SCIENCE TECHNOLOGY

DANH GIA CHAT LUONG DAO BONG CUA 0 TO SU DUNG
HE THONG TREO MACPHERSON TiCH CUC DIEU KHIEN RISE

INVESTIGATION OF QUALITATIVE OSCILLATION USING MACPHERSON ACTIVE SUSPENSION

WITH SATURATED RISE CONTROLLER

TOM TAT

Bai b&o nay trinh bay két qua nghién ctru va danh gia chét lvong dao dong
clia 6 t0 st dung hé thdng treo tich cuc Macpherson bang diéu khién RISE.
Phuong phap diéu khién RISE la mdt phuong phap digu khién bén viing va bd
diBu khién RISE la bo diéu khién thda mén dong thoi tinh chat diéu khién on
dinh, bén vitng va tinh chat lién tuc. Do vy, bd diéu khién nay ¢d tinh ng dung
cao vao thyc té. K&t qua nghién ctu nay Ia co sé quan trong trong dinh hwéng
cho cac nghién cttu chuyén séu vé hé thong treo néi chung va hé thdng treo tich
cire ndi riéng.

Tir khéa: Hé thding treo Macpherson, digu khién phi tuyén, diéu khién RISE.

ABSTRACT

This paper presents results of study and evaluation of car qualitative
oscillation using Macpherson active suspension with saturated controller. The
RISE control methodology is a sustainable control methodology and the RISE
controller is a controller that satisfies both stable control, firm side and
continuous properties. Therefore, this controller has high applicability in practice
This results are very helpful for assisst research about suspension system

Keywords: Macpherson active suspension, Control force, RISE control
methodology.
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1.GIOI THIEU

Péc diém cua hé théng treo MacPherson la giam thiéu
duoc s6 diém Iap vai than xe so voi hé théng treo thong
thuwong (tir 4 diém - 2 thanh don hinh tam giac nam song
song v6i nhau xuéng con 2 diém cdia giam chan), phan dan
hudng clia hé thdng chi con 1 thanh dan hueéng ndm phia
dudi (lower control arm). Tir d6 cai thién dugc tinh nang lap
rap, gitp hé théng treo don gian, gia thanh ré va tiét kiém
khong gian clia khoang dong co ddi vai xe dan dong cau
trudc. Tuy nhién, hé théng treo MacPherson ¢ nhwgc diém
la tinh nang 6n dinh than xe chwa duwoc cao. Vi vay viéc
thiét ké diéu khién cho hé thdng treo tich cuc Macpherson
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van la van dé kho can dugc nghién ctru, do mé hinh dong
hoc clia hé nay la phi tuyén va khé xac dinh dwgc chinh xac
[1], do d6 ludn ton tai cac thanh phan béat dinh trong mo
hinh dong Iuc hoc va hé ludn chiu tac déng nhiéu mat
duong. Yéu cau dat ra la can cd phuong phap diéu khién
bén vitng d6i véi st bat dinh ctia mé hinh.

Thuat toan diéu khién RISE Ia tin hiéu diéu khién lién
tuc. Thuét toan diéu khién RISE cling la mot thuat toan diéu
khién &n dinh bén vitng, c6 kha ning khang mién va dac
biét 1 tinh lién tuc cla tin hiéu, dan téi kha ning thuc thi
cao trong thyc té. Tinh 6n dinh bén vitng cla thuat toan
diéu khién RISE duoc thé hién & chd: khi phan tich 6n dinh
theo phuwong phap Lyapunov, cac tham s6 clia hé dong luc
hoc khéng doi hoi phai xac dinh twdng minh, hon nita ngay
ca trong tredng hop hé ddng hoc bi tac déng ctia nhiéu tac
déng ngoai thi tinh chat 6n dinh clia hé khong thay d6i.
Chinh vi nhitng wvu diém cla thuat todn, nhém tac gia
muén nghién ctru thuéat toan diéu khién RISE cho hé théng
treo tich cuc trén 6 to.

2. XAY DUNG THUAT TOAN BIEU KHIEN RISE

2.1. Xay dwng mé hinh dao dong 1/4 véi hé théng treo
Macpherson

| -

Hinh 1. So d0 1/4 méi cllaxe
Gia thiét nghién ctru: Khi thiét 1ap mé hinh dao dong
otd can mot s6 gia thiét. Nhitng gia thiét nay nham lam cho
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qua trinh nghién ctu, tinh todn don gian hon, song khéng
lam mét di tinh tdng quat clia bai toan, ddm bao dd chinh
xac can thiét. Néu nhv khéi lvgng clia don ngang duéi la
nhé hon nhiéu so véi khoi lvgng banh xe do d6 ¢ thé duoc
bd qua. Theo gia dinh trén, mot md hinh mai cda hé thdng
treo Macpherson dugc gi¢i thiéu trong hinh 1.

Sw dich chuyén theo chigu doc Z, ctia khoi dugc treo va
géc quay 6 cda don ngang du¢i duoc chon la toa do suy
rong. Cac gia dinh trén, mé hinh dong lvc hoc dugc thé
hién trén hinh 1.

Thiét l1ap hé phuwong trinh vi phan

Phuong trinh 1:

(mg +m )Z, +m . cosB —6 ) 8,

—m lcsif® —0,) 0% +k (Zg +1c(sif® —0,) —

Silﬁ_eo))_zr):fa _fd (1)

Phuong trinh 2:

mylc6 +m lccos(® —0,) Z — %kssi fia' —0)
dy
_\/a1 —b;coda’ —0)
{Zs ;HC[Si ﬁel_eo) —sin—8,)]-Z.}+
4?;1]3—1:[:0(:((0(_'?)93] = sfa 2)
2.2. Xay dung va xac dinh tinh 6n dinh cta thuat toan
diéu khién RISE

Cac gia thiét trén cho thay bo diéu khién dua ra dwoc
phép st dung trén nhiéu dong xe véi cac tham s6 khac
nhau va khdéng biét trwéc. Gia thiét kich thich mat duong
lien tuc la phu hgp véi da s6 cac bién dang mat duong
trong thuc té. Ta sé str dung ly thuyét 6n dinh Lyapunov dé
chirng minh rang: véi tin hiéu diéu khién RISE u(t) nhu trén
thi céc bién trang thai sé dwoc dua vé gia tri can bang dé
dat duoc tinh ém diu chuyén dong clia 6 to.

Doi v6i phrong phap diéu khién RISE ta chon tin hiéu
diéu khién u( t nhuw sau:

u = —Ke, (t) +Ke ,(0)

—f [Kaze, (v) +B,5gn(g(t) )dt

Trong dé, cac tham so diéu khién thoa man diéu kién:

+k J&codB —0,)

b,

>B; o
g >B, 5’

Bz >C s

Tinh dao ham theo thoi gian cla tin hiéu diéu khién u(t)
sé la:

u =-Kr —fsign(8

Nhuv vay muc tiéu diéu\ khién cuia ta 1a dwa céc bién trang
thai vé gan gia tri can bang, tlic la dwa cac gia tri x — 0,
x — 0. Twong dwong véiyéucaue, —0,e,—0var— 0.

Tlr muc tiéu diéu khién trén, két hop voi diéu kién M la
ma trén xac dinh duong, ta chon ham Lyapunov nhu sau:

a1>§;

B1 >Cist +Cm2 ;
2

o
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V:%efe1+%e§e2 +%rTM' +P 3
trong do, ham P(t) dugc dinh nghia nhu sau:

P(t) = Blle,(0)l —e,(0)TN(0) — [j L(v)d (4)
Vo L(t) =r"[N—B 1si gfey) |-BIZ(t)? (5)

Lay dao ham theo thoi gian ctia ham P(t) ta duoc:

P = L () =+ T[N=-B,sige,) | +BMZ(t)>  (6)

Cubi cung ta chirng minh duogc P(t) la ham xac dinh
duong P(t) = 0. D€ dua ham P(t) vao ham Lyapunov.

Ta s& chitng minh ham V(t) thda mén b6 dé Barbalat.

=>e —0;e,—>0var—0.

3. PANH GIA CHAT LUONG DAO BONG CUA O TO SU
DUNG HE THONG TREO TiCH CUC BIEU KHIEN RISE

Trong nghién clru nay, nhém tac gia sé& dua ra cac
trvong hop khdo sat véi cac loai bién dang dwong khéac
nhau véi hé théng treo tich cuc va hé théng treo bi dong.
Tir d6 so sanh dé thay duwoc chét lwvgng dao déng cla hé
théng treo tich cwc ma tac gia thiét ké. Bién dang mat
duwdng duoc xac dinh thong qua dé sai léch theo phuong
thdng ding ctia bé méat dudng so voi mit chudn. Ty theo
chiéu dai map mo hodc chiéu cao clia né ma bién dang
duong c6 thé phan ra thanh cac nhém déc trung khac
nhau. Cé thé chia lam ba nhém chdi yéu sau:

- Nhém 1: map md don vi (xung don vi).

- Nhém 2: map md c6 dang ham diéu hoa.

-Nh6m 3: mép mo thay ddi lién tuc véi hinh dang bét ky
(ngau nhién)

Bang 1. Thong s6 k§ thuét clia  to khao sat

TT | Thong so Kyhiéu | Giatri Ponvi
1 | Khéi lvgng dugc treo m, 250 Kg

2 | Khi lugng khong durgc treo m, 35 Kg

3 | Hésb cangidmchan C, 980 N.s/m
4 | Bocingclaloxo k, 16000 N/m
5 | Do cling cliaphantl I6p k, 160000 N/m
6 | DO daidoanOA Iy 0,72 m

7 | Do daidoan OB Iy 0,23 m

8 | Do daidoan0C le 0,27 m

3.1. banh gia chat lvgng dao dong ctia 6 t6 st dung hé
théng treo Macpherson tich cuwc diéu khién RISE
Ta thuc hién khdo sat trén mat dwong c6 map mé dang
Xung vudng v6i cac van téc xe va bién dé6 map mo khac
nhau. V&i mdi kich thich mat dudng, tién hanh khao sat dao
dong dong thoi cho ca truong hgp hé thdng treo cé diéu
khién (active) va hé théng treo khong diéu khién (passive)
dé so sanh. Ta chon bd tham so6 diéu khién cltia bd diéu
khién RISE nhu sau: o, = 5; o, = 2; k = 500; 3, = 30.
3.2. Khao sat vai kich thich mat dwdng dang xung vudng
M6 phéng 1 véi madp mo dang bac xung don vi véi
chiéu cao map mo 0,05(m), két qua khao sat nhw hinh 2 + 5,
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Do thi chuyen vi Zs theo thoi gian
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Hinh 2. D0 thi chuyén vi than xe (kich thich map mé dang xung vuéng)

Do thi chuyen vi goc lac don ngang
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Hinh 3. D0 thi géc I&c don ngang (kich thich mép md dang xung vuong)

Do thi gia toc chuyen dong than xe
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Hinh 4. B4 thi gia tdc than xe (kich thich map md dang xung vudng)

Do thi gia toc goc lac don ngang duoi
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Hinh 5. D0 thi gia téc g6c Iac don ngang dudi
Trong truong hop nay ta tinh dwogc gia tri trung binh ctia

gia téc dao dong RMS nhu sau:

- Hé théng treo thu dong:

RMSya 5 = 0,00863; RMS 5, 5 = 1,222

- Hé théng treo cé BDK RISE:

RMSya 5 = 0,00409; RMS 4 5, = 0,04298

3.3 Khado sat veGi kich thich mat duwong dang ham
diéu hoa

M6 phéng 2 véi map md dang ham diéu hoa voi chiéu
cao map mo 0,05 (M), két qua moé phéng nhu hinh 6 + 9.

Do thi chuyen vi Zs theo thoi gian
0.06 T T T T
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Hinh 6. D0 thi chuyén vi than xe (kich thich map mé dang digu hoa)

Do thi chuyen vi goc lac don ngang duoi
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Hinh 7.9 thi géc I&c don ngang dudi (kich thich mép md dang digu hoa)

Do thi gia toc chuyen dong than xe
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Hinh 8. B0 thi gia tdc than xe (kich thich map md dang diéu hoa)

Do thi gia toc goc lac don ngang duoi
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T
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Hinh 9. Db thi gia téc g6c Iac don ngang dudi
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Trong truong hop nay ta tinh dwogc gid tri trung binh ctia
gia téc dao dong RMS nhu sau:

- Hé théng treo thu dong:

RMSya 5 = 0,1969; RMS 4,5, = 0,01166

- Hé théng treo cé BDK RISE:

RMS;, 1. = 0,1755; RMS . ;5. = 0,00154
3.4. Khao sat v6i kich thich mat duwong véi map mo thay
dai lién tuc vai hinh dang bat ky

M6 phdng 3 v6i map mo thay déi lién tuc véi hinh dang
bat ky (ngau nhién), két qua mé phéng nhu hinh 10 + 13.

Do thi chuyen vi Zs theo thoi gian
T
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—Passive
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Hinh 10. B3 thi chuyén vi than xe (kich thich map mé dang ngau nhién)

Do thi chuyen vi goc lac don ngang duoi
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Hinh 11D thi goc I don ngang dudi (kich thich m&p md dang ngau nhién)
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Hinh 12. B9 thi gia tdc than xe (kich thich mp m dang ngau nhién)
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Do thi gia toc goc lac don ngang duoi
1000 T T T T T T
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Hinh 13. D0 thi gia tdc goc Ic don ngang duoi

Trong truong hop nay ta tinh dwgc gia tri trung binh ctia
gia téc dao dong RMS nhu sau:

- Hé théng treo thu dong:

RMSyia 156 = 0, 233; RMS 444, = 2,345

- Hé thong treo cé BDK RISE:

RMSya 150 = 0,00125; RMS 6, 5 = 0,03057

banh gia d6 bén virng clia thuat toan véi sy thay doi
clia cac tham s6 khéng xac dinh

Két qud md phéng mo hinh dao dong 1/4 6t6 trong hai
truong hop khéng cé diéu khién (bi dong) va cé diéu khién
RISE cho théy:

ok
=)

- Khi kich thich mat dwong dang xung vuéng:
Gia tri binh phuong trung binh gia téc than xe nhé hon:
RMS i 0, 00863
P =211 1an
RMS getive 0, 00409
Gia tri binh phuong trung binh gia téc goc lac don
ngang nhé hon:
RMS i 1, 222
P = 28,43 lan
RMS gerive O, 04298

- Khi kich thich mat dwong dang ham diéu hoa
Gia tri binh phuong trung binh gia téc than xe nhé hon:
RMS i 0, 1969
e =1121an
RMS gctive 0, 1755
Gia tri binh phuong trung binh gia téc goc lac don

ngang nhé hon:

RMS passive 0, 01166

RMS gerive 0, 00154

- Khi kich thich m&t dudng dang mdp md ngau nhién
Gia tri binh phuong trung binh gia téc than xe nhé hon:
RMS i 0, 233
e = 186,41 Ian
RMS gctive 0, 00125

Gia tri binh phuong trung binh gia téc goc lac don
ngang nhé hon:

RMS pgssive 2, 345
s = 76,71 lan.
RMS gepipe O, 03057
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4. KET LUAN

Hé thdng treo tich cuc khic phuc duoc nhuoc diém trén
cla hé thdng treo thu dong. Véi hé thdng treo nay bién do
dao déng ctia khéi lvgng duoc treo giam dang ké so vai hé
théng treo thu dong. Khi khao sat trén mién thoi gian dé
dang nhan thay tinh tich cuc trong viéc st dung bo diéu
khién RISE so v&i hé théng treo thu dong, dam bao duoc do
ém diu chuyén dong. Khi thay déi cac bién dang mat
duwong khac nhau thi gia tri binh phuong trung binh cla gia
téc dao ddng véi hé thdng treo tich cuc déu giam so véi hé
thong treo bi dong.

BO diéu khién RISE da tr& thanh cong cu thiét ké van
nang bo diéu khién bén virng cho ddi twgng tuyén tinh va
phi tuyén. Bd diéu khién RISE dé digu khién va mém déo
trong thiét ké va (rng dung. RISE dac biét ting dung cho hé
co dién co cau truc bién doi.
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