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Abstract. The semi-active suspension system has received a lot of attention lately due to its
ability to improve the quality of car vibrations. This article introduces a novel controller for
semi-active suspension system using the linear parameter varying model combined with the
robust control method. Three main movements of the vertical dynamics of cars (vertical
displacement, pitch angle and roll angle) are used to consider as the ride comfort criteria. This
approach is used in order to design a controller of adjusting the damper forces at the four
wheels to minimize the vibrations caused by the road surface and the lateral acceleration. The
basic content of this approach is to use the above three varying parameters to synthesize the
central controller for the suspension system. A full car model of 7 degrees of freedom is used
to describe the vibration of the car (car body and tires) and to synthesize the H./LPV
controller. The controller solution is developed in the linear parameter varying background
and is based on the linear matrix inequality method with the polytopic approach. The
simulation results in the time domain have demonstrated the effectiveness of this approach
when the absolute and root mean square values of the three survey signals decrease by about
25% compared to the car using a passive suspension system.

Keywords: vehicle dynamics, H./LPV control, suspension system, semi-active suspension
system, ride comfort.
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Tom tat. Hé thong treo diéu khién béan tich cuc di nhan dwoc nhiéu sy quan tam trong thoi
gian gan ddy do c6 kha ning ning cao chat luong dao dong cua 6 t6. Bai bao nay trinh bay
mot bo diéu khién mai cho hé thong treo ban tich cuc sir dung mé hinh thdng sé thay doi
tuyén tinh két hop véi phuong phap diéu khién bén viing. Ba chuyén dong chinh caa dong luc
hoc dao dong thang dung cua 6 to (dich chuyén thing ding, goc lic ngang va goc lic doc)
duoc sir dung dé xem xét d6 ém diu chuyén dong. Cach tiép can méi nay nham muc dich thiét
ké bo diu khién c6 kha ndng diéu chinh lyc cia giam chan ¢ bon banh xe dé giam thicu cac
dao dong do méap mo6 mat duong va gia the ‘ngang gy ra. Y tuong chinh cia phuong 4n nay la
sir dung ba thong s6 thay d6i ké trén dé tong hop bo diéu khién chung cho cac co cau chap
hanh caa hé théng treo. M6 hinh tong quét caa 6 t con véi 7 bac tu do dugc st dung dé mo ta
dao d6ng cua 6 to (than va banh xe) va dé tong hop bo diéu khién H./LPV (Linear Parameter
Varying). Giai phap xac dinh bo diéu khién duoc phat trién trong nén tang mo hinh thong s6
thay doi tuyén tinh va dya trén phuong phap bat dang thic ma tran LMI (Linear Matrix
Inequality) véi phuong thirc da giac. Cac két qua mé phong trén mién thoi gian da ching
minh tinh hiéu qua cia céch tiép can nay khi bién d6 va gia tri sai léch binh phuwong trung
binh cua ba tin hiéu khao sat giam khoang 25% so vai 6 td str dung hé théng treo bi dong.

Tir khéa: dong luc hoc 6 t6, diéu khién H./LPV, hé thong treo, hé thong treo ban tich cuc, do
ém diu chuyén dong.
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1. PAT VAN PE

O t6 duoc cau tao tir khoang trén 50000 chi tiét va hop thanh nhiéu h¢ thong khéc nhau dé
dam bao nang cao do ém diu, 6n dinh va an toan chuyén dong cho nguoi 1ai va hanh khach.
Cac hé thong an toan bi dong nhu day dai hoac cac hé théng an toan cha dong sir dung nhiéu
co cau chap hanh khac nhau nhu ESC - kiém soat 6n dinh dién tir, ABS - hé thdng chdng b6
ctiing phanh, ASS - hé thdng treo cé diéu khién. Cung véi nhiéu dot pha gan day trong nganh
cong nghiép 0 16, nhiéu nghién ctru di duogc thuc hién trén ca phuong dién thiét ké diéu khién
cac hé thng riéng ré nhu treo, phanh, 14i, hoic két hop ching véi nhau [1, 2].

Hé thong treo déng vai trd quan trong trong dong luc hoc dao dong cua 6 td. Tuy nhién
mot hé thng treo bi dong thong thuong chi co kha ning nang cao d6 ém diu hoic do an toan
chuyén dong cua 6 td. Thiét ké diéu khién cho céc hé thong treo da duoc tap trung nghién ctu
trong hai thap ky qua véi hai dang chinh 1a hé thong treo tich cuc va bén tich cuc. Trong [3],
c4c tac gia di trinh bay mot s6 phuong an diéu khiéu ddi véi cac hé thdng treo ban tich cuc
thong qua cac phuong phap Skyhook, Groundhook, ADD va LPV (Linear Parameter
Varying). Mot s6 nghién ciru khac sir dung mo hinh 1/4 6 t6 v6i phuong phap diéu khién toi
wu trong [4], diéu khién thich nghi trong [5] hodc diéu khién bén viing tuyen tinh trong [6].
Cac nghién ctru diéu khién hé thong treo ban tich cuc ciing da duoc giai quyét bang mé hinh
1/2 6 t6 nhu st dung diéu khién t6i wu trong [7], st dung diéu khién da muc tiéu [8, 9]. Md
hinh dao dong tong quat cua ca 6 to con da dugce xem xét dé xir Iy dong thoi cac chuyén dong
thang dung, lac ngang va lic doc, bang cach sir dung két hop dicu khién da muc tiéu Hao/H..
nhu trong [10], va phat trién hai bo diéu khién H.. riéng r& cho hai muc tiéu gém giam lic doc
va lic ngang 6 to trong [11].

Dao dong cua 0 t6 phu thudc chu yéu vao bién dang map mé caa mat duong, két qua
nghién ciru da chi ra rang dong luc hoc dao dong 6 to (xét ca do ém diu va an toan chuyén
dong) voi hé thdng treo ban tich cuc duoc nang cao dang ké do dac tinh cua hé théng treo
dugc thay doi tc thoi. Mot s6 nghién ciru da duoc phét trien dé dap Gng véi dac tinh cua céc
co cau chap hanh theo bién dang mat duong khac nhau [12, 13]. Gan day, mot phuong phép
nang luogng theo cac ché do Chuyen dong cua 6 t6 duoc phat trién trong [14] va dé xuat diéu
khién chuyén dbi dé thay thé cac uu tién Chuyen dong thiang dimng, goc lac ngang va lic doc
trong [15, 16]. Phuong an phat hién Chuyen dong nay duoc sir dung két hop véi diéu khién
thdng so thay dol tuyén tinh (LPV) dé tranh nhiing thay d6i dot ngot do su chuyen doi gay ra,
dé dam bao sy 6n dinh toan bo cua hé théng va dé don gian hoa budc thyuc hién diéu khién.

DPong gop chinh ciia bai bdo nay la dé xuat bo diéu khién LPV nhiéu dau vao va nhiéu dau
ra (MIMO) dé nang cao chat luong dao dong thang ding cua 6 t6 ma chi sir dung co cu chip
hanh caa hé théng treo ban tich cuc. D6 ém diu duoc quan tam chu yéu trong nghién ciu nay
thong qua cac chuyén dong thang ding, goc lic ngang va lic doc dudi tac dong cua cac map
mé mat duong va gia toc ngang. Phuong an diéu khién hé théng treo MIMO duoc thiét ké
trong nén tang LPV. Ngoai ra, bang céch sir dung phuong 4n phu hop véi cac tham s thay
d6i, bo diéu khién dam bao sy chuyen dbi nhip nhang tur ché do chuyén dong nay sang cac ché
d6 khéc. Cudi cung, tac gia nhan manh nhiing wu diém vuot troi cua phuong phap dé xuat so
vé6i hé théng treo bi dong thong thudng théng qua céc két qua md phong trén mién thai gian.

Xuyén sudt bai bao nay, cac ky hiéu sau s& duoc sir dung: cac ky hiéui= (f, r)vaj = (I, r)
duoc st dung dé xac dinh vj tri phia trudc, phia sau va bén trai, bén phai cua 6 td. Céac ky hiéu
(s,t) twong tng Vi hé thdng treo va 16p xe. Ky hiéu (X, y, z) biéu thi luc hodc dong luc hoc
theo truc doc, truc ngang va truc thang dimg tuong (Ng. zaeij Ky higu cho do dich chuyén cia
hé thong treo & mdi goc caa 6 t6. m = ms + Mysti + Musr + Musrl + Mysrr 1a tong khéi lwong 6 6.
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2.MOHINHO TO

Trudce

-x,0
i

Hinh 1. M6 hinh dao dong tong quéat caa 6 t [1].

Trong nghién ctu nay, mot mo hinh tong quét caa 6 té duoc s dung dé phan tich va tong
hop bo diéu khién cho hé théng treo béan tich cuc. Md hinh nay c6 7 bac tu do dugc thé hién
trong Hinh 1. N6 bao gém céac dao dong cua than xe (khdi luong duoc treo) theo phuong
thang dtng, goc lic ngang va doc, cac dich chuyén thiang ding ciia cac banh xe. Phuong trinh
dong luc hoc cia 6 t6 dugc xac dinh nhu sau:

mszs = _stl - str - I:srl - Fsrr
1,0 =(Fy +Fy )t; —(Fy +F

srr sfr

Iy¢.:_(F +st|)|f +(Fsrr +Fsr|)|r

sfr

MyZy =—Fy + F

us“usij — tzij

)t, +mha,

1)

Trong d6 Ix, ly 1a md men quén tinh caa khéi luong dwoc treo xung quanh truc doc va truc
ngang, h la chiéu cao trong tim (COG), zs 1a dich chuyén dung cia COG, @ la gdc lac ngang
khdi lwong dugc treo, ¢ 1a goc lac doc khdi luong duoc treo va zusj l1a dich chuyén thang
dang cua cac banh xe.

Fuij 1a cac luc cua 16p xe dugc dua ra nhu sau:
thij = _ktij (Zusij - Zrij) (2)
Trong d6 kij 1a d6 ctiing cua cac 16p xe.

Cac lyc cua hé théng treo theo phuong thang dung Fsij & bon goc dugc md hinh hoa bang
10 X0 va giam chan ban tich cuc. Phuong trinh (3) 1a m6 hinh héa lyc cua hé thong treo dugc
su dung trong thiét ke dieu khién:
R, =k (2

. L "
Sil si — Lusi )+Cij (Zsij —Z i )+uij (3)
Trong d6 kij 1a d6 ctng cuia 10 xo, ¢ij 1a hé s can cua giam chan va u = ujj ™ 14 lyc cua

giam chan ban tich cuc (uij 7 = 0 trong trudng hop hé thdng treo bi dong). zsij 1a cac dich
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chuyén thing dung cua diém tiép xic gitra hé thong treo va than xe & bdn goc duge xac dinh
nhu sau:

Zgy=2Z,—l,sing+t,siné,
Z,=Z -1 sing—t siné,
Zy =2+ sing+t,sing,
Z,=Z,+| sing—t sing,

(4)

Gia str rang goc lac ngang va goc lic doc du nho nén xap xi tuyén tinh caa (4) duoc viét
nhu sau:

Ly =Zs_|f¢+tf9’
Zsfr :Zs_|f¢_tr9’
Zsrl =Zs+|r¢+tf9’

Zsrr = Zs + Ir¢_tr9’

Q)

Phuong trinh (5) duoc viét duéi dang ma tran:

z, ] [1 -1t ] . .
Zsfr 1 _If _tr ¢ T ¢
Z. | |1 1t -

Sr 9 9
_ZsrrJ _1 Ir _tr_

Thay thé phuong trinh (2) va (3) vao phuong trinh dong luc hoc 6 t& (1) va gia sir rang
than xe cing tuyét d6i, cac dac tinh caa 10 xo va giam chan 1a tuyén tinh va dich chuyén
quanh diém can bang. Chon xm = [zs € ¢#]1" Va xs = [zsn Zstr Zsn Zs]', Md hinh tuyén tinh
dugc xac dinh nhu sau [3]:

{Msxm =TB, (X, — %) +TK,(x, - %) +Tu+Qa,
(6)

M, X, =B (X, — X, )+ K (%, —x,)+ K (z, —x,)—u
Trong d6 Xu = [Zust1 Zustr Zusrt Zusrr]" 12 dich chuyén thang ding ctia mdi banh xe.
=diag[m,,1,,1,]; M, =diag[m

Bs:dlag[cﬂ’cfr’crl’ rr] K _dlag[ksﬂ’ sfr srl’ srr] Ql [0 mh O]

m,.,,m

usfl 7 usfr’ usrl? "7 lusrr

Kt:diag[ktfl’ktfr’ trl’ktrr] u= |:ufloo’u “u - U j|

fr * >l 1

Dit véc to tong quat z = [xm' xu' ]7 va thay thé phuong trinh (5) vao phuong trinh (6) ta
co:

M,Z+B,2+K,z=K Z +T,u+Q,a, (7
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Trong d6 cac ma tran twong ng dugc xac dinh nhu sau:

M, 0,,, TBSTT —TB; p
M, = B, = ;Q,=[0mh00000] ;
0y M -BT" B,

TKSTT -TK, 0,4 T
KZ = ’ Kr = ’Ta =
—KSTT Ks + Kt Kt _|4x4

Phuong trinh (7) dugc viét lai dudi dang khdng gian trang thai nhu sau:

u

X(t) = Ax(t)+ Bz, (t) + B,u+Qa, 8

Trong d6 zr = [Zeft Zrir Zra Zere]" 12 bién dang mit duong & moi banh xe. Cac ma tran trong
phuong trinh (8) dugc xac dinh nhu sau:

A— O?x? I7x7 ‘B = O7><4 ‘B. = O7x4 _Q: O?xl
_Mz_le _Mz_le o Mz_lTa e Ivlz_lKr ’ Mz_lQZ

Trong céc phan tiép theo, md hinh tong quéat cua 6 t6 véi 7 bac ty do duoc sir dung dé
thiet ke bo dieu khien LPV véi so do cau tric h¢ thong dicu khién nhu trong Hinh 2. Bén canh
d6 phuong an chuyén doi gié tri caa lyc giam chan ban gl'ch cuc dugc thé hién trong Hinh 3.
M®d hinh 6 t6 nhan céc kich thich tir mat duwong va gia toc ngang, thong qua cac cam bién sé
xéac dinh dugc cac thong so6 thay doi p, bo dicu khién LPV s& xac dinh duoc cac luc dicu
khién cua co cau chip hanh tich cuc u = uj; 7=, thdng qua bo phan chuyén lyc dé xac dinh céc
luc thuc t€ cua giam chan ban tich cuc va tir 46 dua vao mo hinh 6 t6 dé thuc hién cac muc
tiéu dieu khién.

Nguyén tic co ban ciia bo phan chuyén lyc nhu sau: twong ing voi véan toc do dich
chuyén cta hé thong treo da cho (Za.f), Neu bd dieu khien dua mot lyc F~ ra khoi ving luc c6
thé xac dinh dugc cua giam chan bén tich cuc, thi luc d6 duoc cung cap cho hé théng thuc s&

la hinh chiéu F cua F”, day chinh 1a dac tinh ctia giam chan ban tich cuc. Phuong phap nay s&
dugc tich hgp trong mé phong trén mien thoi gian [3, 17].

Kich thich
Mo hinh 6 to
Théng s6 thay doi
L Chuyén lye ™4 Bo diéu khién P2

P3

=l

Hinh 2. So d6 hé théng diéu khién.
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FalN] 4
#* L
. * Fa,=Fa,
Fa,
= \ Zgerlm/s)
L

Fd? Ving lam vigc cua lyc
giam chan bén tich cyc

Hinh 3. Phuong 4n bd phan chuyén luc cua giam chan trong hé thong treo ban tich cuc.
3. XAY DUNG MO HINH CAU TRUC PIEU KHIEN H./LPV

B6 diéu khién Ho/LPV cho hé théng treo ban tich cuc véi mo hinh tong quat cia 6 t6 7 bac
tu do ¢6 so dd cau tric diéu khién nhu Hinh 4. M6 hinh nay bao g(‘)m mo hinh 6 t6, m6 hinh
khéi diéu khién va cac ham trong s6. Vi muyc tiéu diéu khién hé thong treo tac dong dén dao
dong thang dung gdm dich chuyén thiang dimg, goc lic doc va goc lic ngang nén cac ham
trong s0 dugc lya chon nhu sau:

oW = p —————— duogc thiét 1ap dé giam ham truyén bién do caa khoi luon
zs(pl) plS/(Z]Z'fl)—i—l ¥ P g y N 5 g
duoc treo trong khoang tan sé tir 0 dén 10 Hs.
*W,(p,)=p 1 hhim muc dich lam giam ham truyén bién do cta goc lic

2s/(2rf,)+1
ngang ¢ tan so thap.

o W =p,——— giam ham truyén bién d6 cua goc lac doc & tan so thap.
¢(p3) pSS/(27z'f3)+lg y C g C p

e W, =107 dc trung cho gi6i han vat ly clia co cau chap hanh d tranh hién tuong b&o hoa.

O day tac gia myén nhefm manh su khéc biét cua nghién cau nay véi céc nghién ciru trude
day 1a ham trong so6 0 thé thay doi theo do I6n cta cac thong so p . That vay, cac co cau
chap hanh cua h¢ thong treo s& duge diéu chinh theo cac tham sé p. dé dap tng tirc thoi cac
dic tinh mong mudn. Vi du, lién quan dén chuyén dong thiang ding, khi thdng sé thay doi
p,—1, ham trong s& W, (p,) ting 1én va do do dich chuyén thang dimg s& dugc uu tién
giam xudng. Theo céch tuong tw, khi p, . 160, céc goc lac ngang va géc lac doc s& giam.

[ay]

Mit dudng 4lMI_' Z
z

.
Z GCC

-+

Zdef
‘ i uij

Hinh 4. So d tong quét ciu trac diéu khién hé thdng treo H./LPV.
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Diéu déng chii ¥ & ddy 1a trong khi so d6 m hinh 6 t6 Ia hé théng khong thay doi theo
thoi gian LTI nhung so do tong quat trong Hinh 4 (bao gém md hinh 6 t6 va cac ham trong
s6) la hé thong LPV nho cac ham trong s6 phu thugc vao thong sb thay d6i. Do d6, bd dleU
khién hé théng treo ban tich cuc phai duoc thiét ké bang phuong an LPV. That vay, theo mdi
lien két gitra m6 hinh 6 t6 7 bac tu do va cac ham trong sé duogc xac dinh & trén, ching ta c6
dugc phuong trinh dong lec hoc tong quat caa hé théng LPV nhu sau:

E=A(p)E+B,(p)W+B,u

ZZCl(p)§+D11(p)W+ Dy,u (15)
y=C,g+Duw

Trong d6 & 1a véc to trang thai cuia hé thong, z 1a cac thdng sb dau ra can duge diéu khien,
i 1 céc tin hiéu kich thich gdbm map md mat duong va gia tbc ngang, y 1a cac tin hiéu cam
bién va u = uij # 1a céc tinh higu diéu khién h¢ thong treo, p=[p,, p,, p;] € [0 1] la cac
thong s thay doi.

4., PHUONG PHAP DA GIAC DE GIAI BAI TOAN DPIEU KHIEN H./LPV

~Vin dé H./LPV bao gom viéc tim kiém mot bo diéu khién on dinh véi cac thong so thay
doi p c6 dang tong quat nhu sau [18]:

% =A(P)%+B.(p)y

*=C.(p)x,

Bo6 diéu khién nay lam giam thiéu chuan bac H.. caa ham truyén bién db tir cac kich thich
dau vao dén céc tin hiéu dau ra duoc diéu khién. Viéc tong hop bo diéu khién nhu trén dugc
phét trién tir viéc str dung nén tang H./LPV duya trén giai phap bat dang thac ma tran LMI
[18] véi phuong phap da giac (¢ day tac gia sir dung trong nén tang 6n dinh bac hai).

K.(p):

(16)

Dau tién, dé cho phép ap dung phuong phép da giac, so d6 tong quat (15) khong c6 su
truyén truc tiép gitta dau vao va dau ra (tac 1a Dy = 0) [19]. Ngoai ra, cac ma tran dau vao,

dau ra la cac théng sé doc lap, tuc 1a [B2; D12], [C2; D21] 1a doc lap voi p =[P P, ps]- SaU
d6, phuong phap da giac 1a to hop 15i cua cac hé,théng dugc xac dinh tai méi dinh ctia mot da
gidc dugc xac dinh bai gidi han caa céac thong s6 thay doi. Trong truémg‘hqp nvay, ba tham SO
thay doi (p,, p,, p,) da duogc xac dinh theo phuong phap da giac. B¢ dieu khien mong muon
ciing 1a t6 hop 15i cua ba bo diéu khién dugc tong hop tai ba dinh cua tam giac. Nho phuong

phap da giac, bo diéu khlen hé thdng treo c6 thé dam bao sy 6n dinh toan bo vi mdi bo diéu
khién & mot dinh déu 1a 6n dinh bac hai.

5. KET QUA MO PHONG

Dé kiém nghiém bo diéu khién da duoc dé xudt Ho/LPV, c&c md phong duoc thuc hign
trén mo hinh tong quat cua 0 to dua trén thdng sb cua mau xe Renault Megane Coupe [1, 3].
Ché d6 chuyén dong duoc st dung dé kiém nghiém duoc thé hién trong hinh 5 va 6, cu thé
nhu sau:
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e O 16 chuyén dong thang & 50 km/h véi mat duong khé, tic hé sb bam caa mat duong
la p=1.

e Bién dang duong s6 1 c6 bién do 5 cm & dong thoi ¢ cac banh xe tréi va phai tir t =
0.5s dén t = 1s dé danh gia dao dong thang dtng va goc lac doc cua than xe. Bién dang duong
6 2 ¢6 bién d6 5 cm ¢ cac banh xe bén tréi tir t = 5s dén t = 5.5s dé danh gia dao dong lic
ngang cua than xe. Hai dang bién dang mat duong thé hién trong Hinh 5.

e O td thuc hién chuyén lan dé tranh chuéng ngai vat ¢ thoi gian tir t = 2s dén t = 6s
dugc dic trung boi gia toc ngang ay nhu Hinh 6.

0.05

~_ , -
0.04 “Bién dang mit duong s6 1 ~ Bién dang mdt duongs62
‘E 0.03 —
~T 0.02 B
0.01 —q
(o] L L L
[e] 1 2 3 4 7 8 9 10
time (s)
Hinh 5. Bién dang mit dudng tai bon béanh xe.
10 T T T T T T I T T
sk a, (m/s2) L
@ 0
sl A
=10 1 1 1 1 1 1 1 1 1
[e] 1 2 3 4 5 6 7 8 9 10

time (s)
Hinh 6. Gia tdc ngang tac dong Ién than xe.

Véi ché do chuyén dong nhu trén, cac thong sd thay doi co dap ung theo thoi gian nhu
Hinh 7. Dung nhu muc tiéu thiét ké diéu khién, ca ba thong s nay déu nhan gia tri tuyét doi
tir 0 dén 1 trong khoang thoi gian khéo sat. Diéu nay dam bao rang bo diéu khien dap tng véi
muc tiéu nang cao d6 ém diu Chuyen dong thong qua ba dao dong chinh gom dich chuyén
theo phwong thang dung, géc lic doc, géc lac ngang.

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

o

L A L L L
6] 1 2 3 4 5 ] 7 8 9 10
time (s)

Hinh 7. Pap tng theo thi gian cua cac thong sé thay doi.

Hinh 8, 9, 10 thé hién dap ng theo thoi gian cua ba chuyén dong chinh gom dao dong
thang dung, géc lic ngang va goc lic doc twong wng cua 6 td khi so sanh giita 6 to sir dung hé
théng treo ban tich cuc duogc diéu khién H./LPV véi trudng hop 6 td sir dung hé théng treo bi
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dong. Két qua md phong cho thdy gia tri Ion nhét cua céc tin hiéu va gia tri sai léch binh
phuong trung binh khi 6 t6 st dung bo diéu khién treo dé xuat da giam khoang 25% so véi hé
thdng treo bi dong thong thuong. Ngoai ra phuong phap diéu khién H./LPV ciing dam bao
dao dong cua 6 t6 dap tng tt vai kich thich tir map méd mit duong va gia tbc ngang.

Dich chuyén thiing dimg cua than xe Zs
T T T

— HE Ihrf)ng treo ban tich cuc LPV
. H¢ thong treo bi dong

(om)
N

)
w

time (s)
Hinh 8. Dich chuyén thing ding cua than xe.

Goc ldc ngang

s H¢ thoONg treo bén tich cyc LPV

s & !hfsng treo bj dong

(deg)

1

1
&
0

time (s)

Hinh 9. Géc lac ngang cua than xe.

Goc lie doc

T T
H¢ lh:}ng treo ban tich cue LPV
== H¢ thing treo bj ddng

-5 1 1 1 1 l
o 1 2 3 4 5 6 7 8 9 10
time (s)

Hinh 10. Géc lic doc caa than xe
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Gia toc dich chuyén thang dimg

= H¢ thing treo ban tich cuc LPV

3l Hg thiing treo bi dong .

L L L 1 1 1 1 L L
o 1 2 3 4 5 6 7 8 9 10|
time (s)

Hinh 11. Gia téc dich chuyén thing ding cua than xe.

Hinh 11 thé hién dap (ng theo thoi gian caa gia tc dich chuyén thang dang cua than xe.
Gia tri d6 16n va sai l¢éch binh phuong trung binh cua gia téc nay déu giam khi sir dung hé
théng treo ban tich cuc diéu khién H./LPV. Tuy nhién & cac dinh caa d6 thi thi sy giam con
it, diéu nay dwoc gii thich Ia do bo diéu khién chua st dung tin higu gia toc dich chuyén nhu
la thong so thay d6i dau vao can duoc diéu chinh tryc tiép. Nhu vay, két qua mo phong voi
mé hinh dao dong téng quat cua 6 td vai bon kich tir mat duong va gia tdc ngang da thé hién
rd hiéu qua caa phuong phap diéu khién H./LPV cho hé thdng treo ban tich cuc nhiam nang
cao chit luong dao dong cua 6 to.

6. KET LUAN

Bai bao nay trinh bay phuong phap diéu khién méi H./LPV cho hé thong treo bén tich
cuc dé nang cao chat luong dao dong caa 6 td. Bang cach sir dung ba thdng sé thay doi dic
trung cho dich chuyén thang dimg, goc lic doc va géc lic ngang caa than xe, bo diéu khién da
¢o su thich tng nhip nhang khi 0 t6 chiu céc tac dong khac nhau tur sy thay doi bién dang mat
duong va gia téc ngang. Piéu nay cho phép khong can chuyén doi giira cac bo diéu khién
riéng ré danh cho mét muc tiéu cu thé khi muén giam bién do ciia mot trong ba phuong dao
dong cua than xe. O day can nhan manh rang viéc sir dung nén tang hé thdng tuyén tinh thong
s6 thay d6i LPV di cho phép don gian hoa quy trinh tong hop bo diéu khién da muc tiéu. Két
qua mo phong trén mién thoi gian da thé hién rd hiéu qua caa phuong phap dé xuat khi da
giam duoc gia tri d6 Ion va sai l1éch binh phuwong trung binh ctia ba phuwong dao dong cua than
xe khoang 25% so véi 6 to sir dung hé thdng treo truyén thong.
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