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TOM TAT

Hién nay, hau hét cdc xe tdi nang déu dwoc trang bi thanh on dinh ngang bi dong nham cdi
thién dé on dinh. T uy nhién, trong qud trinh vao cua, thanh on dinh ngang bi dong truyén luc doc tur
mot bén hé th(fng treo sang bén kia, tao ra mo-men ch&ng lai lyc bén, do do khong dam bao du do
on dinh trong cdc tinh huong nguy cdp. Bai bdo ndy tdp trung nghién ciru phwong phdp diéu khién
thanh 6n dinh ngang chi dong Ho/LPV cho xe tdi ndng. Phirong phdp diéu khién thay doi thong
56 tuyén tinh (LPV) dwoc dé xudt aé diéu chinh b diéu khién theo vin toc ciia xe nhue mot tham sé
thay doi. Tiép can LPV dia trén luéi dwoc dp dung dé tong hop bé diéu khién Ho/LPV théng qua
LPVTools™. Két qud mé phong cho thdy, hé thong on dinh ngang chii dong Ho/LPV ¢é thé ndng
cao do on dinh ngang cua o0 to trén 31% khi so voi 6 to su dung hé théng treo bi dong.

Tw khéa: Dong luc hoc o t6, Xe tai nang; Piéu khién thanh on dinh ngang chu dong; Piéu
khién thay doi thong sé tuyén tinh (LPV); Diéu khién Hoo; On dinh chong lat.

ABSTRACT

Most modern heavy vehicles are equipped with passive anti-roll bars, in order to enhance the
roll stability. However, during cornering maneuvers, the passive anti-roll bar transfers the vertical
forces of one side of the suspension to the other one, creating therefore a moment against the lateral
force, so there may not be sufficient stability to overcome critical situations. This paper focussed on
the Hoo/LPV active anti-roll bar control for single unit heavy vehicles. A Linear Parameter Varying
(LPV) approach is proposed here to schedule the controller with the vehicle forward velocity as
the varying parameter. The grid-based LPV approach is used to synthesize the Ho/LPV controller
through LPVTools™. The simulation results in the time domain have shown that when compared
with the passive anti-roll bars, the Ho/LPV active anti-roll bar can improve the roll stability of the
vehicle by 31%.

Keywords: Vehicle dynamics; Heavy vehicle; Active anti-roll bar control; Linear Parameter
Varying (LPV) control; Hw control; Roll stability. &
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1. PAT VAN PE

Vai tro clia xe tai ning trong phat trién
kinh té 1a vo cung quan trong. Tuy nhién, do
khéi luong 16n, cac phuong tién nay co thé giy
ra hau qua nghiém trong ddi v6i nhiing ngudi
tham gia giao thong khac khi xdy ra tai nan.
Tai nan lién quan dén xe tai ning khong chi
1a van dé phirc tap ¢ cac nudc dang phat trién
ma con 1a thach thire ddi véi cac qudc gia phat
trién nhu My va chau Au. Trong d6, hién tuong
1at xe dugc xem 1 loai tai nan nguy hiém nhat
dbi voi xe tai nang. Mic du lat xe khong xay ra
thuong xuyén, nhung khi xay ra, hau qua co thé
dac biét nghiém trong. Mat 6n dinh ngang la
nguyén nhan chinh din dén céc vu tai nan 14t xe
lién quan dén xe tai nang. Theo Cuc Quan Iy An
toan Giao thong Pudng cao téc Qubc gia Hoa
Ky (NHTSA), vao nam 2012, tai Hoa Ky da c6
333.000 xe tai nang lién quan dén tai nan giao
thong. Trong sb d6, 3.921 ngudi da thiét mang
do tai nan lat xe va 104.000 nguoi bi thuong
(tang 18% so v&i nam 2011). Tai Lién minh
Chau Au (EU) ndm 2013, hon 4.500 nguoi da
thiét mang trong céc vu tai nan giao thong lién
quan dén xe tai ning, chiém khoang 18% tong
sO ca tir vong do tai nan giao thong trong nim
d6 [4]. Mic du xe tai nang chi chiém mot ty 18
nho trong téng sé phuong tién hodc téng sb km
di chuyén trong EU, nhung chiing lai lién quan
dén cac vu tai nan nghiém trong voi tan suét
cao hon, 1am ndi bat nhu cau can nghién ctru k¥
hon vé dic tinh ctia nhdm phuong tién nay.

Dé cai thién tinh 6n dinh ngang cua 0 to,
hau hét cac xe tai nang hién dai déu duoc trang
bi thanh 6n dinh ngang bi dong nham giam lat
ngang. Uu diém cia thanh 6n dinh ngang bi
dong 1a giup giam gia toc 1at than xe va goc
1at khi 6 t6 chay trén duong mép mo hoic khi
vao cua. Tuy nhién, hé thong nay ciing ton tai
nhuwoe diém. Trong qué trinh vao cua, thanh

6n dinh ngang bi dong truyén luc doc tir mot
bén hé théng treo sang bén kia, tao ra mot mo-
men chéng lai Iyc bén. Bé khic phuc nhimng
han ché ciia hé thong thanh on dinh ngang bi
dong, nhiéu phuong phap can thiép chu dong
vao dong luc hoc phuong ti¢n da dugc dé xuét.
Mot trong nhitng phuong phap do6 la st dung
thanh 6n dinh ngang chi dong, bao gdm mot
cip bo chip hanh thuy luc c¢6 kha ning tao ra
mé-men 6n dinh nham can béng mo-men lat.

Mit khac, cac hé thong diéu khién bién
thién thong sb tuyén tinh (LPV) ciing dong vai
trd quan trong trong didu khién hé thong dong
Iuc hoc. Cac hé théng nay c¢6 dong luc hoc phu
thudc tuyén tinh vao trang thai va dau vao cua
hé thdng, nhung c6 thé phu thudc phi tuyén vao
cac thong sé diéu chinh. M6 hinh LPV gia dinh
rang khong c6 thong tin tién nghiém vé gi tri
ctia cac thong sd diéu chinh, nhung ching c6
thé duoc do ludng hodc ude tinh theo thoi gian
thuc [7], [8]. Su quan tim d6i voi hé thong
LPV xuat phat tir kha nang ap dung k¥ thuat
diéu khién diéu chinh loi s6 (gain-scheduling),
cling nhu kha ning mé hinh hoa cac hé thong
phi tuyén bang cach dua cac yéu t6 phi tuyén
vao cac thong sé diéu chinh. Do d6, khung
diéu khién LPV cho phép ap dung cac phuong
phap diéu khién tuyén tinh cho cac hé théng phi
tuyén, dong thoi cung cip nhitg dam bao chéc
chan vé tinh 6n dinh va hiéu suat ctia hé thong
vong kin.

Trong cac nghién ctru [13] va [14], cac
tac gia da str dung phuong phap diéu khién Hoo
dé mo hinh héa chuyén dong quay va 1t cua
xe tai niang loai don. Két qua phan tich p cho
thdy diéu khién thanh 6n dinh ngang chu dong
Hoo ¢6 d6 bén viing cao ddi véi su thay ddi van
téc chuyén dong ctia 6 t6 ciing nhu khdi lwong
clia phan than xe. Cac két qua mo phong trong
mién tan s6 va mién thoi gian dd ching minh
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rang diéu khién thanh 6n dinh ngang chu dong
Hoo gitp giam dang ké hé sb chuyen tai trong
chuén hoa so voi hé thong thanh 6n dinh ngang
bi dong. Ngoai ra, nghién ctru ciing khing dinh
hiéu qua cua thuat toan di truyén trong viéc don
gian hoa thiét ké bo didu khién nham dat duoc
c4c muc tiéu hiéu suit dé ra.

2.MO HINH O TO VOI THONG SO THAY
POI TUYEN TiNH

Mo hinh yaw-roll cua xe tai nang dugc
the hi¢n trong Hinh 1, gdm ba phan: m_la khoi

Truc lan h.cos¢

I hu,i
A

luong dugce treo, m  1a kh01 lugng khong dugc
treo ¢ phia trudc, bao gdém banh trude va truc
trudce, va m_la kh01 lugng khong dugc treo &
phia sau, bao gdém banh sau va truc sau. Cac
ky hiéu trong mo hinh dugc liét ké trong Bang
1, va cac thong sb duoc dé cap trong [11]. Cac
phuong trinh vi phan cia mo6 hinh yaw-roll bao
gdm dong luc hoc ngang, mé-men quay, mo-
men lat cta khdi luong duoc treo, mé-men 1at
cua khéi lugng khong duoc treo & phia trude
va phia sau, dugc biéu dién trong phuong trinh

(1).

It

Ir

Hinh 1. M6 hinh yaw-roll cua 6 t6 tai nang [11].
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Bdng 1. Cdc tham sé ciia mé hinh 6 16 [11].

Ky hiéu Mo ta Ky hiéu Mo ta
m, Khoi lugng dugc treo 8, Goc danh 1ai
Khéi lvong khong dugc treo trén truc . A A .
m . one £ L : C, Do cling bén cua cac banh xe cau trude
U truoc
m Khéi lugng khong dugc treo trén truc sau C, Do cling bén cua cac banh xe ciu sau
m Téng khdi luong cua xe k. Do cling cta hé thdng treo cau trudc
v Van toc chuyén dong cta 6 to k. Do cling ctia hé thdng treo cau sau
Vi Céc thanh phan ctia van toc b, Heé s6 giam chan cua cau trudc
Chiéu cao trong tim ctia phan dugc treo N A, A
h " £ X P ’ b H¢ s0 giam chan cuia cau sau
tinh dén truc y '
Chiéu cao trong tim ctia phan khong :
h . T, S k. D0 cling 14t cua 1op trén truc trudc
ui duoc treo tinh dén mat dat if ; gk P ;
r Khoang cach tir truc y dén mat dat N Do cing lat ctia lép trén truc sau
.k Mo men quén tinh 1at ctia khdi luon
a Gia toc ngang I q j e
y xx duoc treo
A A A A Tich quan tinh cta phan khdi luon
B Goc léch bén cua 6 to I d P one
Xz duoc treo
, R Mo men quan tinh quay quanh truc
v Goc quay than xe I B 1 qua yuayq j
7 thang ding cua khoi lugng dugc treo
A A, A Khoang cach tir trong tdm 6 to dén truc
. Van toc goc quay than xe 1, £ : g )
v truoc
, . Khoang céch tir trong tim 6 to dén tuc
o Goc truot bén 1 & ong i
' sau
¢ Goc lat caa khéi luong duoc treo 1, Mot nira chiu rng cla xe
o, Goc lat cua khdi luong khong dugc treo u Hé sb bam cua duong
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mv(b-i-l;)_mvhg:Fyf-'-Fyr

_Ixz ¢+Izz l// Fyflf Fyrlr

_rFyf = mufv(r - huf)(ﬂ+ (//) + mufghuf uf - k

-rF, =m,v(r—h, )(ﬁ+ l/./) -m, gh ¢ -

Trong do, T, T, la cac m6 men xo4n tai
hai truc; M, .., M, 1a cdic m6 men cua thanh
6n dinh ngang bi dong, tac dong 1én khdi luong
dugc treo va khéi luong khong duge treo tai
cac truc trudc va sau [12]. Luc _ngang cua lop
F _tic dong theo hudng van téc tai cac diém

ybr
tiép xuc gitra banh xe va mat duong.

C6 thé thdy rang mo hinh yaw-roll phu
thudc mot cach phi tuyén vao van tdc tién v.
Hon nira, khi xe dang di chuyén, van tdc 1a mot
trong nhitng thong sb thay ddi lién tuc, va n6
phu thudc vao nguoi 1ai ciing nhu diéu kién
chuyén dong cia xe. Trong nghién ciru ndy, van
téc v dugc chon lam thong sé diéu chinh. Ky
hiéu p = v, mo hinh xe c6 thé dugc biéu dién
dudi dang khong gian trang thai nhu sau:

x=A(p)x+B (p)w+B(p)u ()

Trong do, vector trang thai:

= [ﬂ vooo, cou,}; dau vao nhiéu (goc

danh lai): w =
T].

[3,]; dau vao diéu khién: w = [T

f

M0 hinh (2) dugc goi 1a m6 hinh Thong
sO bién thién tuyén tinh (LPV), trong d6 céc
phan tir trong khong gian trang thai phy thudc
lién tuc vao mot vector thong s6 bién thién theo

(L +mJ?) g1y =m ghp+myh(B+p) =k, (P, ) —b, (f— )+ My +T,
—k(p—B,)—b (-, )+ My, +T,
B+l (P8, +b, (§— )+ My +T,

ko, k(D= 8,)+b,(—6,) + M +

(1)

thoi gian p. Mot dic diém cua hé thong LPV 1a
n6 phai tuyén tinh di véi cap vector trang thai
(x) va vector dau vao diéu khién vector (u). Cac
ma tran A(p), B,(p) va B,(p) trong mo h1nh nay
1a cac ham phi tuyén cta vector tham s diéu
chinh p.

3. XAY DUNG BQ PIEU KHIEN Hoo/LPV
3.1. Muc tiéu ciia bd diéu khién

Muc tiéu ctia hé thong diéu khién thanh
6n dinh ngang chi dong 1a tbi da hoa tinh 6n
dinh ngang cta 6 t6. Thong thuong, nguy co lat
xe dugc phat hién khi gié tri tinh toan cua su
phan b tai trong chudn hoa (R,,) dat dén gisi
han £1 (4), [6].

AF,
Rf _ of , Rr — AFzr (3)
. F;af F;ar
Trong do, F_ la tong tai trong tac dung

1€n tryc trude va F la tong tai trong tac dung
1€n tryc sau. AF va AF lan luot 14 su phan bd
tai trong lén truc trudc Va truc sau [11].

Su phan bd tai trong chuan hoa R =
+1 tuong Ung v6i mirc phan bé tai trong 16n
nhat c¢6 thé. Trong trudng hop d6, banh xe phia
trong ctia 6 t6 s& bi nhac 1én. Khi ¢6 gang giam
thiéu sy phan bd tai trong, ciing can gidi han
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goc 1t gitra khoi luong duoc treo va khéi luong
kl‘léng dugc treo (¢ — ¢, dé dam béq chung
nam trong gioi han hanh trinh ctia hé thong treo
(7-8 dg), [11].

3.2. Thiét ké bo diéu khién Hoo/LPV cho hé
thong 6n dinh ngang chi dong

Of | . 1 Z

- “’(: ¢ - '
G(r)

-

.. K(P)*yr“ -_‘.‘-’n.qn

Hinh 2. Cdu triic lién két vong kin ciia hé thong
diéu khién thanh én dinh ngang chii dong LPV

So d6 diéu khién vong kin dugc thé hién
trong Hinh 2 duogc thiét ké hudng téi muc tiéu
diéu khién. N6 bao gdom cau trac hoi tiép cia
mo hinh danh dinh G(p), bd diéu khién K(p) va
cac hé}m trong §6 W, W, W, . Trong so do nay:
u la dau vao diéu khién, y 1a dau ra do luong, z
1a ddu ra hiéu suat, n 1a nhiéu do ludng, 5 1a goc
danh 141, dugc coi 1a tin hi¢u nhi€u va do nguoi
1ai thiét lap.

Theo Hinh 2, su két hop ctia mé hinh

phi tuyén (3) voi cac ham trong sé hiéu suat
duogc bi€u dién dudi dang phan vung nhu sau:

x(@) | | A(p) B(p) B,(p) || x(2)
z(t) |=| Ci(p) Dy (p) D, (p) || w(1) “4)
YO | | G(p) Dy(p) Dy(p) J[u(?)
‘V(')i: f?ﬁu vao nhiéu: w(t) = [§f n], Pau
Vé‘l(’) di€u khién: u(t) = [T, Tr]T‘, bau ra hi¢u
suat: z(t) = [T, T,R, R, ay]T, Dau ra do luong:

»(@0) =la, ¢]" . Pang chu ¥ rang, trong mo hinh
LPV cua hé théng thanh 6n dinh ngang chu

dong (4), tham s6 bién thién p = v dugc xac
dinh theo thoi gian thuc va cé thé do truc tiép
bang cam bién.

Muc tiéu diéu khién 13 tim mot bo diéu
khién LPV K(p) duoc dinh nghia nhu sau:

ka {Akua) Bk<p>}{xk(z>} .
u(t)

Ci(p) D.(p) | y(®)
4. MO PHONG VA DANH GIA

Trong phan ndy, bai toan dbi lan kép
dugc st dung lam bai kiém tra kha nang diéu
khién cua xe, day 1a mot tinh hudng dién hinh
dé danh gia kha ning tranh chudng ngai vét
trong truong hop khan cép. Quy dao cia xe
c6 do Igéch 2.5m trén quang duong 100m. Goc
danh l4i duoc biéu dién trong Hinh 3a.

Hinh 3d va Hinh 4a,b thé hién goc
nghiéng ctia khéi lugng duoc treo va do chuyén
tai trong chuan hoa tai ca hai truc. Co thé théy
rang, trong trudng hop st dung thanh 6n dinh
ngang bi dong, xe tai nang thuc su bi lat dé)ng
thoi ¢ cd hai tryc. Tuy nhién, khi 4p dung hé
thong diéu khién Hoo/LPV véi thanh 6n dinh
ngang chii dong, d6 chuyén tai trong chuin hoa
& c4 hai tryc déu nho hon gidi han +1.

Viéc sir dung Hoo/LPV diéu khién thanh
6n dinh ngang chu dong gitp giam do chuyén tai
trong chuan hoa khoang 31%, so v6i hé thong
thanh 6n dinh ngang bi dong. Piéu nay cho thiy
hé thong diéu khién Hoo/LPV active anti-roll bar
cai thién dang ké tinh 6n dinh ngang ciia 6 t6 so
v6i thanh 6n dinh ngang bi dong.

Mé-men tai hai truc dugc biéu dién
trong Hinh 4c,d. C6 thé thdy rang gia trji mo-
men 1on nhét tai ca hai truc déu nhé hon gioi
han 12.104 Nm [12].
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3 Goc danh lai Tham so bien thien: van toc chuyen dong thang

AANA A

\

%‘72
/ £

5, [deg]
T —

-2 n 70
a
. \
68
p \
e
_50 2 4 6 8 10 660 2 4 6 8 10
Thoi gian mo phong [s] . Thoi gian mo phong [s]
a) b)
x10* Tong luc phanh ' Goc nghieng cua khoi luong duoc treo
5 4 — —
) AN AN
. 3 0 \
2 | ) g % 4
§ 2 52 L/
o = \./i
1 -4 N
k T
0 6 \ 1 ——LPV AARB
ot T s Passive ARB
-1 -8
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian mo phong [s] Thoi gian mo phong [s]
c) d)

Hinh 3. Phan hoi theo thoi gian ciia géc danh ldi, tham sé thay doi, tong liec phanh, goc nghiéng ciia khoi
luwong duwoc treo

Chuyen tai trong chuan hoa cau truoc Chuyen tai trong chuan hoa cau sau
1 1
05 7
o]
o o
I 1] A
Limit of R=+1 Limit of R =+1
1 : ;
——LPV AARB ——LPVAARB
----- Passive ARB -~ Passive ARB
15 2 4 3 8 10 4 6 8 10
Thoi gian mo phong [s] Thoi gian mo phong [s]
a) b)
Momen cau truoc x10° Momen cau sau
T 15

——LPVAARB L [—LPvaars
..... Passive ARB i ----- Passive ARB

T, [Nm]
T, [Nm]

4 6 8 10 0 2 4 6
Thoi gian mo phong [s] Thoi gian mo phong [s]

c) d)

Hinh 4. Phan hoi theo thoi gian cua do chuyén tdi trong chudn héa va mé-men tai hai truc.
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5. KET LUAN

Trong bai bao nay, mo hinh xe tai ndng
bao gdm hé théng thanh 6n dinh ngang chu
dong tai ca hai tryc. Mot so dd diéu khién Hoo/
LPV véi van toc duoc xem 14 thong sd thay
d6i da dugc phat trién nham tdi da héa tinh 6n
dinh ngang, giup ngan chdn tinh trang lat xe.
Céc yéu t6 nhu d chuyén tai trong chuén hoa,
gia toc ngang va gidi han mé-men xoén do cac
bo chép hanh tao ra déu duogc xem xét. Két qua
mo phong trong ca mién tan sb va thoi gian da
chimg minh tinh hiéu qua cta bd didu khién
thanh 6n dinh ngang chii dong Hoo/LPV khi
so sanh véi hé thdng thanh 6n dinh ngang bi
dong. <

Ngay nhan bai: 26/3/2025
Ngay phan bi¢n: 16/4/2025
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