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TOM TAT

Nghién ciru ndy danh gid tinh dan hwéng ciia 6 t6 sir dung hé thong on dinh ngang chii dong
v6i bo diéu khién PID. Mé hinh déng liec hoc toan xe dwge xdy dung cé xét dén hé thong on dinh
ngang chu dong tai ca hai truc voi co cau chd'p hanh dién — thuy luc. Bo diéu khién PID dwoc thiét
ké dua trén sai léch van toc goc lic ngang nham tao mé men diéu khién cdi thién oén dinh chuyén
déng. Cac mé phong dwoe thuce hién trong hai kich ban dién hinh gom quay vong déu ¢ vén téc 60
km/h va danh ldi tranh chuéng ngai vit & van téc 120 km/h. Két qud cho thdy hé thong givp gidm
dang ké géc lac ngang va van toc lac ngang than xe, qua dé ndng cao dé on dinh chuyén déng.
Théng qua phan tich do thi pha va hé sé on dinh, hé thong con cho thdy kha ndang dam bdo tinh dan
huong cua o to.

Tir khéa: On dinh ngang; Hé thong on dinh ngang chii dong; B diéu khién PID; Tinh ddn
huong 6 to, Bong luc hoc 6 to.

ABSTRACT

This study evaluates the handling performance of a vehicle equipped with an Active Anti-Roll
System (AARS) using a PID controller. A full-vehicle dynamic model is developed, incorporating
active anti-roll systems on both axles with electro-hydraulic actuators. The PID controller is
designed based on the yaw rate error to generate control moments that enhance vehicle stability.
Simulations are performed under two representative driving scenarios: steady-state cornering at
a speed of 60 km/h and an obstacle avoidance maneuver at 120 km/h. The results indicate that the
system significantly reduces the vehicle roll angle and roll rate, thereby improving overall dynamic
stability. Furthermore, through phase-plane analysis and the evaluation of the stability factor, the
system demonstrates its capability to maintain and improve the vehicles handling characteristics.

Keywords: Lateral Stability, Active Anti-Roll System; PID controller; Vehicle Handling;
Vehicle Dynamics.
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1. MO PAU

Tinh 6n dinh ngang cua 6 to la mot
trong nhiing chi ti€u quan trong trong khai thac
va st dung 0 t6. Hién nay c6 hai dang chinh la
thanh 6n dinh ngang 6 t6 va hé thong 6n dinh
ngang chu dong trén 6 t0, nhu hinh 1 va 2 dudi
day.

Hinh 1. Hé théng treo sw dung thanh on dinh
ngang bi dong:
1. Thanh én dinh ngang; 2. B phdn giam chan va
106 xo dan hoéi: 3. Pon ngang trén; 4. Ban truc;
5. Pon ngang duoi.

Hinh 2. Hé tho”'ng treo sur dung hé théng on dinh
ngang chu dong:
1. Co cau chdp hanh hé théng 6n dinh ngang chii
dong; 2. Bo diéu khién.

Trong nhitng nim gan day, hé thong on
dinh ngang chu dong da dugc nghién clru rong
rii nhdm nang cao do 6n dinh va giam nguy co
lat xe trong céc diéu kién van hanh phuec tap.
Cac nghién ctru da xay dung mo hinh dong luc

hoc toan xe két hop co cau chdp hanh dién —
thuy luc, cho phép mo phong chinh xéc dao
dong lic ngang va danh gia hiéu qua diéu khién
[1], [3], [14], d6ng thoi tich hop v&i hé théng
treo chi dong nham cai thién hiéu suét tong thé
[2]. V& phuong phap diéu khién, LQR duoc 4p
dung dé t6i uu hoa 6n dinh ngang [13] trong
khi PID va cic bién thé ciia no van dugc sir
dung pho bién nho tinh don gian va hiéu qua
thuc tién [6], [15]. Ngoai ra, cic phuong phap
diéu khién thong minh nhu Fuzzy Logic cho
thdy kha ning thich tmg t6t v6i hé phi tuyén
[7], [11]. Bén canh d6, cac nghién ctru thiét ké
thanh 6n dinh ciing khang dinh anh hudng truc
tiép dén tinh 6n dinh va dan hudng cua xe [4],
[5], va hé théng chil dong c¢6 wu thé hon so véi
hé bi dong [12] Tuy nhién, cac nghién ctru hién
nay chil yéu tap trung vao on dinh ngang ma
chua 1am rd anh huong dén tinh din hudng, tao
ra khoang tréng nghién ctru [9]. Trong nghién
cuu nay, nhom tac gia xay dung moé hinh toan
xe ¢6 hé thong 6n dinh ngang chu dong tai ca
hai cau va thiét ké b diéu khién PID. Trén co
sO d6, tién hanh danh gia anh hudng cia hé
thong dén tinh dan hudng théng qua cac kich
ban danh 1ai & cac van tdc khac nhau.

2. XAY DUNG MO HINH O TO
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Hinh 3. M6 hinh todn xe 6 t6 con c6 hé thong on
dinh ngang chu dong o ca hai truc
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M5 hinh toan xe 6 t6 con c6 hé théng 6n
dinh ngang chu dong duoc thé hién nhu hinh 3.
Heé phuong trinh tong quat cho mo hinh toan xe
6 t6 con c6 hé thong on dinh ngang chu dong

c6 ké t6i co céu chip hanh dang dién thuy luc
dugc xac dinh nhu hé phuong trinh (1), cac ky
hiéu va gia tri cac thong sb dugc thé hién trong
bang 1.

mZ =c(Z,~Z'\)V+cy)(Z,~Z' )+ ey (Zy—Z' )+ e (Z,—~Z' )+ k(Z,~Z")
vk (Z, -2 )+ k(Z, -2 )+ k(Z,~Z",)

(I, +mhVp=—dc(Z,~Z"\)—dcy(Z, - Z')) +ccy(Zy—Z") +ce,(Z,~ Z",)
—dk((Z,~ 2"~ dk,(Z, ~ Z ")) + cky(Zy — Z",) + ck,(Z,— Z',) + ma h, + A, a,,

(I, +mh, )0 =—ac(Z, - Z")+bc,(Z,-Z')) +bey(Z, - Z')—ac,(Z, - Z',)
—ak(Z,-2'\)+bk,(Z, - 2" )+ bky(Z,~ Z",) —ak,(Z, - Z",)

P,+4,a,P,

v2 “arn

mZ, =—c(Z,~Z')~k(Z,~Z')+c,(q,~Z,), — A,a,,P,/d
myZ, =—c,(Z,~Z'))~k,(Z, ~Z")+¢c,(q, - Z,), —A,a,P,/d
mZ,=—c,(Zy~2")~k,(Z,~Z') +c,(q,~Z,)+A,a,,P,/c
mZ,=—c,(Z,~Z')~k,(Z,~2')+c,,(q,—Z,)+ A,a,P,lc

X, =Kiw -2D,X, w, — X, W

vyl Ty
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P, = 5E Kqul - 5E P, (K, +c12)_%Vp‘91 +ﬁ611‘91
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X\/Z = KviZW\? - ZDVXVZWV - XVZW\f
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pP,= IBE Kquz - IBE })LZ(Kc +Clz)_ IBE Vp‘92 +ﬁ011‘92
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92 — _dalgl + VPPLZ + Meth
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. aC, -bC, .
mvf+(mv+———y=C,6-(C, +C,)f
N . .

) (@’C, +5°C,) .
1y =aC,6—(aC, ~bC,)f ———"L——""2y;

Hé phuong trinh (1) duoc viét dudi dang khong gian trang thai nhu sau:
X = A.X + B .W+B,U )
Y =C.X + D, W+D,.U

- Véc to trang thai:
v fieshnnnt ettt d) [he0nntnten ]
Xy Xy By 8 8 X, X, B, & & By Xo Xo B, 4 & X, X, B, 8 8 By
-Véctodaura: Y=X; V‘éc to lfich thich bao gdbm mat dudng va goc danh 1ai:
U=1[q, 9,49, q, 6]"; Tin hi¢u diéu khién: W =[i, i]". &
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Bdng 1. Thong so cia mé hinh 6 t6 con

Ky hiéu Théng sb Gia tri Pon vi
m_ Khdi luong duoc treo 990,2 kg
m,m, Khéi luong khong dugc treo bén trai, phai cAu trude 30,2 Kg
m,, m, Khdi lugng khong duoc treo bén trai, phai ciu sau 49,7 Kg
I M6 men quén tinh khéi lwong duge treo theo truc x 330,5 Kg.m?
. M6 men quén tinh khéi lwong dugce treo theo truc y 861,8 Kg.m?
L M6 men quan tinh khéi luong duoc treo theo truc z 2192 Kg.m?
k,k, Do cung 10 xo bén trai, bén phai clu trude 30000 N/m
k,, k, Do cimg 10 xo bén trai, bén phai cau sau 32500 N/m
c,cC, Heé sb can giam chan bén trai, phai cau trudc 1400 Ns/m
C, C, Heé sb can giam chén bén trai, phai cau sau 1400 Ns/m
a Khoéng céach tir trong tim dén banh xe phia trudc 1,116 m
b Khoang cach tir trong tim dén banh xe phia sau 1,232 m
c Khoéng céach tir trong tam dén banh xe bén trai 0,621 m
d Khoang cach tir trong tim dén banh xe bén phai 0,621 m
1k, | Do ctng 10p bén trai, phai cau trude 181000 N/m
o K Do cing 16p bén trai, phai cau sau 181000 N/m
c, Cénh tay don cta thanh 6n dinh ngang cau trudc 0,15 m
C, Cénh tay don cta thanh 6n dinh ngang cau sau 0,2 m
t,, Nira khoang chiéu dai thanh 6n dinh ngang cau trudc 0,6 m
t,, Nira khoang chiéu dai thanh 6n dinh ngang cau sau 0,6 m
t Chiéu dai tir thm xe t6i gbi dd cau trude 0,3 m
t,, Chiéu dai tir tim xe toi gbi d& cau sau 0,3 m
h, Khoang cach tir trong tam téi truc lic ngang 0,1 m
h, Khoang cach tur trong tam téi truc lic doc 0,2 M
Ky Ky Z?l ctg chéng xodn ciia thanh 6n dinh ngang cau trudc va cau 798 Nm/rad
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3. THIET KE BQ PIEU KHIEN PID CHO
HE THONG ON PINH NGANG CHU
PONG TREN O TO CON

Trong bai bao nay, cac tac gia xay dung
mot bd diéu khién PID nham nang cao on dinh
ngang cua 6 t6. Tin hiéu dau vao cua bo diéu
khién 12 sai 1éch ctia van toc goc lic ngang than
xe va dau ra la md men xoan ciia co cau chéap
hanh hé théng 6n dinh ngang chudong M_ . So
d6 khdi cua bo diéu khién PID dugc the hlen
trong hinh 4.

- [, —e= Tich phin i
uslt) CCCH .
' )= Ty D) Chu o
nd Macr ;
e = i tnrdre
Moactr &= Kp/—= Bao ham ™
hinh
{5 j—={Tkch phén todn
B T Wil) CCCH e b
Kol Tile (X = Chy |-

ot} e(th
-

= Ky == Bao ham

Mhanh phan hdi

Hinh 4. So d6 khéi ciia bé diéu khién PID va b
diéu khién LOR

Trong do: u(t) - Tin hi¢u diéu khién tac
dung vao co ciu chap hanh (tin hiéu du ra caa
bo diéu khién); y(t) - Tin hi¢u dau ra cua hé
théng (tin hi¢u do dac duoc); r(t) - Tin hiéu dat
(hay tin hiéu mong mudn y(t) bam theo, y(t) s&
hdi tiép va so sanh vai r(t)); e(t) - Sai sb giira
y(t) va 1(t) (e(t) s& duoc dua vao bo diéu khién
PID va bd diéu khién LQR, bo diéu khién PID
tiy thudc vao e(t) s& xudt ra gia tri i(t) twong
lig tac dong ngugc vao hé thong.

B6 diéu khién PID (Proportional —
Integral — Derivative Controller) 1a mot bo hi¢u
chinh c¢6 phan hoi nham 1am gia tri sai 1éch cia
mot tin hiéu dang dugc diéu khién bang khong.
Dugc sir dung rong rai dé diéu khién dbi tuong
SISO theo nguyén 1y hoi tiép.

Ham truyén ctia bo diéu khién PID dugc
xac dinh nhu sau:

K, +K,s+K,s* 1
G.(s)=— ”S b :KP[1+TfS+TdsJ (3)

Trong d() K, - H¢ s6 khuéch dai tich
phén; K, - H¢ s6 khuech dai ty 1¢; K, - H¢ 5O
khuéch dal vi phan.

Tin hi€u dau ra cua bd dicu khién u(t)
dugc xac dinh bdi cong thure:

(1) (4)

Phuong phéap céc tac gia str dung dé lua
chon cac thong s6 K, K, K 1a phuong phap
sai léch bam. Cac gia tr1 K K K, duogc thé
hién trong bang 2 dudi day:

=K,e()+ K, [e(dt +K,, dz(; )
0

Bdng 2. Bdng gid tri thong sé K,K,K,

K K K

1 P D

letl6 2.5e+16 0.5e+16

Hinh 5 14 két qua khao sat goc lac ngang
than xe ¢ va vén toc lac ngang than xe @, cac
tac gia thdy rang ddi voi goc lac ngang, khi c6
b6 didu khién thi gid tri goc lic ngang giam di
2.2, dam bao goc lic ngang nhoé hon 7+8° khi
so sanh véi thanh 6n dinh ngang bi dong. Song
song do, van toc lic ngang than xe khi co bd
diéu khién giam di 12 rad/s.

Goc lac ngang than xe Wan toc goe kac ngang than xe:

-=-DK PID
= hong DK

T f9|
Hinh 5. Bap ung theo thoi gian ciia géc ldc ngang
thdn xe ¢ (a), vdn toc goc lic ngang than xe @ (b)

khi xe quay vong déu & vén toc 60 km/h
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Hinh 6 1a két qua khéo sét khi xét t6i chi
tiéu danh gia 6n dinh ngang ctia 6 t6 1a goc lic
ngang than xe ¢ va Van toc lac ngang than xe

(@, cac tac gia thay rang dbi véi goc lac ngang,

khi c6 bd didu khién thi gia tri goc lic ngang
giam di 1.2°, van tdc lic ngang than xe khi co
bo diéu khién giam 1+2 do/s khi so v6i thanh
6n dinh ngang bi dong.

Goc lac ngang than xe

Van foc goe lac agang than xe

]
-~ Khong OK.

10 15 n

Hinh 6. Pdp vmg theo thoi gian ciia goc ldc ngang
thdn xe ¢ (a), vdn toc goc ldc ngang than xe @ (b)
khi xe tranh chuong ngai vt ¢ van toc 120km/h

4. DPANH GIA TINH DAN HUONG CUAO TO
SU DUNG HE THONG ON PINH NGANG
CHU DONG CO BQ PIEU KHIEN PID

4.1. Cac chi tiéu danh gia tinh din huéng
ctia 0 to

Dé danh gia tinh dan hudéng cta 6 to,
tac gia dua trén dd thi pha giita goc 1éch than
xe va van toc goc 1&ch than xe ( S ﬂ) thuong
dugc st dung phd bién, nhu trong cong thirc

(5). Trong do, b =24 va k., =4 thé hién

bién giGi ving gi6i han ctia dd thi pha va B

1a ntra bé rong ving gi6i han 6n dinh. Khi hoi
quan hé cua goc léch than xe va van toc goc
léch than xe vuogt qua bién gidi vung gidi han
6n dinh thi 6 t6 s& khéng dam bao tinh dan
huéng. Piéu nay dong nghia véi viéc, néu mbi
quan hé giita goc léch than xe va vén téc goc
léch than xe cang gan gbc toa do thi tinh dan
hudng cta 6 t6 cang tét. Twong duong véi gian
dd pha nay thi hé s6 6n dinh A duoc xac dinh
nhu trong cong thuc (6). Khi gia tri cia A vuot

qua 1 thi 6 t6 khong dam bao tinh dan hudng,
va muc ti€u la gia tri nay cang nho cang tot.

|,8'+kﬂﬁ,8|<b )
(6)

Céc tac gia tién hanh khao sat trong hai
kich ban danh l4i 1a 6 t6 quay vong déu & van
tdc 60 km/h va danh 14i vuot chudng ngai vat o
van téc 120 km/h v6i 6 to sit dung hé théng on
dinh ngang chu dong c6 bd diéu khién PID va
thanh 6n dinh ngang bi dong.

4.2. Tinh din huéng ciia 6 t6 khi 6 t6 quay
vong déu & van toc 60 km/h

e 80

(©)
Hinh 7. Tinh dan hwéng ciia 6 t6 khi quay vong
déu & van toc 60 km/h:
(a) Quy dao chuyén dong ciia 6 t6 theo thoi gian
khi quay vong déu; (b) Do thi pha - B
(c) Pdp iing theo thoi gian ciia hé s6 on dinh ).
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Khao sat trong truong hop 6 td quay
vong vé6i van toc nhu da néu, Hinh 7 trinh bay
(a) quy dao chuyén dong, (b) do thi pha g—f
va (c) dap ung theo thoi gian cta hé sé on dinh
. Két qua cho thay ca hai trudng hop st dung
hé théng on dinh ngang chii dong diéu khién
PID va thanh 6n dinh ngang bi dong déu c6 quy
dao tuwong duong, dd thi pha nam trong ving
giéi han on dinh va hé s6 6n dinh déu nho hon
1, ddm bao tinh din hudng cua xe. Tuy nhién,
khi str dung bo diéu khién PID, d6 thi pha c6 xu
hudng tién gan hon vé gbc toa do so véi trudng
hop bi dong. Pong thoi, hé s6 6n dinh giam
khoéng 0,12%, cho thdy kha ning cai thién tinh
dan hudng. Mic du vay, muc do cai thién nay
1a khong dang ké so voi hiéu qua nang cao on
dinh ngang cta hé thong.

4.3. Tinh din huéng ciia 6 to khi 6 to danh
l1ai tranh chwéng ngai vat & van toc 120 km/h

P

(©)

Hinh 8. Tinh dan hwéng ciia 6 t6 khi tranh chuwéng
ngai vit: (a) Quy dao chuyén dong ciia 6 té theo
thoi gian khi danh lai tranh chudng ngai vat,
(b) D6 thi pha - B, (c) Pdp iimg theo thoi gian
ctia hé s6 on dinh A

Khao sat voi 6 to thuc hién vuot tranh
ngai vat ¢ téc do 120 km/h, hinh 8 thé hién
(a) quy dao chuyen dong cua 6 to khi danh lai
chuyén lan dé tranh cthO’ng ngai vat ¢ toc do
cao, (b) d6 thi pha - A, (c) dap Gmg theo thoi
gian cta hé sé 6n dinh A. Két qua cho thiy ca
hai cdu hinh, bao gom hé thng 6n dinh ngang
chu dong str dung bd diéu khién PID va thanh
on dinh ngang bi dong, déu dam bao quy dao
chuyén dong tuong ty nhau. Pong thoi, trang
thai 1am viéc ctia hé thng trong cé hai truong
hop déu ndm trong viing 6n dinh, thé hién qua
d6 thi pha khong vuot qua giéi han va hé sb
6n dinh lu6n nho hon 1. Mic du sy khac biét
khong 16n, hé théng sir dung bo diéu khién PID
van cho thdy xu hudng cai thién khi quy dao
pha tap trung gén hon vé viing 1an can gdc toa
d6. Gia tri hé s6 on dinh ciing giam nhe, khoang
0,12% so véi truong hop bi dong. Didu nay cho
thdy hé thong 6n dinh ngang chii dong c6 dong
gop nhat dinh trong viéc nang cao tinh dan
huéng, tuy nhién hiéu qua cdi thién van con
han ché so véi vai tro chinh 1a ting cudng 6n
dinh ngang cua xe. Nhu vay, két qua khao sat
cho théy bén canh muc ti€u chinh la nang cao
d6 6n dinh ngang cta 6 to thi hé thong 6n dinh
ngang cha dong ciing gop phan dam bao tinh
dan hudéng cia 6 to.

5. KET LUAN

Nghién cuu nay da xay dung mo h1nh
dong luc hoc toan xe ¢ xét dén he thdng 6n
dinh ngang cht dong tai ca hai cau va thiét
ké bo diéu khién PID nhiam nang cao 6n dinh
chuyén dong. Két qua mo phong trong céc kich
ban quay vong 60 km/h va tranh chudng ngai
vat 120 km/h cho thdy mé men 6n dinh ngang
do hé théng chu dong sinh ra cé bién do nho
hon va bién thién 6n dinh hon so véi hé bi
dong, qua d6 khang dinh hiéu qua rd rét trong
viéc cai thién 6n dinh ngang cua 6 to. Pang cha

¥, su gia ting on dinh ngang nay khong lam suy &
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giam tinh dan hudng; nguoc lai, cac chi tiéu
danh gia cho thiy tinh dan hudng van dugc duy
tri va cé xu hudng cai thién nhe, thé hién qua
su hoi tu cta do thi pha vé gﬁn géc toa do va
su suy giam cua hé s6 6n dinh. Mic du mte
cai thién khong 16n, két qua nay ching minh
b diéu khién PID c6 kha ning dam bao su can
béang giita 6n dinh va kha ning diéu khién cua
xe. Diém déng gbp chinh cta nghién ctru 1a chi
ra rang hé thong 6n dinh ngang chii dong c6 thé
dong thoi nang cao On dinh ngang ma khong
danh d6i tinh dan hudng, tham chi con cai thién
nhe dic tinh nay, qua d6 cung cip co s¢ khoa
hoc cho vi¢c ing dung hé théng trong thyc té.
Trong twong lai, cic phuong phap diéu khién
tién tién hon c6 thé dugc phat trién nham t6i uu
hoa hon nita hiéu qua cua hé thong trong cac
diéu kién van hanh phic tap.+
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