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Shift Pattern Fuzzy Control of Automatic Transmission
for Ride Quality Improvement
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Abstract

In general, jerk phenomenon appeared because of gear changing, when a vehicle starts off or climbs
an incline. Therefore, it makes ride quality worse. In this paper, an optimal pattern of automatic
transmission was designed using fuzzy logic in order to improve ride quality. After developing fuzzy
rule for shift pattern control of automatic transmission, dynamic characteristics (i.e. acceleration,
velocity, distance and so on) were simulated using dynamic model of a car. To do this the powertrain
model of a vehicle with automatic transmission including torque converter, gear box, and final gear
drive - from engine to tire - is developed.
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Fig. 1 Block diagram of powertrain
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Fig. 2 Engine characteristics
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Fig. 3 Torque converter characteristics
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Fig. 5 Membership function of throttle angle and
wheel RPM

Table 1 Fuzzy rule table

Angle\RPM VS SL MD FS VF
\& 1 2/2 4/3 4/4 4/4
SM 171 22 3/3 4/4 4/4
MD 1/1 2/2 3”2 4/3 4/4
BG 1/1 172 312 3/3 4/4
VB 171 12 2/2 372 4/4
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Table 2 Specification of model car

. Wheel C.G Distance between
Weight .
Base Height Front & Rear Wheel
1350 kg | 2.0 m 0.5 m 1.0 m
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Fig. 6 Gear change and road height of Case 1
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Fig. 7 Gear change and road height of Case 2

A e, Aol wAx FFE
1Ay -3k} Fig. 8] A3t
ATk o & THEEe) wste] Wigh Algre] wh
& Uehlls goz 7hERd 4 ()2 284
OgHE feAeRy FEohY o ags
Hg3 A
th. Fig. 67 8& wlaste] B WEkAlel <A
[e]

L
o
=
.lr d
0,
=
olo
o
4
s
-

!
a

[,
lo,
N
0%
it
=2
)
N
(E
b
s
)
o

Lo

WEARTE Bl & & Qlow, A W
W AR ASAE SAshA WAl A

A7t AEBch Z, agAel wAske

52
il ol o ol

Az el St wAFE =rE RS
& 4 Atk aHEE WERST 425F A2
dge A4% & F AL E FS RS W
1 F Aee ¢ & dth ARHon Az
& PPAVNES WEAEE A WEalY
9 Adez Azl NEE, &= L FYAH



826 B R R -
Fls) = 15.453s( s+ 5)(s*+ 28, 35+ 2800)(s” + 1055+ 7570) (an)
(s+6)(s*+29.85-1000)(s* +39. 1s+ 3800) (s* + 1255 + 5180)
i Table 3 Results of Cise 1
E ¢ 224 No. of Shift Driving Time Driving
¢ 015 Control fo- Di
§ o0 Method [ Overall Inclined Higlest istance
a ] 00
S oos Range Step (600 sec)
< ooofis k % Fuz
N ‘ o 2 4 553.1 sec |26833.33 m
2 Logic
-0 10 3
~ y — Gear
0 100 200 300 400 560 600 11 8 479.1 sec [26910.90 m
Time {sec] Pattern
Fig. 8 Human response factor
Table 4 Results of Case 2
5 —— 160 L No. of Shift Driving Time Driving
4 Gear Pattern 50 Control fO" DI
- i . stanc
2 3/ rorey Logic . Method | Overall Inclined Highest wanee
5 ) w0 Range Step (350 sec)
H 20 £ Fuzzy
N cen paniern 3 ) 5 2 317.5 sec |14869.35 i
< 7 TS Logic
04 -
8 Geai
B N ' L 9 6 2206 sec | 1496240
0 100 200 300 400 500 600 Pattern
Time [sec]
Fig. 9 Dynamic characteristics of Case 1
A ROoWA, 7low&iEE oz &3
® a1 A A E FAES WA Warlel Fn
o w0 o AEAZES YoM U] ARERE &
% 5 0 < Aol & & ginh
{:7 2 zog
g 1 /GearPanern 105: 5 = %
0-‘ -
) "~ Fuzzy Logic o = Aol e Au o = A -
0 50 100 130 200 250  38¢ 350 A E &7l WEgue Wz =glE AL
Time [sec] 7}'@‘341\‘:"“%% @1%‘3]'01 ‘Zf*ﬁg '\]1‘}3'“01}8% =
Fig. 10 Dynamic characteristics of Case 2 Mgt Zzdo] wel WEIEZ Zo|n
And ASAE SURS tuusdEg A
Lo BEAo| Hatmh zeu, wx=gg A gt FHEA Astglol Fazada A
&8 7PERSHEE Fig 99 Fig 103 o] 7] Fge] ang 48 F AeE ARG A
zo) WEAER Ao FA $EYL AAsE o dstglel FANNE B e Hagoze
AE S237¢ A2 5 AUk WEE gusgion, dAzdHe HEUEE
Table 37} Table 4] HAF3re] 7]ojWM &40} HaAd F AR
AN MERF @ FYAS ARES
Attt AR=elg H4% UusHgu s HuEs
AFRET] R Al HEPOH NEE,
2, FIRAY T FHEEHN 2 9L 1) (1) Zadeh, L. A., 1965, "Fuzzy Set," Inf Control,



Vol. 8.

(2) Klir, G. J. and Folger, T. A., 1988, Fuzzy Sets
Uncertainty and Information, Prentice Hall.

(3) ol+*%, 1995, "Desgin of Fuzzy Control System
using Micro-Genetic Algorithm," Z-9}ofstal, A A}
89 =
(4) BNAEAF 4D F4, 1996, Design Theory of
Automatic Transmission.

(5) MRE, A&, o15F, 1999, "HA =g & o
3¢ AFTEY Aol A AXAFAFY
3)=%3 Vol. 6, Number 5,

(6) Powertrain Library for Easy 5, 1999, User
Manual Ricardo Powertrain Library Version.

(1) AEaats], 1996, AFANEW=R(] %,
ol &9).

b AHE AL ]9 WA A o) 827

(8) Masashi Fujiwara, 1992, Automotive Engineering,
Over Vocational Training Association.

(9) Gillespie, T. D., 1992, Fundamentals of Vehicle
Dynamics, SAE.

(10) Lucau, G. G., 1986, Road Vehicle Performance,
Gordon and Breach Publishers.

(11) Witold Pedrycz, 1989, Fuzzy Control and Fuzzy
System, Research Studies Press LTD.

(12) M. Sugeno, M. Nishida, 1985, "Fuzzy Control
of Model Car," Fuzzy Sets and Syst, Vol. 16.
(13) Scientific Systems Co., 1995, Active Suspension
using Preview Information and Model Predictive
Control, Scientific Systems Company Monthly
Report.



