BAI BAO KHOA HOC

UGC LUQNG GIA TRI LUC GIAM CHAN BAN TiCH CUC
BANG BO QUAN SAT H,

Vii Vin Tén'

Tém tit: Trong bai bdo nay, tac gia dé cdp dén cach woc lwong gid tri cia e giam chdn bén tich cuc
ER duwoc s dung cho hé théng treo ban tich cuc trén 6 to. Trudc tién mot moé hinh dao dong % cua 6 toé
duoc két hop voi moé hinh dong lyc cua giam chén dién héa ER. Ty rong do lyc cua giam chén ER 1d mét
bién ciia véc to trang thdi trong phirong trinh khéng gian trang thdi tong qudt. Sau dé bé quan sat H,
duoe thiét ké dé woc lwong gid tri ciia luc giam chan bang cdch giam thiéu t6i da tic dong cia bién
dang mdt dwong va cdc nhiéu do lwong ciia cam bién dén sy sai léch cia cdc bién trong véc to trang
théi (gisa tin hiéu thie va gid tri wéc lwong). Két qua mé phong trong mién tan sé va mién thoi gian
bang phan mém Matlab/Simulink thong qua bon dang mdt dwong khdc nhau da chimg minh mirc do
hiéu qud ciia b quan sdt thiét ké trong viéc wde heong gid tri ciia lyc giam chdn.

Tir khéa: Giam chin ban tich cuc ER, Hé théng treo ban tich cuc, B6 quan sat H2, Pong luc hoc 6 to.

1. PAT VAN PE

Hé théng treo ban tich cuc da va dang duoc su
dung rong rai trén 0 t0 con nhd vao nhitng uu
diém so voi cac hé théng treo tich cuc va bi dong
nhu két ciu gon nhe va tiét kiém nang lugng (Do,
et al 2010). Nhiéu phuong phap diéu khién da
duoc ap dung cho hé théng treo ban tich cuc nhu
Skyhook, Groundhoook, Hybrid, ADD, LQR,
H,/LPV da dugc nghién cuu trong tai li¢u
(Poussot, et al 2008), (Priyandoko, et al 2009),
(Poussot, et al 2012). Mot s6 nghién ctu thiét ké
didu khién coi lyc giam chan 1a dau vao diéu
khién cua hé thdng treo (Do, et al 2010), (Nguyen,
et al 2015). Cac tac gid trong (Priyandoko, et al
2009) da sir dung so dd diéu khién c6 bd quan sat
luc giam chin dé dat duoc cac muc tiéu diéu khién
gdm nang cao dd an toan va do ém diu chuyén
dong. Tin hi€u lyc giam chin dong vai tro rat
quan trong trong tong hop bo didu khién, vi vay
mot s& phuong phap woc lugng luc giam chin da
dugc nghién ctru nhu (Estrada, et al 2018),
(Reichhartinger, et al 2018), (Tudon, et al 2018),
(Koch, et al 2010), (Rajamani, et al 1995).

Trong thuc té dé do chinh xac lyc giam chin
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thi rdt kho thuc hién va tén kém. Trong tai liéu
(Koch, et al 2010), bd loc Kalman da dugc phat
trién dé woc lwong Iuc giam chan ma khong xét
dén trang thai dong luc hoc cia giam chin ban
tich cuc. Céc tac gia trong tai li¢u (Estrada, et al
2018) da trinh bay vé& bd quan sat luc giam chan
H, bﬁng cach sir dung m6 hinh dong luc hoc phi
tuyén ctia giam chan ban tich cuc ER.

Ngoai ra, trong tai liéu s6 (Tudon, et al 2018),
cac tac gia di gidi thiéu bd quan sat H,./LPV dé
wée lugng luc giam chin bang cach s dung cac
tin hiéu sai léch vén toc cua cac bién trong véc to
trang thai. Bén canh d6 mot bo quan sat cho toan
xe sit dung mo hinh tuyén tinh cta giam chan da
dugc nghién ctru trong (Dugard, et al 2012) va cho
két qua kha tin cdy ca vé md phong va thi nghiém.
Mic du nhitng két qua trén 1a tich cuc, tuy nhién
mot by quan sat lyc gidm chan dya trén mo hinh
dong luc hoc phi tuyén cua hé théng treo ban tich
cuc su dung gidm chan ER vén 1a mét vin dé& mo.

Trong bai bao nay, bo quan sat H, duoc thiét
ké dé uéc luong gia tri cia lwe giam chin ER ma
khong can biét chinh x4c dau vao 1a bién dang mat
duong hay nhitng nhiéu tin hiéu cua cam bién.
Thiét ké cuia b quan sat nay dua trén mo hinh hé
thong treo phi tuyén bao gdm mo hinh mot phan
tu 6 t6 v6i md hinh dong luc hoc phi tuyén béac
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nhit cua giam chdn ER. Nhitng diém méi cua bai
viét nay bao gom:

- Mo hinh dao dong Y cia 6 to c6 két hop voi
mo hinh cua giam chén ban tich cuc dién hoa ER.

- Thiét k& mot bo quan sat H, dé uée lugng gia
tri lyc giam chén, trong do cach tiép can chinh la
giam thiéu anh huong cua cac nhidu khong xéac
dinh (mat duong va nhidu cam bién) dén sai sd
udc lugng. Ma tran L cua bd quan sat dugc xac
dinh bang cach st dung phuong phap bat ding
thirc ma tran LML

- Két qua mo phong trong mién tin s6 va mién
thdi gian voi nhiéu dang mat duong khac nhau dé
thé hién 15 hiéu qua cua thuat toan trong viéc udc
lugng luc clia giam chin voi do chinh xéac trén 99%.

Can luu ¥ rang, mé hinh 6 t6 va mé hinh giam
chn ban tich cuc ER sir dung trong nghién cuu
nay dugc dua trén mo hinh 6 t6 thuc té c6 tén goi

A

AN _\'
Zus

’//,\\l*’//f’\\\h_‘,”” Road profile

a)

SobenCar tai phong thi nghiém Gipsa, Dai hoc
Bach Khoa Grenoble, Cong hoa Phap.

2. MO HINH DAO PONG % O TO

Trong phan ny, tac gia gioi thiéu moé hinh Y 6
t6 duoc trang bi hé théng treo ban tich cuc s
dung giam chin ER nhu trong hinh la. Trudc tién,
mot mo hinh minh hoa dac tinh dong luc hoc va
dic diém phi tuyén cua giam chdn ban tich cuc ER
nhu trong hinh 1b. Dya trén mé hinh Guo, mo
hinh dong luc hoc phi tuyén ciia giam chin ER
day du duoc trinh bay nhu sau (Nguyen, 2016):

{Fd_ =kox,; +cgx; + Fep (1)

Ther + Fgg = fo-lln

Trong d6 u,, = u.tanh(k,x,+ c,x,); u 1a
chu trinh 1am viéc cuia tin hi¢u PWM (Pulse Width
Modulation); ko, ki, co, ¢1, f., 7, 1a cac tham s6 cta

mo hinh (1) dugc gidi thi¢u trong Bang 1.

Hinh 1. Mé hinh % 6 t6 véi hé thong treo bdn tich cuc ER.

Mo hinh ¥ 6 t6 bao gdm khdi luong treo (my),
khéi lwong khdéng duogce treo (mys), cac thanh phan
ctia hé thdng treo nim gitra m, va my, va banh xe
duge md phong nhu mot 16 xo ¢o d6 cimg (k). O
md hinh ndy z; va zy 13 dich chuyén cua khéi
lugng dugc treo va khong dugce treo, trong khi do
z, la bién dang mat duong. Nhu mo ta trong hinh
la, béng cach ap dung dinh luéat hai Newton cho
chuyén dong theo phuong thing ding, dong luc
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hoc cuia hé thdng xung quanh vi tri cdn bang dugc
mo ta nhu sau:
myz, = —F, — F,
Emﬂ.i‘ fﬂ:= F.rs' i Fr:! _d I:;.' (2)

Trong d6 F, = k_(z, — z,.) 1a Iyc dan hdi cua
16 x0, F, = k,(z,.— z,) 1a lyc dan hoi cia banh
xe, va lyc cua giam chin Fy dugc dua ra nhu trong
(D) voi xz =z, —z,,.

Thay (1) vao (2), ta dugc:
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ms;zls = _('E‘:s + kl}}{zs — Zysd T cﬂ{zl"s _éus} _FER
muséus = 'I:ks + kl}j{zf - zusj + Cl}{zlls - zlusj + FER - kr{zus - zr} (3)

Fgp = _%FER +%u’rzi

Chon véc to trang thai 1a x = [x, x5,%5, x5,x:]7 = [2, — 240,20, Zye — Zp0 240 Feg ] VA céc tin
hiéu dau ra dugc do 1a y = [é‘s,féus]?. Biéu dién khong gian trang thai cua phuong trinh dong luc hoc
(3) nhu sau:

{£=Ax+5unz+ﬂim 4
v=Cx+D,w “)
0 1 0 -1 0
_ gtk e g i _r
Trong d6 cac ma tran dugc xac dinh nhu sau: 4 = 0 0 0 1 0 ,
_kgFky  fo R 0 1
0 0 0 0 -
0 ot 1 0 0
0 pTHe fp 0 L _ 1 0 0
E _ D C _ F?‘ls F?‘ls F?‘ls F?‘ls D — D — |:ﬂ ﬂ.ﬂ‘l}
= 0 N - gtk ca _i g 1 5 i _1 D ] 2 D DD-]_ ]
0 0
fe Mys My s My My Myg
n 0 o
z x
W= { ’} , trong d6 =, 1a dao ham cua bién dang mat duong va n la nhiéu do luong.
n
Biang 1. Thong s6 ciia md hinh ¥ 6 t6 SobenCar
va giam chén ban tich cwe ER (Estrada, et al 2018)
Ky hi¢u Tén thong sb Gia tri Pon vi
mg Khbi lugng dugc treo 2.27 kg
m, Khéi lugng khong dugc treo 0.25 kg
ke D6 cing cuia 16 xo 1396 N/m
ky Do cing cua 16p 12270 N/m
€0 Heé sb can giam chin 68.83 N.s/m
kq Haé s6 tré do dich chuyén 218.16 N/m
9 Hé s6 tré do tbc do 21 N.s/m
fe Luyc dong hoc clia chit long ER 28.07 N
T Thoi gian c¢b dinh 43 ms
3. THIET KE BQ QUAN SAT H, lwong cua cac bién trong véc to trang thai, tirc 1a
Trong phan nay, mot bo quan sat H, duoc thiét x — X,
ké dé udc luong lyc cua giam chan ER. @ (bao B0 quan sat H, cho md hinh 4 6 t6 (4) c6 dang
gém bién dang mit duong va cic nhidu do cua  dudi day:
cam bién) dugc xem chung 1a mot nhiéu khong x= Ax +L(y—C%) + Bu,, (5)
xac dinh. Do d6, by quan sat H, du kién giam Trong d6 £ 1a vector trang thai dugc quan sat.

thiéu tac dong nhiéu khong xac dinh 1én sai sd udc  Giz tri ma tran L dugc xac dinh & cac bude tiép
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theo bang cach sir dung phuong phap bat ding
thirc ma tran LML

Sai Iéch cta udc tinh trang thai duoc xac dinh la:

e(t) = x(5) —2(2) ‘ ©)

Dao ham sai 1éch e(t) trén mién thoi gian dat
duoc (Reichhartinger, et al, 2018):

e=x-%=(A—LCle+ (D, —LDDw (7)

bat
T, (s) = (sI — (A—LC)) (D, — LD,) 1a ham
truyén giita sai léch wdc tinh trang thai e(t) va
nhiéu khong xac dinh @. B quan sat H, duogc
thiét ké v6i muc tiéu thoa man nhu sau:

- H¢ théng duoc xac dinh theo phuong trinh (7)
1a 6n dinh khi @ = 0;

- Chuin bac hai ctia ham truyén sai léch
I, (5Dl duoc tdi thiéu héa cang nhiéu cang t6t
khi w = 0.

Trong nghién ctru ndy, tac gia dua trén nén tang
cua bat dang thirc ma tran LMI (Linear Matrix
Inequalities), do d6 nguyén 1y ctia bd quan sat H,
duge thé hién qua dinh 1y sau (Pham, 2020): xét hé
c6 phuong trinh (7), cho dai lugng v6 hudng ¥, néu
ton tai ma tran xac dinh dwong ddi xtng P va ma
tran Y thoa mén bat ding thirc ma tran LMI:

PA+ATP-YC—(YC)" PD,-YD,

( DIP —(YD,)" —1 )

F i
(f T'zf)}ﬂ

=0

=

Road profile disturbance attenuation

thi b0 quan sat c6 gia tri ma tran L dugc xac
dinh tir cong thire L = P~1¥ s& dam bao rang hai
muc tiéu duge xac dinh & trén sé dat duoc.

Luu y: viéc xac dinh gia tri ma tran L theo
phuong phap bét déng thirc ma tran nhu trén van
tuan theo nguyén tac co ban cua cac phuong phap
wdc lwgng truyén thdng nhu Kalman-Bucy, P hay
PI... Hién nay nhi€ém vu nay duoc thuc hi¢n kha
thuén lgi thong qua nguén code mo cua phﬁn mém
Matlab.

4. KET QUA MO PHONG

4.1. Két qua tong hop trén mién tin s

Bing cach giai theo nguyén 1y duoc trinh bay
trong phan 3, ta c6 duoc gid tri , = 2.9 X 1075

va ma tran L cua bd quan sat la:

3.7 X 107% —-3.7x107°
1.1 x 10~* —0.0011
L=]27x10%® —27x10*%
-0.1 1
19x107% —19x 1077

Ham truyén bién d6 tir nhiu cam bién va bién
dang mit duong d6i véi sai léch uée lwong tuong
g cua cac bién trong véc to trang thai duoc thé
hién trong hinh 2. Trong giai tin s khao sat dén
20 Hz thi sai 1&ch gitra cac bién trong véc to trang
thai cua tin hi€u thuc va tin hi€u udc luong 16n
nhéit lan luot 14 -176dB va -217dB. DPiéu nay cho
thiy mutrc d6 chinh cac giira tin hiéu gbc va tin
hiéu uéc luong dat duogc 1a rit cao.

Bode Diagram

Sensor noise attenuation
T

-150

250

| |
]

-300

-150

250

. . . .
T T T T
o \

e

-100
-150

e (dB)

T o

30 o0l
2% 200
250 |

Mag

-150

250

I I I I
T T T T
-~ 200 1
o
I I I I

-200

-300

T T T T
-250 4k
v —-—-'—-—-.____
o

-350 -
10° 10!

Frequency (Hz)

Hinh 2. So @6 Bode cua sai léch wéc lwong trong phirong trinh (7).
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4.2. M6 phong

Pé ching minh tinh hiéu qua cua bo quan sat
da thiét ké, cac mod phong dugc thuc hién véi mo
hinh phi tuyén Y4 6 t6 duoc trinh bay trong phﬁn 2
v6i cac diéu kién ban dau sau ddy cia phuong
phap dé xuat dugc xem xét:

- Gia tri ban d4u cua tin hiéu géc:

xpg=[0 0 0 o0 o]F

- Gi4 tri ban dau cua tin u6c lugng:

Zy=[001 01 0001 01 1]

Bén trudng hop md phong duoc sir dung d £

a- Trwong hop 1:

Bién dang mat duong la dang hinh sin va&i
z, = 15 sin(4nt) (mm)

Chu trinh lam viéc cua tin hiéu PWM lau= 0.1

Force Estimation
T

Hinh 3. Bién dang mat dwong la dang hinh sin
0 tan so 4w rady/s.

Két qua mod phong trong hinh 3 thé hién 5 hiéu
qué cta gia tri luc giam chén ban tich cuc ER wdc
lwong duoc bam rat sat so véi tin hidu thuec.

Truwong hop 2:

Bién dang mat
z, = 15 sin(14wxt) (mm)

Chu trinh lam viéc ctia tin hiéu PWM la u =0.1.

duong la

T
Simulated force
—Esti forcs

o 1 2 3 4 5 6 7 8 9 10
Time(s)

Hinh 4. Bién dang mat dwong la dang hinh sin
o tan s6 14w rad/s.

Khi tn sd kich thich cua mat dudng duoc ning
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cao & 14m rad/s thi chu ky cua luc giam chin
duogc wéc lwong phan tng rit nhanh dé theo gia tri
gbc ca vé bién do va tan sd.

Truwong hop 3:

Bién dang mdt duong 1a tin hi€u chirp

Chu trinh 1am viéc cta tin hifu PWM lau=0.1.

Force Estimation

Hinh 5. Bién dang mat dwong la tin hiéu chirp.

Dang mat duong chirp 1a mdt dang tin hi€u
kich thich tin s cao ctia mit duong va dugc su
dung nhiéu trong danh gia dao dong 6 6. Két qua
md phong trong hinh 5 thé hién 16 muc d6 dap
mg voi tin hiéu gbc cta bd quan sat H, thiét ké
dat trén 99%.

Truwong hop 4:

Bién dang mat duong 1a mdt tin hi¢u chuén
ISO 8608 (dudng ngau nhién loai C)

Chu trinh lam viéc cta tin hifu PWM lau=0.1.

Force Estimation
T

T
Simulated force
|~ Estimated force

Hinh 6. Bién dang mat duwong la mot tin hiéu
chuan ISO 8608.

Mit duong ngdu nhién 1a dang mit dudng tong
quéat nhat stir dung dé danh gia dao dong 6 to. Véi
mat duong dang C thi tin hi€u udc lugng duogc
bam rét sat so voi tin hiéu gdc.

Tir két qua md phong trong cac hinh tir 3 dén 6
thi hiéu qua cua bd quan sat lyc giam chan ban
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tich cuc dugc thé hién mot cach rd rang. Sau mot
khoang thoi gian ngin 1a 1 gidy céc tin hiéu udc
lwong dugc déu bam sat véi tin hiéu gbe va dat do
chinh xac trén 99%. Tuc 1a thoi gian dé bo quan
sat hoi tu o trang thai lam viéc 6n dinh 1a 1 giay.

5. KET LUAN

Bai bao dé cap dén thiét ké mot bo quan sat H,
dé u6e tinh luc giam chén ban tich cuc co sit dung
md hinh dong luc hoc phi tuyén cta giam chin
ER. Trudc tién, mo hinh ¥ 6 t6 duoc két hop véi
mot mo hinh cia giam chan. Sau d6, bo quan sat
H, da dugc thiét ké voi muc tiéu c6 mot két qua
wdc lwgng chinh xac gia tri cia luc giam chan. O
day sai léch u6c luwong dd duoc giam thiéu anh
huéng cua cac yéu to dau vao khéng xac dinh

TAI LIEU THAM KHAO

(bién dang mit dudng va nhidu do luong) bang
cach sir dung thuat toan H,. Két qua mo phong
cho thay kha ning va do chinh x4c ctia mé hinh dé
xuét dé udc lugng luc cua giam chén ban tich cuc
ER dat trén 99% voi cac loai duong khao sat.
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Abstract:
ESTIMATION OF THE SEMI-ACTIVE DAMPING
FORCE BY USING AN H; OBSERVER

In this article, the author presents the way to estimate the value of the semi-active electro-rheological
(ER) damping force used for semi-active suspension system on cars. First, a quarter car model is
combined with the dynamical model of the ER damper. In which the damping force of the ER damper is
a variable of the state vector in the general state-space representation. An H, observer is then designed
to estimate the damping force value by minimizing the impact of the road profile and sensor
measurement noises on the error of the variables in the state vector (between the actual signal and the
estimated value). Simulation results in both frequency and time domains by Matlab/Simulink software
through four different types of road profile have demonstrated the effectiveness of the design observer in
estimating the value of the damping force.

Keywords: ER damper, Semi-active suspension, H, observer, Vehicle dynamics.
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