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Abstract : Semi-Spherical Continuously Variable Transmission(SS-CVT) is the CVT which transmits power by rolling
friction between dry metals, and its outstanding advantage is the ability of realizations of neutral, forward and reverse
states without relying on any other devices. A spherical shaped variator transmits power and also changes gear ratio
where keeping contact with a output disk. The frictional direction to transmit power and the other direction to change
gear ratio are perpendicular to each other, so we can describe that two dimensional rolling friction is occurred in the
contact point between the variator and the disk. Since magnitudes or relations of the two forces are completely unknown,
they were analyzed by the experiments in this study. We determined the variables related with the friction phenomena by
the dimensional analysis, and manufactured the SS-CVT test bench which could measure the related variables. Finally,
the empirical formula for evaluating the two friction forces was proposed based on the experimental results.

Key words : SS-CVT(7+R ¥ £7]), Variator(¥] 2]l ©] §]), Rolling friction(+& v}22), Longitudinal slip
ratio(F- W&k £ 1 &), Lateral slip angle( 3 -3k & Y Z}), Friction coefficient(7}2 A)52) '

Nomenclature Subscipts
S : longitudinal slip ratio t : longitudinal(Power transmitting) direction
£ : lateral slip angle s : lateral(Shifting) direction
f : friction force, N
b : friction coefficient 1. A 2
N : normal force, N AR &)= Te e} O) A s1e] 24 7)
7
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Fig. 2 Realizations of forward, reverse, neutral status
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Fig. 3 Conceptual design of the test bench
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Table 1 Specifications of the test equipment

Part Specification

Variator @130, polished and heat- treated surface

Output disk @140, milled surface

Variator angle 0 < 8 <30 (degree)

Reduction gear ratio | 2.154< 5 < co

Input motor 1.5k W, speed control

Output motor 1.5kW, torque control

Step motor Max. torque < 16 Nm, 0.0185 deg./step

Spring 95.75 N/mm

Torque sensor 1.635 Nm/1000 pe

Strain gage 1.818Nm/1000 pe

- 1 i
DAQ board NI-PCI6023E, 16¢ch of analog input, 2ch|

of analog output
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Normal force
loading device

Photo. 3 Device for loading normal force
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Table 2 Measured signals

Signal Measurement

[nput speed Input motor controller

Input torque [nput motor controller

Output speed Output motor controller

Output torque Torque sensor
Variator angle

Shifting torque

Potentiometer

Strain gage(half bridge)

)
lo

N

)

fifo

B

ofy

o

ol

s

=)

B

é W

4y =
o oo

e
Loz
o X
44 1l
X

e}

A
SEERSEE
2% 00] obd & 74 o
A%7} ol w A W sal = I

= um] Ntﬂoﬂ/q g

ki
)
rlo

K

&y o ooe
N
N
.
ol
o8
o
E)
&

12

o]-}l

o

9‘:‘
B o

°ﬂ °l EM ?Wﬂ DA el 4
71E WEA7E dE e
At 28 sz o

Atk o 3gel AT 2
gshaom AY A3t Fig 49} 2

Fig. 49] 23 As}2 4H ¥
A ok A57H0.1322 249
Yool 2 o4kl Hwl F43]
dstel ¢4 &4 A7t B

5. QAo A uw A%

371] "745]‘21‘4 k- zzéﬂ O]vb, Heol
7% Fo X 523 Behd dH 2 HolHHA

Table 3 Experimental condition I
Part

Specification
15.46 degree, fixed
335.IN
1349 rpm, fixed speed

Variator angle

Normal force

Input motor

Output motor variable torque control
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Table 4 Experimental condition IT

Part Specification
Variator angle variable speed (<20 ° /sec)
Normal force 545.7TN
Input motor 1354 rpm, fixed speed -
Output motor No load

0.016 -
M

0.014 *
. *
-
£ o012
3
c 001
] *
% o008 *
= *
ha 4
T 0.006
3 L
S o.00 g
*
0.002 / -
0¥ -
[ 0,001 0.002 0.003 0.004 0.005 0.006 0.007

Lateral slip angle

Fig. 5 Lateral friction coefficient v.s. lateral slip angle
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Table 5 Experimental condition 11

Part Specification
Variator angle variable speed (< 20° /sec)
Normal force 5457N

Input motor 1354 rpm, fixed speed

Output motor variable torque (< 3.2 Nm)

Table 6 Parameter identification

[ Parameter Eq.(7) Eq. (8)
a 2.0194 -
b 86.9851 -
c - 2.1012
d - 3.7273
o 0.0123 0.0010
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