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MO HINH HOA VA BIEU KHIEN HE THONG TREQ TiCH CUC

CHO MO HINH TOAN XE

SIMULATION AND CONTROL OF ACTIVE SUSPENSION FOR A FULL CAR MODEL

TOMTAT

Hé thdng treo tich cyc trén 6 t6 ¢6 kha nang ty dong diéu chinh do cting, co
ché hoat dng linh hoat dé dap (ting v6i dd nghiéng khung xe va tdc d6 xe khi vao
cua, do nhp nhd clia mat duong, gitk thang béng khi phanh, muc dich dem lai
cho xe c6 mot hé thdng treo thich hop va hiéu qua nhat. Bai bao trinh bay viéc
(ing dung thuat toan diéu khién LQR dé diéu khién hé thong treo tich cuc voi md
hinh dao dong phéng doc cho md hinh toan xe. Phan cudi clia bai béo téc gia si
dung phan mém MATLAB-SIMULINK d& md phdng, so sanh danh gid hé thong
treo tich cuc digu khién LQR véi hé thang treo bi dng. K&t qua nghién ciu cho
thay mot sG thong s&: Bién do dao dong; Thoi gian dap tat dao dong; Gia téc dich
chuyén than xe clia hé thang treo tich cuc t6t hon so vi treo bj dong.

Tir khéa: Treo chi dong, co cAu tao lyc, ém diu, mé hinh todn hoc.

ABSTRACT

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 asuspension appropriately and
most effectively.The paper presents the application of LQR control algorithm to
control the positive suspension with the vertical plane oscillation model for the
whole car model. At the end of the paper, the author uses MATLAB-SIMULINK
software to simulate and compare the evaluation of the active LQR suspension
with passive suspension. Research results show some parameters: fluctuation
range; Time of quenching oscillation; The body movement acceleration of the
active suspension is better than the passive suspension.

Keywords: Active suspension, force-generation, quietness, mathematical model.
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1.DAT VAN BE

Hé théng treo trén xe la mdt bo phan quan trong trong
thié€t ké co hoc clia xe. N6 déng vai tro chi chét trong viéc
dam bao chuyén dong clia toan bo két ciu xe, quyét dinh
dén cam giac lai va sy thodi mai clia ngudi ngodi trén xe. O
t0 1a mot hé dao déng nam trong mdi lién hé chit ché voi
duwong cé bién dang phtc tap. Dao dong cua 6 td6 khong
nhi*rng &nh hwdng dén con ngudi, hang hoa chuyén ché, do
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bén clia cac cum téng thanh, nhitng dao dong nay sé gay
anh hudng xau dén xe va dac biét la cdm giac clia nguoi lai.
Chinh vi vy hé théng treo dugc ra doi dé giai quyét cac
van dé vé dé ém diu va an toan chuyén dong clia 6 t6. Néu
v6i hé thdng treo bi ddng chi dap ing dwgc véi cac cung
dudng nhat dinh. Hé s can gidm chan cla hé thdng treo bi
ddng van con co sy mau thuan vai do an toan chuyén dong
va d6 ém diu. D& thda man céac chi tiéu vé do ém diu
chuyén dong va doé an toan trén tat ca cac loai dwong khéc
nhau thi cac déc tinh can phai thay d6i trong qué trinh
chuyén dong dé phu hop véi dic tinh cla duong. Mot
trong nhirng xu hudng phat trién chinh ma cac hang xe hoi
nGi tiéng dang hudng téi hién nay la thiét ké hé thdng treo
tich cwe [3]. Qua phan tich cac 4n pham da céng bo thay
rang, da c6 cac nghién ctru trong va ngoai nuéc duoc thue
hién nham dua ra dugc phrong phap diéu khién téi vu cho
hé théng treo tich cwc nhu: B6 diéu khién PID; Thuat toan
diéu khién logic mo; Phuvong phap diéu khién thich nghi;
Diéu khién H, va diéu khién theo ché do truot....[4]. Vi
muc dich so sanh gilta hai hé thdng treo khac nhau thi viéc
slr dung thuat toan diéu khién toan phrong tuyén tinh 1ap
(LQR) la phu hop nhét, LQR la mét trong nhitng phuong
phap diéu khién phé bién nhat theong dugc sir dung nhiéu
trong viéc diéu khién hé théng treo tich cuc.

2. xAY DUNG MO HINH TOAN VA PHUONG PHAP BIEU
KHIEN CUA HE THONG TREO

X Khéi lugng treo [] Cam bién than xe

Co cau tao luc

B diéu khién

Cam bién banh xe

U Lo xo

Hinh 1. M8 hinh 1/4 xe

Nguyén ly hoat dong cda hé théng treo tich cwc: Cac
cam bién do cao xe lién tuc theo ddi khoang cach gitra than
xe va cac don treo dé phat hién do cao gam xe, cadm bién
téc dd ghi nhan va gui tin hiéu t6c do xe dén ECU hé théng
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treo. ECU hé théng treo: cé nhiém vu nhan tin hiéu ti tat ca
c&c cAm bién dé diéu khién lwc va dé cling cua 10 xo, d6 cao
xe theo diéu kién hoat déng clia xe thdng qua bd chap
hanh diéu khién hé théng dé thay d6i lic gidm chan va do
clrng hé thong treo. BO chap hanh diéu khién dién t& phan
(rng chinh xac véi sy thay doi lién tuc vé diéu kién hoat
dong cla xe.
2.1. Thiét lap m6 hinh toan cho toan xe ctia hé théng
treo tich cuc

Buéc dau ta ti€n hanh xay dung md hinh hé théng treo
tich cuc gdm 16 xo, gidm chan, b6 sinh lyc twong tac U, 16p
xe va khoi lvgng gia treo (hinh 2). Thiét 1ap m6 hinh véi cac
thong s6 tinh toan va moé phéng theo bang 1 [2, 3].

Bang 1. Thdng s tinh toan cho mé hinh toan xe ctia hé thong treo

m,= 1500 T, vaT, I, val, k= 35000 N/m, k,
kg =1,51m = 2160 kgmm? =38000N/m
myvam, ki vak, byvab, avab=15m
=59kg =190000N/m =1400N/m
a b
Ti bms
L Zs
‘ A ‘ pitch ) axis
{ |
\ I A 1
é o Z ;N 7.1; / N i 1) e

N | /] § roll axis < C—— ;
Zw A ) ) A
21wl L Y —1 T
§ n yam | 23
‘ :
A

w —

24

Hinh 2. M@ hinh todn xe
e Chuyén dong lac ngang ctia phan khéi lugng treo:
I¢s = _bfo(Zsl _Zul) +bfo(Zsz _ZuZ)
_bTTT(ZS3 _ZuS) +b rTr(Zs4 _Zu4)
_kaf(Zsl _Zul) +kaf(Zsz _Zuz)
T (Zss —Z y3) +k T (Zss —Z )
H ug —Tru, +Truz —Truy N
e Chuyén dong lac doc ctia phan khéi lvong treo:
Ipés = _bfa(Zs1 _Zul) _bfa(Zsz _ZuZ)
+brb(253 _ZuS) +b rb(Zs4 _Zu4)
_kfa(Zsl —Z 1) _kfa(Zsz —Z y2)
e b(Zss —Zy3) +k b (Zgy —Z 1)
tau, —au, +buz —bu, 2)
e Dao dong thang dirng clia phan khéi lvgng treo:
msZs = _bf(Zs1 _Zul) _bf(Zsz _ZuZ)
b (Zs =Zus) =b(Zsa —Z ua)
_kf(Zsl _Zul) _kf(Zsz _Zuz)
_kr(Zs3 _Zu3) _kr(Zs4— _Zu4-)
Hu, +u, +usztu, (3)
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e Chuyén dong ctia mdi banh xe (phuong thdng dieng):
muqul = bf(Zsl _Zul) +kf(Zsl —Z 1)

—* tflur —Uq +k tfLr
muquZ = bf(Zsz _Zuz) +kf(Zsz _Zuz)

—+& tfluz —U> +k tfr2

murZuS = br(ZSS _ZuS) +kr(253 _Zu3)

K Zyz —Us Tk Zos (4)

My Ly = br(Zs4 _Zu4) +kr(Zsa —Z ua)

K Zyg —U g Tk Ly
trong d6: Zs, = Typs +abs+Z g2y = Trps +abs +27
Zo=-Trps+a0,+Z 2y =-Trps+abs+Z
Zgs = Trps —bO s +Z  Zg3 = T, _bgs +Z;
Zsy=—Trps =bOs+Z; Zsy = T, s —bOs +Z

Trong d6: mg khéi lwvgng cuta than xe (khoi lwgng treo)
(kg); 1, va I,: MGmen quan tinh doc truc va xodn (kg/m?);
Z;: Chuyén vi than xe (m); Zy, Z, Z; Zy,: Chuyén vi than xe
ddi véi mbi goc (m); Zy; Zy, Zys, Zus Chuyén vi banh xe (m);
T;vaT,: Chiéu rong trutc va sau xe; ki vak, : B cling cda lo
X0 phia truéc va sau (N/m); ks va k, . DO cling cla 16p xe
trwéc va sau (N/m).

Phurong trinh trang thai khong gian thé hién & phuong
trinh X¢, = A+ fy do d6, phuong trinh c6 thé duoc viét
nhu sau: X, =@, ~Xq, X, =0,~X, X;=127,=~Xy
)_(4 = Z_u1 ~ X11) Xs = Zyy = Xq; Xo = Zyz = Xi3;
Xy =Zys = X1y

Xo = ¢y ~ [ b, T, (TXe +aXo +X19) —X11) +

beTy (T Xy +aX o +X10) =X 13) =, T (T, X5 —
bXs +X10) =X13) +b, T, (T Xg —bXg +X 1) —
Xa) =k, T ((TpX, +aX, +X3) —X,) +

KTy (77X, +aX, +X3) =X ) =k, T, (X, —
bX, +X3) —X¢) +k, T.((-T,.X; =bX, +X3) —

X;) 4T uy =Ty +T s =Ty, | /1, (5)

Xy =, ~ [b,a((T Xy +aXo +X10) —X1) +

bra((-TpXg +aXo+X10) =X 13 ) +b,b((T, X, —
bXy +X19) =X 13) +b,b((=T,Xg —bX o +X ) —
X4) —ka (T X, +aX, +X3) —X,) -

kpa ((-T,%, +aX, +X3) —X5) +k b((T,X, -
bX, +X3) —X¢) +k, b((=T,X; —=bX, +X3) —

X,) +au, —au, +bu, —bu4]/lp (6)

Xig = Zy = [~by ((TXe +aXo +X10) =X 11) —

by (T Xy +aXo +X 1) =X 1) —b (T, Xg -
bXo +X10) =X 13) =b (=T, Xg =bXo +X14) —
X1a) —ky ((TX, +aX, +X3) —X,) -
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ke (77X, +aX, +X5) =X ) —k (T, X, —bX, +

X3) —X¢) =k, ((-T. X, —bX, +X3) —X,) +u, +

U, +us +u4]/ms (7
i1 = Zoy ~ [by ((TXs +aXo +X10) —X11) +

ky ((TpX, +aX, +X3) =X ,) —k o Xy —uy +

kthrl] /Mg @)

Xy = 2oy ~ [by (47X +aXo +X10) =X 1) +

Ky ((TpX, +aX, +X3) =X ) —k X5 —

kth'Tz] /Mg ©)
Xy = Zyg ~ [b, (T Xs —bXo +X10) =X 1) +

ke ((TpX, —bX5 +X3) =X ) =k o X —us +

U, +

ktrZrS] /nlur (10)

Xia = Zya ~ [b, (T, X —bXo +X10) —X14) +
by (77X, —bX, +X3) =X, ) —k oy X, =y +

ktrZr4] /nlur (11)

2.2. Xay dwng mo hinh diéu khién LQR
Xem xét b0 bién trang thai diéu chinh théng tin cho hé
thong:

u(t) = —Kx(t) (12)

K la trang thai ma tran khuéch dai c6 hoi ti€p

Quy trinh t6i wu héa bao gom xac dinh dau vao diéu
khién U, gitip giam thiéu chi so hiéu suat. Chi s6 hiéu suét J
thé hién yéu cau dac tinh hiéu suat cting nhv gidi han dau
vao bo diéu khién. B diéu khién tdi wu clia hé théng duoc
xac dinh la thiét ké b diéu khién gilp giam thi€u chi so
hiéu suat theo [4,5,6]:

1t 13
J= ?f (xTQx + uTRu)dt 13)
0
Hé s6 khuéch dai K duoc biéu thi bang:
K =R'B'P (14)

Ma tran P phai théa man ma tran rat gon phuong trinh
Riccati:

A'P+PA—PBRB'P+Q =0 (15)
Sau do6, bd diéu chinh théng tin U:
u(t) = —(R™1B'P)x(t) = —Kxt) (16)

Dé thiét ké hé thong diéu khién dua trén phwrong phap
diéu khién téi wu (LQR), cac tham so clia khau diéu khién
dugc chon xudt phat véi muc dich tim cuc ti€u cho mét
ham chét lvgng. Cac tham sé gia tri X, Xw, r dwgc gan gia
trilaX, =X, —Xw; X, =X Xs =X, —1: X, = X,

Tl d6, ta thiét lap dwoc mo hinh phuong trinh trang théi:

Xy = Ao+ Bucy * Ty

Trong d6: X, =X, — X,, = X,
X, — B Xy =X,

X X, =X X=X, —
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. 0
[X1] [—Ka —Ca 0 ]l X1 |[1]| 0
[X2|_| 0, M, X2| | (M2 0.
lXSJ‘[o 0 o0 Jlx o |Vat| |7
|k & Ke X L 0
Xa M, M, M, M

T&r md hinh lién tuc khau phan hoi trang thai: U = -K,

Trong dé, K la ma tran phan hoi, duoc thiét ké sao cho
ham chét lvong muc tiéu 1a cuc tiéu. Ung dung Matlab dé
tim ma tran phan hoi K theo tiéu chuan tich phan téi uu
tuyén tinh: K =1gr(A,B,Q.R);

St dung Iénh trén trong Matlab ta xac dinh duwgc két
gqua ma tran phan hoi K. Ttr cac théng so clia hé théng treo
va lwa chon céc théng so:

1000 0 0 0
0= 0 1000 0 O
10 0 1000 0

0 0 0 1000

Vagia tri R =0,0001. Ta xac dinh duoc gia tri clia ma tran
phan hoi
K=[-2750 —-9720 206400 8240

3. NG DUNG MATLAB/SIMULINK BE MO PHONG CAC
THONG SO CUA HE THONG TREO
3.1. Thiét lap mod phéng tin hiéu mat dutong

Dé khao sat dong luc hoc hé théng treo can phai xac
dinh duoc xe dang hoat dong trén diéu kién mat dudng
nhuw thé nao. D& phl hop voi diéu kién giao théng thuc té
trwéce tién tién hanh xay dwng moé hinh mé phéng tin hiéu
mat ducmg [4,5].
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Hinh 3. Bién dang dudng loai 2
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3.2. Thiét ké mé hinh diéu khién t6i wu cho hé théng
treo tich cuc trén 6 t6

SIMULINK la phan chuong trinh mé rong ctia MATLAB
nham muc dich mé hinh hoa, md phong va khao sét cac hé
théng dong hoc. Giao dién do hoa trén man hinh cla
SIMULINK cho phép thé hién hé théng duéi dang so db tin
hiéu véi cac khéi chirc nang quen thudc. Tt kho di liéu mo
hinh SIMULINK c6 thé tao thanh mét so db diéu khién, can
clr theo mé hinh t6i wu clia bai toan diéu khién gia treo chu
déng 6 t6, xay dwng mé hinh diéu khién tdi wu theo so do
(hinh 4) [1].

P ut Outt
out2 | ‘

Outd

Outd luc_tao_banh_truoc

Outs
Outé

Out?

Outs

Outd

Youtto 4’@

Out11 luc_tao_banh_sau
Out12
Out13

’—uuwum

Hinh 4. So'd cAu tric digu khién hé thdng treo chi dong

»uz
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Hinh 6. Mdi twong quan gitta lc tao bdi co cdu diéu khién cho banh xe cau
trude va cau sau vao thoi gian

Lwc tao bdi co cau

khoang 5000N va 2500N,

giad tri lyc nay ti Ié thuan

vGi bién do cua bién dang

dudng. Sau d6 nhanh

_ chéng tré vé trang thai can

D bang sau khoang 1s tai

oD thoi diém khi bién dang

| ‘ dao dong dudng thay déi

t=0,5-0,75s,t=6,5-6,75s

v6éi banh trvée va déi voi

- B ugn S banh sau khoadng thoi gian
- nay lat=30-3,25st=9,0

Hinh 5. Khdi dau vao va ra clia hé thong treo tich cic
3.3. Kétqua mo6 phéng
K&t qua mo phong céac két qua thé hién trén hinh 6 - 10.
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v o e e = 9,258,

o Khoang dich chuyén
than xe cua treo tich cuc
I&6n hon so véi treo bi dong
khoang 0,02m nhung thoi
gian tré vé trang thai can
bang nhanh hon gép 2 so
vGéi treo bi déng. Cho

.['_‘ thdy kha nang dap tat dao
- dong cua treo tich cyc hiéu

gua hon.

Gia toc dich chuyén clia
than xe ty I& thuan voi do dich chuyén than xe khi bién
dang dwong thay déi, Ién gan gdp déi & lic dau nhung
cling nhanh tr& vé trang thai can bang so véi treo bi dong.

Vol. 56 - No. 2 (Apr 2020) e Journal of SCIENCE & TECHNOLOGY | 87



CONG NGHE P-ISSN 1859-3585 | E-ISSN 2615-9619

Dich chuyén banh xe khéng c6 su thay d6i nhiéu nhwng hé ek o
théng treo tich cwc van wu thé hon so v6i bi dong, dich ' '
~ , ~ > > . . ~ ~ N = = =Bj don
chuyén banh xe cao nhat cua ca hai loai hé thong treo 1a ’
0,1m, khoang dich chuyén nay cang Ién thi dich chuyén % ME 7
~ L= 9
than xe cang it. :
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Hinh 8. St dich chuyén cac banh xe cau trvdc va cu sau
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Hinh 10. Sy thay ddi hanh trinh treo cho cac banh xe cau trurdc va cau sau
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4. KET LUAN

Bai bao da tién hanh xay dwng mo hinh toan hoc cho
mo hinh toan xe, phan tich va xay dung ly thuyét diéu
khién LQR cho hé thong treo tich cwc. Dua trén phuong
trinh toan hoc thu duoc két hop véi phan mém moé phéng
MATLAB/SIMULINK da so sanh, danh gia dwgc mot s6
thong sb chinh dac trung cho hé thdng treo nhu: Sv dich
chuyén khéi lvgng duoc treo; Gia tée khdi lvgng dugc treo;
Si dich chuyén banh xe; D6 Iéch banh xe va hanh trinh treo
khi bién dang duvong thay doi.

Tl két quad mo6 phong trén cho thay, viéc ing dung hé
thong treo tich cuc trén 6 td dem lai nhitng lgi ich t6t hon
nhiéu so véi hé thdng treo bi ddng, véi hé thdng treo tich
cuc chi can diéu khién lyc tac dong chd yéu trong pham vi
5000N, n6 lam cho hé thdng treo tich cuc c6 két qua dao
déng cua hé thong treo 6n dinh hon so véi hé théng treo bi
dong. Vi cling diéu kién bién dang duong va théng sé dau
vao mé phong thi thoi gian dap tat dao dong ca hé théng
treo chl dong nhanh gép 2 - 3 lan so v&i hé thdng treo bi
dong, gua dé cho thdy tinh ém diu va an toan clia hé thdng
treo tich cuc la hiéu qua hon so véi treo bi dong.
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