BAI BAO KHOA HQC

XAY DUNG MO HINH NGHIEN CUU HE THONG TREO
CO PIEU KHIEN CHO MO HINH TOAN XE

Vit Hai Quan®, Trinh Duy Hung?

Tom tat: Bai b&o trinh bay viée ing dung thudt todn diéu khién LOR dé diéu khién hé thong treo chii dong
Véi mé hinh dao déng phang doc cho md hinh toan xe. Phan cuéi ciia bai bao tac gia sir dung phan mém
MATLAB dé mé phong, so sanh danh gid hé thong treo chii dong diéu khién LOR véi hé thong treo thu dong.
Két qua nghién ciru cho thdy mét sé thong sé: Bién do dao déng; Thoi gian ddp tdit dao dong; Gia toc dich
chuyén than xe ciia hé thong treo chii dong tot hon so véi treo bi déng.

Tir khéa: Treo chi dong; Co cdu tao luc; An toan; Em diu, M& hinh toan hoc.

1. PAT VAN PE

O 6 1a mot hé dao dong nam trong mbi lién hé chit
ch& véi duong ¢ bién dang phirc tap. Dao dong cua 6
t6 khéng nhimg anh huong dén con ngudi, hang héa
chuyén ché, do bén cua cac cum tong thanh. Nhimg
dao dong ndy s& gy anh huong xau dén xe va dic biét
la cam giac ctia nguoi 1ai. Chinh vi vy hé théng treo
dugc ra doi dé giai quyét cic van dé vé do ém diu va
an toan chuyén dong cia 6 t6. Néu voi hé thong treo
thu dong chi dp tmg dugc voi cac cung duong nhét
dinh. Hé sb can giam chan cia hé théng treo bi dong
vin con ¢6 sy méau thudn voi do an todn chuyén dong
va do ém diu (Pham Thi Nguyét, 2013). Dé thoa man
céc chi tiéu vé d6 ém diu chuyén dong va do an toan
trén tat ca cac loai dudng khac nhau thi cac dic tinh
can phai thay doi trong qua trinh chuyén dong dé phu
hop véi dac tinh cia duong. Mot trong nhimg hudng
phét trién chinh ma céc hing xe hoi ndi tiéng dang
hudng t6i hién nay 1a thiét ké hé thong treo chu dong.
Thuat ngit "Chu dong" ¢ thé hiéu 1a mot hé théng
treo, trong d6 cac thong sb 1am viée co thé dugc thay
d6i trong qua trinh hoat dong. Hé théng diéu khién
dién tir trong h¢ thong treo chii dong cho phép thay doi

céc thdng sb 1am viéc mot cach ti dong,

2. XAY DUNG MO HINH TOAN VA
PHUONG PHAP PIEU KHIEN CUA HE
THONG TREO

Ngay nay cac nha thiét ké 6td di tmg dung nhiéu
thanh tuu méi cua cong nghé vat liéu, ky thuat co - dién
tir dé cho ra doi hé thong treo c6 tinh nang ky thuat tién
tién, d6 1a caché thong treo chui dong thity Iyc - khi nén;
khi nén - dién tir EAS; Hé thdng treo dién tir. Cac hé
thong ndy hién dang ding cho dong xe cao cp nhu
Audi, BMW, Lexus... Vi hé théng treo chil dong trang
bi trén xe ngudi 1ai ¢o thé lua chon, diéu chinh do dan
hoi cho thich hop véi ché do van hanh cia xe trén
duong thong qua cong tic diéu khién lya chon ché do
Comfort hay Sport (Pham Thi Nguyét, 2013).

2.1 Thiét 1ap mé hinh toan cho toan xe cia h¢
thong treo chii dong

Budc dau ta tién hanh xdy dyng mé hinh hé
thong treo chii dong gdom 10 X0, giam chan, by sinh
lyc tuong tac Uy, 16p xe va khéi lugng gia treo (hinh
1). Thiét 1ap mo hinh véi cac thong sd tinh toan va
mo phong theo bang 1, (Pao Manh Hung, 2007; Vi
Hai Quan, Hoang Anh Tuan, 2019.

Bing 1.Thong so tinh toan cho mé hinh toan xe ciia h¢ thong treo

m, — 1500 kg

T‘If vaT,=151mwvalblm

I, val, = 2160 kgmm®
va 2160 kgmre=

k; vd k. = 35000 N/mva 38000 N/m

M, e VA, .= 59 kg va

k.,vak ~= 190000 N/m
59 kg T

be va avab=15mva1.5m

b, = 1400 N/mwa 1400 N/m

Y2 Pai hoe Cong Nghiép Ha Noi
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Hinh 1. M6 hinh toan xe

e Chuyén dong lic ngang cua phan khdi lugng treo.

Iv'ﬁi:is = _bfo'(Esl _‘E:'ul:l + bfo(jSE: _'E:'HE::I - b‘l"‘T‘i"(jSE - j‘uﬁ) + b?'Tr(:‘é.ﬁ- - j‘w‘) -
ke T, (z,—-Z,0+ ke Ty (Z,—Z,)—kT.(Z2,—Z, )+ k. T.(Z2,,—Z,.)+ Teuy — Tpu, +
Trua_ T,.‘u_*
2 7 1 r (1)
e Chuyén dong lacdoc ctia phan khoi Iugng treo.
‘[_nas = _bfa'(zsl - Eul) - bfa(zsﬂ - EuE:) + E’WB(ESE - zuﬂ) + b&"b{zﬂ _Eaﬂ-) - .
kpa(Zy —Zyy) —kealZy; —Z4,) +kD(Z5 — Z3) + kb(Z,4 —Z,,) + au; — au, + bugy —
bu, )
e Dao dong thang dimg ciia phan khéi lugng treo.
mszs == If(zsi - E‘ui:l - Elf(zsi; - E‘ui;:l - b?'(:zsa - E?_.LE,:I - b?'(:z.ﬂ- - Ev_ﬂ:l - kf[:zsi -
Zu) = ke(Zg—Zp) =k (Z—Z3) =k (2 —Zy) +ugtup +us +uy (3)
e Chuyén dong ciia mdi banh xe (phwong thang dung).
Mol = b;{f.ﬂ —Z.)+ ’r'-}{Ea:L —Eal- ka-,r - ugt rE‘-ry-E-an:L
m:.;jua = b;{f.:e —Za)+ ’r'-}{Eaa — I — kr,rga.u —u, + krwae
r"'ml'ﬁuﬂn = 'I]'r(Ea'E- - EuE ] + i-"|l' [:E.xﬂ- - 'Eui} - k'.f F‘uE - ”‘E + i-|!'|""IE.'|I'.'°’- (4)
r"'ml'ﬁu-# = 'I]'i(E.ﬂ' - Eu‘?] + i wd 'Eu-i} - k'.f F‘u.# - ”‘1 + i-|!'|""IE'|I“‘|
Trongd6: 2, — Tye, +uf, + Z,Z, = Té, +ed, + I
M= Ve B, | R = T tal + 8 =10, b8, 12,
T~ T ¢ —b0, +i,8,= T, b9, 1Z,8,— T —bb,+2,

Trong d6:ms: khdi lugng cta than xe (khdi lwong
treo) (kg); I, va I, : Mdmen quén tinh doc truc va
x0én (kg/m?); Zs: Chuyén vi than xe (m); Zs1, Zsz, Zs3
Zs: Chuyén vi than xe dbi véi mdi goc (m); Zy Zyp,
Zy3 Zu Chuyén vi banh xe (m); Ty va T, : Chiéu
rong trude va sau xe; ke va ky : Do cimg cia 10 xo
phia truée va sau (N/m); kg va ky . DO cimg cua 16p
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xe trude va sau (N/m).
Phuong trinh trang thai khéng gian thé hién &
phu:ong trlnh":n) = Ax(t)'l' f(t) do do phu’orng trinh ¢o

thé dugc viét nhu sau: X, =&, ¥ X,
I‘l—, Jf.,;'f—-‘FH's”.?."—f K.
K= 7.2 Ky Ke=7.q ™ XKg;

X, = £, % Ky
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Wy — i, % (=, T (T2 + 0¥, +X30) = X,y ) + 5T (=T % + Xy +X,0) — X,y ) -
b T ((T,% — b¥g + X35} — Xi3) + BT, ((—T,. % — bXg + Xy0) — X)) — W T ((1}1;'1 -

:{E) - ki"TF({-TF“.‘{i - h:{z + d‘{s] - XEJ +

kor (0 nxy BXy LX) X)L Ty Ty | Tmg '1;,1;.4],,‘1?, )
¥o =11 \_—iyr‘;(('}}.’c’ﬂ + aXy+ X)) — xﬁ}+ .'J-J..n.((_—'!}.XR +aXy+ Ky — xﬁ.} -

hb((T.Xy hXg | X;5) X)) I BA(( T X hXg1 Xpp) Xyy) r.:fa.((rfxi |

wk, +X,) —.1.2,) - k,u({—i} X, +uk, +X,) —.!fh} +kb((T,% —bX, +X,) - %)+

ke, b((—T, X, — bX, + X,) — X,) + au, — au, + buy — bu_,} /1,

(6)

Kig=E£, [—b, ((r'}.xs + aXs + X,,) —qu} — b, ({—I'rxs +aky + X ,) —x“} —
br{{:Tr-Xu —bX, + Xyl - Xl‘d) - br{{:_waH —bXy+X,) - Xl»}) — k, ((Tr Kok, +
%) —%,) -k (-T2, +eX, + 2,) - X, ) -k (T3, — bX, + X,) - %) -

I (=T, Xy = by 4 X3) = X7) +ug +1p +ug +uy | /m,

(1)

Ry=F,~ [bf (1,25 + aXy + X1g) = Xpy ) +kp ((TpKy + 0Ky +X5) =X, ) = kpp Xy —

u; + ktfzwl} -"muf

(8)

Xp=F % [bf ((—fog +aXy+ Xyg) = Xyp ) + Ky ((Tp¥, + aX, + X)) — X5 ) — Ky X —

u, + ktff':'ﬂ} ,x’mﬂf

(9)

iy = 2.y % b (T X — bXy + X10) — Xug) + k, ((TpXy — bX, + X3) = Xe) — kKo — us +

kﬂ“zfa:| /mﬂf'

(10)

‘fl-i = Eu—i x [bf({_TrXB —bX; + Xy5) _Xl-i-) +k, ((_TfXj. — bX, +Xa) _X?} — ke Xy —

1.“!4 + krr'zr-l-} i"mﬂf

2.2. Xay dung mé hinh diéu khién LQR
Xem xét bo bién trang thai diéu chinh thong tin
cho hé thong

u (&)= (12))

K la trang thai ma tran khuéch dai c6 hdi tiép

Hx(t)

Quy trinh ti uu hoa bao gdm xac dinh dau vao dicu
khién U, giip giam thiéu chi sb hiéu suat. Chi s6 hiéu
suat J thé hién yéu cau dic tinh hiéu suat ciing nhu gioi
han dau vao bo diéu khién. Bo diéu khién t6i wu ciia hé
thong da dugc cho duoc xac dinh 14 thiét ké bo dicu
khién gitip giam thiéu chi s6 hiéu suét theo sau (Vii Hai
Quan, Hoang Anh Tuén, 2019; Abramov, Mannan)

——1 :rr r+ vl Pu)a 37
;_EL{. @x + uf Ru)ar

(11)

Hé s6 khuéch dai K duoc biéu thi bang:

¥ =RTINF (13)

Ma tran P phai thda man ma tran rat gon phuong
trinh Riccati

AP +PA—PBRT'B'P+Q =0 (14)
Sau d6 bo diéu chinh thong tin U
u(t) = —(r WH)x(t) = —ix(t) (15)

Dé thiét ké hé théng dicu khién dua trén phuong phap
diéu khién t5i vu (LQR), cac tham sb ctia khau diéu khién
dugc chon xudt phat tir nd lyc tim cyc tiéu cho mot ham
chét luong. Céc tham sb gia tri X .+ W, 7 duoc gan gia

i B X, =X, Nw: K. =XN_ K, =X, 1

Ky=X_;

W'’
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Tir d6 thiét lap duge mo hinh phuong trinh trang
thai :’::t) = Ax(t) + Hw-:f_} + f(t)

Trongdd: X, =X, X_ & Xo XgK.=Xo X3

B T n —1 . 0
1 R L - 1 ]
.:’I::__ TE J|"-_1 1‘1: .l-":! "u'l'_=I ”
[ |0 0 | PR DA T
EO B =SSP | ) I 0

i My M. My Fu M

Tir mo hinh lién tuc khau phan hdi trang thai: U= -Kx

Trong d6 K 1a ma tran phan hoi, duoc thiét ké sao
cho ham chit luong muc tidu 1a cuc tiéu. Ung dung
Matlab dé tim ma tran phan hdi K theo tiéu chuén
tich phan ti wu tuyén tinh: K=Iqr(A,B,Q,R);

St dung Iénh trén trong Matlab ta xac dinh dugc
két qua ma tran phan hoi K. T cac thong sd cia hé
thdng treo, va hra chon céc thong so:

Va gié tri R=0.0001. Ta xac dinh duoc gia tri ctia
ma tran phan hoi
H=[ 2750

DA0 0 206200 B240]

3.UNG DUNG MATLAB/SIMULINK PE MO
PHONG CAC THONG SO CUA HTT

3.1 Thiét lap mé phéng tin hiéu mit duong

Pé khao sat dong luc hoc hé théng treo can phai
xac dinh duoc xe dang hoat dong trén didu kién mit
duong nhu thé nao. Bé phi hop véi didu kién giao
thdng thyc & trudc tién tién hanh xay dung mo hinh
mo& phong tin hiéu mat duong (Abramov, Mannan).

B caomi tdudng(m |
o
R

i

B

o
B

1000 a 0 o
o — 0 14400 0 1)
1] (1 1000 0
0 da 0 1000
L.
TIIM;SH[I]

a, Banh truoc

2 25 3 as + +5 5
Thed glan (1)

b, Banh sau

Hinh 2. Bién dang dwong loai 1

3.2. Thiét ké mé hinh diéu khién t6i wu HTT
cha dong o to

SIMULINK la phan chuong trinh mé rong cua
MATLAB nham muc dich mé hinh héa, md phong
va khao sét cac hé thong dong hoc. Giao dién db hoa
trén man hinh cia SIMULINK cho phép thé hién hé

thong dudi dang so db tin hidu voi cac khdi chirc
niing quen thudc (Nguyén Phung Quang, 2005). Tir
kho dir lieu mé hinh SIMULINK c6 thé tao thanh
mot so do diéu khién, can cir theo md hinh ti wu
cla bai toan diéu khién gia treo chu dong 6 t6, xdy
dyng mé hinh diéu khién t6i vu theo so do (hinh 3).

7z

Hinh 3. So'do cdu tric diéu khién hé thong treo chii dong
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3.3. Két qua mé phéng

I

Lus(N)

‘g

o 1 z 3 + 5 - T
Thed glan (=)

o 1 z 3 + 5 - T 2
Thed glan (=)

Hinh 4. Méi twong quan giita liee tao béi co cau diéu khién cho banh xe cau triede va cau sau vao thoi gian

-- &l dtng
='.'L|- R
E
A
%ol
: _} \/J
- -
£
5
i"" r \/

e . . . 2 .

3 = 0 = T

i
Thed glan fa}

——Tieh ap
oo _E A

Gia Fio han te misd)
b h 2 howean

1 H 3 5 5 T

v
Thad glan (s)

Hinh 5. Su thay doi gia toc dich chuyén than xe va d dich chuyén than xe phu thudc vao thoi gian

—— i o

oo - -~ eng
£
% OE - .
“® oos - 4
c
“L oos u
)
5
Eom| 4
2.
(=R —

O i i i i i 3

o 1 z 3 + 5 5 T

Théd gian 5]

T T T T T T
—— oy
P ]

Dich chugén binh te (m)

o 1 z 3 + 5 - T 2
Thed glan (=]

Hinh 6. Sur dich chuyén c&c banh xe cau trude va cau sau

:n o s ——lich o
— -~ “H dgny
< o ]
=y
5 Eom
o o
5 <
‘8. = ‘é o —
ans
0 : 2 3 : s s T 2 o . : s . : . : z
Théi gian (=] Théd gian [s]
Hinh 7. B¢ léch cac banh xe cau triwde va cau sau
Tioh oo Tioh oo
= = =B mjng o1 - - -Bmng
E 0
@ — @ o =
g g
- ans - -
o 1 2 3 + g 1] T B o 1 2 3 + g 1] T 3

Thad gian (=]

Thed gian (=]

Hinh 8. Sy thay d6i hanh trinh treo cho cac banh xe cau trirde va cau sau

4. KET LUAN

Bai bao d4 tién hanh xay dyng mo hinh toan hoc
cho md hinh toan xe, phéan tich va xdy dung ly
thuyét diéu khién LQR cho hé thong treo chu dong.

Duya trén phuong trinh todn hoc thu dugc két hop voi
phin mém mé phong MATLAB/SIMULINK d4 so
sanh, danh gia dugc mot sb thong sé chinh dic trung
cho hé thong treo nhu: Sy dich chuyén khéi luong
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dugc treo; Gia toc khéi lwong duoc treo; Sy dich
chuyén banh xe; D6 1éch banh xe va hanh trinh treo
khi bién dang duong thay doi.

Két qua so sanh cho thiy, vdi cung didu kién
bién dang duong va théng sé dau vao md phong
thi thoi gian dap tit dao dong cua hé thng treo

chi dong nhanh gép 2 — 3 lan so v&i hé thong
treo bi dong, qua d6 cho thdy tinh ém diju va an
toan cua hé théng treo chu dong 1a hiéu qua hon
SO Vo1 treo bi déng.Déi voi hé théng treo chu
dong chi can diéu khién lyc tic dong trong pham
vi 5000N.
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Abramov, Mannan, Semi-Active Suspension System Simulation Using SIMULINK.

Abstract:
BUILDING A RESEARCH MODEL FOR ACTIVE
SUSPENSION SYSTEM IN FULL CAR MODEL

The paper presents the application of LQR control algorithm to control the positive suspension with the
vertical plane oscillation model forfor full car model along the car. At the end of the paper, the author uses
MATLAB 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, safety, quietness, mathematical model
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