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Tém tit: Hé th(fng treo chu dong trén o6 t6 co kha nang tw dong diéu chinh dé cung, co ché hoat
déng dé ddp iing véi do nghiéng khung xe va toc dé xe khi vao cua, do nhdp nhé cia mat dwong,

giit thang bang khi phanh, muc dich dem lai cho xe cé mét hé thong treo thich hop va hiéu qud

nhdt. Bai viét nghién ciru vé hé thong treo chii ddng ciia 6 16, g dung phwong phdp diéu khién toi
wu ciia SIMULINK, thiét Idp mé hinh bai todn, thiét ké mé hinh diéu khién. M6 phong hoat dong
ciia hé thong treo chit dong dé cho két qua vé dao ddng gid treo, bién dang lop, gia toc dao déng,

liee tdc dong 1én hé thong treo sat giong voi thiee té van hanh xe trén duong.

1. PAT VAN PE

Khi 6td chuyén dong trén duong khong bang
phéng, xe thuong chiu tai trong dao dong do bé mit
dudng mip mod sinh ra. Nhitng dao dong ndy anh
hudng xAu t6i tudi tho ctia xe va dic biét 1a gy cam
gidc khong thoai mai ddi v6i nguoi ngdi trong xe.
Cac két qua nghién ctru vé anh hudng dao dong cta
6t6 dbi véi co thé con ngudi déu di ti két luan la
néu con ngudi phai chiu dung 1au trong moi truong
dao dong ctia 6t6 s& mic nhitng bénh vé than kinh
va ndo. Vi vay tinh ém diu trong chuyén dong 13 mot
trong nhitng chi ti€u quan trong ctia xe. Tinh nang
ndy phu thudc vao kha nhiéu yéu t6 trong d6 hé
théng treo dong vai trd quyét dinh.

Hé théng treo cta 6 to thudng st dung dugc
phan loai theo két cdu c6 hai kiéu chinh: He¢
théng treo phu thudc va h¢ théng treo doc lap;
phan loai theo nguyén 1y hoat dong diéu khién
g@)m co: hé théng treo bi dong, h¢ théng treo
ban chu dong va hé théng treo chu dong. Muc
dich chinh cta hé thong treo 1 lam giam rung
xoc khi xe van hanh trén duong khong bang
phfmg, tao diéu kién cho banh xe dao dong theo
phuong thang dtng, tranh dao dong lic ngang
hay lic doc ddng thoi dam bao truyén luc va
momen On dinh. V&i hé giam chin qua mém hé
thdng treo sé& tao ra nhiéu rung dong dan hoi khi
lam viéc, nguoc lai voi hé qué ctirng sé lam cho

xe bi xoc manh. Sy dung hoa giita hai dic diém
trén chinh 13 y tuong dé cac nha thiét ké dua ra
hé théng treo hién dai.

2. CAU TAO HE THONG TREO CHU
PONG (hinh 1):

Hinh 1: Cau tao 1/4 hé th(fng treo chu dong
I- Nguén néng lwong cung cdp dau vao;
2- May tinh ECU; 3,5- Cam bién;

4- Gidm chdn chii déng; 6- Banh xe

Heé thdng treo bi dong sir dung nhip 14, 16 xo
xoan két hop véi giam chan thay lyc... ra doi tir
rat sém nhung chua thé dap tng doi hoi cao vé do
ém diu ciia xe con. Hé thong treo chii dong ciing
khong phai 1a mot phat minh mdi, né xuét hién tir
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nhimg nim 1955 cing voi hé théng treo Mc
Pherson. Nhung ¢ thoi ky nay nganh cong nghé
chua dap ung tot duoc yéu cau ki thudt cho cac
chi tiét trong hé thong treo chi dong nén nguoi ta
van phai dung 10 xo xoan, nhip 14, thanh xo4n lam
co cau giam chan. Ngay nay cac nha thiét ké 6t6
da tng dung nhiéu thanh tyu méi caa cong nghé
vat liéu, k¥ thudt co - dién tu dé cho ra doi hé
thdng treo c6 tinh ning k§ thuat tién tién, do 1a cac
hé théng treo chu dong thuy luc - khi nén; khi nén
- dién tir EAS (hinh 2); Hé thong treo dién tir. Cac
hé thong nay hién dang ding cho dong xe cao cip
nhu Audi, BMW, Lexus... V6i hé théng treo chu
dong trang bi trén xe nguoi lai co thé lwa chon ,
diéu chinh d6 dan hoi cho thich hop véi ché do
van hanh cta xe trén dudng thong qua cong tic
diéu khién Iya chon ché 6 Comfort hay Sport.

Hinh 2: So do6 hé thong chii déng treo khi nén -
dién twr
1: Giam xéc¢ khi nén; 2: cam bién gia toc ciia
xe; 3: ECU (hép diéu khién dién tir ciia hé thong
treo); 4: Cam bién dé cao cua xe; 5: Cum van
phdn phéi va cam bién dp sudt khi nén; 6: Mdy
nén khi; 7: binh chiva khi nén; 8: dwong dan khi.

Nguyén tic hoat dong cta hé théng treo chu
dong khi nén: Cac cam bién d6 cao xe lién tuc

theo doi khoang cach gitra than xe va cac don
treo dé phat hién do cao gém xe, cam bién toc
d6 ghi nhan va giri tin hiéu toc d6 xe dén ECU
hé théng treo. ECU hé théng treo: C6 nhiém vu
nhan tin hiu tir tit cd cdc cam bién dé diéu
khién Iyc cua giam chin va do cing cua 10 xo,
dd cao xe theo diéu kién hoat dong cua xe thong
qua bd chip hanh diéu khién hé théng, dong
thoi din dong van quay ctia giam chdn va van
khi ctia xi lanh khi nén dé thay d6i luc giam
chin va do cting hé théng treo. BO chap hanh
diéu khién dién tir phan ing chinh xac voi su
thay di lién tuc vé diéu kién hoat dong cia xe.

Uu diém hé théng treo chi ddng: Co kha
ning diéu chinh d6 cing dé dap ung véi do
nghiéng khung xe va toc do xe khi vao cua, goc
cua va goc quay vo ling cta nguoi lai; Co thé tu
dong thay ddi sao cho co ché hoat dong cua h¢
thng treo duoc thich hop va hiéu qua nhat di
voi tung hanh trinh. Nhu khi phanh d6 nhan cac
banh trude s€ ciing hon banh sau, con khi tang
téc thi nguoc lai; C6 kha ning tu dong thich
nghi voi tai trong cia xe, thay doi d6 cao gam
xe cho phu hop vé6i diéu kién hanh trinh.

3. XAY DUNG MO HINH MO PHONG
PHUONG PHAP PIEU KHIEN TOI UU HE
THONG TREO CHU PONG

3.1 Thiét 1ap md hinh hai béc tw do ciia hé
thong treo bi dong va chi dong

Thiét 1ap md hinh 1/4 hé thdng treo 6 t6: Vi
md hinh hé thdng treo bi dong gdm 16 xo, giam
chan thuy luc, lép xe va khéi luong gia treo tao
thanh m6 hinh hai bac ty do (hinh 3a); M6 hinh hé
thong treo chu dong gdm 10 xo, bd sinh lyc twong
tac U, 16p xe va khéi lwong gia treo (hinh 3b).
Thiét 1ap md hinh véi cac thong s6 theo bang 1:

Bing 1: Théng sé ciia hé théng treo hai bdc twr do

Khdi lugng trén gia treo ms 310 kg
Khdi lugng dudi gia treo m, 28 kg
Do cling cua 16p kt 1,8x10° N/m
Do cung cua 10 xo ks 1,8)(104 N/m
Hé s6 dao dong giam chin Cs 10° Ns/m
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Hinh 3: 1/4 Mé hinh hé thong treo 6 t6

Hé théng gdm: m, khdi lugng xe tac dong
1én 16 xo0; m, khdi luong cum dudi 10 xo; K, d6
cting 10 xo; Cs hé sd dao dong giam dan cua
giam chan thity luc; z, z,, z: khoang cach vi tri
khdi lugng. Ung dung dinh luat 2 Niuton thiét
1ap phuong trinh dong luc hoc ta co:

0 1 0 0
K& K S
. _| m m m m
Trong do: 4 0 0 0 ]
K, C K +K,  C
L m, m, m, mu_

Muc dich ctia phuong phap diéu khién téi vu
hé¢ théng treo chii dong 1a nang cao tinh ning
diéu khién va tinh 6n dinh cua 6 to, khi xe van
hanh céc tin hiéu nhiéu ctia mit dudng tac dong
1én gia treo, hé thong treo chii dong c6 tac dung
lam giam bét dao dong va sy bién dang cua 16p,
khong ché o6 lic lu cia gia treo. Tir d6 ta c6
ham s6 muc tiéu:

J=J:(Jq]éf +q,(z, —Zu)2 +4¢5(z, —zr)2 +ru2)dt (3.4)

K, C, K, C,
mg mg  mg  my
Trong d6: C=| 1 0 -1 0|, D=
0 10
Ham s6 muc tiéu (3.6):
J=j°°(YTQY+UTRU)dt (3.6)
0
qg 0 0
Trong d6: 0=|0 ¢, 0|, R=r.
0 0 g;

miz, +K (z;—2,)+C(z,—2,)=u (3.1)
Wbéu +Ig (Zu _Zs)+K (Zu _Zr)+C; (Zu _Zs):_u (3.2)

Pé thiét ké hé théng diéu khién dua trén co s&
tiéu chudn tich phan tdi wu tuyén tinh, cc tham s6
ctia khau diéu khién duoc chon xuat phat tir nd luc
tim cuc tiéu cho mot ham cht lugng. Cac tham s0
gia tri z z, dugc gén gia tri

z Zg, u

S u>°

lax, =z, x,=2,» x3=2z,, x,=2,= ta ¢O
Vector X =[x,,x,,x5,x,]", vector diéu khién
U=[u], tin hiéu nhidu mat duong W =[z ].Tir do
thiét 1ap dwoc mo hinh phuong trinh trang thai:

X=AX+BU+EW (323
01 0
— 0
B= s , E= 0 y U=u, W=Zr
Kt
1 —
- m,
m

Trong d6: ¢« g¢,~ q;~ r la cac tham sb
trang thai.

Dat gia toc dao dong cua gia treo Z,, hanh
trinh dong cua gia treo z, —z,, d bién dang cua
10p z, -z, 1a cac gia tri bién doi. Ta c6 Vector
Y=[%,,2z,~2,,2, —2,]", t& phuong trinh trang
thai, ta c6 Vector Y dudi:

Y=CX+DU+FW (3.9
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Tt mo hinh lién tuc, ta st dung khau phan
hoi trang thai:

U=-Kx 3.7

Trong d6 K 1a ma tran phan hoi, duoc thiét
ké sao cho ham chat luong muc ti€u la cuc tiéu.
Ung dung Matlab dé tim ma tran phan hdi K
theo tiéu chuan tich phan téi uu tuyén tinh:

[K, S, e] =lqry (sys,Q,R[,N]) (3.8)

St dung 1énh trén trong Matlab ta xac dinh
duogc két qua ma tran phan hoi K. Tir cac thong
) gia treo, va lga chon céc thong ) q1=4.83,
q=3.5x10",q5=10°, ta xac dinh dugc gia tri cua
ma tran phan hoi K=[58563.1599; 6853.121;
63674.9851;-1567.027]

Band-Limited Inteqrator ]
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Hinh 4: So' d6 mé phéng tin hiéu mdt dwong

b
o
=
2
=
o

=)
[=3
h 4
o

Product? Froduet]

3.2.2. Thiét ké mé hinh diéu khién téi wu gid
treo chu dong o to:

SIMULINK 1a phan chuong trinh mé rong
cia MATLAB nhim muc dich mé hinh hoéa,
mod phong va khdo sat cac h¢ théng dong hoc.
Giao dién d6 hoa trén man hinh cua
SIMULINK cho phép thé hién hé théng dudi
dang so d6 tin hiéu véi cac khdi chiuc ning
quen thuoc. Tu kho dir li€u mo hinh
SIMULINK c¢6 thé tao thanh mot so do diéu
khién, can ctr theo md hinh ti wu ctia bai toan
diéu khién gia treo chi dong 6 t6, xay dung
mod hinh diéu khién t4i wu theo so do (hinh 6):
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3.2. UNG DUNG HE THONG BPIEU KHIEN
TOI UU CUA MATLAB/SIMULINK:

3.2.1 Thiét 1ap mé phong tin hiéu mit dudng

Khi phan tich gia treo can phai xac dinh duoc
xe dang hoat dong trén modi truong mat duong
nhu thé ndo. Pé phu hop véi diéu kién giao
thong thuc té ta xdy dung md phong tin hiéu
mat duong voi didu kién mat duong cip C ¢ hé
sO khong bang phang Gq(no)=256xlO'6m3 , van
téc xe V=20m/s, tan sd khong gian np=0,1m™,
tmg dung Simulink thiét ké biéu d6 moé phong
tin hi€u mat duong tac dong lén gia treo (hinh
4), md phong cho ra két qua tin hiéu mat duong
trén (hinh 5):
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Hinh 5: Tin hiéu mat duong

control_force

Sl

sping_deformation

b
*

State-Space
ASCS

toad_input

tire_deformation

Hinh 6: Cdu triic so dé diéu khién gid treo
chu dong o to

3.2.3 Két qua mo phong diéu khién téi vu gia
treo chu dong va bi dong cua 0 to



DAO DONG LOP

ké cac hé théng gia treo co ciu tao khac nhau,

vo1 muc dich dem lai sy an toan va thoai mai

o es s e e e 0 ¢+ * 5 cho nguoi van hanh, nhu hé théng treo chu dong
khi nén, dién tr, ..

N 4. KET LUAN ’
e : Tur két qua mo phdng trén cho thay, viéc ing
%ooos bl IR ﬂM‘Iu Jdbbpatil i dung hé théng treo chu dong trén 6 t6 dem lai
§ o ‘m f}d i il | N} ail i ‘H ﬁ nhirng loi ich tot hon nhiéu so véi hé thépg treo
S 0L AL Ll (A LALLM bi dong, véi hé thong treo chi dong chi can dicu

ool khién luc tac dong chii yéu trong pham vi

. P roeme L 1000N, n6 lam cho hé théng treo chi dong co
Hinh 7: Ket qua digj i?jiilen dang cua lop két qua dao dong ctia hé thér%g treo 6n dinh 2Eorn,
oL glhzc;c;g‘ A‘ va bién dang cua 16p nho hon so voi hé théng
5 Ry | ‘Jw\ treo bi dong, , o
s A O AN | I Cin ctr tir phuong phap diéu khién toi wu trén
igi IR IR Qwh M " Wl \ /\\4 cho két qua lyc tac dong can thiét trén hé thong
Ceopt L Wl B S S reo chit dong, tir d6 1a co so dé tién hanh thiét
: e | i L P

Hinh 8: Két qua dao ddng ciia hé thong treo

Vé6i tng dung SIMULINK trong viéc diéu
. I "L khién tdi wu, ddy 1a mot phuong phap diéu
= i I ,/\" it I il MVM b (”lp Wr”v\'mﬂ AN iﬁlfn hl@gi‘fal fggifngd‘}‘i“g N e o
= 1T 01RO O vuc dicu xhien tur dong, thiet nght vol xe
OOl e 1 K (L qué nghién ctru ban dau nay, duoc van dung va
;:ZZ ; v phat trién trong vi¢c ’nghién clru céc Vé:’ln dé lién
Cooee T a0 Y ® quan d€ c6 nhung két qua khoa hoc tot hon, s€
Hinh 9: Két qua lwc chii ddng tac dong lén hé  dem lai nhiing loi ich to 16n cho cong cudc phat
thong treo trién dat nudc.
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Abstract
RESEARCH ON ACTIVE SUSPENSION MODEL OF
TWO-DOF VEHICLE FOR OPTIMAL CONTROL

The active suspension system on the car is capable of adjusting the hardness automatically, the
mechanism working to meet the tilt chassis and controlling vehicle speed when automobiles are
turning on the uneven road, keeping sharp with the brakes. The purpose is to give the car a
suspension appropriately and most effectively. This paper covers the research on the active
suspension system of automobiles. Applying the optimal controlling of SIMULINK to establish the
model of dynamic equations which simulates the operating of active suspension and achieve a result
of variation pylons, tire deformation, acceleration varies and force acting on the suspension which
are similar to the actual operation of vehicles on the road.

139



