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TOM TAT

Trong béi canh nganh vin tdai xanh dang phdt trién manh mé, viéc ndng cao chdt hrong vin
hanh va dam bao an toan cho hang héa trén cdc dong xe tdi nang tré thanh mét yéu cau cdp thiét,
thiic ddy cdc nghién ciru vé hé thong diéu khién dao ddng thong minh. Nghién ciru nay sir dung hai
phirong phdp diéu khién LOR va PID cho hé thong treo chit dong trén mé hinh % 6 t6. Két qua dwoc
danh gia qua do ém diu va an toan trén hé thdng treo chu dong; cho thd'y viéc giam dwoc bién do
dao déng, gia toc ciia phan tir dwoc treo di giam tir 35 t6i 65% so véi hé thong treo bi dong théng
thwong. Pady la co sé Iy thuyét quan trong dé phdt trién cho cdc hé thong treo thong minh trén cdc
dong xe tdi ngng thé hé moi.

Tir khoa: Piéu khién t6i wu LOR; Piéu khién PID; Dao dong 6 t6; Hé thong treo chii dong;
O 16 tai.

ABSTRACT

In the context of the rapidly developing green transportation industry, improving operational
quality and ensuring cargo safety on heavy trucks has become a pressing requirement, driving
research into intelligent vibration control systems. This study uses two control methods, LOR and
PID for an active suspension system on a % car model. The results are evaluated based on the ride
comfort and safety of the active suspension system, it showing a reduction in vibration amplitude and
acceleration of the suspended element by 35 to 65% compared to conventional passive suspension
systems. This provides an important theoretical basis for the development of intelligent suspension
systems on next — generation heavy trucks.

Keywords: Optimal LOR control; PID control; Vehicle oscillation; Active suspension
systems, Trucks.
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1. GIOI THIEU

Trong nganh van tdi duong b, xe tai
hang nang thuong hoat dong dudi tai trong 16n
va dia hinh da dang, dit ra yéu cau cao vé do
ém diu chuyén dong va tinh 6n dinh cuia xe. Hé
thdng treo bi dong truyén thdng con han ché
trong viéc giam dao dong va duy tri do bam
duong, dac biét khi xuét hién cong huong gitra
khdi lugng dugc treo va khong dugc treo. Nhiam
cai thi¢n hi¢u qua van hanh, hé théng treo chu
dong sir dung cam bién va co cau chap hanh dé
tao lyc diéu khién chu dong 1én hé théng. Trong
d6, cac phuong phap didu khién hién dai dugc
xem 1a giai phap t6i wu nho kha ning can bang
gilta chat lugng dap tng va ning luong didu
khién.

Bai b4o nay trinh bay mo6 hinh hoa va
mo phong hé thong treo chu dong trén mo hinh
1/4 xe tai, dong thoi so sanh hiéu ndng cua hai
thuat toan diéu khién LQR va PID trong viéc
giam dao dong trén 0 t0 tai.

2. MO HINH O TO
2.1. Thong sé6 mé hinh 6 t6 tai {Citation}
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Hinh 1. M6 hinh % 6 to.

Trong nghién clru nay, tac gia sir dung
mo hinh % 6 t6 [1], [2]. M0t sO gia thuyét ma
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tac gia hudng t6i: khéi lugng than xe dugce coi
1a mot chét diém c6 khoi lugng m_ dat tai toa do
trong tam than xe; khéi luong banh xe m_duoc
coi 12 mot chét diém dt tai trong tam; phén tor
dan hoi va giam chan duge coi 1a tuyén tinh;
lép xe dugc coi nhu 1a mdt 10 xo ¢6 do cung la
c; tiépqxﬁc gitra banh xe voi mat duong 1a tiép
xuc diém; mat duong 1a nguon kich thich dao
dong duy nhat.

D¢ khao sat sy dao dong ctia mo hinh
Ya, tac gia st dung kich thich dao dong la mot
ham hinh dao dong diéu h(‘):cl: Q’= q,sin®,; bién
do dao dong q, = 0.1 (m); tan s6 ® = Srad/s.

Thong s6 mo hinh % 6 t ciia hé théng
treo chu dong dugc thé hién & Bang 1 [3].

Badng 1. Théng so ciia hé thong treo chii dong

KAy Tham s Giatri | Pon vi
hi¢u : ’
m Khoi lugong duoc 2900 ke
s | treo
m_ | Khéi luong 16p 1100 kg
¢, | Do cungloxo 2000000 Nm
K Heﬂ sO can giam 35000 Nm/s
s | chan
c, |Pocingcualép | 3500000 | Nm

2.2. Phwong trinh dong lwe hoc

Tue hinh 1, 4p dung nguyén Iy
D’Alembert va dinh luat II Newton, phuong
trinh dao dong ctia mo6 hinh % 6 t6 dugc xac
dinh theo cong thurc:

msZs +ksZs _ksZu +csZs -

muZu -kXZ-S —Q—kSZ.u -¢,Z, -|-(CS +c,)Zu -f.-cq,=0 ey
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Hé phuong trinh trén c6 thé viét lai theo
phuong trinh khong gian trang thai:

{X:AX+BIW+BzU )

Y =CX +DW +D,U
. YA
Trong do: X:[ZS Z, Z Zu] la véc

. . T
to trang thai; Y:[Zs Z, Z Zu] la véc to
dau ra; u = f,] 1 tin hiéu diéu khién; w = [q,]

la véc to kich thich tir mat duong.

Cac ma tran A, B, C, D duogc xac dinh
nhu sau [4]:

0 0 1 0
0 0 0 1
—c, c, —k,  k,
A — s
mS mS mS mS
c_s — (CS + Ct ) ks _ks
m, m, m, u

B=[0 0 0 ¢/m];
B,=[0 0 —Vm, Um,].

3. THIET KE BQ PIEU KHIEN
3.1. Thiét ké bd diéu khién PID

Diéu khién PID 1a mét thuét toan diéu
khién phan hoi vong kin. Co s¢ hoat dong cua
no 1a lién tyc tinh toan sai léch e(t) — su chénh
léch giira gia tri mong mudn va gia tri thyc té
do dugc dé tao tin hi¢u diéu khién u(t) nham
dua sai 1éch ndy vé 0 nhanh va 6n dinh nhét [5],

[6].

Phuong trinh todn hoc tong quat:

u(t)= er(t)+KiZe(TﬁT+Kd%e(t)@)

ip
& 1 tiy I
— K, Tis O
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Hinh 2. B6 diéu khién PID

Bo diéu khién PID duoc st dung kha
rong rdi dé diéu khién d6i twong SISO theo
nguyén 1y hoi tiép. B6 PID c¢6 nhiém vy dua
sai 1éch e(t) cua hé théng vé khong, sao cho
qua trinh thoa man cac yéu cau co ban vé chét
luong.

3.2. Thiét ké bo diéu khién LQR

Mot hé diéu khién dugc thiét ké & ché
do lam viéc tdt nhat s& ludn & trang thai ti wu
theo mét tiéu chuin nao do. Trang thai tdi wu ¢
dat dugc hay khong tiy thudc vao yéu cau chat
luong dat ra, sy hiéu biét vé& doi tuong va cac
tac dong dat 1én dbi twong, vao diéu kién lam
viéc ctia h¢ diéu khién,... Diéu khién t6i wu la
xéc dinh luat diéu khién mot hé thong cho trude
sao cho tdi thiéu hoa céc chi tiéu chat luong.
Cho hé ¢6 mo6 hinh:

d
& — Ax+Bu;A ER™ B ER™™ 4)

X

W u q ] x
4L _ Ax+Bu

- dx

K

Hinh 3. B diéu khién LOR phdn hoi am
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o0

J(x,u) = f(xTQx+uTRu + 2xNu)dt ®))
0
Dé bai toan c6 nghiém, ma tran Q duoc
gia thiét 1a ma trdn doi xung, xac dinh khong
am va R 1a ma tran doi xing xac dinh duong,
tuc la:
0" =0,a" 0a >0 v6i moi vector a.

T T , . .
R =R,a’ Ra >0 vé&i moi vector a.

Va a'Ra =0 khi va chi khia= 0 [6].

Cac ma tran Q, R, N duoc xac dinh nhu
sau:

O 9, 95 Ou
O, On O 0Oy R:[Rn]; N=
Oy Op 0Oy 0Oy
On Qn Qn Q4

0=

==z =

Muc dich cua h¢ thong di€u khién to1
uu la nang cao tinh an toan va 6n dinh. Do do,
tac gid lya chon ham t61 vu nhu sau:

J = [plzsz +pZZs2 +p3 (Zs _Zu )2 +IO4Zu2]dt (6)

oSg

Trong d6, cac trong sd P,s P, Py» P, duroc
lya chon dwa trén phuong phap thu, véi p, =
10% p,=10% p, = 1I; p,= 1.

4. MO PHONG VA DANH GIA
4.1. Panh gia két qua trén mién thoi gian

Dl Ehiayan i n s
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Tirn
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DHch chispen gis los then a8

Hinh 5. Do thi dich chuyén gia toc than xe theo
thoi gian.

Bang 2. Gia tri sai léch binh phwong trung binh

RMS.
Phuong pl}ép Dich chuyén | Gia tdc ciia
diéu khién than xe than xe
Passive 0.0822 0.4034
PID 0.0536 0.2588
LQR 0.0268 0.1284

Két qua mo phong cho thay ca hai cau
hinh diéu khién chu dong déu mang lai sy cai
thién vuot bac so voi hé théng treo thu dong,
trong d6 bo diéu khién LQR thé hién kha ning
t6i wu hoa xuat sic khi giam thiéu trén 65% ddi
v6i ca hai thong sé dich chuyén va gia toc than
xe; hiéu suat nay gp d6i so voi mirc giam cua
bd diéu khién PID voi mic giam 35%. Piéu
nay khang dinh kha ning mang dén sy ém diu
va On dinh cho ngudi 14i va hang hoa.

4.2. Panh gia két qua mé phong trén tin sb

[ S e

Wi (48

Ligmdizip BB

Hinh 6. Pdp img tan s6 cua dich chuyén va gia toc

Hinh 4. D6 thi dich chuyén than xe theo thoi gian. than xe
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Tai dai tAn sb thap (1-17 rad/s) dlnh
cong hudng cua khéi luong duogce treo, von xuit
hién rd rét & khoang 6-8 rad/s ddi véi hé thong
thu dong da duoc triét tiéu hoan toan khi ap
dung bo diéu khién LQR. Tai dai tan sb cao
(>20 rad/s), dinh dao dong cua LQR duoc kiém
soat chit ché hon, thuong c6 bién do thip hon
so v6i hé thu dong, diéu nay cho théy kha nang
loc nhiéu tw nhién, trénh hién tugng can thi¢p
qua rnuc 6 thé gy mat 6n dinh cia 6 t6 ¢ dai
tan sd cao.

5. KET LUAN

Bai bao da trinh bay viéc nghién ctru va
mo phong hé thdng treo chii dong trén mo hinh
% 0 10 tai st dung hai phuong phép diéu khién
PID va LQR. Ket qua mo phong trén mién thoi
glan va mién tan sd cho thdy ca hai bo diéu
khién déu cai thién kha ning giam dao dong
ctia than xe so v6i hé thong treo bi dong, trong
d6 bo diéu khién LQR cho hiéu qua tét hon.
Céc gia tri RMS cua dich chuyén va gia tdc
than xe giam dang ké khi st dung diéu khién
LQR, qua d6 nang cao d6 ém dju chuyén dong
va tinh dn dinh cua xe tai khi chiu kich thich tir
mit dudng. Ngoai ra, nghién ciru ciing cho thy
viéc lya chon cac trong ) trong ham muc tiéu
c¢6 anh huong 16n d&én chit luong didu khién va
kha niang dap ung cuia hé thong treo.

Két qua nghién ctru 1a co s& cho viée
phat trién cac hé thong treo théng minh trén
xe tai thé hé méi. Trong tuwong lai, cac phuong
phap diéu khién hién dai nhu LPV hodc diéu
khién thich nghi c6 thé dwoc nghién ciru va ap
dung nhim nang cao hon nira hiéu qua giam
dao dong va kha ning lam viéc cia hé thong
treo trong diéu kién van hanh thuc té. %
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