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TOM TAT

Bai bdo trinh bay két qua mo phdng va khao sat hiéu sudt lam viéc clia hé thong treo chi dong
cho mé hinh %4 xe khi st dung bé diéu khién tuyén tinh hai bac tu do (LQR), kiém sodt tinh phan
dao ham theo ti 18 (PID) va bd diéu khién Fuzzy. Mo hinh nghién ciiu st dung 1a mé hinh tuyén
tinh. Két qua md phong cho phép danh gia mot so thong sd dong luc hoc cta hé thdng treo: Dich
chuyén than xe; Gia téc than xe; Luc tao béi co cdu diéu khién trén ba bién dang duting khac nhau.
Hiéu sudt lam viéc ctia hé thdng treo dugc xac dinh bdi sy thodi mai khi di trén xe va toc do xu ly
clia hé thdng treo. Cam gidc thodi méi co thé dugc danh gid thong qua su dich chuyén clia than xe,
trong khi d6 nang lugng tiéu tén ctia hé thong treo thé hién qua luc tac dung 1én hé théng. Bai bao
skt dung ba loai bién dang mét dudng két hop vdi ba thuat toan diéu khién d€ md phong va danh
gid. Thong qua viéc xdy dung cac md hinh toan hoc va (ing dung phan mém Matlab/Simulink dé
mo phdng dénh gid hiéu sudt cla hé théng treo c6 thé st dung b diéu khién LQR; PID va Fuzzy dé
danh gid.

Tir khéa: M6 hinh mgt phdn tu xe; Hé thdng treo chi dng; LQR; PID; FUZZY.

ABSTRACT

This paper presents the simulation results and investigates the performance of the active
suspension system for the % car model when using a linear two-degree-of-freedom (LQR)
controller, controlling the derivative with respect to proportions (PID) and the FUZZY controller.
The research model used is a linear model. Simulation results allow to evaluate some dynamic
parameters of the suspension system: Body displacement; Body acceleration; Force generated by
the control mechanism on three different line profiles. Suspension performance is determined by
ride comfort and suspension handling speed. Comfort can be judged by the displacement of the
body, while the energy consumption of the suspension is expressed in the force applied to the
system. The paper uses three types of pavement profiles combined with three control algorithms
for simulation and evaluation. Through the construction of mathematical models and the
application of Matlab/Simulink software to simulate and evaluate the performance of the
suspension system, LQR; PID and Fuzzy controllers can be used to evaluate.

Key words: Models of a quarter of a vehicle; Active suspension; LQR; PID; FUZZY.
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1.DAT VAN BE

O t6 1a mo6t hé dao dong ndm trong mai
lién hé chdt ché véi duodng cé bién dang
phuc tap. Dao doéng clia 6 t6 khéng nhiing
anh hudng dén con ngudi, hang hoa chuyén
chd, d6 bén cta cac cum téng thanh, nhiing
dao ddéng nay con gay anh hudng xau dén xe
va ddc biét la cdm gidc cda ngudi lai. Chinh vi
vay hé théng treo dugc ra doi dé gidi quyét
cac van dé vé dd ém diu chuyén dong va an
toan chuyén dong clda & t6. Hé théng treo
thu ddng chi dap ung dugc véi cac cung
dudng nhat dinh. Hé théng treo thong
thudng bao gom mot 16 xo, gidm xoc thiy
luc, thanh xodn, con dugc goi la hé théng
treo bi ddng. Mot trong nhitng hudéng phat
trién chinh ma cac hang xe hai I6n dang
hudng t6i hién nay la thiét ké hé thong treo
cht déng. Thuat ngir "cht déng" cé thé hiéu
la mot hé thong treo, trong d6 cac thong sé
lam viéc c6 thé dugc thay ddi trong qua trinh
hoat déng. B6 diéu khién dién ti c6 chic
nang xac dinh va diéu khién co ciu chip
hanh gilup cho xe c6 kha nang duy tri tinh
nang ém diu va én dinh trén nhiéu dang dia
hinh van hanh khac nhau.

Viéc xdy dung phucng phap dé diéu
khién hé théng treo chd dong la yéu té then
ch6t dé dadm bao hiéu suat lam viéc cta hé
théng. V&i phuong phap kiém soét chinh xac
sé& cung cap tot han su théa hiép gida cam
giac thoai mai khi ngoi trén xe va tinh nang
én dinh cta xe khi di chuyén trén dudng.
Ngay nay c6 rat nhiéu nghién ciu da dugc
thuc hién d€ nang cao hiéu sudt cha hé
théng treo tot hon bang cach dua ra phuong
phap kiém soat phu hop [1, 2, 4]. Trong hau
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hét cac nghién clu da dugc thuc hién, mét mé hinh tuyén
tinh dugc st dung gid dinh. Mot trong nhing ly do la n6 ¢6
thé dé dang mé ta va xac dinh dugc nhiing théng s6 co
ban déng luc hoc ctia mét chiéc xe thuc té. Ap dung
phuong phap LQR, PID, Fuzzy cho hé théng treo chi déng
da dugc dé xuat trong mé hinh mét phan tu xe [2] Phuong
phéap LQR, PID, Fuzzy dugc st dung dé c6 thé ci thién viéc
xU ly xe va tao ra sy thoai mai khi ngéi trén xe [3].
2. XAY DUNG MO HINH PONG LUC HOC

M6 hinh dong hoc cta hé théng nay dugc chia thanh
hai loai. M6 hinh dau tién dugc xac dinh trong mién thoi
gian, dé thuc hién mé hinh héa chién lugc cta hé théng
kiém soét LQR; PID; Fuzzy phai dugc dai dién trong khéng
gian. M6 hinh déng luc biéu dién khéng gian trang thai
dugc tham khao theo tai liéu [3, 4]. Trén hinh 1 trinh bay so
dé déng hoc clia hé théng treo bi dong va cha dong mé
hinh mét phan tu xe.

M,

a) Treo b dong

STER L
P L

b) Treo chi dong

Hinh 1. M6 hinh mt phan tu xe cta hé thong treo

M,: Khéi lugng ctia banh xe/khéi lugng khéng dugc treo
(kg).

M,: Khéi lugng than xe/khéi lugng treo (kg).

r: Trang thai mat dudng.

Xw: Dich chuyén banh xe (m).

X : Dich chuyén than xe (m).

K,: B0 cling clia 16 xo than xe (N/m).

K.: D0 cling cta I6p (N/m).

C,: Hé s6 cha gidam chan (N/m).

U,:Co cdu tao luc (N)

M hinh dong hoc hinh 1, c6 thé dugc chia thanh hai
phan chinh nhu sau:

TaiM,

F=M,

—K(Xw — 1) — Ka(Xy — Xs) — Ca(Xw — X5) — Ua = MsX,, (1)
_ KX w—D)-KiXw—Xs)—Ca(Xw—Xs)-U,

Xw = " :
Tai M,
F=M,
—Ka(Xs — Xw) — Ca(Xs — Xy) + Us = MoX,. )
% = —K.(Xs — Xy,) — Mca(xs —Xw) + U,
2

Cac bién d6i trang thai dugc thiét 1ap trong phuong
trinh c6 thé dugc viét nhu sau:

X(t) = AX(t) + By + fi(t)

Trong d6:

X, =X — Xy = X, - X,

X, =Xs

X3=Xw—f~X4—f

X4 = Xw

Viét lai phuong trinh & ma tran dang hiéu suat.

gl e 0w

x3]‘ 6 o o 1 §3 +[02 Uat| 4T

Xt (K G Ko Gllx4] |2 0
M, M, M, M, M,

Cach tiép can thua hai cia m6 hinh la ap dung phuong
phdap diéu khién PID. M6 hinh dong luc clia hé théng dugc
tham khao tuU tai liéu [3, 4]. Phuong trinh toan hoc cho hé
thong cling la dugc chia thanh hai phan chinh nhu sau:

Tai M,

[M;s? + Cus + K, + KXy () — [Cas + K,1X(s) = Ker(s) (3)

Tai M,

[M,s? + Cus + K, ]Xs(s) — [Cys + K, 1X,,(s) = 0 (4)
3. THIET KE BO PIEU KHIEN

Ba b diéu khién khac nhau dé khao sat va thao luan: Bo
diéu khién LQR; B6 diéu khién PID; B6 diéu khién Fuzzy
3.1. Bo diéu khién LQR

LQR la mét trong nhiing phuong phap diéu khién phé
bién nhat thudng dugc st dung d€ nghién cuiu viéc kiém
soat hé thong treo tich cuc.

Xem xét bd bién trang diéu chinh théng tin cho hé
thong:

u(t) = —Kx(t) (5)

K la trang thai ma tran khuéch dai co hoi tiép

Quy trinh t6i uu héa bao gém xac dinh dau vao diéu
khién U, giup gidm thiéu chi tiéu chat lugng. Chi tiéu chat
lugng J xac dinh ndang lugng tiéu tén cha tin hiéu diéu
khién. Khi d6, néu ma tran K dugc xac dinh dé téi thiéu héa
chitiéu chat lugng J thi luat diéu khién u(t) sé téi uu véi moi
trang thai ban dau x(0).
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t
] = %f (xTQx + uTRu)dt (6)
0

Trong d6 U la dau vao trang thai va Q va R la trong s6
ma tran trong sé xac dinh duong. Ma tran khuéch dai K (b6
diéu khién) dugc biéu dién bai:

K =R7!B'P (7)

Trong dé: ma tran P dugc danh gia la két qua cua
phuong trinh Algebric Riccati (IS).Nhu sau:

A'P+PA—-PBR!IB'P+Q=0 (8)
B6 diéu chinh phan hoi U
u(t) = —(R™IB'P)x(t) = —Kx(t) 9)

Viéc lya chon ham chi tiéu chat lugng J, véc to trang
thai x va tin hiéu diéu khién u sé dnh huéng Ién dén viéc
tim cdc ma trdn Q, R.

1000 0 0 0
10 10000 0 0 N _
Q= 0 0 1000 0 va R=0,001
0 0 0 1000

Do d6 gid tri d6 khuéch dai cla
K =1[29,7144 2405,8 —11327 —357,2037]

3.2. Bo diéu khién PID

Cach tiép can thi hai cia mé hinh 1a thuc hién phuong
phap diéu khién PID. PID mot bé diéu khién vi tich phan ti
& (b6 diéu khién PID - Proportional Integral Derivative) la
mot co ché phan héi vong diéu khién (bd diéu khién) téng
quét dugc st dung réng rai trong cac hé théng diéu khién
céng nghiép - bd diéu khién PID 13 bo diéu khién dugc st
dung nhiéu nhat trong cac bd diéu khién phan héi va chi
ap dung cho hé SISO theo nguyén ly héi ti€p. Phuong trinh
diéu khién thuat toan PID dugc tham khao tai tai liéu [4].

Us)=Kp, +-L +Kp (10)

Ap dung phuong phap Ziegler-Nichols 2 ta cé:

Hé s6 K,K,K, can tim la: K, = 94120,8; K, = K,/T, =
651071,1593; K, = To*K, = 3401,596.

3.3. Bo diéu khién Fuzzy

B6 diéu khién thdt 3 cia mé hinh la thuc hién phuong
phap diéu khién Fuzzy. Fuzzy la bo diéu khién si dung
thuat todn md hoa cac théng s6 dau vao, bién cac thong sé
dau vao thanh cac luc dau ra can thiét dé diéu khién hé
théng théng qua bang luat diéu khién.

Chon cac hé s6 tién xt ly va hau xt ly:

- Goi K, 1a hé s6 tién xUr ly cua tin hiéu dau vao E (d6 dich
chuyén than xe), chon K, = 1/0,05 tuc la mién dich chuyén
than xe dugc xac dinh khi c6 dao dong trong khoang -0,05
dén 0,05m.

- Goi K, la hé sé tién x{ ly cta tin hiéu dau vao CE (van
t6c¢ ctia dich chuyén E), chon K, =1 tdic [a mién dich chuyén
van toc dugc xac dinh khi c6 dao déng trong khoang -1
dén 1m/s.
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Bang 1. Luat diéu khién Fuzzy

ich chuyén thén xe
"a"?m\ NB [NM| NS [ZE | PS | PM |PB
NB NB | NB| NB [NB| NM | NS | ZE
NM NB | NB| NB [NM| NS | ZE | PS
NS NB | NB | NM [NS| ZE | PS |PM
ZE NB [NM| NS | ZE| PS | PM | PB
PS NM [ NS | ZE |PS| PM | PB | PB
PM NS | ZE| PS |[PM| PB | PB | PB
PB ZE | PS|PM |PB| PB | PB |PB

Vé6i céc ky hiéu NB=Negative Big, NM=Negative
Medium, NS=Negative Small, ZE=Zero, PS=Positive Small,
PM=Positive Medium, PB=Positive Big.

4. MO PHONG

Cac thong s6 dau vao dé chinh 1a su thay ddi clia bién
dang mat dudng, dugc thé hién qua hinh s6 2 va biéu thuc
s&(11).

Bién dang bé mat dudng 1véi mot vi tri map mé:

a(1 — cos 8mt) 0,5s <t<0,75s
r(® = 0 trai lai

|

Hinh 2. Bién dang dudng 1

Bién dang bé mat dudng loai 2 1a bién dang dudng hinh
sin st dung 6 bién do6 13 0.05 m va tan s6 |1a THz. Pugc thé
hién qua hinh 3.

— i iy feg 1

Bign 44 dao dong (m)

Thii gias {s)

Hinh 3. bién dang dudng hinh sin 2



Bién dang dudng loai thu 3 la bién dang dudng random.
Pay la bién dang dudng gan nhat véi moi trudng thuc té xe
c6 thé gap phai va dugc thé hién qua hinh 4.

Fareom |

Bidn 64 dan ddeg (m)
= B - & E

g
Hinh 4. Bién dang dudng hinh random 3
Bo théng s6 mé hinh 1/4 xe clia hé théng treo chi dong
dugc thé hién trong bang 2.
Bang 2. Thong so cho mdt phan tu xe

Khi lugng dugc treo M, =290kg
Khi lugng khong dugc treo M,=59%g

D0 cling cda lo xo

K,=16812N/m

D4 cling cla lop

K, = 190000N/m

Hé s6 dan hi clia giam chan

C,= 1000N/m

5. KETQUA

Vi muc dich so sanh hiéu suat lam viéc cta hé théng
treo chd dong st dung ba phucng phéap diéu khién LQR,
PID va Fuzzy so véi hé théng treo bi dong. Nhiing théng s6
déng luc hoc dugc so sanh la: Dich chuyén than xe; Gia téc
than xe; Luc tao bdi ca cau diéu khién.
5.1. Truéng hop véi bién dang duong loai 1

ooal | | | ] 1 l | l Bl oenal
LGk
FID
e FUZZY
£
2
&
& ¢
£
5 )
¢
8 v
I
< il
]
004} {
o 2 3 & 7 a B 10

thén gian (s)

Hinh 5. D4 dich chuyén than xe 1

g e thiin xe (més?)

thii gian (8]

Hinh 6. Gia toc than xe 1
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Hinh 7. Luc tao béi co cdu diéu khién 1
5.2. Déi véi bién dang dudng loai 2
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Hinh 8. D dich chuyén than xe 2
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Hinh 10. Luc tao béi ca cau diéu khién 2
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5.3. Déi véi bién dang duéng loai 3

B3 dich chuyén than xe (m)

Thia gans)

Hinh 11. D4 dich chuyén than xe 3

Gl 1 thin xe (s

Trin gian (s}

Hinh 12. Gia tdc than xe 3

| =)
éz':‘ Il;i " i; Is*, f‘l :?,;'ﬁ
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£+

Thae h 1]
Hinh 13. Luc tao béi bo diéu khién 3
6. KET LUAN

B6 diéu khién LQR uu tién vé t8i uu luc tao ra la nhd
nhat dé tiét kiém chi phi cho ngusi st dung khi chi bang
10% so véi luc tao ra tir bd diéu khién PID va bang 33,33%
so VGi luc tao ra tu bd diéu khién Fuzzy véi bién dang
dudng random. Bo diéu khién PID ¢c6 uu thé chu trong khi
chi s bién do dich chuyén than xe 1a nhé khi so vé6i hé
thong treo bi dong chiém 51,43% va bang 90% bo diéu
khién LQR.

126 | Tap san SINH VIEN NGHIEN CUU KHOA HOC @ S& 11.2021

B6 diéu khién Fuzzy két hop hai hoa giia chi phi st
dung va kha ndng dap tat dao ddng nhanh ma t6i uu nhat.
Ngoai ra, Fuzzy con dugc goi la bd diéu khién théng minh
dang dugc nghién cliu, Ung dung trong hién tai va sé phé
bién & tuong lai gan.
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