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Aim: predict efficiency of NuVinci transmission, which works as a traction drive  



Background: CVT types 
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Friction 

drive 
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Manuel E. Joaquim. Ehls: The secret behind cvts. Technical 

report, Findett Corporation. 



Introduction: traction drive fluid 
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Traction fluid behaves in a solid like manner under 

high contact stress 

 (order of 1 [GPa], 10,000 times atmospheric pressure) 

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

powered by large engines. 



Modeling 
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Johnson-Tevaarwerk model 

gives good predictions at large 

Deborah number: 

 
•Large contact pressure 

•Short transit time 



Modeling: Johnson-Tevaarwerk model 

/ name of department PAGE 5 23-5-2013 

• Developed in 1978 

• Based on limited shear stress theory 

• Describing the elastic and plastic behavior in traction drive 

• Two key parameters: 

elastic shear modulus 

average limiting shear strength 



Modeling: Johnson-Tevaarwerk model 
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Loewenthal and Rohn investigated 

334 traction drives experimental 

results, a regression model was 

given based on Santotrac 50. 

Dimensionless parameters 
o Dimensionless slip in rolling direction: 

 

o Dimensionless slip in transverse direction: 

 

o Dimensionless spin: 

 

o Dimensionless traction force in rolling direction: 

 

o Dimensionless traction force in transverse direction: 

 

o Dimensionless torque perpendicular to contact area: 

 

Slip loss: 

 

Spin loss: 

 

Transferred power: 



Model parameter: Spin, critical factor 
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Model parameter: contact size and stress 
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Modeling: film thickness and surface roughness 

/ name of department PAGE 9 23-5-2013 

10
-2

10
-1

10
0

10
1

10
1

10
2

10
3

Rolling speed, [m/s]

C
e
n
tr

a
l 
fi
lm

 t
h
ic

k
n
e
s
s
, 

[n
m

]

MTM: Santotrac 50, P = 0.5059 [GPa], T = 40 [ C]
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NuVinci analysis: Introduction 
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Batavus’ bike catalog 2012: Vivente NuVinci 

The NuVinci hub is a new concept introduced in 2007: 

 

• Simple 

• Compact 

• Continuous shifting 

• Non-hydraulic 



NuVinci analysis: geometry and force 
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NuVinci analysis: ratio and tilting angle 
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NuVinci analysis: contact stress and size 
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NuVinci analysis: Spin and slip 
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NuVinci analysis: system efficiency 

/ name of department PAGE 15 23-5-2013 

0.54 0.59 0.65 0.710.770.83 0.91 1 1.1 1.2 1.3 1.4 1.55 1.7 1.85
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Ratio [-]

E
ff

ic
ie

n
c
y
, 

[-
]

 

 

Southwest research institute

Experiment

Current prediction



NuVinci analysis: system efficiency 
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NuVinci analysis: Conclusion 

/ name of department PAGE 17 23-5-2013 

•  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. 



Questions? 
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