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A Development of the Simulation Program for Launching Performance
of a Passenger Car equipped Continuously Variable Transmission

1A 8 ol "
Jungyun Kim, Jang Moo Lee, In Wug Yeo

ABSTRACT

This paper describes the launching characteristics of a passenger car using a Push-Bell type
Continuously Variable Transmission(CVT) which equipped a wet type multi-plate cluich as a
starting device and a solid flywheel with a torsional damper for a torsional coupling device. To
reduce the torsional vibration of the drive-line, some torsional coupling devices were used for
the passenger car equipped CVT having the clutch as a starting device especially. In this study,
we developed (he compuler simulation program 1o investigale the launching characteristics of a
passenger car equipped CVT using the mathematical models of this system. For the mathe-
matical models of the vehicle, the CVT, the wet type multi-plate clutch and the torsional
damper, we oblained the specification and the necessary data through the reverse engineering of
those. For the verification of our analysis, we performed the test of prototype car with different
throttle positions at road and dynamometer. The launching characteristics of a passenger car
considered here are an acceleration performance and an ascending performance.
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Fig. 1 Schematic diagram of CVT system
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Fig. & Setup of test instruments

M= 5%t 100%,

4RNY AT =2E

=gz7te 0% AL i3t g o)l Az}
A% “'}i thegl go] Hlm, BAEA,

ARGl A z}i’f}‘:’ ARlo] ZB] 7 A Eqol A
E 5’:%. P & =25 fﬂﬂz‘s}ai.o_gi B
& B &2 st] 7H&o] AT o] wh
ARz Aot gA= Qe ZeA fgo] HE
sted FATR AL dEE /\11—}6}1 A3
u},

o2 N@ATA ZeAY Frish T
47179 WES Feitols] £9F9 49E 9
B3 AT+ glomz, AUelAANE F

29 272302 de FIARAZ, A%E
0 kin/hr S50, G ki Seo) A gl
A %% %S Qe FAAY AFE A
Hatgich £, Ageoldl S2ES

Age Agld 28 AT AEoz 9
Sgem, $2 Ws7l9 waus 2 2

FE vhsh gol A3 A& IRSHT Y

s,

al

1. Ao &R I Hs

Fig. 9= 4% 23234 daia 848 A
o)X ANEAH}E vepdch 22E& AVt
3 ABET(S2E NE 55%% A9 4.22%km/
hr, 225 AZ 100%%) 39 2.64km/hr)ol 2
=g Algto] AlEET AEHE 237t thi
w2 Jepta Al S2EE IV Fo
= I Azkatelrt A dASHA FAE L Tk
olMH Ax AP A9 A& FIF ¥ o
5 Az gAHe e A7 FIH A
(idle control)7} o]FjA= Aoz HArh w
A, N AEATe HaE fleke] AR
ofd &g 7o gt
At

[

—

1,

K

h—&:

e E

o
A

—o— experiment
—s— simalation

!
1
& % J o
E @ E !
£
2 [
g 15 ,
o 1 / i
o / !
@Dy l ' t
o | ; |
o / M 1
E o . i / [
= 5 d B ' 8 |
] uuﬂvmvnqbﬁf [ -ﬁ-‘m{wu,&’r
13 R 0 : 1 4 A 1
ps=55%  tme(s)  pS=100%

Fig. 9 Launching performance : acceleration time

X£0] Bgt
Ao EE,

3. 2. AN | M9
Fig. 109 d=ge13d&

$1% Agdoly sade) 7 163



17k & EeA ¢ 7&@"’] ]—ar"ﬂz]?] 7]
Ao AgolA AR FAT MAE] Frrskd
A o ¥Esh 4 ARk ]?“i (Ist-order time
delay)E54< Weha gl g ¢ dth
ol& 37 S7ts
& 2T W, A3 FEAH 71U A= o
Az,
FE FAos Felxe] Aje]l $RFHE A
{‘.Jfﬂlﬂ-?i /‘]Eﬁﬂc’ 14 3*}7]’ A fﬁiq' okt

L0

== ]
ato] 43
el

AuEEs} A7l et

[+
¢

e 719 9
2 avld 93
o) waelh okt W
AR $A% AEH
iadzs, 4w
o RRuE7]T ¥
Pudte € ¢ A0
A eare A A7
At NEH oI RET 43
sfs) A2 A7l
i 24 949 A4 <
ABAA EA @iz} A
2l AS322 duA
Aol7k ooz &
a}m k. wekA,
8

i

%ﬁ}cq %3’—
NEZF B3

Ao A 22
=) A&

3 A=

LIS B )

}"1 A& °]
713 o] FHE

2

o|f

%s}ﬂi z

Al gl A ATl A EA
By %—il e A #&L Al gFe] ¢5
YA A AT gA AFE AP F
S ﬂﬂMi Qsted EAN Aol ABAEI]
2 20 fALT, Hepd, % AT AR B
EA daE 2z M‘a—

A QA B39 A
H=F HA 5 o] am;

Ao 45¢ 45

Iod

20
o expsromant tRSTH
=l o experiment tplO0Y
—s— symilntim tpS5%
E —— simlacien TRLO0W
T of
L
; T
&5k ix
-
o on)
&
~ a0
¢ ot Yo -
@ o am
© o =
R B P
4 = C
" / o T
0k torsion damper opexating region.
| IR I SRS ES YN RS SUS A S —

50 fom 1500 X0 S0 00 350
engine rem

Fig. 10 Variogram : experimental & simulated

3. 3. A JE0 Hgt
Aol WA & 2T wrs 2ape

ARZ o] F T AREEY WEE |
7] $ste] AlEst Agdolddst F &S
&t Flg 119} Zo] EA3ch A4#e) 7}
ERgE A7 T AHE A9 @7
kel A 1@/&1}9} Algolde} FARE AFE
Holx St} AlgAzelM AFe) FFo| Az}
g 7 Helz A= JAFFHL 44 dF
g wpep o] q1zle) FEA Aojel 71U A
2 e,

G
h=1
o bin

r\lJ1->~E=J~

Larrhing Feel
05
clutch engeged
a4}
)
js5sA
bt Q3L
[==]
2
n 021
[V
— H i
Do |
a OTe) @b
=gy
@ O )
=& ooff 4
—o— experiment tp100%
LI \§ [ engine idle | —— similataon tpl00
control region
D2 T U SRR S|
0 5 8] 15 X = 20
Vehicle Velocity (kn/hr)
Fig. 11 Vchicle linear acceleration
YT - 1S



4. CHLE B2 TAN ME 29
WAl S B

2 dFellA AL AgHeld Z2IHE o
gote] At 2N SE 4 =28 A=Y
FaARd we) & & gvk o F <9
712408 FHAYAY 850rpmF 2HFo] A
A A Z2E X 100%, TRHDE 0%
10%9) 7ol thate] tidatgel 2 sE
S5t BT

Fig. 129] A& ojdd e AHRH, Tu7
=7} 10% 797 E= A ARAAAA dEe
AZke] o 05% A= AdH L 5leH, $hz7]
of o] Izt A2 LT YL & F 3Tk

= TpElO0 & ascending

engine rpm
wehicle wvelocity kn/hrl

o} f
ob a

[T+ I S N S S S G
05 DD 05 10 15 20 24 30 35 40

45 00 05 10 15 20 25 30 35 40

tume (sec)

Fig. 12 Launching performance with different
ascending angle

Ztzte) FRZIEo| gt EAAH S AE P
A3 Fejxe] FFFde] Fig. 13¢] FTAEA
dek FeAe Ady B B A= F4
v S8x9 ad dEe EZ, HiEES
A dA7 7 FYAe FEE% AT AY
ol Y7E Sde] o] 8¥ & gt FE EA

U AEFEE AR o2A BAA BEA °
el HEASS WAL 7 Y= 2L Y

&g A%sE o o188 & Ak

TP 100% ard Ascending 0%

RPM {rewv/min)

L L L
00 05 10 15 20 25 30
TP 100% ard Ascending 10%
3500 . |
3000 .
2500 f Torsional Damper gperating - _—
2000 [ s
1500 M
1000 ot
ot
500 L
o MW’M"

=500 1 " L L ] L L

00 05 10 15 20 25 3.0

time (sec)
Fig. 13 Operating regions of each shafis

dAeA ZHHe B geialdA LAt
T UPREA, 3T EHEe EAYS Fig 14
d At FA AFAH FHFAA
HEEA7E EAsL glon, ol AFge T
= Wart fEHo gAge 4F%E Fe o
Y 4 gtk oH g A=EIE FAd FE
e /¢ Zadde Wz 0 A718 £Y

% itk

—a— Curput Shaft

—o— Cluteh
—o— Engine
2000 - Z1m
1590 150
=
P 1000 - 1000
|
o
g
[}
o0t / S0
oL Ty g o
1 1 1 i L L
Q 1 2 3 ¢ 1 2 3 4
Ascending Angle 0% Ascending Angle 10+
time (sec)

Fig. 14 Torques of each shafts

Fangr) FEae) 24 dNe 9 NEHH e R Y 165



A% Tt g eSS A
&) 3 FHHAEA Y -"ﬁi“# 2Yye 49
e}, o]& o]&ste] AlEEHeld Z2IOde
st o, AAkAl x}ie} HA B v
ste] S gt s At s BEAE
sttt

2 oodge] &

o

il

al

rEL‘
i

.
)

-2 i
o b

7] 3o %%/}l% %
u A4 Agol AlgZATted
sk

(2) AFga Aeke @45 A A
4 717l EA due o3 MEEae]
MEHA7E 23] des & olE
ANFE FHAAGH R ] Holg A
7173 BA Ao ABER Zhau A4
vehtm, Apge] @Ay
Al O a7t 4&S l%-ﬂ-ldlda
e AlEY W T2 3HL o L5t
o3 7H4] $AZA(EZEINE, M AL 2
£y SgAR)d wal AT
7T olgste F
T2 d5Y 4 A

(4) Algg oA zé_ﬂ%l.f;—'-_— ol &
AAa ke FHALA 7 T a4
# A7 dZeln g (parameter)d] ZAo] o]

% S

(WA 42

1
L
:

o

X fop M ope B
‘Eo\l

oomt oAl X o
~ 1 & OE

pl

00

ol QFT FANGR Fe| S A A
3 G7 AAUASA F1eNEAe Flerp
B,

168 e

2 0 7@
Koichi FUNATSU, '"Electronic Control
System of Honda for CVT", Proc. of

International Conference on Continuously
Variable Power Transmissions, Sep. 11-12,
1996.
Pail.
Drivelines",

G. Jones, "Torsional Vibration in
SAE, §428, 1965.

Hans Jurgen Drexl, "Torsional Dampers
and Alternative Systems to Reduce Dri-
veline Vibrations", SAE 870393.

Stephen Boedo and Donald E. Freyburger,
"A Grease-Filled Coupling for CVT Ve-
hicles", SAE 911940.

Y. Sato, H. Tanaka, T. Ozaki and M.
Shoji, "Fuzzy Control of Engagement of
CVT-S8tarting Wet-Clutch", Proc. of Inter-
national Conference on Continuously Vari-

able Power Transmissions, Sep. 11-12,
1996.
g 49, Beyss] BIgys H2d

o 4 g Aol FHMA HAEE,
2 uishn, 1998, 2.

4 HEel, 9 4y Fudss] )
g BE o7 294 2HEE
AR M, BFAGE, 1997

. L. P. Jania, "Engagement Characteristics of

Wet-Type Cluiches”,
vol.67, 1959,

SAE  Transaction,

9. H. G. Steinhagen, "The Plate Clutch", SAE

500978.

10. Robert 1. Anderson and Robert L.

of Automatic
SAE

"Measurement
Transmission Shift Performance",
650465,

Bierley,



