£ 000 http://www.cqvip.com|

2008 45 9 1 - E=2E R -

NEHS 1001 -2265(2008)09 - 0059 - 04

LT B E BB PID #53lATR 4 ESP R G milif 52

MRk Mg, R’
(1. P ERZEEARAE, 4 2300312, dEAZERALERIHAFRF, S L 230031)

WE: A% ESPASKAALN —HEIHELEE B RGARKLEALESP AANHATHET 2
WA, ATAEMAEH S PID 424, ESP 42 th T B & S H PID 2 M ey 24 F ik, HARRA LA
RARARE ST HAEHZHEL, K55 A Matlab/Simulink, # 47 7 M2 4] B 5 PID 54 B3
B EITHABAFSAGE BRAW AR FETARFALEGBREINL, SHRIAT , B TRG
BMHERBER, FLAEAGA - NELG RS, s F R ERAFAKITS, BE 24 PID
PHBTARMRBESK, BTEH, BT, AT RETZ2H L xehiad Bkt

R ESP; A& mAEM PID 424 ; @ A5 A

B HEKE U461 XEKFRIDAD A

Study of Automobile ESP Basing on Self - adaptive Fuzzy PID Controlling
CHEN Jia-jia'>, MEI Tao’, LIANG Hua-wei’

(1. China Science &Technology University, Hefei 230031 ; 2. Institute of Intelligent Machines Chinese Acade-
my of Sciences, Hefei 230031, China)

Abstract: Automobile ESP is a kind of Active safety device.Recently,the simulation was widely used in the
research of Automobile ESP.A new method of the self-adaptive fuzzy PID control was put forward for ESP
basing on the fuzzy control and PID control. First, a transfer function model of automobile was established,
and then designing the fuzzy controller and the PID controller by using M atlab At last, we use simulink to do
the simulation experiment. It turned out that this method can improve the stability of automobile.In practice,
because of the change of road conditions,and vehicle is also a complex system, Traditional control methods can
not work effectively .Self-adaptive fuzzy pid controlling can constantly control by adjusting parameters. Now,
the design of the controller using this control algorithm have been finished.

Key words: ESP; self-adaptive fuzzy PID control; simulation

0 2= 5 ELBRF T, 0 PID $2 b OB SEH" . 78 PID #
Hay, MEE L REN RN SR S HEEE

B ESP (Elecvtrorllic‘ %taiility Prograriff—ifﬁﬁ?ﬁ SEARBL, ST R A 2, M LA A B e AR
RARRAPFRLDLRRE, CRBEEIEE ez g ot FBEMI 0T , S ok T 305 A

PRIS RS, RERESLMERANEHITR, gy mian o4l THEERSRE 3 LR
SRR P LN RERE RATEINL g5 s, A cs PID B ABEN B8 4 B 45 4

RAERANRLRRR. ‘ SR 5 PID B 25 4GS T B B
TR ESPRRR - RARKARGE, TR RTEN i g g g, 57 LR AN RO RE PID B0t £
BHoT R SRR ER MRS, BAT,7EE RN, ESP M85 1548 e B PR T EL 7 6 6 13 3 7 B

IYEJULTI:;E% BrEe, RECEEE#ET TR INE

17 % E #A ;2008 - 04 - 30
EEBN HRAEE.(1986—) 5B, EREEAN FEEREFLHNE, EENERINS 5 3 EHARPR ., (E - mail) chenjia090@ sina. com,

.59 .


http://www.cqvip.com

2R S -

0 00 _http://www.cgvip.com|

HEVNKSBELMIHER

1 “EHEEZFFEER of=8-p-""
(4)

1.1 EREEE ar= -p

T EHMIE R (), 2 T R
RGO, LI R e M O 1R A 1R oA M
) 32 B MBE e 38 3 P B i BE L BeAh, T B9 1 n
PR FREAE 0.4g LLUT, 58 G 69 000 D 45 M Ab T 8 5
Fl, i@ shior i el Rk W ah Ak, A%k
M T D7D 150 7 %ok 2 e D00 O R B B2 e RO S B I Y
TEH, BB 26 S5 5 06 o T 4007 19 & b i 51 & 46 15
FrtE A AL L R R AR B IE DA RYME . AT e, 4 2
PR R E S IREROES

y y !
b4t

1l —HEESHKERE
1.2 HRASHHWE

ARG R E RN G, KT ES B R 1
Fi7s

1 BEESHY
BEDH B BEBR BoE
BE i/ ke 2325 EREEH d/m 1.5
PR L/kg - m® | 4132 LS hg/m 0.5
P L/m 3.025 | B S R I CF/N - rad 1| 40000

FRCETHEE o/m | 1.430 |G AMRERIE Cr/N - rad ™' | 48000
O EFIERE R 0/m| 1,595

1.3 EfETE

BT BB, B
F,+ FHUOSB:m(l/‘-Fuw,)}

()

al', cosd - bF, = I:wr

ZIER 6 /N, BERA B AT RRN:
FY2 + FYl =m (v + uwr)
_ } (2)
alFYl - bFY2 = Lzor
VR A I S e T A2 B B 0 1) g g A R g A kg
R R W
FYl =Cf - aj}

(3)
FY2 =Cr - ar

_Iﬁtpll]

. 60 -

B3, () FCAFI AR (2) hIk k7 b8 hr i
AR R] LIS B A ol R BB At R
wls) muaCf » s +1CfCr
8(s) cfer? [ |

u

mulzes” +] In( Cf+Cr)+m( a Cf + BCry]es +

X mu’ (bCr :GCf) ]
¢l

(s)
2 &R PID =188 89& 3t

F O A7 AR PID 45 4 09 AR B LR % o FR 2 A8
b# ec fENHIA W] LU E AR BT 20 () e F1 ec XF PID
ZHCA BEE B EOR . P B AL X PID S 40
TS BHE W, LA A B 3G AR PID #5061 28, FL 4k #
(2) A .

e 0L
la

B2 HENEMPIDEGHEEN

2.1 R EEAYigT

CU) B S A AR

ETXRGEN EiR o, DEEARE o /EAF
TR, W e M ec VERBIRMIFE B &8 A0 A, PID 41 2%
(3 B kp ki Bl kd 1RSI

(2) W 5 iy A iy i 7 ot R S B ol

WERMAL R eec EHAR L,k Mk, EFHE
AORIR T4 | UK, b, f/h, & I/, B, IE
K1 LIFE R\ NB,NM NS, Z0 ,PS,PM,PB} ,e.ec 5B
R -6,6) ,kp By ( -0.3,0.3) ki (-6,
6) kd BT ( -3,3), 8 T sl iy B 5 B A R i
P LA RCR T R T8, Bk = TR SRR R

(3) A0H 42 SR I0) fry 1 5 3

RIS Hk, kL E, X FR GO R S I 1 L
AT LA FEAN B e F1 ec B, B4 S 40 kp ki F kd 19
FI o SR, AT AT AR BRI TR AR ) 5% 2 ~ 4 FrR

F2 RRERSIMMR

kp NB NM NS zZ0 PS PM PB

NB PB PB PM PM PS z0 Ay

NM PB PB PM PS PS zZ0 NS
NS PM PM PM PS Ay NS NS

Z0 PM PM PS z0 NS NM NM



http://www.cqvip.com

2008 ££ 9

P 0 00 http://www.cgvip.com|

SR -

(#%)

ki NB NM NS YAy PSs M PB

PS pPs PS Z0 NS NS NM NM

PM pPs A% NS NM NM NM NM

PB AL AY NM NM NM NB NB

£33 BEMESRNE

ki NB | NM | NS | Zzo | PS | PM | PB
NB | NB | NB | NM | NM | NS | z0 | ZO
NM | NB | NB | NM | NS | NS | z0 | zo
NS | NB | NM | NS | NS | zOo | Ps PS
ZO | NB | NM | NS | Z0 | PS | PM | PM

PS NM NS AY PS PS PM PB
PM zZ0 AY PS pPSs PM PB PB

PB | Z0 | Z0 PS | PM | PM | PB | PB
F4 BMEHANE

kd NB NM NS Z0 PS PM PB

NB NS NS NB NB NB M PS

NM PS NS NM NM NM NS Z0
NS Z0 NS NM NM NS NS Z0
zZ0 Z0 NS NS NS NS NS Z0
PS AY AY AY Z0 zZ0 AY Z0

M PB NS PS PS PS PS PB

PB PB PM PM PM pPSs PS PB

Xt w %ﬂ w BB RS AR N 8 5 S, AR 8
AN, AT, B ER BN 3 M S RFE R
Ji*;%ﬁﬁft AL R RE T B HEAT R, BRI AL U5 kB
IR 1 1%

3 BERHER

3.1 FEERES

7E MATLAB "B 8IE B 5 Fr/R B9 B & R AR PID 5
il 2 Ge 5 AR AL, 2005 HE (B vh B9 PID £ ] 28 0 68 4
2% A RECR A F ARG, KRR A 3 ~ B 4
FE7R o

Fuzzy Logic
Controller Out3

B3 EHEHSFRESABER
3.2 hEER
TEA EZ P 43 BRI By BR R 28 8 3 1F 3% (5 S 4R 5%
MERHMES, MK A MK 0. 15rad, IE 3% 15 5 18 {H
3 0.15vad, i K 0. 5Hz, IREW IR HEEFE N 25m/s, i

Transport Outl
Delay

B4 PIDEHBFRENPED
]

oz viil PIDEHIBRFRA
teigmEs |

B 5 BiEREH PID E4 R HME
HTAEH K 0.005s, 5 BB [E] 2 10s A1 2 b, {5 HO AR A
R4S AN B SR BB (kp0 =0.2,ki0 =2,kd0 = 1,k =
0.1), PFELRILE6~9,

A

0.6

#
ﬁ0.4

#
Bo.2

2 4 6 8 HffEt/s
B6 Rmiztimi&iZEmiEEumE

1] 1 1 1 L »
2 4 6 8 IffAe/s

B 7 R PID ¥ 5 i) 48 58 fp i 1 i iz L

0.5 1 1.5 RS

8 RIMIEH AR IR R R N N A

.61 -


http://www.cqvip.com

- EEl S -

P 000 http://www.cqvip.com]

AEHEKS BFHLMTEA
. o SR A B (1], KA SR .2007,30(4) 11 -5,

RN [2] BRBE.BAEE R, 5. HTFRA A AN EHER

% 0. /// N\ N BB PID B RBFGE 0] % S 0 202 3R, 2008, 20
B, \ (5):1340 - 1343,

0.2 \ [3) EBEAR B4 L0505 BB 5 4 1 I BLF B PID 35

0.4 . BRI R ORI ). £TAME R 2007,29(2) 56 - 59.

08 I L5 afs (4] ZEBEN B . V0 B 300 30 5 808 % 5 BEW) PID £

B O A PID 3540 b 552 F i A2 0 L B
4 £

MATEE R LUR ), B & B PID £ 6) aT
LA B s i 0ok /)~ w157 A0 A6 R R, 7 2R ST ) g 7 8 E PR
TR ERES RS RS TRENEREY
BREME, AT LAXT ESP £ GE 17 B 4F A4 .

(A A, m AIRE SR RS Z
MEE SR &L oMb d M AR R 0 b 20 5H1R L
BRI or WBEBAEE v RN «
Sy 7 1) B BE B R L U AR A 56 O R I R e
s FYi(i=1.2) BRI Z 60 I Cf, Cr 53 51217
J& & A O AR R0 )

[ &% 50k ]
DLz B %% BT RORI R AR

[1] s, & 54 ESP R 45

WLT]. ML 5% ,2006(5) :131 - 133,

[5] A. T. van Zanten. Bosch ESP Systems: 5 Years of Experi-
ence. Sae Technical Paper Series. 2000.

[6] Anton T.van Zanten. VDC, The Vehicle Dynamics Control Sys-
tem of Bosch. SAE Technical Paper Series. 1995,

[7] e fR, Z WL R . HERTREREN TAEFRBR
SEHLT]. KA B ,2004(4) ;29 - 31.

[8] fgﬂi&,ﬁvaz. ETHEMER MRS ESP BB A[T].
Aol % & 5 44 182 ,2007(5) <17 - 19.

[9] it 4. MR ERCERRSEN ECU MtkaesEk[T].
2R IE,2004 .21 - 23,

[10] Z=52 Rtk KEDH N FEMEEM TS
ST 5 & g ,2005(2) .10 - 17.

(1] T, K KREBRTRERBFOENREEI]. HH
KREFEFR (U ARR) ,2007(2) 1224 -227.

ARLT]. i FA

(L#&% 58 J\)Applel *EJ‘E?ME T, &S NE

Applet # 77

3 5 £, ODOLERGH L
2 119B1E-002 (. CODDEH00 ~3. 61423E-003 . CODDOEROD ~1.
3. 763B0E~002 D COB00E+00 -, 34526E~002 ©. OS0OCEHSG -1,
4 S2LT4E~002 ~9. 36408E-003 0 -4
3. 15810E-002 0 COCOGEHI 4. 0738TE~003 0. OHONCEHD
-3 A9112E-008 0. -

2.SRETSE-DRE 0.

4 BO4ISE-008 0. '5 TG4E-0UE Q.0 &
B S34S7E-002 D DOOMOEH00 -7 77448E-002 O ODDDOE+00 7 8O
SUT9478E-002 (1. COBDOXH00 “'8 S15TCE~002 0. 0000OE+00
3.519598~002 (. OODUOEHO0 -3 861348~002 0. ODDOE+0O ~3. 875
1 19\14E 002 C.CODOOE+00 -1 36S03E-002 ©. OOQDRE+OG 4. 128

::::: g =Z.234 3
3 41970E-002 0 COOODESGD -4, 4037SE~DOE O DOQOOE+OD
3. 71838E-00 0. DOCOOEHD0G 1 DB312E-002 0. DOCOCE+LG
1, 7S897E-004 0. DOGGOELL -2 03145R-00C 0] VIGOGETH
<

LLILLL
8 dpplet WL

B4 T Applet {5 HE

1. FFTAppiet will appear helow in a Java ensbled browser.

1347405
42

8137005

B 5 EPius FFT 5474 Applet

.62 .

(R E=HEH)
4 Fig
AR SCRTIE T 38 T CPEBILIR S A1 2090 2% s 4 9

S5 BRI T BN E SR RER I R K

AR A OF R T B LR I T R TR B A

Internet IS SZHIW LR TR, ZEKEWENE

17, TR A BAE VUK IR & P 3 R m VLR I &%

P,

[ &% 30wk ]

(1] #it, ofh, @ . B AR A& T
BN LI, BLAE,2002(2) 76 - 78.

[2] S. K. Choudhury, K. K. Kishore. Tool wear measurement in

International Journal of Machine
Tools & Manufacture[ J]. 2000(6) ;899 -909.

[3) B&5 ki #Hip. HRFEP/MFEENNEEMT R
JLEBRMEE RGEWRT). THELE B R Y ,200006)
67 - 70.

[4] B4, MR, 3F Internet {5035 15 4 4 7 b
(1] PLME it il i ,2002(6).

[5] FE%E, E-FR,ZBBiE,%. 3T Internet {5 HLIRITZ R
SR R G SE[T]. PLRILIT,2004,21(2) :4 -6.

(HE THEH)

turning using force ratio.

LW AR


http://www.cqvip.com

