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Study on the adaptive fuzzy control for CVT vehicle
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Abstract: Based on the simple CVT ( continuously variable transmission} driveline model, an adaptive fuzzy control sys-
tem for CVT vehicle was designed to improve the adaptability of the control system for CVT vehicle. The adaptive fuzzy control
systemn consisted of a scaling factor self-tuning fuzzy throttle controller. and a hybrid fuzzy-PID CVT ratio and brake controller.
The adaptive fuzzy control strategy is independent of vehicle model. and depends only on the instantaneous vehicle states. So it

has good robustness to uncertain vehicle parameters and exogenous load disturbance. The simulation results showed that the pro-

posed adaptive fuzzy system has good adaprability .
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Fig. 1 Control system block diagram of CVT-equipped vehicle
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Fig. 2 Membership function of input and output
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self-tuning throttle fuzzy controller design)

R HI 2R BE M ik R A RS SR



http://www.cqvip.com

72 oW oM

it

5 n H ®21%

FEACKREE SRR B pRBORSR F hlH0  % Ho
EHRSRMER A% E A TN
W7 A L ) 7 R LBl R R e o R ah &
PERE FITR St AR AR R Rt it — il 14
WIS A B EI, TR E MR A
B RRE A A BT ok 5 45 Hh R R A
H BB SR T R S XM TS
50 A5 3 U RIE I E AT A Iz ARk il i )84
BRI FRIRIGERE . 18 3 45 ih 7 BTG IS 8
H R E RSO P ] AR 48 RO HE 8], L rhoOR 5 1 A4 A
A9 AL N 1 Fdgs b A LB T2 el S 5l B B RE L
A AT R AL B I RN i L2
ATRE SCT IR GRS A BB LI o 9. LR B9 4 il
ar .
77 B2 (1) BY% H AT AR R Oy IR AR X

a(i) = KT YL Fle (i) e, (i) 1.

Hip 7R R

H T il A% A i o 2 AU L R SR E LA
RE/“A% U IHRR . U SRR R i 4E O HL il A 7
Kor B8/, R AIRZE 74 vl LAE 4 — TRV
AL (B R Kyr A/, RGO Bl 25 0 10 78 7%
18, i JERT B E L . (KU, G0 SR i T4 A e 4 A0
5 R GERO A Z 18] LA S B 68975 340 A LE ] 0 S
PR RRAIRNLEEL, G0 3 B, BB 7%
] A% F) it AT LA AR

a(t):KpF[el(t),ecl(t)]+J;K|F[e|(t),ec|(t)]dl.

(4)

(5)

MHTER(5) 7R (1) Y LBk 7 L LA A
1 0] 98 7 S 25 45 O LI U A 78 BARAEE , R
S K, R MILRE AT LU E 2 A B B
W

h T 22 S FTAL A A TR0 B 0 75 B B R i
WA PSSR RAL I T R LG U R R 9, PR R
1 R 52 MO TR AR P B 2 1S B RO R 5
B WA RS B TR R B B
ST IR TE M2 K A ORIl S i bR . L
PRAG SRR I G0 < 24 4 43 5 S b R Y
iR R AL B, 145 8800 £ AR R
Wb fs 2 (A, IR BN A R L BTLA B4 R

T K F1 K K KK, i T 145 B K
{83 B AR ZE 3 -5 S0 PR 4 BE Y IR 22 TR 2 2 b # /)
BF RGHEERRRA, AR SRS R X Hlm T 2%
Ao tE AT RE AR Y BRI T K, 0 KL R
N Ky B K, KB & B, bR SIR 2N
B9 AT al /L K T Ko 5 K R K 7 fLa
PR, R E 3 PRI EHEF N f1M BE R
{E1%.

AT IRERENERMEE, B 2SS T
HFRIEAEEEFLUTHRE 1) A THREBE
B GERE R g it (], R B AS B A 2R 5 4 Y R
] 3G R B K B B/ MWE, T AR5 K B
YN ERENDES @ (NP8 3k 26 dE 23 i
(R RG R R LR N 2) T
REs st R amrit s & B, B R T
K, f K. fERRSEA TERE MG B KM, R
K, 1 Kp N i B AT E/ME.

B 28 SR B B8 5 T R AR s
77 2R LAY L 1Bl 3 B H A B E LR E TN
F NBMAES TEEMESRA I K(NL),f
/ANNS) , % (ZE), IE/NPS) , EEA(PL) |, 3 AR ORI
—fEXEEERN-1,1], HELERE A -1,
-0.5,0,0.5, 1}, HELF 7 BSR & eR BOR % 0B Xt
FRED AHEB S0 EESM ML RE . EHHET N
HE T EE S T EEMES AN | K (AB), K
(AM), /N (AS), I~ 28 (OK), /N 45 (CS), F 44
(CM), K45 (CB) |, N MBUEIEESFERK 74 11/8,
1/4,1/2,1,2,4,8} , LR @ REUONE 4 s . 2 8A
BOE NN 2 B . HEE ERTN T N AR RIHE
BT3RS 5 AR AR

MU B B 54w L, SRR R R i e R AR R
AR I i B8 A T L BROR T B R R RS
B, RSB ERRS(EEMEETI) AR,
HEGSEOCRE. I, R G R AT LR &
Pl B GE 3 A B E SRS RT3 B35 ) RE
HMEEE AT ERTERRESHIEFLERRS
RS, SEHTEARESEZ A E LR L
VERD , 7E Rl e | 145 ] SR A W] , R B B SR
HEHARMRHE R RRN S S, RS RERREDN
SAREGITERE.


http://www.cqvip.com

B1H ELLE T TR H IS B S R ORI R AR 73

BRI AL

b il i

B J ) 15
Yoy ft i B
-1 — f
| Ao L |
: I B s | i
| Lo L B
- W || w '
| S AT !
! Ol LM
! i
| |
T i
ATt RIS AT

B3 SHA%ERMERSER

Fig. 3 Block diagram of scaling factor self-tuning fuzzy controller

CBCMCSOKAS — AM AB] 1 PLE I ER R BB S, B S0 R
08 W R PLE$I 2 0, Bk R .
06! Uy = U+ uU; = Up + K]:)E €. (6)
04 Hoepoe,(1) RESAER, XM u, = Kp 2 er(0)
" Rt SRR A BRI PID 4 5 88 X AT L
N 77 H B R R R Sra T F AR FRER 4R Bl , 58 BT LA 52 2 M R R s 22 1)
N & 5 4 T ® B H IR A BN -PID #4185
B4 ScHaRERK FEE . E il af BAr e B R AR L s L3, E
Fig. 4 Membership function of output T AT EE R R 5L 1R A RUAH-PID i shiE
52 BPHEF N QETAN fﬁﬂ%ﬁ%f’?'—ﬁﬁ\ttf%‘_]%%‘%—ﬁ%jfﬂ%%JﬁJEﬁﬂ%%
Table 2 Updating factor self-tuning rules :;?;))\ or A1 % 3% P % A H AR R, BRI
EC '
N N8 ~N z B B LRI PID Pl
NB CB CS OK CS CB —-;M,J;& i
NS C(M OK AM OK CM fecs— EC, |
E ZE OK AM AB AM OK : W'Eigl}
PS CM OK AM OK CM H) E THE
PB CB CS OK CS CB HEEY:
3.2 RAEBEHN-PID 3= 525 &1t (Hybrid fuzzy-
PID controller design) L TmmmemmmsemmoemRAAAAAAAAOTT -
TR TR IR A LA sh 2 OB IS 28 Bl 5 {530 R G0E LA TR & BVROH-PID 45 1 2%
PD ﬂ@ﬁggm ,Eﬂﬁjﬁ$§mttmﬁﬁﬁygﬁﬁﬁﬁ& Fig. 5 Hybrid fuzzy-PID controller in CVT speed ratio
HEBBMER , DERFRR SRR, B 4 (52 % 2 (Simulation results)
HERE AR B, TEE R MBS R R W T EBFTHRE B BB N R RS
BHIEE B PLEF I ABEME R AT HAIRAE fiaAdse, BiFFF RS HER NS EE, P

B-PID 2 8%, I L AR R E R BB S MIsT T A5 2 M S BEBL5AT 4R 30
AR B AR M s A L B I A MUR R R R L RAE WS A R T


http://www.cqvip.com

74 oM M

F2ak

THEMR . EHES, REMZ T TR XM 5 m
ST A T S R RE AL 7T B B A R R
AT B8 JEBH ST SR (B R AR 6.7 B
HE 6 M HEE R, LR L 2 R K
FH 38 I R 2 o 03 8 R R 4 R T ELES R
KA AIECH 0.5 s M 0.1 s. ME 6 B9 E L5
RATAE SR FS @ S R A
MARMERE RGN EERAT KL R ET
BT AW SCE, R TE SN R BH )30 iy 16
AU T TFF R ] Sl B AR 5 R CVT PR R Sh A8
I RSIMBR E R, REREERERRE K
KEEE A ELEREH R G @& W E H 6 H r
EEAELRERZ ZRKEDNT 2 km/hCRER
Wik 0.5 ), TSR A3 38 A0 172 ) 28 7E 91 1A &
BRI BRI TE LT CREEAIRt 4 0.5 ), Bin &
MEFRERZENRKEES S kvh JEHA—E
R R R B B RR R ] O B R sh ML AR GBI TT
BTG 6 B~ , 45 R R K H A 15 L B 4 o il
KENFLAEE il R S E AR LIEZIZTT.

= 100 + [— acatual
E sob-oloiil - MIESSICH
S0 % 40 60 %0 100 120
l(X) 1 ]
< gok CCeesiIo T oA
3 0 41’; . | X _- e
040 60 80 10 120
P D S— m— ol = P E—
- 1 - 4__J;-;~adaptlvc FLC T 0.5's S| ]
% 2040 60 R0 100 120
05 ' : —
= ' / . !
z ’! s i i
05 2040 080 100 120

L B ] T=05's
01 —© i) 7=0.1s
~20600 2000 3000 4000 3000

e r-min™

B 6 RFH BE W HERg - E S
& R T A R AR

Fig. 6 Simulation results comparison between adaptive and

conventional fuzzy control strategy
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