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Tom tat

Bai béo trinh bay két qua md phong hiéu sudt 1am
viéc cuia hé thang treo chu dgng cho mé hinh ¥ xe
sir dung bé diéu khién tuyén tinh (LQR) va kiém
soat tinh phdn dao ham theo t/ I¢ (PID). M6 hinh
nghién ciu dwoc si dung 1a mé hinh tuyén tinh.
Két qua md phaong cho phép khdo sat cac thong sé
aéng luc hoc cia hé theng treo bao gom: Dich
chuyén than xe; Gia toc thin xe; P dich chuyén
banh xe; Hanh trinh treo cuia hé thong. Bai bao si
dung hai logi bién dang mat durong dé khao sat két
hop véi hai thudt todn diéu khién d@é md phong va
so sanh. Thong qua viéc xay dwng cac mo hinh
todn hoc va #ng dung phan mém MATLAB/
SIMULINK dé khdo sét, két qua bai bao cho thdy
viéc img dung c&c thudr todn diéu khién LQR, PID
vao hé thang treo chi déng cho phép giam 2-3 lan
thoi gian ddp tdz dao déng, bién dé dao dong phan
khoi liwong diroc treo cua ca 2 thudt todn déu tot
hon so véi hé thong treo bj déng.

Tir khoa: M6 hinh mét phan fir xe, hé thang treo
chu dong, LOR, PID.

Abstract

This paper presents the results of simulating the
performance of the active suspension system for
the % vehicle model using a linear controller
(LQR) and proportional derivative control (PID).
The linear model is used for the research.
Simulation results allow to evaluate the dynamic
parameters of the suspension system such as:
Body displacement; Body acceleration; Wheel
displacement; Suspension travel. Two types of
road profiles are applied for survey and compare,
in combination with two control algorithms in
simulation. Through the construction of
mathematical models and application of
MATLAB/SIMULINK software for simulation, the

results of the article show that with LQR and PID
control algorithms applied for the active
suspension system will allow reducing 2-3 times
the time to extinguish the oscillation of the
suspension system.

Keywords: Quarter of a vehicle, active

suspension system, LQR, PID.

1. Pat van dé

O t6 1a mot hé dao dong nam trong mai lién hé
chat ch& véi duong co bién dang phuc tap. Dao déng
cua 6 td khdng nhitng anh hudng dén con nguoi, hang
hoa chuyén cho, do bén cua cac cum téng thanh.
Nhirng dao dong nay s& gay anh huong xau dén xe va
dac biét la cam gi&c cua nguoi lai. Chinh vi vay hé
thdng treo duoc ra doi dé giai quyét cac van dé vé do
ém diu chuyén dong va an toan chuyén dong cua 6 to.
Néu véi hé théng treo thu dong chi dap tng duoc véi
cac cung dwong nhat dinh. Hé théng treo théng
thudng bao gdm mat 16 xo, giam xdc thiy lyc, thanh
xoin, con dugc goi 1a hé théng treo bi dong. Mot trong
nhitng huéng phét trién chinh ma cac hang xe hoi 16n
dang hudng toi hién nay Ia thiét ké hé théng treo cha
dong. Thuat ngit "cha dong" c6 thé hiéu 1a mot hé
thdng treo, trong d6 cac thong sb 1am viéc cd thé duoc
thay ddi trong qua trinh hoat dong. Bo diéu khién dién
tir 6 chirc ning xac dinh va diéu khién co cu chip
hanh gitp cho xe duy tri tinh ning ém diu va én dinh
trén nhiéu dang dia hinh van hanh khéc nhau.

Viéc xay dung nhitng phwong phap dé diéu khién
hé théng treo chu dong 1a yéu td then chét dé dam bao
hiéu suit 1am viéc cua hé thdng. Vé6i phuong phap
kiém sodt chinh xac s& cung cap tot hon sy thoa higp
gitra cam giéc thoai mai khi ngoi trén xe va tinh ning
6n dinh cuia xe khi di chuyén trén duong. Ngay nay c6
rat nhidu nghién ctru da duoc thuc hién dé nang cao
hiéu suat cua hé thong treo tét hon bang cach dua ra
phwong phap kiém soét phu hop [1, 2, 3]. Trong hau
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hét cac nghién ctru da duoc thuc hién, mot mé hinh
tuyén tinh duoc sir dung gia dinh. M@ hinh tuyén tinh
cho phép dé dang mo ta va xac dinh duoc nhitng thong
s6 co ban dong luc hoc ciia mot chiée xe thuc té. Viéc
ap dung phuong phap diéu khién LQR cho hé thong
treo chu dong da dugc dé xuat trong md hinh mot phan
tu xe [3] va cho mdt md hinh toan xe. Phuong phap
diéu khién LQR dugc sir dung dé c6 thé cai thién viéc
xtr Iy xe va tao ra sy thoai méi khi ngoi trén xe [4].

2. Xay dung mo hinh dong luc hoc
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Hinh 1. M6 hinh mét phén t xe ciia hé théng treo
M: Khéi hirong ciia bénh xe/khéi licong khéng duoc treo (kg);
M,: Khéi liong than xe/khéi lieong treo (kg);

r: Trang thai mat duong;

X, Dich chuyén banh xe (m);

- Dich chuyén than xe (m);

Ka: B¢ cung cua 1o xo than xe (N/m);
K. D¢ cimg cua lép (N/m);

Ca: Hé sé cia giam chan (N/m);

U,: Co cau tao lec (N).

Mo hinh dong hoc cua hé théng nay duoc chia
thanh hai loai. Mo hinh dau tién duge xac dinh trong
mién thoi gian, dé thyc hién mod hinh héa chién luoc
cuia hé thong kiém soat LQR phai duoc dai dién trong
md hinh khong gian. M6 hinh dong luc hoc biéu dién
trong mién khong gian trang thai dugc tham khao tai
liéu [4]. Trén Hinh 1 trinh bay so d¢6 dong hoc cua hé
thong treo cho md hinh mot phan tu xe.

3. Thiét ké by didu khién
a, M6 hinh dong hoc Hinh 1, c6 thé duoc chia
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thanh 2 phan chinh nhu sau:
Tai Ml,
F=Mjg — K¢ (Xyy = 1)~ Ka(Xyy = Xsg) 1)

~Ca(Xw = Xs)=Ug =M Xy

o —Ke(Xp =1)=Ka(Xy = Xg) =Ca(Xy — Xg)-Uy
Xw = v
1

Tai Mz,
F =Ma —Ka(Xs —Xw) )
—Ca(Xyy = Xg) +Uz = MyXg
g _ —Ka(Xyy = Xs)=Ca(Xyy = X5) +U,
S M2

Céc bién doi trang thai duoc thiét lap trong
phuong trinh c6 thé dugc viét nhu sau:
K(t) = AX() + By + ()

Trong dé:
X1:Xs_xwzxz -X,
X, =Xs
X3=Xw—1t= X4 —
X4 =Xw
Viét lai phuong trinh & ma tran dang hiéu suét.
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Céch tiép can thtr hai caa moé hinh 13 &p dung
phuong phép diéu khién PID [5]. Phuong trinh toan hoc
cho hé thong c6 thé chia thanh hai phan chinh nhu sau:

Tai M1,

[ Mys? +CasKq +Ky Xy (5)-[Cas +Ka ] Xs (5) =Kyr (5) (3)

Tai M2,
[Mzs? +CasTKa}XW(s)—[Cas+Ka]XW(s):O 4)
b, B% didu khién PID
Céch tiép can thi hai cia mo hinh 1a thyc hién
phuong phap diéu khién PID. PID mét bo diéu khién
tich phan ty Ié (bo didu khién PID- Proportional
Integral Derivative) 1a mot co ché phan hoi vong diéu
khién (b diéu khién) tong quat dwoc st dung rong réi
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trong cac hé thong diéu khién cong nghiép - Bo diéu
khién PID 1a bo diéu khién dugc st dung nhiéu nhat
trong céc bo diéu khién phan hdi va chi ap dung cho
hé SISO theo nguyén ly hoi tiép. Phuong trinh diéu
khién thuat toan PID duoc tham khao [5].

UGs)= Ky + 2+ Kp (5)

4. Mb phéng hé théng treo
4.1. Théng sé md phéng
Bo théng s6 cho mé hinh 1/4 xe cua hé théng treo
chu dong duoc thé hién trong Bang 1.
Bdng 1. Thong sé cho mgt phén tur xe [6]
M1=290kg

Khéi lugng dugc treo

Khéi lwong khong dugc treo

M2=59kg

b6 ciing cua 10 xo

Ka=16812N/m

Do cang cua I6p

Kt=190000N/m

Hé s6 dan hoi cua giam chan | Ca=1000N/m
4.2. Ket qud
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Hinh 2. bién dang duwong 1

Bién dang bé mat duong 1 véi mot vi tri map mo:

(6)

a(1 — cos 8nt) 0.5s <t <0.75s
r(t) = 0 trai lai

Bién dang bé mit duong loai 2 c6 hai g map mé,
dugc thé hién trén Hinh 3 va biéu thirc s6 (7).

a(1l — cos 8mt) 0.55s <t <0.75s
r(t) = {a(l — cos 8mt) /2 6.5s<t<6.75s (7)
0 trai lai
0.1 [ bi;n dang aluongz
0.08
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g
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Hinh 3. Bién dang dwéng 2
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Hinh 5. S dich chuyén ciia banh xe
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Hinh 6. Dy 1éch banh xe
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Hinh 7. Hanh trinh treo ciia hé théng

Véi muc dich so sanh hiéu suat lam viéc cua hé
thong treo chi dong st dung hai phuong phéap diéu
khién LQR va PID so véi hé théng treo bi dong.
Nhiing théng sé dong luc hoc dugc so sanh bao gom:
Dich chuyén than xe; Dich chuyén banh xe; Do léch
banh xe va Hanh trinh treo [7, 8, 9].

a, Truong hop voi bién dang duong loai 1

Hinh 4, 5, 6 va 7 biéu dién su so sanh hé thong treo
cha dong sir dung PID, LQR va hé théng treo bi dong
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v6i bién dang duong loai 1 véi mot map md. Sy dich
chuyén than xe dwoc sir dung dé xac dinh cam giac
thoai mai cta hanh khach va hang héa khi di xe. Trén
Hinh 4 cho thiy, bién do cua hé thdng treo chu dong
sir dung k§ thuat LQR c6 cao hon so véi hé théng treo
bi dong nhung khoang thoi gian dé dap tat dao dong
dugc cai thién. Trong md phong nay cho thiy rang
PID khéng cho két qua vé tinh ém diu cua xe t6t hon
LQR nhung PID ciing gitip giam thoi gian dap tat dao
dong so véi hé thong treo bj dong.

Chuyén vi banh xe c6 thé cho phép xac dinh téc
d6 xtr ly cua hé théng khi xe di chuyén. Két qua mo
phong nay cho thiy rang, LQR c6 mot s6 han ché nhat
dinh so véi PID. Bo diéu khién LQR c6 thé lam giam
thoi gian giai quyét dao dong nhung nd c6 bién do
dich chuyén 16n hon so vé6i PID. Trén Hinh 5 cho thay,
PID c6 thé giam bién d6 dich chuyén véi thoi gian giai
quyét 1au hon. Bén canh d6, két qua trén Hinh 6 va 7
ciing cho thiy su cai thién hiéu suat dap tit dao dong
cua hé théng treo chu dong khi sir dung bo diéu khién
LQR va PID so véi treo bi dong.
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b, Déi véi bién dang duong loai 2

Hinh 8, 9, 10 va 11 biéu dién su so sanh cua hé
thdng treo cha dong sir dung bo diéu khién PID, LQR
Vv6i hé thng treo thy dong voi bién dang duong xao
tron c6 hai map mo lién tiép. Két qua thay rang, ddi
vGi mot md ¥z xe, LQR van dam bao hiéu suét tét ngay
ca khi c6 nhiing thay d6i vé x&o tron duong so véi
truong hop véi md hinh toan xe, tai d6 bo diéu khién
LQR khoéng duy tri dwoc hi¢u suit nhu trong nghién
ctru s6 [9, 10] da dua ra khi xe di chuyén trén bién
dang dudng c6 su xao tron. Vai cung diéu kién bién
dang dudng va thdng sb dau vao md phong thi thoi
gian dap tit dao dong cua hé théng treo chu dong
nhanh gap 2 - 3 1an so véi hé théng treo bi dong.
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Hinh 11. Hanh trinh treo ciia hé théng
5. Két luan

K§ thuat diéu khién LQR va PID da ap dung hiéu
quéa dé danh gia hé thong treo chu dong cho mé hinh
Y, xe tuyén tinh. Két qua cho thay ring, mot s6 khéc
biét nhat dinh khi so sanh cac thuat toan diéu khién
LQR va PID: Bo diéu khién LQR c6 thé 1am giam thoi
gian dap tat dao dong cuia banh xe nhung lai c6 bién
dd dich chuyén I6n hon so véi PID. Déi véi bo didu
khién PID s& khong dam bao tinh ém diu cua xe di
chuyén t6t hon khi so sanh v6i LQR vi ¢6 bién do dao
dong cua phan than xe lén hon so voi bo didu khién
LQR. Véi cing diéu kién bién dang duong va théng
s6 dau vao md phong thi thoi gian dap tit dao dong
cua hé théng treo cha dong nhanh gép 2 - 3 1an khi so
sanh vai hé théng treo bi dong. Két qua bai bao cho
thay, v6i viéc trang bi hé thdng treo chu dong cho xe
0 t6 s& dam bao tinh ém diu va an toan khi so sanh vai
treo bi dong.

Hudéng nghién cau tiép theo nhom nghién ciu
hudéng téi do6 14 tién hanh téi wu hoa cac thong sb cia
bo diéu khién PID. Viéc lya chon mirc ting phii hop
hon céc hé s6 Ky, Kiva Kq cd thé cai thién dugc higu
suit cua PID. Didu khién ché do truot s& dwoc st dung
trong cac nghién ctu tiép theo dé so sanh hiéu suat
cta hé thong treo chi dong cho mé hinh ¥ xe.
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