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Background: CVT types

Hydrodynamic Elasto-hydrodynamic Boundary
lubrication v lubrication v lubrication
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h : QOil film thickness R : Surface roughness
h>>R h=R h—0

Manuel E. Joaquim. Ehls: The secret behind cvts. Technical
report, Findett Corporation.
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Introduction: traction drive fluid

TDF for Lubricating Power

‘' Output Viscosity increases 100 billion
times at 1 to 3 GPa

Traction Force F = Traction coefficient 4 X Weight N
The higher the traction coefficient, the higher
the transmission capacity

TDF as a Functional Part of the Transmission

LTD Nissan Motor Co. Extroid cvt: for application to rear-wheel-drive cars
powered by large engines.

Observation time

Deborah (1200BC — 1124 BC):

Traction fluid behaves in a solid like manner under a prophetess of the God of the Israelites

high contact stress
(order of 1 [GPa], 10,000 times atmospheric pressure)
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Modeling

System geometry
Contact stress and workload
Fully flooded film J and geometry ]
thickness (Hanwode, |™ (Youngand
Dowsonetal 1976) Budymnas 2002)
Film thicknass  OVIMRILE viscosity,
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h
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Modeling: Johnson-Tevaarwerk model

* Developed in 1978
* Based on limited shear stress theory
 Describing the elastic and plastic behavior in traction drive

Linear
* Two key parameters: " (isothermal)
0 i

- - [ |
! |

: Non- | Thermal
; l"_Ne\l\rlc'rlian'_r" . (slip) :
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Slide-roll ratio, AU/U, [%]
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Modeling: Johnson-Tevaarwerk model

Dimensionless parameters AU
o Dimensionless slip in rolling direction: h=C
AV C= Gvab _3 k
o Dimensionless slip in transverse direction: J = CT 7.h, 8
o Dimensionless spin: J,=C @,\/ab ‘
U
o Dimensionless traction force in rolling direction: j-_h _H Loewenthal and Rohn investigated
4 ab N 334 traction drives experimental

TC|7:Z. /Il: results, a regression model was
o Dimensionless traction force in transverse direction: Jo=— Y Y given based on Santotrac 50.

r.rab  uN
o Dimensionless torque perpendicular to contact area: J, = T,

,uN«/%
Losses

UnpN
Slip loss: Paip = AUF, = J1Jy C
o . o UnN ‘ Papip + Pspin ~ J1J4 + J3.Jg of
pin 10Ss: o= W = .Ja. - p— S
spin g 346 C .Pin ‘}'4(1
JaU N

Transferred power:. P, = UF, =

sf
Technische Universiteit
e Eindhoven
University of Technology

/ name of department 23-5-2013 PAGE 6




Model parameter: Spin, critical factor

Spin:

“a difference in the angular velocity
vector between the bodies in the
direction normal to the contact”

y-6
Wws,t

Wwe /U)B,n

\\
i ~ g WA X 5}
\\\\\\\
) Body A
Spin contact pattern on roller A Contact geometry for spin calculations Angular velocity diagram
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Model parameter: contact size and stress

Hertzian contact

Q
Plane X
Body A
o Plane Y
Rolling
direction
Body B \,
- ~
X Q Y
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Modeling: film thickness and surface roughness
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NuVinci analysis: Introduction

The NuVinci hub is a new concept introduced in 2007:

* Simple

« Compact
 Continuous shifting
* Non-hydraulic

Batavus’ bike catalog 2012: Vivente NuVinci
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NuVinci analysis: geometry and force

Connected to frame
Input

Output

Tilting Ball

Sun disc

Thrust Needle Bearing

Input Deep Groove Ball Bearing

poOgoomn

Output Deep Groove Ball Bearing

Frad,o

Ti O To
>» Wi Wao 44—
Felo O
<+
A Cc D B

Technische Universiteit
e Eindhoven
University of Technology

/ name of department 23-5-2013 PAGE 11

Frad,i




Ing angle

d tilt

10 aln

.
o

| analysis

NuVinc

|
|
|
-~ 1~~~ r---"r~ "7
|
|
|

]y
\
!
\

0.2

a|bue BunyiL

04U

1.55 1.7

13 14

1.2

1.1

0.91

0.59 065 071 077 083

0.54

Ratio [-]

e e e N .

|
|
|
==

N

[

o
[Lwi]

MH- - - L L __[T==

|

|

|

|

|
-

|

|

|

|

—— - -

(e 0]

‘snpeJs aA1309)43

w

g

1

.95

TU/e

4

1

3

1

2

1

1.1

0.91

0.77 0.83

1

0.7

0.65

0.59

0.54

Ratio []

Eindhoven
University of Technology

Technische Universiteit

PAGE 12

23-5-2013

/ name of department



NuVinci analysis: contact stress and size

Power =80[W], Crank speed = 70 [rpm], Chain ratio = 2 [-]
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NuVinci analysis: Spin and slip

Wo,n
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NuVinci analysis: system efficiency

Efficiency, []
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NuVinci analysis: system efficiency

System loss @ Power =80[W], Crank speed=70 [rpm],
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NuVinci analysis: Conclusion

« Slip losses are the main source of system losses;

« However, they are very sensitive to contact spin level;
»Thus eliminating the spin on contact interface is the key
point to improve a traction drive efficiency.
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Questions?
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