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ABSTRACT

In this paper, a stepping motor drive electronic ratio control system for a metal belt CVT is

suggested. The electronic ratio control system developed in this study is designed to control
flow rate which is required to obtain the shift speed and to control the primary actuator
pressure to maintain the desired ratio. Considering these control characteristics, a fuzzy logic is

used for the CVT ratio control.

Using the fuzzy logic, dynamic models of the ratio control

system and the powertrain, performance of the stepping motor drive ratio control system is
investigated and compared with the experimental results, The experimental and simulation
results show that the electronic ratio control system developed in this study can be used in
CVT system for the active control of the speed ratio.

F87]&80] : Continuously Variable Transmission (CVT, ¥ 2:7)), Speed Ratio (¥ &4]),
Electronic Control (A x}#] o), Fuzzy Algorithm (3 2 & 112]%)
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Fig. 1 Hydraulic controlled ratio control valve

T7He R4 W) AojB o] An #14)
AgEo] ML Aojde A28 zEo02 o]E
AZIY, 2Fo] HZ07 olEsd golgty B
BEEZL EEY F5E AFdolgiz §Fo]
TEHHAL 7E5F 4ol Frletd FEE o)%
FHADe] $F5202 olF3h ugir WE 3
ARG L Frkeka W&urh Aakia g 4
FHEA 7E5F o)F ZAA dAAFY =
w7t Al (mechanical sensor)@7} =3k 9

22 o]FstA Ak o] W vzt d M9 A
48] Qe ®¥EH 2EYolE 7] (ratio
modulator linkage)®eo] AlAWEo g ML
Shar W& REHo|H /)y Wd aojwn
Z4(primary cap)@®E -?"3‘9—3 ol FAIFNA H

e A 59 g Au sely 34w
Aol thste] Lel9 s AAUA AL
P S8 S wk] Aojin Hig ¢
Zo2 o[ BAIT olst o] Wk 2Heo|
17 A 59 el slzto] sl Ao
W ol $H0R olFel wel W] Ao
ME A% HE Aol gEdo] Zrige] ~
Fol Bl $302 oS3 Hr), 2%o] 92
o o)EHW TFZ ARololHT FRHE &
%ol A n IYUE 424 @ik ols

Migd M4z, 2000 101



el

i

An

2ol Z1AFUA

dg Aot o4F 255
ele ¥ EQHE o
%]

=
A& = A7) CVT M
Hloﬂ oste] A _u}

Sl Aoy el AuE vis} 2
°] 71741 A CVTY %3 d¥e AESY
3 a&uel ejste] AA @t Fig. 2& AXUE
T wgule] dig W] AlejdBe] AFHA
2 TEE 4 SAAHY vE EAG Aol
o} Wg] Aojwn o] ~EHA(Fig. 2(a))c ¥
2H] =12 oj4e) drj=golr JdoMe W
Zulo] F@stA 9%t Wt diste] HFH
oz H3lshe A& &+ Avk WEH =12 o
ato] enj=gtolr o= tﬂﬁ:ﬁ]g} nEQ}
ol disle zt7] tEA AZYR7 dAHE
AL B & Aok AEg S vsnd g 7F
Z oreg hIgkele) vl(Fig. 2(b)E HEUH
0.73 bar ~ 0.79 bar AlelollA A9 #2202 0
oA 1744 Bakshe A& & 5 Atk o] W &
E£9x% 28 mmolA 3.1 mm7HA 0.3 mm ¥
shate] webd Z)Afrebe CVT dge) Aol
B7} 2E9 Ui W3 digte] & 755
P E Yo7 on-off WEH FAHE ﬂﬂ
Aee HAFT o|RE AFUYY CVT B
Aol 71240z FHgA oo o3 o]jaom
wHo|t}, & W] WalE o] FIZ WX o
| ol&t WE )z ukE Wt ofs) o] Fojx|
o]% A7 ¢ £EE AYd J&T
| B9 252 Tg2Ed 4§ty
i $AE Yetode A4 7EF =Y
% qrglo] gyrgrh wEbdq CVT
£ ol e w&H] Aoy
#ate] o] Foiof gt

Fll‘

N Lo
o X
R

Of

(i - D (A S B D
rk
4

foo B m ool ot

jo s}
o — N

w
or
O
2

CVT Bl MOl 2ot

gHoz Aojst] AL TE
Aojslor shel o Astels W)

& Aofslor ek oF AT A
St APEA S WELE o)

rk
ab
=
i
o] r

[ - |\
<
1o el
“1“;; i
Lo “‘1°
2
e

I

)
on’.
=2
o
E

102 S2XSHSEE =2

Waas
2354
335
0253
02-25
152
G118

]
o,
Vord

27

¥,

Spool position, mm
CL7
222y

Qs
SV

Speed ratio

(a) Spool position

a11.2
L {X5]
Co.s-0.8
20.4-0.6
H0.20.4
@o-02

Pressure ratio

Pitot pressure, bar ]

(b) Pressure ratio

Fig. 2 Hydraulic controlled ratio control valve

characteristics

A A ZE(pilot) ¥HE TF3A 2F JAE
Aoste Aotk AUYRE 4HE LA T
9% FURE WHIZA 7pHSH Ao EYxol=
Wy e 74 WE 2 PWM n&Az WH
5¢ A% = doh 28, Fig. 29 AdelA
B Zo] B AT 71 AR w4 Ao
WHE gEYY 073 ~ 0.79 bar oA
TEZ o] 0 barollA FAYH7A] wate
o} wrebd WS E YA FXE] AsA
= FUgde] deld AR 7EE 4¥E ¥
Aafok &t olE HiME FAYRE ¢Yol
0.73 ~ 0.79 bar Alojell A mlAi3}A Ao ook
sich, a2y @A ol e HFE e B
2E MBEE AFE R of$- oYk
M| AojlHe AFE A3y A% F



F&WE CVT Wan) AxpAols

Speed Ratio
| ' ue || sTERPING |
. Fuzzy
Primary Pulley »  MOTOR
,ﬂ’- CONTROLLER | DRIVER
— Appe |
- — —‘- A -+ —| app
+ —H A+ H
— , Desired
w\‘ ve | | Speed Ratio
Prank
B2 Qs @ /@ y
w2 (a2 | " ] //
Attt [ N
""" = 1 ®
X

Line Pressure
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