41 12

Vol.41 No.12

2005 12 CHINESE JOURNAL OF MECHANICAL ENGINEERING Dec. 2005
LQG )
( 230009)
(EPS 3
EPS LQG
LQG LQG LQG
LQG LQG EPS EPS
EPS EPS
U463.44 TP271.2
LQG
0
EPS
(Electric power steering sys-
tem, EPS) EPS
EPS
1
1 4 EPS 1.1 EPS
1 EPS
(ECU)
@ R ESLR T -'-:[ vl
| |
|I ?ﬁ-l -"l..’ﬂ" t
L . I:é} i d1ahi CISE vkalk
e A s, |4
e PN e
5] | g O {8
[4] PD  Hy ¥ QI
EPS / #-j\mﬂﬂ:ﬁx
sk e
1 EPS
(1]
EPS ADAMS
[6] 1
EPS
3 Jeqqp +C.I.q'p + ks(qp - qh) :Tr - Tm (l)
Jeq_
* (50275045) Cr
(50411130486) 20050228 20050710



168 41
— d,=b - 2w, - Ef
T v
4) (6
Tm Izwr+|xzp:NrWr+NBb+fo+Ndd (8)
qp_ |’ch(Wr-Fb')- nlhp:
q,— Yw, +Yg b +Yf +Y,d 9
- mhviw, +b)+ 1w, =L,p+Lf  (10)
N, Nr:_zakfa2+krb29
nm = qup (2) e v “
N, =2(- +bk + N, +N
qp — de (3) (K] ~ ( akf r 3 4)
| N, =-2(ak - N,)
‘ N, =2(- bEK, +aE k)
N, v, =@ 8k +hk 0
N v.o
—
L2 s Yo =-2(k +k)
Y, :2k,
3 2 L - (Cf +C )
3)[6] L =-(G,+G, - mgh)
3 kfl kr_
IZWI‘ +|sz:'aFyl +be2 (4) N31|‘I4
. . Efv Ef_
I’n(:V(Wr + b)- mbp =- (Fyl + I:y2) (5)
; 1.
I,p- mhv(w, +b)+ 1w, fl 'T‘*)(”"/\%? 9
V]
- (G +¢)p- (G1+ G- mhg)f (6) ! >,
f=p ) e % V4
20 -
me, Mg—— ", l‘-'l-g_-"‘_/ x:'l. Ery
l— ; \\ o f
b -~
ab— SRR
Fy, Fe— e ~¢
o1, G—— i — ;
Cfl!CTZ 2
lyl— X z
h_ E4
g_
w, ——
b ——
V_

=kd, Fpo= k.d,

d,=b+3w, - Ef - d
\'




2005 12 LQG 169

13 &0t &0
e u e u
v &% &%
T L Ry Ka eod eod
e e
Ko i ! t G=g0y  ?=du
&0 &l
, é 0 é
U=LIi +RI +K.n (12) &0 &0g
&0 &1
Tm= Kl (12)
14 ; . T
X=gv. b pf q, q, I} (16)
T¢
T¢= 2ek d; (13) u=s[0 0 0 0 0 0 UT (17)
e_
dl: b 'FEWr - Eff -d Tow =ks(qp' qh)+C1q.p (18)
VvV .
a?,
T,
2 a 0
etk rowe Bf-d2 (9 T =k @ - ) (19)
EPS
2 EPS Tow
2, b
2.1
1 3 Y =CX +Du (20)
1 @B € 0 0 0 0 k; Of
8 (12 (14 EPS C=gl 0 0 0 0 0 d
X = AX +Bu +Gw (15) €0 1 0 00 0 O
A=M"'C
1 D=[0 0 O
B=M?
W 2.2 EPS LQG
égl, 0 I, 0 0 0 Ou EPS
€0 mv -mh 0 0 0 0f EPS
gxz 'msh Ix 0 0 0 OL:j
M=g0 0 0 1 0 0 oy LQG LQG
€0 o0 0 0 J ou
é a G a 7
g0 0 0 0 0 1 0y
€0 o0 0 0 NK, 0 LY 4
é Ny U
A Nr NB 0 N, 0 —_— 0 g P IR i Fa 5
é Y, U
e 2 u fiy i
Cl:g mhv 0 L, L 0 0 0 3 "
g O o 1 0 0 0 0 g g | Loc | g TEEm i
€ 2ack 26k 2ek, 26k, v o= s WA | Hask
0 - 0 - K
sy N, g o0 e Ny
§ 0 0 o0 0 1 0 0 4
g 0 0 0 0 0 RH



170 41 12
221
LOG LQG
ARMAX EPS
Az y(k) =B (Z (k) +A (Z 'V (K)  (21)
-1\ — -1 -
A(Z 1)—1+ ail(il-)z +x00¢k g, (M) 2" m./ kg 3018 KIN- rad) 38318
-1y — - -n
B(Z ")=b()Z " +x0¢+b(n)z ms/ kg 2685 e /(kg: m?) 0
v (k) — am 184 h/m 0.488
[8] _ m b m 1.88 Sallkg 1) 0.06
i
. 100548 . 003
Az (K=B@EHuk+gk) (22 O ol m s )
i=1,2, ,m k2/(N- m rad?) 2732 Ke/(N- m- rad™) 90
— -1 z
& (K) = A(Z ")vi(k) (23) o kg ) 10 437 Ko e A 0.02
X
y; (k) =F,"(k)?, +& (K) (24) kg ) O ey 0
Fk)— i G/N- m- s rad?) 240 Ni 18
2
: ; /(N m s ra) 40 N2 »
u(k) =[u(k - B,u(k- 2),u(k - n)] E  -0114 R/Q 0.1
09 =[- (K- 1)~y (k- 2)90¢ i (- )" = o Uk oo
K/ (N red™) 23147 om 0.1
(i=1,2 ,m
w(K) 0.136
222 EPS LQG v(k) 0.082 5
LQG u LQG
6 T,=40N- m
. T .6Q N_uéxuu
J=limEg) &X' u'fea ‘aé ua (25
S 8 HgNCT R (g, W (25) LQG EPS 78
10°
Ql R -
Ne
“ cTee LQG EPS
Q= Tq EPS
R=D"gqD LOG
— T
N.=C'dD LQG 5 8
e 0 Ou 1 LQG 2 LQG
_é a
q=g0 @ Oy
80 0 af i §
E
z
008
3 _EE-E 002
MATLABS.1 "
004,
n 3 v 20 m/s 5



LQG 171

2005 12
121 i
-~ o)
~ fﬁ% 2
>
?z.
-
204
o
i i i i ]
] 0.2 (VK] w6 05 Lo
[t ] e
6
_0dr 1
b 2
=
E i
=02
g
I
&=
=
B
=
1 I 1 I
1] ] 3 4
Wi ¢ /s
7
.01
-0.01
g -0,03
&
X
E 008
—1
=
=007
007 7 : 3 i 0
IR [E] #s
8
9 EPS LQG
f
f
EPS
LQG
(LT
1
2
5 004F
=
n-"
&
g oo
. . . - . —d
i ] ] @ n
WHiE 075

LQG LQG 3
11 (10 km/h)
15
[
£
i -
£
B
g
& 5
.
-15 1 1 ]
=120 ] ] 20
S SR O )
@ —
? lor
-
=
H
[
@ 0
&
==
E—lﬂ i i i
-7 —360 ] 720
8 [] G A, 407D
(b) LQG —
£ 10
=
o=
N
0
¥
7
E Ym0 o 360 70
RO 0,007
© LQG —

11 —



172

41 12

LQG EPS
( 11¢) LQG

LQG EPS

LQG

LQG

EPS

( 119

EPS  ( 11b)

EPS

1 LisoY G, Du H I. Modelling and analysis of electric power
steering system and its effect on vehicle dynamic behaviour.
Int. J. of Vehicle Autonomous Systems, 2003, 1(2) 153 166

2 :

1991

,1997,19(4) 200 205

PD

,2004,25(2) 112 115

2001(6) 34 36,50
(EPS) [
2003
2000

LQG

1994

ADAPTIVE LQG CONTROL FOR THE
ELECTRIC POWER STEERING
SYSTEM OF ANAUTOMOBILE

Chen Wuwei Wang Yan Wang Qirui
Yang Liuging Huang Jiwu Xu Zhanghong
(School of Machinery and Automobile Engineering,
Hefel University of Technology,
Hefei 230009)

Abstract By analyzing the structure and dynamic characteris-
tics of an electrical power steering system (EPS), the mathe-
matica model of a three-degree of freedom is established. In
order to overcome the uncertainties of the dynamic behavior of
a practica EPS system, adaptive LQG control strategy is
adopted. By identifying the model parameters on-line, adaptive
LQG control is easy to be carried out. Under severa running
conditions of the automobile, the simulation of adaptive LQG
and LQG control are implemented. The simulation results show
that adaptive LQG control scheme is more effective and 10-
bustness is better than LQG control scheme. In order to verify
simulation results, a test vehicle with an EPS mechanical and
control system was experimented. The test results coincide
closely with those obtained from simulation, and they exhibit
good performance leading to improvement of steering and han-
diing.
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