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OM TAT

Khi nghién ciru va thtét ké cac hé théng diéu khién Cor— Dién tit, mét trong nhimg budc
4an trong 1a kiém tra tinh én dinh cia hé thong Noz dung bdi bdo trinh by khd nang vén dung Iy
wyét diéu khién bén vitng dé phan tich céc yeu 16 khéng én dinh trong mo hinh didu khten hé thong
€o bdn tich cyc. Hai dang m6 hinh khing on dink durge & cgp dén 1d: MG hinh tham s khéng on
inh va mé hinh khong Gn dink cdu triic. Trong khudn khé bai bdo, tic gid xdy dyng mé hinh khong
1 dinh cdu tric cia hz; thong treo ban tich cuc % xe. Két qua nghién ciru ld co s6 thiét ké, phét
ién va danh gid b¢ diéu khién hé thdng treo bén tich cuc theo I thuyét bén ving 6 mé hink % xe.

Tir Khéa: Hé thong treo bén tich cwc; M6 hinh Y xe; Diéu khién bén vitng.
BSTRACT

When researching and designing mechatronics control systems, one of the important steps
examination the stability of the system. Content of this article presented applicability robust
wmtrol theory to analyze unstable factors in the control model of semi-active suspension system.
vo types of ble models are ioned: parameter not stable model and structure unstable
odel. Within the framework of this article, authors built unstable structure model of the semi-
‘tive suspension system in quarter car model. Research results is the basis of design, development
1d assess controllers of semi-active suspension system by theory of robust in quarter car model.

Keywords: Semi-active suspension system, quarter car model, robust control.
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1. PAT VAN BE

Khi thiét ké mot hg thdng diéu khidn, xem xét tinh én dinh 14 mot trong nhimg vigc quan
trong khong thé thiéu. Trong Iy thuyét diéu khién hién dai c6 nhidu tiéu chun, phuong phap kiém
tra tinh én dinh ctia hé théng nhu: Tiéu chuén ROUTH va HURWITZ, quy dao nghiém sb, tigy
chuén NYQUIST, LYAPUNOV, hojc sir dung biéu d6 Bode. M tiéu chun, phuong phép ddues
nhitng wu, nhuge d1em va kha ning ap dung riéng. Nhom tic g1a chon giai phap sir dung bidu 4
Bode dé kiém tra tinh én dmh kbt hop voi ly thuyet didu khién bén ving trong viéc - x8y dung vi
phan tich mé hinh khéng 0 én dinh chu tric cho hg théng treo & md hinh % xe. Céc két qud nghitn
ciru c6 thé six dyng @& phit trién hé théng didu khlen, so sanh, dénh gi4 cic phuong phap didu khién
khéc nhau. Ddng thi 13 co s cho céc nghign ciru tiép theo vé thiét ké hé théng treo ban tich cue dp
dung cac phuong phap didu khién hign dai.

2.CO SO LY THUYET XAY DUNG MO HINH
2.1. M6 hinh h¢ théng treo

Trén co s md hinh hé théng treo bi dong % xe (hinh 1a) co thé xdy dyng mb hinh % xe véi
gim chén ban tich cyc (hinh 1b) khi thay thé giam chén c6 diéu khién bing mét giam chén bi dong
vi didu khién [1].

Hinh 1. M& hinh hé théng treo % xe bi dgng va bén tich cuc

He¢ phuong trinh vi phin (1) m ta dong lwe hoc hé théng treo la:

{ M -G (5 -2) - Ky (- 2,) =0 1
~3 46 (2~ 2) Ko (B~ 1)~ €. (2~ 2)— Ky (2 — Zp)=0 o
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Véi M, m 1a khéi luong phin treo, khéng treo [ke); C,, C, 14 d6 cimg cia 16 xo gidm chan
1d5 cimg 16p; K, K 1ahéso can ciia giam chén v 1ép. Thong so véo ciia hg (1) 12 chidu cao mip
6 bién dang dudng z,, thong 58 ra 12 céc chuyén dich 2,, z, va cic dao ham ciia n theo thoi gian,
t dung tinh chét dao ham gdc bién ddi [1] nhén duge he phuo'ng trinh (2).

2,@). IM.p?2 + Kp.p + G — 2, (p).[Kp.p + C,] = 0
—2,(P)IC; + K. Pl + 2, (0). P2 + Ky p + Gy + €y +p. K] = [Cy + Ky pl.zo@) @

Ham truyen tir miit dudng 861 véi chuyén dich thing dimg ctia khdi lugng phén treo [3] dugc
ic dinh bing bidu thirc (3).

_ Bo+B, p4B,.p?
Weazo = Rcthoptaup tapiiips )

ong d6: B; =C,.C;;B, = C,K+K,.C;;B,=K,K;A =C,C;A =C, K +K,C; A, =C,m+tM.
ACHKKGA =K, (Mtm+MK ;A =Mm;

Tu phu(mg trinh (3), bidu didn lai véi cac tham sb khong &n dinh. Véi céc tham sb khong 6 én
nh duge biéu dién 13n hrot 14 T, VA T,,. DAy 13 céc tham s thye ¢6 gid tri thay d6i cuia khdi lugng
" va gidm chén bén tich cuc K1

2. X4y dung md hinh khéng &n dinh chu tric

MS hinh khéng bn dinh cAu triic m6 ta yéu t6 khéng bn dinh dimg chudn hé théng. M hinh
10ng dn dinh cdu trac thudng démg hon vi hai ly do Tét ca cic md hmh dimg trong thiét ké he
éng didu khién déu chirta dung trong d6 céc yeu to khéng bn dinh chu tric de bao ham dic tinh
ing hoc khéng mé hinh héa, déc biét & mién tin s6 sao; Ding mé hinh khong &n dinh chu troc d&
ing hon trong viéc xay dung cac phucmg phép va phan tich thiét ke hé théng didu khlen bén vimg.
g xay dung mé hinh khdng 6 on dinh cu triic, v6i céc ham truyén thye va ham truyén danh dinh
ang minh, ta str dung théng s diu vao cita mdt xe thyc nhur sau: Khéi hrong treo: M=11580N,
161 lu:gmg khéng treo: m=2600N, dd cimg treo: C ,=98000N/m, d¢ cimg cia 1ép: C ,=400000 N/m,

i 50 can cia gidm chén: K2—7800 N.s/m, h¢ s6 can ciia giam chin 18p: K -ON s/m. Tham s
16ng én dinh trinh bay & trén T, Vi T, lin luot dinh nghia 14 7, =[M: Mmax] [11580: 12000] va

=K, K, . ]=[7800:20000]. Ta ¢6 ham truyén thyc:

- 4Ty, -5+39200 "
T T 0.026.Tay.54 Tz Cipg +0.026).5%+(254,8+T4.0,498).52+0,4.Tye.5+39200 ¢
Xéc dinh ham truyén danh dinh: G = $1.254352 ®

0.35440,11.5%+1,3895243,12.5+39,2
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2.2.1. Xdy dwng m6 hinh khong 6 n dinh ciu tric, nhiéu nhan.
M8 hinh nhidu nhin c6 thé mé ta theo ham so 86 khéi sau: 4

:

Hinh 2. So @6 mé hinh nhiéu nhin

Trong d6: W, 1a ham truyen trong so A: 1a ham truyén 6n dmh, thay dbi bt ky thoa min
IAl_<1 diing m6 t3 yéu tb khéng on dinh chu triic. Ta x4c dinh W biing céch xem xét sy thoa min
didu kién ctia cac md | hmh nhleu va quan sét trén biéu db Bode, thong thudng W c6 bién 46 ting
dan theo tAn s6 (& mién tn 6 cang cao do b4t dinh cang l6m). Xem xét cac md hlnh nhidu [2]:

Xét mb hinh nhidu nhdn: G = G(1 + AWL): Al <1 (6)

X dinh Wi vii ditu kien: WGl > 292 - 1|, ve ()

6(jw)
Ay o 2477305
Chon Wy, theo diéu kién md hinh: W, (s) = Py (8)
BmdoBodeeuah-ntru]
T T T
20 H -
prd
g
i £
[ L A i
P L RN : i
o
2o : 1l
E
130 1 z
4 ) . -
a5 A
10" 10 1
Tanwo 0w

Hinh 3. Biéu d6 Bode xdc dinh ham truyén trong 56 W,

Va Ald ham truyen n dinh thay déi bat ky théa mén 1Al_< 1 ding d& mb ta yéu 5 khéng
n dinh cdu tric. Biéu d6 Bode duoc v& ra nhu sau;
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Bieu do Bode cua mo hinh nhieu nhan
T i H

Biondo ¢18)

ot pha(dog)

Hinh 4. Biéu d6 Bode mé hinh khong én dinh cdu tric nhiéu

o w0’

2.2, Xdy dung mé hinh khing 6n dinh céu triic, nhibu cong

omd o)

@cmou

Zo(p)

Hinh 5. So d6 mé hinh nhiéu cong

nhdn

M5 hinh nhifu cdng: & = G + AW,: l|Alle < 1 6 bam truyén trong s6 Wi théa:
WGl = [6(iw) — 6(jw)], Yo . Tadugc W, (s) = 1,4842.

fieu do Bode cua mo hinh nikieu cong

Hinh 6. Biéu dé Bode mé hinh khong 8n dinh céu tric nhiu cong
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2.2.3. Xdy dung mé hink khong én dinh cibu tritc, nhiéu cjng ngugc

Zo(p) Z@)

Hinh 7. So @ mé hink nhiéu nhén

G -

M5 hinh nhifu chng nguge: G = Frvrars

1Al < 1, v6i Wiy (s) = 1,4842

Bieu do Bode cua mo hinh nhieu cong nguoe
T HE

|——uamm|=.mil:n=

el e :

Benas @)

O

) -

Qo prm gl

2] A s o [
Fregianay i d
e iy 13

TR i

Hinh 8. Biéu d6 Bode m6 hinh khéng n dink cdu triic nhidu cong ngugc

3.4. X4y dyng mé hinh khang én djnh cdu tric, nhidu nhin ngugc
M& hinh nhiu nhan nguoc c6 thé mo ta theo ham so dd khéi sau:

Zo(p)

Hinh 9. So' d6 mé hinh nhiéu nhan
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N 5 . 2477305
M6 hinh nhidu phan ngige: G = 1+Aw Al < 1. V6 Wi (s) = ot

Bieu do Bode cua mo hinh nhiey whan nguee

Banan o

T T T T T T T T T T T T

Gipra ¢g)

Hinh 10. Biéu dé Bode mé hinh khéng n dinh cdu tric nhiéu nhin nguoc
KET QUA VA PANH GIA

Tir bleu ab  Bode, gian dd gbm hai @ thi: DS thi logarith bién d ctia ham truyén va gbc pha
eo logarith tén so (Mt don vi & tryc hoanh goi 14 mét decade) [6]. Ta co thé tién hanh nhén xét va
\dn tich dugc sé khau khuéch dai, khau quén tinh béc 1, khéu vi phin béc 1, khau tich phén, khiu
ic2 thong qua viéc quan sat céc thn so gdy va bién dang cla gian do Bode. Thong qua cdc bidu ad
¢6 thé thay mét c4i nhin tdng quat vé mé hinh khéng én dinh céu tric chia md hinh % xe & bén
6 hinh nhiéu khac nhau:

-Mb hmh nhleu nhén cho thdy, su bién dong v& bién b6 va pha ciia him truyen bién déng
in toan dai tin s va lubn nim trén so v6i md hinh danh dinh, chénh 1éch cyc dai xap xi 100dB.

-G md hinh nhidu cong, sau tin sb 0.615 Hz thé ‘hién 15 sy khong 6 én dinh ca vé bién d6 va
1a. Bién dong vé bién 46 v goc pha tang din, tai thn sb 100hz s chenh léch 1én dén 150dB

- Déi v6i md hinh nhidu céng nguoc thi sy khong o én dinh ca vé& bién d¢ va pha nim trudc
nsb 1,6Hz.

- md hinh nhi&u nhén nguoc, sy khong 0 n dinh thé bién trén toan dai nhung khéc véi mb
nh nhiZu nhan la cic bién ddng ¢6 xu hudng nim dudi mé hinh danh dinh, chénh léch cuc dai xip
80dB.

KET LUAN

Quan nghién ciru da trinh bay, ket qua dat dugc clia bii bao da cho thay img dung 1y thuyét
3y khién bén vimg dé phan tich tinh 6 n dinh ciia m6 hinh diéu khién hé théng treo ban tich cuc da
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chi ra khdi quét déc tinh ctia mét hé diéu khién bén tich cc theo mé hinh khong én dinh chu trie,
Viée phan tich md hinh khong 6n dinh cdu triic cia md hinh hé‘théng'treo Ya Xe v6i gidm chén big
tich cye, tao co s& dé thiét ké va kiém nghiém phuong phép didu khién hé thong treo bén tich cye
véi céc phuong phép didu khién hién dai.e
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