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Tém tat. Hién nay, nghién cizu va iing dung cia hé thong treo ban chu dong la d@é tai diroc nhiéu nha
nghién cizu, nhiéu hdng 6td chl treng phat trién. Nhiéu bé diéu khién cho hé théng treo ban chi dong da
duroc phét trién nhuw bg diéu khién Skyhook, bé diéu khién thich nghi, bg diéu khién bén viing, bé diéu khién
mo. Tuy nhién ludn c6 sw xung dét giia hai chi tiéu char lwong (sw thodi mdi va dg bam dwong). Nham
thiét ké duroc mét bé diéu khién théa man dong thoi hai chi tiéu chat lirong, chiing i thiét ké bé diéu khién
toi wu LQR cho hé thang treo ban chu déng. Bai béo trinh bay két qua nghién citu vén dé nay doi véi md
hinh niza xe.

Tir khoa: md hinh mgt phan hai xe, sw thodi mdi, dg bam dwong, diéu khién téi wu, hé théng treo
ban cha dgng

1. GIOI THIEU

Hé théng treo trén 6td bao gom phan tir dan hoi, phan ti can, nhip, thanh 6n dinh, duoc sir
dung dé két ndi giira khung xe va banh xe. Hé thdng treo c6 hai chirc ning. Chirc ning thir nhat 1a
cach ly dao dong cua mat duong vai khung xe, dugc danh gia qua chi tiéu su thoai mai (drive
comfort). Chirc ning tht hai 1a duy tri kha ning bam duong cua xe, ting do 6n dinh, an toan khi
xe di trén cac diéu kién dia hinh khac nhau va duoc danh gia qua chi tiéu d6 bam duong (road
holding). Hién nay, hé thong treo duoc ng dung rong réi trong nhiéu nganh cong nghiép san xuat
khéc nhau. Nganh cdng nghiép san xuét 6t trong nude dang trong giai doan phét trién budc dau,
cac nghién ciru V& hé thong treo dang han ché. Do vay, can phai ¢ nhiéu hon cac cong trinh nghién
ctru nham nang cao chat lugng hé thng treo, gop phan thuc day nganh cong nghiép 6t6 trong nudc
ngay mot phét trién. Trén thé gidi, hé thong treo da va dang duoc nghién ciu, ang dung rat rong
rdi. Mo hinh hé théng treo thuong duoc sir dung dé nghién ciru ¢6 md hinh mét phan tu xe [4-
7,11], md hinh nira xe [8-10,12,13], md hinh toan bo xe [14-15]. Xét dén kha ning diéu khién cua
hé thdng treo thi c6 hé théng treo thu dong (passive), hé thong treo ban chu dong (semi-active) va
hé thdng treo chu dong (active). Hé thong treo thu dong c6 cau tao don gian, gia thanh thip nhung
lai khong c6 kha niang diéu khién khi xe di trén cac diéu kién dia hinh khac nhau. Hé thdng treo
chit dong la cac hé thong treo didu khién dugc hoan toan, luon thay d6i thong sé caa hé théng
nham déap tng chi tiéu chat lwong nhung hé théng treo nay lai c6 gia thanh cao, tiéu ton nhiéu ning
lwong nén hé thong treo chi dong cha yéu duoc tng dung cho céc dong xe cao cap, dit tién. Hé
thng treo ban chu dong hién nay dang dugc quan tam, dau tu [6,7,8-11,14] vi uu diém cau tao
don gian, c6 kha ning diéu khién duoc, gia thanh thap va dap tmg duoc céc chi tiéu chét luong.



Dbi vé6i hé thdng treo ban chi dong thi cé nhiéu chién luoc diéu khién duoc dwa ra nhim nang cao
céc chi tiéu chat lwgng. Chién lwgc didu khién chi cd thé 1a nang cao chi tiéu d6 bam duong hoic
la nang cao su thoai méi. Vi vy, nham ning cao dong thoi ca hai chi tidu sy thoai mai va do bam
duong, ching tdi nghién ctu xay dung mot bd diéu khién tdi wu LQR cho hé théng treo ban cha
dong md hinh nua xe.

Bai bao nay s& duoc trinh bay trong 5 phan: 1. Gigi thiéu; 2. Xay dung md hinh hé théng
treo nira xe; 3. Thiét ké bo diéu khién tbi wu; 4. M6 phong va thao luan; cudi cung la Két luan.

2. XAY DUNG MO HINH HE THONG TREO NUA XE
2.1. M6 hinh h¢ théng treo nira xe
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Hinh 1. Hé thng treo ban chi dong nira xe

M6 hinh hé thng treo nira xe co ban dugc minh hoa nhu Hinh 1. Trong d6 msla khdi lwong
duoc treo, myr 1a khéi Iugng khong duoc treo bén phai, myr 1a khdi luong khong duoc treo bén trai,
kst 12 hdng s6 10 xo treo bén phai, ke 12 hing s 10 xo treo bén tréi, kyr 1a hang sb 16p bén phai, kyr
1a hang s 16p bén trai. Dat zs, zu, Zur , Zrf , Zrr 12 6 dich chuyén theo phuong thang dung cua khéi
luong dugc treo, khéi lugng khong duoc treo bén phai, bén trai, 6 nhap nhd mat duong bén phai,
bén trai. Phuong trinh vi phan moé ta hé thong nhu sau:

mZ, =—Kky(z, - lip—2,)—-K,(z, +l.0p—2,)—U; —u, 1)
Jop=1 Ky (z,-lip—2,)-lKk,(z, +l,0—2,)+1;u, —l.u, (2)
My 2y =Ky (2, =l —2¢) =Ky (24 — 24) + U4 3)
m,Z, =K, (2, +l,p—2,)-Kk,(z,, —Z,)+U, 4)

trong d6 ur, Ur 2 Iy diéu khién. Vi hé théng treo thy dong thi luc cua bo diéu khién duoc tinh
theo cong thic u, =c, (2, —1,¢—2,), U, =c, (2, —1.#—12,) trong do C« , Csr 1a h¢ s6 bo giam

chan thy dong bén phai va bén tréi caa hé thong treo.



Bang cach dat cac biéntrang thai X, = 2., X, = @, X, = 2,4, X, =2, X = (2, =, 0 —2,;)
X =z, +lo—-2,), X, =(z, —2,), % =(2,, —Z,) thi h¢ phuong trinh (1), (2), (3), (4) dugc

viét lai thanh phuong trinh trang thai:
X = AX+ Bu +Cw (5)

trong d6 X=[% X, - %] Ia bién trang thai, u:[uf ur]T la tin hi¢u diéu khién va
w=[2, 2, ]T la van téc dich chuyén theo phuong thing ding cua su thay déi bé mat duong trén

cac diéu kién dia hinh khac nhau. Ma tran A, B, C duoc cho boi:
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2.2. M0 ta toan hoc mat dwong

M6 hinh vé& mit duong da duoc dé xuat boi cac cdng trinh [8,9,11,12]. Trong nghién ciu
nay, ching tdi str dung lai md hinh mat duong theo mat do phé cong suat (PSD) theo cong thic
[11]:

2

S, () = 0_% , (6)

7T o +(av)
trong d6 o 1a phuong sai do bién thién ciia mat duong, V 1a van tdc cua xe va thuong 1a hang sé,
o 13 tan sé dao dong caa khung xe do sy thay ddi cua bé mat duong va a la hé sé nhap nhd cua
mat duong phu thudc vao céc loai dia hinh khac nhau.

M6 hinh mit dudng cho theo cong thire (6) c6 thé duoc xem nhu 1a tin hiéu ra caa bo loc
tuyén tinh bac mot cho nhidu vao la nhiéu tring thé hién theo:

z,(t)+avz, (t) =n(t) @)
trong d6 n(t) 1a nhidu dau vao va dugc xem nhu 13 nhidu tring Gaussian biéu dign qua ham hiép

phuong sai E {n(t)nT(t + r)} =2caVvo(t), vsi () 1a ham xung dirac.



3. THIET KE BQ PIEU KHIEN TOI UU
3.1. Chién lwgc diéu khién

Hai chi tiéu quan trong cta hé théng treo Ia sy thoai mai va do bam mit duong [4,15]. Chi
tiéu su thoai mai duoc thé hién thong qua thong sb gia toc dao dong cia khung xe ma cu thé Ia Z
. Chi tiéu do bam duong thé hién qua d6 dich chuyén tuyét dbi cua 16p xe so véi mit duong
Z, —Z,hoac z, —Z . Nang cao chi tiéu do thoai mai va kha nang bam duong chinh la lam giam
gia téc dao dong cua khung xe va do dich chuyén tuyét dbi cua xe.
3.2. B¢ diéu khién t6i uu

Dua trén ly thuyét dién khién LQR, lyc diéu khién u & (1), (2), (2), (4) 1a mot phuong phap
gilp nang cao chi tiéu sy thoai mai va d6 bam dudng bang cach thay ddi tin hiéu diéu khién u khi
xe di trén cac diéu kién dia hinh khéc nhau. Vi vay, can tinh toan lya chon duoc mot gia tri ti wu
cua tin hiéu diéu khién u nham mang lai hiéu qua cho ca hai chi tiéu trén. Vi gia thiét 1a cac bién
trang thai c6 thé quan sat dugc, do duoc, ta Xy dung ham muc tiéu J nhu sau [1,2]:
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.1 P 2
), =lim=E !(zm ~z,) dt (9)
T
J, :!Lrg?E{!(zw -z,) dt} (10)
= h 2dt (11)
4 _Tl—q;]o? -([uf
3, =limiE h 2dt (12)
5 —TI_)F['IO? !Ur
trong d6 E {.} 1a ky vong toan hoc. Tong cac ham muyc tiéu duoc viét lai la:
J=ad +a,J,+ad, +1J,+1,J; (13)

VGi 0, a2, a3 la cac hé sb trong s, cac hé s6 nay dugc chon theo sy uwu tién chi tidu su thoai mai
khi di xe 1a quan trong hon so v&i chi tiéu d6 bam dudng va theo tham khao [7]. Cac hé s6 r, r2
la c4c trong sb cua tin hiéu vao diéu khién.

Dinh nghia c4c bién diu ra ma ta do duoc Ia yp, ta c6 biéu dién cua yp qua cac bién trang théi
cua hé théng 1a:

Yo = ['z's o —Zs Z,—Z, T Ex+Fu (14)

trong do:
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Ham muc tiéu J ¢ (13) duoc viét lai thanh:
1 |[F
J=lim=E "Wy +u'R, )dt (15)
i[5y, 'R ot
trong d6 W = diag(al,02,03); R = diag(r1,r2). Thay (14) vao (15) ta bién d6i ham muc tiéu (15)
theo ma tran bién trang thai va tin hiéu diéu khién u nhu sau:

)
J :!Ln?OTlE{J'(xTGlx+2xTqu +u' R,qru)dt} (16)
0

trong do: G, = E'WE, G, = E'WF, R, = F'WF +R,. Tir (16) va st dung ham Hamilton tinh
duoc tin hiéu diéu khién u bang phan hdi &m trang thai duoc cho bai cong thirc (17) nhu sau:
u=R,(G; +B"P)x=Kx (17)

véi K :—Rl; (G, +B"P) va P la nghiém ciia phwong trinh vi phan Ricati (viéc chirng minh
phuong trinh vi phan Ricati theo [1,2]):
PA+A"P-PBR'B'P+G =0 (18)

Igr

véi A= A-BR.G, ,G=G,-G,RG, .

lgr Igr
4. MO PHONG VA THAO LUAN

Ap dung phan mém Matlab [3] dé md phong hé théng thu dong (thé hién qua cac dudng
d6 thi mau do va den) va md phong hé théng khi d co bo didu khién (dudng d6 thi mau xanh) voi
thdng sé cua hé thong treo ban chu dong duoc sir dung trong nghién ciru nay 1a me=1515 (kg),
mi=36 (kg), mMu=36 (kg), k«=17650 (N/m), ky=17650 (N/m), ku=190000(N/m),
ke =190000(N/m), I=1,2 (M), [=1,2 (M), J=2590 (kg.m2), wi=10, W2=10%, W,=105, r;=10°, r,=10
5, ching ta tinh dugc ma tran phan hdi trang théi:

0.2778 -0.2077 -0.1081 -0.0014 -0.3292 -0.3292 -1.7256 0.0682
0.2778 0.2077 -0.0014 -0.1081 -0.3292 -0.3292 0.0682 —1.7256}

Dua trén két qua md phong trong mién tan s nhu Hinh 2, thi ¢ diém cong huong thir nhat,
hé thong ban chu dong didu khién téi vu LQR dat duoc sy lan truyén dao dong thap hon so véi hé
thdng thu dong. Do d6 hé thong dat dwoc hiéu suat tét hon, tao cam giac khi di xe thoai mai, ém
diu hon. Véi diém cong hudng thir 2 thi hé théng thu dong va hé théng ban cha dong co gia tri

K=1o‘{



cong huong gan nhu nhau nén hé thdng treo ban cha dong khong cai thién duoc do bam dudng so
véi hé théng thy dong.
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Hinh 2. Pap ung tan sb.
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Hinh 3. Bap ung thoi gian.

M6 phong trong mién thoi gian nhu Hinh 3, ta thiy hé théng thu dong 6 hé sé bo giam chan
I6n hay nho déu cho két qua 1a hé thong dao dong nhiéu hon, d6 qué diéu chinh 16n hon so véi hé
thdng ban chii dong diéu khién t6i wu LQR. Do d6, hé thdng ban chu dong didu khién téi vu LQR
da cai thién duoc cac chi tiéu vé d6 bam duong va su thoai mai khi di xe. Nhu vay, hé thong treo
ban chu dong véi bo diéu khién téi vu LQR dd mang lai chat lwong tot hon so véi hé thdng treo
thu dong.

5. KET LUAN

Trén co sé nghién ciru md hinh nira xe, chung t6i di xay dung duoc b didu khién téi wu
LQR nham nang cao chit lwvong cua hé théng treo. Két qua nghién ctru viéc md phong dic tinh
trong mién thoi gian, trong mién tan sb cua gia téc dao dong va do dich chuyén tuyét dbi. Tuy



nhién, do gia thiét cac trang thai cia hé théng 1a do dwoc nén chua thé danh gia duoc sy phu thudc
cua c4c chi tiu chat lwong vao toc do di chuyén cua xe, do d6 két qua mai chi dirng & viéc mod
phong bang phan mém. Hudng nghién cau tiép tuc 1a thiét ké bo quan sat trang thai, xay dung
duoc quan hé giita chi tiéu chat luong va téc do di chuyén caa xe.
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OPTIMAL LQR CONTROL SEMI-ACTIVE SUSPENSION
SYSTEM WITH HALF CAR MODEL

Abstract. Currently, the research and application of semi-active suspension system is conducted by
many researchers and attracts many automakers attention on development. Many controllers for semi-
active suspension system were given as adaptive controller, robust controller, fuzzy controller, optimal
controller. However, there is always a conflict between two quality criteria (drive comfort and road
holding). Therefore, in order to design a controller simultaneously satisfy two quality criteria, the idea of
designing optimal control for semi-active suspension system of half car model is studied and discussed in
the text of this articel.

Keywords: half car model, optimal control, drive comfort, road holding, semi-active suspension
system.






