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Tom tat: Thong qua viéc thiét 1dp xay dwng mé hinh tong thé hé thong treo 6 td véi bay bdc tw
do, ¢zng dung Iy thuyét phurong phdp diéu khién toi weu thiét ké bé diéu khién tuyén tinh dé kiém soét
hoat déng hé thong treo cia xe. Siz dung phan mém Matlab xay ding mé hinh mé phong diéu khién
hé thong treo. Két qua méd phong so sanh véi hé théng treo bj déng, cho thdy viéc kiém soat hé
thong treo chu déng véi bg diéu khién tuyén tinh cdi thién dang ké hiéu sudt cua hé thong treo, lam

cho nguei ngoi trén xe cam thay thodi mdi hon.

1. P4t van dé

Db6i voi mot chiée xe 6 t6, hé thong treo la
mot trong nhitng bd phan phic tap va ric rdi
nhat tren xe. Hé théng treo dong mot vai tro
thiét yéu trong viéc giit on dinh xe va gilp
nguoi st dung cam thdy thoai mai. Hé thong
treo chu dong la mot trong nhirng bd phan quan
trong nhat trén 0 t0 hién dai. Uu diém hé thong
treo chu dong: C6 kha ning tu dong didu chinh
do cung va co ché hoat dong cua h¢ théng treo
dé dap ung voi do nghiéng khung xe khi vao
cua, do nhip nho cia mat duong, giit thing
bang khi phanh va khi ting toc dot ngot, co kha
nang ty dong thich nghi véi tai trong cta xe va
thay d6i d6 cao gam xe cho phl hop véi diéu
Kién hanh trinh. Muc dich dem lai cho xe ¢c6 mdt
hé thdng treo thich hop va hiéu qué nhat.

Hé thong treo chu dong cua 6 t6 & mot hé
thong dong luc hoc rung dong phrc tap, dé phan
tich nghién ctru n6 ta can don gian héa moé hinh,
cac mo hinh thuong duoc sir dung dé nghién ctru
la: M6 hinh 1/4 hé thong treo voi hai bac tu do,
v6i md hinh don gian, chi c6 thé mo ta su bién
hoa caa van toc va gia téc rung dong cua than xe
theo chiéu thang. M& hinh mot ntra hé théng treo
véi bdn bac tu do, lwa chon mdt nira than xe theo
duong d6i ximg dé xay dung mo hinh nghién ciu,
né phan anh dugc rung dong thiang dimg va goc
nghiéng theo mét phuong ciia than xe. M6 hinh
tong thé hé thong treo voi bay bac tu do (hinhl),
v6i mo hinh ndy nd phan anh toan b hé thong
rung dong cua than xe va goc nghiéng cua than xe
theo ba phuong, thé hién tong thé rung dong cta
than xe nhu véi thuc té.
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Trong hé thong treo chu dong, phuong phap
diéu khién hé thong dong vai trd rat quan trong,
ngay nay véi sy phat trlen khong ngung cua
nganh toan tin, hién co rat nhiéu phuong phap
diéu khién nhu: phuong phap diéu khién téi uu
hoa, phuong phap diéu khién ty thich ung,
phuong phap diéu khién fuzzy logic, phuong
phép dleu khién mang than kinh,vv.

Bai viét nghién ctru tong thé hé thong treo chu
dong cua 6 t6 vdi bay bac tu do, st dung phuong
phap diéu khién toi wu hoa dé diéu khién, day 1a
phuong phap diéu khién dugc st dung rong rai.
Muc dich nghién ctru 1a md phong hoat dong cua
hé thong treo chii dong dé cho két qua vé dao
dong gia treo, bién dang 16p, gia toc dao dong va
luc tac dong 1n timg gia treo ctiia hé thong treo
giéng vai thyc té van hanh xe trén duong. Tir két
qua d6 13 théng sé dé phuc vu viée thiét ké ché tao
gi4 treo, thiét bi sinh lyc va diéu khién hé thong
treo chua dong cho 6 t0.

2. Xay dung md hinh rung dong tong thé
hé thong treo 6 td

2.1 Thiét 1ap mé hinh bay béc tu do ciia hé
thong treo bi dong va chi dong

Theo tinh toan cac thong sé ki thuat co ban
dé xay dung md hinh rung dong xe 6 t6: Khoi
lirong than xe trén gia treo m=1170 kg; Khoi
lwong gia treo cua mot banh trude my=31 Kg;
Khoi lwong gid treo ciia mét banh sau my= 28
kg; M6 men quan tinh theo truc 1,=2350 kg. m
M6 men quéan tinh theo truc 1,=1100 kg.m?;
Khodng cach tir trong tam téi truc banh tru’(fc
Li= 1,305m; Khodng cdach tir trong tam toi truc
banh sau L,=1,140 m; Chiéu rong vét banh xe



w=1,405m; D¢ cung gia treo truoc
ks=30000N/m; D¢ cung gia treo sau
ks2=31500N/m; Do cung cua lop

k=181000N/m; Hé sé giam chdn hé thong treo
bi dong Cs=30000 Ns/m.

Tur d6 xay dung mo6 hinh gia treo dong luc
hoc rung dong cho tong thé xe v4i bay bac tu
do, duoc thé hién trén (hinh 1). Trong mo hinh:
Hanh trinh dao dong cua gia treo banh trudc bén
trai 12 (Zsy— Zn)), Cla gia treo banh trudc bén

ms.Z. = Csll (Zull
+C52I (Zuzl
+U,+Ug+U+U,

—Zg) + Ky (Zy
— 25 I+ Ky (2

- Zsll) + Cslr (Z ulr
- Z52I ) + CsZr (Z u2r

phai 1a (Zar — Zny), cua gia treo banh sau bén
trai la (Zsz1 —Zr21), va Cua gia treo banh sau bén
phal 1a (ZSQr,— ZrQr).

2.2 Thiét 1ap hé phwong trinh vi phan
chuyén ddng ciia hé thong treo

Theo phan tich dong luc hoc rung dong cua
md hinh ta thiét 1ap duoc cac phwong trinh vi
phan nhu sau:

Phuong trinh vi phan cua trong tdm than xe
theo phuong thing dung:

- 2slr ) + Kslr (Zulr —Zgy,

Phuong trinh vi phan chuyén dong cua cac goc nghiéng than xe:

Iyé = _[Csll (Zull -2y )+ K (Zull

+ [CSZI (1u2l - ZsZI )+ KsZI (Zu2l

.. . . . . W
wa = [Csll (Zull _Zsll)+ Ksll (Zull _Zsll) _Cslr (Zulr _Zslr)_ Kslr (Zulr _Zslr)+ UA + UB]?

+ [C s2l (Z u2l

Trong do:

ms khdi luong than xe trén gia treo, twong
ung voi z 1a dao dong cua trong tadm than xe
theo phuong thang dung; Csi, Csr, Csat VA Cor
la hé sd giam chan gdm banh trudc bén tréi va
bén phai, banh sau bén trai va bén phai ciia hé
théng treo bi dong; K, Ker,Ks21 Va Ksor 1a hé $b

_Zsll)+ Cslr (Zulr

—Zy ) + Cszr (iu2r

_ZSZI )+ KsZI (Zuzl - ZsZI)_Cszr (Zuzr _Zszr) -

_ZSZr)+ KsZr (Zu2r —Zgy, (21)
_Zslr)+Kslr(Zulr_Zslr)+UA+UB]L1 (22)
_ZSZr) + KsZr (Zu2r _ZSZr)+ UC + UD]LZ

2.3)
Kszr(zuzr _Zszr)_UC_UD]%

d6 cung cua gia treo banh trudc bén trai, bén
phai, banh sau bén tri va bén phai; Ua, Ug, Uc
va Up 1a lyc tuong tac can thiét 1én gia treo
trede bén tréi, bén phai, banh sau bén trai va
bén phai ciia hé thong treo chi dong. Iy [a md
men quan tinh twong rng voi goéc nghiéng o; Iy
mo men quan tinh twong trng véi goc nghiéng 6.

Hinh 1: M6 hinh 'géng thé hé thérn’g gid treo rung dong cua 6 t6
Phuong trinh vi ph&n chuyén dong thang dirng cua bon gia treo banh xe:
rnA zull

Mg zulr = Ktlr (Zrlr

=Ky (@ —2u) + K (2 —24) +Coy 2oy —2y) —Un  (24)

- Zulr) + Kslr (Zslr - Zulr) + Cslr (zslr _Zulr) - UB (2-5)

MeZyy =Ko (2 = Z200) + Ko (Zgg = 2421) + C o (2 = Zy) = Ue (2.6)
- Zu2r) + KsZr (Zszr - Zu2r) + CsZr (z52r - zu2r) - UD (2-7)

Mp zu2r = Kt2r (Z ror
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Trong dé: ma, Mg, Mc va mp la khdi luong
gia treo twong (rng banh trudc bén trai, bén phai,
banh sau bén trai va bén phai; Ky, Kiur, K va
Kir d0 cling cua 16p tuong trng vdi banh trudce
bén trai, bén phai, banh sau bén trai va bén phai.

Dé thiét ké hé thdng diéu khién dya trén co

= Ta c0: Vector X=[z,2.2

X = [Z’ z’ zull’zull’zulr’ Zulr’ z

Vector diéu khién: U=[U, U, U, U, [

Tin higu nhidu mat duong: W = 2, 2., 21y 2,1 21y Z

ull?

uzl’zuzl’ZUZr’Zqu’e’e!(p!(p]

& tiéu chuan tich phan tdi wu tuyén tinh, céc
tham sé cua khau diéu khién duoc chon xuét
phét tir nd luc tim cuc tiéu cho mot ham chat
luong. Cac tham sé

2,2, 230 2t Zusn Zu1e Zuow 2ot Zuom Zuon 650, 0, @
2o Zuser Zoae Zuos Zogts Zogen 2o 0, 6,0, 6] (2.8)
2.9)
(2.10)
i (2.12)

Dit gia toc dao dong cua gia treo, hanh trinh dong cua gia treo, o bién dang cua I6p 1a céc gia

tri bién doi, ta co Vector (2.12)
Y = [21 91¢1 Zsll - Zull ' Zslr - Zulr ' Z52I

Zow — Lo Zyae — Zogen Zygr — Zigpa Lyor

Tir do thiét lap dwoc moé hinh phuong trinh
trang thii X = AX+BU+EW (213) va
Y=CX+DU+FW (214). Muyc dich cua
phuong phap diéu khién toi wu hé thong treo chu
dong, 1a nang cao tinh nang diéu khién va tinh 6n

©
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—Zygr Ly — 1L

T
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uzr?

(2.12)

dinh cua 6 t6, khi xe van hanh céc tin hiéu nhiéu
ctia mit dudng tac dong 1én gia treo. Hé thong treo
chu dong c6 tac dung lam giam bét dao dong va su
bién dang ctia 16p, khong ché do lic hr cta gid treo,
tlr d6 ta ¢ ham s6 muc tiéu:

—Zyy )2 + qG(Zszl —Zy )2

(2.15)

2 2 2 2 2
+qll(zu2r _ZrZr) +r1UA +r2UB +r3Uc +r4UD ]dt

J:%I(YTQY+ UTRu Jit
0

Trong do: Q :‘qij‘, i#] ;=0 ; R =r. Tr mo
hinh lién tyc, ta si dung khau phan hoi trang
thai:

u=-Kx =-R"B'Px (2.17)

Trong d6 K 1a ma tran phan hoi, duoc thiét
ké sao cho ham chit lvgng muc tiéu Ia cyc tiéu.
P thong s6 théa man phuong trinh:

PA+ATP-PBR'BP+Q=0 (2.18)

Ung dung Matlab dé tim ma tran phan hoi K
theo tiéu chuan tich phan téi uu tuyén tinh:

[K,S,e]=lgry(sys,Q,R[,N]) (2.19)

St dung 1€nh trén trong Matlab ta xac dinh
duoc két qua ma tran phan hoi K. Tir cac thong
sb gid treo, va lra chon cac thong )
0:=1000q,=1003=80004=05=qs=
07=2000¢s=0e=010=011=1000;
r1=r,=r3=r,=0,00035.
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(2.16)

3. Xay dwng mé hinh md phéng diéu khién
hé thong treo chi dong

3.1 Thiét ké mo hinh diéu khién t6i wu hé
thdng treo chu dong 6 to:

Khi xay dung mé hinh cin phai xac dinh
dugc xe dang hoat dong trén moi truong mat
duong nhu thé nao, dé phl hop voi didu kién
giao thoéng thuc té ta xdy dung md phong tin
hiéu mat duong voi diéu kién mat duong cap C
c6 hé s khong bang phing G4(n0)=256x10"°m?,
van téc xe V=20m/s, md hinh trén (Hinh 2), tin
hiéu mat duong tac dong 18n bon banh xe, dugc
thé hién trén (Hinh 3).

Ung dung dit liéu mé hinh SIMULINK trong
phan mém MATLAB thiét ké moé hinh mé
phong tao thanh mot so do diéu khién, cin ctr
theo m6 hinh t6i wu cua bai toan diéu khién hé



thong treo chii dong va bi dong cua 6 t6, xay
dung mé hinh diéu khién ti wu hé thong treo
chii dong cia 6 to so d6 (Hinh 4) va hé thong
treo bi dong cua 6 t6 so do (Hinh 5).

3.2 Két qua md phéng diéu khién toi wu
gia treo chi dong va bi dong ciia o td

T moé hinh diéu khién tién hanh van hanh
mo phong van hanh hé thong diéu khién cho ta
két qua thé hién trén (Hinh 6 +13). V6i hé thong

KTs
=1

Band-Limited piooygte Time
White Noise  oyc o

Hinh 2: So' d6 mé phéng tin hiéu mdt dwong

Hinh 4: M6 hinh diéu khién hé thong treo chi déng

The rertical asceleration response of Passie & fotihe suspension

The vartical aceslerstion rasponse (mis3)

Hinh 6: Két qua gia téc dao dong thang dirng

Cia hé thong treo chii dong va bi dong

treo chi dong chi can tac dong mot luc 16n nhat
1285N vai gia treo banh trude va 570N voi gia
treo banh sau, d 1am cho gia téc dao dong cua
than xe giam xudng chi con thay doi trong pham
Vi tir 0,0461m/s? dén 5,7611m/s?, ddng thoi cac
két qua vé gia téc goc nghiéng, bién dang 16p
ctia hé thong treo chu dong ciing nhé hon nhiéu
S0 V&i hé thdng treo bi dong.

it Wm
| o
3 " Mﬂ f’W %me
s

Hinh 5: M6 hinh diéu khién hé théng
treo bj dong

Fitch angular acceleration of Passiveditie suspersion
T T T T T

cosleration (ad'sZ)

Aangular

Hinh 7: Két qua gia toc géc nghiéng ciia
hé thong treo chu dong va bi dong
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Dynamic dsplacement response of Left rear Passive and Active suspension
0.2 T T T T T T T T

T
— notive i
.| — - —Passive :

Dynam ic displacement resporse (m)
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il 1 2 3 4 5 ] 7 8 ) 10
Time S

Hinh 8: Két qua hanh trinh dao déng gid treo
banh sau bén trai cua hé thong treo

The lef- fiont suspension deflestion dynamic simulation (zs1kzr1l)
0. T T T T T T T T

Hinh 10: Két qua hanh trinh dao déng
Cua goc than xe banh trudc bén tréi
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Hinh 12: Kér qua Iuc tdc dong Ién hai
gia treo banh trudc hé thong treo chu dong

4. Két luan:

Két qua tng dung phuong phép diéu khién
t61 wu hé thong treo chu dong trén cho thdy, viéc
g dung hé thdng treo chu dong trén 6 t6 dem
lai nhirng loi ich tot hon nhiéu so véi hé théng
treo bi dong, voi hé théng treo chii dong chi can
diéu khién Iyc tac dong chii yéu trong pham vi
1300N, n6 lam cho hé thong treo chii dong 6n
dinh hon, va bién dang cta 16p nho hon so véi
hé thdng treo bi dong.

Tir két qua mod phong cho biét luc tac dong
can thiét trén timg gia treo, hanh trinh, van toc
va gia téc dao dong cua gia treo chu dong, tir d6
1a co s& dé tién hanh nghién ctru thiét ké ché tao
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Hinh 9: Két qua bién dang l6p banh truée
bén trai cua hé thong treo

The let rearsus pans ion deflection dynamic s imulation (z= 21-zr2)

Hinh 11: Két qua hanh trinh dao déng ciia géc
than xe banh sau bén trai

Desired trcx FoBFo

-m | I i I | | H |

Hinh 13: Két qua luc tac dong [€n hai gia treo
banh sau hé thong treo chi dong

cac hé thong gié treo chi dong cd céu tao khac
nhau, v6i muc dich dem lai sy an toan va thoai
méai cho nguoi van hanh, nhu hé thong treo chu
dong khi nén, hé thong treo chu dong dién thuy
lyc, hé thong treo chu dong dién tu, ...

V61 ung dung MATLAB/SIMULINK
trong viéc diéu khién téi wu, day 1a mot phuong
phap diéu khién dugc tng dung rong réi trong
c4c linh vyc diéu khién ty dong, thiét nghi véi
két qua nghién ctiru ban dau nay, dugc van dung
va phét trién trong viéc nghién ctru cac van dé
lién quan dé c6 nhiing két qua khoa hoc tét hon,
s¢ dem lai nhitng lgi ich to 16n cho cong cudc
phét trién dat nudc.
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Abstract:
OPTIMAL CONTROL OF FULL VEHICLE ACTIVE SUSPENSION SYSTEM

Through the establishment of full vehicle model with seven degrees of freedom and the
application of optimal control theory, a Linear Quadratic Gaussian (LQG) controller of full vehicle
active suspension was designed. The system simulation model based on Matlab environment were
built and used for simulation. Simulation results were compared with passive suspension. The
simulation results demonstrated that the active suspension with a LQG controller could improve
automobile riding comfort performance enormously.
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