan dén xe hang nang tai EU, chiém
18% tong sd truong hop tir vong do tai nan duong
bo nam do, didu nay dit ra cAu hoi véi cac nha quan

li @é khic phuc cac loai tai nan trén.

T nam 2000 dai hoc Cambridge vuong qudc
Anh d4 tién hanh nghién ctru hé thong 6n dinh ngang
chu dong nham néang cao tinh 6n dinh ngang cho 6 A
td. H théng ndy gém c6 thanh 6n dinh ngang bi Hinh 1. M6 hinh yaw-roll ciia é 6 tdi hai truc
dong c6 dang hinh chir U clng véi d6 1a 2 xylanh

M@ hinh 6 td dugc st dung trong nghién ciru ndy la
Y Bé mén Co khi 6 t6, Khoa Co khi, Pai hoc Giao thong  Yaw-Roll ciia 6 t6 don 2 tryc trang bi hé théng treo phu

Vén i thude, duoc thé hién trong hinh 1. M0 hinh gém 3 phan:
Email: wtan@utc.edu.vn
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khéi lugng duoc treo m,, khéi lugng khong duoc treo
cau trudc mg , khéi luong khong duoc treo ciu sau

m,, . Momen diéu khién ciia h¢ thong 6n dinh ngang

cht dong & ¢4 hai cau 1a U, ,U, . Cackihi¢u va thong o
ciia mo hinh Yaw-roll duoc thé hién trong (Vu, Olivier
Sename, Luc Dugard & Peter Gaspar, 2017).

Phuong trinh dong luc hoc cta 6 t6 dugce xac dinh nhu sau:

m.v.(,B+1//)—ms.h.<}5={u_(;f -[—ﬂ+5f iy

) o 015 o

_Ixz'¢. + Izzl/./. =|:tu'Cf [_ﬁ +5f _IfTW]:|If _|:,U-Cr-[—ﬂ +IrTWj:||r (2)

(I, +mh*)g—1, yr=m.ghg+myh(S+y)—k (6~ )-b (s )+u;

—k (¢~ )b (-4, )+u,
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—rYy =my v.(r—hy )-(B+y)+my, .ghy

—ky ¢ +K; (P -y )+bf(¢_¢ﬁ )+ U

(4)

—rY, =m, v.(r—h, ).(B+y)+m,.gh, ¢,

_ktr'¢tr +kr'(¢_¢tr )+br(¢_¢tr )+ur

()

Phuong trinh dong Iyc hoc tir (1-5) dugc biéu dién dudi dang khong gian trang thai sau:

X =AX+B.W+B,U
Z=CX+D.W+D,U

(6)

Trong d6; vécto trang thai X =[/3 v b 9 4 ¢"T , X =[/3 v b b 4 ¢'>JT, kich thich la goc
danh Iai: W = &, . Tin hiéu diéukhién U =[u, u, ] .

3. THIET KE BQ PIEU KHIEN CHO HE
THONG ON PINH NGANG CHU PONG

3.1. Co sé Iy thuyét diéu khién t6i wu phan
hdi Am

W dx X
U — = Ax+ Bu
drt

r
Hinh 2. B diéu khién phdan hoi am vector trang thai

Diéu khién t6i wu 1a dé xac dinh luat diéu khién
cho hé thdng dong cho trude sao cho t6i thiéu hoa
mot hodc mot vai chi tiéu chat lwong. Co 2
phuong phap diéu khién phan hoi trang thai t6i wu
la phan hoi dwong va phan hoi 4m. Sau déy tac gia
st dung diéu khién phan hdi 4m c6 céu trac nhu
hinh 2.

Dbi v6i viée thiét ké bo diéu khién, ta gia dinh
rang moi thong sd ciia vector trang thai déu co thé
do dugc hay uoc lugng duge. Tt do chung ta xem
xét dén luc diéu khién:

u=-Kx (7

Trong d6 K 1a ma tran phan hoi trang thai. Qua
trinh t6i wu cin x4c dinh tin hiéu d4u vao u dé giam
thiéu mot sb tin hiéu trong ham muc tiéu J dugc biéu
dién nhu sau:

J(x,u)= _[(XTQX+ u'Ru +2xTNu)dt (8)
0

V6i ma tran Q duoc gia thiét 1a ma tran dbi
ximg, xac dinh khong am va R 1a ma tran ddi ximg
xac dinh duong.

Theo ly thuyét diéu khién t6i uu tuyén tinh thi K
duoc xac dinh nhu sau:

K=R"'B'P (9)

V6i P 1a nghiém cua phuong trinh Riccati:

AP+A"P-PBR'B'P+Q=0 (10)
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3.2. Xay dung b diéu khién t6i wu

3.2.1. Xay dwng b¢ diéu khién LQG

Phuong phap diéu khién t6i wu LQG (Linear
Quadratic Gaussian) 1a sy két hop cia bd loc
Kalman vao bai toan t6i vu LQR va duoc biéu dién
qua hinh 3.

w [
7 DPéi twong ym
diéu khién

" [ u I

\ \

| LQR x Kalman Filter \ *

t +

L L ] \—1 J () i

Hinh 3. So'do bg diéu khién LOG

Bo diéu khién LQR tao ra luc diéu khién u thich
hop cho d6i twong diéu khién va str dung né nhu mot
tin hiéu dé két hop vai kich thich bén ngoai w (gbc
danh 1i) va vector dau ra dugc xem xét dén nhiéu 1a
¥(t) 1am tin hiéu dau vao cho b loc Kalman.

Piém khac biét ¢ day 1a bo diéu khién LQR
thong thuong s€ sir dung 6 tin hi¢u coi nhu do duogc
tir cam bién nhung bo diéu khién LQG duoc xiy

dung st dung tin hiéu X duoc wdc lugng tir bd quan
sat Kalman véi chi 2 cam bién dé st dung va thudng
duoc lip dat 12 cam bién van toc goc xoay than xe va
cam bién gia tbc ngang. Day chinh 1a diém mau chét
khac biét cua diéu khién LQG so véi LQR.

3.2.2. B¢ quan sdat Kalman-Bucy

Viéc xay dung va danh gia by quan sat Kalman-
Bucy dé dugc gioi thiéu rat ki trong nghién ciu (Vi
Van Tén; Dinh Dtc Thién; DS Trong Tu, 19-20
thdng 7/2019). Tuy nhién trong nghién ctru do tac
gia chua xem xét dén su ton tai cda tin hiéu diéu
khién u. Su khac biét co ban ¢ bd quan sat Kalman-
Bucy ¢ day la dau vao cia by quan sat gdm co: hai
cam bién nhu da dé cap o trén, tin higu diéu khién u
va goc danh lai w. Do vay viéc tong hgp bo quan sat
can c6 sy thay doi & cac ma tran.

3.2.3. Lwa chon ham muc tiéu

Muc dich ciia hé théng diéu khién t6i wu 1a nang
cao do tinh 6n dinh ngang cua 6 8. Do vay ta lya
chon ham muc tiéu nhu sau:

J= I(Plﬁz + PN+ pob? + pud® + PsB + pedhi + pUE +p8ur2)dt
0

Trong 46 p,,0,,P3: Ps:Ps P =0 la cac trong s0
cho trude. Gia tri cua cac trong s6 thé hién mic do
uu tién khac nhau cho céc chi tiéu khac nhau. Do 6n
dinh ngang cua 6 t6 dugc danh gia thong qua:
.9, .9, Do vay gia tri cia cac tin hiéu cua
D5:P5: P SE duge xem xét ting 18n 0 Véi cac yéu
td khac. Voi mo hinh Yaw-Roll tac gia chon gia
trj p, (i = 1+8) nhu bang sau:

Bang 1. Thng sé p, ciia by diéu khién cho

mo hinh Yaw-roll

P P Ps Py Ps Ps P Ps
LQR 1 1 10° 1 10° 10° 10° 10°
LQG 1 1 10° 1 10 10° 10° | 10°

Luu y: Viéc lya chon gid tri cia p; phu thujc
rat nhiéu vao Muc tiéu diéu khién va kinh nghiém
Clia nguoi thiét ké. Thong thwong viéc lua chon ndy

dwoc thyc hién thong qua hai cong doan “Thir -
Kiém tra”, tuy nhién hién nay ching ta cé thé dp
dung phiwong phdp t6i wu méi nhw thudt gidi di
truyén (GA) dé lwa chon.

4. KET QUA MO PHONG VA PANH GIA

Pé danh gia hiéu qua cia phuong phap diéu
khién, tac gia khao Sat véi hai loai goc danh lai 1a:
g6c danh 1ai khi 6 t6 quay vong va goc danh lai khi 6
td chuyén lan nhu hinh 4 ¢ cac tdc d6 khac nhau tir
10 km/h dén 130 km/h. Hiéu qua ctia bo diéu khién
dugc danh gia thong qua 2 chi tiéu:

- Hinh dang - gi& tri cac tin hi¢u theo thoi gian,

- Sai léch binh phuong trung binh RMS cua céac
tin hiéu. Cac tin hiéu dugc khao sat bao gom: a) Goc
lic than xe 8 ; b) Van toc lic ngang than xe v ; C)
Goc lic ngang than xe ¢ ; d) Vén téc goc lic ngang
than xe ¢ ; e) Goc lic cdu trude ¢

u

.+ ) Goc lic cau

sau @, .
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Hinh 4. M6 phong goc danh ldi
a) Goc danh 1ai khi 6 t6 quay vong; b) Goc danh 14i khi 6 t6 chuyén 1an.
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Hinh 6. Ty ¢ sai léch binh phuwong trung binh RMS giita cdc tin hiéu

Theo nhu hinh 5, 6 ta thay dugc tin hiéu thong qua
diéu khién LQG bam rat sat voi gia tri cta tin hiéu diéu
khién LQR (tin hiéu tdi wu ma ching ta mong muén)
Vva cling véi d6 chiing ta thiy co su khac biét 1 rét giira
viéc str dung hé thdng c6 diéu khién va bi dong.

Coi tin hi¢u bi dong 1a 100% thi ta thay dugc sau
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khi théng qua bo diéu khién gia tri cac tin hiéu da
giam di dang ké (gia tri chi con dudi 50% so vé6i hé
thong bi dong) cho thay rd viéc bo diéu khién dem
lai sw 6n dinh t6t hon cho 6 t6. Nhu vy & van toc 40
km/h véi goc danh 1ai dé 6 o quay vong thi bo didu
khién LQR va LQG hoat dong tdt.
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4.2. Trwong hop 2: O t6 danh Lii chuyén lan

Goc lech than xe

Van toc goc xoay than xe
T T

Goc lac ngang than xe

015 ‘ . 1 . 04 .
' H ' Passive H

1 03 : 1 : :
: H : H Passive

p rad]

w-dot [rad/s]

¢ [rac]

0.1
0

Thoi gian [s]
a)

Van toc lac ngang than xe

Thoi gian [s]
b)

6 8 10
Thoi gian [s]
)

1 T T 0.1
: ; Passive
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Goc lac cau sau
0.1 T T

Passive Passive

d-dot [rad/s]
b, Irad]

8, rad]

Thoi gian [s]
d)

Thoi gian [s]
e}

Thoi gian [s]
f)

Hinh 7. Ddp ing thoi gian cia ,B;l/'/;(b;q};(ﬁuf .

100 g7

TV 16 %
[sal
o

Beta Psid
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M Passive W LOR LQG

Hinh 8. Ty ¢ sai léch binh phuwong trung binh RMS giita cdc tin hiéu

Theo hinh 7, 8 ta thy dugc gia tri cta cac gid tri
lien quan dén on dinh ngang 6 to cua hai bo diéu
khién 1a rat nhé (chil0% so véi bi dong 1a 100%).
Day ciing 1a truong hop ma bo diéu khién 1am viéc
tdt nhat trong cAc truong hop dugc khao sat. By dicu
khién LQG khéng nhiing c6 thé dua ra tin hi¢u chinh
xac nhu LQR ma con c6 thé 1am t6t hon bo diéu
khién LQR (mic du sy khac biét la khdng qué I6n).
Nhu vay ta thay dugc ca 2 bo dicu khién LQR va
LQG déu 1am viéc t6t khi 6 t6 chuyén 1an ¢ van toc
60 km/h.

Tir két qua mo phong trén ching ta thay rang, hé
thong 6n dinh ngang chu dong chi c6 vai trd nang
cao on dinh ngang ctia 6 t6 chir khong lam thay doi
dic tinh dan huéng ctia 6 t6 (gia tri ciia B va y gin
nhu khong thay d6i). Didu ndy dam bao rang 6 t6

trang bi h¢ théng on dinh ngang chii dong khong 1am
thay doi cam giac lai.

5. KET LUAN

Trong nghién ctru ndy tac gia d& tap chung trong
viéc ap dung phuong phap diéu khién téi wu vao
diéu khién hé thong on dinh ngang chu dong trén 6
td tii. BO quan sat Kalman-Bucy va bo diéu khién
LQR d& duogc két hop dé tao ra bd diéu khién LQG
véi hai cam bién co ban 1a cam bién van tdc goc
xoay than xe va cam bién gia tbc ngang. Két qua mo
phong cho thidy mic du chi st dung 2 cam bién
nhung bo diéu khién LQG gan bam sat véi két qua
cta bd didu khién LQR (Iy tuong) nhim nang cao
tinh 6n dinh ngang ctia 6 t6. Tir 46 m& ra mot co hoi
dé co thé 4p dung két qua nghién ciru ndy vao viéc
thir nghiém trén 6 td thuc té sau nay.
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Abstract:
RESEARCHING OPTIMAL CONTROL DESIGN FOR ACTIVE
ANTI-ROLL BAR SYSTEM ON AUTOMOBILES

Road traffic accidents involving heavy vehicles often cause serious consequences on human lives as well as
vehicles. In which rollover phenomenon is recorded with the most common occurrence for these vehicles.
Currently most vehicles are equipped with the passive anti-roll bar system, but their disadvantages are not
providing enough stable torque in emergency situations. Besides active safety systems such as suspension,
brake and steering systems, the active anti-roll bar system is considered as one of the most effective solutions
to improve the vehicle roll stability. In this study, the author proposes the two optimal controllers, LQR and
LQG, for this active system, by providing two additional moments from actuators in the front and rear axles.
For the purpose of meeting practical effectiveness in applying on real vehicles, the author uses a
combination of Kalman-Bucy observer to determine the input signals for the controller. Simulation results
show that the active anti-roll bar system can improve the roll stability over 30% when compared with
vehicles using the passive suspension system.

Keywords: Vehicle dynamic, Linear control, Optimal control, Kalman-Bucy observer, Active anti-roll bar
system.
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